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FOR~WORD 

f 

THE twenty·fourth edition of the Pocket Compani?D bas been 
revised aod enlarged. It contains the profiles and data for 

sections most suitable for all structural purposes, including bridge, 
building, car and ship construction. It supersedes and cancels all 
previous publications relating to structural sections . . 

The sections have been grouped under the headings: "Regular," 
for which there is a constnnt demand and which can be procured 
readily from the mill; "Special," for which there is a fluctuating 
demand and infrequent rollings. 

This edition is issued jointly by 

CARNEGIE-ILLINOI S STEEL CORPORATION 

TENNESSEE COAL, IUON AND RAILROAD COMPANY 

COLUMBIA STEEL COMPANY 

.Each company sells all the products listed, although each may 
not manufacture all of them. 

The symbols used with certain sections indicate that they are 
produced in that district only : 

C Prtod.* I. Pltl.lbu •• h d latrkC. 

~ Pnod.m i. ClIICO&'O dl.olrld. 

4;l Prod ....... h1 Lonlo dl~I.lo .. . f CanoOlli .. IUlaol.l 
S~I Q1rponlloll. 

The tabulated loads, except in a few cases, are given in Kips, 
thousands of pounds. ·1 

I 
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METHOD OF INCREASING SECTION AREAS 

eB Section 

I-Beam Channel 

Bulb Angle Zee 

Equal Angle Unequal Angle 

, 
The above ligures sbow the method of inerusing the lleCuona.t area. and weighla 

of Itructural 'teel shapell. CrOll! hatched portiOIlll repretleot the minimum &eetiOD8 
and the blank portiOIlll the added areas. 

In the ca.ae of ChaDneill and Standa.rd BcIUllll the enlargement of the IMlCtion adds 
an equal amount to the thiekne811 of the web and the width of the ftlingell. In the 
CUll of cn SectiOD8 equal tbiekn_ of metal are added to the web thickn_ a.nd 
Banp width and proportional additiollll to the boge thickneae. In tho liMe or 
Anglet! and Zees, tbe effect of .preading the roll. ill to inCTe8Jle slightly the length or 
the lep. In the Cl\IJe of Ship Building Bulb Angles, &II III rule each increaM or 
decrea.flc in web thiekneeIJ euril)ll with it about one-half that increaee or deen:aee 
in the Bange thickDesa. 

IOIt.8DlUeh aa the roll p_ are modified in the _&I' of the rolla, the actual 
dimellliOlUl wil l not IIIh .. &y. conform to the tbeoretical, even in the caee of the mini
mum weight llect.ioDi. Deeignen and detailenl of IJtrUctur&! work Ibould tlnlLOce 
(Of' Imple c1earan~. 



REGULAR SHAPES 

Structural Shapes sbown in this section, for which there is 0. 

popular and coostant demand, may be secured promptly from 
frequent rollings. Designers should keep this in mind when making 
up their specification, to avoid unneccssary delay. 

7 
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WEIGH TS UNDERLINED CORR ESPOND TO NORM AL DIMENSIONS SHOWN, IN INCHES 
RAoNGE OF WEIGHTS PER LINEAR FOOT 
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C B SECTIONS 

,--15.00 - --. ,--10.50 _ "1 ,. - 1'.00 - -, r"0.00-, 1"" -:14,0;0- j 

r r r ." f r ." ." ." .m 

I I I I I 

I I I I 
I • 

~ .~ ~ '~ J- " .~.6S. r 
~ •61t ~ : .5~ l- I- • " • • I I 

I I I I ~ I • I 
I • I 

~ 
l J~ l 

" • 1 CB 2 4 3 
l - l " 

:4. ,. 
CB 272 21.1( CB 2 71 27010 160, ISO, 1000,!1!! lb •• 

c a 302 30.15 C B 301 3O. IOl:! 177, 1&3,~, ,.511> •. 11', 106, ~ 91 lb •• 

210,200,190, 132, 12(, U!!, 108 11K. 
180, I1Z lb • . 

rL.8.~ 
r- 9•OO ..., r- 13.00-..., 

r .M f .M r ." , , 
I I I 

~ .• ~ I- ~ .532 ~ .52.!. 

" I I I • 0 , • • I " ~ 
l_~. l l 

CB 2 1 1 2h81t CB 2 12 21d CB 213 21013 

73. 611, ~ 59 lb •• 103,96,!!: tllb •. loll. Il2, 122,!!3: lb •. 

.-'0.00...., 

i:"'ff l . 
C B 103 10. 10 
U6, 12~, "2, 100, 
$9, 11, 12, 66, 60, 

$I,!! lb •• 

rl~'OO: 
~ .308 

T ~ l . 

C8142 U.8 
sa, $3, (',!! l b •• 

r:l"",; l:!.240 

" 0 , , 
L . 

CB I 2112>67, 
36,32,!!, ~ lb •. 

,-9.00..., 

r .M , 
I 
~ 

. -• 
I 
I , 
l I~ 

ce 2 41 2h9 

9<1, '7, !!! .. 7( ' b •. 

f:t"": ~· .287 
:! :;: , . 
l . 

CB 141 1'-6y, 
'2,31,!!. 30 lb •. 

,.-12.00-, 

r .m , 
I 
~ .... • 
I 

" I • L 
C B 2 42 ZhU 

120. liD,!!! lb •. 

r:t~-"'~:" ~ .390 

~ § 
l . 

CB 124 12>12 
190.176,161. '47,lll, 
120,106,99,92. &5, 

~. 72.£'lb •. 

~:"f~ ~ 1!' , . 
C B 123 12010 

'"'. SI.!! II:> •. 
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I CB SECTIONS 
ELEMENTS 1-- f--l 

ELEMENTS OF SECTIONS 

:' I ~ w::- ~ :"Thk .. .... s.cu.n f oot Setdooo _ 

We -. ----"-·-+:~-:::'~'~--~+-~"'"-J~,=.-~·~-tl ~'::'-'" I n. ... 

CB 362 
36x16~ 

CB 361 
36 .'2 

ca332 
33 x 15~ 

CB 331 
33 lll1 ~ 

CB 302 
30 II: 15 

CB ~'1 ' 30 II: '07: 

36.72 ..... 
36.24 
36.12 
36.00 
35." 

36.48 
".32 
36.16 
36.00 
35.84 

33." 
33.25 
33.12 
33.00 

33.50 
33~I 

33.15 
33.00 

30.38 
3O~5 
30.12 
30.00 
29.88 

30.30 
30.16 
30.00 
29.82 

300 
280 
280 
250 
240 
230 

194 
182 
170 

'" 150 

240 

"" 210 
200 
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141 
132 
125 

210 
200 
190 
180 
172 

132 
12. 
116 
101 

88.17 
82.32 

7." 
73.49 
70.60 
67.73 

51.11 
53.54 
49.98 
41.09 
44.16 

70.52 
64.73 
61.18 
58.19 

".n 
41.51 
38.84 
36.78 

61.78 
58.76 
55.90 
52.89 
50.65 

38.83 
36.45 
34.13 
31.n 

18.655 1.680 .945 
16.595 1 . .510 .885 
16.555 1.440 .84.5 
16.525 1.381) .815 
16.500 1.320 .790 
16.415 1.260 .185 

12.117 1.260 .no 
12.0n 1.180 .n5 
12.021 1.100 .680 
12.000 1.020 .653 
l1.9n .940 .62.5 

15.865 1.400 .830 
15.810 1.215 .n5 
15.783 1.210 .148 
15.750 1.150 .115 

1 T .565 
11 .535 
11.510 
11.500 

15.10.5 
15.010 
15.040 
15.000 
14.985 

10.551 
10.521 
10.500 
10.484 

1.055 .... 
.880 
.8OS 

1.315 
1> .. 
1.185 
1.125 
1.065 

1.000 
.930 
.850 
.760 

.635 

.805 .... 

.570 

.775 

.740 

.no 

.810 

.655 

.615 

.585 

.564 

.548 

". ,., F."-
,~. I , ::t ,~ ,~. ,:. ,~ 

20290. 1105'~' Hi.17 1225.2147.1 3.73 
18819. 1031. 15.12 1127'~ 135.9 3.70 
ln33. 951.1 15.00 1020. 123.3 3.65 
16465. 911. 14.97 969. 117.4 3.63 
lSn4. 873. 14.92 m.l 111.5 3.61 
14988.4 835.5

1

'4.88

1 

870' 1'05.7 3.59 

12103. 683.8 14.56 355.4 58.7 I 2.49 
11281. 621.2 14.52 327.7 54.3 2.47 
IOUO. 579.1 14.47 300.6 SO.O 2.45 
9738.8 541 .014.38 275.4 45.9 2.42 
9012.1 502.9 14.29 250.1 41 .8 2.38 

13585.1
1 

811.1 13.88 874.3 110.2 3.52 
12312'!1 740.6 13.79 782.4 99.0 3.48 
11664.~ 704.~ 13'74 1 735.~ 93.2 3.45 
11048.~ 669',,1'3.71 891.1 87.8 3.43 

8147.~ 486.4 13.50 256.~ 44.3 2.39 
7442.~ 446~ 13.39 229. 39.8. 2.35 
6856.8 413.7' 13.29 207~ 36.1 2.31 
6354.7, 385.1 13.14 188. 32.7 2.26 

9872.~ 649.~ 12.64 707.9 93.7 3.38 
9340.51 617. 12.61 665.7 88.3 3.37 
8825.9' 586.1 12.57 62,u1 83.1 3.34 
8328. 555. 12.55 585.6 78.1 3.33 
7891. 528., 12.48 1 550.11 73.4 3.30 

5753.1 379.~ 12.17 185.OJ 35.1 2.18 
5347.1 354.612.11 169.11 32.3 2.16 
4919.1 327.9 12.~ I 153.2 29.2 2.12 
4461. 299.2

1

11.85
1

135.11 25.8 2.06 



CB SECTIONS 

DIMENSIONS OF SECTIONS 

FOR DETAI LING 

11 

I 
DIMENSIONS 

-,--~~~-r~~----~----~-

I 
I f1Mg. Wtb 0'-'-

""""' Index .. 
Nominal 

OOP~ 

CS 362 
36 

CB 361 
36 

CB 332 
33 

CB 331 
33 

CB 302 
30 

CB 301 
30 

Weight O."tt. ,-'T"-t ,-'F.::,,+--,-,-''T=-,,;;;:-,,=i "'"" 
pet of TIIltt. Thick.! Hall 1 Min. CI.... Oage 
Foot s.etIon W\tI1II K_ K_: ' Thklc· a 0 d , , h 

-:--'i-:-+ " ,,- -"-'-1--;:-+-;:-1-;:-+ -;:-+--;:-' I--"-- --' -

300 
280 
260 
250 
240 
230 

194 
182 
110 
160 
150 

240 
220 
210 
200 

152 
141 
132 
125 

210 
200 
190 
180 
In 

132 
12. 
116 
108 

"~"'---I"':'''"' -/_ In. _ In. In. In. In. I". In. In. In. In. 

33}.i 1~ ~ 1~ 
3334 11 ~ " 
33.\1 11 i~ J.i 
33 1~~" 
30% 15}i ' " 
30)4 15Ys ' 74' 
3051 15 1~ 

30 15 178 
29ra 15 1 ~ 

30U 
30fi 
30 
29fi 

~ ~ 7J.i 31 .J.i 2~ 40.!1 4 
Ji Ji: 7]1 31 ).i 2~ 40.J,i 4 
}i Ji 7Ji 31~ 2,. 39].i au 
~ JJi 7J.i 31 78 2~ 3!iji 3~ 
~ .Jii 7)1 31 78 2]» 39S~ 3U 
M ~ 7}i 31}i 2% 39).i 3M 

~ t8 5% 32~ 2~ 38).i 37:1' 
~ ~ ~"i 32M 2" 38% 374' 
~ '" &SA 32M , ,, 38).i 3~ 
% ~ ~A 32.\4 l J.i 38 3 
% -" 55A 32M I,. 37J.i 3 

Ji .Jii 7JAl WA 2JJi 3778 3M 
" t8 7~ 28% 2" 36% 3,!.i 
~ H 7J..<l 28% 2J4 36~ 3~ 
~ t8 7~ 28% 2" WA 3}.i 

% ~ 5.J.<l 293,4 1 J.i 35J.i 3 
% " 5}.i 29M l U 35)( 3 
% " 5J.<l 29M f % 35).i 3 
" " 5~ 293.4 1% 35 2M 

" t8 7.J,i 2534 2~ 34 3~ 
~i t8 7J.i 2534 2}i 3331 3J.i 
~ ~ 7J.i 25}4' 2" 33~ 3~ 
.% ~ 7J.i ~ 2J.i 33% 37i 
% ,. 7J.i 2574' 2ji 33Ji 3}i 

" 5 
" 5 
" 5 
" 5 

2fiJi 1% 32~ 3 
26J.i 1 ~ 31 ~ 3 
26}i 1,. 31 ~ 2~ 
26J.i 1}.i 31 % 2~ 

O&gell~ bas«l on 1 j.i" ecigo dilt.an.o& (~" m.a.rlmum r iV1l1o) . 



,. 

I CB SECTIONS 
ELEMENTS 1-- 1--1 

ELEMENTS OF SECTIONS 

2 

... ,.., 
. "", w . .. "'" ""'~ w. AlII. 1-1 ""1. 2-2 ,- • ~ • nll~~. Tblek- .:.. l SL - ...... ,~, ...... W .... - I , I ...... -~~ .. , .- ~ .,' .- .- .- '-' .. ~ . • n." In. 

27.31 177 52.10 14.090 1.190 .725 .728.' 492~ 11.38 518.9 73.7 3.18 
CB 272 27.12 163 47.93 14.035 1.095 •• 70 6141.5 452.9 11.32 468.7 .U 3.11 
27 x 14 27.00 154 45.30 14.000 1.035 .635 5775.8 427.8 11.29 437.6 62.5 3.11 

26.88 145 42.68 13.965 .975 .600 5414.3 402.9 11.2t'S 406.9 ".3 3.09 

27.28 114 33.53 TO.Oro .932 .570 4080.5 299.2 11.03 149.6 29.7 2.11 
CR 271 27.14 106 31.11 10.035 .562 .535 3761.2 277.2 1Q.98 136.1 27.1 2.09 
27 It 10 27JlO .. 28." 10.000 .792 .500 3446.5 255.3 10.94 122.9 24.6 2.07 

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

24.12 160 47.04 14.091 1.135 .... 5110.3 413.5 10.42 492.6 69.9 3.23 
C8243 24.56 150 44.10 14.063 1.055 .628 4733.5 385.5 10.36 452.5 64.3 3.20 
24 x 14 24.41 140 41.18 14.029 .960 .594 4378.1 358.6 10.31 414.5 59.1 3.17 

24.25 130 38.21 14.000 .900 .565 4009.5 330.7 10.24 315.2 53.' 3.13 

C8242 
24.31 120 35.29 12.088 .930 .556 3635.3 299.1 10.15 254.0 4~0 2." 
24.16 110 32.36 12.042 .855 .510 3315.0 274.4 10.12 229.1 38.0 2." 24 x 12 24.00 100 29.43 1~000 .m . 468 2987~ 246 • 10.08 203.5 33.' 2.63 

24.29 94 27.63 9.061 •• 72 .518 2683.0 220.9 9.85 102.2 .... 1.92 
CB 241 24.16 67 " .. 9.025 .807 .480 2487.8 204.3 '.82 92.' 20.6 1.91 
24<. 24.00 80 23.54 '.000 .727 .455 2229.7 185.8 '.73 " .4 18.3 1.87 

23.87 74 21.77 8.975 ."2 .430 2033.8 170.4 9.67 73.8 18.5 1.84 

21.46 142 41.78 13.132 1.095 .659 3403.1 317.2 '.03 385.' 5U 3.04 
CB 213 21.31 132 38.81 13.1)87 1.020 .614 3141.6 294.' '.00 353.8 54.1 3.02 
21 x 13 21 .1 6 122 35.85 13.040 .... 5 .567 2883.2 272.5 a97 322.1 49.4 3.00 

21.00 112 32.93 13.000 .865 .527 2620.8 249.8 a92 289.7 44.6 2." 

21.29' 103 30.27 9.071 1.010 •• 08 .. 660 213.1 .... 119.9 26.4 1.99 
CB 212 21.14 .. 28.21 9.038 .935 .575 2088.. 197.6 8." 109.3 24.2 1.97 
21 x 9 21.00 .. 26.15 '.000 .665 .537 1919.2 182.8 a57 99.4 22.1 1.95 

20." .. 24.10 8.962 .795 .499 1752.4 188.0 a53 .... 20.0 1.93 

21.24 73 21 .48 a295 .740 .455 1600.3 150.7 8.64 ".2 16.0 1.76 
CB 211 21.13 .. 2002 8.270 .665 .430 1478.3 139.9 8.59 60.4 14.6 1.74 

21 x 8~ 21.00 63 18.52 8.250 .620 .410 1343.6 128.0 8.52 53.8 13.0 1.70 
20.91 " 17.38 8.230 .575 .390 1246.8 119.3 8.47 49.2 12.0 1." 

• 
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CB SECTIONS 

DIMENSIONS OF SECTIONS 

FOR DETAILING 

,. 

I 
DIMENSIONS 

~Ilon we!gtrt DtOth n.nae w... . Diltan;t U.IIIII 

I~" ;:" s!lon WkhII TlIIUc- Thick_ ~:._ a t 0 d , Min. CIAr. G ... 

Nomllllll 1~_+_-j~~I_=-"-1 n __ n_"4--c-+~+~+,-+"",-+-"h ~"--=-' ~ 
0 ..... Lbt. In. In. I.... In. In. In. In. In. In. In. In. I .... 

CB2n 
27 

CB 271 
27 

CB 243 
24 

CB 242 
24 

CB 241 
24 

CB 213 
21 

CB 212 
21 

CB 211 
21 

177 
163 
154 
145 

11' 
106 
98 
91 

160 
150 
140 
130 

120 
110 
100 

27~ 14Vi' 1 ~ 
27H 14 P , 
27 14 1 ~ 

2678 14 1 

U~ 6U 23 
,,% 6~ 23 

%.% 6~ 23 

% " 6~:l 23 

ZYa 30~ 3U 
2~ 3QIi--i 3U 
2 30.!-i 3u 
1~ 30~ au 

27~ TO~ " % 
27)1 10 h " 
27 10 " 7i: 
26% 10 lI1i ~ 

24M 
24 J.A.! 
24% 
24}4' 

24)( 
24li 
24 

14)1 1 J1 
14).1 l J.b 
14 1 
14 % 

12Ya " 
12 % 
12 U 

" 4~ 24 
" 4U 24 
U 4U 24 
U 4U 24 

1% 29Ya 2% 
' % 29 2% 
17S 2Bh 2% 
l Jii 281{ 2% 

$~ 6'4 2034 2 
~ 6% 20% ' J1; 
" 6% 2O~i , ,, 
7M 6% 20% 1% 

" 5% 2078 1% 
U 5% 20% 1% 
U 5% 2031 ' % 

28L ;', 3M 
28.\4 3U 
" li 3 
" 3 

27Ya 3 
27 2% 
26}i 2% 

5)i 
5)i 
5)i 

94 24~ 9 }.i ,. ~ 4}:t' 21~ 1~ 25}.i 2U " 5~ 
~ ).i M 47:( 21~ 1~ 25~ 2U " 5~ 
~ ~ M 4U 21~ , " 255,.i 2~ " 5~ 
~ ~ ~ 47i 21~ l U 25~ 2M " 5~ 

87 24~ 9 
80 24 9 
74 23% 9 

142 
132 
122 
112 

103 
96 
89 
82 

73 
68 
63 
59 

21~ 13Ys l Ys 
21 M 13}1 1 

21 Ys 13 " 
21 13 }.i 

" % au 1~ l J1 25U 3 
% .% ax 1'TN Hi 25 3 

" " 67i l 1N l J11i 24% 3 
~ U BX 17% Hi 24% 3 

21 U 
21 1~~ 

21 
20% 

21 J4' 
21 )i 
21 
20J1 

9
1
'" 1 % 

9 " ,. 
9 % ,. 
9 ,. )i 

8U ~ ;,s 

8U " " 87i % ~ 
B~ ,. % 

" 4U 18 
" 4U 18 
" 4U 18 
U 4X 18 

1% 23Ys 3 
, ,, 23 2% 
1)1 2231 2% 
1 ~ 22~ 2M 

)( , 
)( , 
)( , 
" , 

18% , " 22J1 2.!-i 
18% 1~ 22Y4 2~ 
1B% , " 22% 2~ 
1B% 1}1 22~ 2~ 

Oaaea Ih are basod on 1 U" edge dllltane& (*" madmum rlv~). 



" 

I I 
CB SECTIONS 

ELEMENTS 1-- --1 
ELEMENTS OF SECTIONS 

2 

- - -..... wt/tM 1 At. _~ w ... All. 1·1 All, 2-2 -- --~ , ..... • W • """,. "", . ... ....., ,~ ...... -- - - I S , I S , ...... 
~-... '". "'" ,,' 

" 
In. I", ,,' ,,' ,". In.' In,' 

" .. " ". 36.45 11 .889 I.On .~1 2227.1 239.0 7.82 281.9 41.4 278 
CB 183 18.48 114 33.51 11.833 .991 .595 = .• 220.1 7.79 255.. 43.2 276 

18 X 11 M 18.32 '" 30.88 11 .792 .911 .554 1852.5 202.2 7.75 231.0 39.2 2.73 
18.16 96 28.22 11.750 .631 .512 1674.7 184.4 7.70 206.6 35.2 2.71 

18.32 85 24.97 '.638 ,911 .• 26 1429.9 15&1 7.57 99.' 22.' 200 
C8182 18.1 6 T7 22.63 8.787 .• " .475 1288.8 141 .7 7.54 .... 20.2 I." 
18 X au 18.00 70 20.58 8.750 . 751 .43' 1153.9 128.2 7.49 78.' 17.9 1.9 • 

17.87 " 18.80 B.115 ... 6 .• " 1045.8 117.0 7.46 70~ ,., 1.93 

18.12 55 16.19 1.532 .630 ~90 889.9 98.2 7.41 .20 11.1 1.61 
CB 181 laOO 50 14.n 7.500 • 570 35 • ..... 89.0 7.38 37~ • •• 1.59 
18x 7~ 17.90 " 13.81 7.492 .520 ~50 ". .• .U 7~ 33.5 '.0 1.58 

16.64 114 33.51 11.629 1.035 .631 1642.6 197.4 7.00 254.8 .3.9 276 
C8163 1M. 105 30.87 11 .582 .'55 .564 1497.5 181.7 ... 230.7 39.8 273 

18 x 11 ~ 16.32 .. 28.22 ' 11.533 -'75 .53' 1355.1 166.1 ." 207.2 3~' W 
16.16 88 125.87 11.502 .795 .504 1222.6 151.3 6." 185.2 3U 2.61 

16.32 a"" .815 .m 1042.6 121.8 ." 81.5 2M 1.95 18 22.92 
C8162 16.18 n 20.86 as" .195 .• 86 936.9 115.9 ~70 77., lU 1.93 
16 x 8~ 1~00 64 18.80 asoo .m .443 933.' 104.2 ~ .. .M ,., 1.91 

15.86 58 11.04 M64 .64' .401 146.4 94.1 U2 60.5 14.3 1.68 

16.25 50 14.10 7.013 .628 .380 655.' 80.7 6." .. -" ,-' 1.54 
CB 161 16.12 45 13.24 1.039 .583 .34. 583.3 72.' ." 30.' a7 1.52 
16 x 7 lMO 40 11.n 7.000 .503 ~07 515.5 " .• ." 26.' 7.6 1.50 

15.85 36 10.59 ~992 .'28 .299 446.3 58.3 6.49 22.1 .. 1.45 



,. 
< • 

/~'r'h 

I • , ----- \ , 
CB SECTIONS , 

- ~ , 
f \ DIMENSIONS 
: 'I-., ' 0 ----- DIMENSIONS OF SECTIONS t . __ ..=.._ t.:;-', '9 
o . ~ 2 r- ; I , ' FOR DETAILING :.-- ~-.. : 

~-a-"': 
,- .. ~- ~ - -"" ... w ..... 0..- .... ~ W~ "'-< • "'"" ,- ,- • - . Thlck_ Thk:k_ 1 H~r M in . Cl • • , '''' - ,~ ""., WIdth n_ n... Thiele- a f • d, g. h , 

Nominal - --I....!!!!!. --."'" u.. •• In. 11\, In. I In. In . ." ." ." . " f • ... -
124 1 8~ 11% 1", % % ' % 15li 1 ~ 22li 3 % 'Ji 

CB 183 114 18Ji 11 :1 1 % % '% 15li 1% 22 3 % 5J> 
18 105 18% 11 ~ " % % ,,~ 15li 1% 21% 2~ % 5J> 

96 18li 11~ " Ji )4 5% 15li l J> 21 ~ 274' % 5J> 

85 1 8~ 8% .. % )4 ' li 15~ lJ> 2Il'~ 2)4 % 5Ji 
CB 182 n 18li SUI " li )4 ' li 15% 1% 20li 2)4 % 5Ji 

18 70 18 8)4 )4 J> )4 ' li 15.% 1% 20 2)4 % 5Ji 
64 11.% 8)4 % J> % ' li 15;1; 1)j 20 2Ji )4 ' J> 

CB 181 
55 18li 7Ji % % % ", 15% lli 1 9'~ 2Ji )4 3Ji 
50 18 

7; % 
% % 3% 15% 1", 19Ji 2)4 )4 3J> 18 47 17.% 7 J> % 1ii 3% 15Yfi 1 19,. 2)4 )4 3J> 

11. 16% 11 % 1 ~ % 1ii 5J> 13li 1)4 20% 3 % ' J> 
CB 163 105 16J> 11$ ,.. ,. 

" 5J> 13li 1% 20)4 3 % ' J> 
16 96 16~ 

:: ) )i 1ii " 5J> 13li Hi 20 2~ % ' J> 
88 16li 11 .1fIi Ji )4 'Ji 13li l Ji 19J.i 2~ % 5Ji 

78 16~ :: )i 1ii )4 • 13% lJ> 18Ji 2~ % 5Ji 
CB 162 71 18li " Ji )4 • 13li 1% 18.14 2)4 % ' J> 

16 64 16 :t % J> )4 • 13% 1% 18li 2Ji % ' Ji .. lS}i li J> )4 • 13~ 1)4 18 2Ji % 5Ji 

50 16}i 7li % % 1ii 3li 14 lli 17~ 2Ji )4 3Ji 
CB 161 45 18li 7 1ii % 1ii 3l, 14 1", 17% 2)4 )4 3Ji 

18 40 16 7 Ji % 1ii 3% 14 1 17Ji 2)4 )4 3Ji 
38 15}i: 7 J> % 1ii 3% 14 " 17% 2 ~.f )4 3Ji 

- .- -
Oag8ll1'. are balled DO. 1 ~" edge dl5ta.nee <]i" ma.xlmum rivet). 



r ,. 

I CB SECTIONS 
ElEMENTS 

ELEMENTS or SECTIONS 

""'" Index ... 
Nominal ... 

CB 146 
14 X 16 

CB 145 
14 X 14.!-<2 

WII"" 

'W 
,~ 

"" • ..... W"" 

I-,~.-I--:-",~.-i In." 

18.69 
18.50 
18.31 
18.12 
17.94 
17.75 
17.56 
17.38 
17.19 
17.00 
16.81 
16.62 
16.50 
16.37 
16.25 
16.12 
16.00 
15.87 
15.75 
15.63 
15.50 
15.38 
15.25 
15.12 
15.00 
14.88 
14.75 
16.81 

14.75 
14.62 
14.50 
14.37 
14.25 
14.12 
14.00 

426 125.2 16.695 
412 12!,!; 16.645 
398 116."" 16.590 
384 112.93 16.540 
370 108.78 16.475 
356 1~.~ 16.420 
342 100.59 16.355 
328 96.4 16.295 
314 92.30 16.235 
300 88.20 16.175 
287 84.3 16.130 
273 80.22 16.065 
264 n.63 18.025 
255 74.98

1
15.990 

246 72.33 15.945 
237 69.69 15.910 
228 
219 
211 
2Q2 

193 
184 
176 
187 
158 
150 

14' 
'320 

136 
127 
119 
111 
103 
95 
87 

67.061 15.865 
64.3~ 15.825 

".oS 15.800 
59.3 15.750 
56. 15.710 

~.~ 15.660 
51 .,.; 15.640 

4~.?: 15.600 
46.4 15.550 
44.~ 15.515 
4i.B.i 15.500 
94.1 16.710 

3!.~ 14.740 
37.33 14.690 

l!'~~ 14.650 
32.0;. 14.620 
30.2 14.575 
27.~ 14.545 
25.56 14.500 

~Iumn Coro SectiOIl. 

Wm 
TIlle\(- Thkk-.-, .. 
3.033 
'.938 
2.843 
2.748 
2.658 
2.563 
2.468 
2.378 
2.283 
2.188 
2.093 
1.998 
1.938 
1.873 
1.813 
1.148 
1.688 
1.623 
1.563 
1.503 
1.438 
1.378 
1.313 
1.248 
1.188 
1.128 
1.063 
2.093 

1.063 
.998 
.936 
~73 

.813 

.748 

.688 

-'". 
1.875 
1.825 
l .nO 
1.720 
1.655 
1.600 
1.545 
1.475 
1.415 
1.355 
1.310 
1.245 
1.2115 
1.1 70 
1.125 
1.090 
1.045 
1.005 

.980 

.9'" 
~90 

.840 

.820 

.780 

.730 

.695 

.680 
1.890 

.660 

.610 

.570 

.540 

.495 

.465 

.420 

I s 
In.' In.-

6610.3 707.4 
6309.7 682.1 
6013.7 656.9 
5727.5 632.2 
5454.2 608.1 
5179.4 583.6 
4911.5 559.4 
4656. T 535.8 
4399.4 511.9 
4149.5 488.2 
3912.1 465.5 
3673.2 442.0 
3526.0 427.4 
3372.6 412.0 
3228.9 397.4 
3080.9 382.2 
2942.4 367.8 
2798.2 352.6 
2671.4 339.2 
2538.8 324.9 
2402.4 310.0 
2274.8 295.8 
2149.6 281.9 
2020.8 267.3 
1900.& 253.4 
1786.9 240.2 
1672.2 226.7 
4141.7 492.8 

1593.0 
1476.7 
1373.1 
1266.5 
1165.8 
1063.5 

"'.9 

216.0 
202.0 
189.4 
176.3 
163.6 
150.6 
138.1 

, 

1-- - -1 

, 

, I s 
, .. In.' In.-

7.26 2359.5 282.7 
7.22 2264.9 272.1 
7.17 2169.7261.6 
7.12 21178.1 251.3 
7.08 1986.0 241.1 
7.03 1895.7 230.9 
6.99 1806.9 220.8 
6.95 1718.5 210.9 
6.90 1631.4 201.0 
6.86 1546.0 191.2 
6.81 1466.5 181.8 
6. n 1382.9 172.2 
6.74 1331.2 166.1 
6.71 1278.1 159.9 
6.68 1226.6 153.9 
6.65 1174.8 147.7 
6.62 1124.8 141.8 
6.59 1073.2 135.6 
6.56 1028.6 130.2 
6.54 979.7 124.4 
6.51 930.1 118.4 
6.49 882.7 112.7 
6.45 837.9 107.1 
6.42 790.2 101.3 
6.40 745.0 95.8 
6.37 702.5 90.6 
6.32 660.1 65.2 
6.63 1635.1 195.7 

Ul 
6.29 
U6 
6.23 
6.21 
~17 

'15 

567.7 
527.6 
491.8 
454.9 
419.7 
363.7 
349. 

n.o 
71.8 
67.1 
62.2 
57.6 
52.8 
48.2 

, 

4.34 
4.32 
4.31 
4.29 
4.27 
4.29 
4.24 
4.22 
4.20 
4.19 
4.17 
4.15 
4.14 
4.13 
4.12 
4.11 
4.10 
4.08 
4.07 
4.06 
4.05 
4.04 
4.02 
4.01 
4.00 
3.99 
3.97 
4.17 

3.n 
~76 
3.75 
3.73 
3.n 
3.71 
3.70 



L //.I''f' ·h 

I ~--'::::': ' ' ~ CB SECTIONS , , 
or:;.\\ 

, 
I DIMENSIONS , , 

h., i-_____ ---- DIMENSIONS OF SECTIONS • , 
• : i , ; FOR DETAILING , 

"'-- ~ -.. : 
.. ·a ..... , 

S~"" Fl",ge Wm Olstonct U"'" W.j~ 0.,. 
,~. o. • Thick. ~ Thick· '". .. , Cl .... Gq. .. ,~ """" 

W •• Thiel<. • f • d, g. h , 
Noml",,1 

nell n .... . ---
D •• "'- I. , I< ,., .. , .. , ,., .. , .. , .. , ,., ,., ,., 

42' 18% 16% 3!1i 1% 'I 7% 11 % 3% 25% 5 1 
412 18~ 16% 2'1 1'1 'I 7% 11~ 3% 24% 4% 1 
398 T8~ 16% 2'1 1'1 % 7% 11~ 3!1i 24% ' % " 384 18% 16~ 2% lU % 7% 11~ 3% 24% 4% " 370 18 16.11 2% 1% " 7% 11 ~ 3» " % .~ % 
356 17% 16~ 2% 1% " 7% 11 :!1 3!1i 24M .~ % 
342 17~ 16'A 2» 1% " 7% 11 % 3!1i 24 ' » » 
328 17% 16)i 2% 1~ % 7% 11 ~ 3 23:", . )i " 31' 17.J4 16~ 2loi I» % 7% 11 % 2J.i 23% ' )i " 300 17 16% 2loi 1% " 7% 11 % 2" 23~ 4 % 
287 T6U 16% 2!1i 1!1i % 7% 11 % 2% 23~8 • % 
273 16% 16% 2 1» % 7% 11 % 2% 23% 4 " ~ 

284 16~ 16 1!'tO l )i % 7% 11% 2% 23 3~ % I 
CB 146 255 16% 16 l J.i 1!1i % 7% 11 ~8 2~ 23 3% % C<: 14 246 164 16 ," 1% % 7% lth 2» 22J.i 3U % ~ 

237 16% 15% H, 1% % 7% 11 % 2h 22~4 3U % I 
228 16 15% ," 1!1i % 7% 11% 2!1i 22% 3~ % ~ 

219 15Ji 15% 1% I ~ 7% 11 % 2» 22~ 3~ % 
211 15U 15% 1% 1 ~ 7% 11 % 2!1i 22% 3~ % 
202 15% 15% 1), 'I ~ 7% 11 % 2\1 22» 3~ % 
193 15~ 15U I» J.i » 7% 11% 2!1i 22!1i 3}4 ~ 
184 15% 15% 1% J.i » 7% 11 % 2 22 3» ~ 
176 15)4 15% 1% " !1i 7% 11 % 1!'tO 21 Y8" 3» ~ 
167 15% 15% 1» " % 7% 11% lJ.i 21 % 3» !1i 
158 15 15~ 1!1i % % 7% 11 % ," 21 % 3 » 
150 14% 15~ 1!1i % % 7% ll Vs 1% 21~ 3 » 
142 14!!4 15~ 1!1i % % 7% 11% 1% 21 ~ 3 » 

' 32ll 16U 16U 2!1i Hi " 7% 11% 2% 23% • 1 

136 14U 14% 1!1i % % 7 11 % 1% 2llJ.i 3 » 5~ 
127 14% 14" 1 % loi 7 11 % 1% 20% 3 % 5~ 

CD 145 "' 14J.i 14% " % loi 7 11 % 1% 2O'A 2~ % 5~ 
111 14% 14% J.i % loi 7 11 % I~ 20~ 2% % 5~ 14 103 (4» 14% " ~ )i 7 11% 1» 20~ 2% % 5~ 

I 
95 14% 14~ ~i ~ » 7 11 % 1% 20» 2U loi 5~ 
87 14 14~ % » » 7 11% l loi 20» 2~ loi 5~ 

- -
"Column Coro Soctlon. 
Oagce /h are based on 1 J.(" odgn d lJt&nee (}i" maximum rI'I'at). 



IS 

, 

I CB SECTIONS 
ELEMENTS 1-- 1-- 1 

ELEMENTS OF SECTIONS 

z , 

I Depth I W .... ' I Ar. ..... n_ 

~ 
..... il l-l Aoil 2·2 

'''" . ~ . ,.,.". "'~- ~ s .. "" .. ,~, ..... .... "- ". I S , , 
Nominal --... ,"- w.. I n .~ '"- '"- '". In.'' In," '"- In.' -1---.;;:;- '". ---
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 ".94 12.000 .718 .428 851.2 121.1 6.09 206.9 34.5 3.00 

CB 143 14.19 74 21.76 10.072 .783 .450 796.8 112.3 6.05 133.5 26.5 2.48 

14 X 10 I 14.06 68 "'.00 10,040 .718 A18 724.' 103.0 6.02 121 .2 24.1 2.46 
13.91 61 17.94 10,000 .643 .378 641.5 92.' 5.98 107.3 21.5 2.45 

14.06 58 17.06 ~098 .71' .406 597.9 85.0 5.92 63.7 15.7 1.93 
CB 142 13.94 53 15.59 ~062 .658 .370 542.1 77.. 5.90 57.5 14.3 1.92 
14 X 8 13.81 48 14.11 8.031 .593 .339 484.9 70.2 5~6 51.3 12.8 1.91 

13.68 43 12.65 ' .000 .528 .308 429.0 82.7 5.92 45.1 11.3 1.39 

14.24 " 12.34 6.801 .573 .338 432.' 60.7 5.92 28.1 '.3 1.51 
CB 141 14.12 38 11.1 7 s.ns .513 .313 385.3 54.6 5.87 24.6 7.3 1.49 
14 X 8~ 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~ 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 17. 51 .79 12.615 1.606 1.005 171 2.5 242.6 5.75 538.4 85.4 3.22 
l U3 161 47.38 12.515 1.486 .905 1541.8 m.' 5.70 1486.2 n .7 1'" 
13.62 147 43.24 12.450 1.356 .840 1374.4 201.8 5.64 1436.8 70.' 3.18 
13.38 133 39.11 12.365 1.236 .755 1221.2 182.5 5.59 389.9 63.1 3.16 
13.1 2 120 35.31 12.320 1.106 .710 1071.7 163.4 5.51 345.1 56.0 3.13 

CB 124 12 ... 106 31.19 12.230 .98' .62<l 930.7 144.5 5.46 300.9 49.2 3.11 
12 X 12 . 12.75 99 29.09 12.190 .921 .560 853.5 134.7 5.43 278.2 45.7 3.09 

12.62 92 27.06 12.155 .85' .545 768.' 125.0 5.40 256.4 ,,~ 3.08 
12.50 85 24.98 12.105 .798 .495 723.3 11 5.7 5.38 235.5 38.9 3.07 
12.38 79 23.22 f 12.080 .738 .470 653.0 107.1 5.34 216.4 35.8 3.05 
12.25 n 21.16 12.040 .671 .430 597.4 97.5 5.31 195.3 32.4 3.04 
12.1 2 65 19.11 12.000 .606 .390 533.4 68.0 5.28 174.6 29.1 3.02 

12.31 64 18.83 10.060 .701 .405 528.3 85.' 5.29 119.0 23.7 2.51 
CB 123 12.19 " 17.06 10.01 4 .641 .35' 476.1 78.1 5.28 107.4 21.4 2.51 
12 X 10 12.06 53 15.59 10.000 .576 .345 426.2 70.7 5.23 96.1 19.2 ' .43 

12.19 SO 14.71 8.0n .641 .371 394.5 64.7 5.18 56.4 14.0 1.96 
CB 122 12.06 45 13.24 8.042 .576 .338 350.8 58.' 5.15 SO.O 12.4 1.94 
12 X 8 11.94 40 n.n 8.000 .516 .294 310.1 51.9 ~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.' 1.50 
CB 121 12.12 32 9.41 '.533 .430 .273 246.8 40.7 5.12 20.6 6.3 1.43 
12 X 6}i 12.00 28 8.23 6.500 .4'" .240 213.5 35.6 5.09 17.5 5.' l A' 

11.87 " 7.39 6.500 , .355 j .240 183.4 30.9 4." 14.5 4.5 1.40 



• 

,. 
i ./ r.. ' 

I 
j fig, DIMENSIONS OF SECTIONS 

! ~... CB SECTIONS 
DIMENSIONS I 

': FOR DETAI LI NG , 

..... s.tion Wei ght I o.., th ftan.. Web 
Ind ox per of TlIltk. Thick- Half 
and f oot Soction WIdth ft"* n... Thick_ a 

Nominal -- --I-c- ,-
• d, 

Min. CI_. Gogi 

Ih h 9 

--'$_._ f-C""= I In. In. In. In. In. In. 00. In. In. In. In. In. 

CB 144 
14 

CB 143 
14 

CB 142 
14 

CB 141 
14 

CB 124 
12 

CB t23 
12 

CB 122 
12 

CB 121 
12 

84 
78 

74 
68 

" 58 
53 .. 
43 

42 
38 
34 
30 

190 
176 
161 
147 
133 
120 
106 
99 
92 
85 
79 
72 

" 64 
58 
53 

50 
45 
40 

36 
32 
28 
25 

14Ya 12 ~ ~ 
14 12 % J.M 

14~ IOrs ~ . ~ 
14 10 % ~ 

13% 10 % '" 
14 
14 
13~ 
13% 

14~ 
14)i 
14 
13% 

14)i 
14)i 
13% 
13% 
13)i 
13)i 
12% 
12% 
12)i 
12M 
12;% 
12)4' 
12Ys 

12,\4 
12U 
12 

12U 
12 
12 

12.14' 
12)i 
12 
ll }i 

10 
10 
10 

!~ % 
8 % 
8 )<; 

34 5~ 11 ", , ,,, 18% 2% ~ 

J4' 5% 11~ 1% 18~ 2~ Ji 

U 4U 1I~ ' ''' 17~ 2~ ~ 
74 4U 11 ~ , " 17)4" 2.!4 " 
,. 4U 11 ~ 1 J4' 17J1 2% )4" 

" 3}l ,. 3% 
11 )i 
11 )i 
11 )i 
11 % 

, ,. 16}4 2M 
1.14' 16Ys 2).1 

,. 3Ji 
,. 3% 

, ,. 16 2).1 

lYs 15h 231 
,. 3U 12}i: l J11 
,. 3U 12rs 1 

,. 3).4 12rs " 
Y8 3U 12rs % 

" 5% 9~ 2" 
~ 5% 9~ 2" 
Jiii 5U 9~ 2~ 
hi 5U 9X" 1,. 
~ 5~ 9U 1~ 
~ 5~ 9;i 1% 
,. 5~ 9% , ,, 
,. 5;!4 9% 1}1 
,. 5:!4' 9% l J.M 
U 5% 9% 1 ~ 
U 5% 9% , ,, 
U 5% 9% IX' 
,. 5:!4' 9y.: 1 J' 
" 4% 9% , ,, 
,. 4% 9% 1.14' 
,. 4% 9% I,. 

l li 
1% 
l)i 

15% 2.14 
15% 2)4' 
l ~A 2U 
15)1 2.14' 

1974' 3X 
19 3}<j! 

3)<; 
3li 
3li 
3 

IBM 
18)<; 
187.1' 
18 
17% 3 
17% 2% 
17Y.i 2% 
17% 2% 
17% 2% 
17~ 2~ 
17~ 2~ 

15% 
15% 
15% 

2)<; 
2)<; 
2)<; 

2)<; 
2» 
2» 

" 3% 
" 3% 
" 3% 
J> 3)i 
)i 3)i 
)i 3)i 
)i 3)i 

9% 
9% 
9% 

10% 
10% 
10% 
1O)i 

,. 14 2)4" 
Y8 13~ 2)4" 

" 13U 274 
~ 13% 2)4' 

li 
li 
li 
li 

OagCfl g. aro bas<xl on In" edgtl dbtanOfl (Jii" maxim um r lve~). 



00 

[ ITS CB SECTIONS 
1- - --I 

ELEMENTS OF SECTIONS 

- -...... , 
""" 1·1 .... .. ""'" -w .... ,,- W" I .... • .. • Thk._ """'-.. ..... '* """" ..... "- - I S , I S , .-.. , I, u.. I,' I, '". '". I,' I,' I, I,' I,' .. - - -

11.88 136 .003 10.575 1.498 .915 917.2 154.4 4.79 295.9 ".0 ' .n 
11.62 12. 36.46 10.505 1.368 .84' 813.1 139.9 '.n 264.8 'M 2.69 
11.38 112 32.92 10.415 1.248 .755 718.7 126.3 4.67 235.4 45.2 2.87 
11.12 100 29.43 10.345 1.'1S .63' 625.0 112.4 4.61 206.6 39.9 , . ., 
lo.a8 89 26.19 10.275 ,998 .615 542.4 99.7 4.55 180.6 35.2 2.63 

CB 103 10.62 77 22.67 10.195 .... .53' 457.2 86.1 4.49 153.4 30.1 2.60 
10 x 10 10.50 n 21.18 10.170 .808 .510 420.7 aO.l 4.46 141.8 21.9 2.59 

10.38 .. 19.41 10.117 .748 .451 382.5 73.7 4.44 129.2 25.5 '.58 
10.25 60 17.66 10.075 .683 .415 343.7 67.1 4.41 116.5 23.1 2.57 
10.12 54 15.88 10.028 .818 .'63 305.7 60.4 4.39 103.9 20.7 2.58 
1000 49 1'4.40 10000 .558 ,340 272.9 54.' 4.35 93.0 18.6 2.54 

10.12 45 M22 .818 .3S0 248.6 49.1 '.33 53.2 13.3 '.00 13.24 
CB 102 10.00 41 1~D6 ~ooo .558 . 32' ", .. 44.' '~9 41.1 111.9 1.99 
10 I 8 .... 37 10.88 7.978 .'98 .306 196.9 39.9 4.25 42.2 10.6 1.97 

9.75 33 9.71 7.964 A33 .292 170.9 35.0 4.20 ,6.5 U 1.94 

10.22 29 8.53 '.799 .500 .289 157.3 30.8 4.29 15.2 U 1.34 
CB 101 10.12 " 7." 5.769 .'50 .259 139.7 27.6 4.27 13.4 ••• 1.32 
10 II: 5~ 1000 " ~77 5.750 ~90 ~40 120.6 24.1 • .22 1t.3 '.9 1>9 

'.90 21 6.19 <7" .340 ~40 106.3 21.5 4.14 9.7 , .• 1.25 

'.00 " 19.70 8.287 .933 .575 271.8 60.4 3.71 .... 21.4 2.12 
S:7!i .. 17.06 8.'" ~08 .510 227.3 52.0 '.65 14.9 18.2 2.10 
6.50 48 14.11 8.117 .883 .405 183.7 43.2 3.61 60.9 15.0 '.08 

CB 83 
~" 40 11.78 8.077 .558 .365 146.3 35.5 '.53 49.0 1~1 '.M .,. 
~12 " 10.30 8.027 .493 .315 126.5 31 .1 3.50 42.5 10.6 '.03 
' ,08 33 ' .70 8.012 .'63 .300 111.9 29.' 3.49 39.7 ••• ' .02 
~oo 3\ 9.12 '.000 .433 .'" 109.7 27.4 3.47 37.0 •. , 2.01 

CB 82 '.03 " 7,93 6.528 .44' .273 94.1 23.4 3.44 20.8 ••• 1.62 
8x6~ 7.93 24 7.06 6.500 .'98 .245 82.5 20.8 3.42 18.2 5.' 1.61 

CB 81 
~19 21 6.18 5.272 .403 .252 13.' 1~0 3.45 9.13 , .. 1.22 

~" 19 5.59 .~ .. .35' .'44 ".7 16.0 3.40 7.87 '.0 1.19 
8x5~ 

~oo 17 '.00 '.260 .308 .230 56.' 14.1 3.36 '.n ~. 1.16 

- -



, /~'h 

I ,. , , , .. .. , 
CB SECTIONS , , 

<>;, , 
I , , DIMENSIONS , , -, 
"------ s :: f1Uz DIMENSIONS or SECTIONS , 
r ' , , rOR DETAILING ... -+ .. : 

:"-a"': -""'M Weigh, ' .. - We ,- ""'" '''''a .. • Tblek - Tblek _ H.U .. , Clnr. Oq' 

"" ,~ .. ,~ "". "- "- "" .. • I 0 d. g. ~ 
g 

Nomln.ol r-;;:- - ~. -' .. u. '" '"- '" ,"- '", ,"- '"- ,", '", ", '", - -

'36 11 ~ 10' '," % % 4% 7% 2 16 3:~ " 5% 
124 11% !~~ ' % % h 4% 7% ',. 15~ 3li % 5% 
112 11 % 10~ ' li % % 4% 7,. lU 15% 3 % 5% 
'00 11% 10% ' Ji % Ji 4% 7% ' % 1574' 3 % 5% 
89 10Ji IOli , Ji Ji 4% 7% 1% 15 2% H 5% 

CB 103 n 10% ~ ~~4 % " " 4Ys 7% ' Ji 14~ 2% % 5% 
10 72 10% ~~~ % % li 4% 7% '" 14% 2% ,. 5% 

66 10~ 10.!.i; % h li 431 731 1M 14M 2% ,. 5% 
60 10~ ,~, % h li 4% 7% ,,. 14Ji 2% ,. 5% 
54 IOJi 10 % % ,. 4,. 7% lJi 147;i 2% li 5% 
49 10 10 ,. % ,. 4,. 7,. ,,. 14% 2H li 5% 

45 IOJi 8 % % ,. 3Ys 7% ' Ji 13 2% li 5% 
CB 102 41 10 ' 8 ' " " " 3% 7% '" 1231 2% li 5% 

10 37 ' % 8 % " 
,. 3% 7% , 12~ 2li li 5% 

33 ' li • ,. 
" 

,. 3% 7% % 12'''; 2li li 5% 

29 10~ ~~.& % " 
,. 2li 8% % 11 ~ 2li li 2~ 

CB 101 " IOJi ~~.& h li Ji 2:!4' 8% % 11 ~ 2li ,. 2% 
10 23 10 ~~.& Ji Ji Ji 2% ' % % 11 % 2Ji " 2Ji 

21 ' % 5~ .. ,. Ji % 2Ji 8% % 11% 2 ,. 2% 

" 9 ;t, % " 
,. 3% 6% '" 12~ 2Ji % 5% 

58 8~ • • % % Ji 3% ' % '" 12 2% ,. 5% 
48 ' % ;~ % h ,. 3% 6% ,,. 11 % 2% li 5% 

CB 93 40 ' li ,. % " 3% 6Ji % 11% 2li li 5% 
8 35 ' )i 8 % " " 3% 6% % 11% 2li li 5.J4 

33 • 8 h ,. 
" 3)i 6% % 11 % 2li li 5% 

31 • • h " " 331 6H % 11% 2li li 5% 

CB 82 27 • :t h " )i 3)i 6% % 1O)i 2li " 3.J4 
8 24 7% % Ji )i 3)i 6% % 10.!4' 2Ji " 3% 

CB 81 21 ' Ji :~, % Ji % 2% 6Ji % 9~ 2Ji " 2* 
8 19 8% 5Ji % Ji )i 2% 6% % ' % 2M " 2Ji 

17 8 . 5.\4 " Ji )i 2% 6~ % ' % 2Ji " 2U 

OagCII ,.are bll.SCd on 1).(" edgo dllltan~ Gi" mlllIhnum rivet). 



•• 

i--' 4 -'-, 
r· ...... ~ 

I "" 
! 
! 

.2l 

" -: 
• 

CBL12 12x4 
22, 19, ~ Ib$. 

-, , , 
! 
i ~ ,-_.1...+ 

CBJ12 1~x4 
14 lb •• 

LIGHT BEAMS 

• 

i , 
i 

,.... -- 4--.., , , 
.30 

.23 

I ~ 
t ........ + 

CBll0l0x4 
19 , 17, 15 lb •. 

CBl88x4 
15, ~Ib •. 

101 

r , 
! ... 
" .,; , , 

STANCHIONS 
r'---' 6 ----1 

r .25 , 
, , .24 

L_ .... _l-• 
CBS66x6 

18, 15.5 lb •. 

{g 

JOISTS 

1'"--3.95 '- ..., , ' 
l"--3.94 -4 
! : 

f 1'-: 30 
: , 
o 
en .17 
,.: 

! ~ L_L-f- i ". , 
.L_"-t 

CBJ10 10x4 
11.5 lb •. 

101 

CBJ88x4 
10 lb •. 

~ 

'!' - .23 
: ~ 

L.~ ... ~+" 
CBl6 6x4 

16, g lb •. 

101 

"" -3.94 - ., 

I]' .,,' 
It> .17 
,,; . 
, " , . ,. 
CBJ66x4 

Mlb&. 

Il:J 
WEIGHTS UNDERLINED CORRESPOND TO DIMENSIONS SHOWN, IN INOSHES 

RA.NGE OF WEIGHTS PER I.INEAR FOOT 



'8 

LIGHT BEAMS, STANCHIONS I AND JOISTS ,-- --1 ELEMENTS 

ELEMENTS OF SECTIONS 

.~"" ""' .. Azla 1·1 ""li t.! ' ..... W .... ,,- W~ 
,~. • ,. • """- Thick • 
~ .~ .. ,~, .~ .. - ,- I , , I S , , ..... '. ... , ,. Uoo. 

.., ". ". ". In._ '" ". In.' ,.' ". 
LIGHT BEAMS 

- -
CBl12 12.31 22 6.47 4.030 .424 .2tIO 155.7 '53 4.91 ' .55 '.26 D ... 
12)( 4 12.16 19 5.6' 4.010 .'" ~4D 130.1 21.4 4.81 3.67 1.83 O.SI 

C 12.00 16~ '.86 '.000 .269 .'30 105.3 17.5 .... '.79 1.39 0.78 

CBll0 10.25 19 5.61 4.020 ~94 .'5O .. ~ 1M 4.14 4.19 ' .08 0.88 
10)( 4 10.12 17 '.98 4.01 0 .329 ~4D .U lU '.55 3.45 I.n 0.83 

C 10.00 15 4.40 '.000 ~" ~30 68.' 13.8 U, ' .79 .. , O.so 
CBl8 a12 

" 
0A3 4.015 ." .245 48.0 lU 3.29 3.30 1. .. 0.88 ". B.Oa 13 3.83 •• 000 ~54 

C 
~30 39.5 9.' 3.21 2.62 .. , 0.83 

CBl6 6.25 " ' .n 4.030 .• " ~88 31.7 10.1 2.59 4.32 2.14 0.98 
6,. 
a 6.00 12 3.53 4.000 ~79 = 21.7 7.' 2.48 2.89 1.44 0.90 

STANCHIONS 
-

CBS 6 6.09 18 ,~. 6.025 .31~ 1.285 3M 11.7 ,~. 11.0 3.64 1.44 ". 6.00 15)< U9 6.000 .269 .240 30.' 10.0 '.56 9.1 3.06 1.42 
11 

JOISTS 
-

CBJ 12 
12)( 4 11.91 " 4.14 ~'70 .22' = .U 14.8 4.81 '~5 1.13 0.74 

C 

CBJ 10 
10)( 4 9.87 11 )j 3.39 3.950 .204 .180 51.9 10.5 3.92 2.01 1.02 0.77 .. 
CBJ 8 ." 7.90 10 2.95 ~940 .204 .170 30~ 

7'r~ 
1.89 1.01 on 

c 
CBJ 6 

' )< .,. 5.83 '.5O 3.940 .'94 .170 lOA 5.0 2.43 1.89 0.98 0.87 
C 

For detaiLIng dlmCllllolU. 100 pages 231 and 2:13. 
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AMERICAN STANDARD BEAMS 

81624x7Y. 
120, 115, 110, ~ lb •. 

r 
I 
I 
~ 0.35 

I 

.21 

I 0.<5 ::i 
L ....... ~..J 

89 12x5 
35, 31.8 lb •. 

- 7.0D---, 

r 0.30 

I 
I 
I 
I , .. 0." <:' 

I 
I 
I 
I 
l 

81 24x7 
100, 95, 90, e5,~ Ib,. 

r 
I 
I 

,i25-- , 

0.28 

C\I 0.46 

T 
I ,. 0.56 ci 

L .-""IIiIlliioo..J=! 

B 8 12x5'x 
55,50, 45, ~ Ibs . 

WEIGHTS UNOE RLINEO CORRESPONO TO OI,..E;N$IONS SHOWN, IN INCHES 
RANGE 01" WEIGHTS PER L I N EAR FOOT 



·& 

AMERICAN STANDARD BEAMS 

,..-- 1.00-- , 

r .31 

I 
I 
I 
6 ,." N 

I 
I 
I ~ -d 

L --.I 
~ -~ 

B 2 20x7 
lOa , 95, 9 0, 6 5, 61.4 Ibl. 

r - 5.50 - , 

r-looo,.. ... '.25 

I 
I 
~ 0.41 , 

I 
I ' .51 ~ 
L -'""11 ..... =:--.1 

B 6 15x6 B 7 15x5X 
55, 50, 45, ~ Ibl. 75, 70, 6 5, 60.8 Ibs 

, -8.25--.., 
r ." 

I 
I 
I 
6 '.50 
N 

I 
I 
I ~ 

~ 

d 

l 
!!l 

B 3 20x6X' 
75, 70, 65.4 11M. 

r 
I 
I 
I 

1 - 6.00-- , 

!!:! 0.4& 

I 
I 

0.21 

I 11.56 ~ 
L...IIIIIIIIlI~ 

B 4 18x6 
70,65, 60, ~ lb •• 

W EIG ... TS U N O£RLINItO CORRESPOND TO DIMENSIONS SHOWN , I N INCHEe 
RAN Ge 01'" W CGH TS PER LIN EAR FOOT 

-' 

• 
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AMERICAN STANDARD BEAMS 

r'4.66-i 

r 0." 
I 
I 

o 0.31 -o 

1 1 0.41 

B 10 10x4,Y. 
40, 35, 30. ~ lb •. 

~3.U.., 

r~o 0 
, 0.14 , 

U, 11.23 ... 

11 0.3 .l .T 
- -, 

= d 
B 14 6x3Y. 

17.25,14.75, 12.5 Ib,. 

r~rl.OOi 0.13 
~O.21 ~ 

t' 0.3\ J 
- -1 

§ 

r , , 
""4.00-' o , 

0.1& 

,;, - 0.21 
o 
I 

t o.31 

B 12 6 x4 
25.5, 23, 20.5, 1 6.4 lb • . 

r;ri2

.

61

1 0.11 

.t D.19 ~ 

I, O. l __ t 
- -r 

l!i 
'" 

T- 0.15 
o 

~ 0.25--
o 
o L 0.35 

B 13 7x3% 
20.17.5, 15.3 lb • . 

1-2.33 .. 
, 0 

r~O.1D (,) 0.17 :: 

! 0.21 ! ."1 
- -r 

" '" 
B 15 5x3 

14.75,12.25,10 lb •. 
B 16 4 x2% 

10.5,9.5, B.S, !...:1. Ibs. 
B 17 3x2Y. 

7.5,6.5, S.T lbl. 

WEIGHTS UN~I.IN~ CORRESPOND TO D',...ENSIONS !;HOWN, IN INCHES 

RANGE Of'" WEIG .... TS PER UNEAR FOOT 



STANDARD MILL BEAMS 

f- -, , , 
r-;.G.111 • 

12 Ibs. 

'!' '.313- -, 
L o.m ! 

H 3A 6x6 
27 .5, 25 lb •. 

H36x6 
22.6, ~ lb • . 

r'-s.oo · ~ '--r j Q,1 -
, -, ~ 

.::.- ~ 

! 
aB41 6x3 

10 Ibs. 

H-BEAMS 

" 

,..... --- 8---~ , , 

H4 axe 
37.7,~, 32.6 lb •. 

H25x5 
UlJllbl. 

H14x4 
~Ibs. 

WEIGHTS UNO!tRL..INI';D CORRD~ND TO DlfIIIEN510NS SHOWN. IN INCHES 
R"NGE OP" WEIGHTII POER I.INEAR FOOT 

o. 



.8 

[IJ BEAMS 

AMERICAN STANDARD 
1 - - I 

ELEMENTS OF SECTIONS I 
2 ~ 

..... -...... .... ... • • Adll-1 "" ., . - • ~ • • -. s s ... .- ,~ ....... n_ - I , I , ....... ... •• " . .. ' ••• •• .. ' .. ' • • .. ' ..' .. 
120.0 35.13 '.048 .798 3010.8 250.9 9.26 84.' 2!.1 1.56 

8" 24 
115.0 33.61 7.987 .737 2940.5 245.0 9.35 82.' 20.7 1.57 

24x7~ 110.0 32.18 7.925 .675 2869.1 239. 1 9.44 80.6 20.3 1.56 
105.9 30.98 1.875 .625 2811.5 234.3 9.53 76.9 20.0 1.80 . 
100.0 29.25 72.47 .747 2371.8 197.6 9.05 48.4 13A 1.29 

81 95.0 27.79 7.186 .6O' 2301 .5 191.8 9.08 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 I,. 1.32 

".0 24.84 7.063 .563 2159.8 180.0 9.33 ,4> 12.5 1.33 
7~' 23.33 7.000 .500 ""a 173.9 9.46 42.9 12> 1.3< 

100.0 29.20 7..273 .873 1848.3 164~ 7.51 52A 14A 1.3. 
8 , 95.0 27.74 7.200 .800 1599.7 160.0 7." 50.5 14.0 1.35 

2<1,7 
,. 90.0 26.26 7.129 .726 1550.3 155.0 7." ".7 13.7 1.3< 

" .0 24.so 7.053 .,53 1501.7 150~ 7.78 47.0 13.3 1.36 
81A 23.74 7.BOO ~OO 1466.3 146~ 7.86 45~ 13.1 1.39 

75.0 21.90 '.3111 .641 1263.5 126.3 7.60 30.1 'A 1.17 
8 3 2<1 70.0 "A, U17 .567 1214.2 121A 7.71 28.9 •. , 1.1 9 

20 x 834' 'SA 19.08 ,= .500 1169.5 116.9 7.83 27.9 U I~I 

70.0 2<lA' 6.251 .711 917.5 101.9 ,.ro 24.5 ,. 1.09 

8' " 
65.0 1~98 6.169 . ,. 877.7 97 • ,.so 23A 7.' 1.11 

18 x 8 " .0 17.50 6.087 .547 537~ 53.1 U, ,2> 7~ 1.13 
54.7 15.94 6.000 A60 79S-S 88A 7'" 21~ 7.1 1.15 

75.0 ,US 6.278 .... 687~ .U 5.61 30.6 •. , 1.18 
8 , 

15 ro.' 20.38 6.180 .77' 659.8 87.9 5.69 28.8 '.3 1.1 9 
th8 .... 18.91 '.082 . on 632.1 84~ 5.78 27.2 , .• I ." 

80.8 17.68 6.000 .590 809.0 'U 5.81 26.0 '.7 Ul 

55.0 16.06 5.738 ... , "".7 67~ 5.83 17.0 5.' 1.03 
8 7 50.0 14.59 5.&40 .50 481.1 64~ 5.74 18.0 5.7 1.05 
15x5~ 16 45.0 13.12. 5.542 A52 453.6 ... 5.88 15.0 SA 1.07 

42.' 12A9 .= AIO 44U 56.9 5.95 14.8 ., 1.08 

- -



o. 

,A,. 

I " BEAMS , . i':"'"! 1t • • ...i 
c: '_ I r::::::'w_--,P r----, 

AMERICAN STANDARD , DIMENSIONS 
I , , , -0----.. 

DIMENSIONS OF SECTIONS ;.---- -' :111 
1- ' .J 
; ·:,,-t.J j Grip FOR DETAI LI NG 

~-~ 

WtIg!ll .... . .. ....... -"' .... w """. """. H .. Ma .... - ...... , .... I ... ,-, . , .. "' .. • , 
h g -.. _ . - - g. 

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

,. ,. , •. ... 
120.0 • I" 9li J> ' )i "')1 19li ' )i >I 4 I" I 

818 115.0 • I " ~ " ' )i "'" 19li ' )i J> 4 I" 1 
24 110.0 7Ji I" !'> " ' )i "')1 19li ' )i )-0 , 1)1 1 

105.9 7Ji 1)1 % ,. ' )i "')1 I,. ' )i " 
, 1)1 1 

100.0 7)i Ji % " ' )i "'" 1% , J, , )i 1 
95.0 7)1 Ji % " ')i "'" l)i , J> , Ji 1 

8 1 90.0 7)i Ji )i ,. ' )i "'" 1% , 
" 

, Ji 1 
24 85.0 7" Ji " 

,. ')i 20% 1% , 
" 

, )i 1 
79.9 7 Ji )i )i ')i "'" l)i , ,. , Ji I 

100.0 7)i " Ji J> ' )i 16)i lit ' )i )i , 9li 1 
95.0 7)i " 9li J> ' )i 16)i 1% '% )i , 

" 1 
82 

90.0 I· 7}i 9li % " ' )i 16)i 1% ' % J> , 9li 1 

'" 85.0 7 " " " ' )i 16)i 1% ' )i " 
, Ji 1 

81.4 7 " )i ,. ' )i 16)i lit ' It " 
, Ji 1 

8 , 75.0 ' h " " 
,. 2Ji 16Ji '" 

, 
" ' )i " " '" 

70.0 ." 9li " 
,. 2Ji 16}1: ,,, , 

" ' >I 9li Ji 
65.' ' )i 9li >I )i ' Ji 16~ '" 

, ,. ' >I % Ji 

70.0 ' )i " % " ' % 15)4 ,,, ' % J> ' )i " Ji 
8 , 65.0 ." " '" " '% 15)i 1" ' % '" ' )i " Ji 
18 60.0 '" " " 

,. '% 15)4 ,,, ' % " 3J,.<J " Ji 
54.7 • " >I )i ' % 15)4 '" ' % " ' )i " Ji 

75.0 ' )i 9li Ji J> ' % 11 ~ 1% , >I ')i 9li Ji 
8. 70.0 ." 9li 9li '" ' % 11 ~ 1% , J> ' >I 9li Ji 
15 65.0 ." 9li " " 2~ 11 .!4 1% , J> ' )i " Ji 

60.8 • 9li % " ' % 11 %, l)i , 
'" ' )i 9li Ji 

" .0 ' % '" " 
,. 

'" 12>1 l)i 2~ " ' )i '" It 
8 7 50.0 .'" '" 

,. ,. 2>1 12>1 l)i ' % " ' )i " % ,. 45.0 ' >1 '" J> % 2>1 12)i lJ{ 2% " ' >I " % 
42.9 ' >1 '" J> % 2>1 12>1 1% ' % " ' >I " % 

---
L 

Gage. It IU'(l bMod 011 1 )(" edce dlst.ane. (Ji N mu.l.mum rivet). 

-- --



so . 

I BEAMS 

AMERICAN STANDARD ELEMENTS 
1·- -·1 

ELEMENTS OF SECTIONS 

. 
...... - w_ - w .. W~ 

,.... ,., ...... , .... • ~ • • -... .... ,~ ....... "- - I S , I S , ...... 10.:- '-.. , .... IlL! ,. ,. ,.' ,.' ", ,.. ,.' ", ----- - --
SS,O 16.04 5.600 "0 319.3 '" 4.46 t7~ 62 1.D4 

B 8 t2 
50.0 14.57 'An ,687 301.6 50.3 4.55 16.0 .. I," 

12 It 5}( 45.0 13.10 5.355 ,,., 284.1 47.3 4.66 I" ,,' I,OS 
40.8 11.84 5.250 .460 268.9 44.8 4.77 Ia. 53 I,OS 

B , 
t2 

35.0 10.20 5.078 .428 227.0 37.8 4," 10.0 3,' 0,99 

lhs 3" ",. 5.000 .350 215.8 36.0 4,83 ,,' a. 1.01 

40.0 11.69 5.091 .741 158.0 31.6 3,68 ' A 3,7 0,90 
BtO to 35.0 to.22 4,944 ,'94 145.8 29,2 3,78 a" 3,4 0.91 

10)t4~ 30.0 &75 4.797 .. 7 133.5 26,7 3.91 7.3 32 0.93 
25.4 7.38 4.660 ~IO 122.1 24.4 4.07 6,' 3,0 0.97 

,,~ 7.43 4.262 .532 68,1 17.0 3,03 4,7 22 0.80 
Bt2 

8 
23.0 6.71 4.171 .441 642 16.0 3,09 4A 2,1 0" 

"4 21)" 5.97 4,079 .349 602 15.1 3.18 4,0 2.0 D.82 
lSA ,.34 4,000 270 56,9 142 326 a. I .' O~ 

Bt3 
21),0 ,.83 3 .... ASO 41.9 12.0 2,68 3.1 1,8 0.74 

7 t7~ 6,09 3.755 .34, 38,' 11.1 2,n 2,9 U 0,76 
71.3", 

IS~ 4A3 3,660 250 362 tOA 2.as 2,7 u 0,78 

B14 
17.25 ,," 3.565 ,465 ,.,0 8,7 2.28 2,3 1,3 0,68 

8 14.15 4,29 3.443 .343 23A 7,9 2.36 2,1 t2 0,., 
6x3~ 12.5 3.61 3.330 .230 2U 7,3 2.46 U 1.1 0," 

BIS 
14.75 4,29 3.284 A94 15.0 8,0 1.87 t.7 1.0 0,63 I , 12.25 3.56 3.137 .347 13.5 ',4 1.95 IA 0.91 0,., 

,,3 10.0 2A7 3.000 210 12.1 4A 2.05 t2 0.82 0.65 

10.5 3," 2.870 AOO 7.1 3,' I," I,D 0.70 0.57 I 
Bt6 ,,' 2.76 2.796 ~,. 6,7 3,3 1,,. 0.91 0.65 0,58 

4x2H 
4 

8,' 2A6 2,m 253 .. 32 I ,so 0,83 0.61 0,58 
7,7 22t 2,660 ,190 6,0 3,0 1,64 o,n 0.58 0.59 

Bt7 7,' 2.17 2,509 ,349 2,' t.9 1.15 0.59 0.47 0," I 3 8,' l.as 2All .251 2,7 IA 1.19 MI 0.43 0.52 
3x2,.. 

' ,7 1,64 '.330 .170 2~ 1,7 1.23 0,'" OAO 0.53 



., 
L BEAMS 
• f-----
• · AMERICAN STANDARD I 

DIMENSIONS 

• · · . ~-----, .. 
· , ' " ' . ... -t ... i Gnp 

:" I-~ 

DIMENSIONS OF SECTIONS 

FOR DETAILING 

55.0 5% ,. 
B 8 5D.O 5}1i % 
12 45.0 5~ ,.. 

40.8 5)4 % 

w .. 

.:r. 2% ilA , ,, 2~ 

~ 2% 9% , ,, 2U 
" 2~ ~ , ,, 234' 
U 2% 9% , ,. 2U 

h 3 
!10 3 
% 3 
% 3 

M~ .... " GrIp RI. -c 

B 9 35.0 SY8 ,. .JM J.i' 2% 9U ' % 2Y.j " 3 
12 31.8 5 ,. :ki " 2% 9U 1!1 2J.i M 3 

40.0 57'8 }<J ~ 
B 10 35.0 5 }i ~ 

10 30.0 4~i ~ ~ 
25.4 4% )A.i )II 

25.5 4~ Ji 
B 12 23.0 4!1 J. 

8 20.5 4J.i Ji 
18.4 4 JV 

B 13 20.0 3J.i 
7 17.5 3" 

15.3 3% 

8" 
6 

8" 
S 

8" • 

17.25 3% 
14.75 3~ 
12.5 3~ 

14.75 
12.25 
10.0 

10.5 

'.S 
'.S 
7.7 

3)4 
3)4 
3 

2)4 
2~ 
2)4 
2% 

B 17 7.5 
3 6.5 

S.7 

~ 2).i 8 

" 2}i 8 
}i 2% 8 
,. 2% 8 

U 1% 6J4 
U lJi 6X' 
" 1% aX" 
Y8 178 8U 

M l U 5% 
~ IU 5~ 
J1 l U 5~ 

U 1~ 4Y!; 

" l J..<J 4.J.i 
% 17ll 4)1 

1% 
1% 
1% 

1)4 
1)4 
1)4 

1;' 
1;' 
1;' 

2!AJ Ji 27{ Y.i ~ 
2}i% 2U.J.iU 
2M " 2U Y.i U 
2}i M 2U Y.i U 

% 2M 
J.i 2M 
78 2M 
% 2}i 

,. 2 
,. 2 
,. 2 

li 2 
U 2 
li 2 

2 
2 
2 

2 
2 
2 
2 

" 2)4. !10 
" 2J.i' hi 
M 2M Ji 
" 2M hi 

" 2M )4 2)4 

" 2)4' 

" 2 )4 2 

" 2 

G ag\l't g. a.ro bas<ld QD 1).(" edge distance (~" ma:,dmum rivet). 

, 
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BEAMS 

STANDARD MILL 
1· --1 

ELEMENTS OF SECTIONS 

S«.11an ClOth I WoI-,t "- ..., .~ Axll 1·1 ...... 
'''''- • O· • • Thlok· 

I S I S "'" ••• '* SfCtlon Flan., .- , 
" .... ----j .. , '". "'- In! , .. 

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

C842 
7 " 3.52 1500 .188 29.8 8.5 2.91 2.1 1.18 0.77 

7l(3~ 

1:1841 • 10 2.91 3.000 .188 17.8 5.' 2.47 1.3 0.95 0.68 
6.3 

H·BEAMS 
2 

1: 
2 

...... - ...,., ~. - .~ "" .. ""11 M ,- • ~ • • " ", . 
I S I S 1_' .. ••• ,., ... .... .... . - , ...... 10.:- -'" u.. ,,' '". , .. .. ' ,.' , .. In,' ..' ". 

H' 
37.7 11.00 8.125 .500 120.8 30.2 3.31 3<, '.1 1.83 

8 .8 8 34.3 10.00 8.000 .375 115.5 28., 3.40 '" a8 1.81 
3~8 9.50 7.938 .313 112.8 28.2 3.45 34.2 as 1.90 

H 3. • 27.5 a08 ~083 .'38 49.3 1M U7 16.0 5.3 1.41 
6.8 250 7.33 ~'38 .313 47.0 15.7 .,3 14.9 M 1.43 

H3 6 
~5 ." .063 .375 41.0 13.7 U' 12.2 '.0 1.38 

8.6 20.0 5.86 5.938 .250 la8 12.9 2.57 11.4 3.8 1.39 

H2 
5 la • 5.47 ~OOO .313 219 9.5 ~08 7.8 3.1 1.20 .. , 

H 1 • 118 199 '.000 .313 1~7 '.3 1.94 3.6 U ~95 ". 



aa 

... t r-

I I L i ... !h 4 __ '; BEAMS 
• --- - -l P 

l----;U STANDARD MILL , 
DIMENSIONS 1 , , , - --- --. 

DIMENSIONS OF SECTIONS ~----- . :112 
:- ' "".j 
I "I., FOR DETAILING "'-4'" I Grip . ' -.... . ___ Ie 

~ 

W.~' I .... r 
WoO "'"- Ma • ....... '" , .... .... Wld\ll Thkl<· Thlel<_ nlle!(- 1 M'. 0_. ..~ ... ...... 

f oot n .... p • • g. h g ,." - .- .. " .... -- I-,-- -
- ". ". ". , .. , .. , .. 

!~ 
, .. ". '". -- -

ICI B 42 
l> ;j 1% ' % % Iii % 2 % % 7 

ICI B 41 
to 3 I % % ;j 1% ' % % Iii l> 1% % % • -- - -

H·BEAMS 

-
Weight ...... WoO ~.- Mu. ...... ... , .... ~ W .. """. ~~. Thlok_ 1 M'. 0_ ... ...... ,- • • ~ "'. .. -.. - - g • - ~ .. ". '" , .. , .. ". '". '". ,. 

~ , .. ". --

H' 
37.7 ' ;j !Ii % )( ' 9> 6)4 Ii 2)( , !Ii Ii 

• 34.' • !Ii % % ' 9> 6.14 Ii 2J4 , !Ii Ii 
32.6 • !Ii % % ' 9> ' )( Ii 2J4" , !Ii Ii 

H ,. 27.5 6)i % !Ii )( 29> ')( Ii 2)( ' % % Ji 
• 25.0 6 % % l> 29> ' )( Ii 2)( ' % % Ii 

H' 22.' 6)i % % % 21i 4)-1 % 2 ' % % Ii 
• 21).0 • % )( Ii 21i ' !Ii l{ 2 ' % % Ii 

H 2 
, , la. S !Ii % % 2)i 3li 9> 2 i. 2~ !Ii l{ 

H 1 I 2)( li % • 13.8 • li % l> Iii 2% l{ 2 
, - -

Otl.g(lll g. are b!llled Q Q 1)(" edge dlfrt.anoo ( Ji" IJl&%lmum rivet). 



•• 
AMERICAN STANDARD CHANNELS 

1-- . 

l t-- o.m , , , , , , , , 
!? , , 
I - O.SO , , , , 
,~ ,,. 
'0 ,L 
"T 

aC6018x4 

D.m 

5 6, 51.9,~. 42.7 Ibs. 

41.4 11-

r-rn°·" , ::: 0.21 
C?; 0.11 
, i , .L _.- - ,0.11 

C 10 3x1 Y. 
6, 5.~ lb • . 

\ 

""'itS ...... 

r-:r;"" ' --t; 
i c::> a.1' 
L

J 
: 0.1. 

C 9 4x1.% 
7 .25,6.25, 5.4 lb • . 

, , , , , ,. 
..-." 0.50 

, 
, - 1-0.40 , 
'" -, , , , , , 
" 
~ "" - d , 1. j 

1-, r 
C115x3Y. 
55,50,45, 

40,35, 33.9 lb •. 

T _"'1

r
l.l' ,";:" 

I U9 , 
'" I ~ Bol9 
, 1: , .1.,. rD.19 

C 8 5x1~ 
11.5, 9.0, g lba. 

W .. 1GH TS UNOERLINEO CORRESPON D TO DI"'~SIONS SHOWN, IN INC HES 
FlANGE 01" WEIGHTS P ER LINEAR !'"OOT 

-



AMERICAN STANDARD CHANNELS 

,.. 2.94.., 
r-........ , 9.11 
I 0.38 
I 
I 
I 
I 

I - 11,28 

I 
I 
I , 
I S 
: d ~ 
l ..t d .1., } 
C 2 12x3 

40,35,30, 25, ~ lb •. 

-: 1.921-

~ -- ~0.12 , 
I 

(I) D.lO 
15 
I c:i a 
I '- ~l .1., _~ 

- 2.M:J 

r--",,-0.14 
I . • I 
I 

Q' -_ . 0.24 
, 
I 
I , ,, 
I ~ ~ 
I J -
Lr~-~ 
C310x2 % 

35,30,25, 20, ~ Ibl. 

-t 2.09 I--
T-
I 0.31 n.I3 , 
I 
, 0.21 
~ 

I " 
' " - :.; 
I j 1 
'-, r 
C 6 7x2Y, 

19.75,17.25, 
C76x2 
15.5,13, 

10.5, 8.2 Ibl. 14.75,1 2 .25, 9.8 10.. 

r _lo~ 
: ~O.14 

I 
I 
I B-23 .. 
I ," I cO ~ 
j J L 

-., r 
C4 9x2 Yz 

25. 20, 15, ~ Ibl, 

-; 2.26 t- I 

T--~O.13 
I 
I 
I 

" , 
I 
I -
I :; 9 
I i L 

" r 
C58x2 Y.' 

21.25,18.75,16.25, 
13.75, 11.6 lb •• 

WEIGHTS UNCE;RL1NEO CORRESPOND TO DIMENSIONS S H OWN. IN I NCHES 

RANGE OF WEIGHTS PER L1NE"R FOOT 

•• 



.6 

[IJ CHANNELS ~ 
AMERICAN STANDARD I 

I · ~ ' • 

ELEMENTS OF SECTIONS ~t 
-... , ... - WoIgIIl .... w •• W~ All. '·1 AxI. 2-2 ,- ..!.. w • • ThIClc· .. 'N' ....... .... - .- I S , I S , , ...... 

'''' .. "', ,.' ". ". 'n,' In.' ". ,.' In.' ,. .. 
- 58.. I~" 4.200 .700 67D.7 74.5 6.29 las 5.6 1.04 '.88 tC 60 51.9 15.18 4.100 .600 622.1 69.1 6.40 17.1 5.3 1.06 0.87 

18x4 18 45.8 13.38 4.000 .SO' 573.5 63.7 6.55 15.8 5.1 1.09 0.89 

" .U 12.48 3.950 .• so 549.2 61.0 ~64 ~5.0 ••• 1.10 ' .90 
55.0 16.11 3.814 .8.14 429.0 57.2 5.16 12.1 4;1 0.87 '.82 
50.0 14.64 3.716 . 716 4D1 A 53 .• 5.24 11 .2 3.8 0.87 0.80 

C I .5/0 13.17 3.618 .618 373.9 49.8 5.33 10.3 3 .• '.88 0.79 
15x3Ye 15 40.0 11.70 3.520 .52' 346.3 46.2 5M '.3 3A 0.89 0.78 

35.0 10.23 3.422 .• 22 318.7 42.5 5.58 8A 3.2 0.91 0.79 
33.' '.90 3.400 .400 312.6 41.1 5.62 8.' 3.2 0.91 0.79 

40.0 11.73 3A15 .755 196.5 32.8 '.09 6 .• '.5 0.75 '.n 
35.0 10.26 3,29, .63' 178.8 29.8 4.18 5.' '.3 0.76 0.69 

C , 12 30.0 8.79 3.170 .510 161.2 26.9 4.28 5.' '.1 '.n .... 
12 I( 3 25.0 7.32. 3.047 .387 143.5 23.9 ,A3 '.5 I.' 0.79 .... 

20.7 6.03 2.940 '". 128.1 21.4 4.61 3.' 1.7 • .81 0.70 

35.0 10.27 3.180 .82. 115.2 23.0 3.34 '.5 I.' 0.67 0.69 
30.0 8.80 3.033 .673 103.0 20.6 3.42 ••• 1.7 0.67 0.65 

C 3 10 25.0 7.33 , .... .526 90.7 18.1 3.52 3.' 1.5 '.68 '.62 
10d% 20.0 5.88 2.739 .379 78.5 15.7 3." '.8 U 0.70 MI 

15.3 4.47 , .... .240 66.9 13.4 3.87 2.3 I.' '.72 '.64 
25.0 7.33 2.812 .612 70.5 15.7 3.10 3.' 1.4 '.64 '~I 

C • 20.0 5." 2.648 M8 60.6 13.5 3.22 , .• 1., 0.65 0.59 
9 II 2).i • 15.0 4.39 2.485 .285 50.7 11.3 3.40 I.' I., 0.67 0.59 

13A 3.89 2.430 .23' 47.3 10.5 3.49 1.8 0.97 0.67 '~I 

21.25 8.23 2.619 .579 47.6 11.9 2.77 ,., 1.1 0.60 0.59 
18.75 5.49 2.527 .487 43.7 10.9 2.82 , .• I.' .... 0.57 

C 5 8 16.25 4.76 2.435 .395 39.8 ••• 2.89 1.8 '.94 0.61 '.56 
8112U I 13.75 '.02 2.343 .303 35.8 ••• 2.99 1.5 .... 0.62 '.56 

11.5 3.35 . 2.260 .220 32.3 8.1 3.10 1.3 '.79 0.63 '.58 

1 19.75 5.79 2.509 .529 33.1 • .4 ,.3, 1.8 '.96 '.56 '.58 
17.25 5.05 2.404 .524 30.1 8.5 2M 1.6 0.86 0.56 '.55 

C 5 7 14.75 4.32 ,,299 .419 27.1 7.7 2.51 I.. 0.79 0.57 '.53 
7., 12.25 3.58 2.194 .314 24.1 5.' 2.59 1., 0.71 '.58 '.53 .. , ... 2.090 ~1O 21.1 ••• '.72 .... '.63 '.59 '~5 

t 060 " not an Amerlcao Standard Channel . 

. 



_,1._ ., 
-'B'~ 'h-= ... . '., ___ -1 

o · ....... p r- ' , 

L--I' q:~-I-E-;l- J;&z . , 
f " " . .:, ..: ! Gnp 

~ ... .: 

CHANNELS 

AMERICAN STANDARD 

DIMENSIONS OF SECTIONS 

FOR DETAI LI NG 

87 

[ 
DIMENSIONS 

Welgllt i=J";;~~"L~---=;;W~";;;;=1=---=::;=::;=~";;;'-;;:;:::=;:::=;:::~~M~~::-
w w~~ Tblck- Thlel<-!'~. f • Mil., CI..... alII' G" "-
r... ...u. _ p "_ ' ;;;'; g. h 9 "p RIvet 

tC 60 
18 

" 

58_' 
51.9 
45.8 
42.7 

55.0 
50.0 

In. In. In. In. 

4j{ 
4){ 
4 
4 

C 1 45.0 
15 40.0 

35.0 

3){ 
3~ 
3% 
3% 
3% 
3% 

C 2 
12 

C 3 
10 

C 4 , 

C 5 
8 

C 6 
7 

33_' 
40.0 
35.0 
30.0 
25.0 
20_7 

35_' 
30_' 
25_0 
20_0 
15.3 

25.0 
20_' 
15.0 
13.4 

3% 
3j{ 
3){ 
3 
3 

3){ 
3 
2){ 
2~ 

2% 

2j{ 
2% 
2% 
2% 

21.25 2% 
18.75 27!i 
16.25 2% 
13.75 2~ 

11.5 2J.4 

19.75 2~ 

17.25 2% 
14.75 2)4 
12.25 2)4 

9.8 2}i 

,,- ,,- ,,-
37!i 15~ , ,, 
3)1 15~ , ,, 
3Y.i 15% 1~ 
3)1 15% 1" 

3 12% t,. 
3 12% ' " 
3 12~~ '" 
3 12% 1% 
3 12% 1 .~ 

3 12% ' % 

2~ 9% 1.,\i 
2% 9% 1 ~ 
2% 9% l }i 
2% 9~ l Hi 
2% 9% 17M 

2% 8J,1 ~ 
2){ 8){ .. 
2% 8}1 ,. 
2% B}i ,. 
2% 878 ,. 

2)4 7)4 % 
2J4 7)4 }i 
2J4 7)4 % 
2)4 7)4 % 

2 
2 
2 
2 
2 

1){ 
1){ 
1){ 
1){ 
1){ 

6){ 
8){ 6l, 
6){ 
8% 

5% 
5% 
5% 
5% 
5% 

" " " " " " " " " " 

IlL In. 

2j{ 
2j{ 
2j{ 
2j{ 

2j{ 
2j{ 
2j{ 
2j{ 
2j{ 
2.!4' 

2% 
2% 
2% 
2% 
2% 

2% 
2% 
2% 
2% 
2% 

2% 
2% 
2% 
2% 

2j{ 
2j{ 
2)4 
2j{ 
2j{ 

2 
2 
2 
2 
2 

O&/UlIIIg. are bued on 1 U" edge dt,tance CU · madmum rivet). 
t C 60 III Dot ... American S.t.:mdard ciUWnfll. 

,,-
2% 
2% 
2% 
2% 

2j{ 
2j{ 
2j{ 
2 
2 
2 

2 
2 
l j{ 
1 ~ 
l j{ 

l j{ 
l j{ 
1% 
1% 
1% 

1% 
1% 
1% 
1% 

1% 
1% 
1% 
1% 
1% 

1% 
1% 
l j{ 
l j{ 
1), 

In. In. 



so 

[ CHANNELS J=, 
ELEMENTS AMERICAN STANDARD I ,.-~., 

ELEMENTS OF SECTIONS ~t 
""~ 00,. w ..... h Width W. AxI. l -1 Allo 2-2 

' 000 " "' " " Thlo!<-
S .00 " ..... 'M' "' ... .... ~ - I S , I , , 

Nominal 
$O. ,. ~ .. ,.' '". '". In.' In." '". In.' In." '". '". ---

15.5 4.54 2.279 .559 19.5 6.5 2.07 1.3 0.73 0.53 0.55 
C 7 13.0 3.81 2.157 A37 17.3 5.8 2.13 1.1 0.65 0.53 0.52 
6,2 6 10.5 '.07 2.034 .314 15.1 5.0 2.22 027 0.57 0.53 0.50 

8.2 2.9 1.920 .200 13.0 4.' 2.34 0.70 0.50 0.54 0.52 

11.5 '.36 2.032 A72 10.4 4.1 1.76 0.82 0.54 0.49 0.51 
C 8 5 9.0 2.63 1.885 .325 8.8 '.5 12' 0.64 0.45 0.49 OA8 
5xl~ 6.7 1.95 1.750 .190 7.4 '.0 1.95 0.48 0.38 0.50 0.49 

7.25 2.12 1.721) .320 4.5 2.' 1.47 0.44 0.35 0.46 .46 
C 9 4 6.25 1.82 1.647 .247 4.1 2.1 1.50 0.38 0.32 0.45 0.46 

4x 1% 5.4 1.56 1."" .180 ' .8 1.9 1.56 .32 0.29 0.45 .46 

6.0 1.75 1.596 .'56 2.1 1.4 I.OS .31 .27 0.42 0.46 
CIO , 5.0 1.46 1.498 .258 1.8 1.2 1.12 .25 0.24 0.41 0.44 

3x 1~ 4.1 1.19 1.410 .170 1.6 1.1 1.17 0.'" 0.21 0.41 0.44 



15.5 2~ '" 
C 7 13.0 2)1 ~ 

• 10.' 2 li 
8.2 1 ~ ~ 

C 8 11.5 2 " 
5 9.0 1 ~ ~ 

B.7 1~ ,. 

c , 
• 

7.25 1" 
6.25 17i 
5.4 1~ 

6.0 1~ U 
C 10 5.0 l YS U 

3 4.1 1~ U 

CHANNELS 

AMERICAN STANDARD 

DIMENSIONS OF SECTIONS 

FOR DETAILING 

)( 1)( 
U 1~ 

" 1 ~ H 1 ~ 

4~ ~ 2 
4)Al 54' 2 

4YS '" 2 
4~ ~ 2 

3% % 2 

3% " 2 
3% .!Ii 2 

2)( 
2;i 
2;i 

2 
2 
2 

" IX' 1~ ~ 
~ IX' 1~ Ji 
fi 1)( 1)( li 

Oact"C' ..... bulldoa I ~" edpd~ Oi" mu.imum rlye~). 

s. 

[ 
DIMENSIONS 

,. I... In. 
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A15 
y'to ~. 

ANGLES-EQUAL LEGS 

< 
/ 

, , , 

< 
, , , , 

/ 

, , 

BAR SIZES 

, , 

A7 
~ to ". 

, 

A3 
% 10 1 

A4 
Y"to I~. 

PRQP"LES SHOW MINIMU M DI M ENSIONS IN INt;HES 
RANGE OF THICKNESSES 



-

~ EQUAL ANGLES L 
I· 1._-.=r-1 ELEMENTS 

I~ " ELEMENTS OF SECTIONS 

WeigIIt ,,- ..... '1 1-1 and Am 2-2 "' W "" ... ... ''', ...... o. • I S ,- ,~ ....... , , ,_. 
---------, ...... , •. ....... ,.' I~.· ,.' , •. , •. ,. 

I}> 56.' 18.73 98.0 17~ 'A' 'AI 1.55 
1~ 54.0 15.87 93.5 16.7 ' .43 2.39 1.56 
1 51.0 15.00 89.0 15~ '.44 ,.7 1.56 

" 48.1 14.12 84.3 14.9 '.44 ,.34 1.56 
h 45.0 13.23 79.' 14.0 2.45 .. , 1.56 

Al 8,8 " 42.0 12.34 74.7 13.1 2.46 .. 0 1.57 

" 38.9 11M 69.7 12~ 2.47 ,.28 1.57 

" 3,. 10.53 64.' lU 2.48 '25 1.58 

" 32.7 9.61 59.4 10. 2.49 ,.23 1.58 ,. 29.' '.68 54.1 9. 2.50 2.21 1.58 
)j 'M 7.75 48.6 '.4 2.51 2.19 1.58 

" , ~ 39.6 11.62 37~ 9.0 1.79 1.89 1.16 
1 37A 11.00 35.5 , .• 1>0 1.86 1.16 

" ". 10.37 33.7 '.1 1>0 1.84 1.16 
}> 33.1 9.73 31.9 7.' 1>1 1.82 1.17 

" 31.0 9.09 ".1 72 1.82 1.60 1.17 

" 28.7 ,.0 'U '.7 1.83 1.79 1.17 
A2 ,,' " 26.5 7.78 26~ .~ 1.83 1.75 1.17 

" 24~ 7.11 24~ 5.7 1.84 1.73 1.17 ,. 21.9 '.43 22.1 5.1 1.85 1.11 1.18 
)j 19~ 5.75 19.9 4.' 1." 1.68 1.18 
h 172 5.06 17.7 4.1 1.87 1.66 1.19 

" 14~ 4.36 15.4 3.5 1.88 1.64 1.19 

1 30.6 9.00 19.6 5.' 1.48 1.61 0.96 

" 28.9 8.50 18.7 5.5 lA8 1.59 0.96 
11 27~ 7.98 17.8 5~ 1.49 1.57 0.96 

" 25A 7A7 16.8 4.9 1.50 1.55 0.97 

" 23.6 '.94 15.7 4.5 1.50 1.52 0.97 
A 3 5,5 " 21 .8 MO 14.7 4.' 1.51 1.50 0.97 

Ii 20.0 5.66 13.6 3.9 1.52 1.48 0.97 ,. lB.l 5.31 12A 3.5 1.53 1.46 0.98 
)j 16~ 4.75 I,. 3~ 1.54 1.43 0.98 
h . 14.3 4.18 10.0 ,., 1.55 1.41 0.98 
11 12.3 3.61 '.7 ' .4 1.56 1.39 0.99 

" 19.9 5.84 ,.1 3.0 1.18 1.29 0.77 

" 18.5 5.44 7.7 '.8 1.19 127 0.77 

" 17.1 5.03 7.' , .• 1.19 U5 0.77 
Ii 15.7 4.61 '.7 2.4 1.20 '-" 0.77 

A 4 "4 ,. 14.3 4.18 ' .1 22 121 Ul 0.78 
)j 12~ 3.75 5.' '.0 1.22 1.18 0.79 
h 11.3 3.31 5.0 U 1.23 1.16 0.78 
jj 9~ ,.86 4.4 U 1.23 1.14 0.79 
S 8.' 'AD 3.7 1.3 1>4 1.12 D." 

- - )4 ••• 1.94 3.0 1.0 125 1.09 0.79 
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~ 
""""' 

, ... , ... ,-. 

• • l }i x3}i 

• 7 
3 " 

• • 2~x 2M 

." 2 , 2 

." l~x l~ 

." l~x lM 

A15 l~x l~ 

>16 1 , 1 

EQUAL ANGLES 

~ I 
ELEMENTS OF SECTIONS 

I - ,- --' ' ---r-I ._. 
,2 ' 8 

Weight " .. All. , . , .nd ""il 2-2 A."II i\-.3 -- ~ • I ,~ ""'" S , , r mill. 

,. " .... In," In.· ,.. , .. , .. ... 

"" 
17.1 5.03 " 2.3 1.02 1.17 0.67 

" 16.0 4.69 ' .0 2.1 1.03 1.15 . 0.67 

"" 
14.B 4.34 4.7 2.0 1.04 1.12 0.67 

% 13.6 3.98 4.3 1.8 1.04 1.10 0.68 

~ 12.4 3.62 4.0 1.6 1.05 1.08 0.68 
11.' 3.25 3.6 I.' 1.06 1.06 0.68 

!> '.8 2.87 3.3 1.3 1.07 1.04 0.68 
% 8.' 2.48 2.' 1.2 1.07 1.01 0.69 

i: 7.2 2.09 2.' 0.98 1.08 0.99 0.69 
'.8 1.69 2.0 0.79 '.09 0.97 0.69 

% 11.5 3.36 2.6 1.3 0.88 0.98 0.57 

" 1M 3.06 2.4 1.2 0>, 0.95 0.58 

" '.4 2.75 2.2 1.1 0.90 0.93 0.58 
!> 8.3 2.43 2.0 0.95 0.91 0.91 •. 58 
% 7~ 2.11 1.8 0.83 0.91 0.89 0.58 

i: 6.1 1.79 I.' 0.71 0.92 0.81 0.59 
4.' 1.44 1.2 0.58 0.93 0.84 0.59 

~ 7.7 2.25 1.2 0.73 0.74 0.81 0.47 
6.8 2.00 1.1 0.65 0.75 0.78 0.48 

% ••• 1.73 0.98 0.57 0.75 0.76 0.48 

" '.0 '.47 0.85 0.48 0.76 0.74 0.49 

~ 4.1 1.19 0.70 0.39 o.n o.n 0.49 
3.07 0.90 0.55 0.30 0.78 0.69 0.49 

" 2.08 0.61 0.38 O~ 0.79 0.67 D ... 

!> '.3 1.58 0.54 0.40 0.59 0.66 0.39 
% 4.7 1.36 0." 0.35 0.59 0.64 0.39 

S 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 

Ji 1.65 0.48 0.19 0.13 0.63 0.55 0.40 

" 33' 1.00 0.27 0.23 0.52 0.55 0.34 

~ 2.n O.U 0.23 0.19 0.53 0.53 0.34 
2.12 0.62 0.18 0.14 0.54 0.51 0.35 

Ji 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 

i: 2.86 0.84 0.16 0.18 0.44 0.49 .0.29 
2.34 0.69 0.14 0.13 0.45 0.47 0.29 

" "0 0.53 0.11 0.10 OAS 0.44 0.29 
Ji U3 0.36 0.08 0.07 0.46 0.42 0.30 

i: 2.33 0.68 0.09 0.11 0.36 0.42 0.24 
1.92 0.56 0.08 0.09 0.37 0.40 0.24 

" 1.48 0.43 0.06 0.07 0>, 0.38 0.24 
Ji 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 

~ 1.16 0.34 0.03 0.04 0.30 0.32 0.19 
0." 0>3 0.02 0.03 0.31 0.30 0.19 

, , 
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STRUCTURAL SIZES 

, , 

, 
" , 

" 

AlB 
~.to 11/ 8 

A50 
~lIlo 1 

A20 
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PRO'II..~ SHOW MINIMUM DIMENSIONS IN INCHIES 
FlANGE OF THICKNESSES 

1 

j 



•• 

L UNEQUAL ANGLES 'k \ ' 

" j -'-1' ELEMENTS 

ELEMENTS OF SECTIONS 
:..,.~ \ , 

Thick· W . ... "'- Axl. ,·, ~1 2·2 AlIIW 
"".., ... 

,~ ~ • , .. - ,~ .... .., I S , , I S , y r min. , ... ", ,,", In.' In.- In._ ", ", In.- In.' ". ". '". --
lJi 49.3 14.48 8 •• 16.8 2.48 2.70 42.5 9,9 1.71 1.70 128 
lJ> ".8 13.75 84.' 15.9 2.48 2.68 40.7 9.' 1.72 1.68 128 
1 442 13.00 80.8 15.1 2.49 2.65 38.8 8.' 1.73 1.65 128 
% 41.7 12.25 16.6 14' '.SO 2.63 36.8 '-' 1.73 1,63 128 
J> 39.1 11.48 72.3 13A 2.51 2.61 34.' 7.' 1.14 1.61 128 
!>Ii 36.5 10.72 67.9 12.5 2.52 2.59 32.8 7.' 1.75 1.59 1-29 

A18 8,. ". 33~ '.94 63.' 11.7 '.53 ',56 30.7 '.9 1.76 1.56 1-29 
% 312 9.15 58,8 10.8 '.54 '.54 28.6 .,. 1.77 1.54 1-29 
% 28.5 8.36 54.1 9,9 '.54 '.52 26.3 ". 1.77 1.52 1.30 
% '~7 7.56 49. 8,9 2.55 '.50 24.0 ,., 1.78 1.50 1.30 
)i 23.0 6.75 44.3 8,0 '.56 2.47 21.7 '.8 1.79 lA7 1.30 
), 20.' 5.93 392 7.1 2.57 2.45 19.3 42 UO 1.45 1.30 

1 37.4 11.00 69.6 14.1 2.52 3.05 11.6 3.' 1.03 1.05 0.85 
% 35.3 10.37 66.1 13' ',52 3.02 11.1 3.7 1.03 1.02 0., 
Ji 33.1 '.73 62.4 12.5 2.53 3.00 10.5 3.' 1.04 1.00 O~ 
!>Ii 31.0 '.09 58.7 11.7 2,54 2.98 10.0 3,3 1.05 0.98 0.85 

". " 28.7 8.44 54,' TO.9 2.55 2.!!5 ••• 3.1 1.05 0.95 0.85 A50 % , .. 7.78 51.0 10.0 ',56 '.93 8.7 '.8 1.06 0.93 0.85 
% 242 7.11 46.9 .,' ',56 2.91 8.1 , .• 1.07 0.91 0.86 
% 21.9 6.43 42.6 8,' ',58 '.88 7,' 'A 1.07 0.88 0,86 
li 19.G 5.75 38.5 7.5· 2.59 ',86 '.7 '2, 1.08 0.86 0.86 
J> 17.2 5.06 34.1 ••• ',60 ,., '.0 1.9 1.09 0.83 0.87 

1 34,0 10.00 47.7 10.8 2.16 '.60 112 3.9 1.06 1.10 0.85 
% 32.1 9M 45.4 10.3 2.19 '.58 10.7 3.7 1.07 1.08 0,86 
Ji 30.2 8~ 42.9 9,7 ,.20 2.55 10.2 3,' 1.07 1.05 0.86 
!>Ii 28.2 828 40A 9.0 221 '.53 ••• 32 1.08 1.03 0.86 

" 26.2 7.69 37~ 8,' '22 2.51 9.1 3.0 1.09 1.01 0.86 
A60 7,. % 24.2 7.09 35.1 7,8 '23 2.49 8.' 2,8 1.09 0,99 0,86 

% 22.1 'A' 32A 7.1 2.24 'A' 7,8 , .• 1.10 0.96 0,86 
% 20.0 '.88 29.6 ,., '2' 2A' 7,' , .• 1.11 0.94 0.7 
li 17.9 5.25 26.7 '.8 2.25 2.42 •. , ',1 1.11 0.92 0~7 

J> 15.8 ',63 23.7 ,.I 2.26 239 ' .8 I.' 1.12 0.89 0-"" 
% 13.6 3,99 'Q.6 .A 2.27 237 ,.I 1.' 1.13 0~7 0.88 

1 30.' 9.00 30. 8,0 1.85 2.17 10.8 3,8 1.09 1.17 0.85 

" 28.' 8.50 29' 7,' 1.86 2.14 10.3 3.' 1.10 1.14 0.85 
Ji 272 7.93 27.7 72 1.86 2.12 '.8 3-4 1.11 1.12 0.88 
!>Ii 25.4 7.47 26.1 ' .7 1.87 2.10 9,' ,., 1.11 1.10 0.86 

" 23.' ',94 24.5 .2 1.88 '.08 8.7 3.0 1.12 1,08 0.86 
A20 ". ~. . 21.8 6.40 ,,~ .. 1.89 ',06 8,1 '.8 1.13 1.06 0,86 

% 20,0 5.86 21.1 ~ 1.90 '.03 7,' ,., 1.13 1.03 0.86 
% 18.1 5.31 19. ••• 1.90 2.01 ',9 ',3 1.14 1.01 0.87 
li 162 4.75 17.4 '.3 1.91 1.99 '.3 ',1 1.15 0.99 0.87 
J> . 14.3 4.18 15.5 3,8 I." 1.96 , .• 1~ 1.16 0,96 0.87 
% 123 3.61 13.5 ',3 1.93 1.94 '.9 1~ 1.17 0,94 0-"" 
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"
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1
4113 

,... . -,. 
)i 

" ~ ~ 
~ 

" )i 
iii 
~ 
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~ 
a 
" .. 
~ .;: 
~ , 

UNEQUAL ANGLES 

ELEMENTS OF SECTIONS 

w ..... 
~ , . 
"'-

22.7 

"3 
19.8 
18.3 
16.8 
15.2 
13.6 
12.0 
10.4 
8.7 

18.5 
17.3 
16.0 
14.7 
13.3 
11.9 
10.6 
8.1 
7.7 

17.1 
16.0 
lOA 
13.6 
12.4 
11.1 

.... 
• ...... 
,.' 
6.67 
8~' .. , 
537 
4.92 
<1.47 
4.00 
3.53 
3.05 
2.56 

5.43 
'.06 
4." 
4.30 
3.90 
3.50 
3.09 
2.61 a, 
5.03 
.~. 
434 
3.98 
3.62 
3.25 

9.8 2.87 
8.5 2.48 
7.2 2.09 
5.8 1.69 

15.8 4.82 
14.7 4.31 
13.6 4.00 
12.5 3,87 
11.4 3.34 
10.2 3.00 

9.1 2.65 
7.9 2.30 
6.6 1.93 
5.4 1.56 

. 

-

I 

,.' 
15.7 ". 13.9 
13.0 
12.0 
11.0 
10.0 
8,9 
7.8 

••• 
7.8 
7.3 
8.' 
8.4 
5.' 
53 .. 
.~ 

3.' 

73 
8,' 
8~ 
'.0 
5.8 
5.0 
4.5 
'.0 
3.' .. 
5.0 
'.7 
4,' 
4.1 
3.8 
3.' 
3.1 
2.7 
2.3 
1.9 

-

AaIt '-1 
S , , I 

,.' ,. ,. ,.' 
4.' 1.53 1.7. " 4.' 1,54 1.n 5.' 
43 1.55 1.75 5,' 
4.0 1.56 1.72 " 3.7 1.56 1.70 .. 
3.3 1.51 1.68 4.4 
3,0 1.58 U. 4.0 
2.9 1.5' 1.63 3. 
2.3 1.60 1.61 " I.' 1.61 1.59 2.7 

2.' 1.19 U • 5.5 .. 1.20 1.34 5.2 
2.' 1.21 132 ••• 2.4 1.22 1.29 '.5 
2.1 1.23 1.27 4.2 
1.9 1.23 1.25 ,. 
1.7 1.24 1.23 3.' 
1.5 1.25 121 3.0 
13 1.2. 1.18 2. 

2.' 1.21 1.44 3~ 
2.7 1.22 1.42 33 
25 1.22 1.39 3.1 
U 1.23 1.37 2.' 
2.1 1.24 U. 2.7 
1.9 1.2. 1.33 2.4 
1.7 1.2. 130 2~ 
1.5 1.2. 1.28 1.9 
1.2 127 1.20) 1.7 
1.0 1.28 1.24 1.4 

a 1.04 1.23 33 
2.1 1.04 1.21 3.1 
I.' 1.05 1.19 3.0 
1.8 1.06 1.17 2.8 
1.' 1.01 1.15 2.' 
I.' 1.01 1.13 2.3 
1.3 1.08 1.10 2.1 
1.1 1.09 1.08 1.8 
0.96 1.10 1.06 1.6 
0.78 1.11 1.04 " 

"" ., 
S , 
,.' ,. 
2.5 0.96 
2A 0.97 
2~ 0.98 
2.1 0.98 
1.9 0.99 
1.7 1.00 
1.9 1.01 
1,4 1.01 
1.2 1.02 
1.0 1.03 

U 1.01 
2.1 1.01 
~o 1.112 
1.9 1.03 
1.7 1.03 
1.5 1.04 
1.3 1.05 
1.2 1.08 
1.0 1.07 

1.7 0., 
1.9 0.84 
1.5 0.84 
1.4 0 .. 
1.2 0 .. 
1.1 .... 
1.0 0" 
0., 0 .. 
0.74 .... 
0." 0.89 

1.7 0.85 
1.5 0.85 
1.4 0.88 
1.3 0., 
1.2 0., 
1.1 0.88 
0.98 0." 
OM 0.90 
0.72 0.90 
0." 0.91 

•• 

...... , , ... 
,. ,. 
f-

1.04 0.75 
1.02 0.75 
1.00 0.75 
0.97 0.75 
0.95 0.75 
0,93 0.75 
0.91 0.75 
0.66 0.78 
0.96 0.78 
0.84 0,78 

1.11 0.72 
1.09 0.72 
1.07 0,72 
1,04 0.72 
1.02 0.72 
1.00 0.72 
0.98 0.72 
0.98 0.73 
0.93 0.73 

0.94 0.84 
on .... 
0.89 0.64 
0., 0.84 
0 .. 0.84 
0., 0.94 
0.80 0.84 
O.nI 0.84 
0.711 0 .. 
0.74 0.66 

0.98 0.82 
0,98 0.82 
0.94 0,82 
0.82 0.62 
0.90 0.62 
0 .. 0.62 
~" 0.82 
0.93 0.82 
0.81 0.83 
0.711 '.83 



•• 

L ,t UNEQUAL ANGLES \ ' 

ELEMENTS 

, I '-r 
ELEMENTS OF SECTIONS 

~, ~ \ , 

-. 
Wtlght .... A.ll l·1 Axil 2-2 .....1. 3-3 

'"""" 
.. , 

"- w • I 5 I 5 , ... 'M' "' .... , , , , r min. 

t ....... 
" 

'R ,,' In.'' In." '" ,". In.' In." 
" '". In .• 

l1i '.5 2.78 " I,' 0.91 1.02 L4 0.82 o,n 0,77 0.52 

J> 8,5 2.50 '.1 1,0 0.91 1.00 U 0.74 o,n 0.75 0.52 

h 7.6 2.21 I., 0.93 0.92 0.98 I.' 0.66 0.73 0.73 0.52 
A 32 3 x2><.i ~ 6,6 1.92 1.7 0.81 0.93 0.96 1.0 0.58 0.74 0.71 0.52 

l1i 5,6 1.62 I.' 0.69 0." 0.93 0.90 0.49 0.74 0.68 0,53 

l< '.5 1.31 I,' 0.56 0.95 0.91 0.74 0.40 0.75 0.56 0,53 

l1i 3.39 1.00 0.91 0.43 0.95 0,,. 0,58 0.31 0.76 0,64 0,53 

J> 6.' 2.00 1.1 0.70 0.75 0,88 0,64 0.46 0.56 0.63 0.42 

I' 6,1 1.78 1.0 0.62 0.76 0.85 0.58 0.41 0.57 0.60 0.42 
~ 5,' 1.55 0.91 0.55 0.77 0.83 0.51 0.36 0.58 0.58 OA' 

A 35 2}i X 2 )ji ',5 1.31 0,79 0.47 0.78 0.81 0.45 0.31 0.58 0.56 0.42 

l< 3.62 1.06 0.65 0.38 0.18 0.79 0.37 0.25 0.59 0.54 0.42 
l1i 2.75 O.Bl 0.51 0.29 0.79 0.76 0.29 0.20 0.60 0.51 0.43 

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

~ 3.99 1.17 0.43 0.34 0.61 0.71 0.21 0.20 0.42 0.46 0.32 
)ji 3.39 1.00 0,38 0,29 0.62 0.69 0.18 0.17 0.42 0.44 0.32 

A 37 2 X lJ.i l< 2.77 0.81 0.32 0.24 0.62 0.66 0.15 0.14 0.43 0.41 0,32 

l1i 2.12 0.62 0.25 0.18 0.63 0.64 0.12 0.11 0.44 0.39 0.32 
fi 1.44 0.42 0.17 0.13 0.64 0.62 0,09 0.08 0.45 0.37 0.33 

l< '.34 0.69 0.20 0.18 0.54 0.'" 0.09 0.10 0.35 0.35 0.27 

A " 
~xl ~ 1> 1.80 0.53 0.16 0.14 0.55 0,58 0.07 0.08 0.36 0.33 0.27 

cS 123 0.36 0.11 0.09 0,56 0,56 0.05 0.05 0.37 0.31 0.27 

, 
, 

, 
! 

, 



STEEL SHEET PILING 

Steel shcct piling has proven to be reliable, efficient, and 
economical for subaqueous and underground construction. In 
addition to its uses in deep cofferdams, trenches, and excavations 
where it is pulled and rcdrivcn on other work, its application has 
been extended to a great variety of permanent types of construction, 
such as cut-off and core walls fo r dams, wharves and slips, sea walIs 
and jetties for t he protection of shores and beaches, and retaining 
walls around bridge piers or building foundations t,Q eliminate 
scour or the lateral movements of materials below foundations. 

A series of sections of both straight and arch web types are rolled 
which economically fulfill the requirements for a great variety of 
conditions. The deep arch web has high beam strength combined 
with minimum weigh t. 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 important. The shallow 
arch wcb is used under difficult driving conditions where greater 
stiffness IS required t han that of the straight web piling. 

These Piling sections have the t humb and finger type of inter· 
lock. They interlock throughout t heir entire length, the joints are 
flexible and strong, easy to drive and pull and also provide practical 
watertightness. This type of joint has a maximum number of 
points of contact and the short, hooked finger insures a maximum 
interlock strength with minimum weight. 

These sections arc grouped into two general classes; large and 
small interlocks. In the fi rst are sections M 107, M 108, M 117 
and M 106 which interlock together and are used where high 
interlock strength is required or where hard driving is encountered. 
In the second are sections 1\1 110, M 112, M 113, 1\1 115 and M 116, 
which likewise interlock together. Sections M 112 and M 113 are 
proportioned for maximum interlock strength in tension for cellular 
and master·pilc-arc construction, combined with the greatest 
economy in weight. ' 

Supplementing the standard series, Carnegic-Hlinois Steel 
Corporation has added the Z type sections which have a much 
higher beam strength than can be obtained with the above sections 
without fabrication. 

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

1\1 107, M 108, M 112 and M 113 ... .. . .12,000 pounds 
1\1 117 and 1\1 106. . ... . . .... .. 10,000 " 
M 1l0, M 115, 1\1 116, 1\1Z 38 and MZ 32 .. 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. 

1 
'7 
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STEEL SHEET PILING SECTIONS 

~/ 

l 1,------' \ .. . 
~ -~ 

' •. 
• :.. /" I ""'. 
I~ ~ 

" 6 M I07 
< 

" = .. " ~ MI06 

~ 
S • 
" .. 
~ . 

M 11 7 

1-:-
M 113 

,. 

" 

" 

14 

" 

16 

fj M 112 16 

~ 
= 
o " 

Lbo. 

w"' .. "" .. 
Sq""" -,-
01 Woll 

Lbo. 

43.8 35.0 

38.8 31.0 

36.2 3LO 

38.8 31.0 

37.3 28.0 

30.7 23.0 

;:i MilO 16 42.7 32.0 

= ~ • 
" § 
• i! M 116 16 36.0 27.0 

" ~ 

M \15 19~ 36.0 22.0 

3.8 3.1 

3.7 3.0 

10.3 1 8.9 

8.9 I 7.1 

1 
3.3 2.5 

3.2 I 2.4 

20.4 15.3 

14.3 10.7 

8.8 5.4 
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STEEL SHEET PILING SECTIONS- Z PILES 
. . , ... Section Modullil 

-=:J 
.. ."' .. ,,_ . Thkk_ .- .-...... Pet Pill .- ,~ 

,~ ,~ .... 
of Wall of Wall 

, .. , u.. u.. , .. In." In.-

%. 

I'" 
~ 

a MZ 38 18 57.0 38.0 " '" 46B 

" " 
~ 

" 

%. 

~ ., 
;i. D MZ 32 21 56.0 32.0 " 67.0 38.3 .. 
\ , ~ 

%' 

The integral rolled Z sections have a higher section modulus than any of 
the standard series, with resul ting higher beam strength. The ball and socket 
type interlock reduces to a minimum the friction in the interlock during 
driving. 

Due to the high beam strength the Z piles are used in long lengths and in 
difficult driving. They are especially suit.lble for deep water structures such 
as docks, wharves, piers, bulkheads, canal locks, sea walls, breakwaters, 
jetties and deep cofferdams. 



/ .s. 
2 I BEA RING PI L ES 

!h i - CB SECT IONS ELEMENTS 

, 
ELEM ENTS OF SECTIONS 

S ect ion , ... wellIhI l "'_ FLANGE W .. Axil 1-' .... 1' 2-2 

'00. " 0- " Thlt~-
Th l~k_ I .... "',., ,~ Setll"" 

w._ 
•• •• I S , I S , 

N~ml"" 
Siz. -, .. , ... In,_ , .. , .. , .. In.- In." '". In. ' In.- '". 

CBP 146 14.18 117 34.42 15.599 .778 .779 1233.5 174.0 5.99 492.8 63.2 3.78 
14 X 16 13.99 102 30.00 15.500 .681 .680 1060.9 151 .7 5.95 423.1 54.6 3.75 

CBP 145 13.86 89 26.19 14.696 .616 .616 909.1 131.2 5.89 326.2 44.4 3.53 
14 X 14).1 13.70 73 21.46 14.518 .538 .438 762.2 111 .3 5.96 274.5 37.8 3.58 

CBP 124 12.12 74 21.76 12.21 7 .607 .607 566.5 93.5 5.10 184.7 30.2 2.91 
'CB 124 12. 12 65 19.11 12.000 .606 .390 533.4 88.0 5.28 174.6 29.1 3.02 
cap 124 11.78 53 15.59 12.046 .437 .436 394.8 67.0 5.03 127.4 21.2 2.86 
12 x 12 

CBP 103 10.01 57 16.76 10.224 .554 .564 294.7 58.' 4.19 100.6 19.1 2.45 
·CB 103 10.00 49 14.40 10.000 .558 .340 272.9 54.' 4.35 93.0 18.6 2.54 
CBP 103 9.72 42 12.35 10.078 .418 .418 210.8 43.4 4.13 71.4 14.2 2.40 
10 It 10 

CBP 83 8.03 36 10.60 8.158 .446 .446 11 9.8 29.' 3.36 40.4 ••• 1.95 
'CB 83 aD. 33 '.70 8.012 .463 .300 117.9 29.3 3.49 39.7 ••• 2.02 

." 
Sections cspecially developed for use as Bcaring Piles with uniform Web 

and Flange Thick ness. 
Refer to pages 322 to 324 fo r discussion on t ae use of Steel Bea.ring Piles. 

"Reg:ular 5«;tlOUIl . al80 p u b lished e!aowhere . 



SPECIAL SECTIONS 

Structural shapes in this 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 matter should 
be referred to the nearest district office for information as to 
deliveries. 
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ELEMENTS OF SECTIONS 
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25.87 10.046 1.035 1.035 
23.52 9.959 .947 .948 
20.58 9.846 .836 .835 
17.63 9.733 .7'22 .m 
14.70 9.617 .607 .606 
11.76 9.500 AB9 ASS 

181.3 
164.9 
138.7 
113.9 
91.0 
69.6 

54.7 
49.5 
43.0 
36.7 
30. 
2" 

2.69 
2.65 
2,60 
2.54 
2.49 
2.3 

DIMENSIONS FOR DETAILING 
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• Thk k_ Thick· H.' ....... .... Thick • , f , "- ,- "-

175.4 34.9 
156.3 · 31.4 
133.3 27.1 
111 .1 22.8 

90.1 18.7 
69.9 14.7 

d, 

2,60 
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SPECIAL LARGE TEES 

Larger tees than the standard tee sec- ,, -- - --, 
tions can be obtained eit.her from CB sec- , , , , 
tions or standard beams by splitting on 

, , 
Depth?' Tu,t1/2 

, , 
rotary shears at the mill. Elements for 

, , , , , 
these tees are given below and on following , , 
pages. !--------- Depth ~, Beam, d 

, 
For beams 8/1 to 36" inclusive the web 

, , , , 
Oept" ~f Tee, d/2 , 

thickness should not be greater than I inch 
, , , , 

for structural carbon steel or % inch for 
, , , , 

structural silicon steel. Sections of greater '-- --, 
web thickness can be Harne cut. 

The following tolerances, over or under. apply to the depth d/2 of the 
tee which is one-half of the beam depth: 

Beams 8/1 to 15/1, ioel. - §16" Beams 20" to 24", incl. - ;{s" 

Beams 15" to 20", inel. - Mil Beams over 24" - - - Va" 
The above tolerances for depth of tees include tbe allowable tolerances 

in depth for the beams before splitting. Tolerances both for dimensions and 
straightness as set up for the beams from which the tees are cut will apply. 

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

All special large tees are produced in Pittsburgh district only. 

LARGE TEES 
2 

-- , 
CUT FROM 

i 
1-·---- ---- L I 

CB SECTIONS 

ELEMENTS OF SECTIONS 
I 
! 
~ -W,'" D •• ""'~ ,,~ ... Alit 1·1 ...... ....... ~ • ""'- Thick_ 

''''- ,~ '" w •• ,- - ., 
5 .. ,ion I S , , I S , 

-
U>. ". ". ". ". In.' In.< In._ ". ". ~ In._ , .. 
15. la36 16.655 1.680 .94' 44.09 1222.7 85.' 5.27 4.13 612.6 73.6 3.73 
14. 18.25 16.595 1.570 .88' 41.16 11 33.3 79_' .~. 4.07 563.7 67.9 3.70 

TCB 18 13. 18. 12 16.555 1.440 .84' 38.28 1059.2 75.4 5.26 4.07 510.3 61.6 3.65 
12. 18.06 16.525 1.380 .81 5 36.74 1014.6 72.' 5.25 ' .04 484.8 "'-7 3.63 
12. 18.00 16.500 1.320 .79' 35.30 975.0 69.8 5.26 4.03 460.0 55.8 a 61 
115 17.94 16.475 1.2110 .765 33-86 '85' 67~ 5.26 4.02 435.5 52.9 a 59 
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LARGE TEES 
, t 

CUT FROM ... __ . I--·L
, 

CB SECTIONS 

l 
ELEMENTS OF SECTIONS 

w_ 
0 •• ...... ,,~ ,,- 1W11·' Axil 2-2 ...,., ,- " "", . ",,,,. " I I S , ... ,~ ,- "". .- .- .. , ... S , , , 

.... , .. , .. , .. , .. In .• In.' In.' , .. , .. In.'' In,' , .. 
97.0 18.24 12.117 1.260 .770 28.56 904.0 67.3 5.63 4.81 177.7 29.3 2.49 
91.0 18.16 12.072 1.180 .n5 26.77 844.0 63.0 5.61 4.77 163.9 27.1 2.47 

TeBIS 85.0 .a08 12.027 1.100 .680 24.99 784.7 58.' 5.60 4.74 150.3 "0 2.45 
80.0 18.00 12.000 1.020 .653 23.54 741.0 56.0 5.61 4.76 137.7 22.9 2.42 
75.0 17.92 11.972 .940 .625 22.08 696.7 53.0 5.82 4.79 125.2 20.9 2.38 

110.0 16.63 15.810 1.275 .775 32.36 754.1 58.4 4.83 3.71 391 .2 49.5 u. TCB.] '05.0 16.56 '~783 1.210 .748 30.89 720.3 56.0 4.83 3.70 367.8 46.6 3.45 
100.0 16.50 15.750 1.150 .715 29.40 683.' 53.3 4.82 3.67 345.8 43.9 3.43 

70.5 16.66 11.535 .960 .605 20.76 551.8 44.7 5.16 4.30 114.9 19.9 2.35 
TeB 16.5 66.0 16.58 11.510 .880 .560 19.42 518.5 42.4 5.17 4.33 103.9 18.1 2.31 

62.5 16.50 11.500 ~05 .510 18.39 495.7 41.0 5.19 4.42 94.' 16.4 2.26 

95.0 15.06 15.040 1.185 .110 27.95 520.4 44.1 4.31 3.26 312.3 41 .5 3.34 
TCB15 90.0 15.00 15.000 1.125 .670 26.45 488.6 41.4 4.30 3.21 292.8 39.0 3.33 

86.0 14.94 14.985 '.065 .655 25.32 471.0 40.2 4.31 >23 275.1 36.7 3.30 

TCB15 
58.0 15.00 10.500 .850 .584 17.07 371.8 33.6 4.67 3.94 76.6 14.8 2.1 2 
54.0 14.91 10.484 .760 .548 15.88 349.5 32.1 4,69 4.03 67.6 12.9 2.06 

81.5 13.56 14.035 1.095 .670 23.96 3sa7 33.7 3.87 2.92 234.4 33.4 ~" TCB"] 77.0 13.50 14.000 1.035 .635 22.65 337.4 31.8 3.86 2." 218.8 31 .3 3.11 
n.5 13.44 13.965 .975 .600 21.34 316.3 29.' ~85 2.85 203.5 29.1 3.09 

TCB 13. 
49.0 13.50 10.000 .792 .500 14.41 247.2 24.4 4.14 3.3. 61.5 12.3 2.07 
45.5 13.42 '.983 .712 .483 13.38 231.9 23.2 4.18 3.44 54.5 10.9 2.02 

TCB12 
70.0 12.21 14.029 .980 .594 20.60 238.4 24.5 3.40 2.48 207.3 29.5 3.17 
85.0 12.13 14.000 .900 .565 19.13 222.6 23.1 lA' 2.47 187.8 26.8 3.13 

43.5 12.08 9.025 .807 .480 12.79 171.3 18.8 3.68 2.96 46.5 10.3 1.91 
TCB 12 40.0 12.00 9.000 .m .455 11.n 158.4 17.6 3.67 2.98 41.2 •. , 1.87 

37.0 11.94 8.975 .68' .430 1M. 147.0 16A 3.67 2.99 36.9 a' '.84 
34.0 10.57 8.270 .685 .430 10.01 102.8 12.9 3.20 2.59 3D~ 7.3 1.74 

TCB 10. 31.5 10.50 8.250 .620 .410 9.26 95.7 12.1 W 2.61 26.' ~:~ 1.70 
29.5 10.46 8.230 .575 .390 .... 89.8 11.5 ~22 2.61 24.6 5. 1." 

27.5 9.0S 7.532 .830 .390 8.09 59.6 8.83 2.11 2.18 21.0 ;; 1.61 
TCB 9 25.0 9.00 7.50tJ .570 .358 7.35 53.9 7.85 '.11 2.14 18.6 4. '.59 

23.5 8.95 7.492 .520 .350 6.91 51.3 7.57 2.n 2.18 16,8 4.4 ' .56 
22.5 8.06 7.039 .583 .346 6.62 37.8 6.10 2.39 1.87 .~, 

l:r, 1.52 
TCB 8 20.0 a" 7.000 .503 . 307 5.88 33.' 5.37 2.37 1.82 13.3 3 . 1.50 

18.0 7.93 6.992 .428 .299 5.30 30.7 5.10 2.41 .... 11.1 3.' 1.45 
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LARGE TEES 

CUT FROM 

LIGHT AND STANDARD BEAMS 

ELEMENTS OF SECTIONS 

,-----

01b 
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' 

I 

l 

.. "'1 O .. ~ ".". ,,~ ~... = - Altil ~ -,--ri--'i"='=>=" 
S«!Ion p_ of thick- Thlck-
Ind. FOOl -i~ Width n_ n_ SfICIl... I S r x I S r 

.~ ,-='="-_I __ ="~"=· -+_'="·=1-_="C-"=· ~=,"=·,_-+-=, "=·· _fl~=,="._._~,="--+=,="-_I~-CC-' "='_I_=' "=··_~I-=' "· 
TeB 7 17.00 7.00 

15.00 6.93 
6.750 .453 .287 5.00 21 .1 3.86 2.05 1.55 10.6 3.15 1.46 
6.733 .383 .270 4.41 19.0 3.55 2.08 1.59 8.8 2.61 1.41 

TCB 6 14.00 6.00 6.500 .420 .240 4.12 11 .6 2.41 1.68 1.19 8.8 2.70 1.46 
12.50 5.94 6.500 .355 .240 3.69 11.0 2.35 1.72 1.26 7.3 2.24 1.40 

25.00 6.00 5.477 .660 .687 7.37 25.2 
T8 8 22.50 6.00 5.355 .660 .565 6.64 21 .9 

20.40 6.00 5.250 .660 .460 6.01 18.9 

11.00 6.16 4.030 .424 .260 3.24 11 .7 
TeBl 6 9.50 8.08 4.010 .349 .240 2.81 10.2 

8.25 6.00 4.000 .269 .230 2.43 9.0 

.-, 
5.' '_3 

1.85 1.83 
1.82 1.71 
1.77 1.57 

8.0 2.93 1.04 
7.4 2.77 1.06 
6.9 2.64 1.07 

2.58 1.90 1.63 2.27 1.13 .84 
2.32 1.91 1.67 1.84 .92 .81 
2.13 1.93 1.76 1.39 .70 .76 

TCBJ 6 7.00 5.96 3.970 .224 .200 2.07 7.7 1.83 1.92 1.76 1.13 .57 .74 

TB 5 17.50 5.00 4.944 .491 
15.00 5.00 4.797 .491 

.594 5.16 12.5 

.447 4.42 10.2 

9.50 5.13 4.020 .394 .250 2.80 6.7 

3.64 1.56 1.55 4.24 1.72 .91 
2.84 1.52 1.40 3.81 1.59 .93 

TCBl5 8.50 5.06 4.010 .329 .240 2.49 6. 1 
1.74 1.5!5 1.28 2.09 1.04 .86 
1.62 1.56 1.32 1.73 .86 .83 
1.50 1.57 1.37 1.39 .70 .80 7.50 5.00 4.000 .269 .230 2.20 5.5 

TCBJ 5 5.75 4.94 3.950 .204 .180 1.69 4.2 1.16 1.57 1.35 1.00 .51 .77 

12.75 4.00 4.262 .425 .532 3.75 5.8 
TB 4 11.50 4.00 4. In .425 .441 3.39 5.0 

2.08 1.24 1.23 2.38 1.11 .79 
1.77 1.22 1.1 5 2.19 1.05 .80 
1.44 1.19 1.05 2.02 .99 .82 10.25 4.00 4.079 .425 .349 3.02 4.2 

TCBl 4 7.50 4.06 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 1.91 2.90 .98 1.23 1.03 1.31 .66 .83 

TCBJ 4 5.00 3.95 3.940 .204 .170 1.48 2.15 .72 1.21 .96 1.00 .51 .82 

TB 3.5 10.00 3.50 3.860 .392 .450 2.95 3.36 1.36 1.07 1.04 1.61 .83 .74 
8.75 3.50 3.755 .392 .345 2.58 2.77 1.08 1.04 .93 1.46 .78 .75 

TSM 3.5 6.00 3.50 3.500 .323 .188 1.76 1.71 .62 .99 .76 1.05 .62 .79 

8.62 3.00 3.565 .359 .465 2.54 2.13 1.02 .92 .91 1.17 .68 .68 
7.37 3.00 3.443 .359 .343 2.17 1.71 .78 .89 .81 1.04 .60 .69 TB 3 

TCBl3 8.00 3.13 4.030 .404 .260 2.38 1.66 .68 .84 .67 2.1 8 1.07 .96 
6.00 3.00 4.000 .279 .230 1.77 1.30 .56 .86 .87 1.44 .72 .90 

TCBJ 3 4.25 2.92 3.940 .194 .170 1.25 .90 .40 .85 .64 .94 .48 .87 

TSM 3 5.00 3.00 3.000 .310 .1 88 1.46 1.05 .45 .85 .68 .66 .44 .67 
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T1 
l 3.5Ibs. 

EQUAL TEES 

.. ----------- 6 1(, - ------ - --. .. 
I • ., l -O.4S . : ; 

, i~ -, .. D.40 
: 0.40' ... : ~ , , , , 

* <D , , , , , , , , , , , 
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0.4S·" .. -

aT40 
19.8Ibs. 
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, T12 L ____ _ -to. ___ 
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! ~.' b~T3 1:i 11.7Ibs. 

, . T4 
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L __ . T14 
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T83 
6.1 Ibe. 

UNEQUAL TEES 
:""- -- ------5 . ---- - - ' - -"l 

f • .D - , 

: .. .. , 3,. b . 
i " 

C') , , , " T50 
11.5,13.6Ibs. .. .. --------

.... 20 .. . 

..-·---- 4------ .., 
: .<:> 1'1 
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i ',,' 
C') " T44 

7.8Ibs. , 
, , 
L ..... . _ 

T61 
9.2Ibs • 

. ~.~ . 

t:-=-=' ';';~~'~' '='=' 'f:~ 
j""" , ~ I lf f . 

~ T79 
6.llb8. 

,: .,..... "': 
~c b 

i ' 
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I , 
, 
i t. ______ _ 
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" T60 
11.2Ibs. 

" T59 
14.4Ibs . 

.. --------4-· ---- . ., 

.• ' ====~~~====f" , I.. • .4r'h ) 
:.. W ~ 
~ • aT63 

; 7.2Ibs. 
L __ ... _. " T 62 

_.,J&~_ 8.6Ibs. 



as 

f " ! TEES III . '----." r-' EQUAL AND UNEQUAL ,....L._ 1-'_' 

i . 
ELEMENTS OF SECT IONS 

Size ""I, I-I AlIII t·2 . 
Thick ..... w . ... .... ... "'" 
~F 

* • "M~ Slim ,~ .~ .. I S , , I S , , .... , b 
----------

", .. , I ll, In. ""- In.' In.4 In.' ", ,. '.' In." ". 
EQUAL TEES 

"TO 6)i 6)i 
• I • 

.40, .45.55, .4 19.8 5.80 23.' 5.0 2.01 1.76 10.1 3.1 1.32 
T 1 • • )i " 13.5 3.97 '.7 ~O 1.20 1.18 2.8 1.' ... 
T 2 • • li J> 10.5 3.09 .. , 1.6 1.21 1.13 2.1 1.1 0.83 

*T 3 3)i 3)i )i " 11 .7 3.44 3.7 1.' 1.04 1.05 1.9 1.1 0.74 
*l • 3)i 3)i li JO '.2 2.69 3.0 1.2 1.05 1.01 1.. 0.81 0.73 

T 3 3 li J> 7.8 ~27 1.8 086 0" 0." 0.90 0.60 0.83 
T • 3 3 " li ~7 1.95 1.8 0" D." 0.88 0.75 050 0.62 
T 1 2)i 2)i li J> 6.' 1.87 LO 0.59 0.74 0.76 0.52 M2 0.53 
T lI 2)i 2)i " li M 1.60 D ... 0.50 0,74 0.74 0.44 0.35 0.52 
T 1 2K 2K " li ••• 1.43 0.65 0.41 0.67 ... 0.33 0.29 0.48 
T 13 2K 2K K " '.1 1.19 052 0.32 0.66 0,65 0.25 0.22 0.46 
T 14 2 2 " li ' .3 1.26 0 .. 0.31 059 0" 0.23 0.23 0.43 
T 15 2 2 K " 3.56 1.05 0.37 0.26 0.59 0.59 0.18 0.18 0.42 

UNEQUAL TEES 

'" J ' • • 
3li ~,I~ ", ~ 13.6 '.00 2.7 1.1 0.82 0.76 '.2 ~1 1.14 

r 3 ~,I~ JO, li 11.5 3.37 ~. 1.1 D ... 076 ~. 1.6 1.10 
T ' • , )i " 15.3 4.50 108 ~1 1.55 1,56 2.8 1.' 0" 
T • , li JO 11 .9 3.49 8.' 2.' 1.56 1.51 2.1 1.1 0.76 

"TS • . )i )i " 14.4 4.23 7.' ~, 1.37 1.37 2.8 1., 0.81 
!CIT 6 4 . )i li JO 11 .2 3.29 ~3 " 1.39 1.31 ~1 1.1 0.80 

T " • 3 li JO ~2 2.68 ~O 0" 0.86 0.76 " 1.1 0.89 
" T .. • 3 " li 7.8 2.29 1.7 o,n 0.87 075 1.8 D ... D ... 

" T 62 • 2)i li JO 8. ' ~ .. 1.2 0.62 0.69 0.62 " 1.0 0.92 
" T 63 • 2)i " li 7.2 2.12 1.0 0.53 0.69 0.60 1.8 D ... 0.91 

T " 3 2)i " li ~1 1.77 0.94 0.52 0" 0.68 .75 0.50 0.65 
T 83 2)i 3 " li 6.1 1.n 1.' o.n 0.92 0.92 0." 0" 050 

* W here t wo dlmonBlons .. rO sbown. tbe lIr.t 1, fo r the lIa.nge. thll second for the stem . 
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SHIP BUILDING CHANNELS 

0.525 

r 
1 
I 
I 

r- J.SO., 

0.60 0.425 

... 
r1~'" I 0.515 0.40 

1 
I 
o n.m 

1 
1- _ 
I: : 
L~l ... -=; 

ICI C 26 10x4 
3 7 .0 , 33.6, 3 0 .2, 28.5 lb • . 

a C 21 12x4 
44.7,40 .6, 
~. 34.5I b" 

&:I e 171 12x3 Yt 
41 .1,37.0, 32.9 , 30.9 lb •. 

.... """ .3S 

-~ 
...J 

r 
I 
1 ., 

j 3.00 .., 

0.50 

0.375 

0.35 

I-
I ~ 5 
L ;::-L ..... .:: 

C 41 7x3X Ie C 37 8 x3 
25.0, 2 2 .7, 20.3, l S.tlb.. 2 5 .5,22.7. 20, ~, 18.7 Ib,. 

r 
I 
I 
~ 

r- 3.00-, 

0.415 0.325 

0.315 

I-
I ~ S 
L.;::L ... -.;-' 

D C 42 7x3 
20.0 , 11&. 16.4 lb •• 

r 
I 

<D 

r- 3.50 .., 

0.475 0.325 

11.315 

I ~ -
Ll~_~j 

c C 46 6 x3 X 
22.0,20.0 , 18.0, 16 .9 Ib,. 

WIEIGHTS UNDERLINED C ORRESPON O T O D I MENSI ONS S HOWN , IN I N CHU 

RANGE Of'" WEIGH TS PER L. I N EAR FOOT 



SHIP BUILDING CHANNELS 
r- -3.50 - .., ,- ....... 

1 '0.515 0.40 

I 
1 
~ - -0.415 

I :::: ;; 
1 :; ... 
L L --' 

• 
ICI C 27 10x3Yz 

35.1,31.7, 28.3, 
26.6,24.9Ib!. 

r- 0] 50- ., 

r i"50 035 

1 
1 

6 - f-0.315 
~ 

1 
I" 
!~ 
L;::.tl .... -S.1 

I • 

ICIC 28 10x3X 
25.3, 23.6, 21.9 lb •. 

r--3.50--, I 
1 0.315 I 
1 

0.525 

I - I -
0.425 ~ 

" I I", '" -I~ I~ • 
1 Ll Ll 

r 
1 

r"O.5J5 

I ro.m 
1 _ 

IS : 
L;JL ... -=!3 
!:Ie 31 9x4 

34.7,31.7, 28.6, 27.1Ibs. 

r-·J.50--, 

'-0.55 
0.315 

11.45 

--• c 
J , . 

c C 36 8x3Yz D C 32 9x3!1' 
28.2, 25.5, 22.8, 21.4 lb •. 31.6,28.5, 25.4, 23.9 Ib,. 

Del09 and 
~C 56 6x3U 

15.3Ib,. 

1 
I 

'" 

r- 3.00 I 

0.415 0.325 

0.315 

L~.~· .... .;9 
ICl C476x3 

16.3,IS.llb .. 

I 
1 

12.50 -, 

0.315 '0.26 

0.313 

"'-
Lt;:a· -=:~ , 

ICIC486x2X 
13.3, 12.0 Ibs. 

WEIGHTS UNOERI..JNEO CORRESPOND TO DIMENSIONS SHOWN. IN lNCI-lES 

RANGE OF WEIGHTS PER LINEAR FOOT 

1 
•• 

j 



6. 

r ELINTS 
CHANNELS 

2 

;b 
SHIP BUILDING I .. - r-' 

ELEMENTS OF SECTIONS ,:p 
.... 1.;-· 

2 

... "" "- woo w. AlI, ,·\ ...... 2-2 
'''- W"",I , ... • ~ • • ",~ . 

I S I S ... "' ..... ,~, ,."",, ..... - , , , 
Nominal ... ,,, Uoo. ,,,, , .. ,,,. I~.~ III,' ,,,. In.4 In.' ,,, , .. 
C21 44.7 13.05 '.200 .n, 245.0 40.8 '.33 .. , '.3 1.14 .... 

(BSe 26) ••• 11.85 4.100 .62' 230.6 38.4 4.41 15.5 5.' 1.15 .... 
12 '.51 14.' ••• US 1211: 4 36.' 10.&5 '.000 .,,. 216.2 36.0 1." 

" 34.' 10.05 3.950 .475 209.0 34.' 4.57 13.5 '.7 ~ .1 8 1.07 

C 171 41 .1 12.00 3.700 .700 211.8 3<3 '.26 11.3 '.0 0.97 0." 

(BSe 25)1 37.0 10.80 3.600 .600 203.' 33.9 '.34 •• 3 3.' 0." 0." 
12 1.'" .... 31.' .... ••• 1.' 0." . ... 12x331 12.' .... 189.0 

" 3 •• '.00 >450 .'50 181 .8 30.3 '.50 ••• 3.' 0.99 . .. 
C26 37.0 10.81 4.200 .875 146.3 29.3 3." 14.9 ••• 1.18 1.10 

(BSe 21) 33.' 9.81 4.100 .575 138.0 27.6 3.75 13.7 ••• 1.18 1.11 
10 30.' ' .81 ' .000 .475 12!l.7 25.9 3.84 "-, '.3 1.19 1.13 10 X 4 

" 28.5 '-'I 3.950 .425 125.5 25.' 3.89 11.8 ' .2 1.19 1.15 

35.1 •• 23 ~700 .875 Ill.6 26.7 3.61 10.4 3.' 1.01 0.95 
C27 31.7 9.23 3.600 .575 125.2 'M a69 •. , 3.' 1.01 ." (SSe 20) 10 21.3 '.23 3.'" .475 116.9 23.' 3.77 ••• 3.' 1.02 ' .96 

10 x3!-i 26.' 7.73 3.450 .425 112.7 22.' 3.82 ., 3.3 1.02 0.97 

" 24.9 7.23 3.400 .375 108.6 21 .7 3." 7.' 3.2 1.03 A." 

C28 25.3 7.38 3.550 .425 106.0 21.2 ". 7.' 3.0 1." 0.94 
(BSe 19) 10 23.' .... 3.'" .375 101.8 20A 3,8, 7.' , .• 1." 0.96 
10x3~ 21.9 '.38 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 a34 14.5 ••• 1.20 1.15 

(BSC 18) 31.7 9.23 4.100 .515 106.9 23.8 >40 13.3 .. , 1.20 1.16 
9 ". 21.' ' .33 '.000 .475 , .... 22.' ... 8 12.1 U 1.20 1.18 

" 27.1 7." .,50 .425 97.8 21.7 3.52 11 .4 ' .2 1.20 1.20 

C32 31.6 9.21 "00 .• 50 99.4 22.1 3.29 9.7 3.' 1.03 ... 
(BSe 17) .. , 8.31 "00 .550 93.' 20.7 3.35 ••• 3.' 1.03 A ... 

9x3~ • 25.' 7.41 3.'" .450 87.3 19.' 3.43 ••• 1.' U • 1." 

" 23.9 6.96 3.450 .• 00 84.3 18.7 3.48 7.' 3.1 1." 1.01 

D(meMk>WI and pI'Qpertlflll or tho Brltif.b Standard Sootlorul woe Ind1cated In bIkI .".. 

, 
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,,1.-' 
CHANNELS [ . ~ ::- ' h L' t;::;,: ... , 

o ' ~---lP 

r:n--" SHIP BUILDING DIMENSIONS 

L , ' j9:l 
DIMENSIONS OF SECTIONS ., ~ 

f 
" " . ":0": : Giip FOR DETAILING , , 
1,,-11 ." 

Weight ""'~ w. m_ 
Mu. ...... H" ,,.,- ~ w." Th"'_ Thlck_ Thlck- f • • 0. 0_ . Gag. 

GoO- "~~ 
,~ • h RIYI! ... "_. - - g, g ... u,. '". '". '". '". '" 0. '". '". '". '" '". '". 

C21 44.7 4% % " % 3}> 9% '" 2}> " 2}> % , 
(BSC26 ) 40.6 4Ji % % " 3Ji 9% '" 2}> % 2}> % , 

12 36.5 4 % % )4 3}> 9% '" 2}> % 2}> % , 
" 34.' 4 % }> % 3}> 9% '" 2Ji % 2}> % , 

C171 41.1 3" % " % 3 9}> ' % 2}> " 2% % % 
(BSC25) 37.0 3% % % " 3 9}> ' % 2Ji " 2% % % 

12 32.' 3}> % }> )4 3 9}> ' % 2Ji ,. 2% ,. % 

" 311.9 3)j % J> % 3 9}> ' )4 2)j )j 2% ,. % 

C26 37.0 4% ,. 
" Ji 3}> 7}> '" 2)j " 2}> ,. Ji 

(BSC21 33.' 4Ji ,. ,. ,. 3)> 7}> ' % 2)j Ji 2}> ,. % 
10 " .2 4 ,. }> % 3}> 7}> ' )4 2)j ,. 2}> ,. Ji 

" 28.' 4 ,. J> % 3}> 7}> ' )4 2}> }> 2}> % % 

35.1 3Ji ,. % Ji 3 7% ' J1i 2)j Ji 2 % Ji C27 31.7 3% ,. ,. J1i 3 7% ' )0 2)j % 2 ,. % (BSC20 28.3 3)> % }> % 3 7% ' )0 2}> )0 2 ,. % 10 26.6 3Ji )0 J> % 3 7% ' )0 2}> }> 2 ,. % " 24.9 3% % Ji % 3 7% ' % 2)j h 2 ,. % 

C29 ,.3 3Ji }> J> % 3)4 7% ' »> 2)j }> 2 Ji % 
(Sse 19) 2l." 3}> Ji Ji ,. 3»> 7% ' »> 2Ji h 2 Ji % 

10 21.9 3}> Ji J1i ,. 3li 7% ' »> 2Ji % 2 }> % 

" C31 34.7 4Ji ,. % Ji 3}> aJi ' )4 2Ji Ji 2Ji " % 
(8SC18 31.7 4li " " " 3)> a)j ' % 2)j Ji 2)j " % 

9 28.6 4 " }> % 3)j 6Ji ' % 2)j % 2)j " % 

" 27.1 4 " J> Ji 3)j a)j ' )4 2)j )j 2)j " % 

C32 31.6 3!, ,. % Ji 3 a" '" 2)j " 2 " % 
(8SC'~ 28.5 3% ,. 

" " 3 6~ ' »> 2)j 

I 

% 2 " % 
9 2SA 3Ji ,. h % 3 aJi '» 2Ji Ji 2 ,. Ji 

" 23.9 3)j " h " 3 9J-I '» 2)j )j 2 " % 

.0118001 8t aze ba-' on 1 J.(" edge dll t.a.noo (Ji" ma.xlmum rlvel) . 



o. 

[ CHANNELS ~ 
ELEMENTS SHIP BUILDING ,. 1 1 

i 
ELEMENTS OF SECTIONS .J~ 

2 

...... -w_ 
~. - w. AUI \.\ ..... , .... • w • • "", . .. --- , .. ... "'" "'- - 1 5 , 1 5 , , .. -... ,. u." ,.' ,. ,. ,.' ,.' ,. I~.· ,.' ,. , . 

C36 28.2 .,3 3.700 .625 71.8 18.0 2.95 9.0 3.' 1.05 1.02 

(BSe 13) • 25.5 7.43 .. 00 .525 67.6 16.9 '.02 •. , 3.2 1.05 1.02 

8x3H 22.' •. ., 3.500 .'25 .,., 15.' '.09 7.' '.0 1.05 I." 

" 21 .4 6.23 3.450 .375 61 .2 15.3 ~13 '.9 2.9 1.05 1.05 

25.5 7.43 3.225 .• 00 62.' " . '.90 5.' 2.5 0.89 0.88 
C37 22.7 '.63 3.125 .500 58.' 14.6 2.91 ., 2.' 0.89 0.85 

(BSe 12) • 20.0 5.83 3.025 .'00 54.0 13.5 ~05 '.7 ,., 0.90 0." 
.,3 19.' 5." 3 .... .375 53.0 13.2 3.07 '.5 2.1 .... • .87 

" 18.7 5.43 2.975 .3'" 51.9 13.0 ~09 ••• '.1 ." 0.88 

C41 25.0 7.10 .,00 .... 49.9 14.3 '.62 ., '.2 1.07 1.06 

(BSe 10) 7 
227 ... ~ ... . ... 47.1 13.5 2.67 7.5 '.0 1.07 1.07 

7 x 3J,i 20.3 5." S .... . ... 44.2 12. 2.74 ' .7 2.' 1.07 1.09 ,., 5.55 3.450 .3'" .~. 12' ~78 '.3 '.7 1.07 1.11 

C42 20.0 ." 3.100 .475 40.2 11.5 '.63 4.7 U .90 0." 
(OSCS) 7 17.6 5.12 3 .... .m 37.3 10.7 2.70 '.2 2.' .... .... 
7,3 I •• '.n 2.950 .325 ,., .. I.' ~" 3.' I.' ... ." 
C48 220 .. 2 ~700 .575 no 11.0 2.27 7.' <9 1.09 1.12 

(BSe 8) • 20.0 ." ~ ... .475 31.2 lOA 2.32 ., , .. 1.09 1.13 

8x3~ 18.' 5.22 3.'" .375 29.' , .• 2.38 '.1 2.' I." L15 

" 16.9 4.92 3.450 .325 28.5 9.5 ~41 .7 '.5 1.08 1.17 

DC 109 
.C .. • ,.3 '.48 ~ ... .340 ".3 ••• 2." ., ' .1 1.08 1.08 
8 x 3),i 

C47 
(sse 7) 16.3 4.75 3 .... .37' 25.' ••• 2.13 ' .0 I.' 0.91 0.95 

.,3 • 15.1 4.37 <936 . 313 24.7 •. , ~,. , .. 1.8 0.91 0.97 

" C48 
(BSe 5) • 13.3 ~ .. 2.583 .375 19,7 •• 2.25 ~1 1.' ." ." SxJ}i 120 3,52 , .... .313 18.' '.2 , ... ' .0 1.1 0.75 0.72 

D lmen.towl aad prOpertlOil Of tbe BrlUab 8 laDdal'd 8ectJOWl &nIlndlcatA!ld In IMoIof "". 
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+ [ 

, , 
~ ~~ 'h CHANNELS 

L r?'--' o ---.,' 
• · SHIP BUILDING , DI M ENSIONS 
I , o ---- , L: '-, J ;12 • DIMENSIONS OF SECTIONS · • " ; , .;, ..' : Grip FOR DETAI LING , . 

:. ... -... 
-

w .... • w. ""'- .~ ....... H .. 
1- .. w • • """,. """. ...... f ""'- Ow. ..~ ."' "-,~ • • h "". ... _. _. - , . , ... 

"'- I. I. ,. ". .. '". , . , . .. ,. .. '". 
C36 28.2 '" )i ~ ,. ' ).i S).i ' » ' » " 

, )i )i 
(BSe 13 25.5 '" )i ,. )4 ' ).i S)i ' » ' » " 

, )i li 
• 22.' ' li li J> » ' ).i Sli ' » ' )4 li , li li 
C 21.4 ' li li ~ ,. ' ).i Sli '" ' » )' 2 li )i 

25.5 ' )4 ).i " ~ 2" Sli ' li ' » " ' )4 ).i li 
C37 22.' ' » li li )4 2" Sli ' li ' )4 " ' )4 ).i li 

(BSC 12 20.0 , li )' j, 2" Sli ' li ' » li '" li li • J"-' , li li " 2~ Sli -' li 2» )' '" li li c .. , , li lo " 2~ Sli ' li ' » " '" li li 

C41 25.0 '" li " " ' ).i °li ' li 2)4 " 2 li li 
(sse 10 22.' '" li li » ' ).i °li ' li ' » " 2 li li , "'.3 ' li ).i li " ' ).i °li ' li ' ).i li 2 li li 

19.1 ' li li H " ' ).i OJ> ' li ' » )' 2 li li 

CO2 20-. ' li Ji li )4 2~ S , 2» " '" )i li 
(BSe 9 17.6 3 li ~ " 2" S f 2» J> '" )i li , 

16.4 3 Ji " " 2" S , ' )4 ~ '" )i li a 
C48 22.' 3" Ji " " 3» 0 , 2» " 2 )i li 

(8SC ~ 20.' 3" Ji )i )4 3» 0 , 2» " 2 Ji li 
6 18.' 3Ji Ji " " 3» 0 , 2» J> , Ji li 
C 18.9 ' Ji )i " " 3).i 0 , 2» ~ 

, Ji li 
laC 109 
oC " 

• 15.3 3Ji ~ ).i " 3).i O).i " 2 J> , 
" li 

a 
C47 

(8SC 7 16.3 , )i ).i " 2~ 0 , 2» li '" Ji " • 1S.1 , Ji " j, 2" 0 , 2)4 H '" )i " C 

C48 
(SSC 5 13.3 '" ~ ~ " 2).i OJi " 

, )' ' )i ~ ~ 

• .12.0 ' Ji ~ " j, 2).i O)i " 
, 

" ' )i ~ ~ 

" Ole", ,. aNI woual l't."dard sac •. bu~ may be vlU'ieo;i Ir eondltiolUl require, 
0..- ,. &/"111.-1 OD. l }(" edae dlat&nce ( Ji" mulmum rI Yll~). 
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CAR BUILDING CHANNELS 

I 
I 
I 
I 
I 
I 
I 
N ... , 
I 
I 

10 --4.00- -l 

0.30 

:~ ~ 
,0 0 

_Ll~"'_t=i. 
f 

C 170 12x4 
50, 48.6. 46.6, 
44.5, 40, 35 Ibs. 

I- - -4.00 .--l r- -__ ...." 
I .23 , , , 
I 
I 
I 

C? ... 
I 
I 0.375 
I 
I 
I gg 

:1 ~ 
. i t'-----=-} 

C 20 13x4 
50,45,40, 

37, 35, 31.8 Ibs. 

f-- - 4.00- --1 .----I 038 0.17 
I . 

I 
I 

~ 
I 
I "" .., 
I d d 
1 1 ..... __ -1 .1.,__ _ • 

C 211 7x4 
18.8Ibs. 

WEIGHTS UNDERLINED CORRESPOND TO DIMENSIONS SHOWN. IN INCHES 
RANGE OF WEIGHTS PER LINEAR FOOT 



CAR BUILDING CHANNELS 

~ ~1 .875 

.- .~0.063 
~ ~ 0.19 
I! 0.25L 
1.. r =.0.313 

~C 192 3x1Ys 
10.3,9, 7.1, 6.5, 5.8 Ibs. 

H .5Q-.1 

T-_~1 1 
I 028 0.19 
I;;:; . ." 
~ '" .., 
I °1' 0.50 d 
1 L 1..,- -=, 

K:lC 200 4x2Yz 
13.8Ibs. 

-1 ,1.875 

f r-u.063f 
.J.~ 1' 0.19 ~ 
'"' . (') l'f 0.25 j' 
1. = ~:-.i 

1 -10.313 
[CJ C 193 and ¢>C 21 3~1Ya 

10.3,9,7.1, 6.5, 5.8 Ibs. 

'"1 ~1.188 

r-ME' 1 
~:; 0.25 
i -{_ =-{ 0.266 

K:l C 221 2Ysx1Y. 
3 .87Ibs. 

WEIGHTS UNDERLINED CORRESPOND TO DIMENSIONS SHOWN, IN INCHES 

RANGE OF WEIGHTS PER LINEAR FOOT 

61 



( 
62 

[ 2 

CHANNELS 
ELEMENTS CAR BUILDING 

ELEMENTS OF SECTIONS 

Section Depth Weight Area Width Web Axis 1-1 Axis 2-2 
Index of per of of Thick-
and Channel Foot Section Flange ness I S r I S r y 

Nominal 1-Size In. Lb • • In." In. In. In.' In.· In. In.' In." In. In. 
1------I---

50.0 14.66 4.412 .787 312.9 48.1 4.62 15.7 4.9 1.07 0.98 
45.0 13.18 4.298 .673 292.0 44.9 4.71 15.3 4.6 1.08 0.97 

C 20 13 40.0 11.71 4.185 .560 271.4 41.7 4.82 13.9 4.3 1.09 0.97 
13 X 4 37.0 10.82 4.117 .492 258.9 39.8 4.89 13.0 4.2 1.10 0.98 

35.0 10.24 4.072 .447 250.7 38.6 4.95 12.5 4.0 1.10 0.99 
31.8 9.30 4.000 .375 237.5 36.5 5.05 11.6 3.9 1.11 1.01 

50.0 14.64 4.135 .835 268.1 44.7 4.28 17.8 5.8 1.10 1.06 
48.6 14.22 4.100 .800 263.0 43.8 4.30 17.3 5.7 1.10 1.05 

C 170 12 46.6 13.62 4.050 .750 255.8 42.6 4.33 16.6 5.5 1.11 1.05 
12 X 4 44.5 13.02 4.0CO .700 248.6 41.4 4.37 16.0 5.4 1.11 1.05 

40.0 11.70 3.890 .590 232.8 38.8 4.46 14.5 5.1 1.12 1.05 
35.0 10.23 3.767 .467 215.1 35.8 4.59 12.9 4.8 1.12 1.07 

C 211 
7x4 7 18.B 5.48 4.000 .350 42.9 12.2 2.80 8.3 3.0 1.23 1.23 

C 200 
4 13.8 

4x2~ 
4.00 2.500 .500 8.8 4.4 1.49 2.2 1.4 0.74 0.86 

[QI 

* 10.3 3.02 2.250 .625 3.4 2.3 1.06 1.16 0.76 0.62 0.73 
19C 192 9.0 2.64 2.125 .500 3.1 2.1 1.09 0.97 0.68 0.61 0.71 
19C 193 3 7.1 2.0a 1.938 .313 2.7 1.8 1.14 0.71 0.56 0.58 0.68 
~C 21 6.5 1.89 1.875 .250 2.6 1.7 1.17 0.63 0.52 0.58 0.67 
3 X lYs 5.8 1.68 1.805 .180 2.4 1.6 1.20 0.53 0.47 0.56 0.68 

C 221 
2% xl~ 2% 3.87 1.14 1.188 .250 0.87 0.73 0.88 0.14 0.18 0.35 0.40 

IQ] 

*[QIC 193 and tC 21 are IdentICal wIth C 192 except flanges are flared outward to 3 Va" at the toe 
of flanges. tC 21 not rolled to 5.8 lb. 
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-,!c- [ ~ ... ' II 
CHANNELS Lt2; __ J, 

o --=r 
1--, 

DIMENSIONS , CAR BUILDING , , 
L: --- .. 
• , 'I i" DIMENSIONS OF SECTIONS 
r tigJ : GrI, , , FOR DETAI LI NG 

,.~ 

.......... ... ........ M .. ." M"'- 0_. .... ''''~ Indu ::. - -- """- ""'- , ... • • g, h • ••• - "_. - -DIIIIII f Lbt. 
I- I- I- .. I- I- I - .. I • I- .. ... -

50.0 4~ ~ i'i !> ,~ TDH I,. 2~ )j 2).> ~ 1 
45.0 4)4 ~ % ~ii ' )j 10~ I» 2~ ~ 2).> ~ 1 

C20 40.0 4~ ~ ,. » ' % 10~ I,. 2~ ~ 2)<j ,. 1 
13 37.0 4)i li % )4 ' % ""-, I,. 2~ ,. 2).> » 1 

35.0 4)i li J' )4 ' % l D~8 I,. 2~ )<j 2% ,. 1 
31.8 4 li ~ ,. ' % 10% I,. 2~ !> 2% ,. 1 

50.' 4)i % )j l' ,~ 9» 1~ 2» i'i 2» % 1 
48.6 4)i % i'i l' ' % 9» 1~ 2» )j 2» % 1 

C 170 46.8 • % " " ' Ii 9% 1~ ' % % 2% " 1 
12 44.5 4 " % " ' Ii 9% 1 ~ 2% " 2).> " 1 

40.0 ' )j % ~ ,. ,~ 9% 1)4' 2)<j ~ 2% % 1 
35.' '" % % )4 ,~ 9% 1)4 2% ,. 2% " 1 

C 211 18.8 4 !> ~ " 
,~ 5)4 ,. 2)4 !> 2).> ~ ,. 

7 

C200 2% % % ~ 2 238 " 2 ~ 1% % ~ J J 13.' 

• 10.3 2)4 ~ ~ " 1~ 1,. ,. ... % ... .. .. 
acT 9.0 2)i ~ % ~ 1~ 1,. ,. ... ,. ... .. .. 
"'"'' 7.1 2 ~ " " 1% 1,. ,. .. . ~ ... .. .. 
• C21 '.5 1,. ~l )( % 1~ 1)j ,. ... ,. ... .. .. , 

5.' 1 '~ ~ ~ )i t "8 1)j ,. ~ ... ... .. .. 
C 221 
2!~ 3.87 1~ " )4 )i 1 1~ % . .. % ... .. .. 

" Gag .. , II. aro UJlUal , tand al'd 831(611. bu t may 1>0 varilld If eond ltlo~ r«I,ulN!. 
Oage. C. Al'$ bued on 1 U" edge dlft.a.noe (W' muLmum rI vet) . 

• iCI C 103 and • 0 2 \ a re Iden tical with 0 192 6Xcep~ illUlgel IU"e tl.ared out I(l aH" .~ toe of 
Oana:e.. t o 21 no~ rollod to 6.8 lb. 
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BULB ANGLES 
SHIP BUILDING 

.-
.~ 

> 
~ 

.-' , 
. ,~ -

.' 

" • 

BA313 
'Go 34.7,32.3, 29.9 

"", 27.2, 24.8, 22.4lbs . . , , , 
'. 

" 

BA312 
~ 
'J' 30.8,28.6, 26.4 
~\23 .8, 21 .6, 19.4 Ibs. 

, , , , 
,) 

BA311 
24.3,22.3, 20.0 
18.0, 16.0Ibs . 

BA308 
20.2,18.4,16,4 

\ 14.7, 12.9Ibs. 

" 

WEIGHTS UNOE:RLINED CORRESPOND TO OIMENSIONS SHOWN, IN INCHES 

RANGE OF WEIGHTS PER LINE:AR ~OOT 
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BULB ANGLES 
SHIP BU I LDI NG 

" JI' ., , ....... . ' " 
-' o!~ 

-- .." ~~ / "" 

,/~ a ? ') 
,~'" BA 3 07 
/' 17.4, 15.9,13.9 

~/ 12.3,10.7Ibs. 

.
~,/ 

,' . 

, 

'.1" c 

... 
a 

", B A 3 0 6 
16.6, 16.0, 13.2 
!.!:.Z. 10. 1 lb •• 

" ,
/ 

1',,/ ~.~ SA 303 
'. '/ 12.6,11.3,9.8 

,.
" " .'}. ~ BA 305 

~ / 14.9,13.6,1 1.7 

'. 

~ ,' . 8.6,7.3Iba. 
o§i ) .. ~l) -

' /' 10.3, a.glba. 
.po .'. 

'}'\. ) '. \1) 

CAR BUILDING 

~ '. 
, 

BA 125 ' 
19.3Ibl. ..., ,-' 

, , 
" 

---

" BA 122 ' 
14.3Ib •• 

WEIGHTS UNDERLINEO CORRESPOND TO DIMENSIONS SHOWN. I N INCHES 
RANGE 01" WEIGH TS PER LINEAR FOOT 

•• 

• 
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L BULB ANGLES ~ 
SHIP BUILDING I ELEMENTS , , 

r 
• , 

ELEMENTS OF SECTIONS 
, , 

2 1oy~ 

....... TlIlcltntoa w .... ~" 
Al II 1·1 AxIl 2-2 

,~u 
~ • .~ W~ n .... ,~ ...... I S , , I S , Y .. ~ .. ... , .. , •. .. , In." ", ,,' , .. , .. ", ,., , .. , .. 

,70 ,64 34.7 10.2{) 125.6 23.4 '" 4.69 ••• ,., 0.81 0." 
,64 .61 32.3 9A9 118.1 22.1 3,53 4.69 •. , ,., 0.81 O.n 

SA 313 .58 .58 29.' S.78 UO.7 20.' 3.55 4.70 5.' 2.0 0.80 0.75 
10 X 3~ .52 .'85 27.2 7." 102.9 19.6 3.59 4.80 5.1 I.' 0.80 .72 

" ... .m 24.' 7.28 95.4 IB.4 3.62 4.82 ••• 1.' 0." 0.70 
.40 .425 22.' 6.57 88.0 17.2 3.66 4.85 '.1 1.5 0." ... ... .52 3 •• 9.03 90.1 18.2 3.16 4.11 ' ,3 ~2 0.83 0.80 
.52 .59 28.6 6.38 84.' 17.2 ~18 4.10 5.7 ~1 .83 0.78 

BA 312 ,56 .56 26.4 7.74 ".0 16.1 3.20 '.10 5.2 1.' 0.82 0.75 
9x3~ .50 .465 23.8 7.00 73.3 15.1 3.24 4.19 ',7 1.7 0.82 0.72 

" .44 ,435 21.' U5 67.7 14.1 3.21 '.21 '.2 1.5 0.82 0.70 
.38 .• 05 19.4 5.70 62.2 13.1 3.30 '.22 3.7 I.' 0.81 ... 
.58 .55 24.3 7.14 57.0 12.7 2,83 3,53 5.2 1.9 0.85 0.78 

SA 311 .52 .52 22.3 '.55 53.0 11.8 2." 3.52 '.7 1.7 0.84 0.76 

8x 3~ .46 .43 20.0 5.87 48.9 11.1 2.89 3.61 '.2 1.5 0.85 0.72 

" .40 .40 ".0 5.28 ·44.9 102 2.92 3.61 3.7 1.3 0.84 0.70 
.34 .37 16.0 '.70 •• 9 9.' ~95 3.62 ~3 1.' 0.84 0.69 

.58 .55 23.3 685 53.9 12.4 2.80 3.67 3.' I.' 0.70 0." 

SA 310 
.52 .52 21.' '.28 SO.1 11.5 2.82 3.66 3.0 1.3 0.70 0.66 

"3 
.46 .43 19.2 5.64 46.2 10.8 2,,. 3.74 ~. 1.1 .70 0.63 

" 
,40 .40 17.3 5.07 42.4 10,0 2." 1.75 2.' 1.0 0.69 0.61 
.34 .37 15.4 4.50 38.5 9,' ~92 3.n ~1 0.90 ." 0.59 ... .54 21 .1 6.19 37.5 9.' ~46 2.95 ••• 1.6 0.88 .60 

BA 309 ,SO .51 ".3 5.67 34.7 8.0 2." 2.93 '.3 1.0 0.87 0.78 

7x3M .44 .41 17.1 5,03 3<0 60 ~52 3.03 3,9 I.' ... 0.74 

" .38 .38 15.3 '.50 29.2 7.3 2.55 3.02 3.' 1.2 0.87 o.n 
.32 .35 13.6 3.98 26,' 6,7 <5. 3.01 3.0 1.1 0.81 0.71 ... .54 20.2 ." 3M 9,0 ~45 3.08 ~1 1.3 0.72 0.69 

BA 308 . SO .51 .... 5.40 32.8 8.3 2." 3.07 2.8 1.2 0.72 0.67 

"3 .44 .41 16.4 4.81 3.' 7,' '.50 3.15 ~5 1.0 0.72 0.64 
D .38 .38 14.7 4.10 21.5 7.1 2.53 3.15 2.2 0.93 o.n 0.62 

.32 .35 1<9 3." 24,9 0,5 ~ .. 3.1 5 1.9 0.82 0.71 0.60 

.52 .49 17.4 "2 22,7 0.3 2.10 2.42 '.3 1.6 0.92 .52 
BA 307 ... ... 15.9 4.65 20.8 5.8 2.12 2.40 3.' I.' 0.91 0.80 

Sx3M .40 .365 13.9 '.06 19.0 5,3 ~16 2.47 3.' 1.' 0.91 0.76 

" 
,34 .335 12.3 3." 17.2 '.8 2." 2.46 3.0 1.1 0.91 0.74 
.26 .305 10.7 3.13 1~3 •. , 2.21 ~45 ' .0 0,94 ." 0.73 

SOcttons shown In bold fnoI have the nominal Lengths ot web and flange, alalO the t1licll:neaea or 
II&Dle &l'(l equal o~ appro:dmately 110 . 
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BULB ANGLES l 
SHIP BUILDING ELEMENTS 

ELEMENTS OF SECTIONS 

Section Thickness Weight Area Axis 1-1 Axis 2-2 
Index per of 
and Web Flange Foot Section I S r X I S r y 

Nominal ----------- - -- - --Size In. In. Lb •. In." In.4 In.· In. In. In.4 In.· In. In. 
i-----

.52 .49 16.6 4.86 21.4 6.1 2.10 2.53 2.8 1.2 0.76 0.70 

BA 306 .46 .46 15.0 4.41 19.7 5.6 2.11 2.51 2.5 1.1 0.75 0.68 

6 x 3 .40 .365 13.2 3.87 17.9 5.2 2.15 2.59 2.2 0.91 0.75 0.64 
~ .34 .335 11.7 3.42 16.2 4.7 2.18 2.58 1.9 0.80 0.75 0.63 

.28 .305 10.1 2.97 14.5 4.3 2.21 2.58 1.6 0.70 0.74 0.61 

.50 .46 14.9 4.37 16.1 4.9 1.92 2.27 2.6 1.1 0.78 0.71 

BA 305 .44 .43 13.4 3.94 14.7 4.5 1.93 2.25 2.3 1.0 0.77 0.69 

5Y2 X 3 .38 .345 11.7 3.44 13.4 4.1 1.97 2.31 2.0 0.85 0.77 0.65 
~ .32 .315 10.3 3.02 12.0 3.7 2.00 2.30 1.8 0.75 0.77 0.63 

.26 .285 11.9 2.60 10.6 3.3 2.02 2.28 1.5 0.65 0.76 0.62 

.48 .44 12.6 3.68 11.1 3.8 1.74 2.12 1.5 0.75 0.63 0.61 

BA 303 .42 .41 11.3 3.30 10.1 3.5 1.75 2.10 1.3 0.67 0.63 0.58 

5x2Y2 .36 .33 9.8 2.88 9.1 3.1 1.78 2.06 1.1 0.56 0.63 0.55 
ICJ .30 .30 8.5 2.50 8.1 2.7 1.81 2.03 0.97 0.49 0.62 0.53 

.24 .27 7.3 2.13 7.1 2.4 1.83 2.01 0.81 0.42 0.62 0.51 
SectIOns shown m bold type have t he nominal lengths of web and flange, also the thIcknesses of 

same a re equal or approximately so. 

Section 
Index 
and 

Nominal 
Size 
--
SA 125 
5 X 4Y2 
BA 124 
5x3Y2 
BA 122 
4x3Y2 

ICJ 
BA 123 
4x3Y2 

2 
I 

BULB ANGLES :TI' CAR BUILDING 

2Y 

Thlckne •• Weight Area Axis 1-1 Axis 2-2 
per of 

Web Flange Foot Section I S r X I S r 
---I-------------------

In. In. Lb •. In." In.4 In.· In. In. In.4 In.· In. ------------------------
.438 .438 19.3 5.66 20.8 7.9 1.91 2.39 7.9 2.4 1.18 

.375 .375 13.2 3.82 13.5 4.9 1.88 2.22 3.3 1.2 0.92 

.500 .500 14.3 4.21 8.7 3.7 1.44 1.65 3.9 1.5 0.96 

.375 .375 11.9 3.48 7.9 3.5 1.50 1.77 3.1 1.2 0.94 

y 
--

In. 
--

1.23 

0.86 

0.99 

0.94 

L ____________________________________________ ~ 
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ANGLES-UNEQUAL LEGS 

STRUCTURAL SIZES 

A29 
~ to ' 'J" 

A33 
';'. to '4 

BAR SIZES 

A40 
'fa , '~, 

A21 
'~. to t 

A24 
s;.. to u;'. 

I"ROI"U .. £S SHOW MINIMUM O' M E;NSIONS IN INCHES 
RANGE 01'" TH ICKNESSES 



•• 

\b L \ ' UNEQUAL ANGLES 
, ! -'-r ELEMENTS 

:.,. .. " ELEMENTS OF SECTIONS , 

""., I ",,,, . w ..... .... Axil 1·\ .....1.2-2 ...... .. , - .. • s ,.'" ,~ """"' I S , , I , , r min. --, ... ,. "', ,.' ,., ,.' , .. ,. ,.' ,.' ,. ,. ,", 

1 28.9 8.50 28.2 7.8 1.85 ". 7.2 2.9 0.92 1.01 0.74 
% 27.3 8." 27.8 7.' 1.86 2.24 '.9 2.7 0.93 0.99 0.74 
Ji 25.7 7.55 2'" 7.0 1.87 2.22 ••• 2.' 0.93 0.97 0.75 
% 24.0 7.06 24.9 ••• 1.88 2.20 '.2 2.' 0.94 0.95 0.75 
Y. 22.' '.56 23.3 6.1 1.89 2.18 5.8 2.' 0.94 0.93 0.75 

021 6x3~ 
~, 20.' 606 21.7 5.' 1.89 2.15 5.5 2,1 0.95 0.90 0.75 
Ii 18.9 5.55 20.1 5~ 1.90 2.13 5.1 1.9 0.96 0.88 0.75 

" 17.1 5." 18.4 '.7 1.91 2.11 '.7 1.8 0.96 0.86 0.75 
Ii 1~' '.50 16.6 '.2 1.92 2.08 ., 1., 0.97 0.83 0.76 
J> 13.5 3.97 14.8 ' .7 1.93 2.06 '.8 I.. 0.98 0.81 0.76 
Y. 11.7 3.42 12.9 ,., 1.94 2.04 ,., 1.2 0.99 0.79 O.n 

" 9. 2.87 10.9 2.7 1.95 2.01 2.9 1.0 1.00 0.76 O.n 

% 19.9 5.84 14.0 '.5 1.55 1.86 '.7 1.7 0.80 0.86 0.64 
;, 18~ 5.44 13.2 '.2 1.55 1.84 '.5 1.. 0.80 0.84 0.64 
% 17.1 5." 12.3 '.9 1.56 1.82 ,., 1.5 0.81 ! 0.82 0.64 
Ii 15.7 4.61 11.4 ,~ 1.57 1.80 '.1 I.' 0.81 O.SO 0,64 

0 24 5" " 14.3 4.18 10.4 '.2 1.58 1.n 2.8 I.' 0.82 o.n 0.65 
Ii lU 3.75 9.5 2.9 1.59 1.75 2.6 1.1 0.83 0.75 0.65 
i, 11.3 3.31 8.' 2.' 1.60 1.73 2.' 1.0 0.84 1 0.73 0.65 
Ii 9.8 2.86 7.' 2.2 1.61 1.70 2.0 0.89 0.84 0.10 0.65 
!i .2 2.40 6.' 1.. 1.61 1." 1.8 0.75 0.85 0.68 0.66 

% 12.5 3.65 '.1 1.9 1.06 1.27 1.7 0.99 0.69 o.n 0.53 
Ii 11.5 3.36 '.8 1.7 1,07 1.25 1.' 0.92 0.69 0.75 0.53 

" 1M '.06 , .• 1.6 1.08 123 1.5 0.84 0.70 0.73 0.53 Ji 9,' 2.75 '.2 I.. 1.09 1.2<) I.' 0.76 0.70 0.70 0.53 
o 29 I'Ji"~ J. 8.3 2.43 ~9 1. 1.09 1.18 1.2 0." 0.71 0." 0.54 

Ii 7.2 2.11 2.6 1.1 1.10 1.16 1.1 0.59 0.72 0.66 0.54 

" '.1 1.78 U 0.93 1.11 1.14 0.94 0.50 0.73 0.64 0.54 , 
li '.9 1.44 1~ 0.75 1.12 1.11 0.78 0.41 0.74 0.61 0.54 

Ji 7.7 2.25 1.9 1.0 0.92 1.08 0.67 0.47 0.55 1 0.58 0.43 

I )f, '.8 ~OO 1.7 0.89 0.93 1.06 0.61 0.42 0.55 0.56 0.43 
Y- 5.9 1.73 1.5 0.79 "94 1.04 0.54 0.37 0.56 0,54 0.43 

033 "2 " 5.0 1.47 I.' 0.66 0.95 1.02 0.47 0.32 0.57 0.52 0.43 
li '.1 1.19 1.1 0.54 0.95 0.99 0.39 O~ 0.57 0.49 0.43 

" 3.07 0.90 0.84 0.41 0.97 0.97 0.31 0.20 0.58 0.47 0.44 

" 3.92 1.15 0.71 0.44 0.79 0.90 0.19 0.17 0.41 0.40 0.32 

0 48 Ji'j li 3.19 0.94 0.59 0.36 0.79 0." 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 % " 1.32 0.39 0.071 0.081 0.43 0.49 0.922 0.035 0.24 0.24 0.19 
)i 0.91 0.27 0.051 0.056 0,44 0.47 0.017 0,026 0.25 0.22 0.20 
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PROFIL.ES SHOW MINIM U M OIMI!:NSIONS IN IHCH KB 
RANGE OF T HICKN Il:SSES 



" I' S i'l ZEES 
ELEMENTS 

"71 - , 
ELEMENTS OF SECTIONS 

,; , 

"" Ad 1·1 "'11 2-2 "'" W ..... .... 
"' .... W • I S I S .... "- -.- ,~ ....... , , , .... 
rndfX 

, •. ,. ,. u.. ,.' ,.' In." ". ,.' In." ". ". 
' )i 3% )i 34.' 10.17 SO.2 16A 2.22 19.2 '.0 1.37 0.63 

Z 3 ' )i 
,,. 

'" 32.0 9.40 46.1 15.2 2.22 17.3 5.5 1.36 0.82 
6 ' » 

,. 28.4 '.63 42.1 14.0 2.21 15.4 4.9 1.34 0.81 

' )i ' % % 28.1 '~5 43~ 14.1 2.29 16.3 5.0 1.41 0.84 
Z 2 6» ,,. % 25A 7.46 38.9 12.8 2.28 14.4 4.4 1.39 0.82 

6 ' » 
,. 22~ 6.68 34.0 11.5 22. 12.6 '.9 1.37 0.81 

OJ> 3li » 21.1 6.19 34.4 11 .2 2.36 12.9 3.' 1M 0.84 
Z 1 6» 3,. ;, 18A 5.39 29.8 ••• 2.35 '1.0 ,., lA' 0.83 

6 3» % 15.7 4.59 25.3 .A 235 9.1 2.' l Al 0.83 

5J> ' % '" 28A ' .33 28.7 lU 1.86 14.4 4.' 131 0.76 
Z 6 5» 3,. ,. 26.0 7.64 26~ 10.3 1.85 12.8 4.4 1.30 0.74 

5 ' )( % 23.7 6.96 23.7 9.5 1.84 llA '.9 1.28 0.73 

5J> ' % li 22.6 6.64 24.5 9.6 1.92 12.1 ' .9 1.35 0.76 
Z 5 5» '" " 20.2 5.94 21~ ••• 1.91 10.5 '.5 1.33 0.75 

5 3.J4 » 17.9 5" 19~ 7.7 1.91 9.1 '.0 131 0.74 

5J> ' % ;, 16.4 4.81 19.1 7A 1.99 9.2 2.9 1.38 o.n 
Z 4 5J> '" % 14.0 4.10 16~ '.4 1.99 7.7 2.5 1.37 0.76 

5 ' )( " 11.6 'AO 13.4 53 1.98 62 2.0 135 0.75 

4)i '" 
,. 23.0 6.75 15.0 U 1.49 11.2 4.0 1>9 0.68 

Z 9 4J> ' J> % 20.9 6.14 13.5 6.7 l A. 10.0 , .• 1.27 0.67 
4 ' J> % 18.9 5.55 12.1 '.1 l A' ' .7 ' .2 1.25 0.66 

4J> '" 
,. 18.0 527 12.7 6.2 1.55 9.' 3.2 1.33 0.68 

Z • 4J> ' J> » 15.9 4.66 l U 5.5 1.55 '.0 2.' 1.31 0.67 
4 ' J> ;, 13.8 4.05 9.7 4.' U S '.7 2.4 U9 0.66 

4J> ' ;, % 12.5 3.66 9.6 4.7 1.62 6.' 2.' 13' 0.69 
Z 7 4J> ' J> " 10.3 3.03 7.9 3.9 1.62 5.5 1.' 1.34 0.68 

4 ' J> )i 62 2.41 •. , ' .1 1.62 4.2 l A 1.33 0.67 

Z 12 ' J> 2,. " 143 4.18 5,' '.4 1.12 5.7 2.' 1.17 0.54 , 2% » 12.6 3.69 4.' ' .1 1.1 2 4.' 2.0 1.1 5 0.53 

Z 11 ' J> 
,,. ;, 11.5 '36 4.6 3.0 1.17 4.' 1.9 1.1 9 0.55 , 2% ~ 9~ 2.86 3,9 2.6 1.1 6 ,., 1.6 1.17 0.54 

ZlO 
,,. 

2~ " '.5 2.48 , .. 2A 1.21 '.6 l A 121 0.56 , 2% )i 6.7 1.97 2.9 1.9 1 ~1 2.8 I 1.1 1.19 0.55 



MISCELLANEOUS CAR BUILDING SECTIONS 

CENTER SILL SECTION 

,. --- 3~---- ... ~ 
~ ____ .' .. '."1 
: ·o.s92 - ~ ,.., 

-.-~ 

! B 112 
40.3Iba • 

. , , , , , , , , , , , , 
"0::0 a 

; o~.I~"'----j 
~-~-----'-----!, -, 
'f . __ ---------1-------------...: 

CAR BUILDING BULB ANGLES 

BA 125 -
19.3 Iba. ,,\," 

P ROf"ILES SHOW DIMENSION S IN INCHES 
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CAR BUILDING SECTIONS- ELEMENTS 

' ~ 
, , 

rr , , 
1,- -- I-- -~l 

. - f-• 
, I :I. f ,sr ' . 

" 
" J , 

I w."", - Thick· Axil l-! All .. 2-2 

~i D"'th W .... - "-- I I s I ~~ ''''- ,~ "~ .. w. I ,~d ':1 ' , 
,. u... In.2 ,. '". ,.' , In. " In. In. In." I In.' ,- In. '". 

CAR CENTER SI LL SECTION 

B 112 12 40.3 11.72 3U ,7 1 ~;'~ 238.1 31.9 4.51 4.54 21.8 5.' 1.36 0.43 

CHANNELS-CAR BUILDING 
SO.O ' 14.66 4.412 .781 312.9 48.1 4.62 16.7 4.' 1.07 0.98 
45.0 13.18 4.298 .673 292.0 44.' 4.71 15.3 4.6 1.08 0.97 
40.0 11.71 4.185 .560 271.4 41.7 4.82 13.9 4.3 I." 0.97 o 20 13 37.0 10.82 4.117 .492 258.9 39.8 4.89 13.0 4.2 1.10 0.98 
35.0 10.24 4.0n .447 250.7 38.6 4.95 12.5 4.0 1.10 ~99 

31.8 9.30 4.000 .375 237.5 36.5 5.05 11.6 3.' Ut 1.01 

50.0 14.64 4.135 .835 268.1 44.7 4.28 17.8 5.8 1.10 1.06 
48.6 14.22 4.100 .800 263.0 43.8 4.30 17.3 5.7 1.10 1.05 

C 170 12 46.6 13.62 4.050 .750 255.8 42.6 '.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.' 1.11 1.05 
40.0 11.70 3.890 .590 232.8 38.8 4.46 14.5 5.1 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 I .350 42.9 12.2 2.80 8.3 3.0 1.23 1." 

0200 , 13.8 '.00 2.500 .500 as ,., 1.49 2.2 I.' 0.74 0.86 

" 10.3 ~02 2.250 .625 3.' 2.3 1.06 1.16 ~76 0.62 0.73 
• '.0 2.64 2.125 .500 3.1 2.1 I." ~97 0.68 0.61 0.71 

""!~ 3 7.1 2." 1.938 .313 2.7 1.8 1.14 0.71 0.56 ~58 0.68 
"'7-';' 6.5 1.89 1.875 .250 2.6 1.7 1.17 0.63 0.52 0.58 0.67 .C21 

5.8 1.68 1.805 .180 2.' 1.6 1.20 0.53 0.47 0.56 0.68 

Og' 2% 3.87 1.14 1.188 .250 0.87 0.73 0.88 0.14 0.18 0.35 0.40 

BULB ANGLES-CAR BUILDING 
BA12 5 19~ 5.66 ' % .438 20.8 7.' 1.91 2.39 7.' 2.' 1.18 1.23 

BA124 5 '" 3.82 3% ~75 13.5 4.' 1.88 2.22 3.3 1.2 0.92 0.86 

BA,.!" 

" 
4 14.3 4.21 3% .500 8.7 3.7 1.44 1.65 3.' 1.5 ~ .. 0.99 

BA12 , 11.9 3.48 3% .375 7.9 , 3.5 1.50 I." 3.1 1.2 ~94 0.94 

Protllos ot Cbannels an. sbown on Pa8"" 60 and 6 1. 
·CO 193 and • 0 21 a.re Identical wltb C 192 exeeptllang(lll al'(lllarodout to3 J.(" a~ tbe toe ot liang.,.. • 

• 021 not rolled to 5 .8 lb. 
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MISCELLANEOUS CAR BUILDING SECTIONS 

HALF CENTER SILL SECTION 

r- o
---- ------61% ~-----------"': 

r -r-----, , , , , ' , ' , ' , ' , , , , , 
N 

: , , , 
: 131 
, 13 1 , , 
, -

. ' ~ 1 ~ l----L-.!-
~ : :-, , , , , , 

, , , , 
X ' 

: ' , , 
: ; 
~ 

oo:~ r eo 
: : , 
: :~ 
: : . 

f- ~ : : : 

•. 
"" 

1 

-

• z 26 
36.21 Ibs. 

- fc.L Coupler 

SIDE PLATE SECTION 

. z 28 
a.3 Ibs. 

W SIDE PLATE SECTION 

",-1%-.. 
1 -i~, • .- ... --~.-I~- ;~ --------: 
, ' , . : : r 1,;: : 

('J I . -- .. : , ' 

, : ' ~e I, 
I I 5 .1 .. 
I I l IS 2;-;:: I 
I I 1 _.,. I 1 
t . ...:____ . -'}---! 

I , , , 5;" I: 
: .. ---3 rJ- --- H : , 
~ ----. 2.97--.-...:j.-1. 18 I 

:2 "..._ ':" 
Yo. "'-t ;.' . S 281 , 

9.83lbs, ' , , , 
~. __ L; 

SIDE POST SECTION 

P ROFILES SHOW DIMENSIONS IN INCHES 

w,~ ] 
, 

D ... 
Adll·1 

I 
All. 2-2 ...... ~ h 

I I s I ''''- -H~---
s 

... u... ...." l~- 1 ... 1 I~ .~ . 
. z ,. 12Y8 3621 10.65 276.10 42.75 
. z 28 ' li '.30 '.44 '.53 1.81 4.48 2.25 
. z 27 3 "0 I.,. 2.13 '.34 1.18 0.58 
. s 281 7ljj '.83 ' .89 11 .26 '.70 '.94 '.34 
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MISCELLANEOUS CAR BUILDING SECTIONS 

CAR DOOR TRACK SECTIONS 

, 
I'"' , 

>5133 
5.96 Ibs. 

I II/ --1 Y., .. -01<32... 
: ' .. 
~. " ,('1. , , 

1-- ' .. ' 
~ ~ I 

I 1\-,'" ~ I ~_~ 
i'<' -;-.J 'J .. .. 

' I,'" . - -- _. , 
" M 807 

3.20Ibs. 
.-I"" , 

'-, ' ,~-$ y, , 13, , 
~~ ;,:s2,.; 
:..-----1 ~ ____ . .J 

" 
~-' ::~"i"i' ::~::~::::::::::::I:J~ ~ ,' f" 
:...·------- ··----3 }.-------- ..,' 

DOOR SPREADER SECTION 

.32· 

..- ----- 4 , --- ---., : " , 
.483 

" C210 

--- ~ , , , , , 

I 19.8Ibs. :'1 
.lo; :1 ~::::i:=I 
_...... I '1--r , 7 :: 1.t. I :q 7 ...- -, ;.: .- " ... fI--- 3 ~ · --·-·a,; . - · , / . - _l , . Z • , 

..... - - - -- - - - - - 7 ~2 - - - -- - - -- - - _ . .. 

BELT RAI L SECTIONS 

>5142 
7 t 8.3 Ibs. 

rI--- ' ?; r ---.... -X .. - ----- , '/.---- .... 
I " . ' 

l~- A .,..f .. "'\'0Ji ",r---,r-''-'''Y .. ~ , , 
~~ !! :~: [.,- ' . . , 'II ' 

e M 1038 
6.6Ibs. ">; '4r-

f \;~ , , , , 
l.o-- -- - - - --- - - - ·-4 - - -- - - - - - ---- ..... 

'1{ , . 
:'18 S L,pIYU+! 
'-! - - - --- - - -- -3 ~-------- ___ · oJ 

P~FII..E5 SHOW OIMENSIONS IN INCHES 
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MISCELLANEOUS CAR BUILDING SECTIONS 

DRAW BAR AND DRAFT KEY SECTIONS 

a M2625 
37.9Ibs. 

(- ):1 , , , , 
.. ---------- 6 -- ------ -... 

• 5 181 
3 1.1 Ibs. 

t_' __ ~)] 
, 

, , 
... - --- - ----5 -- - - - -- - · 01 

M 1850 
1B.2Ibs. 

(~. )~f 
~- - - -----5 - - - - - - -.~ 

aM 2981 
9.2Ibs. 

M 2150 
29.0Ibs. 

~ )~. 
, ~. _ _ _____ J _ _ r ~ 

:.. -- -- -- - -- 6 - --- - - - - . ..: 

a M2626 
2O.1 Ib8. 

(,t )~ 
--=---;--~ c·, 

:. . ------ s y, -------· .. 

a M 1851 
i6.3Ibs. 

+5170 
13.6Ibs. 

tt- T~ #11 , -: _~ __ J 
, , ' ... -- -- · 3 ~ ---- .... 

PROFILES SHOW DIMENSIONS IN INCHES 
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RAILS AND ACCESSORIES 
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AMERICAN SOCIETY OF CIVIL ENGINEERS- RAILS 

r '---"- 2% 
.~-+--;:--,i, ............. , .. , 

y" ~f ' .. : . )' ~: !::!. , .... : 
X - l o i: 

' .. " .... · ...... '~· .. -·i ! 

~. 
10040 

I
· Yo , ! 

: : 
; ~ 

12" "'~ 10 

I
'. .-.... -.. ~ (') i 

I'" : : 
~ C\I : : .............. · ... ·1 ' , I"",,,! 

: 7.' n,' 
1-----::';-:---'--"9 ··I 

... 
t 

L. -........ ··· · ··-······ 5~ - ...... ... 

'", 

6040 

: _v::! 

.J~tl;lr ~~ 
!iii ('1,1 : "" ., 

. ~ ... "-. . i; .. ~,:I. : 
~, : '-___ -':-_--''''''''1 .. ,'-,. 

:. ............... 4~ .. __ .... _--..: 

12" ........ , . 
• ~~ 

. -~ .. :;. .. - !..,g-~ ; 

'x -i"i 

~ 641 

1'0 ·-----2%----·., 
: L··_--···· 11 

" k. : .. ' · l ~. ~ 1 - • 
\ X .. _ .. ~~ ~ 

.. .. . .......... "' ...... j 

I
, ~ ! i 

i ~ 
12Ft ::110 

};." I'. .. ... _ - _. " I~ : 
N' 9040 ~ ' , 

Yo N l ! 
".L. ·:·······-,·- -l t 
~-i __ '1 3" ~ : 

: ~ .~, .. i 
:.·····--··········5.%·----·---·-: 

~. 

6540 
'11:f--l ! 

- ..... -y, .. ; ... ~: 
f----':---"'CiI :"L.i 
:.·········---4 XI'---······ · -- ..: 

,.--- ·· 2 

-' 1 -~ o 
l" '.e, .. ~'l 

~ -1 -':-~f -~ ! 
-'XI 1~" ,*N 

1 240 .. r;,'!..&T ~ 
. ~ _ .. ' 

L. "'-- 2 ._. ___ .~::-{f 

PROFILES SHO W D IM ENSIONS IN INCHES 
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AMERICAN SOCIETY OF CIVIL ENGINEERS- RAILS 

, 

Xs .. ' .. \,g ':" 
" " ;1······· ..... y ········1 : 

y. : : 
l ~ 
~Lf 
(\I : 
: : 

;. ............. ·····5 %6 · ......... ........ .; 

[. .......... ....... 4% ................. .! 

, , 
~ ......... - ........ 5 ·················· ..; 

PROFILE!; SHOW DIMENSIONS IN INCHES 
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AMERICAN RAILWAY ASSOCIATION- RAILS 
SERIES B 

r----- 2 2X2 -----~ 
!~"'-" 2 ~6----~: 

--.... ~ -- ,----------r-l -{. : X- , , : 
~ t 8 ~ 1:1. I 

" '!3~: 
" 1 ~ ~ Y,6 ----"3° ~ : 
\ ----------\.----i : 
~ ... · ~6 I : , ' 

i~ 
-- --!?f -- ~ ~ 

I 'IS ~ 
5 gt : 

, -:Y,& N ~ 
_ - o. -------r----r --- -{ 

I 13 0 ~: 
1/ ..,.. I 1-_ ____ 1-__ ~..;/-"'1::..& ..... ___ Li-

• 9 : .... ----------5 ~ --- ------------poI 

10030 

~ 3530 

L.. -------- 3 -- ------ ...: 

~ 3030 

~ 1230 

12R 
-- - ----~--

I C)I , 

~ ! : 
J(& N ~ i 
--- ---r -;5~-lN ! 

11 ~ : 
' '1& ,1_j 

9030 

, 49 : ... --- -- - - ---4 ~ - - ---- - ----.. 

~ 2530 

PROFI LES SHOW DIMENSIONS IN INCHE S 



r r·O ________________ ~ 
AMERICAN RAILWAY ASSOCIATION- RAILS 

SE RIES B 

r-----2 ty:u ___ ~ 
I~"-" 2 ';'.-- - "': .- ~ -- ,_.-------"(. 

- 1 I l,.. , • ; 
• " , I I 

~ 1~ i .. ,., ... , 
"\ "I' __ '-,~ ': 
, ._._._-_ .•. _-{ : 
\ ' ~. I i 

1 ~, . "' 
---- ~~r·- ~~ 

lS i , 
.... :i< : l 
,..,. N ' : ---_._----, -- { , 

" 3 ' • 
~: X ... ! 

~------+----L~~-LJ 
:.....---- ------5 " -___ __ _ ... __ ._J 

10 0 30 
J<. 

" 1230 

... --I 'k --"" : ..... _"" • - - --'---T -1 
-',C ~ ~. ~ I 

.:: IX ' -'Ii! : 
~ -.L.~·~--:?T---·-I i 

;.~ : I 

% ! .12~_ iJ~ 
<> 4030 I , - (') X:::'-' i: 

+ ~L-:-~:3"~ l 
, "II :'.1.. _, 

, L ' ... ------3/j,------ -

"" 1'" -- ... 
. , _oi ,: '"":"-~~- 5" ~ 
, x. l_~.r::: 
~_ . ---, --- f : 

, f • '. 

J.u ~-:~!' Fo~~ 
1 ~ ... ('\I 

~ 2530 X"," 9:' I ., ", .! 
L_-':-~i'\ -_L' 
;- 1~ ' :J .. -----2~--- .. .. ~ 

PROF'l.I:S SHOW D IM EN S IO N S I N I N C H ES 



AMERICAN RAILWAY ASSOCIATION- RAILS 

SERIES B 

_ __ 2!(, ·_· _.., 

! ... ···--2 'X: --·· ... i . __ .a '~'-------rl 
'\ I 7. ' : ' , 
Ii: ' . ' ~ i 
C\L '/ - , -: ,.." .--- \...g 0;- i 
\ ---· ·----... . -- t : 
\ 'r. : : 

'%. 
8030 

\ ' .. 
---'-~~-r #; 

~ ~ . . - , 

~~L--~-,~4 
, " I : . , 

~ __ .L_--''!!..\-U 
\ 7 : - --------- 4 i1'.------------' 

• N 

" , 
'x ~4530 12 

, 
• N 

'\ 

J.¥." 
",4830 

P ROFI LES SHOW D IM ENSI O N S IN INCH I;S 

, 
•• 



8. 

AMERICAN RAILWAY ASSOCIATION- RAILS 
SERIES A 

10020 9020 

L_·· ____ 5~_-___ .J 

AMERICAN RAILWAY ENGINEERING ASSOCIATION- RAILS 

13125 

PAO'-ILES SHOW DIMENSIONS I N INCHES 
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8 3 

AMERICAN RAILWAY ENGINEERING ASSOCIATION- RAILS 

MISCELLANEOUS RAILS 

!:l 15222 
* 13027 

.... r····-·~3 ·-··-·'~~-'--""-"'f-. 
t .... ' % :..' 1<0 .• 'P I' •• I ' ::' ":" !!! 4 ta, X,-· I ' 

t" ':i _Oj I 
%- I __ . !IiI_~ ··--f-· j 

12722 I ! ~ i 
. ...'. i ! 

l " <:> " 
-- '. • I" 

4 ,,0' .-.. -. ~.'-. ······--··i-···: r. ! , ' ,,--.;:' : 
/1" .' . :;:j 

l.. ··.·--·----··--··e !(··.····.····---···..:· 

PROFII..ES SHOW DIMENSI ONS IN INCHES 

· Fumlshod only by 8poclal arrangel:ttent. 



•• 

% 

" " 522 

.. \0 ' 

'0524 

MISCELLANEOUS RAILS 

J~l!_,_ 

i ,'" ,:{ (') 

~ : 
'------:"c---""~.I).j 
~ _ .. ····----- 5 71·····_-_·· __ · .. 

PROFILES SI10W O'M~SIONS IN INCHES 



•• 
MISCELLANEOUS RAILS 

I 
" \ , 

~. 
" 10032 10031 

CRANE RAIL 
... ________ .4 y. _______ ., 

_____ J r- 0

_---- --·-4------- -:1f----" T1 
f i J{ : I : 
i: . .~ : 

~ ..... _+ .. J?' "'rl !, • • ••• _ ....... i ... , 

I
· ... ., , , 
, -'" ~q, 

D <t)175.416 -1;1,- ~. 
! '? : 

~ ..... /~ ! i 
_" .,"'- "------,,,,,"'1 i 

--_ ......... 5 -... ~~~ 

7,.... ,'i.j 
:.. ......... ---.... S ·_-··········_--.. 

PROF1L.ES SHOW DIMENSION S IN INC:HIOlJ 



.< 

.1. 
ELEMENTS 

...... 
" .. 

1-

1004. 
004. 
854. 
804' 754. 

704. 
854ll 

604. 
554. 
604. 
.54. 
404. 

354. 
304. 
'54' 204. 
164. 

1240 
• 841 

. 

..... 
W , .. ... 

100.4 
90.1 
85.' 
SO., 
74.8 

69.5 
64.' 

".5 
54.' 
49.7 
44.9 
40.2 

351 
30.1 
24.4 , ... 
15.8 

12.0 

••• 

RAILS 
AMERICAN SOCIETY OF 

CIVIL ENGINEERS 

ELEMENTS OF' SECTIONS 

--=--'"-
N_ . ... ... ..... . .. ... ,-• • • • "", . .... ...... ... H .. .... - , 

--.. ' ,. ,. ,. , . ,. 
A S C E.- HEAVY RAilS . 

9.84 5~ 2~i 5% )j '.73 
'.83 5)1 ' )1 5)1 )j 2.55 
8.33 5)j ' )j 51' )j 2.47 
7." 5 ' ji 5 )j 2.38 
7.33 ' S 2ji OS ji 2.30 

6.81 ' )1 ' J> ' )1 ji 2.22 
'.33 ' J> ' )1 ' J> ji 2.14 

A. S. C. E.- LI GHT RAILS 

5.93 ' % ' )j ' j{ ji 2.05 
S38 '» ' j{ '» ji 1.97 . ., ' )1 ' )1 ' )1 J> 1.88 
4.40 ' S , ". J> 1.78 

' .84 ' ji 1)1 ' ji ,. 1.68 

3.44 3l, 1% 3" 
,. I. .. 

3.00 3)1 IS 3)1 " 1.52 
2.39 21, ,,. 

2~ " 1.33 
'.00 ,,, 1,. "A j{ 1.21 
1.55 2,. 1,. 2,. j{ 1.15 

1.18 , 1 , 
" '.96 

0.78 1)j S 1)j " ' .70 

, 
:-, 
• 

AalIl·1 

I S 

,.' ,.' 

43.97 14.55 
34.39 12.19 
30.07 11.08 
26.38 10.07 
22.86 9.10 

19.70 8.19 
18.90 7.37 

14.56 6.62 
1203 5.75 
<94 ' .98 
<" 4.25 
6.57 '.82 

5.17 3.02 
... 6 '.53 
250 1.77 
1.94 1.43 
1.24 1.01 

'.66 '.83 
U 7 0.31 



.7 

.1. l ) RAILS 
AMERICAN RAILWAY 

~-
__ t 

ASSOCIATION ELEMENTS , 
• ELEMENTS or SECTIONS 

~ '--------

W"1I1U ~N 0 • • ... ... W~ 
... 

AxI" -1 ,--.. .. • • • • """ . '- ~ 
Indu "" "''','' ". '"' ,- ". , I 

- --
u.. ,,, . ,,,. ,,,. ,,, ,,, , .. ,,, . 

A. A. A. SERIES 8- HEAVY RAILS 

10030 100.5 9.85 5% 2% 5% % 2.63 41.30 13.70 
9030 90.5 8.87 5)4 2% 4~ % 2.44 32.30 11.45 
8030 SO.7 7.91 ", 2J> 4J> % 2.27 25.10 9.38 

>7030 70.3 6.89 4J' 2V8 4)ji % 2.16 18.60 7.79 

A. A. A. SERIES 8- LIGHT RAILS 

.4830 48.0 4.71 3~ 2)ji 3J> % 1.75 8.90 4.50 
+4530 45.0 4.41 3U 2 3% % 1.75 8.75 4.48 
.4030 40.0 3.92 3% 1% 3% % 1.67 7.12 3.35 
>3630 35.0 3.43 3% Hi 3 % 1.58 5.27 3.03 

.3030 30.0 2.94 3% 1% 2~ % 1." 4.38 2.61 

.,530 25.0 2.45 2% l J> 2% % 1.30 2.n 1.80 
>2030 20.0 ' .96 2% 1% 2% % 1.25 1.94 1.36 
. , 830 18.0 1.76 2J> 1% 2)ji % 1.14 1.45 1.12 
. ' 630 16.0 1.57 2)ji 14 2 % 1.13 1.31 0.99 

.'430 14.0 1.37 2)ji 1 1% % 0.92 0.76 0.66 

.'230 12.0 1.18 2)ji % 1 ~ % 0.91 0.68 0.60 

A. R. A. SERIES A- HEAVY RAilS 

10020 100.4 9.84 , 2% 5% % 2.75 48.94 15.04 
9020 90.0 8.82 5% 2% ' % % 2.54 S8.re 12.58 

>S020 SO.2 7.86 5% 2% 4% J.i 2.31 28.80 10.24 

I 

I 



.. 
~ 1 RAILS l) 

ELEMEf\TS 1:-- ---'-
ELEMENTS OF SECTIONS 

~'----

_::' , "'.M 0 •• - .. ,m W~ 
... A.d.!., 
,~ ...... • • • ,,"'- 01." 

''"" 
YarcI Stttion ... H ... .- "- , I I 5 

------
111.4 I u.. ", 

" " '" '" " 
,,' 

AMERICAN RAILWAY ENGINEERING ASSOCIATION RAILS 

13125 131.2 12.86 '" 3 , '%, 3." 89.00 23.00 

t13025 129.6 12.71 "I 21~1I , ,%, 3.03 n.40 ,. ... 
11225 112.4 11.02 '" 2~%2 '" 1% 2 2.98 65.80 18.10 

.t ll 025 110.4 10.82 , \I 21~n 5\1 '" 2.83 57.00 16.70 
1002' 101.5 9.95 , 21~e "" .. , 2.75 49.00 15.10 

MISCELLANEOUS RAILS 

15222 152.0 14.90 , 3 "I '\I, 3.50 130.00 29.00 
13031 129.5 12.70 "" 3 ." '\I, 3.09 72. .. ".60 

· 13027 129.1 12.66 61~$ 2% , ' \I, 3.08 81.16 21.03 

12'" 127.3 12.48 7 3 6\1 '\I, 3.10 83.70 21.50 

1C!11523 114.6 11.26 '" 3 5~~ II 3.03 64.34 18.53 
1C111522 114.4 11.24 , \I 3 . % '" 3.00 64.00 18.28 
~ 11 036 111.5 10.93 6\\ "'- 5% II, 2.90 62.46 17.35 

10524 104.7 10.26 , 3 5" '" 2." 49.86 15.96 
.10035 100.5 9.85 Stllis "" 5\\ %0 2.53 42.20 13.31 

!CIl0032 100.1 9.82 "" 21J,Sa .% .. , 2.55 41.30 13.41 
10031 101.7 9.97 51~1I 21lA" , .. , 2.63 41.90 13.11 

• 903' 90.0 8.82 ''', 2lI 51, " 2.47 36.72 12.02 
• 902. 90.9 8.91 Mil '" • II, 2.41 34.15 11.50 

CRANE RAI L 

D~175-418 1 "5.Il0 1".,, 1 , 1 
. \1 

1 
, 

1 '" 1 
3.02 

1 
71.45 

1 
23.65 

.FurnlIIbed only by &pedalarrr.ngemeat. 
tSectlonl 1302.5 and 11025 withdrawn !'rom AREA manual. 
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SPLICE BARS 
AMERICAN SOCIETY OF CIVIL ENGINEERS 

S 10040 to S 5MO S 5040 to S 3040 S 2540 s "". 

WlIlI!t 
~er f oot, 

Unftnl"' ed 

~ 

510040 
S 9040 

S .," 
S 8040 
S 7540 
S 1Q40 

S .," 

~:~ 
s 504~ 

*5 454 
.S 404 
'S 354 
'S 304 
'S 254 
·S 2Q4 

"'64 -8 124 
·.S84t 

15.8 
13.5 
12.4 
11.5 
10.7 
10.0 
9.2 

a4 
7.' 
6.6 
5.' 
5.0 
4.' 
3.97 
2." 
'.87 
1.70 
' .36 
0.75 

, 

3~&.t 
2~1)~ 

'" '" 2:10/&4 
21 ~h 

2% 

2t %.t 
2 1~~ 

211, 
1 8~2 

1 ~%t 

12%, 
12;iI, ,.'" 
1'%2 
12%4, 

H~ 

"" 

r--r-••. . J .... n;r C-. ' ,-

j ~'f" , , ~ ~1 
:. "';,.. 
'-·-P""'o·--'. 

t,:l' -.--------- ~
c , -.'" 

:~r " .. -
, '-,-' . ., 
, .e': 
. 'T' 
: ,i: r' 
LL- .•. 4 .. ,-

1~%3 

'" 13~ 

p~ 

1 8J..i. 
1'%.1; 

" ... 

1 1~lu. 

t lo/~ ", ,'" '\I, 
~%.o 

2'42 

" "" .'" 
11lb 

1\, 

·----k·-·-,:I~ 

A. S. C. E.-FOR HEAVY RAILS 

2%2 .", 
G%, 
2%2 .... 
4~-M .... 

II 
'11, 
2:')&2 

" ,.,., 
% 
'II, 

Ilje 

1%2 

'%, 
' ... 
1\, 
2~'H 

'%, 

' % ,", 
"", 
'" 1 1~IH 

1%2 , .... 

11)128 
11%2 

II 
II 

lO~h .,," 
" 

A. S. C. E.-FOR LIGHT RAilS 

.... 

. ", .... 
3% .. 
\I 

"'" 1\, 
'%, 
% 

",,", 
II, 
%, 

% '''' 1%2 % 
1;1i!2 % 
J,~ 2%1 

lljb 11hZ 

1110 ~(I 

11)b %.6 
l lAl2 %2 
%6 .. 
~8 ... 

", 

1%0 

' \I 
l ~a 
111m 
2%: 
~%~ 
:~b 

1\1\0 

Vie ~28 
%e ~2 

Il)b % 
1%~ 8~ 

l%~ (lVi2@ 

lY.n II%" 
1%2 2%.1 
%2 6%2 

"Sarno as Splice BaN for A. R. A. L ight R aUl , except SOCtJOD lndu. 
SSW Is used wi th 841 Rail. 

~%i 

4%4 

" ,.,., 
"" % 

S 1640 to 8840 

II, .... 
7,is, 

"'II~ .'" %, 

3\\ 
21o/io 
2:%, 
20/.& 
22~fI, 

'I, 
21%~ 

2lhllS 2lj'i n % 
ljll: 2~1 I"f! 
%.! 2l;\e % 
7A;..,. 1 3~n % 
0/12 1% o/ie 
%.t. 1 2;~, o/io 
%-t 11lJin 'iio 

···· 1···· 



r 90 

- W . ... .. ,~ ~ .. FOOl. 

'",u Un/lnlltltcl 

'W"" 

'8453Oj 5.8 ~S4530 4.5 
*S4030 5.0 

+S4030A 3.74 
*53530 4.6 
.~ ... 3.06 
*53030 3.97 

• S303?,II 2.96 
· 52530 2.20 
·82030 1.87 
·51630 1.70 
· S1230 1.36 

SPLICE BARS 
AMERICAN RAILWAY ASSOCIATION 

~ 

, b , 
,. ,. ,. 

d 

'". 
• 
,. 

8 1630 

""" 

A. R. A. SERIES B-FOR HEAVY RAILS 

A. R. A. SERIES 8- FOR LIGHT RAILS 

l HIAI. l%4 8~4 
1 8~il %, I%~ 

P%, 8*~ lh 
1'>%fo Y.l 

1 2~b 
~;~ 

1 ~%2 

1 ~% 

"'" 1 u~i12 
1 ~%4 

1%2 

~1,~ 21)N 

% 1%' 27,b %, 
2~ila 1%, 
% 1%~ 

Ilt\e % 
8%t 1~lH. 

l~b %, 

ih 2%~ 31ffl l'~, ..... 8%.1. 1%, 1/$4 ~ 3JA.Z ' % ! •• . .... r ..... . 9 
1%: llk2 2% l"b 81jb %, 0/128 Ps ~18 ... 

~: •• ,%'''' ., .. " .. i~ ti;", l "'. : 
I~I ~8 2:rs 1%,. ~ 'h %1 IllftS ljlc ... 
Vt, . ......... . ........ .. .. .. ... .. .. .. .... '. . 6 

"" lVia %2 . .... ~"':II . ... . ... . 
~6 '.. ... .. . .. . ' , .. . . ". , ... .. ... . 6 
", ......... .. ... ·1· · 
lYle .•.• .• .. 

'"Carnegio- l lIlnollJ Steel Corporation USOll tM A. S. C. E. SedioD l n des; for theM 8vllee B aNI. 
S 1630 b ulCd with 1830 RaiL 
151230 18 usod with 1430 Rail. 



.. ,>00 

'''''u 

.S1O~ +S 90211 
+S 802 

19.0 
16.6 
13.4 

SPLICE BARS 
AMERICAN RAILWAY ASSOCIATION 

A. R. A. SERIES A- f"OR HEAVY RAILS 

'" 12%: 8~b " 1 ~~2 ," 1%: " 21 ilz 1 
3%~ 12 ~io4 1 ~\. 6 2%2 l l';n 1%. 1111:2 t ~n 2 '16 'Il 
22%2 1 1~:w " 21h2 6~h8 1 1,~ 11%4 3%. 2%. 2'8:1 

-

SPLICE BAR 
FOR 

" CRANE RAIL SECTION 175 No. 418 

., 

1%2 '", l< 
%, , 1;16 
~o/e. 2* " 



•• 

IJl 1 SPLICE BARS ~~[J I E!,!. I AMERICAN SOCIETY O' 
CIVIL ENGINEERS r--" . &i 

• • 
ELEMENTS OF SECTIONS ' , , .. 

l ___ _ $jilJ!I_~~P_~ __ __ ..i 
. -<--

l W. g/lt ,~. ''''' w .... w • ... 
""11\·1 .. , 

:~~ h ',.o"" w • • .. GO> """ . --, ... ,- S.ttltln , ... .- "- • 11 I_IS_ --- - -- ._-----
UN. ,,' 

" 
.. .. .. rn. In.' ,,' 

A. S. C. E.- FOR HEAVY RAILS 

S 10040 15.8 4.65 4Ji 7Ji 3)0 » 1.91 13.43 5.82 
S 904. 13.5 3.97 4 ' » 3Ji % 1.81 10.30 4.79 
S 854. 12.4 3.65 3% 6U 3>, % 1.71 8.43 4.02 
S 804. 11.5 3.38 3% ' % 3»> % 1.68 7.39 3.75 
S 754. 10.7 3.15 3% ' »> 3 % 1.65 '.02 3.28 

S 704. 10.0 2.95 3'4 5» 2» % 1.61 5.82 3.15 
S .54. '.2 2.71 3% "/Ii 2~ % 1.56 4.85 2.73 

A. S. C. E.- FOR LIGHT RAILS 

S 604. • •• 2.47 3~, 5% 2% % 1.51 '.04 2.38 
S 554. 7.5 2.21 3»> 5Ji 2% % 1.41 3.41 2.07 
S 504. ••• 1.95 2% ' » 2Ji % 1.37 2.72 1.74 

-S .54. 5.' 1.70 2% 4U 2»> % 1.29 .. .. .... 
-S '04' 5.' 1.47 2% 4% 2 % 1.27 .... .... 

-S 354. ••• 1.35 2% 4)i 1% )0 1.19 .. ... 
-S 304. 3.97 1.17 2% 4 1% % 1.10 .... .. . 
-S 254. 2.20 0.65 1% .... 1% % 0.90 ... .. . 
-S 204. 1.87 '.55 1% .... 1% % 0.86 .... 
-S 164. 1.ro 0.50 1% .... 1% % 0.79 .. .. . 

-S 1240 1.36 0.40 1% .... 1»> % 0.65 .. .. .. 
-.S 84. ." '.22 1 .. '" )i Ji 0.49 .... .... 
--

·Same till Splice Baril tor A. R. A. LIght RlIJl!I. CJ:cept Section Jndex. 
t W etght aDd area IU'e given per single bar uotlnlshed. 
lMomeot otlnertla., I , a.Dd IIGCtIDIl modulUII, S, arc given per pair of ba.nI, 
9840 ,. used "I~h 841 Rail, 
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~~J SPLICE BARS Jl ,-t-- - - '- t: AMERICAN RAILWAY 
, I ASSOCIATION ELEMENTS 
, : 

ELEMENTS or SECTIONS ~ c-~ 
l ___ 1Yj!l!!!_~LB.M!. ____ ~ 

-... , 
fW~"'t , ... 

'"" ""'. , .. w .. ,- ~ ~"-I ... ,,'" .. • • • .'" ""'.- ,-
_ ~.I ;:. I .... ,. """" ...... "- - • u.. '" I. I- I- I- I-

A. R. A. SERIES B-FOR HEAVY RAilS 

.5 10030 ,~, 4.98 ' Ji 7j( 3)0 " '-83 14.34 8_30 .. 9030 14.4 4.24 3Ji 7Ji 3)0 " 1.67 10.16 ._n 

.s 8030 12.6 3_n 3Ji ~ 3)0 j( 1.59 7_ro 3_79 

.s 7030 11.9 3_50 3Ji 8!tO 3Ji j( 1.47 8_28 3_36 

A. R. A. SERIES B- FOR LIGHT RAILS 

-
~~ ! . ~~ -s '030 . _8 ,_ro 2Ji Ji '-', .... .... 

.s '030 A 
._. 1.31 2)0 )0 .... .... .... 

-s .030 ' _0 1.47 2~ 4~ 2 Ji 1.27 .. . . .... 
.s .030 A 3.74 1.10 2j{ .... 2 Ji .... . .. . .. . -
-s 3536 •. , 1.3, 2Ji ' Ji I" !to 1.19 ... . . . . . 

.s 3030 A 3.06 0.90 2Ji .. .. 1 ~ !to . _ . .... . .. .. 
-s 3030 3.97 1.17 2Ji 4 '" Ji 1.10 .. .. ... . 
.s 3030 A 2.96 0.7 2 .... I" !to ... . .... . ... 
-s 2030 2.20 0.65 '" .... ' Ji Ji 0.90 .... .... 
·s 2030 1.87 0.55 I j( .... l Ji )0 0.86 .... ... . 

-s 1830 '_ro 0_50 l Ji .... 1)0 )0 0.7'3 .... .... 
-s '236 1.3, 0.40 ' )0 .... ' )0 )0 0.65 .... .... 

A. R. A. SERIES A- rOR HEAVY RAilS 

. 8 10020 19.0 '_50 ' j( 8Ji 3)0 ~i 2.02 21 .30 7_86 

.s 9020 16.6 '.90 . !to 7Ji 3)0 j( 1.91 18.10 8_36 

.s 8020 13.4 3.95 3" 7 3» " ,.n 10.13 4.57 

· Camecle- l lllnol8 Steel CorpOration ...- the A. S. O. E. Section w d&J: l or t.h0ll0 SDlIco Ban. 
tWetght and ...w. are given per lingle btu' un!\n1lhed. 
U.fomco~ ot iner1.l.I.. 1. and lIlICtioo modulut. S. are given pili' pair of ban. 



•• 
RAILS AND SPLICE BARS 

DIMENSIONS FOR STANDARD DRILLING AND PUNCHING, IN INCHES 

f~jt34l ? 9!, 28 cp d 
. " , ~ . "_ •. J ,'~ ........ !..--.-"; 

tOO 111 90 ."". 7D to 70 
~to 50 
45 to 40 
" .. 30 
25 to 12 

t----f-.--.... "- 1, "1 i ~ . 0. -_..... b ··-_····d . .. . -. b-- •. __ ._._ ... __ •• ~ i 
~ __________ • ____ -------------Len!lth- -- --- ---- -- _ •• - -_. -___ ._.-4 

,,, 
m 
2 , 

• • • • • • • 

6 
6 , 'M, ' M, 

.~, 

'M, ." ." ." 

'M, 
% 
1%, 
t~ie 

~ 

A. R. A. SERIES B- HEAVY 

J4 
J4 
J4 
24 ,. 
16" 
16)1 

7MO S 7040 2~M 
6540 S 6540 l s~1 

10030 S 10030 
9030 S 9030 '" 111A11 

A.. S. C. E. LIGHT 

...., S .... 
5540 S 5540 
5040 S 5040 
4540 S 4540 
4040 S 4040 

3540 S 3540 
3040 S 3040 
2540 S 2540 
2040 S 2040 
1640 S 1640 

1240 S 1240 

841 S 840 

1 11~21 
1 t~'\, 
1 ~, 
1 41~ 

l 1Yiu 

11%~ 

1' .... 
l~n 
111/" 
nhs 

11°~h 
1'1,01.21 
1 '~, 
f arM 
l "!1n 

,.1 •• 

6030 S 6030 
7030 S 7030 

A. R. A. SERIES B-LlGHT 

4830 

'530 

4<l3O 

3530 

3030 

2530 
2030 
1830 
1630 
1430 

S4530 

~ :~' 
S4530 
S4030 
54030 
83530 

~~~ 
S 3030 

S 2530 
S 2030 
S1630 
S1630 
S 1230 

1230 S 1230 

11 YI. 
11 ltie 
11 ¥as 
11 !fi. 
111,0\;2, 
F M2I 
13%4, 
1 ~" 
FIi, 
HI' 

1"1.:. 
1 11~ 

P I28 
P ilI .,.. 

1 ,,., 

"', Iii 



•• 
CROSS TIES 

, 
2 

_' _____ --------1, , 
, , 
, -, 
12 

. , ... w"",,' .... W ... -. Arlo '· 1 Aria 2-2 

• • " ... -..... * • ...... ,~, ...... I S I S 
, , ..... ,~ .. - w .. , , , 

". u... In." , .. ,. ,. ,.' In.a , •. ,. ,.' .. ' ,. 
D M29 5.50 24.0 7.01 " ao .375 '" 11.3 ~25 ~38 la. ' .2 1." 
ICI M21 5.50 2Q.0 5.n '.5 ao .250 30.9 9.7 2.33 2.33 14.9 '.7 1.62 
Cl M25 4.25 14.5 4.10 '.0 ao .250 no 5.5 1.78 1.88 al ~O 1.22 
DM24 >e" 9.' 2.n '.0 '.5 .203 '.2 2.5 1.24 1.32 ~9 I., 1.03 

[2 

_L....I/_ -------;' -~ 
b !2 \\j 

I 

'"'" Weight .... ..... ",,,,. 
Arlo '·1 'W'" • • ...... -..... * • , ..... ..... ,~, ..... 

'" .. ,- w .. I S , , I S , 
, •. u... ,.' ,. ,. ,. ,.' ,.' ,. ,. ,.' ,.' ,. 

IClM27 2.39 12.4 3.65 5.5 7.0 .391 1.63 0.93 0.67 1.75 2Q.' 5.' 2.39 
ICIM27 2.25 '.0 2.62 5.5 7.0 .250 1.28 0.79 ~70 1.62 la. .~ 2.53 
ICIM20 2.00 ao 1.72 '.5 ao .198 0.71 0.51 0.64 1.41 a4 2.. 2.22 
ICIM18 1.50 '.2 1.21 , .• 5.0 .156 0.31 0.31 ~50 1.00 1. 1.5 1.73 

,2 1 
1~ 

' 2 , 

, ... Weight .... .... "", . """ '·1 AIo:II 2-2 ..... • ~ • • -''''" 
..... ,~ , ... "'''" I S , , I S , 
, •. U>o. ,.' , .. , .. tn.' ,.' ,. ,. ,.' ,.' ,. 

DM26A '" 125 0.95 '"' .141 0.068 0.136 ~27 ~50 1.94 ~82 1.43 
ICIM19A '" 2.50 ~74 ' )( .125 0.034 o.on ~21 M. 1.23 ~58 1.29 



9. 

RAIL CLIPS .. 
"~I 

• .. " , · , , , • , • 
· • • 

~'J'...i{ : • 
~iE7 

, · " • 
I '1', : • i. f No. 1291C1 " 

, 

0" I .• I 'it .. ; • :No. l28 
• • , ' , No. 13" • j Ie! -. .' , • i -" Ir:"~ , 

"z ," I I • .. ., . . , ., , . , -~ 
~~'f "'¢\~t;i-r/ ~ "'bi !. . ~~f. r...' I ,. ~. ~.--" "" 0. '. t , , -- ,,+::i'.,." __ .... ____ _, i'~-i-~-:--~T'----------' .. ~ 

I'*",':~~':.j,...,...-~ ""-t.,-- .... %~- --- I~L __ .~ , 
_~ • • 'flli'L.. __ J t.. ________ .-3" '.---. ---~ • 

, .. , . , , , , , . , , , 

~ 
, 

'~ 
, , , 117. -

, , 
i. i. , , i No. 100 , ;No.l2(l , ' , I ~.: i , 

" , , .. 
I' .' 

, 
: "--I~"Y , , , , , ... ... 

'rr-

~J; i i 1 iJ '~:hh ' , (~~ ';' -,.. . '!' 
!: i :J._! I, I 

.,. .... J ,' __ 1""' __ J.~--1 y.~ " , ., ~"*~--.:.-- l'·--"'--- I Y.."--·.ol 
~. ----- '-2~~---- --+- :,. .-- - --- - --- S\4~-··- - •••• ..: 

--! , , .-~ 

, , 

~.~~ 
, , , 

'.~ 
, 

~ I'll iNO
J04 ~.fi' .~~ ~ il No.IOS :if ~.' 

: "i- .! i " ! ' ---1 ,_ ... , : " -- 1 If -.: .. , , .' , i 
~::bl ' , , ., 

.~-+- ' 
, --, 

.~- .. -, ' I ' " 
. , . ., '»' , ~J .~ __ ., 1;1. 

~:':i;-:_:__: : I ", .. , ~ " ; --' . , . 
~ 

.. • .. ·;S! • • ·t-·~:r-- . .> . 1."". __ ':" '~:::~; . 1'!... __ ,,; , , .' - ', ' : , , r·.,.. ... -... ~·· .. .,.'·.:.y.· • ----------2,,"'; .. --- ---..: , , , .... - ••• -2Wi'·· ___ .!J. 
" , , , No. 114 , , , .. 

" , ' 

, ,~ .~ ''-;' .~ .• "01+ : ] ~ 
; ;i' . , .. ~ , .. !'%~ "".:oJio 

;....----l'~----~ 

". ..... Wtl ... t. tllpo ,... .. , .... Flnl"' .... ""- ...... "..- TI. s.etlona Ron Stetion. .,35 7.3 1.27 M 21, M 25, M 29 Girder Rails, Strew Spikes 

" 129 7.3 1.27 M21 , M 25, M 29 Girder Rails, Screw Spikes 

"'" ' .0 0.87 M21 , M25, M29 100 to 60 Ibs. A. R. A.-B. 
!Q120 5.' 0.81 M18,M2D, M27 50 to 25 Ibs. A. S. C. E. and A. R. A. 

"'06 7.2 1.05 M21 ,M25, M29 100 to 60 Ibs. A, S. C. E. 
!ClI04 7.2 1.02 M21 , M 25, M 29 100 to 60 Ibs. Angl e Bars 

" 103 4.3 0.58 M21 , M25, M29 100 to 55 ibs. A,S, C. E. 

"' '' 2.24 0.24 M24 50 to 20 Ibs. A. S. C. E. 
eN", ",n be hrnl,h"" with "and ... d .,.~ dlamet .... hoi ... o r .. Ith ..... of '''7 flU ...... I. t.o .. t .. Ith 

.eeU ..... but ""I ..... ~iO' .. lIt orde"", eli.,. .. Ill ... !ur .. l.he<! •• • ho ..... 



MISCELLANEOUS REGULAR MATERIAL 

Material outlined in this section, like that of the Regular 
Shapes section, may be had promptly from frequent rollings. 

97 
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MUL TIGRIP FLOOR PLATE 
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w ... .. 
Sea. f oot, ....... 
31 .65 
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I~OO 

16.35 
13.80 
11.25 
~70 

____ -L ____ L-__ ~ ____ ~ ___ ! ____ _L __ _ 

,~ ... 
'''" 

ICI M 41 

CARNEGIE-ILLINOIS FLOOR PLATE 

0. .. 6 o.et12 0. .. 24 ()y,,~ 0. .. 48 0 .,,60 0 .... 
to l2 '0 24 1038 to 48 toU lOe6 to 12 

120 180 
180 200 

120 240 24ll 
120 240 240 
120 240 300 
120 240 300 
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120 240 300 

280 
300 
320 
340 
340 
320 
320 
320 

264 240 21 8 
300 260 240 
360 300 240 
360 300 240 
360 300 240 
360 300 240 
360 240 220 
360 240 200 

Tnquiries for pl ateR over U:" thick may be 8ubmitted for consideration. 
See page 37311. for additionnl information on Floor Plates. 

w ... 
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Sq. FOOl, ....... 
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26.55 
21A5 
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BARS ROLLED IN PITTSBURGH DISTRICT 

SQUARES 

O-t 
JSlll6 

Sise ~"to 2", inelusive, advancing by Mtlls. 
Stze 2~" to 3YS". induah-e, adva.ncing by 32da. 
Size 3,." to 5-"''', incluth'e, advancing by 16tlul. 

Square. ean .. Iso be rolled to decimal dimeruriODll, if 110 arranged. 
SqU&reI yf' and amaner can be furniahed in enil.!l. 

ROUND CORNERED SQUARES 

OJ''"' 
Sise Uti to ~", inclWlive, radiWi of rounding~" 
Over ~"to 15,,"," "" " ,",," 
Over 1:5,"," to 1~", " .." " ~" 
Over 1.!1" to 1~"," """ ,14" 
Overl~tlto5~"," "" " "" 

Sbell Dot li,ted will be eonaide~. 
Weight. approximately aame u Squaru of corrt!!pOnding Iri_. 

ROUNDS 

OJ~~ 
Sile .!-i" to It:(", ineiWlive, advancing by MthlI. 
Sise 115,"," to 3~". iociWlive, advancing by 32de. 
SizI! 3,," to 7" , incluaive, advancing by l6tha. 
Sbe 7.J,i" and 7~". 

Round... can .1S(l be rolled to decimal dimen.eioDll, if I(l arrt.nged. 
Round. ~" and amaller can be furni.shed in coila. 

HALF ROUNDS 

9 .... 
Sile ~"to Ji". inelulive, advancing by G4tha. 
Size "" to l~", inclusive, advandng by 16the. 
Size 2", 2~", 3". 

Weigbtl Are half the weightl of Rounds of cOITeaponding diametel1l. 

HEXAGONS 

O1s~ 
Size ~"to l ~", inclusive, advancing by 32ds. 
5i,e l~" to 3"", inclusive, advancinc by 16thB. 



BARS ROLLED IN CHICAGO DISTRICT 

SQUARES 

DJS1 .. 
Size Mil to ,,", intiuaive, advancing by 3Us. 
Si~e Ji" to 2~", inclusive, advancing by 16the. 
Size 2~" to 3J.i", inelusive, advancing by 4tlu!. 
Size %", u,G", ",",", ","", 4"", ",", t~", 1'£.". IIJ{s", ll~", 

1%", 1%",2%", 2rs", 4/', 
Siu various deeimalt! from .314 to 1.378. 
Si,ee up to and including Ji" can be rurni3hed in coi1ll. 

ROUND CORNERED SQUARES 

W''" 
Sile ~", Uti. 
Size l~" to 3Ji". inel~ive. adv&Ildng by 8tM. 
Size 11"", 2"",2,.", 3,",",4", 4%". 
2~i" Gothic rouod cornered lIQuare. 

WeighLII approximately nme AI equ~ of cOlTellponding aiaee. 

ROUNDS 

Size I,," to 1~", inclu~ive. advancing by MtNi. 
Size 1"" to 5~", ineiuaive, advancing by 16tbt.. 
Siu 5~" to 6}t''', ineiuaive, advancing by 8tbe. 
Size 11~". ll~", 21~", 2196", 5,,",6~". 

Size varioWl decimal. from .304 to 2.362. 
5i," up to 1"", inclusive, can be furnished in coile. 

HEXAGONS 

OJs~ 
Sile "" to "''', ineiusive, advancing by 32da. 
Size,." to 3"''', inelusi,·e, advancing by 16ths. 

Size ''''', ~"", "''', 1.418. 
Sizes up to Yii", inclusive, tan be fUrni,hed in coilll. 

'0' 



r ~'06~ ____________ ~ 

ROLLED STEEL PLATES FOR COLUMN BASES 

The following rolled widths and thicknesses arc standard sizes of 
rolled steel plates for usc as column bases. Selections from these 
8izes will facilitate manufacture and delivery. 

ROLLED SIZES 

All dimensions an! given in inchee 

''''~ 28.3 « •• 
14 x I 28 x 37i 44 x 5J.i: 

16 x l~ 32 x3~ 48 x 5J.i 
16 x 2 32 x 4 ... 6 

2'" 2 36:1t 4 
48 x 6~ 

2OJC2~ 36 x 4}i 52 x 6 
2'" 3 

40 x 4J,i 
52 x 6J.i 

2 .. 2 "' .. 56 x 6j.AJ 
24x2~ ".7 2 .. 3 " . 8 

All plalol an! or open hearth s tefl 
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ECONOMY TABLES FOR CB SECTIONS 
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l ji 
Hi 
l ji 
2 

2ji , 
'ji 
,~ 

'ji 
4 

4j{ 
4~ 

'" 5 

5j{ 
5~ 
5j( 
6 

WEIGHTS OF RECTANGULAR SECTIONS 
POUNDS PER LINEAL FOOT 

,,--""-:' 

1!4 2i.. '" 34" "" ~ !-N J1 % % IIAa ~ I~ h I", 1 

.053 .106 .159 .21 .261l .31 .3~ .42 .~~ .531 .584 •. ~ .691 .744.79 .850 

.106 .213 .319 .42 .531 .~ .7441, ~ .956j~.~ .16911.2751T.3811.488j1.594~.700 

.159 .319 .478 .~~.79 .95 1.11~.2~1 .4~~.5941 .75~1.913~.On~.2~!~.391E.550 

.213 .425 .638 ' .sse 1.06311.271'1,.7 ~~ll .913r-125l.338L"550~.763~.97T.188i3.400 

.266 .531 .797 .063 .3~1.59411.859~.125~.391 ~.656~.9~3.188~.453p.7191i3.98J25D 

.319 .638 .9561.27 .59411.913~.231~.550~.86~3.188?.5061!.82514.144~.463~.781~.100 

.an .744 1.116 .488jl.859~.231 ~.603,2.97513.341~.719~,0911"'.463~.83415.20615.578 5.950 

.425 .850 1.2751",125 2.5S0~.975J.4003.825r.2'.6755.1 00 5.5255.9506.375~.800 

.478 .956 1.434 1.913~.391 ~.869? 34~~.825~.303!!. 78~~.259!5. 738!6.216!6.69J. 1 J.650 
'5311.(1631'594C'~25 '65613'1~.7t9~'250~.781e.313~5.844!6'37516.906f1'438~'969~'500 
.584 1.1 69 1. 7S3t338 .92213.506~.091 ~.675!5.259!5.844 .42817 .013?-5~~.181 r.:' 766 9.350 
.638 1.2751.913i' .1883.82y.4635.1005.7386.375 .01317.6508.2888.9259.56310.20 

.S911.381 .on.7 .453!4.14414.834!5.525!6.2IS~.9~.597~.288!8.91819.66910.3611.05 

.744 1.488~.231 .975p.719
1
4.463 5.20615.95016.6941' .43¥.181 ~.92519.6691 0.41 1.16 1.90 

.7971.594E.391 .1~.98414.781 ~.57816.37517.1nI7.969:s.7S619.563110.3611.16 1.9512.75 

.850 I. 70'l550I'A~l25015.' 00

1

5.950
1

6.80"1"65"1"",,",.35010.20 11.05 I.~ 2.75 '.60 

.903 1 '806~'709~'613~'516~5'41916'322i7''12.5 18'12819'031~1 '934 0.8411.7412.6413.5514.45 

.956 1.913 .869 1~.825~.781 .73816.694?65018.6069.56310.52 1.48 2.43 3.39 4.3415.30 

.000 .OI93.028~.MBti.04 ~'05617'06618'07519'084110'0911'1 12.11 3.12114.1315.14 6.15 

.063 .125 '188r.250l'31Y'375i7A3818'50(r563~10'63 1.6912.7513.8114.si 15.94117.00 

.1162.231 .34~.4635.578S.694p.809~.92510.04 1.1 2.2 3.3914.50115.626.73r.7.85 

.1 69 .338 .506 .675~.844~.0138.181 ~.350 0.52 1.69 2.8614.0315.19116.3617.5~ 1 8.70 

.222 A44 .666 .8886.109?-131 ~.5539.77 l.CMlII~.~ 3.4414.6615.8817.11 8.3~!19.55 

.275 .5503.8255.100is.37517.650l.92t0.20 1.4812.7 4.0315.306.58I17..8519.13r OAO 

6~ .328 .656 .984 5.313IS.641~.96919.297110.63 1.95 3.2 14.6115.94 7 .2~18.5919.92j21.25 
6y'! .381.763 '1445'525~'90618'288 19'669~1'0512A3 3.81 5'1 9 1 6'5817'96r.9'34i2O.n~'10 
6" .434 .869 .3035'J.,ns.606110.04 l A 2.914.34 5.7817.2118.65 '08i'52~'95 
7 IA88 .975 04635.9 .438Is.925110.41 1.91 13.39 4.81 6.36 17.85 9.34 .83 .31 3.80 

77,i .541 3.081 .622~.163' .703!9.24410'!!j12.3313.8 15.41 6.95 8.49~'?l 1.5 .11 4.65 
7~ .594 3.188 .781 .375ji.96919.5631~1.1 12.75 4.3415.94 7.53 9.13 0.7~.31 3.91 5.50 
7~ .647.294 .941 '~'23419'881r.1.5313'1 ~14'8 1:.~ 18.12119.76~1.4!E:.06 4.70~.35 
8 .7°03AOOI5.'006.800r·,10.2or. 1.9 13.6 15.3 17.", 8'7i2004or'10r·~5.5Ol7.20 

87,i .753 .5065.259 .0138.766~10.S2~2.2 14.0315.~17.S: 9.2s;~1.~~.79F,!.54 6.30~.05 
8y'; .806 3.613150419 .225~.0311 0.8412.6414.45116.26 1~.~ 9.87~1'68~3A~'29' 7.09~B.90 

9 .913 '825 1~5'738 .65t.563jl1.48r.3.3915.3017.21 9.13 1.04 22'9524.66~'26'18e'69FO'60 
8~ ..859 .7195.578 .4389.29 ~ 1.16 ~.!!, 14.8816.73 8.5 OA5t,.31 4.1~r.:~.03 · 7.89~.75 

9!4 1.966 .931 .897 .8639.828!I.79r:,.76115.7317.69 19.SI 1.6 .59~5.55 7'52r:A~b1A5 
9~ .019 .D38~.056~O:~O.0912.11 4.1316.1518.1 O.!.21 4 .23~.24 .26 0.w32.30 
9~ .072 .144r.:.216 2~~0.36 2A3t4.5~6.58 8.65

1 
O. .79~4.86f6.93i2D.Ol 1.IJ8~3.15 

10 .125 .25016.375 .SOOIO.63 12.7514.88I17.00i19.13j21.25 3.3825.So;,27.63i29.75 1.88.134.00 



AREAS OF RECTANGULAR SECTIONS 
______ .-____________ ~S:Q~UARE INCHES 

Wid"'. 
,~. 

1» 
1J,i 
1", 
2 

2» 
2J,i 

2" 
3 

3» 
3J,i 

3" • 
'» 
' J,i ." 
5 

5» 
5J,i 

." 
6 

6» 
6J,i 

6" 
7 

7» 
7J,i 

7" 
6 

6» 
6J,i 

6" 
9 

9» 
9J,i 
9~ 

10 

Thkl< ....... ntMI 

'09 

• 



r <10 

lOY. 
10)« 
10% 

" 
11 ~ 
" )« 
11~ 

" 
" )« 

" " )« 
14 

" )« 
15 
15)« 
16 

" )« 
17 
17)« 

" 
" )« 
19 
19)« 
20 

20)« 
21 
21 )« 
22 

22)« 
23 
23)« 
24 

25 ,. 
27 
28 

28 
30 
31 
32 

WEIGHTS OF RECTANGULAR SECTIONS 
POUNDS PER LINEAL fOOT 



.. , 
AREAS OF RECTANGULAR SECTIONS 

SQUARE INCHES 



... 
WEIGHTS OF RECTANGULAR SECTIONS 

___ ;-____ -.,;p~O:.U::::.NOS PER LINEAL FOOT;... ________ _ 

"Thkl< ..... I ...... 

33 
34 

" 38 

37 
38 
39 
40 

" " 43 .. 
" .. 
47 .. 
49 .. 
" " .. 
54 

" .. 
" .. .. 
50 

" 62 

" 64 .. .. 
67 .. 
69 
70 
71 
72 



-. , ... 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 

" .. 
45 

" 47 

" 
49 
50 

" 52 

" 54 
55 

" 
57 

" 59 
60 

61 
62 
63 
64 

" 56 
67 .. 
69 
70 
71 
72 

AREAS OF RECTANGULAR SECTIONS 
SQUARE INCHES 

" 3 
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73 
74 
75 
78 

n 
78 
78 
80 

81 
82 
83 .. .. .. 
87 
B8 .. .. 
81 
82 

" .. .. .. 
97 .. .. 

100 

102 
104 
106 
108 

110 
112 
11. 
118 

118 
120 

WEIGHTS OF RECTANGULAR SECTIONS 
POUNDS PER LINEAL rOOT 



-,-
73 
74 
75 
76 

n 
78 
79 
80 

81 
B2 
B3 
84 

so .. 
87 
B8 

89 .. 
" B2 

B3 .. 
95 .. 
" .. .. 

100 

102 
104 
106 
108 

110 
112 
114 

"' 
118 
120 

AREAS OF RECTANGULAR SECTIONS 
SQUARE INCHES 

". 
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SQUARE AND ROUND BARS 
WEIGHTS AND AREAS 

Weight, " N, W .... , ,,~ 

Sbe, Lba. II« rooc ~1n<hH "" lb .. IMf f oot s.-.. InelI ... 

'""" 0 0 0 0 
lnell .. 

0 0 0 0 

0 3 30,60 24.03 ',000 7.069 
~ .013 .010 .0039 ,0031 

~ 
31.89 25.05 9.379 7.366 

t.! .003 .042 .0156 .0123 33.20 26.08 9.766 7.670 
.120 .094 .0352 .0276 34.54 27.13 10.160 7.990 

If. .21 3 .167 .062,5 .0491 If. 35.91 28.21 10.563 8.298 
.332 .261 .D9n .0767 37.31 29.30 ,.'" 8.618 

~ 
.478 .376 .1406 .1105 ~ 

38.73 30.42 11.391 8.946 
.651 .511 .1914 .1503 40.18 31.55 11.816 9.281 

)i .850 .668 .2500 .1963 )i 41.65 32.71 12.250 9.621 

~ 
1.076 .945 .3164 .2485 ~ 

43.15 33.89 12.691 ' .968 
1.328 1.043 ~'06 .3068 44.68 35.09 13.141 10.321 

% I.S01 1.'" .4727 .3712 ,~ 46.23 36.31 13.598 10.680 

ji 1.913 1.502 .5625 .4418 ji 47.81 37.55 14.063 11.045 

'tr 2.245 1.763 .6802 .5185 ,~ 49.42 38.81 14.535 11.416 
2.603 2.044 .7656 .6013 li 51.05 40.10 15.016 11.793 

% a988 2.347 .8789 .6903 ,~ 52.71 41.40 15.504 12.177 

1 3.400 2.670 1.0000 .7854 4 54.40 42.73 16.000 12.566 

\!i 3.838 3.015 1.1289 .9866 

~ 
56.11 44.07 16.504 12.962 

4.303 3.380 1.2656 .9940 57.85 45.44 17.016 13.354 
~ 4.795 3.766 1.4102 1.1075 59.62 46.83 17.535 13.m 

ji 5.313 4.172 1.5625 1.2272 

~ 
61 .41 48.23 18.063 14.188 

'" 5.857 4.600 1.7227 1.3530 63.23 49.66 18.598 14.607 

~ <428 5.(149 1.8906 1.4849 65.08 51.11 19.141 15.033 
7.026 5.518 2.0664 1.6230 66.95 62.58 19.691 15.466 

)i 7.650 6.008 2.2500 1.7671 )j 68.85 54.07 20.250 15.904 
'I, 8.301 6.51 9 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.B4n 2.2365 ,~, 74.71 58.67 21 .973 17.257 

ji 10.413 8.178 3.0625 2.4053 ji 76.71 60.25 22.583 17.721 
,~ 11.170 '.m 3.2852 2.5802 ~$ 78.74 61 .85 23.160 18.190 
fi 11 .953 '.398 3.5156 2.7612 90.80 63.46 23.766 18.665 
'," 12.763 10.024 3.7539 a9483 ''I, 82.89 65.10 24.379 19.147 

2 13.600 10.681 4,0000 3.1416 5 85.00 66.76 25.000 19.835 
~, 14.463 11.359 4.2539 3.3410 ~ 

87.1 4 68.44 25.629 20.129 

t.! 15.353 12.058 4.5156 3.5486 89.30 70.14 26.266 20.629 
16.270 12.m 4.7852 3.7583 '" 91.49 71 .86 26.910 21 .1 35 

ji 17.213 13.519 5.0625 3.9761 li 93.71 7>60 27.563 21.648 

it 18.182 14.280 5.34n 4.2000 it 95.96 75.36 28.223 22.166 
19.178 15.062 5.6406 4.4301 98." n,15 28.891 22.691 
20.201 15.866 5.9414 4._ 100.53 78.95 29.566 23.221 

)i 21.250 16.690 6.2500 4.9087 )i 102.85 80.78 30.250 23.758 

~ 
22.326 17.534 6."" 5.1572 ~ 105.20 82.62 30.941 24.301 
23.428 18.400 6.8906 5.4119 1t. 107.58 84.49 31.641 ~U50 

% 24.557 19.287 7.2227 5.6727 109.98 86.38 32.348 25.406 

~ 25.713 20.195 7.5625 5.9396 ji 11 2.41 88.29 33.063 2~967 
26.895 21.123 7.9102 6.2126 ,~ 114.87 90.22 33.785 26.535 

li 28.103 22.072 '.2866 6.4918 ~ 117.35 92.17 34.516 27.109 
''I, 29.338 23.042 8.6289 8.m! 119.86 94.14 35.254 27.688 

3 30.600 24.033 '.0000 7.0686 6 122.40 96.13 36.000 28.274 
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SQUARE AND ROUND BARS 
WEIGHTS AND AREAS 

w_. N " w "gIIt, NN. .... I..bI. per root SIr ............. .., Lb • . ", r oot Sc!uarl In:JI_ 
",," 0 0 0 0 '""" 0 0 0 0 

• 122.40 96.13 36.000 28.274 , 275.40 218.30 aT .OOD 63.617 

~ 
124.96 98.15 36.754 28.866 ~ 279.24 219.31 82.129 64.504 
127.55 100.18 37.516 29.465 )i 283.10 222.35 83.266 65.397 

" 130.17 102.23 39.285 30.069 " 286.99 225.41 84.410 66.296 

K 132.81 104.31 39.063 30.600 )i 290.91 228.48 95.563 67.21)1 

~ 
135.48 106.41 39.848 31.296 ~ 294.96 231.58 96.723 68.112 
138.18 108.53 40.641 31.919 299.93 234.10 87.891 69.029 
140.90 110.66 41.441 32.548 10 302~' 237.84 89.066 69.953 

It 143.65 112.82 42.250 33.183 ~ 306.95 241.00 90.250 10.982 
146.43 115.00 43.066 33.824 " 310.90 244.18 91.441 71.818 

li 149.23 llUt! 43.891 34.4n li 314.98 247.38 92.641 72.760 
% 152.06 119,43 44.723 35.125 % 319.08 250.61 93.948 73.108 

K 154.91 121.67 45.563 35.795 K 323.21 253.85 95.063 74.662 

~ 
157.79 123.93 48.410 36.450 '" 327.37 257.12 96.285 75.622 
160.10 126.22 47.266 37.122 

~ 
331.55 260.40 97.516 76-.. , 

163.64 128.52 48.129 37.800 335.76 263.71 98.754 n.561 

7 166.60 130.85 49.000 38.495 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 
tn.60 135.56 50.766 '~71 343.55 273.75 102.516 BO.516 
175.64 137.95 51.680 40.574 " 35U7 277.14 103.785 81 .513 

K 178.71 140.36 52.963 41.282 S 357.21 280.55 105.063 82.516 

~ 
181.81 142.79 53.473 41.997 361.58 283.99 106.348 83.525 
184.93 145.24 54.391 42.718 395.98 287.44 107.641 84.541 
188.07 147.71 55.316 43.445 10 370.<W 290.91 108.941 95.563 

~ 191.25 150.21 56.250 44.179 ~ 374.85 294.41 110.250 86.590 

" 194.45 152.n 57.191 44.918 " 379.33 297.92 111.586 87.624 
li 197.68 155.26 58.141 45.664 li 393.93 301.46 112.891 98.664 
% 200.93 157.81 59.098 46.415 % 398.36 305.02 11 4.223 89.710 

K 204.21 160.39 60.063 47.173 K 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 48.107 % 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 95.033 

~ 
221.01 173.58 65.004 51.054 

~ 
416.09 326.90 122.379 96.116 

224.45 176.29 66.018 51.849 420.80 330.50 123.766 97.205 
227.92 179.01 67.035 52.649 425.54 334.22 125.160 98.301 

)i 231.41 181.75 68.063 53.456 K 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 55.098 439.93 345.52 129.391 101.623 
242.05 190.11 71 .191 55.914 444.78 349.33 130.816 102.743 

~ 245.65 192.93 72.250 58.745 ~ 449.65 353.16 132.250 103.869 

'" 249.28 195.78 73.316 57.583 '" 454.55 357.00 133.691 105.001 
li 252.93 198.65 74.391 58.426 ~ 

459.48 360.87 135.141 106.139 
'hi 256.61 201.54 75.473 59.276 464.43 364.76 136.598 107.284 

~ 260.31 204.45 76.583 60.1 32 K 469.41 '68.68 138.063 108.434 

~ 264.04 207.38 n.660 60.994 '" 474.42 3n.61 139.535 109.591 
267.80 210.33 78.766 61.863 ~ 

479.45 376.56 141.016 110.754 
' ,," 271.59 213.31 79.879 62.737 484.51 390.54 142.504 111.923 , 275.40 216.30 81.000 63.617 12 489.60 384.53 144.000 113.098 
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TOLERANCES FOR CB SECTIONS 
f ---7'"- ____ IE f-- -;:---- -- .JE , -- I - .. ----1- , -- -- -----1-, 
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, 

i --- .. , : , , , -- " , , 
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6 
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ROLLING TOLERANCES 

A B C 
Slsa, ""~ 

WIDTH 0' C "'" 0 MAXIMUII 
E 

Fl.UIQ. OUT or SqUAU WII:II0rr 
o,~ 

OR P.l.RALLIIL 
D E I"TU AT 

CltNTII:R 
.>.NT POINT 

0 ... UNO •• Om UNOS. 

Up to IUld )j" ji" Ji" ll" C minWi D Not more th&ll Not more 
including 12" Not more than ,"," ~" over normal than Ji" 

Over 12" )i" )i" X" )ji" C minWl D Not more than Not more 
Not more than 34" U" DVe!' normal than 'jf" 

CUTTING TOLERANCES 

8'111, 
U. ro On.:R 3O'Q' SI'K',l.L TOWl:llANCU 30'-0", lHeL. 

D,~ 
Om UNDER OVIS UNDIIR 

Beama 8" ~" plue ~., for 
I<> li" W' etLch 5'-0" or fraction W' W"'~ tolerances ate ahown '" 24". inclusive thereof above 30'-0" Over, nothing under, the plUl 

""""" Mil plue ,"," for toierlUlOO applying to ordered 
over li" li" each 5'-0" or fraction W 1engtb ill the IIUlll of the plU11 
24" thereof above 30'-0" and minUII toleran_ IIho\lFfl 

in thil table. 
Column. ~" plUl U" for 

,II W W' each 5'-0" or h action W' 
Sizt)ll thereof above 30'-0" 

Ends Out of Square : \.ti" per inch of depth or Hange width if grea~r than depth. 
AllOWance for M illlnjJ : For material which iI to be milled customer ,hould 8tate on orden whether 

one or both ende tire to be mined, what allowance baa been made and whether we aNI to cut to 
at.aodard or llpeci.al tolerlUloe!l as pven above. 
We recommend for material to be mined that ordered lengtht be made .. fol1O'1'1'1 : 

For milling one end only: Firuabed lengtb plUil ~". 
For milling both ende: Finished len&th plus ~". 

Camber and Sweep: Tolerantell for BealDll: YtI" ]I; totall~~J!n feet) or ~" lO.uimum.. 

Where !lection. are llpeeified OD orderl fI8 COlumne
l 

the following tolerancea will apply: 
Lengthll up to BO'-O": .lin J: tot.allength (in eet). 

ten feet 
length" Over 30'.()": Not o"cr ~" total. 
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TOLERANCES FOR STANDARD BEAMS AND TEES 

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

~ _____ B-----... 
i i 

, --- '---L=--=::=' 
I 

T + T' - C 

ROLLING TOLERANCES 

A • C 

'*------8 -____ -a. . . , , , 

I 
, , , 
~ , 

I ! 
~-----. 

SUI!:, D.~ WIDTH 0' OUTOP WIl IOIIT 
FJ..ANOf;!! SQUARE 

D,~ 
O. 

OV~I~ UND&R OVER UNDI:':R PARALLEL O\-ER UNDIo:R 

3" to 7", Ind. ,"" )i" W W ,"" 27!i% 2~% 

8" to 14", Incl. W ,"" l{," ,"" per Inch 2}<l% 2~% of Fi&nge 

15" to 24", Inel. )i" W' %" )i" 
Width 

2~% 2Y.i% , , 

CUTTING TOLERANCES 

U,ro OVER 10'-0" OVER 20'-0" OVER 30'-0" OVER 40'-0" 
SUIl, 100·O",INCL.. ro ro ro ro OVER 50'-0" 
D.~ 20' .. 0", iNCL. 30'-0", lNcL.. 40'-0", INC!.. 5O'-O", INCL. 

OVF.R UNDE O~. UNDE Om fUNDI: Om NO< Om '"' OVER t'i'DEII. 

Structural 

"'~ %" ji" ~" ~" ~" ~" %" W' }i" :VB" 1" ~" 

Structural 
T_ 1/11 

7< 0 ~" 0 ~" 0 1" 0 17i''' 0 IX" 0 

Cold or Hot Sawing Off Square: ~" per Inch of Depth. 

Camber Tolerance ... ~" x totallcn~h (in feet~ .. 
five feet 

Weight Tolerances are ba&ed on each abipmeDt eonsiatiog of carload \0111 or rrMtion thereof of the 
Bame figured or ordered weight per Linear Foot &II the ClI/le may be. 

• 
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TOLERANCES FOR CHANN ELS 

... --B--., , , , , 
.-----f-' --" , ~ , , , , , , , 
of , , , , , , , , t _ ___ _ 

, 
L __ 
,f-- .. 

~ 

T + T' -C 

ROLLI NG TOLERANCES 
~ 

A • C 

SIZE, D,~ 
WIlYI'll OF OUT or WEIGHT 

D'~ 
FloANGEli SQUARE 

'" 
OVER UNnER Om UNDER P ,l.flAl,l,la, Om UNDER 

3" to 7", Incl. "/' l>" W' W' li{' 2~% 2~% 

8" to 14", Incl. W' li{' VB" ,"" 
per Inch 

2}<2% 2~% of FlaDge 

15" to 18", IncL »>" )i" W' )i" Width 2~% 2~% 

CUTTING TOLERANCES 

U,ro OVt:R 10'-0" OVER 2()'..()" OVER 30'-0" OVER 40'-0" 
SitE, 

DJ;;PTll 

Structural 

ro ro ro ro 
10'-0", lNel.. 2O'..()",INCI.. 3O' .. 0",INCL. 40'-0", INCL. 5O'-O",I:;c1.. 

OVER 

~" 

KDE Om UND£ OVER NOE OVER UNDER OVER 

W' %i" %" Va" %i" %" %i" U" 
Cold or Hot Sa\\ing Off Square: ~"per Inch of Depth. 

Camber Tolerance "" %" x tota.lle~gthr (in foot). 
ve eel 

NDE 

Ys" 

OVIlR 50'..(1" 

OVER NDEII 

I" Ya" 

Weight Tolerll.Ilee8 are based on ea.eh 8hipment consisting of carload Iota or fraction thereof of tm; 
aarne figured or ordered weight per Linear Foot as the case may be. 



TOLERANCES FOR STRUCTURAL ANGLES AND ZEES 

cc 
~-- r-' , , ' , , , 

f--" ,r-. 
, I I i I 
I " I, 
: , 1 I 
: , I 
B ' 1 , , , 
: \ ~ I 
, ' I ~ , i ,I 
L ___ ~===:~, 

, , 
1,, ________ B--------.... 

:---- -8----"'": 
, ' 

'D 

- D 

--. , , 
, , , 
A , , , , 

Cf----c------- : C! --- ",_: __ --- , ____________ .Y 

L---:-- : 
.. ------ B----- ... 

ROLLI NG TOLERANCES 

A B D 
SIZE, DEPTH 0' LENGTH 01" C WEIGII't' 

GAOE 
LENOTH GAOfJ! SECTION 0' L£o OUT 0' 
or LEO SQUARE 

Om UN!)!: Om [USDM OVER UNO I:R OVER USOEII 

3" to 4", Incl. All W' Ji" W' ,"" 
I~Oor%28" 

2}<2% 2}2'7'0 2).1 % 2.J.i% 

5" to 6", Incl. All W' Ji" W' Ys" per Ineh of 2Y.i% 2Y.i% 272% 2}<;j% 
Leg Length 

Over 6" All W' Ji" Ji" W' 272% 2.\1% 2%% 2Y.i% 

CUTTING TOLERANCES 

u, ro OVER 10' .. 0" OVl:R 20'-0" OVER 30'-0" 
SIU, ro ro ro 0,'"1:& 40'-0" 

LJ:NOTH OA.OU 
10'-0", INC!" 20'-0", INC!" 30'-0", lNCL. 4Q'..()", INCL. 

or L EO 
~"I)E UN O!: UNOE OVER OVER OVf. ft UNDE O~. QV1:a UNDER 

Structural All a/." •• 0 ~" 0 ~" 0 1" 0 1.\4" 0 

Cold or Hot Sawing OtT Square: I Y.; Degrees or l}hs" per Inch of Leg Length. 

Camber Toler&Dee ... Ys" x totalle;gt~ (in foot). 
ve ad 

Weight TolerlUleeJ lU'e baaed on each llhipment oonaisting of carload Iota or fraction thereof of the 
Bamc figured or ordered weight per Linear Foot all the C/Lf!e may be. 

Longer Leg of Unequal Leg Angle determinea size [or ToleraDCCII, 
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SURFACE IMPERFECTIONS 

Surface imperfections in structural shapes may be removed by 
chipping to a depth ncceasn.ry 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 
limits: 

}» inch deep in base metal which iB from 0.375" to 0.400" thiek 
J.i" " .. " " " "" 0.500 toO.OO9 .. 
u " " .. " " " 1.000 to 1.999 . ~ " ro " .... " " " '2JX)O to 3.500 " 
After the imperfection has been removed, inspection must be 

made by the mill inspectors and may be made by buyer's inspector. 
Upon acceptance, weld metal shall then be deposited in the de
pression and extend at least }i inch above the rolled surface. 
The deposited metal shall be sound throughout and be free from 
excessive oxides, non·mctaltic inclusions and gas pockets. I t shall 
penetrate every recess in the base metal a nd shall be thoroughly 
fused with it along all surfaces and edges of fusion. Along thc 
edges of deposit the weld metal shall merge with a gradual taper 
into thc base mctal without rc-cntrant projection (overlap). The 
base metal along the edgcs of the removed area shall not be reduced 
in thickness (undercut) by welding operator. 

After welding, all mctal projecting above the rolled surface 
shall be rcmoved 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 3M inches. The maximum 
length that can be conveniently handled is 75 feet, but all the 
sections and weights cannot be furnished to this length. 

Cambering is subject to a plus or minus tolerance of % inch at 
mid-length of beam. 

MINIMUM LENGTHS AND MAXIMUM CAMBEll 



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 decrcaso 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 valuCli 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 eeonomy by a beam of less 
depth. In general, thc shapes given under the heading "First 
Selection" are the most economical. There are, however, cases in 
which deeper beams of equal economy arc 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 moat economical 
en Section for the given conditions of required strength and 
depth. 

EXAIIPLE. Selec' a beam for _tion modu1~ of 150 with depth not. O\'U 17 
il'lchee. 

In the table, opposite the next higher I&Ction mooulUl, namely ll'iO.6 we find 
that cn 211 11: 73 is the mOllt CC(lnomiealllCetion but since the depth mU$. be 1_ than 
17 inchl'lll, we find under oolumn "Third Selection" that cn 163 11: 88 i~ the proper 
one to U5e. The actual depth of thie IMICtion is 16.16 inehee and the I&Ction modulUl 
151.3 incrnr. 

All beams are to be secured against lateral deBec~ion. 

• 
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ECONOMY or CB BEAMS BY SECTION MODULUS 

...... CB SteTION- INDEX AND WEIGHT PER fOOT 

-~ "'" -- Third , .... "'" ... '- ' "' ..... "'k"" "'~ .. "'~ .. ... - "'-
1105.1 CB 362 It 300 
1031 .2 CB 362 )( 280 

951.1 CB 362 x 260 

I 911.7 CB 362 x 250 
873.' CB 362 x 240 I 835.' CB 362 II 230 
811.1 CB 362 11.230 CB 332 It 240 
740.6 CB 332)(220 

70M CB 332 )( 210 
669.6 CB 332 II 200 
663.' C8381 x 194 CB 332 I 200 
649.9 CB 361 )( 194 CB 332 l 200 CB 302)( 210 
621.2 CB 361 )(182 CB 332 x 200 CB 302 It 210 
617.6 CB 361 )( 182 CB 332 x 200 CB 302)( 200 
586.1 CB 381 1182 CB 302 x 190 
579.1 CB 361 It 170 CB 302 x 190 

555.2 CB 361 II 170 CB 302)( 180 
541.0 CB 361 )( 160 CB 302 It 180 
528.2 CB 361 )( 160 CB 302)( 172 
502.9 CB 361 l150 CB 302 It 172 
492.8 CB 381 )( 150 CB 302 I 172 CB 272.177 ..... CD 361 )( 150 CB 331 )( 152 CB 302 I 172 CB 272 It 177 
452.9 CB 361 11.150 CB 331 II. 152 CS27'2xl63 
"SA CB 331 II. 141 CB 272 x 163 

427A CB 331 x 141 C6272)(I54 
413.5 CB 331 II 132 CB 272 II 154 CB 243 It 160 ..... CB 331 x 132 CB 272 11 145 CB 243 x 160 
385.. CB 331 x 132 CB 272 It 145 CB 243 x 150 
385.1 CB 331 )( 125 CB 272 x 145 CB 243 x 150 
379.7 CB 331 x 125 CB 301 x 132 CB 272 x 145 CB 243 x 150 
358.' CB 331 x 125 CB 301 x 132 CB 243 x140 
354.' CB 301 x 124 CB 243 x140 

330.7 CB 301 x 124 CB 243 x 130 
327.' CB 301x118 CB 242 x 130 
317.2 CB 301 x118 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 CB 242 x 120 CB 213 x 132 
277~ CB 271 x 108 CB 242 x 120 CB 213 x 132 
274.4 CB 271 xlCf1 CB 242 x 110 CB 213 x 132 
272.5 CB 271 x 106 CB 242 x 110 CB 213 x 122 

255.3 CB 271 x .. CB 242xl10 CB 213 x 122 
249.8 CB 271 x .. CB242xl10 CB 213 x112 
248.9 CB 271 x " CB 242 x 100 CB213x112 
239.0 CB 271 x .. CD 242 x 100 CB213xl12 CB 183 x 124 
233.2 CB 271x 91 CB 242 x 100 CB213xl12 CB 183 x 124 
220.9 CB 271 x 91 CB 241 x 94 CB 213 x 112 CB 183 x 124 
220.1 CB 271 x 91 CB241 x 94 CB 213 x 112 CB 183 x 114 
216.0 CB 271 x 91 CB 241 x 94 CB 213 x 112 CB 183 x 114 CD 145 x 136 

213.1 CB 271 x 91 CB 241 x 94 CB 212 x 103 CB 183 x 114 CB 145 x 136 
204.3 CB 241 x 67 CB 212 x 103 CBl83x114 CB 145 x 136 
202.. CB 241 x 67 CB 212 x 103 CB 183 x 105 CB 145 x 127 
197.4 CB241 x 67 CB212 x 96 CB 183 x l05 CB 163 x 114 CB 145 x 127 



... 
ECONOMY OF CB BEAMS BY SECTION MODULUS 

M= I. CB SECTION- INDEX AND WEIGHT PER rOOT 

'nchu' ,,~ 
._. 

'"" ,,- "'" "'" "' ..... "'~ ... .. ~ ... ..~ ... ..- ..----
189.4 CB 241 .. 87 CB 212)1 .. CB 183)1 105 CBl63x114 CB 145 x 119 
185.8 CB 241 x 80 CB 212 x 96 CB 183 x 105 CB 163 x 114 CB 145 It 119 
184.4 en 241 x 80 CB 212 x .. CBI83 .. 96 CB 163 x 114 CB 145 x 119 
182A CB 241 x 80 CB 212 x 89 CBl83x 96 CBI63x114 CB145x119 
181.7 CB 241 x 80 CB 212 x 89 CBl83x 96 CB 163 x 105 CB 145 x 119 
176.3 CB 241 x 80 CB 212 x 89 CBI83x 96 CB 183 x las CB145xl11 
1'1tl.4 CB 241 x 74 CB 212 x 89 CBl83x 96 CB 163 x 105 CB1451111 
168.0 en 241 x 74 CB 212 x 82 CSlS3x 96 CB 163 x 105 CB145xl11 

lSO.1 CO 241 x 74 CB 212 x 82 CB 183 x 96 CB 163 x 96 C8145xl11 
163.4 CD 241 )( 74 CB 212 x 82 CB 183 x 96 CB 163 x 96 CB 145 x 103 CB 124 x 120 
156.1 CD 241 x 74 CB 212 x 82 CB 182 x 85 CB 163 x 96 CB 145 It 103 CB 124 x 120 
151.3 CB 241 x 74 CB 212 x 82 CB 182 x 85 CB 163 x .. CB 145 x 103 CB 124 x 120 
150.6 CB 211 x 73 CB 182)( 85 CB 163 x 88 CB 145 x 95 CB124x120 
144.5 CB 211 )'; 73 CB 182)'; 85 CB 163)'; 88 CB 145)'; " CB 124 )'; 106 
141.7 CB 211 )'; 73 CB 182)'; T1 CB 163)'; 88 CB 145)'; 95 CB 124)'; 106 
139.9 CB 211 )'; sa CB 182 )'; T1 CB 163)'; 88 CB 145)'; 95 CB 124)'; 106 

138.1 CB 211 )'; sa CB 182)'; T1 CB 145)'; 87 CB 124 )'; 106 
134.7 CB 211 )'; sa CB 182)'; T1 CB 145 )'; 87 CB 124)'; 99 
130.9 CB 211 )'; sa CB 182 )'; T1 CB 144 )'; 84 CB 124)'; 99 

"I 128.2 CB 211 )'; sa CB 182 )'; '" CB 144 )'; 84 CB 124)'; 99 
127.8 CB 211 )'; 63 CB 182)'; '" CB 162)'; 78 CB 144)'; 84 CB 124 )'; 
125.0 CB 211 )'; 63 CB 182)'; '" CB 162)'; 78 CB 144)'; 84 CB 124)'; "I 121.1 CB 211 )'; 63 CB 182)'; '" CB 162)'; 78 CB 144 )'; 7B CB 124 )'; " 119.3 CB 211 )'; 59 CB 182)'; '" CB 162)'; 78 CB 144)'; 78 CB 124 )'; ,, ' 
117.0 CB 211 )'; " CB 182)'; 84 CB 162)'; 78 CB 144 )'; 78 CB 124 )'; :;1 115.7 CB 211 )'; 59 CB 182 )'; " CB 162)'; n CB 144 )'; 78 CB 124 )'; 
11!.3 CB 211 )'; 59 CB 182 )'; " CB 162 )'; n CB 143 )'; 74 CB 124 )'; 85 CB 103 )'; 100 
107.1 CB 211 )'; 59 CB 182 )'; " CB 162 )'; n CB 143 )'; 74 CB 124 )'; 79 CB 103 )'; 100 
, .. 2 CB 211 )'; 59 CB 182)'; " CB 162)'; " CB 143 )'; 7. CB 124 )'; 79 CB 103 )'; 100 
103.0 CB211)'; 59 CB 182 )'; " CB 162 x " CB 143)'; sa CB 124 )'; 79 CB 103)'; 100 
99.7 CB211)'; 59 CB 182 )'; 64 CB 162 x 64 CB 143 x sa CB 124 x 79 CB103)'; 89 
98_' CB 181 )'; " CB 162)'; " CB 143)'; 68 CB 124)'; 79 CB 103 )'; 8' 
97.5 CB 181 )'; 55 CB 162 )'; 64 CB 143)'; sa CB 124 )'; 72 CB 103)'; 89 
94.1 CB 181 )'; 55 CB 162 )'; ,. CB 143)'; sa CB 124 )'; 72 CB 103)'; 89 
92.2 CB 181 )'; " CB 162 )'; ,. CB 143)'; 61 CB 124 )'; 72 CB 103)'; 89 
69.0 CB 181 )'; 50 CB 162 )'; ,. CB 143)'; 61 CB 124 )'; 72 CB 103)'; 89 
88.' CB 181 )'; 50 CB 162 )'; .. CB 143)'; 61 CB 124 )'; 65 CB 103)'; 89 
86.1 CB 181 )'; 50 CB 162 )'; 58 CB 143)'; 61 CB 124 )'; 65 CB 103)'; T1 
85_8 CB 181 )'; 50 CB 162)'; ,. CB 143)'; 61 CB 123)'; 64 CB 103)'; T1 "-, CB 181 )'; 50 CB 162)'; .. CB 142)'; ,. CB 123)'; " CB 103)'; T1 

82-' CB 181 )'; '7 CB 162)'; .. CB 142)'; ,. CB 123)'; 64 CB 103 x T1 
SO_7 CB 181 )'; .7 CB 161 )'; 50 CB 142)'; ,. CB 123)'; 64 CB 103)'; T1 
80.1 CB 181 x .7 CB 161 x 50 CB 142)'; .. CB 123)'; 64 CB 103 )'; 72 
78.1 CB 181 )'; .7 CB 161 )'; 50 CB 142)'; ,. CB 123)'; 58 CB 103)'; 72 
T1A CB 181 )'; .7 CB 161 )'; 50 CB 142 )'; " CB 123)'; 58 CB 103)'; 72 
73.7 CB 181 )'; .7 CB 161 )'; 50 CB 142)'; " CB 123)'; 58 CB 103)'; 56 
72_' CB 161 )'; .5 CB 142 )'; " CB 123 )'; ,. CB 103)'; 56 
",_7 CB 161 )'; '5 CB 142)'; " CB 123)'; " CB 103)'; 56 

70.2 CB 161 )'; '5 CB 142 )'; '8 CB 123 )'; " CB 103)'; 56 
67.1 CB 161 )'; 45 CB 142 )'; 48 CB 123)'; " CB 103)'; 60 
84_7 CB 161 )'; .5 CB 142 )'; .8 CB 122)'; 50 CB 103)'; 60 
64_' CB 161 )'; ., CB 142)'; 48 CB 122 x 50 CB 103)'; 60 



,.6 

ECONOMY OF CB BEAMS BY SECTION MODULUS 

~5 1 C8 KenON- INOEll AND WEIGHT PER rOOT 

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

62.7 CD 161 I 40 CS 142 x 43 C8 122 x 50 CS 103 x 60 
80.7 CS 161 II 40 CS 141 x 42 CS 122 x 50 CS 103 x 60 
80.. CS 161 I 40 CB 141 )I 42 CS 122 x " CB 103 II 54 CB 83, 67 
58.2 CS 161 x 40 CS 141 x 42 CS 122 x " CB 103 x 54 CB 83, " .... CS 161 x ,. CB 141 II 42 CS 122 x " CB 103 x 54 CB 83, " 54.6 CS 161 x ,. CB 141 II 38 CS 122 x " CS 103 x 49 CB 83, 67 
51.9 CS 161 x ,. C8141 x 38 CS 122 " 40 CS 103 x 49 CB 83, .. 
49.1 CB 161 x ,. CB 141 x 38 CS 122 x 40 CS 102 x " CB 83, 58 

48., CS 141 x 34 CS 122 x 40 CS 102 II: " CB 83, .. ... CB 141 x 34 C8121 x 38 CS 102 It " CB 83, .. 
44.' CB 141 x 34 CB 121 x 36 CB 102 x 41 CB 83, .. 
43.2 CS 141 x 34 CS 121 x 36 CS 102 x 41 CB 83, .. 
41.8 CS 141 x " CS 121 x ,. CB 102 x 41 CB 83, 48 
40.7 CS 141 x " CS 121 x 32 CS 102 x 41 CB 83, 48 
39.9 CO 141 x " CS 121 x 32 CS 102 x 37 CB 83, 48 
3>, CS 121 x 28 CS 102 II 37 CS 83 x 40 

35.0 C8 121 x 28 CB 102 x 33 CB 83, 40 
31.1 CB 121 x 28 CS 102 x 33 CB 83, " ,.. CB 121 x 25 CS 101 x 29 CB 83, 35 
29.3 CS 121 K 25 CS 101 x 29 CB 83, 33 
21.6 CS 121 x ,. CS 101 x ,. CB 83, 33 
21A CS 121 II: ,. CS 101 x 26 CB 83, 31 
25.3 CBl.12 x 22 CS 101 x 28 CB 83, 31 
24.1 CBl.12 II: 22 CS 101 x 23 CB 83, 31 

23.' CBl12 x 22 CS 101 x 23 CB 62, 21 
21A CBl12 x 19 CS 101 x 21 CB 62, 27 
20.6 CBL 12 x 19 CB 101 x 21 CB 82, 24 
18.8 CBl12x 19 CBll0 x " CB 62, 24 
laD 

CBLl" !~ 
CBll0 x " CB 61, 21 

175 CBl12x18 CBllO x " CB 61, 21 
162 CBl12x18 CBL10x 17 CB 61, 21 
16.0 CBl12x18 CBL 10 x 17 CB 61, " 14.1 CBL 12 Xl~~ CBll0 x 17 CB 61, 17 
13.8 CBL10x 15 CB 81 x 17 
11.8 CBL10x 15 CBL 8x 15 
10.1 CBll0 x 15 CBL 8x 15 CBl B x 16 
9.' CBl 8JC 13 CBL Bx 16 
7.2 CBl 8x 12 

, , 



ELE~IENTS OF SECTIONS 

In the computation of t.he values of structural shapes for the 
various conditions under which they are subjected to stress, 
the following mathematical expressions are used. 

Neutral Axil is the line, in the cross section of a beam or column 
in a state of flexure, on which 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 elastic limit of 
the material. In the usual position of structural sections there 
arc two neutral axes, perpendicular to each other, their normal 
position with relation to the section being designa.ted by x and y. 

Moment or Inertia, I. is the 8um 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 Modulus. 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 
the bending moment by the section modulus referred to neutral 
axis normal to line of action of the load; both values in like 
units of measure. The section modulus required is obtained by 
dividing tbe bending strcss by tbe 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. 

nadius 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 
as the actual area. The radius of gyration of a section referred to 
a neutral axis, or any axis of moments, is equal to the square root 
of 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 safe 
load this section will sustain wben used in compression, as a strut 
or column. The unbraced length in inches of the section in com
pression divided by the least radius of gyration is its ratio of 
slenderness, llr. 

"7 
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GENERAL NOTATION IN FORMULAS 

The following notation applies to formulas and tables for 
clements or physical properties of sections, nlso to flexure formulas 
and other dat.a given for beams under various loadi ng conditions: 
A - Area of section, in square inches. 
n _ Distance from ccnter line of gravity to erlreme fiber, in inches. 
I _ Moment. of inertia about ccnter line of gravity, in inchcs4. 
M. _ Static moment, in inchcs8 . 

S _Section modu lus, in inchcs8 . 

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 Hange of section, in inches. 
d - Depth of section, in inches. 
B _ Minimum eod bearing fo r maximum allowable shear in web. 
L - Length 01 ~ction, in feet . 
l - Length of section, in inchcs. 
W, Wl, W, -Supcrimposed loads supported by beam, in pounds. 
w _ Superimposed load, in pounds per unit length or arca. 
Wmas - Maximum safc load at point given, in pounds. 
R, Rl _ Reactions at points of support, in pounds. 
V _ Vertical shear, in pounds. 
M, Ml, M2- Bending moments at points given, in inch pounds. 
Mill&>: - Maximum bending moment, in inch pounds. 
M~ _ Maximum resisting moment, in inch pounds. 
D, Dl - 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 uniform cross section are the following: 

I _ Arl r _ Vi 
A 

The moment of inertia, h , which is about an axis parallel 
to the neutral axis of the section and at z distance from it, 
IS: h - I +Az2 . 

The moment of resistance to the internal stresscs of a beam 
resisting flexure must be equal to the moment of the external 
forces producing bending. 

Mr -l\1mu - f-l - f S. 

The moment of resistance and the bending moment must., 
therefore, be expressed in same units of moment, force times 
length, gcnerally in inch-pounds. 

The modulus of elasticity is the ratio between unit stress ami 
the elongation caused by thnt. stress in onc unit. of length, up to 
the elastic limit; for steel the modulus of clasticity is 29,000,000 
pounds per square inch. 
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ELEMENTS OF SECTIONS 

A - d' 
SQUARE 

d 
AIlI •• , ."",.,n 1oo Ib ... u~h ,..,ntoo. • - T 
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ftOIin or . .. .. It,. .. 
" - d • - -,- -. °B " : : , .. "" ' , . - ,,-

, d 
W q- _. -I : S", - ,. 

"" : I __ _ J 
d , r,. , _ -;r;; - 0.236703(1 . . , -

TRlA."WL£ bd 
A - ., 

Asia of ...... _1& oa buo 

'DO'" • - d 
· . "'" · . , 1

"
, - .,-

, d 

"'" , ' 5,. , _ · , 
" I' --tt d .. --- 10 -- . - f lo' - To - 0.4082484 
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ELEMENTS OF SECTIONS 

JU:CrA''i'GLE • - bd 

~ of ,",._1.0 tbrOIl.t. <>ea. , 
• - ,-

a I,., bd' • - -w '1 ,_. :-. . 
B, •• _ bd' . · . -,-

'--OJ :_ .. J , .,., -~ - 0-288676\1 ~-·-, b ---_ v" 

RECTANGLE A - bd 
AJd. of _ .... ,...UI _ ... 

• - , 

'-0 " I,., bd' 
1 : - -, : : · , bd' : : 8,., - -3-· , , , 

Ii... ·Jl , 
, , r , .• - '" -

0-677860d - b --· ... 

RECTANGLE A - bd 

ht.., ... _1.0 oa"~ bd 
,~, • - "'b'+d" 

" , 
" '.' 

bl d l - II (b'+41') 

'f ---- -, h ' d' 8,., - 6..} b'+d' • , " 
L •.•. __ ... b bd 

,,/ r, .• - ..J 6 (b'+d') 

RECTANGLE A - bd 
A ,d •• ' __ 1.0 IWoT )h .. 

blina+doc.a U.n. .. b ceDI ... of ..... Ill' • -

~ 
, 

' .. - bd (b ' .tal .. + d ' (!IX' .. ) 

" .., --r=-:~" -I 8,., _ bd (b' aln' .. + d' 001 ' A) , ' lI {bana + d.:o..) 

L.~_._ .. >~ V b' an' .. + d' COlI' .. . ,., -
" " 

TRAPEZOID A - d eb + b,) , 
M', of mOMent. tb ....... d eb, + 2b) d (b t 2b,) ,.,."u. of cn1'llf' • - 3 (b + b ,) ., - 3 (I>+b" 

:--b.-: 

iE-' 1,.,- d l (b ' +" bb, + b"l 
36 (b + b ,) 

,- --- ... ! 8, .• _ d'{b' +" bb, + b,. ) 

:": i-.J 12 (b,+2 b) 

- ••••• b _ ••• _ 
r"1 _ d ,J2 <13' + 4 bb, + b,') 

Ii (b + b" 



ELEMENTS OF SECTIONS 

REGULAR POLYGON 
.uia or __ 11110 ... ,. outor 

",". ...• , 
A 

n - Nwnber of Sidell 

U na' cot 4>- ).inR' l in 2+ -0 no ' tan '" 

R- lI:n. J'. - R,_ 2~n • 
A(8R' a t ) 

1 .. , - 24 
A{l2R,'±a') 

1 •• - 48 

CIRCLE 

MI. of ·.o_to 
throu.1I .... ter 

8, ·····1 
, ---- "" 
i: : L___ _ ____ . .; 

HALF CIRCU: 
Ad, of mOlnut. thl'O~.h 

otftter of .... ItJ' 

~J · ., 

m 

· . . "--" d -_ .... 

HALF ELLIPSE 

_J.~ .. 

r .. , -

A -, 
1",_ 

s,.t-

f'.I -

A 

, 
1,_, _ 

8,.,_ 

f ,_ I _ 

· ,. -.-
.l!. , · , . .. .,. .,,-, 
T 

-~. 

-. .. ' -, 
.~ -, 
• -, 

s •• - A (12it,' + al ) :uit, 
• _ \ '12 R" ± I.' 

... ~ 411 

0.78540 d'- 3. 14159 r' 

O.().I,9O!) d < - 0.78540 r' 

.. ' _ 1.67080 r' -,-
• (' -3~) -o .. n~r ,,- ;;_0.424041 r 

"(' -.!) , .. - 0 ,10970 r' 

~ (9r'- G4'_O.I 9069rl 
24 (3'1'"-4' 

• 1/9""-64 

•• - O.2CI434 r 

• J ' i • . i,.. 1." 3: . to .... tTI 
• I . . 

) "'-i'll"ab' I ... -t ... . ·b 

I .... -a.b (.!!:-...!.. ) . .. 
QUARTER ELLIPSE .... - °i" 1 

P -~A - 'II'"} ab 
,'-211~ -~ 

• m 
_ J.!. 

or 

"'1 - r. 1I'ab' 

I,...-ab' ( .!._..!. ) I. • ... 

1 .. ·-h r a 1b 

1 .... -a.b(L . ..!...) '. . ... 

~--... , " ~2 
p _ paralIIotW A 

1'-:I:pr. 

I,.,- -f.-b• 
I ... -t!it.bl 

1._.- ,'o· ••• b 
1 ... - I:' .'b 

PARABOLIC COMPLEMeNT 

,., 
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ELEMENTS OF SECTIONS 
Am or Momenta through Center of Grarit,.. 

---- -- --

• -d'-d,' A -,.. (d' , d ,') 

.~- "r~ • -t d 
:" '''1""1 • -2" 

.~ ~ r-.d d'-d,' 

~ 
r\"'-d,') 1 •.• ---,-,- • • : x' 

: . ' 'i 
1 .... - iR · . d' - (I! ' " S,"--.;a-- r (d'-d,' ) 

:'---d-'''': 
i___ _ __ .r 8 .. . - 3M 

r , •• - "\fl ' t2d l
' \d'± d,' 

rL-L --~ 

--- ----

• - bd-b,d, A - bd-2&c 

'fral" 
d .... ·r ..... d • -2 'ill;' • -, · " , ' .. 1, 

J ~, })d'-b,d,' 4,,. , . __ e 1 .. ,- bd' - 2a,c' 

i1 ;:' I i 
1, •• ---,,-.- " , 1, 1 , 

bdl -:lac' bd'-b,d,' .. . 
t ' -'t · , s ... _ 
· , -. 8, .• - i'iiI t _. . ,," .. 

'---b - ... 
~. b ,d,' 

"--b---~ 
~ ' 2'acl f ,_,_ r,., - I::!X 12,\ 

• - 2dt,t .. t 
" - tat d) 

U" 
d"t, + ft'. _~ttit •• • - A 'lkJ • 

.t.- • '.-~ 
I ~,dl+.,," UP + at> J 9 .- , - 3 .. ' d : ~ l"" --;r--- A:l' ,1 --II~:t it ,- tl , t _, . • , 

L , , _, ' 8"' - iI=i ""-" b-'~ , S"'-a_l< 
"·' b-·'" V+ \j{ r "I_ f,_. -

• --

• - dt.tb,t.tah A - bttb,t, 

_t·.~ ~d ·t."H t, 'b, tl!.t.(d::Jto) ... - b ·--.. M(d-\t)+ib,t,· 
~ .- ' ::d ~ tl • - A rt=~;:3-\ • - A ., 

J _ b,. ... b,c,·+<.+tly&;l.c.· · . . b~' b,t,. : ~ e. ~ ., l-·- ~ 1 .. ,- n+btz'+"'l2+b,t,z,. \I ±;:-~_ ,-, 3 
· 1 1 • 

it ,,~,..t , ! ,,&, . 
I 

L~ 
, 

S>- '- T • . , . ~ t, 8'.' - d-i: l t, 
.. ···b···.,: 

,",-· - v1 r'_I-~ 
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FORMULAS FOR ELEMENTS OF ROLLED SECTIONS 

The formulas 011 the following pages arc for the computation of 
the clements of the sections as tabulated on preceding pages, and 
are based upon the theoretical straigbt-line dimensions, treating 
the sections as made of simple geometrical figures, rectangles, 
triangles, etc., 'with or without an allowance for fillets and round
ings in accordance with the following rules: 

eB Section.. Areaa and Elements arc based upon rectilinear 
dimensionS, with allowance for fillets. 

The weights are based upon the total area with allowance for 
fillets. 

Deama and Channel.. American Standard Sections. Areas and 
Elements are based upon rectilinear dimensions, without allowance 
for fillets and roundings. 

The weights are based upon the total area with allowance for 
fillets and roundings, in accordance with the rules adopted by the 
Association of American Steel Manufacturers. 

Angles, Tees and Zeea. Arcas Ilnd Elements arc b&scd upon 
rectilinear dimensions, without allowance for fillets and roundings. 

Weights arc based upon the net area. with a certain allowance 
for fillets and roundings, in accordance with the rules adopted by 
the Association of American St~1 Manufacturers. 

Bulb Angles. Areas and Elcments nre based upon rectilinear 
dimcnsioIl8 with allowance for fillcts and roundings. The formulas 
given are applicable only to the British Standard Sections. 

Weights arc based upon the total area. with nUowaoce for fillets 
and roundings. 

• 
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ELEMENTS OF SECTiONS 

, 
"'-1 

., 

-'''-1' 
I.....- I, ~-::~-:{--, - 'I ,--,-;--····'1 I ! 

: I I 
: I : 

' , ___ t ___ I ~ i t 
i 'I ! ' ; , . : . I 
I,-I~u 
.. L.----bl ... -.J f I 

d .. , .. , 
;. '-~'-~"'l . -- --, 
~-.--.. -, : : 

I i; ; 
, ' , 

t : I I 

Ir- +---'1 t t 1 
I ' : - : 
, 1 ;; ; 

L ""'-"-c~j j 
L i ,-TT' 
~+ .. .) 

e n SECTIONS 

A. - d~ +.aJ)+i '" 

d 
J: - "2 

b , - , 

BEAMS 

A _ 

. -
, -

dt + 21.(m+n) 

d .,. 
b .,. 
bd'-~(~) 

-t (m- n) 

" m'. 2nbl+(It.I+-u- (bO-t.) 

" 

CHANNELS 

A _ 

. -
, -

dt+ .. (m+n) 

d .,. 
bOn + ..!:£..+ aCm-n) (b+2t) , --,---

A 
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ELEMENTS OF SECTIONS 

, 
, , 
, ~ f , 

EQUAL ANGLES 

A - t (b+c) 

• - ~+ct 

~ , - • 
• ~ " . 
1,_, - t(b-l[)·+b~O-.. (lI-t)" , 
1.-, - 1,_. , 

I •. , - ct"+.,.t+3c~(b-t)t+2t)'+t'+6t'(b-tl· 

" ' .. - ct"+CSt+3ctb'+t4 
l:l 

UNEQUAL ANG LES 

A - t(b+c) 

• - t(b+2c)+cl 
2(b+c) 

, - t(2a.+dl+a' 
2(t,+d) 

TanZ" ... 
t.{ (Zy-t)d(d-2x) +&(2:o:-t) (b +tr-2,.)! 

2( 1,.,-11_1) 

h.t - t(d-:() · +bx ..... "(x-t)· , 
' .. - t(tr-y)l+dya..cCZ-t}" , 
11_. - I._t<:Ofil'tII_I,.,lln' OI =,. 
,« - I t_.coe1a_ll_taIn t .. 

~,. 

B ULB A NGLES-British Standard 

, 
t't A - dt, + (b-t,) ~ + .7334 .... + .16 101'" 

'fP!" " . ~----, t [dlt. + (b-t,) t:J+ .73 (d-A.) .... ' " • -" . : . , 
A . , 

, 1 
1- [dt: + to (bO-t:) J+ .13at(t, + .44.) , I ' , -t-, 1 A 

, , 
.3 4( [dot, + (b-t,)t:] +. 73a"(d-.4&)'-AIO ) j, , It., -, , , , .. ,~ - l [ 1)It,,+(d-t..}t:l + .73&·( t, + tall-Ioyl , .. --+-b· .. ·-~ 

• 

n. 
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ELEMENTS OF SECI'IONS 

_ .. ··f'·······, , , 
: •• J' ... .. 
: 1 
:- . • .. ; ~ : I J 

:~ .--.I~--n 
,< ____ ' ___ I i l 

, ' , : 

I . t 1 
, ........ LJ +. 
• 

t~~-:-11 : .,' "11 
t:~--rl 

\
' , , 

, I I : 
:\ t r- .4 I I 

! ........ --1 I i 
1---.,- _ 't.::.....·...J...._1 + 4 

.:-/ " I ! 

f il\.! JI 
.. ..... : : r-

; f' '.""'; .. _b __ .1 

TEES 

• -
• -
, -
I, .• -
1._. -

ZEES 

• -
• -
, -

e(,;u) +ml>+&(m+u) 

6a.D"+ 2a(m-n) (m + 20) +3td4{t.-u) (3d-e) .. 
• .,. 
&o(3u+ t) +~bms....Za{m-n)1 - A (:II-m)" 

" nb&+(m-nlt.l+eu' 
12 
a(m-nlr2a~+ (2&+3t)"] 

+ 3d 
+ e(t.-- u )] (t.-u )''''Z(t+2u)I ] 

'" 

t(d+2a) 

" .,. 
~ , 

TanZ .. _ (d t.-tJ) (!.>I-btl 
h" I ... 

lo-_ 

bd ....... (d-Z\). 

" d(b+.)·-Z .. ..-6ab*e 

" 1._ • .",.s .. - h·,sin . ... 
<:082 .. 

1" 1 (;3S'.-I •• -tn' • 
0,:0.0 2 .. 



COMPOUND SECTIONS 

Momentll of Inertia, Section Moduli, and Radii of Gyration 
The moment of inertia, I , of a compound eeetion about ite Deutral axi. q equal to the 

IUm of the moments of inertia, I", of all compoueot pan. about Ue8 through their 
0,,'11 oentere of gravity, plu, the IU'eII4, Ap, of the eomponent parl4 multiplied by the 
IIQUanlII of the diltancell, _, of tbeir own oonte ... of gravity from the Deutrai axill of 

the compound te<:tion, or 

AXIS 1-1 

AXIS 2-2 

Moment of In~1a 

Section Modulu. 

I - ::£[lp + ApI*J s __ ,_ 
o 

RadIus of QyraUon T - VT-
E:U"PLa, . Required the momenl4orlnertla 

and the .aloll moduli about axe. 1-1 and 2-2 ot 
'" oomp()1,lod IleCtloo to be u-'. as. slrder, com
...... or 

I Web Plate 33".1 J.i" 
4 !'Lange AnglCII 6":14";11 H" 
2 Flange Platell 14"x%''' 

bt.dng the Ilropertleo o n the groM ..... o f the _ ...... 
Determine th ... dl&tanooI, I, of the emtel' II""" 

of g!'a\' lty of plateo and al13l ..... from tho neutral 
tu""" of tho compound !!Cetlon. rrom tho dimeo_ 
alOM given. then tor 

I ,., of 4-6"x4". "," Angietl _ 4. 7.11 
Al" of 4-6"x4" . "," .. _ 4 X 6 .86dll.721 
I of 1 ~ .. " OJ " Plato _ 1 X 0 .00>: 33" 1'1 ....., .n 12 

14xO.7111 1
"

, of 2-14"x,," _ :I X 12 

A"I0' 2-14"x"" _ 2x10 . .50" 17.1211" 
:o.lomcn~ of Inertia. IIVoet IeCtJon 

BeetlOD .Modul ..... 

I ~ ot o&--6" :rf'''U '' Anglos _ .. I 
AEI <>14-6"14":1 )0( " _ " II 

I ... of 1-33"1j.i" Plate _ I " 

1..,0'2-14"."" _ 2x 

Momen~ or Inl!rtla, ~ .octlon 

Secl.lon 1\.IOOulll*. 

1:H71t.40 
17 . .50 

'" 5.86~2. 28· 
33:10.60" 

" 0.71>:1:14' 

" 
MIUI9 , 

30.00 Inchel' 
11792.48 

1497.3 8 

0 .98 

81118.68 
1347940 lnehel' 

no 26 Inchell 

6440ln cheltO 
121.811 

0 .34 

~ 
649.69 1ncheltO 

78.G l Inch"",," 

It it iB desired to calculato thll propertiee of the net IeCtion, viz. , to deduct tho 
aru. of the rivet holes, proceed u follol\ .. , .....uming that 1" holes for U" riveta are 
10 be deducted Md that not more than ono ri,·1It will be driven in lUIy 01111 leg of tho 
IUIgl" in tho aamo plano of tho llection. 

AXIS I-I I ,., Of grOlllllOCtlon _ la~79.40 InchOll' 

Deduct I,., of 4-1""1.376" nootangioo 

A". of 4- 1 ""1.376" 

1",or2- I" ,,1.76" 

Ax" or 2-1 ""1.76" 

Moment of In"..tl1\. net IMlctlon 

Section Moduhl*. 

AXIS 2-2 I w of UOllllIMlCUOIl 

1,,\ .376" 
_ 4 X 12 

_ 4 X 1.3n;,,10.812.5" 

11212.80 
17 • .50 

I ... of 4-1 ",,1.376" Rectangl .... _ 4 • 1.37511" 

" 1.376x3.76" Ax- or 4_1 "" 1.376" 

I w of 2-1 ""1.75" 

Moml'nt of Inertia. OM.oetioD 

Secl.lon :o.'oduh.ll. 

10\ .7/;" 

" 
470 go , 

0 .87 

IM-lo .63 

0." 
710.72 

1I212.89 Inche.' 

MO.74 Inch .... 

649.691nch_ 

0." 
77.34 

0.89 

470.go Inches' 

07 .271ochell 

>37 
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COMPOUND SECTJONS-Conc:luded 

.,..- ~ 

E:ulol'u 2. Requlnld tbemomeo~oI in<'!rtla 
&nd radII Of untiOli .. bout u .. 1-1 and 2-2 of .. 
column .ectloo oompoeed u foUo ... :-

2 Chanueb 12":11 30 poun<J.. 1)01' foot, 
:3 FI&ncIl PiaU. HI"" U", ~510' ~ 

_,-. ~-.:t, propenlel \0 be hued 00 tbe aro- lleetlon, DO 
dedUCUon belDc made fOC' bote.. 

AXIS 1-1 

AXIS 2-2 

AXIS 1-1 

AXIS 2-2 

I" 4-
Determine the dbtanc:e.. I. of oeDtel' lin. .. of 

gravlt,. for the varlo\lll -c<:tlOml from the neu~1 
u .. 1-1 and 2-2. In &OCOrdanoo .. lth tho dime ... 
doni alvetl, then for 

1,_. of 2-12" Channela 30 I~. _ 2" 1111-2: 
14 x 0.751 

_ 32'2.40 )oebel' 

I , •• of 2-14"",)(" Platell 

" 
0 .118 

_ 2 " 10.11 ,,41.3751 _ MJ.41i 

MoUleD' of Inertia, aro- ~1oD 1176.83 Inchl»' 

RadlUll of Gyration, " 1i.621ochM 

12-1 of 2-12" CUnneb 30 It.. - " '-' - 10.40 Inch .. • 
Az. of 2-12" ChanDe" 30 It.. - " 8.79 x 4.17' - S06.70 .. 
I .... of 2-14":.:,," Pia"", - " 

0.7& I 141 
3-43.00 .. 

" -
Moment of Inertia. grou lOIl(:t.iOll ~9. IO Illch_ 

n&dIUll of Gyration, .. ., - V 6/111.10 . .13 I ochel 38.&8 -
E:UN'LII: 3. Required tho I1WlJI of CJ'l'&tlOD 

.boIIt." .. 1-1 and 2-2ofalltruuec:tlon CCUIls-<! 
U follo"l:-

4-6" x 4" x "''' An&IIlII latticed by 'll." barI, 
prop«tlo. to be bued on tbe arc- MICtiOn of 
a.n,alN, no deduetlona being made tor rh'fi bole. 
nor a.ny all01l'&r1Oe tor lauloo ban. 

Determine tbe dWtaDOM, Z, of 0Mltft" line. of 
gnt.vlty of angle. from neutral AXe. 1-1 and 2-2 
In at:QOrdanoe with the dlmeo.loM (liveo, tben for 

1,-, of 4--8",.4''1:'"'' Anlliea _ 4 :14.9 
A.a" of 4--8",.4",."," ., _ 4 Z 3.81 :16.08' _ 

Moment of Inertia , IP'<* .eetion 

Radl~ of Gyration, " 3811.32' 
140.414 

19.110 In(:~ 
3&9.72 ., 

389.32 IDCbeI' 

6.19 IDebe. 

Prom tableol of ..cHI of untlon tor 2 a.nale. placed back to back 
uiII 2-2, "' .. apan, r~ of 4--8",. 4",. "''' a.ngkII: _ 2.97 Ineb"". 

Where sections arc fL8IIcmbled without any web or flange plates, 118, for 
eXAmple, latticed channel columns or latticed cogle ~truts, the rawns of 
lYTation, f,., can be readily obtained, without considering the moment of 
inertia from the rawUII of gyration, r of one section about its neutral axis, and 
the distance, I, between the center of gravity of the section and the neutraJ 
nil parallel to the axill of section. 

fI-1 _ ~, wbere + _ 1'2, and r,., _ .J 1'2 + KI 

Tbu.. In the above e>:a.rnple. 

r ,-, _ ~1.17'+6.oe. _1i.191nehea. 
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MOMENTS OF INERTIA OF RECTANGLES 

.949 
1.116 
1.302 
1.507 
1.733 

IN WIDTHS OF 1 INCH 

NEUTRAL AXIS THROUGH CENTER NORMAL TO DEPTH 

To obtain the Moment of Inertia of any rectangle, multiply the tabular 
value for its depth by its width in inches. For deeper rectangics of tabular 
thickness, multiply tho tabular vaiuCII for haH their depth by 8; or fo r one
third their depth by 27, etc. 

427.746 
437.113 
446.615 
456.253 

m-l·.-."'I·-n ... ·03O~L,.liI-m:;~~~ 

• 
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MOMENTS OF INERTIA OF RECTANGLES 

IN WIDTHS FROM '/, INCH TO 1 INCH 

'tt\ NEUTRAL AXIS THROUGH CENTER NORMAL TO DEPTH 

This table may be used in computing t he Moments of Inertia. of Plate 
Girders, Columns, and other compound 8Cetiol1lJ in whicb plates are used . 

-, ... WkItII, Inell .. 

Indl .. Xi % ~ J1i Y!i '" ~ l' li 1 

\ .021 .026 .031 .037 .042 .047 .052 .063 .073 .063 
2 .167 .208 .2,. .292 .333 .375 .417 .500 .583 .667 
3 .663 .703 .84' .984 1.125 1.266 1.406 1.668 1.969 2.250 , 1.333 1.667 2.000 2.333 2.667 3.000 3.333 '.000 4.6&1 '.333 , 2.604 3.255 3.908 4.557 5.208 5.859 6.510 7.813 9.115 10.42 
6 4.500 5.625 6.750, 7.875 9.000 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 18.67 21.33 24.00 26.61 32.00 37.33 42.67 , 15.19 18.98 22.78 26.58 30." 34.17 37.97 45.56 53.16 60.75 

10 20.93 26.04 31.25 36.46 41.67 46.88 52.08 62.50 n.92 83.33 
II 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 n.oo 81.00 90.00 108.0 126.0 144.0 
13 45.n 57.21 68.66 80.10 91.54 103.0 114.4 137.3 160.2 183.1 
14 57.17 71.46 85.75 100.0 114.3 128.6 142.9 171.5 200.1 228.7 

15 7031 87.89 105.5 123.0 140.6 158.2 175.8 210.9 248.1 281.3 
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 
\8 121.5 151.9 182.3 212.6 243.0 273.4 303.8 364.5 425.3 486.0 
19 142.9 178.6 214.3 250.1 285.8 321.5 3572 428.7 500.1 571.6 

20 166.7 208.3 250.0 291.7 333. 375.0 416.7 500.0 663.3 666.7 
21 192.9 241.2 289.4 337.6 385.9 434.1 482.3 578.8 675.3 771.8 
22 221.8 2n.3 332.8 388.2 443.7 499.1 554.' 665.5 n6.4 887.3 
23 253.5 316.8 3802 443.6 507.0 570.3 633.7 780.4 887.2 1014 
24 288.0 360.0 432.0 504.0 576.0 648.0 no.O 864.0 1008 1152 

25 325.5 406.9 .... 3 569.7 651.0 732.4 813.8 976.6 1139 \302 
26 366.2 457.7 549.3 640.8 732.3 823.9 915.4 1099 1282 1465 
Z7 410.1 512.6 615.1 717.6 820.1 922.6 102' 1230 1435 \640 
26 457.3 571.7 686.0 800.3 914.7 1029 1143 13n 1601 \829 
29 508.1 635.1 762.2 889.2 1016 1143 1270 1524 \778 2032 

30 562.5 703.1 843.8 984.4 \\25 1266 1406 1668 1969 "50 
32 682.7 653.3 1024 1195 \365 1536 1707 2048 2389 2731 
34 818.8 1024 1228 1433 1638 1842 2047 2457 2 .. ' 3275 
36 9n.0 1215 14" 1701 194' 2187 2430 2916 3402 3668 
38 1143 1429 1715 2001 2286 20n 2866 3430 '001 4573 

40 1333 1667 2000 2333 2667 3000 3333 '000 '667 5333 
42 15" 1929 2315 2701 3087 3473 3859 '631 5402 6174 
44 \77, 22\8 2662 3106 3549 3993 4437 5324 6211 7099 
48 2028 2536 3042 3549 '056 '663 5070 6084 7097 8111 
48 2304 2880 3456 4032 '608 5184 5760 6912 8064 92\8 

50 2604 3255 3906 4557 '208 "" 6510 7813 9115 10417 
52 2929 3662 4394 5126 "" 6591 7323 8788 10253 11717 
54 3281 4101 '921 5741 '561 7381 8201 9842 11482 13122 
56 3659 4573 5488 6403 7317 8232 9147 10976 \2805 14635 
58 '065 508\ 6097 n13 8130 9146 101fj2 12195 14227 16259 .. 4500 562' 67,. 7875 9OIlO 10125 11250 13500 15750 18000 



MOMENTS OF INERTIA OF RECTANGLES 

IN WIDTHS FROM % INCH TO 1 INCH 

L&' NEUTRAL AXIS THROUGH CENTER NORMAL TO DEPTH 

Thill table may be used in computing the Moment<! of Inertia of Plate 
Girders, Columna, and other compound sections in which pln.tcs are used. 0_ 

WIdth, Indl .. , ... 
)i ,. ,. hi ;, ,. ,. )i hi 1 

-----
62 '965 621)6 7448 8689 9931 11172 12413 14896 17378 19861 
64 5461 6627 8192 9557 19923 12288 13653 16384 19114 21845 
66 5990 7487 8984 10482 11979 13476 14914 1796' 20963 23958 

" 6551 8188 9826 11464 13102 14739 16377 19652 22928 2621)3 

70 n46 9932 lOng 12505 14292 16078 17865 21438 25010 28583 
n m6 9721l 11664 13608 15552 11496 19440 23329 27216 31104 
74 8442 10553 12663 14774 16664 18995 21105 25327 29548 33769 
76 9145 11432 13718 16004 18291 26577 22963 27436 32009 36581 
78 9887 12358 14830 17301 19773 22245 24716 29660 34603 39546 

80 10667 13333 16000 18667 21333 24000 26667 

ti 
37333 42667 

82 11487 14359 m,. 20102 22974 25845 28m '0204 45947 
84 12348 15435 18522 21609 24696 27783 30870 43218 '9392 
86 13251 16564 19877 23190 26603 29815 33128 '6379 53005 
88 14197 17747 21296 24845 28395 31944 35493 49691 56789 

90 15188 18984 22781 26578 30375 34m 3796' 45563 53156 60750 
92 16223 20278 24J34 28390 32446 36501 '0557 '8668 56m 64891 
94 17304 21630 25956 30282 34609 38933 43259 51911 60563 69215 
96 18432 23040 27648 32258 36864 41472 , .... 55296 64512 73728 .. ,_ 

24510 29412 34314 39217 44119 '9021 58825 68629 79433 

100 28833 26042 31250 36458 41667 

~ 
52083 62500 72916 83333 

102 2%109 27638 33163 38.90 44217 55271 "'20 71380 88434 
104 23435 29293 35152 41011 '6870 58587 70304 821)22 9373' 
106 24813 31016 37219 '3422 49626 .2032 74438 68845 99251 
I" 26244 32805 39366 45927 52488 65610 78732 91884 104976 

110 27729 34662 41594 48526 55459 62391 69323 83188 97052 110917 
112 29269 36587 43904 51221 58539 85856 73173 87908 102442 117077 

"' 30868 38582 46298 54015 61731 69447 7n64 92597 108029 123462 
116 32519 '0648 48778 56908 65038 73167 81297 97556 113816 130075 
119 34230 42787 51345 59902 68460 77017 95574 102689 119804 136919 

121) 36000 '5000 54000 63000 nooo 61000 90000 108000 126000 144000 
122 37830 4n88 56745 68203 75661 85118 94576 113491 132406 151321 
12' 39721 49652 59582 69512 79443 89373 99303 119164 139024 158885 
126 41675 52893 62512 n930 8334' 93768 104186 125024 145861 166698 
128 43691 54613 65535 76459 87382 9830' 109227 131072 152918 174763 

130 45771 5n13 68656 80099 91542 102984 114427 137312 160198 183083 
132 47916 59895 n874 83853 95832 107811 '19790 143748 167706 191664 
134 50127 62659 75191 87723 100255 112786 125318 150382 175445 21JQ50' 
136 52'05 65507 79609 91709 104811 117912 131013 157216 183418 289621 
138 54752 6843' 82127 95815 109503 123191 136879 164255 191 630 219C06 

140 57167 n 458 85750 100042 114333 128625 142917 tn500 21JQ084 228687 
142 59662 74565 89478 104391 119304 134216 149129 178955 208781 238607 
144 62268 m60 93312 188964 124416 139968 155520 186624 217728 248832 
146 64836 81045 ,n54 113463 129673 145662 162091 194509 226927 259345 
148 67537 84'22 101306 118190 135075 151959 168843 202612 236360 270149 
150 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 oC Cyration for Two Angles are 
used for computing the safe resistance to compressive stress of two 
angles, back to back, when used 8.8 Ii strut or a compression chord 
of a roof truss or Ii similar member. 

The two angles must be beld together securely by stay rivets, so 
spaced that the two angles act as Ii unit. 

The resistance of a compressive member is determined by its ratio 
of slenderness, liT, 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 value by the 
Ilroa of the two angles. 

In the two examples which follow the least radius of the two 
angles in Example 1 is taken Ilbout axis I -I, and the least radius of 
the two angles in Example 2 is taken about axis 2-2. 

E:rample I. SectJon cI_. ReQuIred the Ate load 111 comp .... on on a 
Itnlt oom~ of two &DIlle. '11":1'11":1 Ji". back too ~. with .. n unaup
potted length of 9 teet.. 

Area of SeeUon. A - 2 :I 2.8G _<5. 72 lQu....., Inches. 
Leut RadlUl. AxIs I-I. f _ 1.23. by In!«"pOlatiOll. 

naUo or Siondem_. I/f _ 9 l[ 12 + 1.23_87 .8. 

AUowOO U nit StmIB r. by A. 1 . 8. O. formul .. _ 12.603 pounct. per 1Q. lnch. 
BIIa Load. A l[ r _11.72 l[ 12.603 _ 72.100 poundi. 

E:rample 2. Load clvea. Required .. -=twn for a member 111 eom.p...-on 
12'-3" lon.g. m-.de of two &DIlle. toeP&n-tod by )of; inch ~t pl .. tcw. to r1IIIIt .. 
tootaJ. Io&d of 68.000 poun(i8; ratio of lleDdemeu not too e>:eoed 120. 

A. 1. S. O. forrou.l ... Un!' Btn. f .. 10.000 pounds for l/f _ 120. . 
Appro:dmat6 Area. of AnBw., A _ 118.000 + 10.000 _ 6.80 IQU&nI InebM. 

~ 2 An&le., 15" l["':1 "" .... 6-1neh leg.. back to ba<:k. 
Area. of Section, A - 2 :I 3.3 1 .. 11.112 lQu&nIlnebe8. 
J..eut, Radius. Am 2-2. f_ I .2D Inche., by InterpOlation. 

RaUo of Blonderoe., I/f _ 12.26 l[ 12 + 1.29 _ 11'11.0. 

Allowed Unit Bc.re. f, by A. I. 8. O. formula.,. 10,453 !>Gu.ads per lQ.illCb. 
flate Load, A:I r _11.112 s 10,'11153 _ 119,200 !>Gun"". 
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RADII or GYRATION rOR TWO EQUAL ANGLES 

T 
·!I .. - 'H.·to~· 

T 
• , I 

..... ,,- RldU., Gy ........ 0/ T_ ~ , .... 
• .. , --.. .... " ,~ Ad. 2-1 ,- ,- ...... ... -. AP I-I 

PO' F", , .... In Contact ~" ""'" ~" AIM }.i"~ K " A,.,t 

l )i 56.9 33.46 2.42 3.42 Ul 3.55 3.60 3.69 ... " •• 0 24.68 "6 3.37 3 ... .... 3." 3.64 
)i 28.4 15.50 2." 3.33 3.41 3.45 3." 3.59 

1 37A 22.00 I .SO 2.59 "'. 2.72 2.77 2~7 ... " ".5 15.56 1.83 2." 2.83 2.67 2.n 2.81 

" 14.9 '.72 1." 2A9 2.68 2.82 2.88 2." 

1 30.' 18.00 lA. 2.19 2.28 2.33 2.38 2.47 
h. " 2U "SO 1.51 2.13 2.22 2." 2.31 2.40 

" '.3 7.22 I." 2.09 2.17 Ul 2.28 2.35 

" .19.9 11 .68 1.18 1.75 1.85 1." 1.94 2.04 ". )i , .. 7.50 1.22 1.70 1.78 1.83 1." 1.98 
)( 6.' 3.88 1.25 1." 1.75 1.7' 1.84 1.93 

" 17.1 10.0& 1.02 I." 1.85 1.70 1.75 1.55 
3~x3~ Ji 11 .1 ." I.'" 1.50 1.59 1.84 1.69 1.78 

)( 5.8 3.38 I." 1.46 1.55 1.59 1.64 1.73 

3" ~ lU 6.72 0.88 1.32 lAl 1." 1.51 1.61 
)( ' .9 2." 0.93 U5 1.34 1.38 1.43 1.53 

2~ x2~ )i 7.7 '.50 0.74 1.09 1.19 1.24 1.29 1.39 
)( '.1 2.38 0.77 1.05 1.14 1.19 U. 1.34 

"2 Ji 5.3 3.12 0.59 0.88 0." 1.03 1.08 1.19 
)( 3.19 1.58 0.61 0.85 0.94 0.99 1.04 1.14 

Value- of RadII Of OyratJon for lDl.ermed1ate tbldm_ or &01:1_ in .. bo~ &Dd follo1l'in8: tabl_ 
ma, be Obt.ained bY Intel'pO"lJon. 
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RADII OF" GYRATION F"OR TWO UNEQUAL ANGLES 

Lone Legs Vertical 

'i ·_!I,_~· to %· 

T " 00 " 
' i " 

., . 
~- RadII of Gyntlon 01 Two ...... , .. IIdiN 

• ... ,...-. w.'" ,- AlII. 2·2 

''''''- , ... ...... .... ~ AxIl '·1 
PI< rool '-' In Contoct 7i" Aput W .... ~" AIwt ~" AIIat1 

1 44.' 26.00 2.49 2.39 2.48 2.52 2.51 '.66 
8,6 " 33.8 19.88 2.53 2.35 'A' 2.48 2.52 2.61 

J1i '" 11.86 2.57 '~1 2.39 2A' '.48 '.58 

1 37.4 22.00 ,~, 1.47 1.58 1.61 1.66 1.16 

'" " 28.7 16.88 ,~, 1.42 Ul loSS 1.60 1.69 
J1i 17~ 10.12 '.60 1.37 lA, lA9 1.53 1.62 

1 34.0 20.00 2.18 1.53 1.62 1.67 1.72 1.82 
7" " 24.2 14.19 22' 1.48 U6 1.61 1.65 1.75 

" 13.6 7.98 ,~ 1.43 Ul 1.55 1.5. 1.63 

1 30.6 laOO 1.85 1.60 1.69 1.74 1.79 1.89 

'" " 21.8 12.80 1.89 1.55 1.63 1.!s 1.73 1.82 
Yo 12.3 7.22 1.93 1.00 1.58 1.62 1.67 1.76 

1 ,a9 17.00 1.85 1.37 lA7 1.51 1." 1.66 
8x3M " 20.6 12.12 1.89 1.31 1.41 lA, 1.49 1.60 

" 8.8 5.74 1.95 U5 1.33 U7 lA' 1.50 

5x3).i % 22.7 13.34 1.53 1.42 1.51 1." 1.61 1.71 

" 8.7 5.12 1.61 1.33 1.41 1.45 1.50 1.59 

'" " 19.9 11.68 1.55 1.18 W 1~2 U7 1.47 

" .~ '.80 1.61 1.09 1.17 1.22 U6 1.35 

413702 " lB.5 10.86 1.19 1.50 1.59 1.64 1.69 1.79 

" 7.7 , ... 1.26 1.42 1.51 1.55 1.60 I.S9. 

'" " 11.1 10.06 Ul U5 1.35 lAO lA5 1.55 

" 5.8 ,.38 1.28 1.18 1.24 1.28 U' lA, 

3~ x3 " 15.8 9.24 1.04 1.30 1.40 lA5 1.50 1.60 

" 5A 3.12 1.11 1.20 1.29 1.3, 1.3. lA. 

3Y.l x2Ji " 12.5 7~0 1.06 1.03 1.13 1.18 1.23 U3 

" '.9 '.88 1.12 0.95 1.04 1.09 1.13 U' 

3x2~ " 9.5 5.56 0.91 1.05 1.15 1.20 '" 1.35 

" '.5 '.64 0.95 1.00 1.09 1.13 1.18 1.28 

,,' )i 7.7 , ... 0.92 0.80 0.89 0.94 1.00 1.11) 

" '.1 '.38 0.95 0.74 0.84 0.88 0.93 1.03 

2~ x2 
)i .. • .00 0.75 0.84 0.94 0.89 1.04 1.15 

" 3.62 2.12 0.78 0.80 0.8' 0.93 0.98 1." 
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RADII OF GYRATION FOR TWO UNEQUAL ANGLES 

Short Legs Vertical 

'i 2j "" *: 

~ ~ 
'i ,I 

SIngI. Angl. .... RadII ~ Gyration of T .... Angl.., ,_ 

• "- , ....... W",", ,- Axil 2·2 , ..... ''''''" 
....... Mgl ... All. 1·1 
~,~ , ..... In eont.« X"AIout ~" AI>wt .!1"Apart ~""""rt 

1 44.' 26.00 1.73 3.64 3.73 3.78 3.83 3.92 
8,6 l{ 33~ 19.88 1.76 3.60 3.69 3.73 3.78 3.87 

)V 202 11.86 1.80 3.55 3.64 3.68 3.73 3.82 

1 37.4 22.00 1.03 3.95 4.05 4.10 4.15 4.25 ". l{ 28.7 16.88 1.06 3.90 '.00 '.04 4.09 4.19 
)V 172 10.12 1.09 3.84 3.93 3.98 4.03 4.12 

1 34.0 2<1.00 1.06 3.40 3.49 3.54 3.59 3.69 
7,. !l1O 242 14.19 1.09 3.34 3.43 3.48 3.53 3.63 

~ 13.6 7.98 1.13 3.28 3.37 3A' 3.47 3.56 

1 30.8 18.00 1.09 '~5 2.95 2.99 3.04 3.14 
"4 !l1O 21.8 12.80 1.13 2.79 2.89 2.93 2.98 3.08 

~ 12~ 722 1.17 2.74 2.63 2.87 2.92 3.02 

1 28.' 17.00 0.92 2.92 3.02 3.07 3.12 322 
6x3}i !l1O 20~ 12.12 0.95 2~7 2.96 3.01 3.06 3.16 

JO .~ 5.74 1.00 2~1 '.90 2.95 3.00 3.09 

Sx3M li 22.7 13.34 0.96 2~6 2A5 2." 2.55 2.6S 
JO 8.7 5.12 1.03 2.26 ,.5 2.39 2.44 ' .54 

5,3 !l1O 19.9 11.68 0.80 2.42 2.52 2.57 2.62 2.72 
JO 82 4.80 0.85 2.33 2A2 2A7 2.52 2.61 

4 x3}i !l1O 18.5 1O~ 1.01 1.81 1.91 1.98 2.01 2.11 
JO 7.7 .... 1.07 1.73 1~1 1.86 1.91 '.00 

"3 
!l1O 17.1 10.06 0.83 1.88 1.98 2.03 '.08 2.18 
)i 5.8 3.38 0.99 1.78 1.81 1.92 1.96 2.06 

3}i x3 !l1O 15.8 .24 0.85 1.61 l.n 1.76 1.81 1.91 
)i 5A 3.12 0.91 1.52 1.61 1.65 1.70 1.80 

3~ x2~ 
!l1O 12.5 7.30 0.69 1.66 1.75 1.80 1.86 1.96 
)i 4.' 2.88 0.74 1.58 1.67 1.71 1.76 1~ 

3)(2~ 
,. '.5 5.56 0.72 1.37 1.46 1.51 1.56 1.66 
)i 4.5 2.64 0.75 1.31 1.40 lA5 I." U. 

3 , 2 " 7.7 4." 0.55 1.42 1.52 1.51 1.62 1.72 
)i 4.1 2.38 0~7 1.38 1.47 1.52 1.57 1.67 

2~x 2 " 6.8 4.00 0.58 1.15 125 1.30 1.35 lA6 
)i 3.62 2.12 0.59 1.11 1.2<) 1.25 1.30 1.4<> 



, .. 
TENSION VALUES FOR ANGLES 

ALLOWABLE NET VALUES IN KIPS 
Unit Stress, 18 Kips pel'Square Inch 

fCot on. anll . In unolon ""Ith "",..nUI., and ... n ..... tlon th . UbulaUd .11" .. Ihould ~ ..... uOltd . 

WoIght H.t ArM. ond Su __ 2 HoI .. OedWeli ... n"ekll_ o. .... , ... - , .... ,~ ~" AI. fIII ~" RI •• ~" RI . .. 

""- In.s ..... .- "'- ,,- "'- .-------
I» 58.9 16.73 14.48 260.8 
1» 54.0 1~87 13.74 247.3 
1 .51.0 1~00 13.00 234.0 13.25 238.5 

" 48.1 14.12 12.24 ,,0. 12AB 224.6 

'" 45.0 13.23 liAS 206.6 11.70 210.6 

" 42.0 12.34 10.71 192~ 10.92 196.6 ". !i 38.9 11 .44 9.94 178.9 10.13 182~ ,. 35~ 10.53 9.15 164.7 '.33 167.9 
~ 32.7 9.61 .~. 150.5 '.52 153.4 8.67 156.1 ,. 29.6 6.68 7.55 135.9 7.70 138.6 7.64 141.1 
)j 26.4 7.75 6.75 121.5 8.87 123.7 7.00 126.0 

1» 49.3 14A8 12.23 220.1 
1» 46.8 13.75 11.62 209.' 
1 .U 13.00 11.00 198.0 11.25 202.5 

'" 41.7 12.25 10.37 186.7 10.61 191 .0 
1> 39.1 11.48 '.73 175.1 9.95 179.1 

" 36.5 10.12 '.09 163.6 6~0 lB7A 
"6 !i 33~ 9.94 '.44 151.9 '.63 155.3 ,. 3U 9.15 7.71 139.9 7.95 143.1 

~ 28.5 U6 7.11 128.0 7~7 130.9 7.42 133.8 ,. 25.7 7.56 'A3 115.1 6.58 llSA 6.72 121.0 
li 23.0 6.15 5.15 103.5 5." 105.1 6.00 108.0 
;,; 20~ ~83 5.05 80.' 5.16 92.9 5.21 94.6 

1 37A 11 .00 '.00 162~ .." 166.5 

" 35.3 10.31 SAg 152~ 5." 151.1 

'" 33.1 6.73 1.98 143.6 '~O 141.8 ,. 31.0 9.09 7A6 134.3 7.81 138.1 ". !i 28.1 .M 6.94 124.9 7.13 1~ ,. 26.5 7.78 6AO 11~ 6 ... 118A 
~ 24~ 1.11 ,~ 105.' 5.02 108.4 6.11 111.1 ,. 21.9 6.43 , ... 95.4 M' 98.1 5.59 lOU 
li 19.6 ~" 4.15 6U '~7 81.1 ~oo 80.0 
;,; 17~ 5.06 4.18 ,,~ .n 71~ 4.40 78~ 

1 34.0 10.00 6.00 144~ .~, 148.5 

'" 32.1 '.44 7.58 136.1 7.., 140.4 

'" 3O~ 6 ... 1.11 128~ 7~ 131.9 

'" 29~ 5.2. '.65 119.1 6~6 123.5 
!i ,,~ 7.69 8.19 lllA US 114.8 ". ,. ,U 7.09 '.n 102~ 5.89 108.0 
~ 22.1 6.49 .~. 94~ 5." 97~ '.55 89.' ,. 20.0 '.88 4.75 65.' '.90 88.' '.04 80.7 
li 17.9 52. 4.25 76.5 4.37 75.7 '.50 81.0 

'" 15.8 '.63 3.75 67.5 3.66 89.5 3.97 71.5 . 

~ 13.8 3.89 3.24 58.3 3.33 59.' 3.43 6Li 
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TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit Stress, 18 Klp5 pel' Square Inch 

For 0". O"fl'. In unal.n with ...... ntrllO end _ .. ...cdon th. Ub .. I.~ "., ... .. "ould ... Nduced . - I W_ 
N. At.. _ s.-- 2 HoI. OIld..ct1d 

"', ""- W "- -, ... ""'. '* Jl" Rh- ~" R1v .. }1" AI . ... .... ,,' "- ""- ... ..- ". -
1~ 39.S 11.62 'A' ,,0.8 
1 37A lUll) '.00 162.0 • .25 16M 

" 35.3 10.37 M' 152.8 a73 157.1 
~ 33.1 '.73 7.98 143.6 U. 147.8 

" 31.0 ' .09 7.46 134~ 7.67 138.1 

,,' ~. 29.7 M' '.94 124.9 7.13 128.3 

" 26.' 7.78 6.40 115.2 '.58 118.4 
li 24.2 7.11 5.86 105.5 '.02 108.4 6.17 111 .1 

" 21.9 6.43 5.30 95.4 5.45 98.1 5.59 100.8 
li 19.6 US 4.75 65.' 4.87 87.7 5.00 50.' 
J> ,,~ 5.06 4.18 75~ '.29 n.' 4.40 79.' 

" 14.9 4.36 3.61 " .• 3.70 66.' 3.60 68.' 

1 30.' '.00 7.00 126.0 7.25 130.5 

" 29.' .... '.52 119.2 U, 123.5 
Ji 27~ 7.98 .n 112.1 M' 118.1 

" 25.4 7.47 • .84 105.1 < .. 108.9 

" 23.8 '.94 OM 97.9 '.53 taU .,. 
" 21.8 <40 '.02 60A 5.20 93.8 
li 20.' 5.86 4.81 93.0 '.n .... '.92 . ... 
" 18.1 ." 4.18 75~ '.33 n., 4.41 .... 
li 16~ 4.75 3.75 67.5 3.87 ".7 '.00 12.0 
J> 14.3 4.18 uo 58.' J.41 61A 3.52 53.' 
li lU 3.61 ,.86 51.5 ~95 53.1 3.05 54.' 

1 , ... a50 '.50 117.0 6.75 121.5 

" ,U M3 S.lS l1D.7 .. , 11s-a 
Ji ,.7 7.55 5.80 I04A <02 108.4 

" 24~ 7.06 5.43 97.7 ... 101.5 

" 22A '.58 '.06 91.1 ~. 94.' 

S}t 3J,i " 20.' <06 '.68 94~ • .96 87.5 
)i 18.9 5.55 '.30 77A 4.46 BO.3 4.81 83.0 

" 17.1 .,3 3.90 70~ 4.05 12.9 4.19 7M 
li 15.3 .... 3.50 53.0 3.62 85.' 3.75 67.5 
J> 13.5 3.97 3.09 ... 3~ 57.6 3.31 59.6 
li 11.7 3A' 2.67 4al 2.76 49.7 2.88 51.5 

" ••• 2.87 U. 40~ 2.32 41.8 2.40 43.2 



TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit Stress, 18 Kips per Square Inch 

F'or 0_ .... 1. In Ulna/on with _ntrio o nd _n_tl.n tho tab"lo"" •• I ..... hould be .... _. 

_ I 
W_ ... ""- •• ....... ,- ,~ 1 ... ".' 

1 30.' '.00 

'" 28.' "'0 
~ 272 7.98 

'" 25.4 7.47 

" 
23.6 '.94 

'" ~ 21.8 6.40 
ji "'.0 ... 
~ 18.1 5.31 

I ~ 162 4.75 
hi 14.3 4.18 
ji 12.3 3.81 

~ 22.7 8.67 

'" 21.3 6.25 

" 19.8 5.81 

'" 18.3 5.31 

5 II 3}i ji 18.8 4.92 

'" 15.2 4.47 
~ 13.6 '.00 
hi 12.0 3.53 
ji 

I 
10.4 3.05 

'" 8.7 2.56 

'" 19.9 ... 
" 18.5 .44 
~ 17.1 .03 
II 15.7 4.81 

5,3 '" 14.3 4.18 
~ 12.6 3.75 
!. 11~ 3.31 
ji '.8 U8 

" 82 2.40 

-NII .... __ Str __ 2 
I'toin Dtclucltod .--

~" RI_ ~" 111_ ~" IIIw .... .... ~. 0.- .... 
I -

7.00 126.0 725 130.5 
6.62 119.2 .... 123.5 
6.23 112.1 6.45 116.1 
5.84 105.1 6.05 108.9 
5.44 97.9 5.63 101.3 
5.02 90.4 5.'" 93.' 
4.61 83.0 4.77 85.' 4.92 
4.18 75.2 4.33 77.. 4.47 
3.75 67.5 3.87 89.7 4.00 
3.30 59.4 3Al 81.4 3.52 
2.86 51.5 2.95 53.1 3.05 

4.92 88.' 5.14 92.5 
4.62 832 4.93 86.9 
4.31 77.' 4.50 81~ 
3.99 71.8 4.17 75.1 
3.67 66.1 3.83 88.' U8 
3.34 60.1 3.49 62~ 3.83 
3.00 54.0 3.12 56.2 3.25 
2.65 47.7 ~78 49.7 U7 
2.30 41.4 2.39 43.0 2.49 
1.93 34.7 2.01 36.2 .0. 
4.21 75~ 4.42 79.8 
3.94 70.' 4.13 74.3 
3.65 65.7 3.83 68.' 
3.36 60.5 3.52 83.4 3.67 
3.05 54.' 3.20 57.6 3.34 
2.75 I 49.5 2.87 51.7 3.00 
2.43 43.7 2.54 45.7 2.65 
2.11 

I 
38.0 2.'" 39.6 2.30 

1.77 31.9 1.85 33.3 1.93 

88.8 

80.' 
n.o 
83.' 
54.' 

7 

• 
1.8 ., 

5 

3 

68.5 
1.7 

44.8 
7.8 

4 

• 

88.1 
60.1 
54.0 

7.7 
1.4 

34.7 
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TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit Stre. s, 18 Kips per Square Inch 

'or one e ngl. In U nolon ""ith ..,.,.nU'io e nd conn..,tlon the tabul . _ •• '",61 s hould b. ""!u«<l. - -W ..... ' Net""" and 511' __ 1 Hale DId..eted 

••• Tldckn_ o· b~ -[ 
Indl. ,~. ,~ % " Rlv .. ~" Ri .. ,. %" RI . ... 

"". In." b . ,.- b . .. - , 
b • ..-

1% 39.6 11.62 10.56 190.1 
1 37.4 11.00 10.00 IBM 10.12 "" !>oO 35.3 10.37 9.43 169.7 '.55 171.9 
% 33.1 ' .73 8.85 159.3 8.96 161.3 ,. 31.0 '.09 8.28 149.0 8.38 150.8 

". ~ 28.7 8.44 7.69 138.4 7.78 140.0 
% 26.5 7.78 7.09 127.6 7.18 129.2 
% 24.2 7.11 SA8 118.6 6.56 118.1 '.64 119.5 
% 21.9 6.43 ~87 105.7 5.94 10S.9 6.01 108.2 
J.i 19.6 5.75 5~5 94.5 5.31 95.6 5.37 96.7 
h 172 5.06 .~, 83.' 4.67 64.1 '.73 85.1 
% 14.9 4.36 3.98 71 .• 4.03 n.5 4.07 73.3 

1 30.6 9.00 8.00 144.0 8.12 146.2 

'" 28.9 8." 7.56 136.1 7.68 138.2 
% 272 7~' 7.10 127.8 721 129.8 ,. 25.4 7.47 '.66 119.9 6.76 121.7 
~4 23.6 •• 94 6.19 l1lA 62' 113.0 ". % 21.8 6.40 5.71 102.8 5.80 104.4 
% 20.0 5.86 523 94.1 5.31 95.6 5.39 97.0 
% 18.1 5.31 4.75 85.5 '.82 86.8 4.89 88.0 
J.i 16.2 4.75 '~5 76.5 4.31 n.. 4.37 78.7 

" 14.3 4.18 3.74 67.3 3.79 68.' 3.85 69.3 
Yo 12.3 3.61 323 58.1 3~' 59.0 3.32 59~ 

1 28.9 8.50 7." 135.0 7.62 137.2 

'" 27.3 8.03 7.09 127.6 7~1 129.8 
1i 25.7 7.55 6.67 120.1 '.78 122.0 ,. 24.0 7.06 6.25 112.5 6.35 114.3 

I ~ 22A 6.56 Ml 104.6 5.90 1062 

6x37'l % 20.' 6.06 5.37 96.7 5A6 98~ 

% 18.9 I 5.55 4.92 88.' 5.00 90.0 5.08 91A 
% 17.1 5.03 4.47 80.5 '.54 81.7 4.61 83.0 
J.i 15.3 .... 4.00 n.o '.06 73.1 4.12 74.2 

I h 13.5 3.91 3.53 63.5 3.58 84A 3.64 65~ 
% 

I 
11.7 3.42 3.04 54.7 3.09 55.' 3.13 56.3 

l1i 9.8 ,., 
I '.56 46.1 '.60 46.8 '.64 47.5 

1 30.6 '.00 8.00 144.0 8.12 146.2 

'" 28.9 8." 7.56 136.1 7.68 138.2 
1i 27.2 7.98 7.10 127.8 721 129.8 
% 25.4 7.47 6.66 119.9 6.76 121 .7 
~ 23.6 6.94 6.19 111.4 628 113.0 

"5 % 21.8 SAO 5.71 102.8 5~ I04A 
% 20.0 5.86 5.23 94.1 5.31 95.6 5.39 97.0 
% 18.1 5.31 4.75 85.5 4.82 86.8 4.89 88.0 
J.i 162 4.75 4.25 76.5 4.31 n.' 4.37 78.7 
h 14.3 4.18 3.74 67~ 3.79 68.' 3.85 69.3 
% 12~ 3.61 3.23 58.1 3.28 59.0 3.32 59.8 
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TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit Stress, 18 Kip. per Square Inch 

For on. _"!;I'. In t. nllon with ..... nulo end connection the bbu'.t.d ... ,,, •• Ihould be ....t"oed. 

W . ... Ntt Ateu andS_ 1 HIII. D ...... 

". fTh~ .. ,- ... , .... , .... f~' }i" AI • .,. 
" " AI. III 

%" Rluta 

..... In." N_ ,,- N • ,,- N _ .. -. 

)i 22.7 6.67 5.79 1042 5.90 lOU 
~ 21.3 '" 5.44 97.9 5.54 99.7 

" 19~ 5.81 5.06 91.1 5.15 92.7 
~ 18~ 5.37 .... '42 •. n 65.9 

5x3J..<l % 18.8 4.92 4.2. n2 4.37 7~7 4.45 60.1 ,. 15.2 4.47 3.91 7 ... 3." n.' 4.05 72.9 
h 13.6 '.00 3.50 63.' 3.56 64.1 3.62 652 
h 12.0 3.53 3.09 55.6 3.14 56.5 3.20 57.6 
li 10.4 3.05 2.67 48.1 2.72 49.0 2.76 49.7 

" '.7 2.56 2.25 40.5 229 41.2 2.33 41.9 

, ~ 19.9 5." 5.03 00.5 ~13 92.3 

" 18.5 5.44 4.69 .... 4.78 66.' 
~ 17.1 .03 '.34 78.1 4.43 79.7 
% 15.7 4.61 3.98 71.6 '.06 73.1 4.14 74.5 

"3 
,. 14.3 4.18 3.62 65.2 3.69 .... 3.76 67.7 
h 12.8 3.75 3.25 58.5 3.31 59.6 3.37 60.7 
h 11.3 3.31 2.87 51.7 2.92 52.' 2.98 53.' 
% 9.' 2.86 2.48 44.6 2.53 45.5 2.57 48.3 ,. ' .2 2A' 2.09 37.8 2.13 38.3 2.1 7 39.1 

~ 19.9 5.84 5.03 00.5 5.13 92.3 

" 18.5 5." 4.69 .... 4.7 • 66.' 
~ 17.1 5.03 ' .34 78.1 4.43 79.7 
~ 15.7 4.61 3.98 71.8 ' .06 73.1 4.14 74.5 

h. 
,. 14.3 4.18 3.62 652 3.69 .... 3.76 67.7 
h 12.8 3.75 325 58~ 3.31 59.6 3.37 60.7 
h 11.3 3.31 2.87 51.7 2.92 52.' 2.98 53.' 
% 9.' 2.86 2.48 ".6 2.53 45.5 2.57 48.3 
Ii '.2 2.40 2.09 37.6 2.13 38.3 2.17 39.1 
X 6.6 I." 1.69 30.' 1.72 31.0 1.75 31.5 

~ 18.5 5.43 '.62 83.2 '.72 85.0 

" 17.3 5.06 4.31 n.6 .AO 792 ,. 16.0 .... 3." n.' '.08 73.. 
~ 14.7 '.30 3.67 68.1 3.75 67.5 3.83 ".9 

4x3~ ,. 13.3 3.90 3." 60.1 3.41 61A 3.48 62.' 
)j 11.9 3.50 3.00 ".0 3.06 55.1 3.12 562 
h 10.6 3.09 2.65 47.1 2.70 48.8 2.78 49.7 . 

% 9.1 2.67 229 412 2.34 42.1 2.38 42.8 
Ii 7.7 2.25 I." 34.9 1.98 35.' 2.02 36.4 

~ 17.1 5.03 • .22 76.0 ." n.' 
~.{ 18.0 4.69 3." 70.9 '.03 72.5 
!Iii 14.8 '.34 3.65 65.7 3.74 67.3 
% 13.6 3.98 3.35 6O~ 3A3 61.7 3.51 63.2 

h3 
,. 12A 3.62 3.05 55.1 3.13 56.3 3.20 57.6 
h 11.1 325 2.75 ,,~ 2.81 50.' 2.B7 51.7 
h 9.' 2.87 2.43 43.7 2A, ".6 2.54 45.7 
li '.5 2.48 2.10 37.8 2.15 38.7 2.19 39.4 
Ii 7.2 2.09 1.78 32.0 1.82 3,. 1.66 33.5 
X 5.' 1.69 1." 25.9 lA7 26.5 1.50 27.0 
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TEN S ION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit. StreH, 18 Kips pe,. Square Inch 

For on. a"III.'n \anllon with _ntrlo and con_tion tho \abllLeted v.L .... Iho"ld ba ....,"citd. 

Wtl_t 
Nfl .... __ SIr-._ 1 

HoI. Oa,h.tI.t ... Thlckn_ o. N_ 

I Intll .. Ln ..... ,-, }S" RI .... ~" Rlvl" ~" RinU 

"". In.' - '"- N_ - ,,- '"-

" 17.1 5.03 • .22 76.' '~2 77~ 

Y. 16.0 4.69 3.94 70.9 '.03 72.5 

% 14.8 '.34 3.65 65.7 3.74 67.3 
% 13.6 3.99 3.35 60.3 3.43 61.7 3.51 6U 

3~ x3~ % 12.4 3.62 3.06 55.1 3.13 56.3 3~' 57.6 

" 11.1 3.25 2.75 49.5 2.81 50.6 2.87 51.7 

l1i ' .8 2.87 2.43 43.7 2.48 44.' 2.54 45.7 
% 8.5 2.48 2.10 37.8 2.15 38.7 2.19 39.4 
% 7.2 2.09 1.78 32.0 1.82 32.8 U. 33~ 

Ji 5.8 1.69 1.44 25.9 1.47 26.5 1.50 27.0 

" 15.8 4.62 3.81 .... 3.91 70.4 
Y. 14.7 4.31 3.56 64.1 3.65 65.7 

% 13.6 '.00 3.31 59.6 3.40 6U 

% 12.5 3.67 3.04 54.7 3.12 56.2 3.20 57.6 

3~x3 % 11.4 3.34 2.78 50.' 2.85 51.3 2.92 62.6 

" 10.2 3.00 2.SO 45.0 2.56 46.1 2.62 .7> 
l1i '.1 2.65 2.21 39.8 2.26 40.7 2.32 .U 
% 7.' 2~' 1.92 34.8 1.97 35.5 2.01 36.2 

% 6.' 1.93 1.62 29.2 1." 29.' 1.70 30.6 

Y. 5.' 1.56 1.31 23.6 1.34 24.1 1.37 24.7 

% 12.5 3.65 2.96 68.3 3.05 54.' 
% 11.5 3.36 2.73 49.1 2.81 50.6 2~' 52.0 
% 10.4 3.06 2.50 45.0 2.57 46~ 2.64 47.S 

3~ X 2J.i " 9.' 2.75 2.25 4Q.5 2.31 41.8 2.37 42.7 
l1i 8.3 2.43 1.99 35.8 2.04 36.7 2.10 31.8 

% 7.2 2.11 1.73 31.1 1.78 32.0 1.82 32.8 
% . 6.1 1.78 1.47 26.5 1.51 27.2 1.55 27.9 
Y. ••• 1.44 1.19 21.4 1.22 22.' 1.25 22~ 

% 11.5 3.36 2.73 49.1 2.S1 SO.6 2.89 52.0 

% 10.4 3.06 2.SO 45.0 2.57 46.3 2.64 47.5 

" ••• 2.75 2~S 40.5 2.31 41.6 2.37 42.7 
3>3 l1i 6.3 2.43 1.99 35.8 2.04 "'.7 2.10 37.8 

li 7.2 2.11 1.73 31.1 1.78 32.' 1.82 32.6 

% 6.1 1.78 1.47 26.5 1.51 27.2 1.55 27.' 
li ••• 1.44 1.19 21.4 1.22 22.0 U5 22.5 

% '.S 2.78 2.22 40.0 2.29 41.2 2.'" 42.5 

" 6.S 2.50 2.00 36.0 2.06 37.1 2.·12 38.2 

l1i 7.6 2.21 1.77 31.9 1.82 32.8 1.68 33.8 
3x2~ li 6.6 1.92 1.54 27.7 1.59 28.8 1.63 29.3 

% S.6 1,62 1.31 23.6 1.35 24.3 1~' 25.0 

li '.S 1.3t 1.06 19.1 1.09 19.6 1.12 20.2 

% 3.39 1.00 .61 14.6 .63 14.9 ~6 15.5 



10' 

TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit Stress, 18 Kips per Square Inch 

ICor on. angle In un.lon with _ntrio end .... n ..... don the tabu'aU<! .. Iu .. . h""ld b . ..... uced. - W .... NIII",-MC\Str __ 1 HoI, D.cIuetod 

"'. Thlckn_ o. h 

'"'" I inell" ~- ~" Rivett %" RI.1ItJ 

"". In ." ,,- '0. ,,- '". 
)i 7.7 2.25 al 32.' 1.67 33.7 

Jii 6.' 2.00 1.Bl 29.0 1.67 30.1 

3" 
~ 5.' 1.73 I." 25.2 1.44 25.9 

" 5.0 1.47 1.20 21.6 124 22.3 
)i 4.1 1.19 0.97 17.5 1.00 18.0 

" 3.07 0.90 0.73 13.1 0.76 13.7 

)i 7.7 225 1.81 32.6 1.87 33.7 
Jii 6.' 2.00 1.61 29.0 1.67 30.1 

~ ••• 1.73 I." 252 1.44 25.9 

2~x2M " 5.0 1.41 1.20 21.6 124 22.3 
)i 4.1 1.19 0.91 17.5 1.00 18.0 

" 3.07 0.90 0.73 13.1 0.76 13.7 
~ 2." 0.61 0.50 9.0 0.51 92 

)i •• 2,00 1.56 28.1 I." 29.2 
Jii 6.1 1.78 1.39 25.0 1.45 26.1 
~, 5.3 1.55 1.22 22.0 1.26 22.7 

2~ x2 " 4,5 1.31 1.04 18.7 I." 19.4 
)i 3," 1.06 0.64 15.1 0.87 15.:" 

" 2.15 0.1 0.64 11.5 0.67 12.1 
li 1.86 0,55 OM 7.9 0.45 '.1 

,,' 3.92 1.15 0.92 16.6 
2}.i X 1~ )i 3.19 0.94 0.75 13~ 

~ 2.44 O.n 0.58 10.4 

}. '.3 I." 1.23 22.1 
~ 4.7 U. 1.07 19.3 

" 3.92 1.15 0.92 1M 
"2 )i 3.19 0.94 0.75 13.5 

" 2.44 0.71 0.57 10.3 
li 1.65 OA. 0.38 6. 

~ 3.99 1.17 0.88 15.8 

" 3.39 1.00 o.n 13.9 
2 X t ~ )i 2.n 0.81 0.62 112 

" 2.12 0.62 0.48 ••• 
li 1.44 0.42 0.32 .. 



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 tbe 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. 

Readion.s. In the simple case of a beam supported at both ends, 
each support rcacts 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 shear or cut the beam across and the stresses they 
produce within the beam are, therefore, called shearing stresses. 
The shear at each support is equal to the reaction of the suppoltj 
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 
a lgebraic sum of the vertical forces acting on the beam between 
that point and either support. 

If such a simple beam supported at both ends carries a load 
uniformly distributed over its entire length, t he reaction and the 
shear at each support is equal to one-half t he 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 t he span , the 
reaction and the shear at each support arc also equal to one-half 
the t otal load, but the shear is uniform throughout the entire 
length of the beam. 

Bendin&" 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 fo rces 
about any point is called the bending moroent and varies from 
point to point. It attains a maximum value at a point where the 
shear is either zero or changes from positive to negative or vice 
versa. If the loads are concentrated at several points, the maxi
mum bending moment always occurs at the point of application of 
one of the loads so located that the sum of all the loads on the beam 
between one support up to and including that load is equal to or 
greater than the reaction of the support . 

1.3 

• 
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Vertical Defl ec:tion. Bending stress within l\ beam produces 

flexure, and the dcfiection, or the amount of its departure from a. 
straight line, is the measure of the deformation which the beam has 
undergone in its resistance to bending stress. So long a8 the stress 
is within the safe limits allowed for the materi al, the deflection is 
negligible 80 far as it concerns the beam itself; it may, however, be 
of sufficient magnitude t.o cuuse t.he disruption of other materials 
of less strength which are in contact with or supported by the beam, 
such as pluster. In such cases the limit of allowable deflection may 
determine the choice of a section. 

Lateral Deftedion. The stresses 'within a beam under transverse 
loading are compressive on onc aide of the neutral axis and tensile 
on the other. The tensile stresses tend to hold the beam in a 
straight line between the supports, while the compressive stresses 
tend to deBeot it in a Interal direction, just as the bending stresses 
as a whole tend to deBect it in a vertical plane. On long spans 
unsupported against sidewise deflection, this consideration may 
influence the choice of sections. 

Method of Computation. A complete investigation of the strength 
of beams under transverse loading must take into account every 
element-the bending moment, the vertical dcBection, the lateral 
deBection and the shearing stress; though under the usual loading 
conditions the first alone determines the size and weight of 
section. 

In the calculation of bending stresses, the loads are usually 
expressed in pounds, the span length and the distance between the 
loads in fcct; the 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 the allowed unit stress 
in pounds per square inch. In such calculations i t is assu med 
that the neutral axis of the section is normal to the line of action 
of the load. When this is not the case, correction must be made 
for the eccentricity of the loading. 

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 distaoce from the right (leCt) support and 
dividing the sum of these products by the length of the span. 

Second. Starting from the left (right) end of the benm, ndd the 
successive loads until a point is reached where the sum of the loads 
equals or exceeds t.he reaction of the left (right) ~upport; the point 
of maximum bending moment is located at this point. 

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

, I " 'J""'W ! ... --.- - o--.. --.~ i ,,-__ h ______ 12'. ..----i 
---- -1.6: 0"'- -----....... 

Example: Requlred the tiKe 01 .. 
• tee! oo.m to .uppor~ the foDow1oa: 
qul(l8C(lllt lo&da ovor. clOllr 'IMlIl of 16 
fOOl. betwoon .upportl!, at • IUlXlmum 
unlt .treJ8 IlQt to exceod 18,000 pOund. 
PCraquarelocb. Tho topnall3(l0rtho 
beam mUllt be bra.ood iaw .. all,. at 
pc(lpoO" loterva .... 

W, _ I6,ooo pounds. .. fIlM from lett INPport. 

W._ 18,OOO 9 .. 

W._ 2.000 W._ eo 
per foot. uniform up to .. ' OOl.'rom rtcht IUPI)Ort. 

... wood wel&ht of bMm uniformly dllt.rlbuUid 
over enU...., 'pao. 

Left Reaction, 11JOOD. 12 + (eo .1S) a + 18000.7 + (')000 .4) .2 , '" , .. Ie I,. 

m,M Hl!a<:tloo, 1l1000 I 4 + (IIi) I 18) 8 + 1l1000 Ie + (XIOO I 4) I 14 21 6011 It. 16 -, . 

8umo'~mo' 10&dI_ W, + W. + W. + W. _ 42,000 it., 

Polnt.ll 01 ma.rlmum moment (eo I 4) + 16,000 16,240 < 21,356 

(eo :l 9) + 16,000 + 18,000 _ 3-1,540> 21.365 

therefore the polnt or ma.rlmum bendl ... mOlDent I. at pc..lut of load WI' 

Mulmum bfndiDg DlOIDCot. 2lW ..... UlOOCh &-(lOd) IU 

or. 2UI';l.S.I~14h&-(lMh7)IU _ IOQ,76/i itA ... 

u-ulred lIOCt\on modul:o. 100,7/1..'\.11 12_ 1,31 1i:JrO 73 2 In' ...... - is,OliO 1S: ) _ .. . 

M t.be section mooulUJ of tho IS Incb 54.7 pound AmNlcau Standard, or 
the 16 Inch 45 pOuod CU Sootlnn apllro:dma~ thb valuo, eIther 01 th_ 
IIIICttO"'" may be usod. 

11 the .Ilowed unit .t..- ... ere 16000 pound~ per .qu • .., Inch, the requlred 

--10 odulUII Oul,,,,IOQ.7MI12_ 1.317.180 '2410" 
""'"' n m w 16,M 18;1.101lif'-·· 

, .. 
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NOTATIONS USED IN FLEXURE FORMULAS 

\V _ Superimposed load, in pounds. 
R _ Reaction, in pounds. 
\' _ Vertical shear, in pounds. 
:\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 inchess, 
E _ Modulus of elasticity, iu pound, P'" sqnace inch. 
D _ Deflection, in inches. 
I _ Length of span, in inches. 
k _ Distance from end to load, or support, divided by span, in 

inches. 
g - Distance from end to nearest point of zero moment, in inches. 
e _ Distance from end to point of maximum positive moment, in 

inches. 
h _ Distance from end to point of maximum deflection, in inches. 
< _ Is less tha.n. 
> _ Is greater than. 
I _ The sum of. 

LOAD CO EFF ICIENTS, C, FOR CONTINUOUS BEAMS 
OF EQUAL SPANS 

Moment - CWI Shear - CW 

~. ~" 
EQUAl. SPANS "i====:;.=====il ... _....1.0'-_ •• _ -'0-'--_.,. 

No. 01 ...,. 
, 

3 

• 

..., ." 
1 
2 

--
I 
2 
3 

1 
2 
3 • - ---
I , 

5 3 • • .... "" "' .. ..., 

SH£AR _I MOMEN T SHEAR I MOMENT 
Lilli Rltht Wh... AI LIt! RIght I WIttH AI 
End End SIo.- _ . Support End End Shill _ 0 Su,port 

+ + ---'=--~--=+'---;- + 
~75 .62' .070 ~12 .... .156 
. 62' ., . .070 .125 .... ~12 .1 58 .108 
-- -I--

Aoo .600 .080 .350 .... .175 
.500 .... .02' .100 .500 .500 .100 .150 
.GOO .• 00 .080 .1 00 .... ~50 .175 .150 

.393 .607 .on .33' .661 .1 69 

.536 A64 .036 .107 •• 54 .446 .1 16 .161 
A64 .53' .03' .071 .446 .554 .116 .107 
.607 .393 .on .107 .'" .339 .169 .161 
---- -- --

.395 .605 .078 .34, .• 58 .m 

.526 A74 .034 .105 .539 A61 .112 .158 

. 500 .... .04' .079 .500 .500 .132 .118 

.474 ~26 .034 .079 .461 .53' .112 .118 

.605 ~95 

.078 f~I .658 ~ .In .158 
--~, 

.042 .083 ~ ..500 .500 .500 .125 .125 
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STATIC LOADS ON BEAMS 

EXPL.-\NATION OF TABLES- CASE 1 TAKEN AS A UNIT 01" 

COMPARISON 

For Case 2. A beam with ends fixed will carry 1M times as 
much uniform load, with .3 the deflection, as the same beam would 
carry werc t he ends SUPltortcd as in Case 1. 

For Case 18. A beam with load concentrated at the center will 
'!arry only ~ as much load, with .8 the defl.ection, as the same beam 
would carry were the load distributed uniformly over the entire 
span as in Case 1. 

LOAD COEFFICIENTS, C. 

The safe load tables give the total unifonnly distributed loads 
fo r Case l. 
Uniform load in sale load tables + C _ Allowable load for that case. 
Load obtained by formula X C _ Uniform load in safe load tablcs. 

MuI_ I.oIId 
lMdi"ll Conditlant. "" .-SIn •• SjI&n s ...... .. ........ .... D_ ,... ... ..... , 

~~ ~---

L 2, 

i!i!!!!!!~! !i:I!!! lIill!! '~ LII III II ' ;IiI': I!!!!lIIlIlIt* I I I I 
Z\ 2 Hi ,ffI ,3 

3, 4, 

11111111111111111 '" 111111111'1\\ illllllllllllllllllllll ' lll' l~'\ 3 )i 4 2,' 
~~ ~ 4 I I ,<2 

10. 13, 

~ 10 
, 2a 

\~\\\.R~\~ 2a • 13 ji 2,ffI 1.92 

", 15, 

~ .. ~ I' " 1.33 ~ .. 
.. ... 15 .In I.'" ,., 

16, 17, 

pm-~ l;'i 0 III 16 lji ,67 I.'" 
17 I I " 

IS, 2<), 

0 n t~ IS II 2 ~ .. .. .. 
'" L5 ~ .. 

22, 24~ 

0 0 0 22 ,li S 3~2 

f' .. .. ,& 
" 24 Ta T 

26, 28, 26 1 8(I- k) 

n I" 0 0 = ,,\ 
'" '" 28 1 I 411. r. T 

.. , 
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STATIC LOADS ON BEAMS _ .. . 
I M .. lm ..... LOIod ,--- Ca" .... C",*- 8 _ E.qu.II $pIna .. . ..... ..... "" .... c 

;1 , r; 41 ..". -'51 • • 
1 '!! I I!! " !" i 1 42 1.30 .77 

i '·'·· , , I 1 43 1.33 .75 • 
• .. 1 • 44 1.67 .60 

3 " 1 f .. 1.20 .83 

a-'- I 1 [] .. Ll8 -'" 

£1 t ! , i I: 47 1.8 1 .55 

~l 0 • 0 • 0 L 49 1.00 1.00 

J 0 0 • 0 0 • Q Q I' SO 1.13 -'" 

I 0 Q Q • 0 0 Q • 0 0 0 [. SO 1.20 .83 

• 0 • 1 " .62 1.63 

Q • • 1 • 52 .63 1.60 

1 • 0 • 1 53 .71 ,.4. 
, I Q • I 54 .80 1.25 

:1 0 • 1 P 55 .79 1.27 

J Q I, ,. .75 1.33 • • 

, 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAi\o1S AND FORMULAS 

STATIC LOADS ON BEAMS 

1. Beam supported at ends-uniCormly distributed load 

... ------- /-------- .. _h-.. ... ' 
-.;--;- . w ~::D 

R I , : ,R , 
r---~---'!<---! ---~ 
~' , 

R jlL'T!=:> : ' 

8h~ D~ : c:::c:ttIJIl R , , , 
: ' I 
, : I 

ft;~! 
~-;~: 

Moment Diaa-....... 

8ato Load _ Tabular Load 

V. W!, 2xl 

" 
" -"'-, 
M. w'QI- xl 

" M 
W, .-

Wmu. '" , 
Dmax. IIW /' 

384.1':1 

2. Beam fixed atends-uniCormly distributed load 

Moment Dlaal'Sn\ 

Sato Load _ 1.5 X 'rabular Load 

v'" i'I(l-ZlI) 

R 

M 

W max. 

D mH. 

, 

w ,-
~( 6X _ I _ 6; ' ) 

W, 

'" w, 
" 12 rs -,-
w,· 

384 EI 

.ZI\ 1 

3. Cantile\'er beam-uniformly distributed load 

Sdo Load _ .2;5 X Tabular Load 

W. 

R 

Wmall: . 

Dmu. 

--, 
w 
Wx' 

" w, , 
'" -,-
WI' , .. 

, .. 
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BEAMS UNDER VARIO US LOADING CONDITIONS 
DIAGnAMS AN D FORMULAS 

STATIC LO ADS ON BEAMS 

4. Load unirormly distribuled-one end fi xed, one end , up ported 

w, ..... Tabular Load 

R. OW , 
Fixed ............ , •.•.••••.•• R. 'w 
~w :'··x-.-~ ; 

-, 
W (3l-Sx) , il.- ~D V. 

" Rl ~' "' 
", :..· __ h·_··~ R t 

" .07 \VI 
: ,~Rt W, 

R~' , AI, -, 
" S ....... Diagram 1 

"" 
Wx(3I-1x) , , 

" , A11 ri I rrr:;.--:,¥ 2L , , 
~]V: 

, 
, " t. : .. -- e .. , • ... 

- --c -... .. • .'l,n, 
M_t Diqn.m 

D~. 
.0000W/' --E-'-

Wmax. 
,rs -,-

6. Load unirormly diatributed---one end s upported, one end o'-erhanging 

R . 

R. 

,.._._. · .. ···-1············ ... v. 
;.········,,········ .. 101 ~ 

:e!jlj!i~ill~ 
R,[trp., v.h-r..: 
, . :::""::llU ' , , Vb , 

:~8h"";~' ; , - -..... ~.-- ... ~ 
I , ,. 
I , ' II 
I • .' 

. ' i\V-I , ' • I .' .• ,." , . '1 , . 

Vb 

, 
.. ······c·····-01 • 

lIomeot Diqn.m 
Wmu. 

W maX. 

W (I-2k) 
2 {1-1o:) 
W 

2(I-k) 

Wk 

n ..-Va 

W/(1-2k) ' 
8 (1 \0: )" 

Wk"' -,- M. _ M. Ifk _.293 

W., 
Il'X -2T ' Ir x<c 

W O-x) ' , Ifx > " 

" 1(1-211:) 
2(1-10:) 
1(1-2k ) 
( I - k) 

23.3 rs it k _ .293 - ,-' 
8tS(1 k)~, Irk < 293 
1(1 2 k), . 
Of. , 
kll ' fk >.293 

tL. 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS A ND FORM ULA S 

STA.TIC LOADS OS BEAMS 

6. Beam continuous Ol'er t.wo support&-unirormly dis tributed load 

~ , =~., R , , : - --'~--" 
, V ' V" l"...l 

,"-J.J IVa ,'-I.Jj i IVb • 
I ""l . , , ""! . , 
I Ii ..... DiqTanI : 
I, " 

~iTh-l6i1IIJlh.,: l 
~ - - ... ;""""f: \ vV. ]'.f , " IC __ -.._ .J' 
." I, 

':' : I "' 11\" ';,1 I' 

~ k/.J.·----c ---- ..... .,1., 
... -- --- -- --,--------- ~ 

Moment D\aa'r'am 

H 

v. 
V. 

M 

M , 

M. ... 
W max. 

W max . 

W rna • . 

, 

w ., 
W. 
R - \'. 

W Ill 4k) , 
8 IU:J > j-

w.' , _,_I 1I[ _ M
" 

Il k _ .207 

'V,.I Irx < " "'"21' 
W (/{:I k l)- lI l 1. 

" 
Ih: > kl,bu~< (k/ +e) 

46.718 - ,- ' Irk _.207 

~. 
l{ l - 4k) Ir k < .207 

i~· Irk > .207 

' ( 1 - ,fi"'=4kj , 

7. Lold uniformly dis tributed Ol'e r b 'O 6upport&-unsymmetrinl ends 

R, 

v. 

,, - _. _. _. - j . -------- ... Vb . , , , , , 
10-..... ---e----_ - b· - ~ Ve 
" " " I. , ' W ' , 

1O :iI ' : ~ ... ,,;t a, I , &. : t .. .., .. , f..: 
. v.ll'.. I Vc llh- I 

:~~b i~ Vd 
: ''-r! D!q-~ 

.-t- --T --?I"'t'r\. ' , 
.. ' I A IIII)' , , 

;~~-~r:.'~-~. 

Vd 

M, 

M, 

, .. 
• "om.llt~ 

w~. 

W ( I 2b) 

'" W ( I 23) 

'" R,- Vb 

W. , 
w, -,-
R . - Ve 

R ," W-R ,& 

w., 

" w, ' 

" "":I' 21· 
W:I' R , (:I - a)-2T' It ,,> ... bu~«a+e) 

J( I - 2b) 
2e 

'IS' ........... Ir M , >],1 or M. 

8 """ • 1( 1 2b)l 4aC{1- 2bj 

2 :;:', I t M . > M Of' M . 

1,-------' 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 

DIAGRAMS AND FORMULAS 
STATIC LOADS ON 'dRAMS 

8. Beam lupported at ends-uniform load partiaUy distributed 

F·····-I .. -.---~ 
_--··e ·--_·b·· .... , ' ' 

I I w ': 
-.- t '" i .=1"::0 

HI),',",:"; :: :n .. 
• , " I 

R,tnTt=:,..:' ' 
Sh"'D~:~RI 

: : ~, , ... -.... --.., , 
, , " I 

f-~A1i1INJDlnJ----I---, , 
M: ~ : ; 

, C' ''-If.Ll.Ll''d:L.llLt~' ".-'. 
Moment D!qnm 

R. 

R. 

l\h: 

, 

W (2b-t<:) 

" W (2a-t<:) 

" R, _ ~ (I[- .) , 
R, (2aW ± R,c) 

'W 
w , 
2"Cb+4"l. Ita_b 

R,I<. If ,. < a. 

R,X_ W (lI ." Ux >a.but< ra+eJ 

" 8t1H1 -4., (2b +<:) +<:(2b +el' 

a + R,c 
W 

9. Beam supported at tnd!i-uniform load partially discontinuous 

R. 

R. 

• 

W, (21-&) t W,b 

" W, (21 b)±W,. 

" W, b W,. 

" R,'. 2W;'"' If R, < W, 

n,' b, 'tn, > w, 
2W. 
R,x - w,,,,', ifx<a 

" R W I (2x-&) ,x- 2 • Itx>a. but< (&+0:) 

!!.l! . 
W. UR,<W, 

I - ~' Irn,>W, W. 
NOT": In caae abo .. n, It, < \V , . 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
D.JAGRAMS AND FORMULAS 

STATIC LOADS ON IIEAKS 

10. Uniform pressure on fOWld lltion- load pa rtially distributed 

,.---------,--------., , , 
~-.-'I'"---- b----..,.-.-"l 
: : w : : 
• t rl' ji ij.j'I'R : 
f' -rL';, '://///1 
", .. "t-·" :: 

.. -.--_. ..---ar-- '" v ' , I , ' 

t. ' 'I ' . .. 

, " : v l Sh"'. Di ........ m ,---~"" 
1T--~-O·~·T1n~' , 
J:I : ' : .. :.' =.w.=.w.:,..' 

lIoment DIqy ..... 

Sato Load _ 

v 

!II. 

• 

i; X TabUla:- Load 

W. , 
~ • w., 
21' Ir.<a 
Wt,[1(2J: -a)-2xll. 

. IS 
• , 

T 

21(1-210) Ir,,>&, bue «a+b) 

11. Uniform pressure on foundation-loads partially dis tributed 

.. ----------, -------.. , , 
~ ...... e ·· .... ·b· ... __ c .. ". • ..: 
: : 'If: : ~ : i 
, f-l-1 ",""",,-I ' 
l- ",';:,d/,,; .-",,·1 .!h,). 
, .' " " 
~ ."., , I " 

r--~;--"'-~ : I 

v. : t :' 

v. 

M, 

M, 

w. , 
Wb 

" Wt. · 
~ 
w., 
21' It:.:<_ 

W !2<:J;;I-l{I-aJlI. it" > ... but < (a+e) 

'" 

168 

~b' ' , , V 1. ... __ • ____ ., , .• 

: : Shear' nt.'trnm ,-i--' 
. -.~--.-- : i " 

WI'(2a + e - 2x) + 2xt J. Ih: > (a +e). but 1lO~> 1. " , '" 
" , 'I , , , . ' , 
; : I 
•.. ..L.J.l.."'\''iJJ.w.u.. 

'.' 

Mom~"".'CeDterbi NepU~If ( .. +~)< ~ 

" "'i'=Tc • 
2ts(I-2<:J .' Wmax. 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

12. Uniform pressure on Coundations----concentr ated loads at any two points 

,,,4 0',0 ~#,,; (N~ 

:.. h·~·h· "'·jf-':""n-""'-n·'; : R,:. _____ m _____ ; R, i 
;'--·e·-·~ : 
" , , , ' 
, ! 

, ' 
-'!I t' 

M<>ment Dlaa'nm 

n, 

R, 

v. 
v, 
v, 

M, 

MI 

M. 

• 

W ,(b+C n j W. (n-c) 
m 

W .(m+n-c)-W ,(h_) 

RoO 
2h 

_ W ,_Va 

_ w.- '·c 
_ R,_W, 

~ 
- <h 

R, c' 
- --:ii1 

m 

_ w,(a_2W •h ) ,R, 
R,ll' -""""iiI ' Irx < a 

R,x' "TIl-w,(x-a), If,,>&. but<2h 

R, (x-hl-W, (I-a), Ir,,>2h. but < (211 +11) 

2W,1I 
- n,-

13. Cantilever beam_Load inereasing uniformly to fixed end 

..- -- ------"- ----- .--0: , , 
Safe Load => .375 X Tabular Load 

v. lYx ' -,,-
R W 

M::r w.' 
W 

" 
w, , 

Wmu. = 
>t. 

D rna>:. 
w,' 
i'M:i 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS OS Bf!AMS 

14. Beam Jiu pported at end_load increasing uniformly to center 

,.. ---- -- / ------- .... 
~---t---':'"W--- t ---~ 

~
' , ,.-J;-" 

t " j. ____ :.D 
n, : ·R , 

Sato Load 

" 

.n. x Tabula~ LoalI 

w , 
If" < ~ 

R~: : 
Sloept DIacram : ""4JllIO R 

:\1", If" <t 
, , , , , , 
;;~i 
"- ' 

Wmax. 

D~. 

Moment Diqram 

15. Beam su pported at ends-load increas ing uniformly to one end 

Safe Load 

n, 

R. 

'" 
W max. 

Dmu. 

.97 x TabWar Load 

W (l' 3l1 ' ) 

". ,W -,-
-"-, 
W,,(I' z.) 

" . 
. 128 WI 

7.79 rs - ,-
.01<\044 W I' 

" 

16. Beam supported at ends-load decreas ing uniformly to u nter 

.. ------ .- /-- - ----·to 
' I I ' 
~---r---":"---i ---": 

~' W : ,k1- ' T , 2 , • 

~- _~tD 
R, ' ;R 
R~ .... >: • ., 

sitW DIacrva i <:::ttliJj R 

.-;~---- ' . , ' 
JII . , , , , 
' - "''C;:::=,~::::LL" J.loDK.Dt Dia,a-raIn 

Safe Load 

" 

Wmu. 

1.5 X Tabular Load 

W (~ _ 2"' _1L) 
I /1 7lI . 

, 
w"(~-f+;~:) 
w, 
E 
12 fS , 
3 W I" 

320 EI 

'h<f 

, .. 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DLAGRAliS AND FORMULAS 

STA.TIC: LOADS ON BEAMS 

17. Beam fb:ed at ends---.ingle load at c::enter 

FUl ..... ----.· .. :. Sate Load _ Tebular Load 

···f ·· -- · · f -·· .. W , . . R \lid , ... :.~,D -T 
-; ", , ' . W , R " .. ~- II -- . , ' .G)' ' R 

M, -8 (4I - /), lh:< :i 
~+~ W :..+ .: 
" " M ~ , ' , : : -

Rl iilililill I I 

, 
M, W, Sh"'rDl&cram 1II1 i !lllln -, r -f----i.--- I : : 

M ': " 
w _ _ -, .. 

'",--" " -J. , 
W:_, __ "<IJl., 

D __ 
W .. - 192 X I 

1& Beam lJupported at endS--COllcentrated load at center 

~ -- -- - --I- -- ---~ . 
....l r-"-J..,J Sate Load _ .5 X Tab\llar Load 

D W 

R t---- t~-$--- t -_..l R' 
R -, 

, W ' 

'" 
W. lh < ~ , : . -,. , , 

R 111111111 1 M 
w, - -

R • s~Dt_m llllllll ... , . Wmu. --,-
ff~ D mal<. 

w,· -iiEi 
Homent DI8ctam 

l _ 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DlACRAJUS AND }~ORMULAS 

STATIC LOADS ON BEAMS 

19. Load at any point---ends fb.:ed 

n, W (I-3k'+2kl ) 

Wk'(3-2k) 

2\\'k"I(I-I<)", Uk<.' 

WI<I( I -k)',llk < .6 

Wkll{1 - .), It k < .6 

Irk < .6 

U" < 1£1 

R.(/- ,,) - M,. .. 
t +21£ , 
3-Zii:' Ifk <.6 

if '" > kl 

1£1(1 k )' 
Irk <.6 

2Wk""(1 k) ', 
a EI(3 211;)' lfk<.O 

20. Load at cenier--on.e end Ib:ed. one end supported 

P1,,-.:I ...... _______ 1_. ______ ..... 

·--f· -;-··· t ····; , 
. =.,0 i ~ ____ J HI 

W ' , : . "- b--i 
.,1111111111 i 

' " I Ii 1111.a. 
Sb.lr Dlqram! i ' 

.
M, 
L 

l ·-------t~ 

S&Jo Load 

R, 

R. 

M 

M, 

M" 

M" 

• 
b 

w~. 

D 

_ .67 X T abular Load 

"w -16 
'W ..-,W, ,,-
,W, ..-
,w" 

If" < ~ !G' 
~_!.IWJ:. u,,>~ , " 
'-' 
" _ .~7J 

" .. 3T 
.0000W'" 

"' 

,.7 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

S TATIC LOADS ON BEAMS 

Load at.IQ' point--one end fixed, one end supported 

R, 

n, 

Wkla Jr ') , 
W(2 - 3k t k~) , 
Wk I(2 ::S ic ± k l) , ' mu. (.17-,W I).ltk _.366 

F; .... M, Wle le l k l) , , mu. (.192W/J, Lf k_ .. 1I77 

'j--------~~~( -; § _,0 
, ... " .. . 
~··h·-.; , , 

, " , " 
R,IIII!! ! I!!!IL-l 

: WllllJR. 
Sh-P Diqnm , , 
C- - A1'ii::---------,-, 
: A·IIIIII"'h.....: M 

' --mev '-. 
If_~ :..-- - ---~ . - --. ..! 

Moment D\aaTam 

• 
h 

h 

Wmu. 

Wrnax, 

o 

o 
Dmu. 

M > ~I , . If Ie < .414 
Ru, If" < leI 
RoX- W (x- kl), If :II; > kl 

" (3 - Ie ') 
1(1 + Ie 'l. 
(3 - le ') irk: < .414 

,'\i (2 ~ k.) , It k > AI., 

"" kl (2 alc + le ll 

'IS 

Ifk <.414 

Irk ;> .414. 
kl ( l k ") 
Wk /'I I Ie')' 
3 (3 k ')' El • It Ie < ,,114 

Wk11Ck- 1)· \ 1 • ,. . 
Irk > .414 .. , 

U k _ .",,14 

%2. Cantilever beam-c:oncentrated load at free end 

, , , , , , , 
RIIIIII!!! 1111111111 

: 8be..- D\aaI'&III : , , , 

w 

S&Co Load .1z:i x Tabular ~ 

K w 

M. 

,,, m ..... 

Om..,.. 

23. Beam supported at ends--concentrated load near one end 

saroLoad " Sib x Tabular Load 

n, W'" rna,.. If a > b T ' 
K. Wb mu.\f b>a -/' 
M. Wb. Jf ,.< .. --,-' 
M 

W.b - -,-
Wm .. ,.. "" - . b 

Wab {a+2bl ,,'ia(a + 2bl 
Dmu. 21 Ell 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOA.DS ON BEAMS 

Z4. Deam .!i Ullported ut end_two sy mmetrical f:onee nt rated loads 

Safe Lo&d :fa x T"bular l.olId 

" 
l! , 

" 
Wmax. 

D max. 

~. Beam s upported at ends-three concentrated loada 

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

R~' ;R. , , 
" " , , 
: w. W. WI : 
, I I I , 
,.. __ l_ .•• ~ _ ..... _b,_.,1 

R, 

R. 

W,b tW,b,tW,bo - , 
W,a.t WO&, + w ... - , 
R,a, max.lfW, _ or> n , 

,.9 

:..- -~.,,-':' .-__ ~b\ - __ ~ 
, I ' , , 
~ __ _ ~_ •• b-l. _____ ... 

_ Ra -W (a -aj {mu.lfW.±W, _ Of">11., 
" " 'mu. UW.tW. _ or>lh 

I I I I , 

I~"----' r- l -- I ----or') ! 
\, I 'M .~I. 
" __ " 'i ..... 

26. Cantilel-or beam-load at any point 

* " ----- --,---- -- --. 
~"<;.I t--- " ,--~, . ·---,'D 

R~! kl'-:':~ 
! (~i " , w , . , ' 

RIII II III'IRIIiI 
M. 

Wmu. 
, , 

I) mal<, 

n,a. - W,(a.-a) W,(a, .,), max.lfW._ or > U. 

, 
8( I- k ) X Tabular IA)ad 

W 

WI(1-k) 

W (,.- kl) 

" 1(1 - k) 

WI'(2-3k+ k') 

'EO 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAG RAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

27. Beam supported at end_two unsymmetrical concentrated loada 

,..--------l-.------.... , ' 
t r- ---:o: ---- ~ )0 

oR; 
--b-- - -o 

W i , 
: 1 

·'F~~:;;;;;~'jVI'TIrrj: , Sh .. rDl~ K. 
: l ' , 

~- ·C7tTTTTffi~=T~L 
~-~. 

Momen~ DllIjp"am 

R, -
R. 

v, 

" -
", 
M. ... 
'Wma>:. 

Wml.x. -

W ~c+2h! 

" W le± Za) 

" W \b-al 

" WI. Ic±2bl 

" W b Ie + 2al 

" 
max. loth. If b >. 

n,:I, it x < b 
W jbl- hlt±a:I! 

" 
tfz >bbut< Cb+c) 

" '" Ifl. < b 
1.0 (<:+ 2 11.) ' 

"" If .. > b 
a Ie + 2b)' 

28. Beam eontinuous over two 8u pports-two exterior sy mmetrical loads 

,. -_ .. ----1--- ---'- "": 
, D, 

! r ".~ __ .":' J ., ~. ,. 
" , ' -a-"'l',.. 2"1-;---a-

"'9' . T : : , , 
: ' , . 

'n , 
w 
T 

• 

C~IIIIIII[llY 
at-t DL..,..... 

8a10 l.oad _ -/;: X Tabular Load 

W • -, 
, .. W. If" < • -'""2"' 

w. A< -, 
Wllas. 

2t§ 

• 
D W.pal ".t) 

12 :K I 

D, Wa jl Zap 
16EI 

29. Unequalloatla at ends--(uocrh anging unsymmetrically 

.. ------_ ... + . _. -. _. _ . ., . , 
"' -Il -" I , : 

w, w, 

hniIIr:oo::InFv:~J:' w, W, ,Vc 
Shear DI .. • ... rn : 

n, 

n. 

v, 
A<, ... ... 
M" 

_ W ,a.-W,b + W, 
< 

W . b W,3, + W , ' 
W,a.- W . b 

W ,a. 

W .b 

, 

W,~, Ir x< a 
(W ,a- W .b) (J: - a ) , W,t., Ih: > a .but < (a +c) 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

30. Load between 8upporta and at OfIe end-loaded end overhanging 

,.- ------ ---1------.... R. _ W,c-W,h 

'f< ~.- . - .,.-----. e -_ .. .,. b.( 

RI~ .. Jt r~R("~.:~ 
i ~w. i "wI 

_ W,a t W.1 ... 
_ W,a+W, b 

.t< 

R~ ~w. 
:V; i i!l !" I II~ 

._.:~_. __ .. : s"-'" DIaa~ 1 
Ii: : i : 
.t.' : : .. " 

~ __ m lJ_m_": "'4:liEh~' 
.Ho .... nt D!....,.. 

'" "" "" • 

_ a(W,c-W,b) 
.t< 

_ W,b 

- ft,,,. 1(.:<_ 
_ R,x-W,(x-a). Ir,,>.,OOt«&+<:) 
_W.( I_J:). U .. > (a+<:) 

W,. la+c) 
- W,a+W,b 

31. Load at one overhanging end 

,, ----------1 - - -.• _., 
;. .. _ "-----e ,.------- ~ , 

Sar.. Load - s; X Tabular r.o.d 

W, 
ft. -e-
Rs _ ~(Upllft.) 

• 
M, -W. 

"" - W •• It" < .. 

'" - Wa(l - ,.) IfI: > .. • 
Wma.x. -!!! 

• 

171 



MOVING LOADS ON BEAMS 

Maximum shear occurs at. one support when one of the loads is at that 
support, and equals the total reaction. 

Maximum moment occurs under onc of the loads when that load is as far 
from oue cod as the center of gravity of all the loads is from lhe other end. 

The position of load fo, maximum sbear, or moment, is found by trial. 

32. See alii<> c...e Z3. 
v max, (at R, It " =0) ='" (w) M max, (at W if ""'.1>1) _ .25WI . : '" WI' R' '''--J:--_ ,R, Om .. >:. (at W It x=.fil) ... ~ 

:..---- - - -- -1--- - - ---- -,.; 
. --
33. .se.,,,1 ... c....21. V max, (at R, It " = 0) _ w 

(W) 
~" 

+Mmax. (atW 1("=.3001) = .174\\'1 

.. : " 1\1 max, <at n, If "' .... (771) = .102WI 
R,;- ,·,,·· ... ;R, 

D 1I1aJ:. <at W It .I:_AIoII) 
,OO9I1W/' 

.. -- --.'---- 1_· ________ oJ =---.r.-
. 

34. Sell aleo Cue 19. V max. (at H, If " =0) = W 

® 
+"'max. (at W If " ""'.51) = .12:;\\'1 

M W Mm .. x, <at H, If :1:=.3331) _ .148W/ 
\\\ Mrna>:. (at 1(0 It 1:_,0011) _. 148WI R,:-, .. , :R, .OOS2WI· ....... __ ----1-- ________ " o mal:. (at W It 1: _ ,51) - ---.:;.--

---
35. ,.-.-.., _ W (ZI-a) 

10
20 V max. (U R, If x -OJ , 

... '" ~In>al:. Co< , It ,,_ 21:;-a ) -W (21 1.)1 , 
" Ro'"'- 1: -'" ;Ro 10------.-- 1 _________ '" lfa~ ,5861.0110 load p;h'cs ;\[ max. (Cal!6 32) 

36. ~. ,,-... -.-., :lW(I-.. ) 

'twJ '~ 
, . V mas. (at R, It ,,_ .. ) 
(W) - , ... , ta. M mal:. ,0< , It 1:_.51) -wc: -.) 

R'~'--I:----': 

... -------- 1------ --- ... If a> .4501. two 10ad~ gh1l;\' mal:. (CD.l!Cl35) 
. --

37. .. .•. _-" ..,. .... 
2W~21 :lal 1(w) 2® 3(i) 4~ " mal:. (at R, It I:_a) - , 

... ; .., Mmal: . ( at 2 If ,,_21:;-a) _w( 1--2a+~D 
R, :----J<- .... :1' .. 

It a> .268/. throo loads gh1l:i\l mu . (Cue 36) .. _.- . - - -1- - -- -----'"" 

38. 
]"'""".~ (-0 

V max. ( .. t n, It 1:-0) _ W + W,_, 

~ ~ ... . '" 
Mm"". [at w 1fJ:-72(I-,;:\~J ]- (w+w,)f 

ll,:o-x- .... .R. , M mM . may oocur tor one load (Caso 32) ... _______ 1 .~ ______ 

39, r-.-~b""'" "'W+W ~I a)+Wd l _b' 

'tW2't$¥l " mlLX. (at R, It ,,= .. ) , 

'" [ ( W ,I) W .. )] W, + ZW ... . M max. atZ It I: - .J.i 1- W, +ZW ___ ,_I:'_Wa 
R, )o--x .. ... :a. 

:...¥·_------I ------· ... ~I max. may OCCUr tor two loaus (Cue 35) 

\ 
-



CONTINUOUS B~A:l1S 

To obtain moments, shears and reactions for cases 40 and 48, it is 
necessary t.o employ the general moment equation given under each case, ie: 

\VI 3 \V I 
M~ + 4M3 + :M I - - ""2 for case 40, and M2 + 4M3 + M4 - - -4- (0' 

case 48. Thc procedu!'C is as follows: 

1. Apply moment equation to spans 1 and 2. 
Two unknowns result, M~ and M~. 

2. Apply moment equation to spans 2 and 3. 
Three unknowns result, M~, M3 and :M I. 

3. Proceed until all spans have been considered. 
Number of unknowns _ Number of equations. 

4. Solve for moments at all supports. 
5. Figure desired values by formulas given. 
Subscripts should agree with spans under consideration. 
Shears and moments must have proper signs. 

BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAlUS AND FOR!\IULAS 

STATIC LOADS ON IJEAMS 

40. Any number of equal s pans-load uniformly dis tributed, ends supported 

,"'-------/.-.--->:<-. --- 1 - ---":'------· l ------';'------·/-------*: 
. w .... x--o: w ' w . w ' 

sp"" I .. n, span 2 

FOR ANY 'rwo ADJAOENT SPANS 
(Spans 2 and 3) 

R , Span 3 

lion ANY SPAN 
(!:lllau 2) 

W, 
M:+ 4"1 .+ ~I . ---2" w" v" - Va'-I 
va. 

]'.I,- M . 
--~,--

+}! , 
", _ W _ Va, 

V .. _ ?>!, - M. +}! , , 
\'b. _ W _ \' a, 

R, - Va. + Vb, 
R, _ Va. + Vb, 
R, _ Va. + vb, 

_, + Va.'1 " _?>I. ~nv 

Wx· M" _ M. + \'90'''-21 

, 

• _ " til rormula for J',lx. Ir M,,_ O 

NOTJL:: In applying formulas to any other two a.dJa.ceM sp<1.nlI. el\ango IJILbecl'lptll of W . I. M. V. R 
IIJld " to h:we same I'Illatloll to !<pans ullder OOllsldcratloll as tb08C abovo ha-'e to spa').'! 2 alld 3. 

Por valu"," or shear and momoot ill bo'Iams Or nve Sllall8 or 160'15. """ tabLe. Page 156. 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
D~AGRAMS AND FORMULAS 

STATIC LOADS ON BEAKS 

41. Any number of equal spans-load uniformly distributed, ends fbed 

Fii~----- ---,-- -----~:_-;:;.- - 1--- ----.~ ----- - - / --- - - - "'r---- --/-------i~~)(ed 
~ , w ,,' w , W w ~I'~ 

Moment DiaIrnun 

Sal'e Load _ 1.5 X Tabular Load 

R, W - , 
R. - W 

V. W -, 
VO 

W - , 
M - W , ,. 
M, 

w, 
-12 

M x -W !6.t (I - x) - I'j 
12 1 

• - , -, 
• - .211 1 

Wmas_ " " - -,-
- -

42. Two equalspan.s-Ioad uniformly distributed Ol'er one span, ends supported 

~ ---------'I '-----'- --~----------I---- -------: 
~"i 1I',,,,i!rr .Ii lIi:r:si , :t: 

R, : i R.,: R, 
.. -:<,. ~- ".... : 

R~ : Ul>lif t f 
'~ CZltt1lllIi ' iii ii" I Ii!!! i i "iR, 

rr~~~---.~~-·~ ,va Shear~ : 
, , , .' , :: ; : ; 

t .t==:::¥:~~ 
Moment DU.an.m 

Sa.fn Load - 1.30 X 'rabular Load. 
R, - ,438W 
R. - ,625W 
R. - .002"W 
V. - .,.,w 
M - .006W I 
M, - .000W I 

l\lJ; , 
Wx, (!, 8x , ) - '" M I , - ~.- I) 

" • - .4381 

• - .875 / 

W ~. - 1O.4 2 f8 - -,-

I 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

17'5 

43. Three equal spans-load uniformly distributed over one end span, ends supported 

: ~h : 
&.(----- - - -gI --.--1:. __ ~___ I 

~----- g:r--- --.J 
Moment Diagram 

Safe Load = 1.33 X Tabular Load 
MXI 

W X1(131-15xl) 

RI .433W 301 

R. .65W Mx. 
W(5x2-41) 

R. .1W 60 

R. .017W MX3 
W(l-Xa) 

60 
Va .083W 

.4331 e 
Vb .567W 

.8671 gl 
M .094Wl 

.81 g. 
M, .067WI 

10.64 fS 
M. .017WI Wmax. 

44. Three equal spans-load uniformly distributed over middle span, ends supported 

~--- - - - - - - -l - -- - -- - - ->o<i- -- - - - -- --l - - - -------»,<------- - --l--- - - --- -- -), 

i frnnnnrr W ~ ' : ... :~!!!!,! ! !! I!U! II!! !I! I !L: A:: 
Rl I . I R2: 1 ; R2 I , Rl 

I"------Xl- ---;,! r<---x.-->' I "'- ---- -x.- ----~ t Uplift va~ : Upliftt 
I I II!! I! I!!!! I II IIII R 

R, IIIII!!III!!!!!II!I! ,~ , I 

l ~-----e ---- ·)l Va : 
i Shear DisgTam : ~-": : 
t k;'g ~ I I t 
I I I M J I 
I I I I I I 

~~~I ~ 
Moment DiagTam 

Safe Load = 1,67 X Tabular Load ,05WXI 

W [10x2 ( /-x2) -l2] 
201 

R, ,05W 

R2 .55W 

Va 

M 

MI 

,5W 

,075WI 

,05W I 

Mx. 

e 
g 

Wmax, 

,5 1 

.113 1 

13,33 fS 
I 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

45. Two equal spans-load uniformly distributed over one span, ends fixed 

Fixeld ~------- - -- l;; -- ------>;c--- ---- --1-- - - - - - -- ->:IFLXed 
1II!!I!I:'IIIIII!I!lIIIIIIIII!!IIII!lllljI!lllll~ : 

Rl~: R2 : ~ . Ra 
;"E- xl)J ~-x~r-}l I 

R ~ i Uplift + 
'~ <ZttllLd llllllllllllllllll dRa 
! : Va i r----- e-----~ I Shear Diagram : 
~--------gla · t------~ : : 
r--g1-: ------r~; :.1 

Safe Load 
R, 
R. 
R. 
Va 
M 

Mx, 

: I I I Ma 
;\- -I} e 

, , 
"E-- - -- - -g~r ---- -~ 

Moment Diagram 

g, 
g,a 
g. 

Wmax. 

1.20 X Tabular Load 
. .563W 
.5W 
.063W 
.438W 
.054WI 
.104WI 
.042WI 
.021WI 

W[3x, (9 I"':' 8x,) - 51" 
481 

W(3x2- 21) 
48 

.5631 

.2341 

.8911 

.6671 
9.62 fS 

46. Three equal spans-load uniformly distributed over one end span, ends fixed 

Moment Diagram 

Safe Load = 1.18 X Tabular Load 

R, = .567W M 

R. = .483W M, 

Mx. 
W(9x2-71) 

180 = .055WI W(21-3xs) 
=.106WI 

MXa 180 

R. = .067W M2 = .039WI Wmax. 
9.43 fS 
--1-

R. = .017W M. =.OllWI 
0 .5671 

Va =.05W ::vr. = .006WI g, .2351 
Vb = .433W 

MXl 
W (102x,l - 90xi -1912) g,a .8981 

1801 
g2 .7781 

gs .6671 



BEMIS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FOR:lIULAS 

STATIC LOADS ON BEAMS 

47. Three equal spans-load uniformly distributed oYer middle s pan, ends fixed 

R, 

It, _ .OS3W 

Ih _ .683W 

Va, _ .IIW 

"ho _ .sw 
~( _ .069WI 

~I , - .028WI 

M. - .0S6WI 

v., · , 
• • • • 

R, 

· . .-arrrd", 
" 

Sa!\) Load _ 1.8 1 X Tabula.r Load 
W (I 3x,) 

Ms, 

" •• 
Wrnu. 

" W[9x, (I- x. )-I' ! 

'" ..,,, 
.1271 
14.5 rs --,-

48. Any number of equal span_load concentrated at center of IIpans, ends supported 

r- ----1-- - _. --- .... -- - - - -I .• - - - ...... -- - ---1--- -_ • .,. ._- - - ,------- ""'1 

RI ; RI~ ._"._..l' R. I R. R, 
: W : w: w : w 
, " • I I 
, I , I ' , I ' , 

R,illlllll ! v •• ~ 1111111 v·.IIIIIIII: V" IIIIII'I i 
:11111 11 •• ,IIII III ,v •• ' llI ll l v., " III, I!R. 
I : : : 8'-" ; m.a-nm: : : : :"'" -_· .... w-- ....: :: I 

: r-c .-,,: I"·-h , : 
~ : ' M : : 

YOn TWO ADJACENT SPANS 
(SpalUI 2 and 3) 

---_ .. 
FOR ANY S I'AN 

(Span 2) 

3WI 
,M.+4:\1.+M.- --.- M _ M.+.Y!!J , 
R. 
R. 
R. 

V .. 

Vb> 

V .. 

Vb. 

Va. + Vb. 
Vaa + Vb. 
v .. + Vb. 
M ,-M, + ~ , , 
W-V". 
M, "h+ w , 
w-v •• 

~I:I- M.+V ..... , Irx <k 

.. -
, 

M. + V".It- W {It-ii)' 

-:\1, 
V .. 

_ 0.1. + }iWl) 
(V"'- W) 

I f It > i 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FOltlllULAS 

STATIC LOADS ON BEAMS 

49. Any number of equalspana-Ioad concentrated at center or spans, ends fixed 

Sate l.-d _ Tabular Load 
W R, 

R. 

V. 

Vb 

-, 
_w 

w -, 
w -, 
w, -, 

TWO LOADS ON EAOH SPAN 

8 .. ro Load - 1.125 ·X Tabular Load 

R, 
W M 

W, -, -" R. - W W, 
W M, -, V. -, 

• IS 
Vb W \V ma::II. --,--, 

Mo.nent Dlacram 

w, 
M'- a 
M" _ W('h:-n, , 
M W(3/-u) 

lI: - 8 • , 
I - T 

Moment Dlaaft,m 

THREE LOADS ON EAOH SPAN 

SaI'o t.o.d _ 1.2 X Tabular.l..oMl I 
R, 

R. 

V • 

Vb 

w -, 
_ w 

W -, 
W -, 

V, 

M 

M, 

W~. 

w -, 
w, 

-li 
'w, -u 
g,lI t8 --,-



BEAMS UNDER V ARlOUS LOADING CONDITIONS 
DIAGRAlUS AND FORMULAS 

STATIC LOADS ON BIlAMS 

51. Two equal spans-load concentrated at center of one span, ends supported 

Safo Load - .62 X Tabul,.,. Load 
R, - ADOW 

R, - .688W 

R, - .OO<W 

V. - .a{l4W 

" - .203WI 

M, - .Q9.IWI 

.406W",. 
, 

M .. - [h., < '2 

~-···-·-·-- I -- -----.... --- ·-----1-- -----_.., , , ' 
~--x,-- ": ;- x.... : .-- ' ...-- ~ 

R ,: c) : R, : R . 
, W , , , , , 
, • : UPhftt 

a ,! t II)'! 111I iii" i 11 Ii i Ii Ii Ii' '\R , 
: v· 111111111 '"M'm...... : 

179 

W \161 10",) , 
~lxL - " 

Ih, > 2" r-r--.---::-riiTfh;t,,-:--.-!--ar---: ! ! 
M : A : I , 

3W \"" ') 1\1", - " , - ."" 
".J cl!..L " I 

':~---
W_. ... . 93 fS - - ,-Moment Oi. "......", 

52. Three equal spans-load concentrated at center of end span, ends supported 

... -----------1----------.... ----------1-------------------·-1----------.. 
• , I : ... -.,.,_ . ., .. -..... -... "--">I a--" , 

:i ' --i: ' i ' :f 
R" <) , R, , R, , R, , , , , 

: W : t' , : ' Uplift
T 

: 

Rdlllllllll! V"!'"lllllIlllllllIlll l. iiii la. 
i v'lllllllIll S .... -.. : ' i 
f-~:'~:'---':=':':::"--"' -l r----"·-----: i i 
H ' :' --.J-------t ' U '~i "" f : ...,-rrJ1] III! IIi " ., , 

M, L _____ _ 

Moment Di_II"""'" 

... , Loo« - .625 X Tabular Load , 
1.1:1, - . 4W~,. If:l, < 2' R, - .4.W 

R, - .725W 101:1 , - W (51 6x, ) , 
II:I, > i 

" R, - .15W 

R. - .025W l'.h. -W !5x. 

" 
41) 

V. - .12.5W W« ~) M., - .. V, - . 6W 

M - .2WJ " - .8X), 
:!'.I, - .1 W I " -." • 
M, - .025WI Wmu. '" --,-
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BEAMS UNDER VARIOUS LOADING CONDITIONS 

DIAG RAMS AND FORM ULAS 
STATI C LOADS OS B EAMS 

63. Three equal spans-load concent.rated a t center of middle span, ends supported 

------1---- -----¥ ---- ------1--- ---- ---.... -•• --- ---1-- -- ---- --., , , , 
.;':---...:." '-------:'--l'~-.;_':-----'~r-- ' : 
... . ' ---.- r-R, . R.,l "R, , R, 

. 1 ~W ! l 

tUPlitt 
va l"IIIII"1 '11111:v' ~ !!III" ",,~,,'~~\tRL 

Il,)". ii , ,! iii' , 111I ... . . u 

s ..... :O"~~m ' _______ , i 
~ .... M ' 
" ' , 

i , ,j LUll IUlJY __ i.i_~j i II i ,j :u:= 

..,. Lood 

n, 
.i1 X Tabular l..oa.d 

.07!>W ;\I", .076W:", 

R, .57!>W ],f., W~.!-3!} , 
th . < 2: ,', . bW 

.. 
n , W • .15 1 

M .I1SWI W ~, 
6 .71 t8 --,-

... 1, ,075W I 

54. T",'o equal spans-load concentr ated at unter of one lipan, ends fi xed 

s.. """ 
R, 
n_ 

.". ----··-- I-···------ .. Fh:ed 

~".' r~ ~~ --.. 
RI R. M 

R,i' iii 1'11'1, 
!!! I I I I tVb 

.Upll ft t 
' R . 

a ,• ---'" She-,. DlllIrram . ~-- ~ .. 
' M~ " 

.. ... .-

.8 X T abula. Load 

.lKH.W 

.6W 

,,,",W 

."oew 

.!"I WI 

. I:;OW I 

.OO2 W I 

.O,1tW I 

W (lfb,-IU) j 
32 • 1tJ: , < 2 

W (1I 1 ]3J;,), If I 
32 1: , > i 

W @I I 2 1) 

" ,"'" ,,.., 
.0(11 1 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAM S AND FORM ULAS 

STATIC LOADS ON BEAMS 

55. Three equal spans--Ioad concentrated at center or one end span, ends fiJ[ed 

Fix"j _ --------1-- ______ .... ________ I -- -- -- ---'T'- ---- -- - I --- - - - ••. r§1.:ed 
, !,~ 

R~' I .' ~·R • .- , - __ J: , --.. R .... _x,... R.~ __ :r._.. I 

1 J W : ! : , ' , 
I , : UJllitt t : 

RIIIIIIIIIIII V',' I I IIII11111111111111 : i .IIIIIIIII Vb "I"I,,'I!I,,!!I.II!!R , 
, , , Shear Dialrrarn ' : 
1----- --1"·-1-----"'1 , ! 
~--.. ,_: -----r-:r ~----- II: •. ----., ;.----- I' .. ----~ 

iri~;,.1LL~~~, ~·tdlIiIDJ'M~;t' ~caiItoIrco'= __ J' __ oo,,±: ' .:; .. , 
,-
M, , .. Moment DiaIrram 

sate Load .79 X Tab ular Load 
R, .ow 

..... \72,,,,- 19 11 , 
MI, 

'" 
Ih, <'2 

R, .475W 
R, .• w 
n. .025W 
v. ,075W 

V. .• w 

W (4Ii- 4SJI:' l , 
JI,lJ:, 

'" 
lh, >'2 

M : .. 
W (9: .. 71) 

. ", 

Mx • 
\v \21- 3x_) 

''0 

" .142W I " .2631 

~ I L . 158W I 

:\10 .0.'.8W I 

:\10 .017WI 

M. ,008WI 

" . .OM' 
" .7781 

" .6671 

W IIU"':. 
6 .33 rs , 

56. Three equal spans-load concentrated at center of middle span, ends fixed 
Fixed Fixed 
~ ---------'---------i---------'---------'i'"----- ----1------- -- :§§ 

R~ R,o 0 0 RI ~R, 
~-xl' ;"---xr-'! , W : : 
o 0 , 0 

, : ' : ' 

Rr :
'
,';'," III Ii I I 1i 1 ~:!lllllllllllllllll lI i~: ' I I I 'I '1'1 I ' Y~:"~ l" 

: Sh_r: Di~ : 
, ~ - - 'I',- .., :'-... ., , 
Ie " : " N , ' 
f M, _____ i 

MomelltD~ 

Sate Load .75 X 'rabular Load 101:", W (I- 3:t'1 

R, .125W " R, .625W 
101", 

W (6 :h " 
, 

V. .5W " 
It "I < "2 

Vb .' w , . .3331 

M . 167W I 

" .1671 
M, .042W I 

"" M, . OS3W I W _ . , 

.8. 
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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 88 beams under transverse loading. 

The loads for CB Sections, structural beams and channels are 
given for various spans. 

The loads for angles, tccs and zoos are given for ODC foot span; 
the load for any length is obtained by dividing the value for ODC 

foot by tbe span length in feet. The load and equivalent span are 
given where the deflection is ¥.Jeo of the span length, the limit for 
plastered ceilings. 

All loads are based on a unit stress of 18,000 pounds per square 
inch. Tbey include the weight of the seclion, which should he 
deducted to find the net load. 

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

Vertical Deflection. The vertical de8ection of a section under a 
uniformly distributed load is determined from formula: 

Deflection, D_ 5 WI' j Wl_8 r ! 
384 EI n 

• D_ a: f~ ; {or span length in foot,l_12 L 

• 15fL' . D_ """""Ell Inches 

Steel, E_29,OOO,OOO; {or unit Btre811 of 18,000 pounds: 

~-fi ,. D O.Ol862L3 
LIt: ec lon, - 2n Deflection D CoeffiClient 

,- '" 
n-dilltance from center line of gravity to extreme fiber. 
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D EFLECTION Cor.YP'ICIESTS ron UNIT STRESS OF 18,000 POUNDS 

'=, CoeI!i';'nl 'r.:' CoeIfioieo.t '=, Coeffi ..... t 'r.:' CoeIfi ..... t 
18,000 18,000 18,000 .... 

, 0.019 " 8.212 " 31.301 " 69.288 , 0 .074 " 9.012 " 32.847 " 71.678 , 0.J68 " .. "'" ., 34.",30 63 73.906 

• 0.298 ,. 10.726 .. 36.0<>0 " 76.270 , 0._ " 1l .638 ., 37.707 " 78.672 
6 0.670 " 12.588 '" 39.4{l1 " 8 1.112 , 0.912 " 13.574 ., 4!.l33 " 83.588 , 1.192 " 14..1.99 " 42.002 " 86.102 

• 1.608 ,. 16.660 " "4.708 " 88.6!>3 

" 1.862 " 16.759 '" 46.!.52 " 91.241 
H ''''' " 17.894 " 48.432 " 93.861 

" 2.681 " 19.068 " 50.300 " ".= 
" 3.147 '" 20.278 " 52.300 " 99.230 

" '''' ,. 2 1.526 M 54.298 H 10 1.967 

" 4. 190 " 22.810 " 56.328 " 104.741 

" 4 .767 " 24. 132 ,. f>8.39!o " lO7.15t>3 

" 6.381 " 25.492 " 00.409 " 110.402 

" 6.= 38 26.888 " 62.640 " 113.288 

" 6.722 " 28.322 " 64.819 " 116.212 

'" 7.448 " 29.793 60 67.035 ., 119. 172 

The deflectIOn, In mchee, of sectIOns subjected to transverse 
stresses due to uniformly distributed loads are obtained as follows: 

Symmetrical Sections. For unit stress of 18,000 pounds to find 
the deflection in inches of a section symmetrical about t he ncutral 
axis, sllch as beams, channels, zees, etc., divide the coefficient in 
the table corresponding to given span by the depth of the section in 
inches. 

Unsymmetrical Sections. For unit stress of 18,000 pounds to 
find the deflection in inches of a section not symmetrical about the 
neutral axis, such as angles, tees, etc., divide the coefficient in the 
table corresponding to given span by twice the distance from 
neutral axis to extreme fibe r ; the location of neutral axis is given 
in tables of elements of sections. 

Other Unit Stresses. To fi nd the deflection coefficient of any 
section for other unit stresses than 18,000 pounds, multiply the 
coefficient given in table by the desired unit stress and divide by 
18,000. 

Limits of Deflection. The deflection of floor beams carrying 
plastered ccilings should be limited to not more than %60 of the 
span length; this limit, indicated in the safe load tables by lower 
zig-zag line, is derived from t he following formulas: 

f _ 1S,OOO, :t-..._ a.58On 

Lateral DeflectiOn of Bums. In the usual construction of build-
ings the compression flanges of beams arc secured against lateral 
deflection 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. 

'8. 
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Limiting Ratios of Span Length to Flange Width 

When lateral bracing is not provided and tbe unbrnced span 
length as compared with the flange width of the beam is excessive, 
it may be found economicsl to usc two beams or a beam and channel 
securely fastened together ; in crane girder construction 0. channel 
with flanges turned downward and riveted to the top fl ange of a 
beam makes a very efficient construction. 

If, however, a single section is to be used for an excessive ratio of 
span length to flange width, the tabular safe loads must be reduced . 
Variolls permissible ratios of span length to flange width, lib, and 
formulas for reduction of stresses are in use. 

The table below gives the reduction in per cent of tbe 
tabular safe loads is accordance with the Specification of the 
American Institute of Steel Construction. The maximum allow
able ratio of lib is limited to 40. 

thus: 
[c - 20,000 

1 +:.mho (ll b)-

Full 8tl'ellll 18,000 llle., up to ratio, lib- IS 

Mazimum allowable ratio, lJb_ 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 streS8Cs due to the action of both vertical 
and horizontal forces, sO AS not to exceed the allowable unit stress. 

RED UC TION 01' TAB(Il.AR SAn; LoADS DOE TO L .\TJ:RAL DEII'LIICTION 

Various RaUoe or s~ Lena"tll to Flange Wldtb or Beam, lib. 
Amorlc&o II18t1tute or Steel Construction Code.. 

, .... P.o.l . ..... P. o.l. .. '" .... c.., .... ... c.., .... T ...... '-'" T ...... -- T ...... '-" T ...... 
0 .... "'" 0 ........ 0 ... ..... 0 ". ..... 
"'. A.1.8.C. \\~"hh A. I. S.C. W •• A. I.8.C. . .... A.I . 8.C. 
,~ IB.Ooo ,~ la.oOO ,~ .... ,~ 18,000 

"'" 
,. 91.0 27.6 M.' " 70.4 

" 100.0 2 1.6 00.' " 79.8 34./1 69.1 
' M w., " 89./1 28.5 19.0 " 68.9 

" 98.5 n' 88.7 ,. 18.2 ,6.0 G8.2 
16.5 91.8 " 81.9 " .. " .. M G1.4 ., 97.1 "' .. 87.1 M 7G.6 M.' . .., 
17 .5 w .• ,. M.' M.' 76.8 " .... 
" , ... , ... , ... ,. 75. 1 37./1 "., 
18.5 94.9 " 

,.., 31> 74.3 " M.' 

" ".1 " .. 83.' " 13.6 38./1 03.' 
19.5 03.' " 83.' 32./1 12.7 .. ".1 
>I " .• "., 82.2 33 71.9 39.6 62.4 
>I.' 91.8 " 81.4 33.' 11.2 .. 61.7 

-



Shearing Stresses. The safe load tables for beams and channels 
arc computed solely with reference to safe unit stresses due to 
fiexure, and the safe loads uniformly distributed on the spans given 
will not produce excessive shearing stresses in the web. 

Web Shear Limited by Duckling. The shearing stresses acting in 
the web of II. beam produce two stresses of equal intensity, com
pression and tension, respect ively, acting at right angles to each 
other and at angles of 45 degrees with the neutral axis. The 
intensity of each of these stresscs is equal to the {2 X intensity of 
the verticalshearingstress. The compressi\'c stresscs tend to buckle 
the web, which, however, is not entirely free to buckle, because 
the tensile stresses acting at right angles have the effect qf 
stiffening it. The web may be figured as composed of a series of 
columns inclined at an angle of 45 degrees with the oeutral axis. 

The following method should be used to determine the total 
safe loads due to web shear. 

V _ Maximum allowable web l!hear ill pound~ . 
A_GrOM area of web. 
t. _ Web thickne811 in inches. 
c _ Distance between flanges in inchcs. 
f. _ Unit IItre88 for ~hear in pounds per aquare inch. 

On t he gross area of the web where c is nGt more than 60 times 
t, f, _ 12,000 pounds per square inch. 

On the gross area of t he webs of beams and girders where the 
web is not stiffened and c is more t han 60 times t, the maximum 
shear per square inch, f, equal to V I A, shall not exceed: 

18,000 

" 1+ 7,200 t2 

For web crippling at ellds of beam or at points of concentrated 
loading, see discussion 011 following pages. 

When beams support heavy loads concentrated ncar the JUPports, 
or when beams of short Spru18 have uniformly distrihuted loads to 
their full carrying capacity as regards 8exure, the bending moments 
may be small in comparison with the reactions at the supports, 
and t he beams may fail along the neutral plane as a result of 
longitudinal shearing stresses, or may buckle as a result of the 
combined longitudinal and vertical web stresses. On such spans 
the safe shearing or buck ling 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 the resistance of the 
f1 nng('s to bending stresses. 

, .. 
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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 
each other and proportional to the vertical shear; their intensities 
are dependent upon the distance of the point from the neutral axis. 
In order to determine the intensity of the vertical shearing stress at 
a gh'cn point in a vertical section of the beam, therefore, it is 
sufficient to find the equal intensity of the horizontal sbearing 
stress at the same point in the horizontal plane. 

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

The intensity of t he longitudinal shear at any point in any section 
is the product of the vertical shear, V, for that section and thc 
static moment, M., of the section included botween the horizontal 
plane of shear through that point and the extreme fibers on the 
same side of the neutral plane divided by the product of the momont 
of inertia of the beam and the web thickness at the plane of shear; 

Longitudinal unit shear _ ~ rs . 

Erample-ReQuired tho maximum longitudinal shear 
)!Ct Iqua.re Inch In a. Z"" 79.9 lb. beam looded with two 
SfUlltlc(.rlealloadl ot 100.000 pounds each, dlsrogarding 
the weight of the beam. 
M .. ot F1a.nge Rectangle _ 7x.60xll.7 _ 49.1 
M, or Flange TrlangI0ll _ 3.$x.,5.4'2xt1.22 _ 19.8 
M. or Web _ 11,40%.50%5.70 _ 32.5 
Total Static Moment loi":4ln.' 
Moment Or InertIa. or Boo.m. x ~~~4]-]' 1_ 2087.2 In.' 

"""" 
Under usual conditions of loading, 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 aga.inst 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 thickncss. 

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 ha.ve been deduced: 



Safe end reaction R _ fb X t (B + t) 
d Safe intcrior load W_2 fb X t (BI +"4) 
d Minimumood distanco x - (B + BI +2") 

R -End~lon 
W _ COllco:mtrnted load. 
~ _ Web thl(:lInflM. 
C _ J)optb ot beam ~~ lI.n ..... 
d _ Depth of beam. 
B _ Dlat.u.n«l over "hleh end roaction is .pplled. 
H, _ n.1I the distane<! 0\"01' whleh QOlIQI'lntrnted load Is .pplled. 
tb _ Safe ... !st.t.II«1 of Wflb to b\M:kllng. 

The first formula. above applies to any condition of loading. 

The second formula is for a single int.erior load. It can be applied 
to a system of conccntmted loads, provided the sum of the dIs
tances at B, is not IcS8 than B. For concentrated loadings the 

distance x should not be less than (B + BI + 1). 
For valucs in the tables both flanges were considered fi..'l:ed 

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 . 

fb _ 18000 , ' 
1 + iiOOO (1/1') ' . 

1_ .6<1 ,. - 1IZt>· 
fb _ 18000 

, + -'- (d/t)' 

""'" 
Whea onl,. one lIang(ll8 lind I ahouid be oomldered ... 7d and tbe formul.', 

fb _ 1&000 

, + -'- (df~P 3000 

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 _ f. dt. 

Unit shear f, _ 12,000 pounds per SQuare inch when + is equal 
to or less than 60. 

f, - I~ when + is greater than 60. 
I + 72i5O (eJ\l" 

2. Span limit to develop V. 

3. The allowable web resistance fb' in pounds per square inch. 
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4. The distance B, the length over which the end reaction 
must be distributed when the shearing stress, V, in the web is the 
ma.ximum allowable. 

5. The allowable end reaction, R, when, B, the end bearing 
distance equals 3Y.; inches. 

Maximum Bending Moments. III addition to data referring to 
Illaximum londs on beams and channels as computed from tbe web 
rCi'.istance, the tables give also the maximum bending moment ill 
foot-pounds, which may be used instead of the seCtivD modulus to 
ascertain the proper section. 

Effect of Impact on StfH8e9. The safe loads in tables are for 
quiesccnt or static loads. The effect of moving loads may be taken 
care of either by reducing the allowable unit stresses, or by increas
ing the theorcticalloads. 

When a load is suddenly applied as in the case or a rolling load, 
the resultant stresses arc greater than those due to an equal quies
cent load, in some cases n.s mueh Il8 100 per cent. 

Whcn an instantaneously applied load produces impact or per
cussion, the resultant stresses nre dynamic and are meusured by 
the laws governing the energy of bodies in motion. 

The following formulas give the unit strcss und deBection 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 110 account is taken of the local distortien 
due to impact or percussion at point of application of load. 

W _ Weight of falling load, in pounds. h _ Ueight of fall, in inches. 
f _ Extreme unit stress due to stntic effect. of load, W, 

in pounds per squ.'\re inch. 
fd _ Extreme unit ~t~ due to impact of lo:t.d, W, 

in poundJ! per squ:t.Te inch. 
D _ Deflcction due to slaticcfTect of lond, W, in inches. 
Dd - DeRootion due to impact of load, W, in inches. 

I, _ 1(1+ ,, ~ + . ) 0,_ 0 ( . + ,,~ 

It must be noted, however, that when the weight of t he beam 
is a real factor, theoretical formulas do not agree \\;th observed 
results and practical tests give values which are far less than those 
indicated by theoretical rormulas;this is notably true in drop-tests 
of axles. 

Large Copell. Where beams have long or deep copes the webs 
should be investigated for safety as regards shear and bearing. 



E:u.~pLl';lI 0' mil UII'I 0' BEAM SA'E LoAO TABLI':!I 

Tn .... _ ~F"'ed S .... L Required the proper sae of. beam laterally braced 
to aupport. • aupel'impoBed or oet load of 88,000 pounc:h! uniformly diatribut.ed over a 
elear .ptul of 42 feet, UlSuming .. unit .tr_ of 18.000 pounda. 

From the table of we 10ad3 on page202,iti. found that beam CB3Ql, 30" x lO~"-
116 pounds, will support a gtoea load of 113,700 pound&. The weight of beam i, 
42 X 116-4,872 pounda. Tho Det NJe load is, therefore, 93.7(1()-4,872-88,828 pounds. 

Tn ••• e ... LNd.-Fru S""... Requind the reduced we load on beam OS 212, 
21" x 9"-82 pounds, for a .pao of 21 feet without any lateraillupport or bracing, in 
&C(lOrdaoce with A. I. S. C. formula for 18,000 pounda. 

T.bulu load, page 210 is 96,000 pounds. Ratio, l/b- ~-28.0 

Reduoed safe load, page 184 i, 96,000 X 0:198_76,608 pounds. 

Vcrtlool Sh .. r. Required Lbe maximum load whieh beam B IS. 24" 105.9 x 85 
pouoo., ca.n IlUpport without exceeding web unit reasl.aDco of 12,000 pound .. 

From table. on page 194, the maximum end reaetioo ie 180,000 poundl aDd the 
maximum load ia 2 X 180,000 - 300,000 poundt. 

Verll .. 1 DeIledlo.. 1. Requited the proper lise and the deHtttion of a beam 
IlUpportiog a net load of 12,500 pound-, concentrated in the middle of a 21·fooi Ipan, 
for a unit atre. of 18,000 poun<b. &III'Iuming that the beam i.e braced agaiDJt lateral 
defle<:tion. 

The .pecified coooeotrated load ia equivalent to a uniformly diBtributed load of 
2 X 12,500 _ 25,000 pound&. 

In table on palJl' 220, it ill found that be/lm CB 141, 14" I 6~,!"-34 pounds, will 
support a grOll6low of Zl,700 pound8 or aDet low nf Zl,700 - 21 X 34 _ 26,906 poun<b. 

Tbe deflectinn produced by a uniformly dilItribuled load of 27,700 pounda i.e found 
from tbe coefficient given in the "IDe table and 00 pace 183 to be 8.21 + 14_ 0.59". 
The deHection for the apecified lnad concentrated in the middle of the IpAD, page 
157, iB Ipprorimately 4/ 5 nf 0.59" or 0.47". 

2. Requited the deftectinn of a riveted girder, 37 inehe. deep, for a span of 35 
feet and a Wlit Itr .. of 14,000 pounda.. 

b 
'
''.. 22.111 14IXlO nequlrcddetleeUon.ta leonl)Ag<l ...,.---;rr x 18000 -0 .. 48". 

3. Required the deftectinn of ADgle 6" I 4" I ~" about AD axie parallel to the 
ehort leg, rigidly ~ured laterally, IUld lnaded to capacity of 3287 pounds, for ... pan 
of 14 fect and .. unit .trellll nf 18,000 pounda. 

"" 3.6.5 Uequlrod deflection. lIago I"",. II 2 X (6 1.96) - 0.45". 

4. Required the deflectinn of channel C 3, 10" x 15..3 pounda, laid flat and loaded 
to capacity nf 1300 pounds, for Ito'pan of 12 fect and a unit ItreM of 20,000 pounda. 

Itequired deflection. page 183. - :.I (;l.;U680 .64) x ~'~ - 0.76". 

, .. 
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BEAM 
CB SECTIONS 

I MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

VALUES Bending Stress 18 Kips- Shearing Stress 12 Kips 

"""" '" '" , " , .. w.'" •• Mufmum .'" , .'" , 'W 
Section • ,. 

Tl'oIclaln. e ..... I"' ,_ ... 
'00 • •• m ,~ Moment ... "., ",' .::::.. " .. R_lIon U ... ,.-
" .... d I M~. Vmo. L ... Ib B ... Rmo. ' .. ,- ","00' , ... .:::.. ...... "w I .. ":~, , ... -. 

36.72 300 .945 1651650 416400 15.92 14380 21.46 172320 
36.50 280 .885 1546800 387630 15.96 14020 22.11 156690 

CB 362 36.24 260 .845 1426650 367470 1~53 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 15.22 13170 "n "5650 

36.48 194 .770 995400 337080 11.81 13100 24.30 127290 
CB 361 36.32 182 .725 931800 3159&1 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 97520 
35.84 150 .625 754350 268800 11.23 It 630 28.02 90550 

33.50 240 .830 1216650 333660 14.59 1416l) 20.02 139530 
CB 332 33.25 220 .775 1110900 3092&l 14.37 13770 20.66 126100 

33 33.12 210 .748 1056600 297290 14.22 13570 21.02 119540 
33.00 200 .m 1004400 283140 14.19 13280 21.56 111600 

33.50 152 .635 729600 255270 11.43 12300 24.32 9>n0 
CB 331 33.31 141 .605 670200 241830 11.09 11960 25.10 85570 

33 33.15 132 .660 620550 230720 10.76 11660 25.84 79680 
30.00 125 .570 577650 225720 10.24 11550 2.04 moo 
30.38 210 .775 974850 282530 13.80 14330 17.84 123220 
30.25 200 .740 926400 268620 13.79 14080 la22 115250 

CB 302 30.12 190 .710 879150 256620 13.70 13850 18.57 108440 
30 30.00 taO .670 832800 241200 13.81 13490 19.18 99430 

29.88 In .655 792300 234860 13.49 13370 19.36 96030 

30.30 t32 .615 569550 223610 10.19 12820 20.60 ,-
CB 301 30.16 124 .585 531900 211720 10.05 12470 21.48 80560 

30 30.00 1t6 .564 491850 203040 9.69 12230 21.93 75890 
29.82 lOB .54' 44B800 196100 9.15 12050 22.24 72350 

27.31 t77 .n5 739200 237600 12.44 14560 15.69 109000 
CB 272 27.12 163 .670 679350 218040 12.46 14140 16.24 97380 

27 27.00 154 .635 641700 205740 12.48 13830 16.68 90030 
2< .. 145 .600 604350 193540 12.49 13490 17.19 B2no 
27.28 It. .570 448800 186600 9.62 13030 18.31 76630 

CB2n 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 

26.84 9t .483 349800 155560 a99 11 880 20.39 58600 

:~ 
160 .656 620250 194600 12.75 14560 ji CB 243 150 .628 578250 185080 12.50 14340 

24 140 :l.~ :S~~ ~~~~ g:i; 14050 
130 13770 

* See pall8 H 
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CB SECTIONS 
BEAM 

I MAXIMUM BENDING MOMENTS AND WEe RESISTANCES 

Banding St.ress 18 Kips- Shearing Stress 12 Kips VALUES 

*VAlUES FOR END REACTION V , ... WoIght 
W~ 

Muhnum WEB SHEARING WEB BUCKLING '''''' ..... • ~ Thlckn_ Bendln, I ,-"" 'oou .- ,~ Mom .. 1 "'" .. ~ Unit End lOr B_ l J.i" ... "." .. U., St,_ 8_lng 
Nominal d t M~. Vma. L...,. fb B min. R ....... ' ... 1- ! 

'''w ","00, ' ''w 
,~ 

","00' 'w, -. , ... """" ....... IMr Sci. In • 

CB 242 
24.31 '" .'" 44'650 162200 11.06 13650 15.29 n6S0 
24.16 110 .510 41160{) 147860 11.13 13100 16.09 53740 

" 24.00 100 .'68 373350 134780 11.08 12520 17.01 55640 

24.29 94 .516 331350 150400 a81 13150 16.10 64930 
CB 241 24.16 87 .480 306450 139160 a81 12660 16.87 57960 

" 24.00 80 .455 278700 131040 a" 12300 17.42 "'80 
23.87 74 .430 255600 123170 a30 11890 18.12 46410 

21.46 142 .659 475800 169no 11.21 150'" 11.80 87630 
CB 213 21.31 '" .614 442200 157010 11.27 14990 11.73 81250 • 21 21.16 122 .567 408750 143970 11.36 14610 12.09 72810 

21.00 112 .527 374400 132800 11.28 14230 12.45 65630 

21.29 '" .608 319650 155330 a" 14950 11.n 80170 
CB 212 21.14 " .575 296400 145870 8.13 14690 11.98 74210 

21 21.00 89 .537 274200 135320 . 8.10 14340 12.32 67400 
20.86 82 .'99 252000 124910 8.07 13940 12.74 60620 

21.24 73 .455 226050 115970 7.80 13200 13.99 52930 
CB 211 21.13 68 .430 209&50 109030 7.70 12840 14.47 46470 

21 21.00 63 .410 192000 103320 7.43 12520 14.87 44930 
20.91 " .390 178950 97860 7.31 12170 15.39 41420 

1&64 '" .651 358500 145620 9.65 ''''00 10.25 79680 
CB 183 18.48 114 .595 330150 131950 10.01 15000 10.16 72'70 

18 18.32 lOS .S54 303300 121790 9.96 15000 10.08 Sn50 
18.16 96 .512 276600 111570 9.92 14880 10.10 61250 

18.32 " .526 234150 115640 8.10 14970 10.10 63640 
CB 182 18.16 77 .475 212550 103510 &21 14470 lQ.52 55280 

18 18.00 70 .'38 192300 94610 a13 14050 10.88 49220 
17.87 64 .'03 17S500 ... 20 8.12 13560 11 .35 43530 

CB 181 18.12 55 .390 147300 84800 6.95 13240 11.90 414S0 
18.00 '" .308 133S00 n330 6.91 12660 12.56 36270 18 17.90 47 .350 123450 75180 6.57 12540 12.66 34990 

16.64 114 .631 296100 126000 9.40 1_ 9.15 72500 
CB 163 1M. 10' .08' 272550 115490 9.44 '500' 9.06 66750 

16 16.32 96 .63' 249150 lD4nO 9.51 15000 ." 60830 
16.16 88 .'04 226950 9n40 9.29 lSOOO a" ,-
16.32 78 .529 191700 103600 7.40 ''''''0 a,. ",., 

CBI62 16.16 71 .468 1738S0 94250 7.38 15000 8.89 54970 
16 laoo 64 .443 156300 'S060 7.35 14790 8.99 49130 

15.86 58 .407 141150 77460 7.29 14370 9.28 43840 
* See pace l %. 
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BEAM CB SECTIONS 

I MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

VALUES Bending Stress 18 Kips-Shearing Stress 12 Kips 

*VALUE$ FOR END REACTION V , .. W_ 
w. Mplmum WEB SHEARING WEB BUCKLING '''''' 

,~'" • •• Thick .... B_ ing R_ion 

, .. " . o m ,~ .. ~, "'" s"." I Unk '"' I« B-3~" ... ,-'" Umil I Str"" BNtin, 
Nomltlal d t M _. V_. L min. fb .-. R ~. , .. 

''''0 .... ~ '''''0 
,~ - ,~ 

....... ,.". ....~ "" ... '*' Sq. In. 

16.25 " .380 121050 74100 6.53 
,_ 

10.07 39650 
CB 161 16.12 45 .346 108600 66930 6.49 13220 10.61 34440 

16 16.00 40 .307 96600 58940 6.56 12390 11.49 28530 
1>" 36 ~99 84450 56870 5.94 12260 11.55 27350 

14.50 119 .570 284100 991'" 11.46 15000 7.98 60920 

CB 145 14.37 111 .540 284450 93120 " .36 15000 7.90 57450 
14.25 103 .495 245400 84650 11.S0 15000 7.84 52440 

14 14.12 95 .465 225900 78790 11.47 15000 7.n 49030 
14.00 87 .420 207150 70560 11.74 15000 7.70 44100 

CB 144 14.18 84 .451 196350 76740 10.23 15000 7.'" 47660 
14 14.06 78 .428 181650 72210 10.06 15000 7.73 45040 

CB 143 14.19 74 .450 168450 ""'0 8.79 15000 7.81 47570 
14.06 68 .418 154500 70530 8." 15000 7.73 43980 

14 13.91 61 .378 138300 63100 8.n 14690 7.89 38730 

14.06 58 .406 127500 68500 7.45 15000 7.73 4272<) 
CB 142 13.94 53 .370 116700 61890 7.54 14560 8.01 37620 

14 13.81 48 .33' 105300 561'" 7.50 14100 8.30 33230 
13.68 43 .308 94050 50560 7.44 13550 &70 26870 

14.24 42 .338 91060 on", 8.>1 13890 <74 33150 
CB 141 14.12 38 .313 81900 53040 6.18 13440 '.08 ,.,90 

14 14.00 34 .287 72750 48221l 6.04 12890 .54 25890 
13.86 30 .270 62700 44910 5.58 12510 '.83 23520 
12.50 " .495 173650 74250 9.35 15000 6.88 49190 

CB 124 12.38 79 .470 160650 69820 9.20 
,_ 

6.81 46500 
12 12.25 72 .430 146250 63210 9.25 

,_ 
574 42330 

12.12 65 .390 132000 56720 9.31 15000 .67 39200 

tB 123 12.31 64 .405 128700 59830 &60 15000 .n 39'''' 
12 12.19 58 .35' 117150 52510 8.92 15000 6.70 35"" 12.06 53 .345 106050 49930 8.50 14950 6.66 33610 

CB 122 12.19 50 .371 97050 54270 7.15 15000 '70 36440 
12.06 45 .336 87300 48630 7.18 14820 .75 32440 12 11.94 40 .,.. mso 42120 7.39 14120 7.16 26920 

12.24 36 .305 68850 44800 6.15 14190 7.29 28390 
CB 121 12.12 32 .273 61050 39710 6.15 13550 7.n 24150 

12 12.00 28 .240 53400 34560 6.18 12no 8.34 1982\) 
11.87 25 .240 48350 34190 5.42 12790 '17 19850 
10.38 66 .457 110550 """ 7.n 15000 .n 4178{l 

CB 103 10.25 60 .415 100650 51050 7.89 15000 5.64 3n40 
10 10.12 54 .388 90600 44690 8.11 15000 5.57 33290 

10.00 49 .340 81900 4OBOO 8.03 15000 5.50 30600 

,,"Soo page l 85-



, .. 
CB SECTIONS 

BEAM 

I MAX IMUM BENDIN G M OMENTS AN D WEB RESISTANCES 

Bending Stress 18 Kips- S hear ing Stress 12 Kips VALUES 

*VALUES FOR END REACTION II '.- W.'" W"' Mulmum WEB SHEARING 
, 

WEB BUCKLING ."" 
S .. tlon • .. Tl>Iekn_ 8t"en ... ._ .. 
,~. .- 'g' Mo ...... t "" ..., 

"" "" I«B-3 J1" 

"" .- u .. - --Nominal d t M_. V _ . L "". fb B .... R~ ' .. , ... ...... , ... ,~ ...... ,~ 
..... , ... ....... ...... po ScI. In. I 

10.12 45 .3SO 73650 42500 6.93 t SOOO 5.57 31660 
CB 102 10.00 4t .328 667SO 39360 ~78 tSOOO 5.50 2952tl 

to '.88 37 .306 58850 36280 6.60 15000 5.43 moo 
9.75 33 .292 52500 34160 B.15 t SOOO 5.36 2601 0 

10.22 29 .2" 46200 35440 5.21 14900 5.68 26070 
CB 101 10.12 26 .259 41400 31450 ~26 14350 5.93 2241 0 

to 10.00 23 .240 36150 28800 5.02 13960 B.l0 20100 
'.90 2t .240 32250 28510 4.52 14020 6.00 20110 

CB 63 
.,2 35 .315 46650 30690 6.08 tSOOO 4.47 26130 
~06 33 .300 43950 29020 ~06 15000 4.43 24820 8 aoo 31 .288 41100 27650 >95 15000 4.40 23780 

CB 82 a03 27 .273 35tOO 26310 5.34 t 5000 4.42 22550 
8 7.93 24 .245 31200 23310 535 15000 4.36 20150 

CB 81 8.19 2t .252 27000 24770 4.36 tSOoo 4.51 2tl970 
8.09 19 .244 24000 23690 4.05 t SOoo 4.45 202to , 
8.00 t7 230 21150 221'" 3.83 14980 4.41 t_ 

IC! LIGHT BEAMS 

CBl12 1~.~! ~~ .260 ~!950 ~J~ ~.95 13104 a20 ~~10 
12 12.16 .240 32100 3.67 12606 8.54 19780 

12.00 16.5 .230 26250 33120 3.17 12382 8.63 18510 

CBll0 10.25 " .2SO 28200 30750 3.67 14061 ." 21310 
10.12 t7 .240 24300 29150 3.33 t 3885 ." 20090 10 10.00 15 .230 20700 27600 3.00 13688 <27 t 8880 

CBl 8 8.12 15 .245 lnOO 23870 2.97 15000 4.47 2032' 8 8.00 13 .230 14820 22080 2.68 14980 4.41 t 8950 
CBl6 6.25 16 .260 15150 19500 3.11 15000 3.44 19770 

6 ~oo 12 .230 10860 t 866, 2.62 15000 3.30 In 70 

" STANCH IONS 
CBS 6 I 6.09 I 18 265 I 17550 19370 3.62 I 15000 I 3.35 I 19970 

6 '00 15.5 .240 15000 1n80 3.47 15000 3.30 t SOOO 

"JOISTS 
CBJ 12 11.91 14 .200 22200 "580 3.11 11313 9.65 14660 12 
eBJ 10 9.87 11 .5 .180 15750 21320 2.96 11991 7.41 t2880 10 
eBJ 8 7.90 10 .170 11685 16120 2.90 13238 5.19 12320 8 

CBl8 5.83 8.5 .170 7605 11893 2.55 t SOOO 3.22 t2S80 6 

* See Pas" 185. 
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BEAM BEAMS 

I AMERICAN STANDARD 
MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

VALUES IHndlnll StI"flSS 18 Klps- Shearlnll Streu 12 Kip. 

*VALUES rOR EHO REACTION Y 

" .. w .... . .. - .... 
w. W£8 SHEARING WEB BUCkUHG • - -- .- ,-.... ,~ .- .... - , 

""" 
, ... f.- 8-4}i" - - ""'" ,- ,-, .... 

d t M_ y - . L_ Ib 0- R _ . 

, ... ....... ,~ . ,- ...... ,- ....... ,- -...... ,., k In. 

120.0 .798 376350 22982Q 6.55 15000 13.20 113720 

B18 24 115.0 .737 361550 ""'" 6.93 15000 13.20 10S()2{I 
110.0 .675 358650 194400 7.38 14870 13.37 '5330 
105.9 .825 351450 lBOOOO 7.81 14450 13.95 BS800 

101).0 .747 ""00 215140 5.51 15000 13.20 106450 
95.0 .... 287700 197510 5.82 14950 13.26 97430 

B 1 24 90.0 .624 278700 179710 6.20 14440 13.95 85600 
95.0 ..., 270000 162140 6.66 13820 14.85 73900 
79.9 .500 260850 144900 7.25 13010 16.14 61780 

100.0 ~73 2moo 209520 •. n 15000 11.00 111310 
95.0 .BOO 240000 192000 5.00 15000 11.00 192000 

B 2 20 90.0 .726 232500 174240 5.34 15000 11.00 92570 
85.0 .853 225300 156no 5.15 15000 11.00 83260 
81.4 .600 219'KlO 144900 6.11 15000 11.00 76500 

75.0 .641 189450 153840 4.93 1_ 11.00 .1730 
B 3 20 70.0 .567 182100 136080 5.35 14910 11.10 nB50 

85.' .500 175350 120900 5.85 14210 ".89 80390 

70.0 .nl 152850 153580 3.98 15000 '.90 85320 

B. 18 
85.0 .629 146250 135860 '>1 15000 '.90 75480 
60.0 .547 139850 118150 ' .73 1501lO '.90 85640 
54.7 .460 132800 99360 5.34 143<0 10.56 52770 

75.0 .... 137400 156240 3.52 15000 U5 94.00 

B 6 
I 

15 
70.0 .770 131850 138600 3.81 15000 8.25 83740 
85.0 .6n 126450 120960 4.18 15000 8.25 73060 
SO., .590 121800 108200 4.59 15000 .25 641SO 

55.0 .64' 101700 116640 3.49 15000 .25 70470 

B 7 " 
50.0 .550 96300 .9000 3.89 15000 .25 59810 
45.0 .452 90750 81360 4.46 15000 .25 49160 
42.9 .410 99350 73800 4.79 14no 8.48 43750 

55.0 .810 79800 116640 2.74 15000 6.60 78980 

B, 12 
50.0 .687 75450 98930 3.05 1_ 6.60 66'90 
45.0 .585 70950 81360 3A' 15000 '.60 5_ 
40.a .• 60 6n01l 66240 '.06 1_ 6.60 44850 

B 9 12 
3~0 .428 56700 61630 3.68 1_ '.60 41730 
31.8 350 54900 50400 4.28 15000 6.60 34130 

40.0 .741 47400 B8920 2.13 15000 5.50 66690 

BIO 10 
35.0 .594 .3BOO 71280 2.45 15000 5.50 53460 
30.0 .447 40050 53640 2.99 15000 5.50 '0230 
25A 310 38600 3noo 3.94 15000 5.60 27900 

.see page 185. 



, .. 
BEAMS BEAM 

AMERICAN STANDARD I MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

Bending Strop 18 Kips-Shearing Stress 12 Kips VALUES 

*VALUES FOR EN D REACTI ON V 

'''"' Wel;l1t w" Mul .... m WEB SHEARING WEB BUCKlINO ."'" • w -- Blfld1ftl R ... tlon 

'M. ,-, M._ 
"'" .... """ "" for B-$J.i" ...... R ... tIon u ... ,.- ..... , 

''''- d I M~. V_. L .... Ib B .... R_. 

...... '''''u 
,~ -. ,-, -. Indo" ,- ...... ..... %In . ...... 

25.5 .532 25500 51010 2.00 lSOOO 4.40 43890 

B12 • 23.0 .441 24000 42340 2.27 lSOOO 4.40 3638Il 
20.5 .34' 22650 33500 2.70 15000 4.40 28790 
18.4 .270 21300 25929 3.29 lSOOO 4.40 22280 

20.0 A50 18000 37800 1.90 lSOOO 3.85 3544' 
B13 7 17.5 .345 16650 28.80 2.30 lSOOO 3." 27170 

15.3 .250 15600 21000 2.96 lSOOO 3.85 19690 

tB 42 

" 
7 12.0 .188 12750 15790 3.23 14620 4.00 14430 

17.25 .465 13050 3_ 1.55 lSOOO 330 34880 
B14 • 14.75 .343 11850 24700 1.93 lSOOO 3.30 25730 

12.50 .230 10950 1656. 2.63 lSOOO 3.30 17250 

tB 41 • " 
10.0 .188 8850 1354. 2.62 lSOOO 3.30 14100 

14.75 .494 9000 ,.... 1.22 lSOOO 2.75 35200 
B15 5 12.25 .347 8100 20820 1.56 lSOOO 2.75 24720 

10.0 ~1O 7200 12500 2.30 lSOOO 2.75 14969 

10.5 AOO 5250 19200 1.11 lSOOO 2>. 27000 

B16 4 '.5 .326 4950 15650 1.28 lSOOO 2.20 22Oto 
'.5 '53 4800 12140 1.56 lSOOO 2.20 17080 
7.7 .190 4500 9120 1.96 lSOOO 2.20 12830 

7.5 .34. 2850 12'" 0." 15000 1.15 22250 
B17 3 6.5 ~51 2709 904. 1.18 lSOOO 1.75 15000 

5.7 .170 2550 6120 1.62 lSOOO 1.75 10840 

H-BEAMS 

t H 4 aooo 37.7 .500 45309 48000 178 lsOoo 4.40 41250 
aooo 34.3 .375 43350 36000 4.82 15000 4.40 309 .. 

8 '.000 32.6 .313 42300 30050 >63 1500. 4.40 25620 

tH 3A 6.000 27.5 .438 24600 31540 3.12 15000 130 32850 
6 6.000 ';0 .313 23550 22540 4.18 t5000 130 "'80 

t H 3 .000 22.5 .375 2_ 27000 104 15000 3.30 28130 
6 6.000 20.0 .250 19350 1_ 4.30 15009 130 18750 

tH 2 5.000 18.9 .313 14250 18780 104 15000 2.75 22300 
5 

t H 1 4.000 13.8 .313 7950 1502. 2.12 15000 2.20 21130 
4 

tSt.a.odard Mm Section,. not American Standard 8 eanu. *Soe page 18.5. 
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CHANNEL CHANNELS 

[ AMERICAN STANDARD 
MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

VALUES Bending Stren 18 Kips- Shearing Stress 12 Kips 

*VALUES FOR END R£ACTION V 

'''" W.lfIIIl Mulmum *"" w •• WEB SHEARING WEB BUCKLING ,- "" • ~ Thick_ 8endlnt .-'.m 'M' MOII*I1 "" .... Om' '''' ....... R .. tti"" "." s~" BMrlng B-lJ.i" , .... 
d t M m.. V ... l min. fb B min. R ... 

, ..... ....... , ..... 'M' ....... ,., ...... 
Indlil ....... "'""'. PI" Sq. In. 

58.' .700 111750 151200 2.96 
,_ 

9.90 84000 
tC 60 

18 
51.9 .600 103660 129600 3.20 15tlOO 9.90 72000 

C 45.8 .500 95560 108000 3.54 14600 10.09 59210 
42.7 .'50 91500 9noo 3.77 14210 10.70 51160 

55.' .814 '56IlO 146520 2.34 15tlOO '" 88520 
50.' .716 80400 128880 2.50 15tlOO 8.25 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 .422 637,. 75960 3.36 14870 8~6 '54., 
33.9 .400 62550 72000 3." 14500 B.59 ,,,., 
,. .• .787 n150 122nO 2.35 1_ 7.15 ,."" 
45.0 .673 67350 104990 2.57 1_ 7.15 68140 

C20 13 
40.0 .560 625,. 87360 2.88 ,,.00 7.15 56700 
37.0 .492 59700 76750 3.11 15000 7.15 '9820 
35.0 .447 57900 69730 3.32 1_ 7.15 45260 
31.8 .375 54750 58500 3.74 ,,.00 7.15 37960 

40.0 .755 '9200 108720 1.81 15000 6.60 73610 
35.0 .632 44700 91010 1.97 15000 6.60 81620 

e2 12 30.' .510 '0350 73440 2.20 15000 6.60 49730 
25.0 .387 358,. 55730 2.57 15000 6.60 3m. 
20.7 .28. 32100 '0320 3.19 13780 7.45 2508. 

35.0 . 820 34500 98400 1.40 1500 • 5.50 73800 
30.0 .673 30000 "760 1.53 ,_ 5.50 60570 

e 3 10 25.0 .526 27150 63120 1.72 15000 5." '734' 
20·' .379"- 23550 '54,. 2.07 15tlOO 5." 34110 
15.3 .240 20100 28800 2.79 13960 6.10 20100 

25.0 .612 23550 66100 1.43 15000 4.95 52790 

C, 0 20.' .448 202,50 483,. 1.67 15000 4.95 3864. 
15.0 .2" 16950 307,. 2.20 15tlOO 4.95 24580 
13.4 .230 15750 24840 2.54 14340 528 18960 

21.25 .579 17850 55"" 1.29 15000 4.40 ,m. 
18.75 .487 16350 46750 1.40 15000 4.40 40180 

C5 8 16.25 .395 14850 37920 1.57 15tlOO 4.40 32590 
13.75 .303 13500 ,.,., 1.88 15000 4.40 25000 
11.5 .22' 12150 21120 2.30 14750 4.51 17880 

to 60-18" Chanllel.is a Ship Building Ohannel, no~ American Standard. $ Soo page I SS . 
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CHANNELS CHANNEL 

AMERICAN STANDARD [ MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

Bending Stress 18 Kips- Shearing St.reS5 12 Kips VALUES 

*V",lUES FOR END REACTION V ."" '"" Weigh, 
W~ 

Mulmum WEB SHEARINO WEB BUCkLING R .. ct .... • ~ ""'"- ,-.. .-'gm '00' M._ 
"" ,- ""' "" a-aJ.i" ,- _ ... 

""" ,,- ,-Index 
d I M~. V ~. L min. fb S .... R_ 

, ... "" ... , .... ,~ ...... 'a' "" ... , ... ..... . "" ... p«~I ... 

19.75 .629 14100 52840 1.07 15000 3.85 .9530 
17.25 .524 12900 44020 1.17 15000 3.85 41270 

C6 7 14.75 .419 1t55O 35200 1.31 15000 3.85 33000 
12.25 314 10350 26380 1.57 I_ 3.85 24130 
'.8 .210 8000 17640 2.04 I_ 3.65 1654D 

15.5 .55' 9750 '0250 0.97 
,_ 

3.30 41930 

C 7 6 
13.0 .437 8700 31460 1.11 15000 3.30 32760 
10.5 314 7500 226to 1.33 I_ 3.30 23550 
6.2 ~oo "00 14400 1.79 10000 3.30 10000 

11.5 .• n 6150 283,. 0.67 15000 2.75 33830 
C8 5 '.0 .325 5250 I9SOD 1.08 15000 2.75 23160 

6.7 .190 .SOD 11400 1.58 15000 2.75 13540 

725 .3,. 3450 15360 0.90 lSODO 2.20 21600 
C, • 6.25 .247 3150 1t660 1.06 15000 2." 16670 

5.' .160 2850 6640 1.32 
I_ 

UD 12150 

6.0 .356 2100 ,_ 0.66 
,_ 

1.65 22700 
Cto 3 5.0 258 1600 9290 0.78 15000 1.65 16450 

'.1 .170 1650 61,. 1.08 15000 1.65 10840 

*800 page 183. . 

, 
I ,·", 

, 
" ." » 1"",, 1 
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BEAM 

CB SECTIONS 36"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applicable only when Metlon . ... braced agalnat laten! d an ... tlon . 
For unbra....t ...,tlon. lafal_da mun be "" .. ,,.d, _ page 1M. 

Maximum Bending Streu 18 Kips per Square Inch 

N ........ Dopth and fl ..... WId\!I Wlligtrt per r oot ..., 
CB 362 36" )I; 16ii" CB 361 36" )1; 12" I coem:"" • 

,~ 300 280 '60 250 240 230 '" 182 170 160 I,. O.flection 
u.. u.. u.. u.. u.. ""- UK. u.. UK. u.. --""-1 

674.2 &32 .0 5110.1 .... , 537.B 
12 1m:: 1m:. I m:6 ~~:~ 

-w.; 2.68 

" 464.2 3.15 
14 568.' 532.5 496.4 463.7 431.1 3.65 
15 832 .8 n" 73~ . 9 706.5 .., .. Ssa.8 530.9 497.0 463.3 432.8 402.3 4.19 

" 828.8 m.4 713.3 683.' 655.2 626.6 497.7 465.9 434.3 405.8 377.2 ' .77 
17 780.1 727.9 S71A 843.6 616.7 589.' 468.4 438.5 408.8 381 .9 355.0 ~ 5.38 
18 736.7 687.5 634.1 607.8 582.4 557.0 442.4 414.1 386.1 360.7 335.3 6.03 
19 698.0 651 .3 600.7 575.8 551.7 527.7 419.1 39U 365.7 341.7 317.6 6.72 
20 663.1 618.7 570.7 547.0 524.2 501.3 398.2 372.7 3117.5 324.6 3D':! 7.45 
21 631.5 589.3 543.5 521.0 499.2 417.4 379.2 355.0 330.9 309.1 281.4 8.21 
22 "'.8 562.5 518.8 491.3 416.5 455.1 362.0 338.' 315.9 295.1 214.3 9.01 
23 516.6 538.0 496.2 475.7 455.8 435.9 346.2 324.1 302.1 282.3 262.4 9.85 

" 552.6 515.6 415.6 455.9 436.8 411.8 331.8 310.6 289.6 210.5 251.5 10.13 
26 530.4 495.0 456.5 431.6 419.3 401.0 318.5 298.' 278.0 259.1 241.4 11.64 
28 510.0 475.9 439.0 420.8 403.2 365.6 306.3 286.1 267.3 249.1 232.1 12.59 
27 491.2 .58.3 422.1 405.2 388.3 311.3 294.9 216.1 251.4 240.4 223.5 13.57 
28 473.6 441.9 407.6 390.7 314.4 358.1 284.4 266.2 248.2 231.9 215.5 14.60 

'" 457.3 426.1 393.6 3n.3 361.5 34~7 274.6 257.0 239.6 223.9 208.1 15.66 
30 442.0 412.5 38Q.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.' 352.9 338.2 323.4 256.9 240.5 224.2 209.4 194.7 17.89 
32 414.4 386.7 356.7 341.9 327.6 313.3 248.9 233.0 217.2 202.9 188.6 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 
34 390.0 364.0 335.7 321.8 308.3 294.9 234.2 219.2 204.4 190.9 117.5 21.53 
35 378.9 353.6 326.1 312.6 299.5 286.5 227.5 213.0 198.5 185.5 In.4 22.81 
38 36 ... 343.7 317.0 30U 291.2 278.5 221.2 207.1 193.0 180.3 161.6 24.13 
37 358.' 334.' 308.5 295.7 283.3 271.0 215.2 201.5 187.8 175.5 163.1 25.49 
38 349.0 325.6 300.3 287.9 275.9 263.8 209.6 196.2 182.9 110.8 158.8 26.89 
39 340.0 311.3 292.6 280.5 268.8 257.1 204.2 191.1 178.2 166.5 154.7 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 
42 315.7 294.6 271.7 260.5 249.6 238.7 189.6 117.5 165.5 154.6 143.7 32.85 
44 301.4 281.2 259.4 248.8 238.3 227.9 181.0 169.4 157.9 147.5 137.2 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 
48 276.3 257.8 237.8 227.9 218.4 208.9 165.9 155.3 144.8 135.2 125.7 42.90 
50 265.2 247.5 228.3 218.8 2Q9.7 200.5 159.3 149.1 139.0 129.8 120.7 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 ".30 
56 236.8 221.0 '03.8 195.4 187.2 179.0 142.2 133.1 124.1 115.9 107.8 58.40 
58 228.6 213.4 196.8 188.6 180.7 112.9 137.3 128.5 119.8 111.9 104.0 62.64 
60 221.0 '06.2 190.2 182.3 174.7 167.1 132.7 124.2 115.8 108.2 100.6 67.04 
62 213.9 199.8 184.1 176.5 169.1 161 .7 128.4 120.2 112.1 104.7 97.3 71.58 .. 207.2 193.4 178.3 170.9 163.8 156.7 124.4 116.5 108.6 101.4 94.3 76.27 
66 ". .. 117.$ In.' lU.8 , ... Ul.t 1213.7 112.' 'H' .... ". 81.11 
68 IIIII.D au 181.8 110.' 154.2 ",. 117.1 IOU 102.2 IS.5 . .., 86.10 
Loads a bovfI upper borlzontal 11neoo will prodUQ& maximum allowable lIheu I.n wet. . 

..Loadt below lo .. er hoI"iz(lntalllna .. m produce ucealve dfIfI.ectiona. 



, .. 
,. '""'J BEAM 

~ •• <c.+ .? CB SECTIONS ' , I36" , ~------, , , , , , 
ESSENTIAL DATA l I , , , t. __ c __ - --- -- J, 

DATA , 
Maximum Shear 12 Kips per , , , 

<L- r , , " , , Square Inch , "-1;- -" : , , 
, t· .. "'-a·-~ Maximum Bendinll Stress 18 Kips per Square Inch 
~4"iI-" ' ''': 

Nooman.I OllPtIo &rid FJ.np Wldtlt-Wtl;-c,. foot 

CB 362 36" x 16 " CB 361 36" x 12" 'a"" '00 280 260 2,. "" 230 I,. 182 170 160 I,. 
""- ""- ""- ""- ""- ""- ""- ""- ""- ""- ""-

ELEMENTS 
I ,_. 2029tl. 18819.3 17233. 16465.915n4. 14988.4 12103. 11281. 10410. 9138.8 9012.1 
S 1_1 UOS.1 1031.2 951.1 gU.l 873.' 835.5 663.6 621.2 57!1.1 541.0 502.9 
' » 1225.2 1127.5 1020.6 969.6 920.1 870.9 '55-4 327.7 300.6 275.4 250.4 
S .. 147.1 135.9 123.3 117.4 111.5 105.7 58.' 54.' 50.0 45.9 41.8 

DIMENSIONS AND GAGES IN INCHES 

d 36~ 36.!1 l6X " )1 " 35% 36!1 " Ji " )1 " 35% 
b 16% 16% 16Ji " Ji 16Ji 16Ji 12)i 12Ji 12 12 12 
1 % Ji Ji % % Ji % Ji % % Ji 
p 1% lJti , » ' Ji I» lJi 'Ji lJti ' Ji 1 % 
• ' » ' )1 7% ' )1 ' )1 ' )1 5% "A 5% 5% 5% • f 31 Ji 31 Ji 31 Ji 31 Ji 31 Ji 31 Ji 32}i 3214 32}i 32J4 3274' 
f, 6% ' % ' % ' % 6% ' % ' )1 ' )1 ' )1 ' )1 ' )1 • ". 2% 2Jti 2Ji 2» 2% ' Ji 2Ji ,,, ' )1 ," k , Ji ,» 1» ,» 1» 1% ' % 1% ' Ji ' Ji lJi 
g usual 5Ji 5Ji 5Ji 5Ji 5Ji ' Ji 5)i ' Ji 5Ji 5Ji 'Ji 
g, • 4 3~ 3~ 3;!4' ' Ji ' Ji ' Ji ' Ji , , 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M max "58 154' 1427 1388 1310 1253 ". 832 86' 812 '54 
Vm", '" '88 '" '53 '41 '" 33' ,to 29. 282 269 
Lmln 15.92 15.96 15.53 15.49 15.36 15.22 11.81 11 .80 11 .78 11.51 11.23 
Ib 14380 14020 13780 "',. 13370 13170 13100 12690 12230 11950 "630 
Ibl 13590 12410 11640 11050 10565 10075 l008S 9200 8320 7800 7270 
B min 21.46 22.11 22.50 22.93 23.31 23.72 24.30 25.26 2M3 27.16 28.02 
Rm'" 172 15' 14. 138 132 '26 127 ,,, 104 ,. 81 
RA ,,, ,,, ,,, 162 162 162 162 162 162 162 16' 
LRA 40.93 38.19 35.23 33.n 32.36 30.94 24.58 23.01 21.45 20.04 18.63 
Wt.CA " " 61 " " " 61 " 6t " " RH 260 260 260 260 260 '60 260 260 260 260 '60 
LRH 25.50 23.80 21 .95 21.04 20.16 19.28 15.31 14.34 13.36 12.48 11.61 
WLCH 94 " 94 94 94 94 94 94 94 94 94 
Q 13261 12374 11413 10940 10483 10026 7963 7454 .949 "92 6035 
M Dla.X _ ~r&x. Bending Momen~ In Jo'oot.-Klpil. Vmax _ Mu. Web Shea.r In Kips. 
Lmin - ",Un. SCi': In feet to dove/OJ: Vm&x. 

'" ... Allowa Ie Unit Stroa for' eb Duckling in ~nd. per square Inch. 

"" =- Value of Web In Buckling per Incb of lengt • in pounda. 

8 """ 
- Min. End Bea.rlnlJ In inch"" to develop Vmu. R=, _ MaJ[, End Reaction In KIPII ... hen IJ _ ~" 

RA """ "'hu. Valuoot8hop Rlvetsln Klpsln one nnootlon S8l'lt)II A. 800 p&goot ConnectlOllll. 
Ril - ),tax. ValuoofShop RlvOt.Bln Klpsln ono Connection SeriO!! ll. See pajl'oof ConnectiOIlII. 

It \veG ValuO!! In Outal.a.ndlng Logs mllBt bolnvf'llltigated. 
I,RA.LRH _ Min. Spall 1n Foot to develop RA or RH . 
W~.OA.CU _ We~hG In poundlJ of one Cklnnectlon SCrlllll A or n. Ineludl.ng Web RlveUl. 
Q = Coe cleM of Strength .... 12 S,.,. 

To obc..1.n aafe uniformly dl8t.ributod load III KlpII, divide Q by tile \"eQ,uIred .pall in foK. 
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BEAM 
CB SECTIONS 33"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applicable only whon .... tionl ... bnced oljlalnlt IU ••• , dltfl .... tlon. 
For "nbruotd .... tl"nl .. , .Ioad. rn, .. t bo reduc.d, ... PODO 1&4. 

Maximum Bending Stress 18 Kips pcr Square Inch 

,.",.,.. Depth ..... Flan,. WldtII WoIptrt 1* Foot - CB 332 33" x 15; " CB 331 33" II: 11 " CoeIIk:lent .. • ,- 240 220 220 "" 152 141 132 125 DeII .. tIon 
u.. u.. u.. u.. u.. u.. u.. u.. 

4111.4 ~5' .4 

11 510.5 ..,., 
~ ~~:1 

2.25 
12 ~:~ :~~:: 

2.68 
13 381.9 355.5 3.15 
14 M" SIB.5 5\14.8 .... , 416.9 383.0 354.6 330.1 3.65 
15 ..... 592.5 563.5 535: "'.1 357.4 331.0 308.1 4.19 

18 6083 555.5 528.3 502.2 364.8 335.1 310.3 268.' 4.77 
17 572.5 522.8 497.2 472.1 343.3 315.4 292.0 211.8 5.38 
18 540.7 493.7 469.6 446.4 324.3 297.9 275.8 256.7 6.03 
19 512.3 4&7.7 444.9 422.9 307.2 282.2 261.3 243.2 I '.72 
20 486.7 444.' 422.6 401.8 291.8 268.1 248.2 231.1 7.45 

21 463.5 423.2 402.5 382.6 217.9 255.3 236.4 220.1 B.21 
22 442.4 404.0 384.2 365.2 265.3 243.1 225.1 210.1 9.01 
23 423.2 3.6.4 361.5 349.4 253.8 233.1 215.8 200.9 9.85 

" 405.6 310.3 352.2 334.' 243.2 223.4 206.9 192.6 lG.13 
25 369.3 355.5 338.1 321.4 233.5 214.5 198.6 184.8 11.64 

26 314.4 341.8 325.1 309.0 224.5 206.2 190.9 177.1 12.59 
27 360.5 329.2 313.1 297.6 216.2 198.6 183.9 111 .2 13.51 
28 341.6 311.4 301.9 287.0 208.5 191.5 177.3 165.0 14.60 
29 335.6 306.5 291.5 277.1 201.3 184.9 171.2 159.4 15.66 
30 324.4 296.2 281.8 251.8 194.6 118.7 165.5 154.0 16.16 

31 314.0 286.7 2n.7 259.2 188.3 173.0 160.1 149.1 17.89 
32 304.2 2n.7 264.2 251.1 182.4 167.6 155.1 144.4 19.01 
33 294.9 269.3 256.1 243.5 176.9 162.5 150.4 140.0 20.28 
34 256.3 261.4 248.6 236.3 171.7 157.7 146.0 135.9 21.53 
35 218.1 253.9 241.5 229.6 1662 153.2 141.8 132.0 22.81 

36 270.4 246.9 234.8 223.2 162.1 148.9 137.9 128.4 24.13 
37 263.1 240.2 228.5 211.2 151.8 144.9 134.2 124.9 25.49 
38 256.1 233.9 222.4 211.5 153.6 141.1 13o.s 121.6 26.89 
39 249.6 227.9 216.1 206.0 149.1 131.5 127.3 118.5 28.32 
40 243.3 222.2 211.3 200.9 145.9 134.0 124.1 115.5 29.79 

" 231.1 211.6 201 .3 191.3 139.0 121.7 118.2 110.0 ".85 
44 221.2 202.0 192.1 182.6 132.1 121.9 112.8 105.0 36.05 .. 211.6 193.2 183.8 174.1 126.9 116.6 107.9 100.5 39.40 
48 202.8 185.1 116.1 167.4 121.6 111.7 103.4 96.3 42.90 
50 194.1 In.7 169.1 160.7 116.7 107.2 99.3 92.4 4855 

52 181.2 170.9 162.6 154.5 112.2 103.1 95.5 88.' SO.35 
54 180.2 164.6 156.5 1482 108.1 99.3 91.9 85.' 54.30 
56 113.8 158.7 150.9 143.5 104.2 95.7 88.' 82.5 58.40 
58 167.8 153.2 145.7 138.5 100.6 .~. 85.' 79.7 62.64 

60 182.2 148.1 

I 
140.9 133.9 

I 
~, n .• 82.7 n.' 61.04 

62 lU.O 143.3 118.3 ,H' M.' .... M.' 74.5 71.58 .. 152.1 13 ... 132.1 125.8 t1.2 A.' n.' n, 16.27 
Loalt. ~bov() upper hoc-Lwuta.l.lLnOll wlU produce In:u:lmum alLowabL(l . hMr In WEobo:. 
Load. belo .... 10'Il'0l" horlwntalilnes wm produce CXC(l8I!IiVfl dcflcctioWl. 
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k" ..... tr, 
f'-: - ':) CB SECTIONS 

BEAM 

1 33" 
, ,------ , 

ESSENTIAL DATA ;; JU ' , , ' 
L:---~--, .. --- ~ Maximum Shear 12 Kip. pel' 

Squa re Inch 

DATA 

T. , " i I 
, .... .". _ ~ I : .' , , t· ..... -•. -~ 
:...---il----...: 

Maximum Bendln" StNtll 18 Kip. per Squa ... Inch 

...... 

I 1' 1 

S '_I 
I .. 
S .. 

d 
b 
t , 
• 
f 
f, 
o 
k 
II usual 

Mmu 
Vmu 
Lmin 
fb 
fbt 
B min 
R mu 
RA 
LRA 
Wt.CA 
RH 
LRH 
Wt.CH 
Q 

24' .... 
13585.1 
Sl1.1 
874.3 
ttO.2 

33» 
15~ 
li 

' % 
7» 

28% .,. 
2J> 
' % 
5» 
3~' 

CB 332 
220 
"'-

12312.1 
nO.6 
782.' 
".0 

33" x 15 " CB 331 
210 200 152 141 

ELEMENTS 
11664.5 
lOU 
735.' .J> 

11048.2 
669.6 
691 .7 
87.8 

8147.8 
486.' 
256.1 
44.3 

7442.2 
4410.8 
229.7 
39.8 

DIMENSIONS AND GAGES IN INCHES 

33~ 33» 33 33» 33~ 
1 5~ 15% 15~ 11% 11 » ,. )( )( % % 
' )( ' % '» ' % ,. 
7» 7» 7» 5» 5» 

28% 28% 28% 29~ 29li .,. .,. .,. ' )( 4~ 
2% 2~ ' % ' )1 1X 

" .. ' % ' % ' % ' % 
' » 5» 5» 5» 5» 
3» 3» 3» 3 3 

33" x11 ~" 
132 i 

u.. 

...... 
ill.7 
207.8 
36.' 

33» 
11 » 

% 
)1 

5» 
29' . 

~. 

4X 

'" ' % 
' » 
3 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

125 
"'-

6354.7 
115.1 
188.2 
32.7 

1217 1111 1057 1004 730 670 621 518 
334 309 297 283 255 242 231 226 

14.59 14.37 14.22 14.19 11.43 11.09 10.76 10,24 
14160 13170 13570 13280 12300 11960 11660 11 550 
11750 10675 10150 9500 7810 7235 6700 6580 
20.02 20.66 21.02 21.56 24.32 25.10 25.84 26.04 
140 126 120 112 93 86 80 n 
146 146 146 146 146 143 137 135 

33.33 30.44 28.95 27.52 19.99 18.75 18.12 17.12 
M ~ 54 54 54 54 54 54 
m m w m w m n3 m 

21.44 19.58 18.62 17.70 12.86 12.08 11.65 11.06 
75 75 75 75 75 75 75 75 

9733 8887 8453 SOlS 5837 5362 4"964~c!--,.".,,n,-
:\1 mu Max. 8C11ding MorocnG In I'oot.-Klps. VIIlIUI: _ MaJ[, Web Sh8&l' In Ki~ 
L mm -= :!IlIn. Spulin root to dov(llop Vmu. 
tb """ Allowable Unit Stron for Web Buckling in pounds P6I' eq,uaro Inch. 
tbt """ V~tuo or Wob in JJuckling per Inch of lenath, In pound •. 
n min """ 'lin. End Bt:&rinl! In InchCli t.o dnvelop Vmu. 
RIDa:t ... Mu. gnd Reaction In AI1M' when B _ 3~". 
RA "'" Ma::r. VaJueof Shop Rivetllin KIIM' Inone OOnnectloo 8er\ee A. See paceof eonnectloml. 
RU _ Mu. VaJueotShop Rivetolln KI~ln ooeOonnectfon sen.,. H. See paceofeonnectlona. 

Rivet Valut)9 In Outoltandlng t..ep mu.t be InvClltlgat.ed. 
LRA.LRii _ Min. 8pan In j.'oot t.o develop itA ot RH . 
W~O,\,OU .... W<llaht In pound, or <lue Connection ScrlOl A ot II, IndudJug Web iUvelfl. 
Q ... Ooeftlelent or Stl"Oll8th =< 12 8,.,. 

To obta.in sale unlrOnuly dilltrlbuted load In !!tIM'. divide Q by the requlred.pan In ree\. 
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BEAM 

CB S ECTIONS 30"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS A,pll .... bl. onl, who .. _tiona ... b~.<:ed ., ..... t '.hr.' .<011_1 ... . 
,-., unb,a __ tlo .. a .. ,. 'oacls mUn" Ndue<td, _ .... , .... 

MIIK'mum BlInding Stress 18 Kips per Square Inch 

.... • • ,~ "" ..... 
10 1.86 
11 386.' 2,25 
12 354.6 2." 
13 327.3 3.15 
14 303.9 3.65 

" 283.7 4.19 
18 481.4 463.2 439.6 416.4 396.2 284.' 266.0 245.9 224.4 4.11 
17 458.8 436.0 413.7 391.9 312.8 268.0 250.3 231.5 211.2 '.38 
18 433.3 411 .7 390.1 370.1 352.1 253.1 236.4 218.6 199.5 . 8.03 
18 410.5 390.1 370.2 350.7 333.6 239.8 224.0 207.1 189.0 '.n 
20 389.9 370.6 351 .7 333.1 316.9 227.8 212.8 196.7 179.5 7.45 
21 371.4 352.9 334.' 317.3 301.8 217.0 202.6 187.4 171.0 a21 
22 ".., 338.' 319.7 302A 288.1 207.1 193.4 178.9 163.2 9.01 
23 339.1 322.2 305.8 289.7 275.6 19&1 185.0 171.1 1!111.1 • .85 
24 325.0 308.' 293.1 277.6 284.1 189.9 1n.3 164.0 149.6 10.73 

" 312.0 298.' 281.3 266., 2&3.5 182~ 170.2 157.4 143.6 11.64 

" 300.0 2.5.0 270.5 2"" 24lA 17s.2 163.7 lSI.3 138.1 12.59 
27 ..... 274.S 2BO.S 24SA 234A 168.. 157.6 14S.7 133.0 13.S7 
28 27&5 284.7 2S1.2 237.9 22M 162.7 152.0 140.S 128.2 14.60 
28 268.9 25U 24U 229.7 218.6 157.1 146.7 135.7 123.8 lS.56 
30 260.0 247.0 234.4 222.1 211.3 151 .9 141.8 131.2 118.7 16.76 
31 2SI.6 239.1 22&. 214.9 204.5 147.0 137.3 126.9 In.8 17.89 
32 243.7 231.6 219.8 208.2 19&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 1(18.8 20.28 
34 229.4 218.0 206.9 196.0 188.4 134.0 125.2 115.7 IOU 21 .53 

" mA 211.7 200.9 1110.' 181.1 130.2 121.8 112.4 102.6 nAI 
36 216.6 205.9 ISH 185.1 178.1 126.6 118.2 109.3 99.7 24.13 
37 210.8 200.3 190.1 180.1 171.3 123.1 115.0 106.3 97.0 25.49 
38 205.2 195.0 185.1 175.3 166.8 119.9 112.0 103.5 94.' 2U. 
39 200.0 190.0 180.3 170.8 162.5 116.8 109.1 10o.g 92.1 2&32 
40 195.0 185.3 175.8 166.6 158.5 113.9 10M 68.. '" 29.79 

42 185.7 178.5 187.5 158.6 150.9 108.5 101.3 93.7 85.5 32.85 
44 I n.2 168.' IS9.8 151.4 144.1 103.6 96.7 89.4 81.6 "'OS 
48 18U 161.1 IS2.9 144.8 137.8 99.1 92.5 85.5 78.1 39.40 .. 162.6 154.4 146.5 138.. 132.0 94.' 86.' 82.0 74.8 42.90 
50 156.0 14&2 140.7 133.2 126.8 91.1 85.1 78.7 7U 48.55 

" 5O.3S 

" SUO 
58 11 • .0 111.2 n.' ,,, M.' 58.40 .. uu m. 11~.' , .. ,u n.' .,. .1.1 '~64 
80 ,,,. W" 117.2 111.0 , .. 75.' ,OJ ... .... 87.04 

lin .. _01 produoa ~ .... defl.ectloflS. 
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k-1 :--"" CB 
BEAM .,._.t;. :~ SECTIONS . , , I30" , 1;------, , , , , , 

ESSENTlAL DATA , 
4 I , , , L __ ~ __ 0----- Maximum She.r 12 Kips per DATA , 

}. , , , '"--r, 
I " , • 

Square Ineh 
: "'-f:- -" : 
: 1-': .. - • . -~ Maximum Bend ing Streu 18 Kips per Square Inch :...----b----.: 

NomW.I 0tPtf\ .- F\&ftg. Wkhh W ..... t ... Fotl 

CB 302 30" x 15" CB 301 3O" x10t .. 
NOllllon 

21. 200 190 I 11. 172 U2 W I llS 108 
UN. UN. UN. u.. UN. UN. UN. UN. "'-

ELEMENTS 

I 1.' 9872.. _.5 8825.9 8328.2 7891.5 5753.1 5347.1 4919.1 4461.0 
S 1'1 64,., 617.6 5aU 555.2 528.2 319.7 lSH 127.9 2'" 
I •• 707.9 855.7 624.6 585.0 550.1 185.0 169.7 153.2 135.1 
S M 93.7 88.3 83.1 78.1 73,. 3~1 32.3 29.2 25.8 

DIMENSIONS AND GAGES IN INCHES 

d 31Jli 30li 30li 30 29!j 30li 30li 30 29Ji 
b 15li 15li 15 15 15 lOlj lOlj lOlj lOlj 
I " Ii Ii " " 

,. 
" " " • I,. l li ," l li I,. 1 " Ji l. 

• 7li 7Ji 7li 7li 7li 5 • 5 , 
1 251i 26~ 25~ 251i 25~ 2Ii!j 26~ 28~ 26J.i 
I, eli °li °li °li °li ' li ' li ' li ' li 
• 2" 2li '" ' li ' Ji ," I,. ," l )i 
k I,. ," l li l li l li 1 1 1 1 
U usual 5)i 5)i 5lj . lj 5)i 5)i 5)i 5)i 5lj 

•• 3)i 3)i 3lj 3li 3li 3 3 ' li 2li 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M m" 975 "" 879 833 792 570 53' "" ." 
Vmu 283 26. 251 241 235 '24 21' 2Il3 196 
Lmin 13.80 13.79 13.10 13.81 13.49 10.19 10.05 9.69 9.15 
Ib 14330 14080 13850 13490 13370 12820 12470 12230 12050 
Ibl 11105 10420 9830 '040 8755 7880 7295 '9011 6605 
Bmln 17.84 18.22 18.57 19.18 19.36 20.80 21.48 21.93 22.24 
Am" 123 115 108 " 96 87 81 76 72 
AA 130 130 130 130 130 129 123 118 115 
LAA 30.00 28.50 27.05 25.62 24.38 17.66 17.30 16.67 15.61 
Wt.CA 48 48 48 48 48 .. 48 .. .. 
AH 195 195 195 195 195 194 '" 178 173 
LAH 20,00 19.00 18.03 11.08 16.25 11.74 11.56 1' .GS 10.38 
Wt.CH sa .. .. .. .. .. " " .. 
Q no. 7411 7033 666' 5338 455' .255 3935 3590 
M m-.s: _ M ...... Beudinll Moment tn l"oot.-Klp'- Vm.u _ Mu. Web Shea.!' in Kips. 
I.mln ... Mln. 8gr: In ree~ to deveW, Vrnax. 
Ib .... Allowa Ie Unit Strolel tor eb Buck ling in r.':!~ per ~1I.IU"81nc:h. 
lb. ... Value o f Web In Ducl:l!ng per inch of lengt . in pOUnd&. 
"min == MIn. End Ile&l'~in inehe. to develop Vrnax. 
R~ =- Mu. Knd React In Kips when 8 _~ 
IIA =- Mu. Value of Shop Rlvetol lo KIIM lnOlle eetlon Serle. A. See page ofOotlnectkm •• 
RU """ :\I.,.. Value oIShop RlveUJln Ki Pl' ln one Connec~lon SertCl U. Bee pagon! COnnectlo .... 

R ivet. Value- In OuUJt.andlng ~ m\l.!lt be lnv(!!ItJgated . 
LRA.LRll _ Min. Sean In Feet to deveLop It or RR. 
Wt.OA,OU "'" ~b In pounds of one Oonnee~IoD 8edCl A or D, lndudln& Web RlveU. 
Q _ clentofStr(!ngth_ 128, .,. 

Tv obtain are uniformly distributed load 1n Ki ps, dlvld\'l Q by tbe required .pa.n In tMt.. 
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BEAM 
CB SECTIONS 27"I ALLOWABLE UNIfORM LOADS IN KIPS 

LOADS Applicable only whon .Ktlonl .... braced _,o lnst 10te ... 1 d e tl..,tlon. 
F"or .. nbr.c*<l .-ctlono .... f. lo.d. mUll be ...... ced, _ pallo 184. 

Maximum Bending Stress 18 Kips per Square Inch 

,..",.,.. 0IIIlb II'Id fl&nltl Wldtb--Weight pot Foot 
,"""w "., CB 272 2:1" II 14" CB 271 27" 1110" .. • 

,~ In '63 15. 145 114 ,,. .. " O~_ 

u.. u.. u.. u.. u.. u.. u.. u.. 
311.1 

• 373.2 . ... .. 324.0 310.9 1.51 
10 359.0 332.6 306.4 279.8 1.86 

11 326.4 302.' 278.5 254.4 2~5 

12 415.2 .,.., 41U 387.1 299~ 2m 255.3 233.2 2.68 

" 454.9 418.1 394.9 371.9 276.2 255.9 235.7 215.3 ~15 
14 422.4 388~ 366.7 345.3 256.5 237.6 218.8 199.9 3.65 
15 394~ 362.3 342~ 322.3 239.4 221.8 204.2 186.6 4.19 

16 369.6 339.1 320.9 302~ 224.' 207.9 191.5 174.9 '.77 
17 347.9 319.7 302.' 284.4 211 .2 195.1 180.2 164.6 5.38 
16 328.5 301.9 285.2 268.6 199.5 184.8 170.2 155.5 8.03 
19 311.2 286.0 270.2 254.5 189.0 175.1 161.2 147.3 8.n 
20 295.7 271.7 256.7 241.7 179.5 166.3 la3.2 139.9 7.45 

21 281.6 258.8 244.5 23D.2 m.o 158.4 145.9 133.3 8.21 
22 268.8 247.0 233.3 219.8 163.2 151.2 139.3 127.2 9.01 
23 257.1 236.3 22~ 210.2 156.1 144.& 133.2 121.7 '.65 
24 246.4 22&.5 213.9 201.5 149.6 138.6 127.7 116.6 10.73 
25 238.5 217.4 205.3 193.4 143.& 133.1 122.5 111.9 11.64 

26 227.4 209,0 197.4 18&.0 138.1 127.9 117.8 107.6 12.59 
27 219.0 201.3 190.1 179.1 133.0 123.2 113.5 103.6 13.57 
26 211.2 194.1 183.3 In.7 128.2 118.8 109.4 99.' 14.80 
29 203,9 187.4 ln.O 166.7 123.8 114.7 105.& 96.5 15.68 
30 197.1 181.2 171.1 161.2 119.7 110.9 102.1 93.3 1&.76 

31 190~ 175.3 165.6 156.. 115.8 107.3 98.8 00.3 17.89 

" 184.8 169.8 16Q.4 151.1 112.2 104.0 95.7 87.5 19.07 
33 179~ 164.7 ,,,8 146.5 108.8 100.8 92.8 ".8 20.26 
34 173.9 159.8 151.0 142.2 105.6 97.8 90.1 82.3 21.53 
35 169.0 155.3 14&.7 138.1 102.6 95.' 87.5 SO .• 22.81 

38 164.3 151.0 142.6 134.3 99.7 92.' 65.1 77.7 24.13 
37 159.8 146.9 138,7 130.7 97.0 89.9 82.8 75.& 25.49 
38 155.6 143.0 135.1 127.2 ".5 87.5 SO.8 73.8 26,89 
39 151.6 139.4 131.6 124.0 92.1 85.3 78.8 71.8 28.32 
40 147.8 135.9 128.3 120.9 89.8 83.2 

, 
76.6 70.0 29.79 

42 140.8 129.4 122.2 115.1 65.5 79.2 n.' 66.6 ".85 .. 134.4 123.5 116.7 109.9 81.6 75.6 69.6 63.6 36.05 
46 128.6 118.1 111.6 105,1 78.1 n.3 68.6 60~ 39.40 .. 123~ 113.2 1[>6.9 100.7 74.8 69.3 63.8 56.3 42.90 
50 118.3 108.7 102.7 .v 11.8 M.' ", M.' 4&.55 

52 113.7 , .. , ... , .... U.O .... M.' .... 50.35 
Loadt above U])pet borlzomal lln08 wlU])l'Oduee m;ulmum al1o ..... bl0 sbo:u- In wobl!. 
Loada below lower horiwntallln08 will ])rodl1Ce exoe!l8lvo dctloctioWl . 
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k- "\' :~ BEAM 
or· ... · CB SECTIONS 127" ' , , r------, , , , , , 

ESSENTIAL DATA j i , , 
DATA , 

~-- ---: °S -- j, MaxImum Shea r 12 Kips per , 
" . 
~--r , , :, , , Square Inch , ... - .". -~ , , , , 

t-": ,.-• . - ~ Ma'lllmum BendIng Stress 18 Kips per Square Inch , 
:....-_ •• ••• ..1 

,........ 0..-_ flute WldIIo- w -,-_ .... CB 272 27" It 14" CB 271 Z7" x 10" 
tn .63 • 54 14 • n. .06 " " .... u. •. ..... u.< ..... .... .... .... 

ELEMENTS 

I 1'1 6128.6 6141.5 .mA 5414.3 '080~ 3761.2 3446.5 3129.2 
5 '-1 492.' 452., 427.1 •• 2.9 ,,9> '7U 255.3 233.2 
I •• 518.9 468.7 437.6 406.9 149.6 136.1 122.9 109.0 
S •• 73.7 .. .• 62.5 58.3 29.7 27.1 24.6 2U 

DIMENSIONS AND GAGES IN INCHES 

d 27)( 271i 27 2tl1i 27)( 271i 27 2tl1i 
b 141i 14 14 14 IOIi 10 10 10 
t ,. Ii Ii Ii Ii Ii Ii Ii 
p . ,. ' Ii .,. • Ii Ii " Ii 
• .,. 6~ 6~ .,. .,. 4~ 4" .,. 
f 23 23 23 23 24 24 24 24 
f , '" ." ." ." ' Ii ' Ii ' Ii ' Ii , ' Ii '» , ." ' Ii ' Ii ' Ii ' )0 
k ' Ii ' Ii .,. .,. Ii Ii Ii Ii 
" usual ' Ii ' Ii 'Ii ' Ii ' Ii ' Ii ' Ii ' Ii 
o. 3!} 3!} 3U 3~ 2,. ,,. 

2~i 2~ 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
M mu 73. 679 64' 604 44' '" 383 350 
V mu 238 218 ... 19' 187 17' 18' .56 
Lmin .2M 12.46 12.48 12.49 9.62 '.55 9.46 .... 
1b .4480 14140 .3830 '3490 .3030 12800 12110 11890 
fbt 10555 9475 '785 .095 7425 6740 8055 "40 
B min 15.69 16.24 16.68 17,19 18.31 19.07 20.00 20.39 
R mu .09 97 90 93 n " " " RA 11. 11. 11. 11. '05 98 92 " LRA '~94 ".84 22.52 21.98 17.10 16.97 16.65 15.72 
Wt.CA 42 42 42 42 42 42 42 42 
RH '79 179 179 173 .85 '54 14. .39 
LRH 16.!!i2 15.18 14.34 13.97 10.88 10.80 10.64 10.07 
Wt.CH 58 " 58 •• 58 58 58 " Q 5914 5435 5134 .935 3590 3326 3064 2798 
M~ _ Mu. Bending M OIDflrl1.ln Poot-- KJpoI. VIDN _ Mu. Web Shear In KIp-.. 
L .... - "- lin. Sc:,o In rel"~ to develw, Vrnax. 

'" - AIIo .... , Unl .. ij~ for \ eb Buekl lnC in 1i:fud.8 per !lquaro lncb. 

"" _ Value of Wob In BuekUng per ineh of ]engt . In pOl1Ilda. 
Om'" _ Min. End Bca.rI\1.ln (nehes to d evclcp Vmu. 
H~ _ Max. End Keact on In K Ip/! wh(lD » _ 3~'" 
HA _ Max. ValuDof Shop Rlvetaln Kipolin one onnectlon 8erlo. A. 800 pagoofOonnectlon •. 
fiH _ 1\lax. ValueofSbop Rivetaln I{ipllin ono Connect ion Scf"kll: U. Sao p;Ioge or ConnocUous. 

Rlve~ Values In Outstanding lA)p mUl~ be IIt.vestlgatod. 
LRA.LRH _ "lin. Span in ~·oe .. to develop RA or NIL 
W~CA.CH _ ~b"ln poundll or OIle Connection &riel A 01' n, Indudlng Web Rivets. 
Q _ dent.ofS\r'$I,8:tb _ 129,.,. 

To obtain sate uniform.ly -distr:\but.ed load In KI", divide Q by the n!qulred span in (oot.. 
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• 1 2;,1 CB SECTIONS 
ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appll ... bl. on', wh on _don . ... braced a,alnU 'au ... 1 d.tl ... tlon. 
rM .. nbra ..... Metlono ... f. '_d ....... t be NOI ....... , _ pallO 114. 

Mulmum Bending Stress 18 Kips per Square Inch 

-" . 
I N ....... D_ ..... n.,.. Widtb w ...... ,.rlNll I .... CB 243 24" II: 14" CB 242 24" II 12" 

_n 
• r:- I , I • ,- '60 ,,. 130 120 UO '00 

0_ 
I ... - ... ... ... ... .... 

3ZoU .... , ..... 
12 3 •. 2 170.2 328.8 299.1 274.4 248.9 2.68 
13 381 .7 35S.8 331,0 305.3 276.1 253.3 229.8 3.15 
14 354.' 330.4 307.4 283.5 256.4 235.2 213.3 3.65 
15 330,8 308.4 286.9 264.6 239.3 219.5 199.1 4.19 

16 310.1 289.1 269.0 248.0 224.3 205.8 186.7 '.77 
17 291.9 272.1 253.1 233.4 211 .1 193.' 175.7 .a, 

" 275.1 257.0 Z39.1 ".S 199.4 182.9 165.9 ." 
" 261 .2 243.5 228.5 ".. " .. 173.3 157.2 ." 

'" , .. I 231.3 215.2 ,,8.4 179.5 164.6 149.3 7.45 

21 23<, m~ 204.9 189.0 170.9 156.. 142.2 Ul 

" " .. 210.3 195.6 188' 163.1 149.7 135.' aol 
23 215.7 201.1 187.1 172.5 156.1 143.2 129.' .... 
24 "'., 192.8 179.3 ,,5.4 149.6 137.2 124.5 10" 
" I,.S 195.0 1721 158.' 1436 131 .7 119.5 " .M 
26 190.8 In.9 165.. 152.6 138.0 12&.6 114.9 12.59 
27 183.8 171 .3 159.4 147.0 132., 122.0 110.8 13.57 ,. 177.2 165.2 153.' 141.7 "., 117.8 10<' lUG 

" 171 .1 159.5 148.4 '''' 123.8 113.5 1030 1~66 
SO 165.. 154.2 143. llU 119.8 109.8 .... ,." 
31 lS0.1 149.2 '''' 128.0 115.8 10<' .. , 17.89 
32 155.1 144.6 134.5 124.0 112.2 102.9 93.3 19.07 
33 150.4 140.2 130.4 120.3 108.8 .... ... ,.,. 
34 145.9 136.1 126.6 11 6.7 105.6 ... 87.8 21.53-

" 141.8 132.2 122.9 113.4 l 02.S 94.1 ... 22.81 

" 137.8 128.5 119.5 110.2 ... , 91.5 63.0 24.13 
37 134.1 125.0 11 6.3 107.3 97.0 89.0 .. , 25.49 
38 130.& 121.7 113.2 104.4 94.S .. , ra. 26.89 

" 127.2 118.8 11 0.3 101.8 92.0 84.' ,.. 29.32 
40 124.1 115.7 107.8 ... , 89., 82.' 74.7 29.79 

42 118.1 110.1 102.5 94.S ".S ra. n .l 32." .. 112.8 10U 

I 
. ,. 

I 
.... ... 

I 
74.1 

I 
". 3<" 

" ,~. ,l1li .• a .5. •• " .• n. .... 39.<W 
48 '"u M.' M. RJ ,,. M. a. .~ .. 

Lo.dJI .. boTe lIPpfJr hon.oataliina wUl produce mulmmn ..no_b. 8beu' lD webL 
l.-cb below lower boo1z<mtallu- wlU produce aa.lTe de&dlona. 
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BEAM 

CB SECTIONS 
ESSENTIAL DATA I24" 

: .: 0 ----- -;, I ____ _ _ 

· • ·~~S~dl. "--r-t , " " ,» 

Maldmum Shear 12 Kip. per 
Square Inch 

DATA 

1 It.",-" : 
I t·": "-I'-~ . . .-_ .. b--- .... 

, ..... 

I 1_' 
S '_I 
I •• 
S •• 

d 
b 
t 
p 

• f 
f . 

• 
k 
g usual 
g. 

160 .... 
5110.3 
4U.S 
492.6 
69.9 

24U 
14» ,. 
11i .,. 
20~ • , 
1 
' » 
' X 

Maximum Bending Streu 18 Kip. per Square Inch 

..."".,.. Dt\JIII ..... flantt Widtll-w ...... IIU r_ 
CB 243 24" II 14" • CB 242 24" 1:12" 

150 14' 13. 1211 I a. 100 .... "'- ' Oo. "'- .... .... 
ELEMENTS 

4733.5 4378.1 4009.5 3635.3 3315.0 2987.3 
385.5 351.6 330.7 "'~ 27U "' .• 
452.5 414.5 375.2 254.0 229.1 203.' 
64.' 59.1 " .• 42.0 38.0 33.9 

DIMENSIONS AND GAGES IN INCHES 

24» 24li 24}i' 24K 24» ,.--------
14» 14 14 12» 12 12 

li li ,. ,. » » 
1!1i 1 )i " )i ,. .,. .,. 6~i .,. 5' ~ 5" 

20,. 20" 2OU' 2O)i 20» 201 • • • • 5!1i ' !Ii 5!1i 
1)i 1" I ,. 1" 1li ,., 
I 1 1 " " " ' » 5» ' » 5» 5» 5» 
3X 3 3 3 ,,. ,~. 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M M" 
V max 
Lmin 
Ib 
fbt 
B min 
R max 
RA 
LRA 
Wt.CA 
RH 
LRH 
Wt.CH 
Q 
M rnu: 
L """ 

" '" B mIn R_. 
RA 
RU 

620 
19' 

12.75 
14560 
955Il 
14.20 

92 
97 

25.58 
36 

'" 15.31 
50 

'96' 

578 ". 165 II. 
1<5" 12.37 
14340 140SO 
9010 8345 
14.41 14.75 

87 6Il 
97 94 

" .65 22.88 
36 36 

'" 158 
14.28 13.79 

50 50 ",. 4303 

'96 '" 164 '" 12.07 11 .06 
13770 13650 
mil 7590 
15.07 15.29 

74 73 
88 88 

22.29 20.39 
36 36 , .. "6 

13.41 12.29 
50 50 

'988 35811 

.12 373 , .. 135 
11.13 11.1l8 
13100 ,_ 
669Il 5855 
16.09 17.01 

64 58 
6Il 74 

20.58 20.18 
36 36 

'" '" 12.29 12.14 
50 50 

3293 2987 

A. !lee page or ConnecUOIUl. 
H. see papofConnec' ionL 
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BEAM 
CB SECTIONS 

24"1 
21 " ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appn~.bl. onl)l whe n .... tlon . ... brle..:! .,a lnlt l atanl d" " K tlon. 
For unbraced _tlonl Mfa loadl mU l t 0. reduced, ... page 1114. 

Maximum BendIng Stress 18 Kips per Square Inch 

NOIIIinaI De(llll 1IId Fl .... WktttI Weill!!! IN" Foot 
s," CB 241 24" x 9" CB 213 21 " It 13" ,-~ 

'" • ,~ 94 87 80 74 142 132 122 U2 Dtfttcliotl ..... ..... ..... ..... ..... ..... U>o. ..... 
300.1 UU 262.1 246.3 

9 294.5 272.4 247.7 227.2 1.51 
10 265-1 245.2 223.0 204.5 1.86 

11 241.0 222.9 202.7 185.9 3.311.4 314.0 m.' 265.5 2.25 
12 220.9 204.3 185.8 170.4 317.2 294.8 272.5 249.6 2.68 
13 203.9 188.6 m.s 157.3 292.B 272.1 251.5 23Q.4 3.15 
14 189.3 175.1 159.3 146.1 2n.g 252.7 233.6 213.9 '" 15 176.7 163.4 148.6 136.3 253.8 235.8 218.0 189.7 4.19 

16 165.7 153.2 139.4 127.8 2:17.9 221.1 20404 187.2 '.77 
17 1559 144.2 131.2 120.3 223.9 208.1 192.4 176.2 ". 18 147.3 136.2 123.9 113.6 211.5 196.5 181.7 166.4 .03 
19 139.5 129.0 117.3 107.6 200.3 '''2 172.1 157.6 .72 
20 132.5 122.6 111.5 102.2 190.3 176.9 163.5 149.8 7.45 

21 126.2 116.7 106.2 97.4 181.3 168.5 155.7 142.6 8.21 
22 120.5 111.4 101.3 92.9 173.0 160.8 148.6 136.1 9.01 
23 115.3 106.6 96.9 88.9 165.5 153.8 142.2 130.2 9.85 
24 110.5 102~ 92.9 85.2 158.6 147.4 136.3 124.8 10" 
25 106.0 9al 89.2 81.8 152.3 141.5 130.8 119.8 11.64 

26 102.0 94.3 85.8 78.6 146.4 136.1 125.8 115.2 12.59 
27 98.2 90.8 82.6 75.7 141.0 131.0 121.1 110.9 13.57 
28 94.7 87.6 79.6 73.0 135.9 126.3 116.8 107.0 14.60 
29 91 .4 84.' ,.9 70.5 131.3 122.0 112.8 103.3 15.66 

" 88.' 81.7 74.3 68.2 126.9 117.9 109.0 99.8 16.76 

31 85.5 79.1 71.9 66.0 122.8 114.1 105.5 96.6 17.89 
32 82.9 76.6 69.7 63.9 119.0 11 0.6 102.2 93.6 19.07 
33 80.3 74.3 67.6 62.0 115.3 107.2 99.1 90.9 20.28 
34 78.0 72.1 65.6 80.1 112.0 104.0 96.2 88.1 21.53 
35 75.7 70.0 63.7 58.' "0.8 101.1 93.4 85.6 22.81 

36 ".6 69.1 61.9 56.8 105.7 98.3 90.8 83.2 24.13 
37 71.6 " .3 60.3 55.3 102.9 95.6 88.' 81.0 25.49 
38 69.8 64.' 58.7 53.' 100.2 93.1 §., 78.8 26.89 
39 69.0 62.9 57.2 52.4 97.8 ~., ••• n.' 28.32 
40 ".3 61.3 55.7 51.1 ~., ••• 81.8 74.t 29.79 

I 

I. 
42 63.1 58.4 53.1 48.7 " .. M.' n.' 'u 32.85 
44 

. 
36.05 M.' S5.7 so., .~ 

46 51.6 ~> .... ,,~ 39.40 
48 55.2 SI.I ••• 'OJ 42.90 
Loads above upper hor!w llta.llloes w11lproduce mlUlmum allowable shear In webl. 
Load, below lower hor lz(,mt;l.llInes will prnduoo e:xceflll.h<fl de1lllCtionl. 



"~ .. 
I t .. 
S I-I 

I .. 
S •• 

d 
b 
t 
p 

• 
f 
f . 

• 
k 
g usual 
g. 

m" 
V m" 
Lmin 
fb 
fbt 
B min 
R m'" 
RA 
LRA 
Wt.CA 
RH 
LRH 

.. 
l>o. 

2683.0 
220.' 
102.2 
~. 

24~ 
9 
% 
Jii . y. 

21 % 
,y. 
l Jii 
~i 

5» 
2U 

CB SECTIONS 
ESSENTIAL DATA 

M aximum Shear 12 Kip. per 
Square Inch 

20. 

BEAM 

I 24" 
21 " 

DATA 

Maximum Bending Stress 18 Kips per Square Inch 

N"""'* 0tpdI0 and fl ..... Wlcldl-WeltIht,., FoOl 

24" .. g" CB 213 21 " iii 13" 

74 142 122 112 
u.. u.. u.. ""-

ELEMENTS 
2461.8 2229.7 2033.8 3403.1 3141.6 2883.2 2920.6 
2'''' 185.' 170.4 317.2 ". .• m.' 249.6 
92.9 .~. 73.' 385.9 353.8 322.1 289.7 
20.' 1~' 1~' 58.. 54.1 49.4 44.6 

DIMENSIONS AND GAGES IN INCHES 

24% 24 23% 21» 21~ 21% 21 

• , 9 13% 13% 13 13 
» » Jii Jii % % % ,. Y. ,. 1% 1 ,. % . y. . y. . y. oy. oy. OM sy. 

21 % 21 % 21 % 17% 17Y. 17)( 17)( 
au , y. ,y. 5% 5% 5% 5% 
1% ," l Y. 1» ,~ ,,. 1% 
y. ~~ Y. ,. ,. ,. .. 

5» 5» 5» 5» 5» 5» 5» 
23 .. 2» 2» , , , , 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

150 139 131 123 170 157 144 
8.81 8.81 8.51 '.30 11.21 11.27 11.36 11 .28 

13150 12660 12300 11880 
,_ 

14990 14610 14230 
6785 .,75 5595 5115 5885 9205 8285 7500 
18.10 16.87 17.42 18.12 11.80 11.73 ta09 12.45 

65 58 " .. 98 81 73 66 
81 76 72 68 81 81 74 .. 

16.3& 16.13 15.48 15.04 23.50 21.84 22.09 21.70 
36 36 36 36 30 30 30 30 
135 126 119 113 130 129 119 111 

9.73 9.37 9.05 14.&4 13.71 13.74 13.49 
50 50 50 41 41 41 41 

"~'IS ",,,. 

llee page of OonnoctlonB. 
see page or Conneetiold. 

a,lncludlng Web R!v6~. 

lo.d In Ki", divide Q by tho requimd .j)IW in feet.. 
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BEAM 

CB SECTIONS 21"1 ALLOWABLE UNifORM LOADS IN KIPS 

LOADS ..... pU .... IoI. onl )' wh . .. _Iono . .... b~_ aga' nat lotora. d~"o .. . 
"or .... br _ _ t lo ns ut. l_d. m ... t ... Nd .. ced, _ paae 1 .... 

Maximum Bending Stress 18 Kips per Square Inch 

........ 0..- .... n..,. Willllrl--W ,. .... CB 212 21" Jt 9" CB 211 21 " a8~ " ~~ 

• • ,. 103 .. " 12 73 .. 63 59 ... -u.. u.. u.. u.. u.. u.. u.. .... 
231 .' flU .... 1 • . 7 

8 11 0.7 291.7 " .. ztll.l 22., 209.9 19:2.0 179.0 1.19 

8 284.1 283.' 243.1 224.0 200.' 186.5 171).7 159.1 1.51 
10 255.7 237.1 219.4 201.6 180.8 167.9 153.6 143.2 1.88 

11 232.5 215.6 199.4 183.3 . 164.4 152.6 139.8 130.1 ,~. 

12 213.1 197.6 182.8 "., 150.1 139.9 128.0 119.3 ' .68 
13 I .. ' 182.4 I .. , 155.1 139.1 129.1 118.2 110.1 3.15 
14 182.' 169.4 156.7 144.0 129.2 119.9 109.7 102.3 3.85 
18 170.5 158.1 14U 134.4 120.6 111 .9 102.' , ... 4.19 

18 159.8 148.2 137.1 126.0 113.0 IOU .. , 89~ '.n 
17 IBM 139.5 129.0 118.8 I'''' 

,., 90.. 84.' ~38 

18 142.1 131 .7 121 .9 112.0 l00~ 93.3 85.3 79.' .,3 
19 134.6 124.8 115.5 106.1 95~ .... 90.8 ~3 an 
20 127.9 118.6 109.7 1011.8 90.. 93.. ,.. n.8 '.45 
21 121.8 112.9 104.5 ... , ,., 79.' 731 68.2 Ul 
22 llU 107.8 99., 91 .6 12.' 76.3 ,U 65.1 9.01 
23 111.2 103.1 96.. 67.7 , .. 73' ... 82~ '.85 
24 108.8 98.8 91 .4 84.' 'M '" 64.' 59.' 1~73 

25 102.3 94.8 87.7 ... , n.3 67.2 61 .4 57.3 11.64 

" ,.. '12 84.' n., 69.6 64.' 59.1 ~1 12.59 
27 94.' 87.8 .12 ,~, 67.0 62.' .... 53.' 13.57 
28 91.3 84.' ,., n. 54.' 60.. 54.' 51.1 14.60 
29 .. , 81.8 75.6 69.5 62.' !i7.9 ." 49.4 " .. 
30 ~ 79.' 73.1 67.2 80.3 56.. 51.2 47.7 16.76 

31 82.' 76.' 70.8 65.' 58.3 54.' 49.!i . .- 17.89 
32 79.' 74.1 68.8 63.' 56.5 52.5 ... 44.' 19.07 
33 n.' n.' 66.5 61.1 54.8 so .• 46.5 43.4 ,~, 

34 ,~, 69.7 84.' 59.3 53.' 49.4 '" 42.1 21.53 
35 73.1 67.7 62.7 57.6 51.7 48.' 43.' 40.9 22~1 

38 n.' 65.' 60.. .. , SO., .<6 42.7 39.8 24.13 
37 69.1 54.1 59.3 54.' .. , 45.4 41.5 38.' 25.49 
38 67.3 ... 17.7 N.1 47.6 ... , ~ .. U., , ... 
39 •• .... .u au UA U .• SU "., 28.32 
40 u .U M.' 00. .U 42.0 SI.4 ... 29.79 

42 M.' 0.1 32.85 
~ above upper horl_~ 1IDfl& .. 1lI produce mulmum &lIo,..bl" -"ear In .. e lM!. 

Lo&.dt: be1o .. lower horbont.&lllna .. 01 produce ~Ive de1lectioDl. 



CB SECTIONS 
BEAM -

• k . "'" • 

r::·~ .. ;:: .. ~. ~~:~;. 1 21 " 
· , · , • • 
I I 

ESSENTIAL DATA 
, , 
:t _Q"4 __ ""\. 

~ __ o ---~ -- , , ~V2 

"' !i- " I .... , _~ , 

Maximum Shear 12 Kip. pe .. 
DATA 

Square Inch 
, , , 
: I ·': "'-• . -~ 
:...----tr ---...: 

I 1'1 

5
"

, 

I .' S ~. 

M aximum Bending Stress 18 Kips per Squ .... Inch 

2268.·.~02088iii .• 

I 
21.3.1 197.6 
119.9 109.3 
26.4 24.2 

1919.2 
112.' 
99,' 
2~1 

ELEMENTS 

1752.4 
1&8.0 

99.' I 
20.0 

1600.3 
150.7 
66.2 
16.0 

1478.3-'1343.6 
UU 128.0 
60.4 53.8 
14.6 13.0 

DIMENSIONS AND GAGES IN INCHES 

1246.S 
US.3 
49.2 
12.0 

d 
b 
I 

-"-21~ 21~ 21 20~ 21 M 21~ '--21'--'-'20"J",-

, 
o 
I 
I, 
o 
k 
II usual 

" 
M max 
Vmu 
lmln 
fb 
fb' 

9~ 9 9 9 1 S7.l' au aX' ax 
% U U ~ ~ ~ ~ ~ 

1 ~ ~ ~ ~ ~ ~ ~ 
4}:l' 4)( 4)( 4U 4 4 .. 4 

18 18 18 lB 18% 1~ 1871 1871 
3U 3": 3~ 3U 3% 3~ 3~; 3,"8 
l ~i 1 ~. l}i 1;' , ,, l U , ,, 1~ 

~ ~ ~ ~ H ~ H K 
5~ 5}i 5}i 5}i SM 5}i 5M 5}1 
3 2~ 2K 2K 2% 2M 2M 2M 
MAXIMUM BENDING MOMENTS, WEB RESISTANCES. ETC. 

320 296 274 252 226 210 192 179 
1M 1% I~ I~ II . 199 lro ~ 
8.23 8.13 8.10 8.07 7.80 1.ro 7.43 7.31 

14950 14690 14340 13940 13200 12840 12520 12170 
908S 8445 n05 6955 6010 5520 5135 4745 

B min l1.n 11.98 12.32 12.74 13.99 14.47 14.87 15.39 
R_ ~ ~ ~ ~ ~ U ~ a 
RA ~ ~ ro M 60 M M 51 
lRA 15.98 15.81 15.67 15.51 15.07 14.99 14.22 14.M 
Wt.CA 30 30 30 30 30 30 30 30 
RH 128 121 113 105 96 90 86 82 
lRH 9.99 9.~ 9.71 9.50 9.42 9.33 8.93 8.73 
Wt.CH 41 41 41 41 41 41 41 41 

Q,~~~=2M~7~~i.~~7~I..o~2~IM~~i20~I~'~~I~OOO~..o~I'~7~'~~' ~~~'~~1~'3~2c-
:'1 -mu: _ Mu. Bending Moment In P'oot.-Kips. Vmar _ Mu. W~b 8hear In KIp-.. 
L n,1n _ )I\n . 8pa.n In feet to do""lop Vmu. 
f l, _ Allo .... able Unit S~ for W~b Buekllns 10 pounds per' Iq~ Illeh. 
tb~ _ Value of Web III Dueklln« per'incb of IlIrI8th. in pound •. 
I) mlo _ Mill . End ~Inilldlllll todovelop Vm.I.L 
R mu _ Mu. End RoactI(Ja In Klpa when B _ 3 *". 
RA _ Mu. Valueo! Shop Riveuln Klpa lo ooe COnnection Ser1N A. See pap otConnectlon.o. 
RU _ M .... Value ot8br)p Rivetllin KlpoIin 0111'1 Connection s.eno. U . See p&jj;eofConnecUoWl. 

Rivet Va.hll'11ln Out<ltandln« Lep must be invtOltlgat.ed. 
LRA.LRH _ :\lIn. 8pan III Feet to deffiop RA or Hn. 
W'.OA.OU _ Weta-ht In POUlld. of oae OonneetioG kll'll A or n. tneludtna Web Rivet.. 
Q _00eftl.den~of8W'engtb _ 1:l 8,.,. 

To obtaJ.n late unltormly dlftrlbutod load In KIp'. divide Q by tbe l"8Qull'lld.pan In teet. 
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BEAM 
CB SECTIONS 18"I ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Apprl ... bl . .. n', whe n ..... tlon .... br . ..... IIg, lnlt late .. 1 d , nectro". 
For ,,"braced .-ctlo", .. t. {"lid , ...... It be ......... d. _ page 184. 

Maximum Bending Stress 18 Kips per Square Inch 

.... '83 18" • ,, ~ . ,. 182 18" •• ~' CoIllloIIIII • • ,~ 

~' :!.' lOS (; 85 n ~ .. "" .... 
~u 

~ -,ill-l-:t • 211.2 'Q.' m.' 208., 1.51 
10 286.8 242.' 22U 187.3 153.8 1.86 

m.' 

" 260.7 24~' 22~' 20U 170.3 154.6 139.9 127.6 2.25 
12 239.0 22~' 202.2 184.4 156.' 141.7 128.2 117.0 2." 
13 220.6 203~ 186.6 17~2 144.1 130.8 118.3 108.0 3.15 
14 204.9 188.7 173.3 "", 133. 121.5 109.9 100.3 3.65 
15 191.2 176.1 181.8 147.5 124.9 113.4 102.6 93.' 4.19 

18 179.3 165.1 151.7 138.3 117.1 106.3 .'" 87.8 '.n 
17 168.7 155.4 142.7 '30~ 110.2 100.0 ... , 82.' '.38 
18 159.3 146.7 '34~ 122.9 104.1 94.' 85.' 78.0 6.03 
19 150.9 139.0 127.7 116.5 98.' 89.' 81.0 73.' '.n 
20 143.4 132.1 121.3 110.6 93.7 .;0 7" m2 7.45 

" 136.6 12s.a 115.5 105.4 89.2 81.0 73.3 68.. B.21 
22 130.4 12(1.1 110.3 100.6 85.1 n.3 69.9 63.' 9.01 
23 124.7 114.8 105.5 96.2 81.4 73.' 68.' 61.0 9.85 
24 119.5 110.1 101.1 92.2 78.1 70.' 64.1 ... , 10.73 

" 114.7 105.6 97.1 ... , 74.9 68.0 61.5 56.2 11.64 

26 11Q.3 101.6 93.3 85.1 no 85.' 59.2 ".0 12.59 
27 106.2 97.8 89.' 92.0 69.4 83.0 57.0 52.0 13.57 ,. 102.4 94.3 8S.7 79.0 66.' 60.7 54.' '~1 14.60 
29 98.' 91.1 83.7 7S.3 64.' 58.' 53.0 48.' 15.66 
30 95.6 88.0 .~. 73.' 62.4 56.7 51.3 46.8 lS.76 

31 82" 85.2 78.3 
~:: '~4 .... 49.S 45.3 17.89 

32 89.S 82.' 7" 58.' 53.' 48.1 Q.' 19.07 
33 86' .~o 73.5 87.1 M.' &1.5 ~ .. 4B 2Q.28 
34 M.' n.' '" M.' M.' ~ .. ~., .., 21.53 
35 SI.g ,u n .I .. , M' n.' U .• 22.81 

36 n.' nA 24.13 

1-
Loads below 1';';O~ 

=.m,rod~ "ow.,". 
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,...,,:~ BEAM 

~._L CB SECTIONS 1 18" 
' . , f"'·" , , , , , 

ESSENTIAL DATA j • , , 
DATA , ' 0 L :------ ,. ----- Jz Maidmum Shear 12 Kips IMr 

-r, . " " ~ Square Inch : " . .,.. _01 : 
; t -": ... -a--tj Maximum Bendln; Stress 18 Kips per Square Inch 
~----b- '-"": -_ .. ""*_w " '-,- CB 1&3 18" It 11 ~" CB 182 18" x 8"," 

124 U4 105 .. 85 n 70 I " ... ... ... u.. u. . u.. u.. u.. 
ELEMENTS 

I I" 2227.1 2033.' 1852.5 1674.7 1429.9 12 .... In3.9 1045.8 
S I_I 239.0 220.1 202.2 a ... '5U 14L7 12J.2 H7.D 
I .. 281 .9 255.. 231.0 208.8 99.' ... 78.5 70~ 
S ., 47.4 43.2 39.2 35.2 22.. 20.2 17.9 16.1 

DIMENSIONS AND GAGES IN INCHES 

d 18~ 18Ji 18% 18Ji 18~ 18Ji 18 17~ 
b 1IJi 11Ji 11 ~~ 1,,,, ' Ji 8~ 8~4 8~i 
t " % " )i " Ji " " • 13i 1 " " " " % " • ' % ' % ' % "A ." ." ." ." I 15" 15" 15" 15" 15" 15~ 15" 15~ 
I, 5 5 5 5 '" '" '" '" • 1~ ," 1% l)i 1Ji 1% ." 1)( 
k )i .~ )i )i " " " " II usual ' Ji I 5Ji ' )i 5)i 5Ji ' Ji ' Ji .. , , 2~ 2~ 2~ 2~ 2!j 2Ji 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M m" 35' 330 303 m 234 213 192 '" Vmox 146 132 122 112 11 6 ... 95 OS 
Lmin ' .85 10.01 ' .96 ' .92 ~10 8.21 ~13 ~12 
Ib 15000 15000 .SOOO 14880 1497tl 14470 , .... 13560 
lb. 9765 .92. 8310 7820 7875 88" 81 .. 5465 
8mln 10.25 10.16 10.08 10.10 10.10 10.52 10.88 11.35 
Rm", 80 72 67 81 64 55 49 44 
RA 85 62 58 54 55 .. .. 42 
LRA 22.06 2UO 20.92 20.49 17.03 17.00 l~n 1~71 
Wt.CA 21 21 21 21 21 21 21 21 
RH 130 12. m ID' 110 100 92 84 
LRH 11 .03 10.65 10.46 10.24 8.51 UO ~" ~38 
WLCH 29 29 29 29 29 29 29 29 
Q 2868 2641 2426 2213 18" 1700 1538 1404 
M_ _ MIU. 8end.~Momen~ln Foot--Klpe. Vmu _ MIU. Web Sbear In KIIII'. 
L min - Min. SCi: in OO~ to deV6l~ Vmu. 

'" _ Alien .... Ie Un.l~ sen. fIX' eb lJuckllns In ~dIJ per Iq\Ial'e !nch. 

"" _ Value ot Web in lJuckllng pel" Incb ot leogt • in pO\lIId.I. 
n min _ Min. End Uoaring In inchellLO develop Vmax. 

"- _ Mu. }o:lId RC6Ction In )\1"" _hen lJ _ 3~. 
RA _ Mar. Valuo otShop WvOtllin K iPI'l l ... oDe nnootlon SerlCII A. See pa.geot Connections. 
n u _ Mar. Yaluj) ot8Mp Il lvetll ill Kl peln 0110 Connection SoI'\ClllI. See PIlieot ConnectlolUl. 

1Ilvo~ Value. In Outlltandlng ~ mun be 10Vl'lflti,gll.tod. 
LR,\.LRII _ 1\1\0. Span In I'oot 10 do,'dop n IX' nil. 
Wt.OA.O U _ ~bt In poundll of one Oonnectlon serl.,. A or H. In(:lud1ns Web RIV(lta. 
Q _ lIelen" ot Str(lngtb _ 12 B,.,. 

To obtalD we unlfOrrnly dllltrtbutod ic.d In KipS. d1vk1e Q by tbe roquir'od 8pII.II in toot. 
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BEAM 

CB SECTIONS 
18"1 
16" ALLOWABLE UNIFORM LOADS IN KI PS 

lOADS Appll.,.bl. o n '7 w .... n _tlon .... buead .golnU 'OloOr.' ".eI..,tlon. .,.1&4. ror .. nbro __ on. uf. ' .... d. must be ..., .. ce4. _ p 

Mulmum Bending Stress 18 Kips per Square Inth 

MomInoiI 0..., ..... n.n .. W"lfftII-w.o;.t '* FIIOI - CB 181 18" J[ 71fz" CB 163 16" x 11!h" • ,~ 55 ... 
taU 

7 '68.3 , 147.3 
9 130.9 

j. 
105 !Hi 88 

.....+ --" ......... -j-_... _ .... 
56 47 U. 
"". Uo . "". 
UU '541.4 

t 152.6 141.1 
133.5 123.5 
118.7 109.7 252.0 231.0 "' .. 1115.& 

10 117.8 106.8 98.' 236.9 218.0 199.3 181.6 

" 107.1 91.1 89.8 215.3 '98.2 181.2 185.1 
12 98.2 89.0 82.3 197.4 181.7 ISS.1 151.3 
13 90.' 82.2 78.0 182.2 167.7 153.3 139.7 
14 84.2 763 70.5 169.2 155.7 142.4 129.7 
15 78.. 

18 73.7 
17 69.3 

71.2 65.8 

I 
157.9 

66.' 61.7 '48.' 62.8 "'", 139.3 

145.4 132.9 121.0 

136.3 124.6 113.5 
'283 117.2 ,06.. 

'8 ... , 59.3 54.' 131.8 121.1 110.7 '00.9 
19 82.0 56.2 52.0 124.7 114.8 104.9 95.. 
20 "'"' 53.' 49.4 118.4 109.0 99.7 90.' 
21 59' SO., 47.0 112.8 103.8 ".9 ,6.5 
22 53.' 48., 44.9 107.7 99.' 90.. 82.' 
23 51 .2 .M 42.9 '00.0 .... 86.7 78. • 
24 49.1 44.' 41 .2 88.7 90.. 83., ,., 
" 47.1 42.7 39.5 " .8 87~ 79.7 72.. 
26 45.3 41.1 38.0 91 .1 83.' 76.7 69.8 
27 43.6 38.6 38.' 87.7 8O.B 73.' 67.2 
26 42.1 38.' 35.3 84.' n.' 71.2 .... 
29 40.6 36.8 34.' 81.7 7" 68.7 U .• 

3D 39.3 

31 38.0 
32 36.8 
33 35.1 

34 34.7 

" U., 

35.8 32.9 " .. 
34.5 31.9 n .• 
33.4 30.9 74.0 

32.4 " .. 1 'u " .. 
M' 21.2 

n.' 

~ 
M.' 

'" u> &8.1 

68.1 .u M.' 

Loads aOO"8 upper b(lll'llOnloal Un ... ,'1'111 produce llllUlll1U<n a.lIowablo .bear In w/)I.\II. 
Loads below IO"1lf borbont.al ilnol "ill prodw;o, /):IOeIlIdVil d06ectlonll. 

0.91 
1.19 
1.51 
1.88 

2.25 
2.66 
3.15 
3.65 
4.19 

•. n .,. 
M3 
&72 
7.45 

&21 

M' 
'.85 

10.73 
11.64 

12.59 
13.57 
14.60 
15.66 
18.76 

17.89 
19.07 
2.." 
21.53 
22.81 



CB SECTIONS 
ESSENTIAl. DATA 

Maximum Shear 12 Kips per 
Squaro Inch 

BEAM 

1 18" 
16" 

DATA 

Maximum Bending Stress 18 Kips per Square Inch 

CB 181 18" 1I 7 t L " CB 163 16" x 11 U" NOla'.... 1f---::-"'''-i''''~:''--',c''1'L-=-- z:t! 

~. ! l ~ ~ I :~ I ~ I sa ..... 

I 1-' 
S I" 

I " IS ... 
d 
b 
! 
p 

• 
f 
f, 

• 
k 
g usual 
~ 

M max 
V malt 
Lmin 
fb 
fbI 
B min 
R max 
RA 
LRA 
WI.CA 
RH 
LRH 
Wt.CH 
Q 
Mmu 
Lmm 

'" "" D min 
R_ 

889.' 
98.2 
42.0 
11.1 

18)i 
7J.i 
% 
% 

3)i 
15J.i 
3» 
l)i 
% 

3li 
2» 

BOO.' 
89.0 
37.2 
9.' 

ELEMENTS 

736.4 
82.3 
33.' 
'.0 

1642.6 
197.4 
254.8 
43.8 

1497.5 
181.7 
230.7 
39.8 

DIMENSIONS AND GAGES IN INCHES 

18 17% 16% 16)1 
7)1 7li 11% 11 % 
% % % % ,. li 1)ji " 3% 3% 5li ' li 

15% 15% 13)i 13)i 
3)i 3)i ' )i ' )i 
1)ji 1 1 ~ 1% 
% % ;, ;, 

3J.5 3li 5li ' li 
2)i 2)i 3 3 

1355.1 
1&6.1 
207.2 
35.9 

16% 
ll li ,. 

)i 
' li 

13)i 
' )i 
1% 
;, 

5li 
2~ 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
147 13. 123 296 273 249 
85 T7 75 126 115 105 

'.95 6.91 6.57 9.40 9.44 9.51 
13240 ", .. 12540 

,_ 
15000 15000 

"60 '535 4385 9465 87 .. 8025 
11.90 12.56 12.66 9.15 9.06 B.98 

4f 36 35 73 67 " 4f ,. 37 65 " " 14.37 14.05 13.35 18.22 17.87 17.80 
21 21 21 21 21 21 
82 76 74 130 122 112 

7.19 7.03 6.67 9.11 8.94 '.90 
29 29 29 29 29 29 

1178 1068 988 "09 2180 1993 
Ma.x. Bending Moment III Foot.-Klps. Vmu """ Ma.x. Web Shear In Kips. 

'"'" Min. Sgan In root to dovel"J! Vmax. 
= Allowa Ie Unit StrellS for \ eb Duckling In lr.un~ per squa..., Incb. 
= Value <:.of Web In Buckling per Incl1 of lengt . In j)Ountla. 
-= Min. End Bearing In Inc Ia!! to develop VIlllU. 

1222.6 
151.3 
185.2 
32.2 

16)i 
11 )1 

)1 

'" 5li 
13)i 
' ;, 
l li 
;, 

5li 
2U 

227 
98 

9.29 
15000 
7560 
9.89 
57 
53 

17.13 
21 
106 
8.56 
29 

1816 

.... Ma.~. End Roa.ctIOn In KIps ",hen II = 3~'. 
RA _ ~Iax . Valuoof Shop Rlvetsln KllllI ln one nnection Socia!! A. See page orConnectl"WI. 
NU __ Ma.~. Value orShol) Wvet8in Klpsln onll Connection Serl08 U. See pa.g6ofConnec~lonB. 

Rivet Valu08ln Outstanding 'ff",a mnn be Inv08tLgated. 
LRA.LRH _ " lin. Span In Foot to develop R or RH . 
Wt.eA.OU = WC~htln pOunds of ono Connection Sorl08 A or H. including Web RIve,,",. 
Q -= Coo clent of Strength == 12 S,.,. 

To obtain safe uniformly dl5trlbuted load In Kips. divide Q by the roquired.pan In r08~. 
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BEAM 
CB SECTIONS 16"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppU ... blo onl), whon .... tlon .... braced 0llolnat I.te .. _ d-'lKtlon. 
For unbr_ .... tion ... f. l_d. muot be Nducecl. _ Pl'1I0 114. 

Maximum Bendin" St.reS$18 Klp$ per Square Inch 

~ DtIIIII ~ ~w .. ,. ..., CB 162 16" It -Su" CB 161 16" x 7" """"" • , • ,. 18 n .. .. 50 " 40 " ""'-.... .... .... .... .... .... .... .... 
113.7 

6 148.2 133.' 117.' 112,6 0.67 
7 ",., 188.5 Un.1 15U 138.3 124.1 110.4 96.5 0.91 

• 191.7 113.9 158.3 141 ,2 121.1 108.6 96.6 64.5 1.19 
9 170.4 154.5 138.9 125.5 107.6 96.5 .... 75.1 1.51 

10 153.4 139.1 125.0 112.9 ... 6 66.. 77.3 67.6 1." 

11 139.4 128.4 113.7 102.7 ".0 79.0 711.3 61.4 2.25 
12 127.8 115.9 104.2 94.1 ".7 72.. .... 56.3 2." 
13 118.0 107.0 96.2 ... , 74.5 66.6 59.4 52.0 ~15 
14 109.5 99.3 89.3 ".7 6" 62.1 55.2 48.3 "5 
15 102.2 92.7 63.' 7~3 ".6 57.9 51.5 .~o 4.19 

" .~. 66., 73.2 70.6 ".5 54.3 48.3 42.2 '.77 
17 90.2 6U 73.6 66.. 57.0 51.1 45.5 39.7 5.3. 
18 85.2 77.3 69.5 62.7 ~6 48.3 42.9 37.5 &03 
19 "'.7 73~ 65.8 59.4 51.0 . ., " .7 35.6 ~n 
20 76.7 .... 62.5 ~5 464 43.4 38.6 33.6 7.45 

21 73.0 66.2 59.5 ~. .. , 41.4 ... 6 32~ Ul 
22 69.7 63.2 .... 51.3 44.0 39.5 35.1 30.7 9.01 
23 " .7 ".5 54.' 49.1 42.1 37.8 33.6 29.4 .... 
24 63.' 58.0 52.1 41.1 40.4 36.2 32.2 28.2 1~73 
25 61.3 55.6 ".0 45.2 38.7 34.6 30.' 27.0 11.64 

26 59.0 53.5 48.1 43.' 37.2 33.' 29.7 26.0 12.59 
27 56. 51.5 4<3 41 .8 35.' 32.2 28.6 25.0 13.57 
26 54.' 49.7 44.7 40.3 34.6 31.0 27.8 24.1 14.60 
29 52.' q .• 43.1 3U 33.' ~ .. ft., •• 15.68 
30 &1.1 @.' 41.7 37.e ". ••• ••• •• 18.76 

31 ••• .. .. ... 3M 31.2 n.' 24.e 21.' 17.89 
32 c .• ". 19.07 
~ above upper horlzontalllntlt w1ll produce maximum allowable ,he&r In ... e'-. 
LoadI bola'll" low« borillOlltal llQ()ll ... Ul produce excessive dcHcctlolUl. 
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· k., t it-: ; BEAM 

.. _.t. CB SECTIONS • • :? 1 16" 
• .,------
• • • · • • ESSENTIAL DATA • 

• ~ · . DATA 't - 0 ---- )z Maximum Shear 12 Kips per : 0------_ 
i. __ .- " .. 

Square Inch • : • " • • ".- ".-~ • • , 
• : t -": ... - .--~ Madrnum Sending Stress 18 Kips per Square Inch 
... ----b-- .. .... 

H .......... 0I11III . l1li fling. WIdIb w ..... t"" root 

Notation CB 162 16" II BY,!" I CB 161 16" II: 7" 

I I I I I 
.--

71 n .. " 50 .. 40 58 ... ... ... ... , ... ... ... , ~ 
ELEMENTS 

I 1' 1 1042.6 936.9 833.8 746.4 655.4 583.3 515.5 446.3 
S 1_, 127.8 US., 104.2 94.1 80.7 72.4 6'" " .3 
I ., 87.5 n,9 68.4 60.5 34.8 3Q.5 26.5 22.1 
S ., 20.4 1'~ 1'-1 14.3 9.' ' .7 7.' 8.3 

DIMENSIONS AND GAGES IN INCHES 
d 16H 18» 18 1571 • 18J> 18» 18 157., 
b 8~.g 8» 8» 8» 7» 7 7 7 
• " » I> Yo n !i » " p h " " '> '> " J> " , 4 4 4 4 3'> 3~' 3'> 3» 
f 13'> 13'> 13% 13,. 14 14 14 14 

'. 3'. 3" 31> 3" 2910 2910 29!i 2910 
• IJ> , '> I» 1J> I,. 1» 1 910 
k Ji " " " '> » » " II usual 5J> ' J> 5» 5» 3» 3» 3» 3» 

• 21. 21{ 2J> 2» • 2J> 2J> 2~ 2~ 
MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

I 
M max 192 174 156 141 121 109 97 .. 
V max 104 94 85 77 74 87 " 57 
Lmin 7.40 7.38 7.35 7.29 6.53 6.49 6.56 5.94 
fb 15000 15000 14790 14370 1380. 13220 12390 12260 
lb. 7935 7290 6550 5845 " .. 4575 3805 ,.., 
Bmln 8.98 B.89 8.99 9.28 10.07 10.61 11.49 IUS 
Rm" 60 55 49 44 40 34 29 27 
RA .. 51 47 43 40 38 32 31 
LRA 13.69 13.64 13.30 13.13 12.11 12.07 12.08 10.90 
WI.CA 21 21 21 21 21 21 21 21 
RH 112 102 94 86 80 72 64 62 
LRH 6.85 6.82 ... 6.51 6.05 8.03 6.04 5.45 
Wt.CH 29 29 29 29 29 29 29 29 
Q 1534 1391 1250 1129 '68 86' m 676 
Mmu = Mu. DendlDII' Moment In Foot,.KlpII. Vrnax _ "IIUI. Web Shoa.r In KIps. , ...... = MIll . S~n lu foot too d~.'elov. Vma~ 

'" = Allow. 10 1;nlt Stl'fM for \\ cb lJuckllllg in c:uulb per «I,uare Inch. 

"" = valutl of WeI> In Buckling per Inch of lenKt • In pounds. ...... = :\lIn. En,t lrearing In Inchell to c\"VO'lop Vmal!:. 
R~ = Max. End 1tf'aCtlon In KIPI' ... hl'n Il >= 3',". 
RA = :'>1 • ." \' .Iuoo( ,"hop m"ot.8ln 1{11",ln one COnnection Serle. A. !'lee page of Oonnoo::tlonl. 
H II = Mu V.luoor~hop Rh~tI! In 1(11)11 In oneCOnoactiOl1 Scrie. II. SOO 1Nl&6 ofOonnacr.lonJ. 

W .. et Valu(lIIln Outstanding Le$ts mun bo IDveltlgated. 
('nA. LIUl _ \ lIn. ~)IIJlln !','(It to dovchm it A or un. 
Wt.OA.CIl <=> Well/h In ]IOlmdl o f onC ConnootLon 8erlee A or II, Indudlng Web Rlvctll. 
Q _C(HlmdC"tor !;t~ngth= 12:>,.,. 

To obtain ArC unIfor mly dlst.r1uu to(l load In )uI)'I. dlvldo Q by the required ¥JIo1U In foot 



218 

BEAM 
CB SECTIONS 14"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppUnbl. onl,. whan ...,tlonl . .. br.~.d 1,l lnlt 1" • •• _ d.nlOctlon. 
I'"or "nbr. ,,'" _tionl oaf. load o mu.t bot Hduc.d, _ pall' 184. 

Maxlmllm Bending Stren 18 Kip. per Square Inch 

• N .......... o.,dI atId ""'"'-W wf. 

"'" CBl45 14" l( 14~" 
CB 144 

'" 14" )( 12" CB 143 14" It 10" """ .. • f. n' Ul 103 
-

9S 87 84 78 " .. 61 ,~-

u.. u.. u.. u.. u.. u.. u.. u.. u.. u.. .. , 141.1 12802 , 149.7 131.3 122.9 1.51 
10 .. , 144,4 134.8 123.6 110.6 U6 

11 1118.4 186 .2 1611.3 157.6 141.1 142.8 132.1 122.5 112.4 100.6 2.25 
12 189.4 176.3 I 163.6 150.6 138.1 130.9 121.1 112.3 103.0 92.2 2.68 
13 174.8 162.7 151.0 139.0 127.5 120.8 111.8 103.7 95.1 85.1 3.15 
14 162.3 151.1 140.2 129.1 118.4 112.2 103.8 96.3 88.3 79.0 3.65 
15 151.5 141.0 130.9 120.5 110.5 104.7 96.' 89.8 82.' 73.8 4.19 

16 142.1 132.2 122.7 113.0 103.6 982 90.8 84.2 77.3 69.2 •. n 
17 133.1 124.4 115.5 106.3 97.5 92.4 85.5 79.3 72.7 65.1 5.38 
18 126.3 111.5 109.1 100.4 92.1 87.3 80.1 74.9 68.7 61.5 6.03 
19 119.6 111.3 103.3 95.1 81.2 82.7 16.5 70.' 65.1 58.2 6.72 

I 20 113.6 105.8 98.2 90.' 82.9 785 72.7 61.4 61.8 55.3 1.45 

21 108.2 100.1 93.5 86.' , .. 74.8 69.2 64.2 58., 52.1 ." 
22 103.3 98.2 89.2 82.1 "3 n .• 66.1 61.3 56.2 SO.3 9.01 
23 98.0 92.' 85.4 78.6 72.1 Ba3 63-2 58.6 53.7 48.1 '.85 
24 94.7 88.2 81 .8 75.3 69.1 65.5 60.6 56.2 51.5 46.1 10.73 
25 90.9 84.6 78.5 72.3 66.3 62.8 58.1 53.' 49.4 ~. 11.64 

" 87.4 81.4 ".5 B9.5 0.' ~ .• 5'-1 

~ 
41 .5 4U 12.59 

I 27 ~., 78.4 n,r M.' 81.4 . .., 0 .' 411.1 " .. ... 13.57 

I 28 81.2 7U r O. l .... H.' H.' 51.' .... M.' 14.60 

Loa.d~ aw" .... upper bQrlwntal Un<'JII will produce ma.ximum aUQwable shear In webl. 
Lo8.dlI below lower borlz.ontal lillOll "Ill produce ""C(lBal"e delloctloM. 
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, ,. -\, BEAM 

I # • ..t.. :~ CB SECTIONS , , 114" , f------, , , , ! ESSENTIAL DATA , 
~ • , , 

DATA , l.. _____ 0 -- --~ M aximum Shear 12 Kips per , , , } , 
"'--f" , " , Square Ineh , ~ _ ". _J , , , , 

: ~ . .: "-I"~ Maximum Bending Stre .. 18 Kips per Square Inch 
:"'---11----"': 

N~o..,u. ..... WhtIIo-WeI w,. 
N_11on CB 145 14" It 14}i" CBl44 14"'.12'" CB 143 14" 'It 10" 

11. m 103 OS 17 84 I 71 14 I " 61 .... .... u.. u.. u.. u.. u.. u.. u.. .... 
ELEMENTS 

I 1-1 1373.1 1266.5 ' 1165.8 1063.5 .... , 928.. 851.2 . 79~8 724.' &on.s 
S t-, m .' 176.3 1163.6 "'.6 131.1 130.' 121.1 112.3 101.0 

I 
,2.2 

' " 491.8 454.9 419.7 383.7 349.7 I 225.5 206.9 I 133.5 121.2 107.3 
s., 61.1 62.2 57.6 52.8 48.2 37.5 34.S 26.S 24.1 21.5 

DIMENSIONS AND GAG ES IN INCHES 

d 14)i 14~ " )4 ")4 14 I 14}i 14 I 14}i' " 13}i 

• W1 14~ 146i " )i 14~ 12 12 10}i to to 
t " " )i )i J> J> J> J> J> ~ 

• " )4 " )4 " )4 ,.. .. " ~ I • 7 7 7 7 7 5~ ,~. 4% ' )4 4!;{ 

• llH 11~ ,, ~ ,,~ 11 .!1 11~ ,,~ 11 % m, 11 % 
f, ' J> ' J> ". ' hi 81. ." ... ." ." ." • ." ' )i ' hi .~ ." .~ ." lH n. ' )4 , )4 hi hi " " " " " .. " D usual ' )i ' )i ' )i ' )4 :~ . )i ' )i 5)i ' )i . )i 

" 2)4 2~ 2)4 2)4 2)4 2)i Z~ 2)i 2)i 

MAXIMUM BENDING MOMENTS, WEB ~ESISTANCES, ETC. 
Mmu 284 264 ". 226 207 .,. 182 I 168 ." 138 
V mu " 93 .. 79 7f 77 72 n 7f 63 
Lmin 11.46 11.36 11 .60 11.47 11.74 10.23 10.06 8..79 .,6 ~77 

•• .- .- .- .- .""" .- ,9OOQ .- . .,." 14691) 
f.t 85 .. 8100 7425 6975 6300 

I 
6765 8420 6750 6270 .... 

B min 7.98 7.90 7.84 7.n 7.70 7.80 7,73 7.81 7.73 7.89 
R max " 57 52 49 44 48 45 48 44 39 
RA 45 43 39 37 33 36 34 " 33 30 
LRA 25.25 24.60 25.17 24.42 25.11 21.82 21 .37 19.25 '~73 'M4 
WI.CA " " " " " " " " " " RH 90 .. 78 74 " 72 68 70 56 60 
LRH 12.63 12.30 12.58 12.21 12.55 

I 
10.91 10.69 9.63 ' .36 '.22 

WI.CH 22 22 22 22 22 22 22 22 22 22 
Q 2273 211 6 .'" 1907 1657 1571 1453 .,., .236 "06 
Mmax _ Max. Bending Momcll~ln Foot--Klpe. Vm.u _ Mu. Web Shear in KIp'-

L """ 
_ 'lin. ~ In root to d,welop Vmax. 

'" _ Allow Ie Ltnl~ SIre. tor '" eb Buekllng In rf.lld~ per 1QU&l'e incb. 

"" _ \' .lue or Wcb In auekllng per In~lI of Icngt • In pound .. 
II min _ "in. End Il6ulng In luches to de"clOP Vmu. 
H_ _ Max. J.:nd Itoactlon In Klp!l .... ben U _ 3~'. 

'" _ Max. V,,'ueot l'Ihop Rivetllin Kl peln one nneetlon SCrlOi A. See l)/IgtIof Connection,. I 
IHl . _ Ml\~. Valuo otShop IUvetllln KI,>l ln oneConnootion I-lcr\OII I. 800 1>ag6 ot Connectlona. 

JUve~ ValuOiln Oul4t.anding l..cgll mu.ot bo InVOltla"atod. 
LRA, LRII _ ;\lIn. Span In Foot kI dllvclop RA or lUI. 
Wt.CA.C U _ WClj!:ht In poulnb or one ConnecUOIl serlOi A or H.indudllll: Web Rh·eta.. 
Q _ Oocmclent of Strenath _ 12 8 ,.,. 

'to obtain -ate UIlitormly dlst.rl.butod la..d in Kil>lo divIde Q by tho required lpan In teet. 

--- - ----- --

'--
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BEAM-
CB SECTIO N S 14"I ALLOWABLE UN i fORM LOADS IN K IPS 

LOADS Appllq,blo only who .. _tiona ..... br. ced .,olnat r.te.o' "d_tlon . 
For ""b •• oed _tiona .. f . ,_,, _ ", .. at be r ed .. ~. _ P.,1. 1M. 

Maximum Bending Stress 18 Kip s per Square I nch 

...... - .- • ,-.... CB '42 14" lt 8" CB 14' 14" 11. 6sA" ......w 
• , , • ,~ 51 53 .. " 42 " 

,. 30 0._ .... .... .... .... .... .... .... ""---- ••• 
• 115..5 \OS.1 ••• 83.' 0.67 
7 U7.(I 123 .8 112.4 101.1 104.1 93.6 83.1 71 .7 0.91 

• 127.5 116.7 105.3 94.1 91.1 81.9 n. 62.7 1.19 

• 113.3 103.7 93.' 83.6 80.' n. 64.7 55.7 1.51 
10 102.0 93.' ... , 75.2 n. 65.' 58.' SO., 1.86 

11 92.7 .... 16.6 .... 66., 59.6 52.' 45.6 2.25 
12 85.0 n.. 70.' 62.7 60.7 .... .. .. .U , ... 
13 78.. n.' 64.' 57.9 56.0 .... 44.' 38.' 3.15 
14 n. 66.7 50.' 53.7 52.0 ... 41.6 35. • '" 15 880 62.2 56.2 50.2 48.6 '~7 "'. 33.' 4.19 

18 63.. ". 52.7 47.0 .~, 41 .0 36.4 31.4 '.n 
17 600 .... 49.6 44.3 .... 38.' 34.' 29.' ~38 

18 ".7 51.9 46.8 41 .8 40' 36.' 32.3 27.9 ~D3 
19 53.7 49.1 44.3 39.6 383 34.' 30.' 26.4 '.72 
20 51.0 . ., 42.1 37.S 36.4 32.' 29.1 '~1 7.45 

21 .... 44.' 40.1 35.' 34.7 31 .2 27.7 23.9 U1 
22 46.4 42.4 "'3 34.' 33.1 29.' 26.5 22A 9.01 
23 44.3 .... "'. 32.7 31.7 28.' 25.3 21.8 . ... 
24 42.5 38. 35.1 31.4 30.. 27.3 24.3 20.' 1~73 

25 40.' n. U., ... , 29.1 26.2 23.3 ... , 11 .64 

" ... , ~, H.' .... ... ... , tt. 'u 12.59 
27 .,. ". 31.2 n.' V. 'u ~ ... 'u 13.51 
28 ••• , 3.' , n.' m.' 14.60 
LoadlI abo\'11 upper hol"izont.a.l l l.- wLIIllroduoo muimum allo .... ble Ibcarln weill:. 
Load. bclow lowcr borizoDtal IIno» .... U1 J)I"Oduce ex~lve do:lloctLons. 

I 
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CB SECTIONS 
ESSENTIAL DATA 

Ma)[imum Shear 12 Klp5 per 
Square Inch 

: h: ... · .·-~ 
:...----b-.- -~ 

Maximum Bending Stre$518 Kips per Square Inch 

·., 
BEAM 

OATA 

, .... 
f--:"::-'--"'5"'= T-'-'-:: .. c-",-----,,,=-- 42 38 

CB 142 14" x S"' I CB 141 14" 116~" 

I I-I 

S 1'1 

I ,_, 

S O"' 

d 
b , 
P 
• , 
" o 
k 
g usual 
g, 

M max 
V max 
Lmfn 
Ib 
Ibl 
B min 
R mu 
RA 
LRA 
Wt.CA 
RH 
LRH 
Wt.CH 
Q 

LIla. LIII. LIII. u... LIM. LbL 

597.9 
85.0 
63.7 ,<7 

542.1 
n.. 
57.5 
14.3 

.... , 
70~ 
51.3 
12.8 

ELEMENTS 

429.0 
62.7 
45.1 
11.3 

432.2 
".7 
28.1 •. , 

385.3 
54.6 
24.6 
7.3 

DIMENSIONS AND GAGES IN INCHES 

339.2 
".5 
21.3 ., 

MAXIMUM BEND ING MOMENTS, WEB RESISTANCES, ETC. 
128 117 105 94 91 82 73 
~ ~ ~ ~ ~ . ~ ~ 

7.45 7.54 7.50 7.44 6.31 6.18 6.04 
15000 14560 14100 13550 13890 13440 12890 
6090 5385 4780 4170 4695 4205 3700 
7.73 8.01 8.30 B.70 8.74 9.08 9.54 
4l ~ n ~ n 30 ~ 
~ ~ D ~ D ~ n 

15.94 16.10 15.60 15.68 13.49 13.10 12.65 
15 15 15 15 15 15 15 
M M 54 ~ 54 ~ % 

1.97 8.05 7.80 7.84 6.74 6.55 6.33 
~ ~ ~ n nun 

102(1 934 842 752 728 655 582 

30 
u.. 

289.6 
4L8 
17.5 
5.' 

13J.i 
6~ 

" ,. 
3)i ",. 
'" Ji 

" 3» 
')i 

63 
4S 
'.M 

12510 
n75 
9.83 
~ 

21 
11.94 

15 
42 
~97 
22 
m 

M nuu: _ MIU. Bending Moment In Foot.-Klps. Vmu _ MIU. Web Shear In KIpS. 
L min _ Min. Span In toot to deveLop Vmu. 
fb ,.. Allowable Unit Stross tor Web BIlCl<IIng I.n pound. per 1I(,J11&re inch. 
tht _ Valuo <>t Web In Ducw:Ung per Inch of length, In pounds. 
o mln _ 1\I1n. End Bearln.ot In Inelll'S to develop v m""" 
R max _ Max. End Neactron in KlJM when B =- 3W', 
RA _ MaJ;. Valu!) or Shop IUvelilln Klpoln ono Ci:mnoot!<m Serie. A. 800 PIl&Oor Con noec.lollS. 
R il _ M IL'<. Valuo otShop Rlvetsin Kipllin ono Connection Sertes ". Soo page orConnoctiolU. 

Rlvot Vall1e8ln Ollliltandlog Len mun be Inv6IItlgatOO. 
LRA.LR EI _ Min. Span In POOt to develop RA or RII . 
Wt.OA,OH ... Weisl:ht in pOunds or ono ConnoctJon Sel-la. A or U , Including Web RIVllta. 
Q -= OOOfficlentof Strength _ 12 8'.1. 

To obtain lafo uniformly d istributed load In KIPII. djvlde Q by the l"IlQUl!'Od 6pan In ree~ 
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BEAM 
CB SECT IO NS 12"I ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applicabll onl)l wh l n ~tlon .... bue ... agolnlt l . tau1 d.n""tlon. -
Fo. "nb.lced ...,tlonl .... h IOld. must b • • • due"', '" p.~. l!W. 

Maximum Bending StroSI 18 Kips per Square Inch 

I -Non"",, Oeptll wid Fl ..... W1dtll W.pt pw Foot I """,~ S- ea 124 12" l 12" CD 123 12" J 10" 
, 

CB 122 12" II 8" ,. • ,* 85 " 72 " 64 58 53 50 4S 40 D.n .. , .... 
u.. ""- ""- ""- ""- ""- ""- ""- ""- ""-

11111.5 ." M.' 
8 1111.7 105 .0 n.' 97.1 87.3 n.' 1.19 , 148.5 139.8 128.4 11 3.4 114.4 104.1 94.3 86.3 n.' 69.2 1.51 

10 138.8 128.5 117.0 105.6 103.0 93.1 84.8 n.. 69.8 62.3 1.86 

11 126.2 116.8 111M 96.0 93.' 85.2 n.1 70.6 63.5 56.' 2.25 

" 115.7 101.1 97.5 88.11 85.8 78.1 70.7 64.7 58.2 51 .9 2.68 
13 106.8 98.9 90.0 81.2 79.2 n.1 65.3 59.7 53.7 47.9 3.15 
14 99.2 91.8 83.' 75.4 73.5 .... 60.6 55.5 49.9 44.5 ' .65 
15 92.' 85.7 78.11 70.4 68.' 62.5 56.' 51.8 ... 41.5 4.19 

" 86.8 80.3 73.1 ".11 64.' 58.' 53.0 .. 5 43.7 38.' ' .n 
17 81.7 75.6 ".8 62.1 60.6 55.1 49.9 45.7 41.1 36.6 5.38 
18 n.1 71.4 65.0 58.7 57.2 52.1 47.1 43.1 38.8 34.' ' .03 
18 73.1 67.6 61 .6 55.' 54.2 49.3 44.7 40.9 36.8 32.8 ' .72 
20 69.4 64.3 58.' 52.8 51.5 46.9 42.4 38.8 34.' 31.1 7.45 

21 ." 61.2 55.7 50.3 49.0 44.' 40.4 37.0 n.' 29.7 ." 

" 63.1 58.' ~., 48.0 46.8 42.8 30. 3U 

l 
2B.3 9.01 

" " .. M.' " .. .... ~ .. ~., H.' 33.' " .. v .• 9.85 
24 n.9 ••• .... .... ~ .. 3t.1 3'.4 32.4 ~ .. ~ .. 10.73 
25 U.5 11.4 41.2 11.64 

Loa.do above upper horlzoota,llInos w111 produce maximum allowa.bl0 abo&r In ... ebo! . 
Loado bolow lower barizontaillnos ... 11\ produce e:lCOl8\ve deflections. 



·.s 
CB SECTIONS 

ESSENTIAL DATA 

: : : :------ 0=.--- -}.z 
· _-t-, I II " 3 

Maxi mum Shea r 12 K ip, per 
Squa re Inch 

: ... -'. ... : 
: I "~-. -1 Maximum Bend ing Stress 18 Kip, per Square Inch '<.----b ._.-.. 

-~-"": __ ';;;:::;:~;:'::""~H'" 0IIIdI1IId F\antI WIcI\tI- WoItht .... r_ 
CB 124 12" J( 12" CB 123 12" 11 10" C B 122 12" x 8" 

Notation [ 
85 

u,;. I ! T ~, , ~ : I ! ! ~ 1 ! 1 ! 
ELEMENTS 

n ' ..,.---"..... ..,........,,.....,.,--..,.,"', 1 '-1 nJ.3 663.0 597.4 533.4 528.3 476.1 426.2 394.5 350.8 
S I- L US.7 107.1 97.5 88.0 IS.. 78.1 I 70.7 64.7 51.2 
I ... 235.5 216.4 195.3 1 '74,6 119.0 1'07.4 98.1 56.4 SO.O 
S"-'"2,_--,-~3=B~.9,--,--,,35~.B"--L.!3~,.~4--'. 29.1 23.7 . 21,4 19.2 , 14.0 12.4 

310.1 
5U 
44.1 
11.0 

d 
b 
I 
p 

• 
1 
I, 
o 
k 
9 usual ., 
M m" 
V mox 
Lmln 
fb 
fbI 
B min 

DIMENSIONS AND GAG ES IN INCHES 
12~ 12ft 121{ 12}{ 12h 121 " 12 '1~'~!~"·12··--'-·1·'-
12J.i 1 2~ 12 12 10 10 10 8~ 8 8 

H K ~ ~ ~ ~i H ~ H ~ 

"~i "'" "~"~," H ~i 5'i 5' i 5U 4J} 41i 41-i 31 3 3l i 3!i 
~ • ~I • • • ~ ~I ~ ~ 
~ ~ ~ ~ ~ 4~ 4~ 3~ 3~ 3~ 
l Jj 1 ~ 17:( 1~ 1 ~ I X" Hi * ' ii' , " l }i 
,. ,. " " " !i ~:( ~ J.' ~ 
5~ 5H 5~ 5H 5K 5H 5H 5H 5H 5H 
~ • ~ ~ ~ ~ ~ ~ ~ m 

MAXIMUM BENDING M OMENTS, WEB RESISTAN;:C.::E"S.~E:.T",Cc.' ..-... --..,-
174 161 146 132 129:T17 106 97 87 78 
N ro 0 ~ ~ ~ ~ M ~ 42 
~ ~ ~ ~ ~ ~ ~ M5 M B g 

15000 15000 15000 15000 15000 15000 14950 15000 14820 141 20 
7425 7050 6450 5850 6075 ~ 5160 5565 4980 4150 
~ W W _ ~ ~ ~ ~ ~ MB 

R max 49 47 42 38 40 35 34 36 32 27 
RA 39 37 34 31 32 28 Z1 29 28 23 
~ 1~ 1= 1W .= 1~ 1W 1W 1~ 1W 19 
Wt.CA 15 15 15 15 15 15 15 15 15 15 
RH 78 74 88 62 64 56 54 58 52 46 
LAH 8.90 8.68 8.60 8.52 8.04 8.37 7.86 6.69 6.72 6.77 
w_ ~ ~ ~ ~ ~ ~ n ~ ~ ~ 

Q 1388 1285 11 TO 1056 1030 937 848 776 698 623 
~M~_=:-L_ Mu. Be~~ MorneaUo Jl'oot,.KlJ)L Vmu _ Max. Web 8hNol' In KIp'. 
I, miD _ Min. SpaDin r_ to develop Vmax. 
rt> _ Allo~ble Unit 8t ......... for Web 8uckll .... In pOumt. per .c:Iuue Ineb. 
1M _ Value of W eb In Buckllrlg per Inch o f Lengl.b. in pollD(b. 
n min _ IIIln. End BearIng In Inches to dc'ft'lop V!D&E. 
R IIl&l< _ M .... . End n eaetlon In Kips when U _ 3Mi". 
RA _ Mu. V aluQotRhoj) IUvots ln Klll"ln ono OOnnllCtion RcrlCOI A. 800 pageot OonnectloM 
It U _ M",x. Valuoot Shop lUvct!l ln Klpl lnollo ConnecUon al'l'l~ II. 8<)6 ~ otC<;mn(lCtloll8. 

Rive, Valu6II In Outlltandlng Legll mIDt be Invc.tlp.t.ed. 
LRA.LR Il _ Min. Span In Feo~ to develop RA or Nil . 
W ... OA,OIl _ Welllh' In poundll or ono Oonnoetl.OD S«kIB A 01' H . Including Web Rivet/!. 
Q _ Cooll'lcieMot Stret\&th _ 12S,., . 

To obta.ln .... to unltormJ,. d~but.ed.1<*i In KI~. divide Q by the req,11lred IJ)&O In teec.. 



••• 
BEAM 

CB SECTIONS 12"1 
10" ALLOWAB LE UN I FORM LOADS IN KIPS 

LOADS App llc.abl . o nly w h e n .... tl .. n l .... braced aga ln l t I.U •• , d llflectlon. 
1'"0 ... nbrlced ...,tlon.uf. I_d. muat ~ "" ,,ce<!, _ pago l84. 

M aximu m Bending Stre$$ 18 Kips per Square Inch 

...... ..o R ..... w • .. ,~ .... CB 121 12" x 61 " CB 103 10" x 10" .....~ 

• • ,. .. 12 21 25 " .. 54 " 
D~_ 

u.. u.. u.. u.. u.. u.. u.. u.. 
.... 

6 n.' " .. .. .. 61 .8 ~67 

7 n7 69.8 61 .0 53.0 113 .8 102.1 0.91 

8 .U 61.1 53.' 46.4 110.6 100.7 " .. au 1.19 

• 61 .2 54.3 47.5 41.2 98.3 89.5 8~S 72.8 1.51 
10 55.1 48.8 42.7 37.1 88.. 8O.S 72.S 65.S 1.86 

11 SO.1 44.' 38.8 ,3.7 80.' 73.' 65.' 59.' '~S 
12 45.9 '~7 35.. 30.' 73.7 67.1 50.' 54.' ' .68 
13 .~. 37.6 32.' ~S 68.0 81.9 55.8 SO., 3.15 
14 39.3 34.' 3O.S , ... 63.' 57.5 51 .8 46.8 3.65 
15 ~7 32.' '~S 24.7 59.0 53.7 43.3 43.7 4.19 

16 34.' 38.S 25.7 23.' 55.' SO.3 45.3 41.0 '.77 
17 ~. '~7 25.1 21 .8 52.0 47.4 42.6 38.5 ~38 

16 38.. 27.1 23.7 00.' 49.1 44.7 40.3 ~ .. M3 
19 29.0 25.7 22.S 19.5 ... ~ .. " .. ". .72 
20 27.5 24.4 21.4 18.5 ~., .. , ~., 32.8 7.45 . 
" 

,.., 23.3 20.3 17.7 ~ .. 'u M.' ~" 
22 ~. ~ ., 11.4 16.1 9.01 
23 U .• n.' ... 11.1 ' .85 
24 U .• a., 17 .8 ... 10.73 

LoodJI above upper horl:oontaillnes will produce maximum allo"'able abea.r In webs. 
LoadA bolow lower horlzontallln(lS wHi produce eXOO88lve dell8Ctloua 

. 
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,. ... f, ... BEAM 

¥ "~. 
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CB SECTIONS · , :~ 112
" 

• ~----... 
• • • • 10" • , 

ESSENTIAL DATA , 
I j , · DATA , · °s---, 
~ -- :+-. ), Mulmum Shear 12 Kips per , 

. , " , Square Irlch , ... - ~- .. : , , , 
i 1 ..... -1·-1 Maximum Bending Stress 18 Kip. per Square Inch .... -_ ........ 

I H",,** DwdI and ~ WiIIIIo W ........ flit 

--. I 
CB 121 12" J[ 6}:t" , CB 103 10" :II. 10" 

36 I 32 I 21 I 2' .. I .. I " I .. .... .... .... u.. .... u.. u.. .... 
ELEMENTS 

I ,_, 2, ... 246.8 21 3.5 183.4 382.' 343.7 305.7 272.' 
S '_ I 45.9 ".1 35.6 30.9 73.7 'U 60' ,4.6 
I ., 23.1 20.6 17.5 14.5 129.2 11 6.5 103.9 93.0 
S ., 1.2 ' .3 .. ' .5 25.5 23.1 20.7 1&6 

DIMENSIONS AND GAGES IN INCHES 

d 12~ 12fi 12 llU 1O,"" IOU lOfi 10 
b ' Ji ' J> ' J> OJ> lOfi lOfi 10 10 
I )Ii )Ii U U " " % % , " J> " % U " % " • 3fi 3Ji 3% 3% ." . Ji ' Ji ' % 
I IOU IOU IOU 10% 7% 1',., 7ji 7ji 
I, 2U 2li 2U 2U ' )Ii ' )Ii ." ." 0 " ji " U lU ," l fi 1% 
k J> J> J> % " " " " II u. ual 3J> 3J> 3J> 3% 5)j ' J> :~ ' )j 
~ 2U 2U 2U 2U 2)j 2)j 2)j 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M max .. " 53 46 111 101 91 82 
Vmu 45 40 " 34 57 51 45 41 
lmln B.15 6.15 6.18 5.42 7.77 7." a" a03 
Ib 14190 13550 12710 12790 15000 15000 15000 15000 
Ibl .330 3700 3OSO 3070 6855 6225 6520 5100 
Bmln 7.29 7.71 8.34 8.11 5.71 '.64 5.57 ~SO 
R mu " 24 20 20 42 38 33 31 
RA 24 21 19 19 48 44 39 36 
LRA 11.48 11.63 11.24 9.78 9.21 9.15 '.29 9.10 
WlCA " " " 15 " " " " RH 48 42 36 38 
LRH ." 5.81 5.62 ' .88 
Wt.CH 22 22 22 22 
Q 551 '88 427 311 884 805 725 '" Mmax _ Mu. Bending MomoDt In Poo~KI~. VIDal[ _ Ma.:. Web Shear In K lpe. 
L mill _ Min. SCI": In foot to dOVl.lIW, Vmu. 

'" _ Allow. Ie Unit S~ tor eb Uucxllna' In rfr0d8 per ~U&NI ineb. 

"" _ VAlue o f Web in Bucklllll J)(IC' Inch o f lcngt . In pOUIIds. 
Bmln _ Min. End Bearing In Inehlll to devol.op VDlU. 
R ~ _ Mu. End Reaction In Klpe wbeD Il _ ~ 
RA _ Mu. ValueoCShop Rlvetaln KI .. ln (100 nectlon SerieoI A. see pagootOonnectloDa. 
RU _ M ax. ValueotSbop UlvlltJlh. Klpe JnooeClo!mectlon Serl811 U. See pap o r OollDectiom.. 

Rivet ValUI'lI In OuWlt&nd11l3 ~ must be inn'lStl&&ted. 
LRA.LR II _ Min. Span in F _ to devtllop It or R U . 
Wt.OA,Q U _ ~ht In poundJI or one Connection &.-Ie. A or n , IDCludlq Web Rivet.. 
Q _ elo:!IIt or 8tl'OOgtb _ 12 a,.,. 

To obUln S3!e unIformly d1s~rlbuwcl IO&d In lOp". divide Q by the requll"ed 'pan In teet.. 
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BEAM 

CB SECTIONS 10"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appll ... bl. only .... h.n ...,tlon •••• braced o,olnat l.t .... 1 de1'l ... tlon. 
" ... unb •• ..-cI ...,tlono ... f. I_d. muU b<I ..-ducMl, _ p.,.I .... 

Maximum Bending Stress 18 Kips pel' Square Inch 

N60nIrW o..,m ..... FI ..... Wodtlo--w.tN 1* FIIDI 
I CoefIId .... - CB 102 10" J: 8" CB 101 I!)" :II 5%" • I , • ,. 45 41 37 33 29 ,. 23 21 ....... .... .... .... 

[ 
.... 

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

5 51.6 0.47 

ro.' 12.' ". 
6 " .. 78.7 " .. 61.S 55.2 En 43.0 0.67 
7 84.2 76.3 68.4 60.0 52.8 47.3 41.3 36.' 0.91 
8 73.7 66.8 59.9 52.5 46.2 41.4 36.2 32.3 1.19 

• 65.5 59.3 53.2 46.7 41.1 36.8 32.' 2a7 1.51 
10 sa. 53.' 47.9 42.0 31.0 33.1 28.9 2M 1.86 

11 53.6 48.5 43.5 38.2 33.6 30.1 26.3 23.5 2.25 
12 49.1 44.5 39.9 35.0 30.8 27.6 24.1 21.5 2.68 
13 45.3 41.1 36.8 32.3 28.4 25.5 22.2 lOA ~15 

14 42.1 38.' 342 30.0 26.. 23.7 20.7 ,8.4 ~65 

15 39.3 35.6 31.9 28.0 24.6 22.' 19.3 17.2 

I 
4.19 ,. 36.8 33.' 29.' 2U I 23.1 20.7 18.1 

I 
,a, '.77 

17 34.7 31.4 28.2 24.7 21.7 19.5 17.0 15.2 5.38 ,. 32.7 ~., " .. •• 20.5 18.4 1t.1 ... 6.03 
19 31.0 "., "., ~., 11.5 17.4 1502 'u 6.72 
20 ~ .. ft., " .. n, '" It.' 14.1 12.11 7.45 

21 "., n. ". U, 

l.oI.d8 ab(we UI)Il« bortllOlll&lllns.1lI produce rnulmum aHo .... ahle ailcal' In wet.. 
l.-da be&owlower hcrizontalll_ wW produce esccmlVfI dcdecllow.. 
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CB SECTIONS 

ESSENTIAL DATA 

: ~------ 2 .;:;- -- -"2 
~--~- . ! .:»-

Maximum Shear 12 Kips per 
Square Inch t I , I t I I : ~--~r- ~ : 

: t · ": "'-a·-' 
I : 
I(,---· ·b·--- ->' 

Maximum Bending Stress 18 Kips per Square Inch 

Nominal Depth and Flange Width- Weight per Foot 

227 

BEAM 

DATA 

Notation CB 102 10" x 8" 

II 

CB 101 10" X 5~" 

I ,-, 
S ,_, 

I .-. 
S .-. 

d 
b 
t 
p 
a 
f 

" 0 

k 
g usual 
g. 

M max 
V max 
Lmin 
fb 
fbt 
Bmin 
R max 
RA 
LRA 
Wt.CA 
Q 
Mmax 
Lmin 
fb 
fbt 
B min 
Rmax 
RA 
LRA 
Wt.CA 
Q 

45 
I 

41 37 33 29 I 26 
I 

23 
I 

21 
lbo. Lb •. lb •. Lb •• Lb •• lb •. lb •. Lb •• 

ELEMENTS 

248.6 222.4 196.9 170.9 157.3 139.7 120.6 106.3 
49.1 44.5 39.9 35.0 30.8 27.6 24.1 21.5 
53.2 47.7 42.2 36.5 15.2 13.4 11.3 9.7 
13.3 11.9 10.6 9.2 5.2 4.6 3.9 3.4 

DIMENSIONS AND GAGES IN INCHES 

10Ys 10 9Ys 9~ 10~ 10Ys 10 9Ys 
8 8 8 8 5~ 5~ 5~ 5~ 

% % % % % ~ ~ ~ 
% % ~ J16 ~ Jt % % 

3Ys 3Ys 3Ys 3Ys 2~ 2~ 2~ 2~ 
7Ys 7Ys 7Ys 7Ys 8~ 8~ 8~ 8~ 
3% 3% 3% 3% 2J16 2Jt 2Jt 2316 
l Ys 1 ~ 1 % Ys % ~ % 
% % % % J16 J16 J16 J16 ' 

5~ 5~ 5~ 5~ 2~ 2~ 2~ 2~ 
2~ 2~ 2~ 2~ 2~ 2~ 2~ 2 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

74 67 60 53 46 41 36 32 
43 39 36 34 35 31 29 29 

6.93 6.78 6.60 6.15 5.21 5.26 5.02 4.52 
15000 15000 15000 15000 14900 14350 13960 14020 
5250 4920 4590 4380 4305 3715 3350 3365 
5.57 5.50 5.43 5.36 5.68 5.93 6.10 6.00 
32 30 27 26 26 22 20 20 
37 34 32 31 30 27 25 25 

7.96 7.85 7.48 6.77 6.16 6.13 5.78 5.16 
15 15 15 15 15 15 15 15 
589 534 479 420 370 331 289 258 

= Max. Bending Moment in Foot-Kips. Vmax = Max. W eb Shear in Kips. 
= Min. Span in feet to develop Vmax. 
= Allowable Unit Stress for Web Buckling in pounds per square inch. = Value of W eb in Buckling per inch of length, in pounds. 
= Min. End Bearing in inches to develop Vmax. 
= Max. End R eaction in Kips when B = 3~". . 
= M ax. Value of Shop Rivets in Kips in one Connection Series A. See page of Connections. 
= Min. Span in F eet to develop R A. = W eight in pounds of one Connection Series A, including W eb Rivets. = CoeIDcient of Strength = 12 S, ... 

To obtain safe uniformly distributed load in Kips, divide Q by the required span in feet. 
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BEAM CB SECTIONS 

8"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS A,pll_bl. onll' who .. _10100 ... bu ........ I,,1t 1._,1 dltfl .. tlon. 
For .... br. __ tlo .. , oafol_d . ..... . t" ..-.1"_, _ pag.ll4. 

M.xlm um Bending Strell 18 Kips per Square Inch 

......... o.,dI .... n..,.. WIoIdo w ..... ".. root 
I ~" - CB 83 8" It 8" CB 82 8" . 6.J,i" CD 81 8".5 " • • 

,~ 3S 31 31 n " 21 " 17 -... ... ..... .... .... .... .... .... 
~., 

• ... 47.4 42.3 ~30 

• '" ,8.4 33,8 0.47 

N' HA ••• • el.. "A 54.' ... 41.6 36.0 32.0 28.2 0.87 
7 53.' ~, 47.0 40.1 "7 30.9 27.4 24.' "" • •• 7 44.0 41.1 '" 3U 27.0 24.0 21.2 1.19 

• 41.5 39.1 3 •• 3U 27.7 24.0 21.3 18.8 Ul 
10 37.3 35.' 32.9 '" ';0 21.6 19.2 18.9 1." 

11 33. 32.0 29.9 ,~. 22.7 19.6 17.5 1M ~" 
12 31.1 29.3 27.4 23.' 20.8 1<0 16.0 14.1 U. 
13 28.7 27.0 '~3 21.6 lU 16.6 14.8 1>0 ~" 
14 28.7 '~1 23.5 20.1 17A 1M 13.7 12.1 ~ .. 
" .... DA "-' j 11.7 ". 14.4 12.1 ." 4.19 

" D' DA D. 17.' 15.' .,. 12.0 10.' '.77 
17 UA m.' ." .u 14.7 12.7 ." 10.D U. 

I 
u..ruabovu uppo!ll' horbontal l lDM ... 111 pl"Oduce maximum a.I1o_ble.lbtlar In "'-. 
Load. below lower hortl()Dtalliae. wILl produoe ",,_Ive deHectlollll. 

• 

.... , 



CB SECTIONS 
ESSENTIAL DATA 

Ma ximum Shear 12 Kip. per 
Square Inch 

• •• 
BEAM 

Is" 
DATA 

Maximum Sending Stress 18 Kip. per Square Inch 

I I_I 

S I-L 

I .. , .. 

CB 83 8" )1. 8" 

3S 
u.. 

126.5 ' 

31.1 I 42.5 
10.6 

31 I 

117.9 
,,~ 

39.7 
9.9 

31 
u.. 

109.7 
27.4 
37.0 
9.' 

CB 82 8" )1 6~" CD 81 

27 " a.-. I u.. 

ELEMENTS 

94.1 
23.' 
20.' 
6.' 

82.' 
20.' 
18.2 
5.6 

n .... 
73.' , .. 
9.13 
~. 

__ -,_ru._.=O"IM::,E=N,,',,'O= NS AND GAGES IN INCHES 
d- 8~ 8 8 8 7J.i BU 
b 888 6~ 6}i 5" 
t ~ ~ ~ ~ ~ K 
p ~ ~ ~ ~ ~ ~ 
• 3J.i 3J.i 3U 3~ 3~ 2}i 
f 8~ 6~ a", 8~ 6~ 8U 
f, 3Ji 3Ji 3~ 2U 2U 2" 
o J.i J.i ~ J.i ~ U 
k ~ ~ ~ ~ ~ H ,.. ~ ~ ~ ~ ~ . 
g, 2U 2}4 2U 2U 2U 2 

8" .5 " 
19 17 .... .... 

64.7 
16.0 
7.87 
3.0 

' )f 
' )i 
)i 
,,; 
,~ 

6j{ 

'''' ~ 
H 

' j{ , 

56.' 
lA.' 
s.n . 
'.6 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M_ U « ~ 3l M 27 " ~ 
v_ ~ " u U 23 ~ " ~ 
L. ~ ~ ~ ~ = g ~ ~ 
fb 15000 15000 15000 15000 15000 15000 15000 14980 
fbt 4725 4500 4320 4095 3675 3780 3660 3445 
B. ~ ~ ~ ~ ~ ~ ~ ~ 
R max 26 25 24 23 20 21 2{) 19 

AA 31 ~ ~ " ~ U ~ " 
LRA 5.65 5.49 5.48 4.84 4.80 4.115 3.69 3.53 
Wt.CA 15 15 15 15 15 15 15 15 

Q'c=~~..7373~~~~c.==c,-"3~"~!.=~"=c'~~~'~=-~,"'~16~~~'~~"=~_'~'=9 __ 
M mu _ Ma..:. Bending Moment In Foot.-Kl~ VtIlIU _ Max. Web Shtw In KI~. 
],mlo _ Min. Sp&n In feet to develop Vmu. 
ftI _ AlIo ..... blo Unl~ St.re. for Web BuckUf\8 In pounds per,.quare Ineb. 
fbt _ Value of Web in Bucl<Im,: per lneh or length, In pQUnda. 
Omln _ Min End Bearlng in Inchs to develop Vmu. 
R max _ MIUI. End Reaction In KI(MI when U _ 3H". 
RA _ Mar. Value of Shop Rlvctl in Kl(MIin 000 OoIlne«klo. Serle- A. See paae of OonDect\oo.. 
LRA _ Min. Spa.o in feet to develop RA. 
Wt.OA _ WeII;U In pounda: of one COn.nectlon Ser1M A, Includlna Web Rlvetll. 
Q _ Coeft!deot o f Strength _ 12 8,.,. 

To obt.a.ln lIIIJ'e uniformly dJgributed '-d in K1J)1S, divide Q by Ihe requ1red lpan in feet, 
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BEAM CB SECTIONS 12"1 LIGHT BEAMS to 

6" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppU.,.blo onl, ...... n _tiona ............... ajlalnst laural defl ... tlon. 
F'fW unbr-...d _tlon. ufo loads mlilt. boo _u~, _ ..... 18.(. 

Maximum Bendlnll Stress 18 Kips per Square Inch 

~\~ . Ta't';" ~~1. eBlS - ." ." """"~ • ' ,; • ,~ 

.~ .'.: ~ " 17 15 15 .'! . ~ 
... -12 

u.. 

'* 
m ~., 

D . . 

• H. -- -.IT- I~ ~ 47.' I 39.5 •• 29.' 0.17 

• 4 15.9 64.' 48.5 .U 35.5 29.7 ! 30.5 21.1 '.30 
5 60.7 51.4 42.1 '~1 38.' 33.' 29.' 23.7 24.4 17A 0.47 

6 SO.6 42~ 35.1 31.6 32.3 27.5 23.7 19.8 20.3 14.5 0£7 
7 43.4 36.7 30.1 322 27.7 23.6 20~ 16.9 17.4 12.4 0.91 

• 38.' 32.1 26.3 28.2 ,-. 20.' 17.7 14.8 15.2 10.9 1.19 , 33.7 29~ 23.' 25.0 21.6 18~ 15~ 13.2 13.5 ::; 1.51 
10 30.' 25.7 21.1 22.5 19.4 16.5 142 11.9 12.2 U. 
11 27.' 23~ 19.1 20.' 17.6 15.0 12.9 1O~ 11.1 , .. '25 
12 253 21.4 17~ 18.8 '" 13.8 11~ 9.9 ... ,., , ... 
13 23.' 19.8 162 17.3 14.9 12.7 :::: :~ u ., 3.15 
14 21.7 18~ 1M 16.1 13.9 11.8 ., 3.65 
15 202 17.1 14.0 1M 12.9 11.0 u u 4.19 

18 19~ 18.1 132 14.1 12.1 1O~ ... u '.77 
17 17.9 15.1 12A , ::! I ::~ '.7 .., ,. 5~ 
18 169 14.3 11.7 u M3 
19 16.0 13.5 11.1 ... 10.2 ., 6.72 
20 152 12~ 105 ... .. , ... 7A • 

21 :::: 122 1O~ 10.7 U 621 
22 11.1 ••• 9.01 
23 '''' 11.! ... , ... 
24 'U 10.7 U 10.73 
25 ,., 11 .64 

UJ)j)(lr horlwntallincs " ...... 
l ..o.d, below lower borlzoll.tal ltna. wW produce excessive dcftootlons. 
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k·, r\' 
CB SECTIONS 

BEAM 

1 12
" 

JA 
LIGHT BEAMS 10 , 

6" 
1 : ... ESSENTIAL DATA 

DATA 

, ' ~i: .. ' l). Maximum Shear 12 Kips per 
Square Inch , , , , , , , 

: : Maximum Bending Stress 18 Kips per Square Inch 

- Komi .... Ofllllh one! Fl.-...;-WiclUI . •• ~ '* CBL12 CBl10 Cel8 eBl6 
NOI.Itlon 

12" x 4" 10" x 4" 8" . 4" 6" x 4" 

" " " " 22 19 
, 

16.5 19 17 15 15 13 " 12 .... .... , U>o. U>o. U>o. .... U>o. U>o. U>o. .... 
ELEMENTS 

I 1' 1 15S.7 130.1 105.3 96.2 81.8 68.8 48.0 39.5 31.7 21.7 
S ,-, 25.3 21.4 17.5 18.8 16.2 13.' U .• 9.S8 ID.1 7.24 
I ._, 4.55 3.67 2.79 4.1 9 3.45 2.79 3.30 2.62 4.32 2" 
S .-. "6 1.83 1.39 2.08 1.72 1.39 1.65 1.31 2.14 1.44 

DIMENSIONS AND GAGES IN INCHES 
d 12.!4 12)j 12 107.1' 1O)j 10 8)j 8 6.!4 8 
b 4 4 4 4 4 4 4 4 4 4 
I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
p !> Yo ~ Yo » ~ » ~ Yo ~ 
• 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 
f 10~ 1 0~ lOti 8% 8% 8% 6% 6% 4% 4% 
f , 1% 1% 1% 1% 1% 1% 1% 1% I» I» 
0 % " Yo " Yo % Yo % % % 
k !> J, J, !> !> !> J. !> Yo Yo 
9 usual 2.!4 2~ 2~ 2~ 2~ 2)4 2~ 2~ 2~ 2~ 
g, 2 2 1 ~ 2 2 1~ 2 1% 2 1% 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
M mru< 38 32 26 28 24 21 18 15 15 11 
V max 38 35 33 31 29 28 24 22 20 17 
L min 3.95 3.67 3.17 3.67 3.33 3.00 2.97 2.68 3.11 2.62 
Ib 13100 12610 12380 14060 13890 13690 1_ 14980 I_ I_ 
Ibl 3405 3025 2850 3515 3330 3150 "75 3445 3000 3450 
B min 8.20 a54 8.63 6.19 6.22 6.27 4.47 4.41 3A4 ~30 
R mru< 22 20 19 21 20 19 20 19 20 17 
RA 20 19 18 26 25 24 26 24 14 12 
LRA 7.59 6.76 5.83 4.34 3." 3.45 2.n 2A7 4~3 3.62 
Wt.CA 15 15 15 15 15 15 15 15 • 8 
RH 41 38 36 
LRH 3.70 3.38 2.92 
Wt.CH 30 30 30 
Q 304 257 210 228 194 166 142 11. 121 87 
Mmax _ Max. Bending Moment In Foot-Kips. VroM _ Mal:. Web Sbear In Kips. 
l ,mln _ Min. S~an In foot to d6vnlw, Vmax. 

'" _ Alia ... " Ie Unit Stress for eo Buckllng in c.ounds per square loch. 
0>< _ V"llm of Web In Buckllng pOt' Inch of Icogt • In poundll. 
o min _ Min. E nd Bearing In In c hfl8 to de,-clop Vrnax, 
Rmax _ Max. End Reaction In Ki ps when B _ 3~'" 
RA _ ~11U. Value o f Shop R lYel.ll i n KIp' InOR6 nnoct lon Sert"" A. See fHl>goof C<;mnO)Ctions. 
H U _ ~lax. Value of Shop R lvet<l in Kl pS in ono Connoctlon Ser ies ll . See page of CollDoctions. 

Rlve~ ValuOl! In Outstanding ~ mun be Investigated, 
L R A,LRlf _ Min. Span In F""'~ to develo p R o r RIl. 
Wt.CA.C H _ WO~ht ln POUods orono Connection SeriO!! A or H, Including Web Ri vets, 
Q _ Coo olentar Strength _ 12 S"I . 

T o obtain II&fe uniformly dilltrLbutoo load In KIPI', divide Q by tho roqulrod span In tae~. 



.8. 
BEAM CB SECTIONS 12"I STANCHIONS AND JOISTS to 

6" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppUeabl . onl , who n _ on .... braced ... Inn I,u .... deft ... t lon . .. 
roO' u"br.~ _ tlon . uf. load , must '" Nd uced, _ ... ,. 1". 

Maximum Bending Stress 18 Kips pe~ Square Inch 

STANCHIONS JOISTS . 
N ...... o.,dI MOl n.r,.. Wlddt-Welpt .... r_ - CBS 6 CBJ 12 ' CBJ 10 CBJ 8 CBJ 6 """"" • 6" x 6" 12" .4" 10" I[ 4" 8" II: 4" 6" x 4" • ,~ 

" II " " II "" .... , 
18 15» 14 U» 10 I» 
'k 'k 'k 'k ... ... 

.... ,., a. 
3 ,u ~.e ~7.2 42.0 31.2 20.3 0.17 
4 35.1 30.0 44.4 31.5 23.4 152 0.30 

• 28 •• 24.0 

I 
35.5 252 .a7 122 OA7 

8 23.4 20.0 29.S 21.0 15.6 10.1 0.67 
7 20 .• 17.1 25.4 .8» 13.4 8.7 0.91 

• 17.6 15.0 222 15.8 11.7 7.6 1.19 

• 15.6 133 11.7 14.0 10.4 6A ,.. 
10 14.0 12.0 17.8 12.8 93 6 .• 1.86 

11 ,,.. ... 16.1 . ,. a • u 22. 
12 11.7 ... 14.8 10.5 7A e., 2.68 
13 , .. u 13.7 '.7 7.2 u 3.15 
14 12.7 ,. 6.7 3." 
15 'eA 8.4 u 4.19 

" 11.1 7.' u 4.77 
17 10.4 7A U 5.38 
18 •. , ,. M3 

" '.3 u 6.72 
20 8.' u 7A5 

21 8.' 
. 8.21 

22 e., 9.01 
23 ,., ,~. 

24 1A 10.73 

u..:! ... bove upper horiaontalll_ will produoe ma.Iirnwn allo .... ble abeu In weI». 
~ brio"" lower 'borbontal Unet wiU produce ~"' dedeetlont . 

. 
-
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,. ~Ir" BEAM -.,..-_t:-_ . . , 
CB SECTIONS · , :~p 1 12

" 
• ,,------, 

• STANCHIONS and JOISTS t, , • · d I 6" 
· · ESSENTIAL DATA 
• 

, 
DATA • t. . _____ ". -._. , , , :82 Maximum Shear 12 Kips per .. -~-. • • • :.....~--J 

. Square Inch 
• , 
• .' . : t-....... ..--11 Mali mum Bending Streu 18 Kips per Square Inch 
I.--- ·b----~ 

Nominal 0 ...... and .,onge WkllII_ W" """, Foot 

CBS 6 I CBJ 12 CBJ 10 -I CBJ 8 CBJ 6 
Notation 6" II 6" 12".4" 10"11:4" 8" 114" 6" I( 4" 

" " " " " I " 15.5 " U.S 10 as .... ~u... • u... u... , u... .... _-
ELEMENTS 

1 I_ I 35.S 30.1 88.' 51.9 30.8 14.8 
S 1_' U.7 10.0 14.8 10.5 7.79 5.07 
1 •• 11.0 9.19 2.25 2.01 1.99 t.88 
h . 3.64 3.06 1.13 1.02 1.01 ... ---

DIMENSIONS AND GAGES IN INCHES 
d ' }i • 11 ~ °li "A ' li 
b 0 • • • • • I M M " " " " , 

" M M " " " • ' li ' li l li l li l li l li 
f ' li ' li 10~ 8li °li 

, 
f . '" ' % t % 1% 1% Hi , % " " % % !> 
k " " Ji Ji Ji Ji 
II US4lal 3» 3» ~~ ~~ ' M :~ g. 1~ 1M 1M 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
M mu 18 15 22 16 12 8 
V mu 19 17 29 " " 12 
L min 3.62 3.47 3.11 2.96 '.90 '.56 
fb 15000 15000 11310 11890 13240 15000 
fbI 3975 3600 '28. "50 2250 2550 
B min 3.35 3.30 •. ., 7.41 ... 3~1 
R mu 20 18 15 13 12 13 
RA " 13 16 18 18 • LRA 5.01 4.62 M5 3.32 2.80 3." 
Wt.CA 8 8 " " " 8 
RH 32 
LRH '.78 
~t.CH 30 

140 120 178 126 93 61 
:\Imu _ MM. Bending Moment 10 Foot,. KI~. Vm.a.:o: _ Ma..w;. Web Bhca.r In KIll'!'. 
l..null - ~1I0. BCf: 10 foot to deve~ Vm.u. 

'" _ Allowa Ie UnU SU·_ rew eb Buckling In pounct. per.,quaro Inch. "', _ Value or Web In Bucl<lIng per Ineh or length. 10 p01.Inct.. 
IJ min _ Min. End Bc&rlng In InehOOlIO de,·~p Vm.a..x. 
Ihnu - l\Ia..w;. End Reaction In }\I~ .. hen 1I - 36t'" 
HA _ Mu. ValutoofShop IUvet.lln }\llM'ln o~ nnection Serl.,. A. See pageof CoonoctlolW. 
Itll _ ,Max. VlllueofShop Rh'etlln KllM'lo one Connect.lon Serl.,. U. Soo ~ or CQnoect.lolW. 

Rh·et. ValuOiln OutRt.a.ndlng ~8 IUWlt be lovestillllWd. 
LltA.LRH _ Min. Span In ~'ect to develop It or lUI. 
WI...CA.Cll _ WCI~ht In jlOunda of oue ConnllCUoo SorlOl'! A or n. loctu(ling Web IUvOtl. 
Q _ Coo ctentofStl'ength _ 128,·,. 

To obt.alllllllfe uniformly dt.trlbu\.ed load In Kipi'. divide Q by tbe required 'lIM In filet. 
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BEAM BEAMS 

24'1 AMERICAN STANDARD 
ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applicable onl)' wilen netlon .... brae.<! egalnst taU'.,,1 d.rloctlon. 
For "nbraced o.ctlonl ... f. l_d. mUlt be •• due"', _ page 184. 

Maldmum Bending Stress 18 Kips per Square Inch 

Noml .. 1 DflltII ..... Flange Width W. IIh'_ Fool .... B18 24" )( 77 " B 1 24" 111: 7" Coelllel",' • • 'M' 120 US U. 105.9 100 " .. IS " .• Oen""tlo" 
~. ~ ~ .. UK. ~ .. ~ .. UK. ~. co.. --- --- ---

430.3 ,.., 
6 '~A 424.5 395.3 383.6 MOA '''' 0.67 
7 430.1 420.1 , ... "'. 338.8 328.8 318.6 308.6 "' .. 0.91 
8 37&.4 367.6 358.6 351A 296.5 287.7 278.8 270.0 260.9 1.19 

• 334.5 326.7 318.8 312A 263.5 255.7 247.8 240.0 231.9 

I 
1.51 

10 301.1 294.1 286.9 281.2 237.2 230.2 223.0 216.0 208.7 1.86 

11 273.7 267.3 260.S 255.6 215.6 209.2 202.7 196.4 189.7 2.25 
12 250.9 245.0 239.1 234.3 197.7 191.8 185.8 180.0 173.9 2.68 
13 231.6 2262 220.7 216.3 1a2A tn.O 171.5 166.1 160.6 3.15 
14 215.1 210.0 204.' 200.8 169.4 164.4 159.3 154.3 149.1 ' .65 
15 200.7 196.0 191.3 187.4 158.1 153A 148.7 144.0 139.1 4.19 

16 188~ 183.8 179.3 175.7 148.2 143.8 139.4 135.0 130.5 4.77 
17 In.l 113.0 168> 165.4 139.5 135.4 131.2 127.0 122.8 5.38 
18 167.3 t63A 159.4 156.2 131.8 127.9 123.9 120.0 116.0 6.03 
19 158.5 154> 151.0 148.0 124.8 121.1 117.4 113.7 109.9 6.n 
20 150.5 147.0 143.5 140.6 118.6 115.1 111.5 108.0 IOU 7A5 
21 143A 140.0 136.6 133.9 112.9 109.6 106.2 102.8 ''-4 8.21 
22 136.9 133.7 130,4 127.8 107.8 104.6 lOlA 98.2 94.' 9.01 
23 130.9 127.8 124.7 122.2 103.1 100.1 97.0 93.9 90.7 9.85 
24 125.5 122.5 119.5 117.1 98.8 95.9 92.9 90.0 87.0 10.73 
25 120A 117.6 114.8 112.5 94.' 92.1 89.2 86A 83.5 11.64 

" 115.8 113.1 110,4 108.1 91.2 88.5 85.8 83.1 SO., 12.59 
27 111.5 108.9 106.3 104.1 87.8 85.2 82.6 SO, 77.' 13.57 
28 107.5 105.0 102.5 100.4 84.7 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 72.0 15.66 
30 l00A 98.0 95.6 93.7 79.1 76.7 74.3 n.o 69.6 16.76 

31 97.1 94.' "'.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 65~ 19.07 
33 91.2 89.1 86.' 85.2 71.9 69.7 67.6 65A 63.3 20.28 
34 88.6 86.5 84A 82.7 69.8 67.7 65.6 63.5 61.4 21.53 
35 86.0 84.0 82.0 SO., 67.8 65.8 63.7 61.7 59.6 22.81 

36 83.6 81.7 79.7 78.1 65.9 63.9 61.9 60.0 58.0 24.13 
37 81.4 79.5 77.5 76.0 64.1 62.2 60.3 58A 56A 25.49 
38 79.2 77.4 75.5 74.0 62A 60.6 58.7 56.8 54.' 26.69 
39 77~ 75.4 73.6 72.1 60> 59.0 57.2 55.4 53.5 28.32 
40 75.3 73.5 71.7 70.' 59.3 57.5 55> 54.0 52~ 29.79 

" 71 .7 70.' 68.3 66.9 56.5 54.8 53.1 51 .4 49.7 32.85 

'" .... 
I 

.... .... , 
I 

~ .. ~ .. ,u .... , :l ~1.4 36.05 

" • u ~ .. UA &1.1 ~u .... .... c .• ~A 39.40 

" OU .u nA .... dA 47.' .... d.' Q' 42.90 
I...oad8 above upper horlzont.&.llIlleoJ wlil produco mulmum allowable shear In webB. 
Loada boloW' 10 ........ horlzont.a.llines ... 1ll produce excesodve detlectlons. 
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BEAMS 
AMERICAN STANDARD 

BEAM 

d • 
ESSENTIAL DATA 

124" 
DATA 

........ 

M .xlmum Shear 12 Kips per 
Square Inch 

Maximum Be ndln" Stress 18 Kips per Square Inch 

24"11 71 " 8124" 1.7" B18 
120

1
115 

.... u.. ~ 1 1~' ~ 1 3! 1 !. :' _1 ~ 

I 1.1 

S 1'1 

[ .. 
S t .• 

3010.8 
250.' 
84.' 
21.1 

2940.5 
2A5.0 ". "'.7 

2869.1 
23U 
SO.S 
20.3 

ELEMENTS 

2811 .5 
2343 
7S.9 
"'.0 

2371.8 
197.6 
4S.4 
13.4 

2301.5 
13U 
47.0 
13.0 

2230.1 
1B5.B 
45.5 
12.S 

__ ,,,,,,,--=0:r'M::.:;ENSIONS AND GAGES IN INCHES 
~ N N N N N N N 
b 8 8 7~ 7J.i 774" 7~ 7~ . ~ ~ ~ ~ ~ ~ ~ 
p 1~ l }i 1~ l J.i Ji J.i J.i 
• 3~ 3~ 3~ 3~ 37.( 3M 37.( 
Grip 1~ l }i t~ 1,!.i J.i Ji J.i 
f 20~ 20~ 2O}i 2O}i 20~ 20~ 20~ 
o 1,. I'» , ,. 1" 1 ~ 1~ , '" 
gusual4 4 4 4 4 4 4 
g. 37.( 3U 374" 3U 3 3 3 

2159.8 
""'.0 
4d.' 
12.5 

N 
7)i 

" )i 
3){ 
)i 

2Ol( 
,~ 

4 
3 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

-~ 173.9 
42.9 
m 

N 
7 
)i 
)i 

3){ 
)i 

"'~ '% 
4 
3 

M_ m ~ m ~ m m m m ~ 

V max 230 212 194 180 215 198 180 182 144 
L min 6.55 6.93 7.38 7.Bl 5.51 5.82 6.20 6.66 7.25 
fb 15000 15000 14870 14450 15000 14950 14440 13820 '3010 
fbi 11970 11055 10035 9030 11205 10255 9010 7780 6505 
8 min 13.20 13.20 13.37 13.95 13.20 13.26 13.95 14.85 16.14 
R max 114 105 95 86 106 97 86 74 62 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
lRA 15.52 15.15 14.79 14.49 12.22 IUI6 11 A9 12.27 13.21 
WtCA 36 38 36 36 36 36 36 36 36 
RH 1~ 182 182 182 182 182 182 148 131 
LRH 9.29 9.07 8.86 8.68 7.32 7.10 6.88 7.30 7.96 
Wt.CH 50 50 50 50 50 50 50 50 50 

Q __ -,-=",30,,','-' ,-I.,.,2"94"0~,,,,,28,,',,-' """2"8~12"=,:-,2,,,37C"-!c::2,,30,,2,-",,,:-::,22,,3,,0;:-;!;::2=',,,60,-;;,,=,2,,08,,7_ 
l\fmu _ M...,. Bcmdlng Momen~ In floot.--Kij)l. Vmax =- Max. Web Shear In Kipll. 
I,min _ Min. Span In foo~ to develOp Vrnu. 
fb _ Alkn.able Unit Stre. for Web Bud<ilng In pOUIlds per lI(Iuaro Inch. 
fb~ _ Value of Web In Buckling per Inch of length, in pOUIlds. 
n min _ '\ l ln. End Bearing In Inc~ 1.0 devdop Vrwu:. 
Rm&S _ Max. End ReacUon In KIPII when n _ 3~". 
RA _ "lax. ValueotShop IUve\.lln KIPIIln oneConneetlon ScrIOll A. Aoo pagoofConnectlonl. 
RU _ Max. Valueof Sbop Rlve\.lln KIPIIln one Connection Serle. U . bee p&&eofConnectlonl. 

IUI·et Valuealn Ou\.lta.nd1n(r Lep mun be Investigated. 
LUA.T.R n _ Min. Span In Fee~ 10 develOp RA or R H . 
Wt.OA.O U _ W el,o:U In poundtl ofooe QollDootion 8orie5 A or II, Including Web Rivet/!. 
Q _ Coelllclen~ of Strength _ 12 S,.,. 

To obtain safe uniformly dllltrtbutod load In K.ipll, divide Q by the required 1p&D In foot. 

• 
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BEAM BEAMS 

20"I AMERICAN STANDARD 
ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appllcabl. onl ), w h __ U on ..... buCMI ... Inst lat.ra l cleft_lion . 
For unbNced _ tlo n " Mfa I_ d. m .. . t be .... ".Coed . _ .... '.114. 

Ma:dmum Bending Stress 18 Kips per Square Inch 

.... ~ o.th .... ,..".. WWdt-W-'II!t _ f Mt 

'"""""' • 8 2 20" x 7" 8 3 20" 116 " • ,~ '00 " .. 15 n .• 75 ,. 65.4 Dentellon .... .... .... .... .... .... .... .... .... ""., 
5 395.6 .... .... I13A 3032 m., ,... QA7 

6 329.7 31 9.9 310.1 3003 ".. 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 2252 219.9 189.5 182.1 175A 1.19 
8 219.8 213.3 206".7 2002 195.5 168.5 161.9 155.9 1.51 

10 197.8 192.0 186.0 180.2 176.0 151.6 145.7 140.3 1." 

11 179~ 174.5 169.1 163.8 180.0 137.8 132.5 127.6 22' 
12 164.8 160.0 156.0 1502 145.6 126.3 121A 118.9 , ... 
13 152.2 147.7 143.1 138.6 1353 116.6 112.1 108.0 3.15 
14 141.3 137.1 132.9 128.7 125.7 1083 104.1 1002 3.65 

" 131.9 1280 124.0 120.1 117.3 101 .1 97.1 Bl.8 4.19 

16 123.6 120.0 116.3 112.6 110.0 94~ 91.1 87.7 4.n 
17 116A 112.9 I09A 106.0 103.5 892 85.7 82.' ~36 

" 109.9 106.8 lOlA 100.1 97.8 842 BO.' 78.0 ' .03 
19 104.1 101.0 97.9 .. ~ 92.6 79~ 76.7 73.' 6.n 
20 ... , 96.0 93.0 90.1 88.0 75.8 = 702 7A' 
21 942 91A au 85~ Bl~ n2 69A .U 821 
22 89.9 872 84.' 81.9 BO.O 68.9 662 63~ 9.01 
23 ".0 83.' BO.9 783 76.5 65.9 63.3 81 .0 9.85 
24 82A BO.O n~ 75.1 73.3 632 ".7 58.' 10.73 

" 79.1 7U 74A n .l 70A .... 58.3 66.1 11.64 

26 76.1 73.8 7U 693 67.7 58.3 56.0 54.0 12.59 
27 733 71 .1 68.9 66.7 85.' 56.' 54.0 52.0 13.57 
26 70.' 68., 66A 84A 62.6 54.' 52.0 50.1 14.60 
29 682 68.' 842 62.1 ".7 52.3 502 4M 15.66 
30 85.' 64.0 62.0 ".1 58.7 ,.., 48.6 46.8 18.76 

31 ... 81.9 80.0 58.1 56.8 48.9 47.0 45.3 17.89 
32 'U 80.0 58.1 56.3 55.0 47.4 45.5 43.9 19.07 
33 59.9 58.' 56A 54.' 533 45.9 44.' 42.5 20.29 
34 58., 56.' 54.7 53.0 51.8 44.6 42.9 41.3 21.53 
35 56.' 54.8 53.' 51 .5 503 43.3 41 .6 40.1 22~1 

36 .... .... 11.7 ~., .... ... , ~ . •• 24.13 
37 .... 51.1 ~ . .. , n. ... n • ,,. 25.49 
36 ... , ... •• c .• .., •• ..., .. 26.89 
Lo/wbI above UppOl' borlaoOl.a1 Lln ...... 1II produce JD.aIimum allo,,-ab1e . hear In ... e ... 
Load8 1)('10 ... 1011'«' horbolll.alllnCl ... 1II produce ellcell!lh'll deftect lorul. 



I ,., 
S 1.1 

I .. 
S •• 

d 
b 
I , 
• 
Grip 
f , 
II usual 
g. 

M m" 
V m" 
t min 
fb 
fbI 
B min 
R m" 
RA 
LRA 
Wt.CA 
RH 
LRH 
WtCH 
Q 
MIIUIJt 
Lm>n 
fb 
fb< 
8m'" 
B 
RA 
B il 

BEAMS 
AMERICAN STANDARD 

ESSENTIAL DATA 

Ma ximum Shear 12 Kip. per 
Square Inch 

'37 

BEAM 

120" 
DATA 

Maximum Bending Stress 18 Kips per Square Inc:h 

100 
"'. 

1648.3 
1&4.8 
52.4 
14.4 

1599.7 
160.0 
SO., 
14.D 

~ Otpth PC! n. .... Wlclt!>-Wt ight _ root 
B 2 2O" x7" B 3 

90 85 81.4 I 7S 
Lbs. Lbt. UK. Lbt. 

1550.3 
155.0 
48.7 
13.7 

ELEMENTS 

1501.1 1466.3 
150.2 146.6 
47.0 45.8 
13.3 13.1 

1283.5 
1263 
30.1 
9.4 

DIMENSIONS AND GAGES IN INCHES 

20 
7)i 

" " 3)i 

" 16l> 
lU • 3)i 

20" X 61 " 

L~. I 

1214.2 
121.' 
28.9 
9.' 

65.4 "'. 

1169.5 
116.' 
27.9 
B.' 

2<) 
B)i 
l> 

" ' Ji 
lei 

16yg 
1% 
3l> 
3 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

247 
210 
'.72 1_ 

1309' 
11.00 
111 
81 

12.21 
30 
130 
7.61 
41 

1978 

240 
192 
5.00 

15000 
12000 
".00 
102 
81 

11.85 
30 
130 
7.38 
41 

1920 

'33 17. 
'.34 

15000 
10890 
11.00 

93 
81 

l1 A8 
30 

130 
7.15 
41 

1860 

22' 
157 
5.75 ,_ 
979' 
11.00 

83 
81 

11.13 
30 
130 
6.93 
41 

1002 

220 
144 
6.11 ,_ 
.... 
11 .00 

77 
79 

11.13 
30 
126 
6.98 
41 

1759 

18. 
154 
4.93 

15000 
9615 
11.00 

82 
81 
9~' 
30 

130 
,.83 
41 

1516 

182 
136 
5.35 

14910 
8455 
11.10 

72 
74 

9.84 
30 
119 
6.12 
41 

1457 

175 
12<) 
5.85 

14210 
7105 

" .. 60 
56 

10,63 
30 
10' 
'.88 
4t 

1403 
= Max. B llnding' Moment In F oot--KlpII. Vm a>: __ Max. W eb Shear in K lpo!I . 
_ Min. Span In t~ to develop Vms". 
=- Allowable Unit Stl'O!lll tor Web Buckling In pounds per !lQu&r8in(:h. 
""" V&l.ull of Web In BuckJlng pOI' inch o f length, in pounds. 
_ Mln. E nd Boaring in Inches IOdel'elop Vroru:. 
= Max. E nd Rea.<:t\.;m In KIIJII wMn U .,., 3J.<l". 
= Mo.". Vlllueof Shop R lvets ln KIp.!! In one OOlUloctlon Serltlll A. Soo pagoofConnoctlon&. 
.... Mal(. ValuootShop Rh-etsln KllJllln o ne Connection SerLes H . Soo pa.geofConnectlOI1ll. 

Rlvot VaLuOll in Outstanding Lep mU8~ be investigated. 
LRA,L R H _ Min. Span In Foot to develop R A o r RO. 
W t.OA,CH """ W cl.o;ht In pounds of OM Connection Series A or H. Including W eb Rivots. 
Q =- Coeincteo t of Sll""ellgl h "'" 12 S,.,. 

T o obtain sate wliformLy distributed load In Kljlll, dlvlde Q by the roqu!n)d span in toot... 
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BEAM BEAMS 
18"I AMERICAN STANDARD 
15" ALLOWABLE UN I FORM LOADS IN K I PS 

LOADS Applicable only whe n Me tlon . a ro b rac.-l aga ins t late ra l d.n.ctlon. 
For .. nbraced .... tlon ... f. 'o.d. must ba ... d"" .... , .... pag _ 'I'. 

Maximum Bending Stress 18 Kips per Square Inch 

I 
__ E._ 

NINIOinII OIlPlh and F1ange Width Weight p. FGoI 

'''' B • 18" II 6" B 6 15" II 6" ColII'Iklent 

'" 
.1 

-- • ,* 70 " GO 54.7 " 70 " 60.B Deflec:lion 

""- ""- ""- ""- ""- u.. ... u. . --
307.2 312.5 t77.2 

• 305.8 211.7 m.' 274.9 263.8 241.11 212.4 0.30 , 244.7 234.0 223.4 219.9 211.1 202.3 194.9 0.47 
198.7 

6 203.' 195.0 186.2 116.8 183.3 175.9 168.5 182.4 0.67 
7 174.8 167..2 159.6 151.5 157.1 150.8 144.5 139.2 0.91 

• 152.9 146.3 139.6 132.6 13TA 131.9 126.4 121.8 1.19 
9 135.9 130.0 124.1 117.9 122~ 117.3 112.4 108.3 1.51 

10 122.3 117.0 11 1.7 106.1 110.0 105.5 101.1 97.4 U. 
11 111.2 106.4 101.6 96.' 100.0 95.9 91.9 88.' 2.25 
12 101.9 97.5 93.1 .6.4 91.6 88.' 84.3 .U 2.68 
13 94.1 90.' 85.9 81.6 84.' 81~ n~ ". 3.15 

" 87A 83.' 19.' 75.8 78.' 75.4 n~ 69.6 3.65 
15 81.6 78.0 74.5 70.7 73.3 70.' 67.4 65.' 4.19 

16 76.5 73.1 69.8 ... 68.7 ".0 63.2 60.' '.n 
17 n. 68~ 65.7 82A 64.7 62.1 59.5 57.3 .-38 
16 68.' 65.0 82.1 58.' 61.1 58.' 56.2 54.1 6.03 
19 64.' 61.6 58.' 55.' 57.9 55.5 53.2 ,U •. n 
20 61.2 58.' 55.9 53.0 55.' ,,, 50.' . a7 7.45 

21 58.3 55.7 ." 50.' 52.4 50.3 48~ 46A 8.21 
22 55.' 53.2 50. 48.2 50.' 48.0 46.0 44.3 9.01 
23 53.2 50.' 48.6 46.1 47.8 45.9 44.0 42.4 9.85 
24 51.0 48.8 46.5 44.2 45.8 44.0 42.1 40.' 10.73 
25 48.9 46.8 44.7 42.4 44.0 42.2 40.5 39.0 11.64 

26 47.1 45.0 43.0 40.8 42.3 40.6 38.' 37.5 12.59 
27 45.3 43.3 41.4 39.3 ~., "., 37.5 M.' 13.57 
28 43.7 41.8 39.9 37.9 39.3 37 .7 M.' ~ .. 14.60 
29 42~ 40.4 38.5 36.6 37.' 38.4 ~ .. ~ .. 15.66 
30 40.8 39.0 37.2 35.4 16.76 

31 39.5 37.8 36.0 34.2 17.89 
32 38.2 36.6 34.' 33.1 19.07 
33 37.1 M.' ~ .. 

I 
n.' 20.28 

34 M.' ~ .. n.' 31.2 21.53 
35 u. ~ .. 31.t ~. 22.81 

Loads above UppQf hOrlzontal l lncs will produce maximum allowable aiLear In webs. 
Lo&dI below lower horlzontalllnOil ,..HI produce exceulve dcflectlol\ll, 
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BEAMS BEAM 
4:.'. ' -> 
• • .,' 118" 
• of -----, AMERICAN STANDARD , , 

~ , • ESSENTIAL OATA , · • · o --- ., DATA 
• 

to. ____ 
.. :J,J Maximum Shear 12 Kips per , • '1, "' --.. - •• Square Inch · : ;.- __ --~ i Gnp . . . 

' t ':!"·..,; 
l...'_II-_'; 

M.lImum Be ndIng StreH1 8 Kips per Square Inch 

N~ Otlllfl....t Fl .... Wldtto w ~,~ 

Notation 
B. 18" X 6" B. 15" II 6" 

70 65 &0 SU 7S 70 65 &OJ 
""- .... ""- ... ""- ""- ""- ""-

ELEMENTS 

I L_I 917.5 877.7 837.8 795.5 6872 659.8 832.1 6G9.0 
S " 1 101.9 97.5 'U 11.4 I 91.6 '1-0 84.' IL' 
I » 24.5 23.' 22.' 21.2 30.' 28.' 27.2 26.' 
h , 7.' 7.' 7~ 7.1 • .8 .. , ••• ' .7 

DIMENSIONS AND GAGES IN INCHES 

d 1B 1B 1B 1B 15 " 15 ,,--
b ' J{ 6)i 6)i 6 6J{ 6)i ')i 6 

• J{ ~. " )i Ji " " 'i 

• " " " " " " " " • ' J{ ' J{ ' J{ ' J{ ' J{ ' J{ 2J{ ' J{ 
Grip " " " " " " " " • 15~ 15)4 15)4' 15.14 11 J{ 11 J{ 11 ~ 11~ 
0 1 ~' 1 Is l 'i I ' . 

" ," ." ," ," II usual ~~ ~~ ' )l ", '» ' Ii ' )l 3', 
I I ' 2J4' ' J{ , , 3 , 

MAXIMUM BENDING MOMENTS. WEB RESISTANCES. ETC. 
M max 153 146 14. 133 137 132 126 122-

V m" 154 "6 11. " '56 ". 121 106 
Lmin 3.98 4.31 '.73 '.34 3.52 3.81 4.18 4.59 
Ib .- 15000 15000 14340 

,_ 
15000 lSOOO lSOOO 

fbt 1066' 6435 620' 6595 13020 11 550 10060 68 .. 
B min '.90 '.90 '.90 10.56 8.25 8.25 8.25 8.25 
R mu 65 75 .. 53 94 .. 73 64 
RA 65 .. 58 .. 65 65 6S 62 
CRA 9.41 ' .00 '.63 11 .05 a .. &11 7.78 7.66 
Wt.CA 21 21 21 21 21 21 21 21 
RH 13. 130 115 97 130 130 '30 12. 
LRH '.70 '.50 '.66 5.41 4.23 '.06 '.89 3.93 
Wt.CH 30 30 30 30 30 30 30 30 
Q 122' 1170 1117 '06' 1089 lOS. 1012 97. 
M_ _ ;\I...,. BeodlD,J Moment In Poot.-Klpa. Vma>: _ Mu. Wob Shoat' In ,,:is-. 
I. rom "'" ~lIn. Sgr: In roe~ to dovclw, Vmu. 

'" _ AUo_a Un1~ 8t ..... tor eb Dudding 10 ~ per 'lqUanI loch. 

"" _ Value of Woo In Buckling ~ Ineb or longt .in pound&. ..... _ Min. Eud RearlIl3" In loeb.:. to devciop VIDIIJI: • 

"- _ Mu . • :00 Re.ctloo In K1S- _beD B _ 3~" 

nA .... Mu. VaJuoot8hOP Rlveuln KIPllin one nnecUon 8erieI A. flee pageorCounect lona. 
!tU _ Mu. Valueor8bop RlvoUin Kis-in one Connection Ser~ II . See pa£8 ofConnectJ.ona. 

Rivet ValuOiln OuUl.andh'3" ~ muoU be investlga.ted. 
I.RA.I.RII = Min. Span In )teet to deveJ.op R or RU. 
Wt.OA.OH .... We~M In pOUnd. or ono Connection Ser lo. A or II. Ineludln,g Web IHveu. 
Q _ 000 elcut or St rength _ 12 8,., . ~ 

To obtain -'"0 uniformlY dlatl'lbuted load In KIPI'. di vide Q by the requlred . pan In teet. 
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BEAM BEAMS 

15"1 AMERICAN STANDARD 
12" ALLOWABLE UN I FORM LOADS IN K IPS 

LOADS AppU"" bl . o n ly when .... tlon l ... br.cad .galnat I.~r.l d"'..,tlon . 
For .. n b .. ~ .... tlon . .. , . I ... d. mUl t be ..... ucltd, ... peg. 1M. 

Maximum 8&ndlng Stress 18 Kips por Square Inch 

Norinal DlPlh and flanto Widdt-W ,It rooc 

"'" 8 7 IS" x 5.!1l" 88 12" x5j1" 8912" 1.5" -.,~ 

• • ,~ 55 50 45 _I 42.9 55 SO 4S 40.8 ~8 Deftection 
u.. u.. ..... Un. u.. Un. u.. u.. u.. u.. 

233.3 I 

3 m.' 198.0 212.9 191.' 182.7 ~ 0.17 

• 203.5 192.5 ~ 147.6 159.7 150~ 142.0 132.5 113.5 10C1.8 0.30 , 162.8 154.0 145.1 141.4 127.7 120.7 113.6 107.6 90.8 86.3 0.47 

6 135.7 128.3 120.9 117.8 106.5 100.5 94.7 8.., 75.7 71.9 0.67 
7 116.3 110.0 103.6 101.0 91 .3 862 81.2 7M 64.' 61 .7 0.91 
8 101.7 962 90.7 .8.4 79.8 75A 71.0 6" 'M 54.' 1.19 
9 90.' 85.5 0).6 78.' 71 .' 67.0 63.1 '02 SO., 48.0 1.51 

10 81.4 n .• 72.6 70.7 63.' 60.3 56.8 53.8 45.4 43.2 1.86 

11 74.0 70.' 66.' 64.3 58.1 54.8 51.6 48.9 413 39.2 ,~, 

12 67.8 64.' 60. ' 58.' 53.' SO.3 47.3 44.8 37.8 36.0 '.68 
13 62.6 59.2 ;{~ 54.' 49.1 46.4 43.7 41A 34.' 33.' 3.15 
14 58.1 55.0 •• 50.' 45.6 43.1 40.6 38.4 32.4 30.8 3.65 
15 54.3 51.3 48.4 47.1 42.6 40.2 37.9 35.9 30.3 28.8 4.19 

16 SO.9 48.1 45.3 44.' 39.9 37.7 35.5 33.6 28.4 27.0 •. n 
17 47.9 453 42.7 41.6 37.6 35.5 33A 31.6 26.7 25.4 ' .38 
18 45.2 42.8 40.3 39.3 35~ 33.' 31 .6 29.' 25.2 24.0 8.03 

" 42.8 40~ 38~ 37.2 33.6 31.8 29.' 28.3 23.9 22.7 6.72 
20 40.7 38.' 383 35.3 31.9 30.' ,8.4 26.9 22.7 21.6 7.45 

21 38.8 36.7 34.' 33.7 lOA 28.7 27.1 25.6 21.6 20.6 ' .21 
22 37.0 35.0 33.0 32.1 n .• " .. ~ .. 2(.4 ~ .. 18.1 9.01 
23 35.4 33.5 31.5 30.7 " .• n.' ~., " .. 19.7 18.8 '.85 
24 33.9 32.1 30.' 29.' n .• n .• . .., .,. 18.1 , .. 10.73 
25 32.6 3 .. 29.' 28.3 11.64 

26 31 .3 29.6 27.9 27.2 12.59 
27 ~ .. .... n .• .. .. 13.57 
'8 n .• ". ~ .. ~2 14.60 
29 n., ... " .. ~A 15.66 

Load~ above upper hOl'"lzontallinea w ill product! maximum allowable shear In webs. 
Loada below lower horizontaillnos wlll produce exceMlve dcflectloM. 
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BEAMS 
AMERICAN STANDARD 

ESSENTIAl. DATA 

Maximum Shear 12 Kips per 
Squa,.. Inch 

... 
BEAM -

115" 
12" 

DATA 

: ~'''''''' : r p 
: 1 ':10 . .-.1 
l..---b---..i 

M aximum Bending Stress 18 Kips pel' Squa ... Inch 

ELEMENTS 

',-:,-::.,-""""''''.7' '''''"''.' ""'53'.6"'''"'''' 319.3 
S 1_' 67.8 64.2 60.S S8.9 153.2 
I ~ 1~ 1~ lU 1~6 1~ 
S fo2 5.9 5.7 5.4 5.3 6.2 

301.6 
50.3 
16.0 
5.' 

DIMENSIONS AND GAGES IN 

d 
b 
I 
P 
• Grip 
I 

• II usual 

I " 

284.1 
41.3 , .. 
5.5 

INCHES 
12 
5~ 

" " 2~ 
~ 

,~ 

'" 3 
2~ 

288.. ..... 
13.8 
5.3 

12 
5)4 
» 
" 2~ 
~ 
,~ 

'" 3 
2~ 

227.0 
37.' 
10.0 
3.' 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M max 
V mu 
L min 
fb 
fbI 
8min 
R m .. 
RA 
LRA 
Wt.CA 
RH 
LRH 
Wt.CH 
Q 

102 
117 
3A' 

,5boo 
'720 
<25 
70 
65 

6.26 
21 

130 
3.13 
30 

81' 

.. 
88 ,., , .... 

"50 
<25 
60 .. 

6.64 
21 
fl. 
3.32 
30 

770 

91 
81 

4.46 
'5000 
.760 
8.25 
49 
47 

7.n 
21 
95 

3.82 
30 

726 

88 
74 

'.79 
14720 
6035 <4, 
44 
43 

'.22 
21 
88 

4.11 
30 

707 

80 
117 
2.74 

'5000 
12150 
~60 
79 
49 

6.51 
15 
97 

3.29 
22 
638 

75 
99 

3.05 , .... 
10305 
6." 
67 
49 

6.16 
15 
97 

3.11 
22 

604 

71 
Sf 

3.49 
15000 
8475 .... 
55 

" 6.31 
15 
89 

3,19 
22 
568 

87 
68 .... 

'5000 
6900 
~60 

" ,. 
7.47 
15 
n 

3.73 
22 
538 

57 
62 

3.68 , .... 
6420 
~ .. 
42 
34 

6.67 
15 
87 

3.39 
30 
'54 

215.8 ,. .• 
'.5 
3.' 

12 
5 

" " 2» 
» 

,~ 

'" 3 
2;-, 

54 
50 

'.28 , .... 
5250 
~ .. 
34 
28 

7.71 
15 
55 

3.93 
30 

432 
Mmax _ Mu. Bending Moment In ll'oot.-KII!II. Vmu _ MILl:. Web SbQlU' In Klj)II. 
l .min _ ~11n. Sp&n In feet to d evelop VInal<. 
tb "'" Allo ..... ble Unl~ au- fO<' Web Uuckllnle In po!.lIKIa per aqua.re Inch. 
tbt ... Value of Web In Bucli:Ung per Inch of lengtb. In pound<!. 
n ruin =- ;\110. End De&ting In lochs to derolop Vmu. 
Rmu =- Mu. Y.od neac\1on In KIIJII ... hen U _ 3 loi". 
RA =- :\1u. Value otShop Rive""ln KI~ln one Connection 8er11ll A. See ll&8eot COnDflCtI0B8. 
ltU ... Ma.x. ValuootSbop Rlve""ln Klpeln ono Oonnoctlon SerIM II . Soo pagoot Oonnectl0B8. 

1U"ot Valuillin OU""tand1tlll LeKs m\l.'!lt be lnv8lJtlgated. 
LKA.LKR _ Min. Span In to'act to;> dovelop K1\ Ot' Rli. 
W~.OA.CU .... Weight In l)Ounda ot ono O:.mnoctlon ScrIOfl A or H. lncludlnll Web Rive"". 
Q = Coemclelltot lHrongtb _ 12 H,.,. 

T o obtain late uniformly distributed load In Kil)ll. divide Q by the required '!)an III toot. 
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BEAM BEAMS 

10"1 AMERICAN STANDARD 
8" ALl.OWABLE UNIFORM LOAOS IN KIPS 

LOADS Appll~.bl . only .... h.n Metl .. n ..... b •• C6d agalnlt lateral d.n..,tlon. 
For "nbraced .... don . .. f . 1 ..... 10 mu. t be red .. C6d . ... pege 184. 

Maximum Bendinlil Stress 18 Kips per Square Inch 

. 
Nominal O""", . nII no ..... WldIh-W-'Iht ptt Foot .... B10 10" x 4%" B 12 8" II 4" CotII'I,,11IIII 

'" • 
,~ .. 3S 30 2U 25.5 23 20.5 18.4 o. nettlon 

..... ..... ..... u. . ..... u.. ..... u.. --
177.' 142.6 lG7 .3 10z.1 84.1 ". , 126.4 116.6 106.8 74.4 68.1 64.' 50.' ~1.8 0.17 

• 94.' 87.5 80.1 73.' 51.0 48.1 45.2 42.7 0.30 
5 75.8 70.0 64.1 .... 40.8 38.5 36.1 34.1 Q.47 

• 63.' 58.' 53.' 48.8 34.0 32.1 30.1 28.4 0.67 
7 ... , SO.O 45.8 41.9 29.' 27.5 25.' 24.4 0.91 

• 47.4 43.7 40.1 36.' 25.5 24.1 22.' 21~ 1.19 
9 42.1 38.' 35.6 32.6 22.7 21.4 20.1 19.0 1.51 

10 37.9 35.0 32.0 29.' 20.' 19.3 ,., 17.1 '''' 
11 34.' 31~ 29.1 26.' 18.6 17~ 16A 15.5 ,~, 

12 31.6 29.' 26.7 24.4 17.0 16.0 15.1 14.2 '.68 
13 29.' 26.9 24.6 22.' 15.7 14.8 13.9 13.1 3.15 
14 27.1 25.0 22.' 20.' 14.6 13.7 12.9 12.2 3.65 

15 25.3 23.' 21A 19.5 13.1 12.8 12.13 u. 4.19 

16 23.7 21.9 20.0 18.3 12.8 12 .13 ,., 10.7 '.77 
17 22.' 20.' 18.8 17.2 lZ .0 ,U 10.& 10.0 5.38 

18 21.1 11.4 11.8 ,,~ 6.03 
19 ~. 18.4 16.1 15,4 '.n 
20 11.0 17.5 18.0 14.1 7.45 

Loads abo vo upper horlum t.a.l lines w lll produoo maximum allo wablo shear In welM. 
Loads below lower horlwn t.a.1 UnCllil will produce (lxcessive deflections. 
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BEAM BEAMS 
AMERICAN STANDARD 

ESSENTIAL DATA 110" 
8n 

Ma:r.imum Shoal' 12 Kips per 
Square Inch 

Maal mum Bending St!'eSS 18 Kips per Square Inch 

DATA 

I ===~i~;~~'~""'m~-::and fllnt. Wid\tt-Wlight pe, f oot ~~~=~==~ NotaIlDn r= B 10 10" X 4%" B 12 _~" .. 4" 

___ L~"'~""--...L-"'~ I ! I ~ , ~ , :! I ~~ I ~ 
ELEMENTS 

~-'-rn~-W~-W~T -..,,-.."'-=~-1 .-. 158.0 145.8 133.5 122.1 68.1 84.2 60.2 56.9 
S "1 31.6 29.2 2&.7 24.4 17.0 16.0 15.1 14.2 
I ,., 9.4 8.5 7.6 6.9 4.7 4A 4.0 3.8 
S ... , 3.7 3.4 3.2 3.0 2..2 2.1 2.0 1.9 

DIMENSIONS AND GAGES IN INCHES 
~d -----'~I~O---r~IOc--r~'Oc-C,~'0 ,~~.~-T~.,--,--•• --,-~.c--
b 5J.1 5 4~ 4U 4~ 4}i 43-1 4 
t ~ ~ ~ ~ ~ ~ ~ ~ 
p ~ ~ ~ ~ ~ ~ ~ ~ 
a 2}i 2}i 2}i 271 IJi H. 1% 1 ~ 
_ ~ ~ ~ ~ ~ ~ ~ M 
f 8888 &}i 8}i 6}i 6j4 
o 1 1 1 1 Ji Ji % Ji 
.-~ . . . . . . . . 
~ ~ ~ ~ ~ . . . . 
M max 
Vmu 
Lmin 
fb 
fbt 
B min 

~ R max 
RA 
LRA 
Wt.CA 
WI.CH 
Q 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

.7 .. 
2.13 

15000 
11115 
<50 
67 
65 

2.82 
15 
30 

379 

44 
71 

2.45 
15000 

"to 
<50 
53 
62 

2.83 
15 
30 

350 

40 
54 

2.88 
15000 
6705 
5.50 
40 

" 3.41 
15 
30 
320 

37 
37 

3.94 
15000 

'650 
5.50 
28 
33 

' .44 
15 
30 
293 

,. 
" 2.00 

15000 
7980 
4.40 
44 

" 1.82 
15 

204 

24 
42 

2.27 
15000 
6615 
4.40 
36 

" 2.09 
15 

192 

23 
34 

2.70 
15000 
5235 
'.40 
29 
37 

2.45 
15 

181 

21 
28 

3.29 
15000 
.050 
4.40 
22 
28 

3.04 

" 
170 

=- ],I..,., D(lII(Ilq Momew>tln Foot.-Klpt. Vma:o: _ Ma..:. Web Sbear 10 KIp'. 
= Min. Span In root to develop Vmu. 
= Alkl .. ablo Unit 8~ ror Web Duckllll8 In oound.I ~ 8C!.uanllnch. 
"'"" Valuo o f Web In Ducldlng per Inch of length. In ~ 
_ 1II1n. End Oearill8ln inch<!Ol to develop Vmu. 
_ Mn. End n oa.cU()D In KlpII ... hon U _ 3W'. 
_ :!.flU. ValuoofShop Rlvetsln H:'IM In one COnnection 8(or1eo A. Soo.-soofOon~o .... 
.." M&lE. V&.\uoofSb(ll) Rlvel.llin KiPiln ODe CQnoeetlon SerieI U . 800 pageo! Oounectloll8. 

RI ... et VnluOf In Outst.a.ndlng Lcga mun be InveoItlgatOO. 
LUA,Utll -= '\lIn. fhl&n In ¥oet to dOVlllop UA or lU I. 
W~.OA,OH """ WelKh~ In pounds o f OnO COlmection SerLOIS A or N , lucludlnjr W eb Rivets. 
Q """ COOfllciont o f !It.rongth =-= 12 8,.,. 

T o Obt&1o .... 8 unIton:nly dllltrlb\lted load in Kips, dlvldo Q by tho required span II! feet. 
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BEAM 

7"1 6" 

BEAMS 
AMERICAN STANDARD 

ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applicable only when sections are braced against lateral deflection. 
For un braced sections safe loads must be reduced, see page 184. 

Maximum Bending Stress 18 Kips per Square Inch 

Nominal Depth and Flange Widtl>-Weight per Foot 

Span B 13 7" x 3%" *B 42 B 14 6" x 3%" *B 41 
in {g1"x3~" JG6" x 3" 

Feet 
20 17.5 15.3 12 17.25 14.75 12.5 10 

Lbs. Lbs. Lbs. Lbs. Lb •• Lb •. Lb •• Lb •• --
15.6 67.0 49.4 

2 71.9 58.0 42.0 31.6 52.0 47.6 33.1 27.1 

3 47.9 44.5 41.4 31.5 34.7 31.8 29.0 23.6 
4 36.0 33.4 31.1 25.5 26.0 23.8 21.8 17.7 
5 28.8 26.7 24.8 2D.4 20.8 19.1 17.4 14.2 

6 24.0 22.3 20.7 17.0 17.3 15.9 14.5 11.8 
7 20.5 19.1 17.7 14.6 14.9 13.6 12.4 10.1 
8 18.0 16.7 15.5 12.8 13.0 11.9 10.9 8.9 
9 16.0 14.8 13.8 11.3 11.6 10.6 9.7 7.9 

10 14.4 13.4 12.4 10.2 10.4 9.5 8.7 1.1 

11 13.1 12.1 11.3 9.3 9.5 8.7 7.9 6.4 

12 12.0 11.1 10.4 8.5 8.7 7.9 7.3 5.9 

13 11.1 10.3 9.6 7.8 8.0 7.3 6.7 5.4 

14 10.3 9.5 8.9 7.3 

15 9.6 8.9 8.3 6.8 

Loads above upper honzontallmes wIll produce maXImum allowable shear m webs. 
Loads below lower horizontal lines will produce excessive deflections. 

*Standard Mill Section. not American Standard. , 

Coellicient 
of 

DeHeetion 

0.07 
0.17 
0.30 
0.47 

0.67 
0.91 
1.19 
1.51 
1.86 

2.25 
2.68 
3.15 
3.65 
4.19 

-, 

, . 

\ , 



••• 
, t , ,. BEAMS BEAM 

4"--t- ---:p , , IT' , r----, , AMERICAN STANDARD , , , 6" q I , , ESSENTIAL DATA , t ___ o --- -, DATA , 
I , , • l~ Maximum Shear 12 Kips per 
L~_ 

, , I' , ' 
Grip Square Inch : "1"~ : 

: , ... 1.-• . ; Maximum Bending Stress 18 Kip. per Square Inch , : 
"---b" -~ 

....... Dt!MII and 1'1_ WiIIIlI-w ...... ..., FIlM • 
813 7" x: 3%" 

- B 42 
814 6" x: 3~" - 8 41 

"~ .. ICIT" x: 3 ).i 1C16" .. 3" 

20 17.5 15.' "- 17.25 IUS 12.. 10 .... .... .... .... .... ""- .... ""-

ELEMENTS 

I 1-, 41.9 3ao ." 29A 2" 23.8 2fA 17A 
S '-l 12.' n., 10.4 ••• '.7 7.' 7.' 5.' , ". 3.1 2.' 2.7 2.1 2.' 2.1 1.8 1.3 
S ~ 1.6 1.6 I.. 1.18 1.3 a 1.1 • .85 

DIMENSIONS ANO GAGES IN INCHES 

d 7 7 7 7 6 6 8 6, 
b ' % 3l{ ' % ' % ' % ' % ' % 3 
I :<> % J{ " % % J{ ~ 
p % % % " % % % " • 1l{ 1l{ 1l{ 1% 1% 1% 1% 1% 
Grip • % % " % % l1i " I 5% 5'i 5li 5" ' % ' % ' % ' l{ 

• " " " % l{ l{ l{ % 
g usual 2J{ 2J{ 2J{ 2 2 2 2 1l{ 
g. 2 2 2 1% 2 2 2 1% 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M max 18 17 16 13 13 12 "nf V max 38 29 21 16 33 " 17 14.0 
Lmin 1.90 2.30 2.96 3.23 U. 1.93 2.63 2.62 
Ib 15000 lSOOO lSOOO 14620 15000 lSOOO 15000 15000 
IbI 8750 5175 3750 2750 6975 5145 3450 2820 
Bmin 3.85 '.85 '.85 '.00 3.30 3.30 3.3' 3.30 
R max 35 27 20 14 35 " 17 14 
RA 24 16 13 9 24 16 12 9 
LRA '.00 '.70 '.60 1.52 2.18 2.63 3.65 1.69 
Wt.CA 6 • 8 6 6 8 8 8 
Q 144 133 125 102 104 95 .. n 
",......, _ Mu. Beadlng Moment In Poot.-KiPL Vmax _ 1'011..1. Web Sh.,..-In Kips. 
LmlD _ Min. S~ In teet to de velw, Vou",: . 
tb _ Allowa Ie Unit Stn. for eb Buclr.lIlltf In ~d.s ~ aqua>'(! Ineb. 
rbt _ Value or Web In BUc:klln~ per-Inch of Img . in poundt. 
Il min _ Min. End 8carlng In inc.,., to develop Vrnu. 
Rm.a.x _ Mu. End Rtla.ctlon In Klpa when n _ a).f'. 
RA _ M u. Value of Shop mvel4 In Klpain ono Connoctlon Serl.,., A. Boo I)&t«l or Connection.. 
LRA _ Min. Span in roet to develop RA. 
Wt.CA _ W~t In powutll of one Connection SOrt.,., A. tncludt"8 Web IUvOU. 
Q -Ooe c!ootofStrengtb _ 12S,.,. 

To obl&ln we uniformly distributed kload In Kipll, divide Q by the reo.uinld Wpan In fflllli. 
·Standatd. :\l iU8ecUon. not American S~ard. 
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BEAM BEAMS 5"1 AMERICAN STANDARD 4" 
3" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppUc.abla on I), wha" _tlo" .... b ... eed o,llnlt lata, ol deflection. 
1'0' "nb ... <*:! _ tlon l .. t. I_d, rnun '" .. du ... d, _ P'" tu. 

Maximum BendIng Stroll 18 Kips por Square Inch 

, , .,.,....~ Mon. .. D""" ..... fl.,... WiIHI w"""",. rOOM - .IS 5" x 3" • 16 4" x25 " • 17 3" x 2~" • 
~ I 

I • ,~ 14.75 U-25 10 10.5 9.5 I 1.5 7.7 7.5 5.7 "" .... u.. u.. --""- COo. u.. u.. u.. u.. ..... 
I -- H.' 

1 au (1.1 " .. ,,. 'U 11.2 23.1 18.1 11.2 0.02 , ~132:4' ~., 21.3 20.1 18.9 17.9 11 .5 10.7 ••• 0.07 , 24.1 21.8 19.3 14.2 13.4 12.6 11.9 7.7 7.1 6.6 0.17 

• 18.1 lU 14.5 10.8 10.0 9.5 8.' 5.8 5.' 5.0 0.30 
5 14.4 13.0 11.6 8.5 8.0 7.6 7.' '.8 ' .3 '.0 0.47 -
8 12.0 1M 9.7 7.1 8.7 8.' 8.0 u u U 0.67 
7 10.3 '.3 a, 6.1 ~7 5.' 5.1 U I.' u 0.91 
8 '.0 8.1 7.' u .. .., ••• U U ... 1.19 , ... " ••• .., ••• .., ••• Ul 

10 '-' u ... ... OJ U ... 1.86 

11 ... ... 
I 

U '~5 . -
1.0a.d8 a.bovo UPJ)CI' borlzolltaIU",,. will pl'Od\l<=tl mulmurn a llowable 'hoar III. .. ebl.. 
Load!! belo" 10"01' horiaoutailinet "III produ(:ltl eJ:ee&Sive defiootlom . 

• 



BEAMS 
AMERICAN STANDARD 

ESSENTIAL DATA 

Maximum Shea r 12 Kip. per 
Square Inch 

BEAM 

15" 
4" 
3" 

DATA 

'<7 

MaJdmum Bending Stress 18 Kips per Square Inch 

B 15 5" x3" 
N ....... Dtpd\1OMI n.,.. W"odth--Wllt/tl,.. Feal ~::;:::::;=;;:;::: 

B 16 4" x 2%" B 17 3" x 2lL..-, ..... 
14.15 

__ ...L} .... 
12.25 ..... I ~O 10.5 [ 9.5 I '.5 I 7.7 ?~._' 1 6.5 \ 5.7 

I.ba. Lilt. I.ba. Lbo. w... Lbo.~ .. 

I '-1 1 15.0 13.5 
S L-I 6.0 I , .• 
I ..... 1.7 1.4 
~S~.~' __ -c_' .. '0-c~0~.9~'-,. 

12.1 
'4.1 
1., 
0.82 

ELEMENTS 

7.' 
3.' 
1.0 
0.70 

6.7 
3.3 
0.91 
0." 

6.3 
3~ 

0.83 
0.61 

.0 
3.0 
o.n 
0.58 

DIMENSIONS AND GAGES IN INCHES 

d 
b , 
P 

• 
Grip 
f 

• 
9 usual 
g, 

,--,,,,--r 
3M' 3}i 
H ~ 

" " p ' 1~ 

" " 3'" 3% 

" " 1~ 1~ , , 

, 
3 
)i 

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

4 

I 'S 
' )i 

" '" " ' % 
2 

4 

'" " " ' )i 

" '" " ' % 
2 

4 

'" )i. 

" ' )i 

" '" " ' % 
2 

4 

" 1 

" " ' )i 

" '" " ' % , 

2.9 ' 2.7 
1.9 La 
0.59 l 0.51 
0.47 0.43 

3 
23 \1 j 

)i 
)i 

' )i 
)i ,,. 
" ' % 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC • 

2.' 
1.7 
0.46 
0,40 

3 

'" ". )i 

' )i 

" ' }! 

" ' % 

...-,...-..--M max 9.0 8.1 7.2 5.3 5.0 4.8 4.5 2.9 2.7 2.8 
V max 30 21 13 19 16 12 9.1 13 9.0 6.1 
l min 1.22 1.56 2.30 1.11 1.28 1.56 1.96 0.92 1.18 1.62 
fb 15000 15000 15000 15000 15000 15000 15000 15000 15000 15000 
fbt 1410 5205 3150 6000 4890 3795 2850 5235 3765 2550 
B min 2.75 2.75 2.75 2.20 2.20 2.2tl 2.20 1.65 1.65 1.£5 
Amax 35 25 Hi 27 22 17 13 22 16 11 
AA 28 18 11 
LAA 1.38 1.80 2.82 
Wt.CA 8 8 8 

~Q~~~7n~~~"~==~~~~4'~L-~=-~=M~~~M~~'~3~~n.~~~~ Mmu _ Mu. Bcodlng Momen~ In JPoot,.Kipa. VmaJ: _ Mu. Web Shear In Klpa. 
l,mID _ MID. Span ID ree' 10 develop VmaJ:. 
fb _ Al lo..,.ble Unl~ St.-for Web Bueldlng In IN)UIIds per ~WU"e loci 
fbt _ Value or W eb In Buckling pel" inch or len!(tb. ID poundA:. 
n min _ MIn. F.nd Beuln" In IncheollO deV('lolI Vl"Ila%. 
Rmax _ Mu. End R eaction In KlpII when n _ 3H". 
RX _ :\Iu. Value of Shop RlveulD Kipllin one Connection Berte- A. Boo palfe or ConuoctlonL 
LRA _ ~lIn . Span 10 fOO\ 10 deveklp RA. 
W~OA _ Wcla"ht In poundA: or one Oonnect.ioa. St!rIOi A. including Web Rlveu. 
Q _ Ooei'lldooto1Stl'eI\II:th _ 12S,.,. 

To obta1o ate unU'ormIy distributed. IoI.d In Kip". dIvido Q by the nloqulre(l .pII.D In reM.. 
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H-BEAM H-BEAMS s"I " 4" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applicable onlJ' whan sectlon l .... braced _lIalnn late • .,1 danKtlon. 
Fo. "nb •• ced _dona ... 'aload. mUlt be ..... uced. _ .. alII 1M. 

Maximum Bendinll Stress 18 Kips per Square Inch 

No .... ", 0ePttt aIIId flange Wkllll-W ..... , I*' r oot 

,- H 4 H 3. H 3 H 2 J H 1 "'....,. 
" 

8" )( 8" 6" x 6" 6" x 6" 5" x 5' 4" x 4' • ,-, ""'-37.7 34.3 32.6 27.5 25 22.' 20 lI.' 13.' 
<b •• ~. UN. UN. UN. UN. ..... <b •• ,~ 

~. 

3 M.' ~., ... ,,. 21~ 0.17 

• 90.6 no ,,~ ~., 41.0 •• 2M 15.9 ~30 

• 72.' 69.4 M.' 39A 37.6 32.8 31.0 22.8 12.7 OA7 

8 60A 57~ 56A 32.9 31A 27A 25.9 19.0 10.6 "7 
7 .U 49.5 48.3 28.2 26.9 23.4 22~ 16.3 9.' ~91 

8 A'~ 43A 42.3 24.6 23.' 20.' 19.4 14~ .. 1.19 

• 40~ 3M 31.6 21.9 20.9 18.2 17.2 ,u ,., ,~, 

10 36.2 34.7 33.8 19.7 , .. 18A 15.5 ,u ... U. 

11 32.9 31.5 30.8 11.' 11.1 14.1 .. , , ... 2~' 
12 30.2 26.9 26.2 , .. 15.1 13.1 , .. .... 
13 27.9 26.7 26.0 I U ,u ,,. 11.' 3.15 
14 25.9 24~ 24.2 3.65 
15 ,.., 

~ 
.... 4.19 

18 ... , 21 .7 21.2 4.77 
17 ,u mA ,u .~ 

Lo&ds above upper bortzontai llnea w ill produce maximum allowable Ibear In wobl!. 
Loadt below lower borlrontal liDeI will produce excealve de1lectloo. . 

. 
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-.. J. ...... -1 • 2 I • 

f-~-:i: '-~~ p I ,f'"----- , , , 
: ' 
d f 
i ~------ ,Fi} 
..... T",,~ 

I : L..--g--J i Grip 
I 'I I 
: t o+, ... -a-~ 

H-BEAM 

ESSENTIAL DATA I S" 
to 
4" 

H-BEAMS 

DATA 
Maximum Shear 12 Kips per 

Square Inch 

:....----b----...: Maximum Bending Stress 18 Kips per Square Inch 

Nominal Depth and Flange Width-Weight per Foot 

H 4 H 3A H 3 H 2 
Notation 8" x 8" 6" x 6" 6" x 6" 5" x 5" 

37.7 I 34.3 I 32.6 27.5 I 25 22.5 I 20 18.9 
Lb •• Lb •• Lb • • Lb •• Lb •• Lb •• Lb •. Lb •• 

ELEMENTS 

I .-. 120.8 115.5 112.8 49.3 47.0 41.0 38.8 23.8 

S .-. 30.2 28.9 28.2 16.4 15.7 13.7 12.9 9.5 
I 2-' 36.9 35.1 34.2 16.0 14.9 12.2 11.4 7.8 
S 2- 2 9.1 8.8 8.6 5.3 5.0 4.0 3.8 3.1 

DIMENSIONS AND GAGES IN INCHES 

d 8 8 8 6 6 6 6 5 
b 8Ys 8 7% 6716 5% 6716 5% 5 
t yz % .% Jl5 .% % ~ .% 
p Jl5 Jl5 Jl5 yz yz % % Jl5 
a 3% 3% 3% 2% 2% 2Ys 2Ys 2% 
Grip Jl5 Jl5 Jl5 yz yz % % J16 
f 6~ 6~ 6~ 4~ 4~ 4% 4% 3% 
0 Ys Ys Ys Ys Ys % % % 
g usual 5 5 5 3yz 3yz 3yz 3yz 2%; 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M max 45 43 42 25 24 21 19 14 
V max 48 36 30 32 23 27 18 19 
L min 3.78 4.82 5.63 3.12 4.18 3.04 4.30 3.04 
fb 15000 15000 15000 15000 15000 15000 15000 15000 
fbt 7500 5625 4695 6570 4695 5625 3750 4695 
B min 4.40 4.40 4.40 3.30 3.30 3.30 3.30 2.75 
R max 41 31 26 33 23 28 19 22 
RA 53 39 33 23 16 20 13 16 
LRA 3.42 4.45 5.13 4.28 5.89 4.11 5.95 3.56 
Wt.CA 15 15 15 8 8 8 8 8 
Q 362 347 338 197 188 164 155 114 
Mmax = Max. Bendmg Moment in Foot-Kips. Vmax = Max. Web Shear in Kips. 
Lmin = Min. Span in feet to develop Vmax. 
fb = Allowable Unit Stress for Web Buckling in pounds per square inch. 
fbt = Value of Web in Buckling per inch of length, in pounds. 
B min = Min. End Bearing in inches to develop Vmax. 

H 1 
4" x 4" 

13.8 
Lb •• 

10.7 
5.3 
3.6 
1.8 

4 
4 
% 
% 

lYs 
% 

2yz 
%; 

2~ 

8 
15 

2.12 
15000 
4695 
2.20 
21 

64 

Rmax = Max. End Reaction in Kips when B = 3J.il". 
RA = Max. Value of Shop Rivets in Kips in one Connection Series A. See page of Connections. 
LRA = Min. Span in feet to develop RA. 
Wt.CA = Weight in pounds of one Connection Series A, lucludlng Web Rivets. 
Q = Coefficient of Strength = 12 S._ •. 

To obtain safe uniformly distributed load In Kips, divide Q by the required span in feet. 



CHANNEL CHANNELS 
181 AMERICAN STANDARD 
15" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appllubl . onl,. wh. n .... tlon l • • 0 brae.<! a llaln l t la teral d.f1..,tlon. 
For unbrac"! _lonlu'. load l mUlt t>- ..... " ... d. IM pall. 1&4. 

Maximum Bending Stress 18 Kips per Square Ineh 

Nominal o.pth and F1~ WIdUI~Wtlghl'" Foot 
,~ 

ICI · C 60 18" x 4" C 1 IS" x ~" 
CoeIIk:lent 

" • 
'"' 58.' 

, 
51.9 45.8 42.7 55 SO 45 40 

~ 
33.9 D.,..lIoII 

"'. "'. ... 
~ 

... ... ... ... "' . "'. 
m.< "" 257.8 "'" 187.2 , 298.1 259.2 " ... '~A m.' 214.2 1 199., 184.7 151.& 144.0 0.17 , 223.6 207.4 191.2 183.'1 171.6 160.7 149.5 138.5 127.5 125.0 0.30 , 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.' 0.67 
7 127.8 118.5 109.2 164.6 98.1 91.8 85.5 79.2 72.9 71.4 0.91 
8 111.8 103.7 95.6 91.5 85.8 80.3 74.8 69.3 63.7 62.5 1.19 
9 99A 92.2 85.0 81.4 76.3 71.4 66.5 61.6 56.7 55.6 1.51 

10 89A 83,0 76.5 73.2 68.6 64.' 59.8 55.4 51.0 50.' U6 

11 81.3 75.4 69.5 66.6 62A 58.4 54.' SOA 46A 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.' 63.8 58.8 56.3 52.8 49.4 46.0 42.6 39.2 38.5 3.15 
14 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 36.9 34,0 33~ 4.19 

16 55.9 51.8 47.8 45.8 42.9 40.2 37.4 34.8 31.9 31.3 '.n 
17 52.6 48.8 45.0 43.1 4DA 37.8 35.2 32.6 30.0 29A 5.38 
18 49.7 46.1 42.5 40.7 38.1 35.7 33.2 30.8 28.3 27.8 S.03 
19 47.1 43.7 40.2 38.5 36.1 33.8 31.5 29.2 26.8 26.3 S.n 
20 44.7 41.5 ,U 36.6 34~ 32.1 29.9 27.7 25.5 25.0 7A' 

21 42.6 39.5 36A 34.9 32.7 30.6 28.5 26.4 24.3 23.8 8.21 
22 40.7 37.7 34.' 33.' 'U 29.2 27.2 25.2 23.2 22.7 9.01 
23 38.9 36.1 33.2 31.8 29.8 27.9 26.0 24.1 22.2 21.7 9.85 
24 37.3 34.6 31.9 30.5 28.6 26.8 24.9 23.1 21.2 20.8 10.71 
25 35.8 33.2 , ... 29.3 27.5 25.7 23.9 22.2 20.4 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 ••• ••• "" W •• ... .. . 13.57 
28 31.9 29.6 27.3 26.2 '05 .A 21.4 lU '" 17.$ 14.60 
29 30.8 28.6 26A 25~ .. , "" m • 1'.1 17.' ,u 15.66 
30 29.8 27.7 25.5 24A 16.76 

31 28.8 26.8 24.7 23.6 17.89 
32 28.0 25.9 23.9 22.9 19.07 
33 n.' .. , ., "" 20.Z8 
34 ,.., ,... "-' '" 21.53 
35 "' "., 'U W.O 22.81 

Loads above upper horlwntalllnCOl ,,'111 produce madmum allowable .he&!' In wet.. 
Loads below lower horlrontalUneo wm ~roduce eXCCIISh'e deUecUonB. 

·0 6O-1S" Channol, Ia a Ship Bulldlll.l( 0 annlll, not American StandlU'd. 



CHANNELS 
AMERICAN STANDARD 

ESSENTIAL DATA 

Madmum Shear 12 Kips per 
Square Inch 

• • 1 

CHANNEL 

[
18" 
15" 

DATA 

Maximum Bending Stress 18 Kips per Square Inch 

C-C 60 18" II 4" C 1 15" II 3' " ...... 
~ 1 ~ I ~ r ca! J! I ~ ~ l ~ 

ELEMENTS 

I 1' 1 

S 1' 1 

I '-I 
S 1_' 

670.7 622.' 573.5 549.2 429.0 401.4 373.9 348.3 
74.5 65.1 fil .7 61.0 572 53.6 49.8 462 
18.5 17.1 15.8 15.0 12.1 11.2 10.3 9.3 
5.6 5.3 5.1 4.9 4. ' 3.8 3.6 3.4 

d 18 
b 4)( · " · " a ' )i 
Grip ~ 

f 15~ · ," 9 usual 2~ 

II- 2", 

DIMENSIONS AND GAGES IN INCHES 

18 18 18 15 15 15 15 
4~ 4 4 3% 3'" 3~ 3~ 

" )i ~ " ~ " " " " " " " " " 3J.i 3~ l ).i 3 3 3 3 

" " " " " " " 153,4 15~ 1~ 12"i 12~ 12~ 12~ 

1 ~ 1~ 1~ 1~ 1 ~ l U 1~ 
2~ 2~ 2~ 2~ 2X 2~ 2 
2", 2'" 2'" 2'" 2", 2'" 2'" 

35 .... 33.9 .... 

318.7 312.6 
42.5 41.7 
8.4 8.2 
3.2 3.2 

15 

'" ~ 
" , 
" "" ," , 

,~ 

15 

'" ~ 
" , 
" "" 1" , ,,. 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M "'" 
V "'" 
l min f. 
fbI 
B min 
R mu 
RA 
LRA 
Wt.CA 
Q 

112 
151 

' .96 
15000 
10500 .... 

94 
65 

6.88 
2t ... 

.04 

"" '.2<l 
15000 
9tlOO 
9.90 
72 

" 6.58 
2t 
629 

96 
1(" 
'.54 

14800 
7400 
10.09 

" 53 
7.21 
2t 

764 

" 97 
' .n 

14210 

"'" 10.70 
51 
47 

7.79 
2t 
732 

86 
147 
' .M 

15000 
12210 
U5 
89 
65 

5.29 
2t ... 

60 
.29 
' .50 

15000 
10740 
U5 
78 
65 

4.95 
21 
64' 

75 
11. 
2.69 

15000 
m. 
9.25 
67 
65 

4." 
21 

588 

69 .. 
' .96 

15000 
7600 
U5 
57 
55 

5.04 
21 

554 

94 
76 

' .16 
14870 
6275 
8.36 
45 
44 

5.60 
21 
51. 

M rna .. _ Mu. lJending Moment In Foot.-Klpt. Vmax _ Max. Web 81Hw In KIp' . 
Lmln _ MID. Spall In toot to develop Vmu. 
tb _ Allowable Unit S~ tor Web DuCl< IIna: io J)OUll(h per,.quare loch. 
fbt _ Vall>fl ot Web 1.11 Dl1CI<ltoa per Inch ot lengtli, 1.11 pou.n~. 
B min _ M in. EDd Bearing In locliei to deveklp Vrnu. 

" n 
lA6 

14"" 
5835 
8.59 

" " 5.96 
21 

500 

Rrnu _ M ..... End Rea.c11oD in Ki~ wben B _ 3li". 
R A _ MaL Value of Sbop Rlv~ In K.IJ:» In OIIe Ooooectk>D 8er11'lll A . See pafl'e of Oonneetlold. 
LRi\. _ MID. SJ:»D in teet to develop Ri\. . 
W t.OA _ WoIII:ht In pouo~ ot one OonnecUoa 8eriee A.lncluding Web R lne.. 
Q - OoelI'JdentotS~t..b _ 1 2 S, _,. 

To obtain ate unilOrroIJ' dlstrlbuWld 10M. In K.iplJ, d lride Q by t be required .pan In feet.. 
· 0 &0-18" , I. a Ship Bulld llul: Cba.nnel , not American 8 t.aodard. 

• 



2.2 

c~;~r I CHANNELS 
AMERICAN STANDARD 

I 
12" A LLOWABLE UN I FORM LOADS IN KIPS 

LOADS I Ap"" .... bl. onl, whon _tlon' ... b~_ .. ,In., IU .... d_tlon. 
F'D~ unbn ... ..t NUlona .. ,.Ioad, rn .. at be ,..due"', _ PII9.114 . 

M aximum Bendi ng Stre .. 18 Kips per Square I nc: h 

HomInIoI Dt(IIIII ..... "..... WkI\II-Woight '* root .... C20 .,3" )( ' " C 2 12" :r. 3" --.. 
• • ,- 50 " 40 31 3S 3U .. 35 30 23 20.7 """' ... .... .... .... .... .... .... .... ,~ .... .... .... 

I 217.4 "". • .. " .,. 174.7 196.5 ,,... , ... 111.5 0.07 
3 192.6 179.7 rrn:o "" '''' 117.D 131.0 119..2 101.5 95.7 .... ~17 

4 144A 134.8 125.2 119.5 115.1 109. 983 89A BO.' 71~ 64.1 0.30 \ 
5 115.5 107.8 100.2 95.6 92.' 81.7 76.' 71.' 64.' 51.4 51.2 OA7 

• 663 89.9 63.5 79·7 77.1 73.1 65.5 59.6 53.7 41.8 42.7 0.67 
7 82.5 77.0 71.6 68.3 66.1 62.6 56.2 51.1 46.1 41.0 36.6 0.91 

• 72.' 67A 5U 69.7 57.S 54.8 49.1 44.7 40.3 35~ 32.0 1.19 
9 64.' 59.' "7 53.1 51A 48.7 43.7 39.7 35.8 31.9 28.5 1.51 

10 57~ 53.9 5<).1 47.8 493 4U 393 ". 32.2 28.7 25.8 1.86 , 
11 52~ 49~ 45.' 43.' 42.1 39.9 35.7 J2~ 29.3 26.1 233 '2' 
12 48.1 44.9 41.7 39~ ... 36.' 32.9 29~ 26.9 23.9 21A '.58 
13 44A 41.5 38.5 36~ 35.6 33.7 30.' 27.5 .... 22.1 19.7 3.15 
14 413 = 35~ 34.1 33.1 313 28.1 25.5 .13.0 20.' 163 3.65 
15 38.' 35.9 33.4 31,9 30.9 29.' 26.2 23. 21 .5 19.1 17.1 4.19 

16 36.1 33.7 31.3 29.9 28.9 27.4 24.6 223 20.2 17.9 16.0 4.77 
17 34.0 31.7 29.' 28.1 27.2 25.8 23.1 21.0 19~ 16.9 15.1 '.38 
16 32.1 30.0 21·' 26.' 25.7 24A 21. lU 17.9 15.9 142 6.03 
19 lOA 28A 26A 252 24A 23.1 20.7 10. 17.0 15.1 13.5 5.72 
20 28.9 21.0 25.0 23.9 23.1 21 .9 19.7 17.9 16.1 14.4 12~ 7A' 

21 .75 25.7 23.9 22~ 22.0 20.9 18.7 17.0 15A 13.7 12.2 621 
22 263 24.5 22.8 21.7 21.0 19.9 ,,. 'u ,., , .. ... 9.01 
23 25.1 23A 21.8 20~ 20.1 ,~ 17.1 '" , ... ,.., 11.1 9.85 
24 ~., .... .... 'u 'u ,.., 

'" , ... '" '" ,., 10.73 
25 n.' , .. ""' le. l 'u '" 11.64 

J 
26 '" ~., 'u '" 17.8 , .. 12.59 

Load. above upper borlwntalllll\llll will produce mAXimum allowable ehe...- In .. "bII. 
~ below lowe.- boraontaJ IInOl .... 1II produce exoc.slve deftcctloll8. 



I 1'1 

S I _ I 

1 , .• 
S t., 

. 312.9 292.0 
48.1 44.9 
16.7 15.3 
4.9 4.6 

CHANNELS 
AMERICAN STANDARD 

ESSENTIAL DATA 

Maximum Shear 12 Kips pel' 

Square Inch 

20. 

CHANNEL 

[
13" 
12" 

DATA 

Maximum Bonding Stress 18 Kips per Square Inch 

27lA 
41.7 
13.9 
4.3 

258.9 
39.8 
13.0 
4.' 

ELEMENTS 

250.7 
38.6 
12.5 
4.0 

237.5 1 
365 
11.6 
3.' 

196.5 
32.8 

••• 
2.5 . 

178.8 
29.8 

5.' 
'.3 

DIMENSIONS AND GAGES IN INCHES 

161.2 
26.' 
5.' 
'.1 

143.5 
23.' 
4.5 
1.9 

128.1 
2U 
3.' 
1.7 

d 13 13 13 13 13 13 ' 12 12 12 12 12 
b 4~ 4.!4' 4~ 4H 41" 4 3% 3U 3.J.i 3 3 

t "" 
~ K n H H ~ H H ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ H H H H H 

p ~ ~ 
a 3;i 3~ 

Grip '" '" I 10~ 10~ 10~ lDSA 1~ 10~ 9>11 9J.i 9J,i 9J,i 9J.i 

o 1% ," I,. 1" 1" , ,, 1 ~ l Ji 1711 ,~ 1 ~ 

o usual 2~ 2~ 2H 231 2M 2M 2 2 l H l H 1~ 
O. 2~ 2~ 2~ 2~ 2U 2H.'-~'~~UL-"~OU-"'~~LL~'~~UL-"~OL 

M """ 
V """ 
Lmln 
Ib 
fbI 
B min 
R m" 
RA 
LRA 
WtCA 
Q 

72 
123 
2.35 

15000 
11805 
7.15 .. 
" 5.89 
15 
on 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

676360 58 5549 ' 4540 / 38 32 
100 ~ n 70 ~ 100 91 n ~ ~ 

2.57 2.86 3.11 3.32 3.74 1.81 1.97 2..20 2.51 3.19 
15000 15000 15000 15000 15000 15000 15000 15000 15000 13780 
10095 8400 7380 6roS 5625 11325 9480 7650 5805 3860 
7.15 7.15 7.15 7.15 1;15 6.60 6.60 6.60 6.60 7.45 
~ ~ 50 45 ~ M ~ 50 ~ ~ 

~ « ~ " 3D 49 49 40 ~ ~ 
5.50 5.69 6.12 6.62 7.30 4.02 3.65 4.04 4.78 5.84 
15 15 15 15 15 15 15 15 15 15 
539 500 478 463 438 394 358 32"3,",,:-,28,,,,-7-,--~25",7,--

Mmax _ "'IU'. DerIding Momont In F'oot.-Klpil. VUlIU' = MIU'. Web Sbe&.l' In Kipa. 
LmJ.n _ Min. Span In root 10 develop VmlU'. 
fb _ Allowable Unit Su.:. for Web Iluckllng In pOunds per' liQuare Inch. 
tbt _ Valuo or Web in Buckling per inch of length. In pound&. 
B min _ Min. End Bevlng in inem. 10 de\"clop "max. 
Rmax _ " In. End Rea.ctlonln KlpII"b£oo U _ 3J.t". 
RA _ Mn. Value of Shop RI>,e~ In KlpIIln one Connection Series A. .see page ot OonnecttolW. 
I, RA _ Min. Span In feet to dewlop RA. 
W,,-OA _ WelsrM In poundt or one OO'lRectkm Sertw A. Indudlng W eb m>,et.I. 
Q - CoofIlclcntof Strength _ 12 g,.,. 

To obta\D Ate uniformly dlstrtb\1ted load In l{]pII. divide Q by the nIIlu lted _pan In teet 



r 2" 
-

CHANNELS CHANNEL 

lOT AMERICAN STANDARD 
9" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applicabl e only whan _tlon ..... b ........ agai n ... laUral dM'l..,tlon. 
For .. nb •• .,..! _tlono .. ' . Ioad, must 1M Nducoed, _ pa,_ 184. 

Max.imum Bending Stress 18 Kips per Square Inch 

) 

N~mINI OOllClo _ f'Ianee Width Wtlthll*' FOOl 
S~ C3 . 10" II ~4" C • g" x 2}j" Coellld ... t 

" • ,~ 3S 30 2S 20 15.3 2S 

I 
20 15 13.' O.ft&tlon 

'" w., ..... u.. ..... w. •. ..... L~ •. u., .... leu .,.., on, .... 
2 138.3 123.6 108.9 ". 57.8 94.D ".8 -..!!.:.L U., 0.07 ---
3 92.2 82A n.s 62.8 53.5 62.7 53.8 45.0 42.1 0.17 

• 69.1 61.8 54A 47.1 40.1 47.0 4DA 33.8 31.5 0.30 

• 55.3 49.4 43.5 37.7 32.1 37.6 32.3 27.0 25~ DA7 

6 46.1 41.2 36.3 31 .4 28.8 31.4 26.9 22.' 21.0 0.67 
7 39.' 35.3 31.1 26.9 22.' 26.9 23.1 19.3 18.0 0.91 
8 34.6 30.9 27.2 23.5 20.1 23.5 20.2 16.9 15.8 1.19 

• 30.7 27.5 24.2 20.9 17.8 2Q.9 11.9 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 ,.6 

11 25.1 22.' 19.B 17.1 14.6 17.1 14.7 12.3 11.5 U. 
12 23.0 20.6 18.1 15.7 13.4 15.7 13.5 11.3 10.5 2.68 
13 21.3 19.0 16.7 14.5 12~ 14.5 12A IDA '.7 3.15 
14 19.8 17.7 15.6 13.5 11.5 13.4 11.5 '.7 '.0 3.65 
15 lSA 16.5 14.5 12.6 10.7 12.5 10.8 '.D 8.' 4.19 

16 17.3 15A 13.6 11.8 10.0 11 .8 10.1 SA 7.' 4.77 
, 

---17 16.3 14.5 12.8 11.1 ••• 11.1 ••• " , .. 5.38 -18 .... 13.1 '" ... • • 10.4 •• , .. , .. 6.03 
19 .. , ". 'u ••• .... ••• • •• , .. .. 

I 
6.72 

20 .,. '20 10.11 ••• ,.., 7AS 

Load!Ia.t>ovo up per lIorlzoll t.8.I Umlll will produce ma.dmum allowable 3hoa.~ In .... obtl. 
Load!! bolow lower boriaontallinOil will produoo e:u:e81uvo dcllOCtloIlA. 



r-- ______________________________________________ ~2~.~. 

CHANNELS 
AMERICAN STANDARD 

CHANNEL 

ESSENTIAL DATA 
[

10" 
9" 

DATA 
M. dmum Shear 12 Kips per 

Square Inch 

Maximum Bendln" Stress 18 Kips per Squa re Inch 

ELEM ENTS 
~--,~TW~ ... ~~~Tm,,= I I_I 11 5.2 103.0 90.7 78.S 66.9 ro.5 60.8 50.1 
5 1' 1 23.0 2D.6 18.1 15.1 13.4 15.7 U .S 11.3 
I ._. 4.6 4.0 3.4 2.8 2.3 3.0 2.4 1.9 
!!:"_ -' __ '~.9'__'_~'~.7'__'_~'~.''__'__'1.3 1.2 1A 1.2 1.0 

47.3 
10.5 
1.8 

0.91 

DIMENSIONS AND GA.G.;:E=S-,I;:Nc..':;:N:::C:.:H:;E::S .. __ .--.--, __ ,,_ 
.' ----"'""'1'".--.,-",.,-, 10 10 10 9 9 9 9 
b l Vs 3 2Ji 2~ 2% 2U 2U 2M 2n 
t ~ ~ ~ ~ ~ U ~ ~ U 
, M . MM. • • • • . ., ~ ~ ~ ~ ~ ~ ~ ~ 
Gllp 7'l 7, 7, Jii Jii Ji Jii Jii ~Ii 
f 8~ 8)4 81'8 S.L 8 BYs 7U 7~ 7U 7U 
o ~ ~ ~ ~ ~ YI YI YI YI 
g usual 1 ~ 1~ 1 ~ 1% 1M I 17S 1M 1~ 1 ~ 
g, ~2~2-L_~2~2-L_~2~~L-~2~~L-~2~~Ll~2~~,_"~2~~,_"~2~~ ~~2~2-

M """ 
V """ 
L mln 
fb 
fbI 
B mIn 
R""" 
RA 
LRA 
Wt.CA 
Q 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

~ 31 ~ ~ ~ ~ ~ 17 
~ 81 ~ ~ H ~ a 31 

l AO 1.53 I.n 2.07 2.79 1.43 1.67 2.20 
15000 15(l()O 15000 15000 13960 15000 16000 15000 
12300 10095 7800 5685 3350 i l 80 6720 4275 
5.50 5.50 5.50 5.50 6.10 4.95 4.95 4.95 
~ 61 U ~ ~ ~ ~ ~ 

~ ~ ~ 40 H M 47 ~ 

2.12 1.90 1.97 2.36 3.22 1.47 1.72 2.26 
15 15 15 15 15 16 15 115 

276 247 217 188 161 188 162 136 
M max _ MAX. Drndlng Mom6ll~ ln F(M) .... KlpIJ. Vrnax "'" M u . Web 8beu In KII_ 
1,lItin _ t>Un. Spa:. in teet- to dlIvdop Vmax. 
tb _ Alia".!)"" ,nIt Stl"OlSll t/Jlt Web DuckUn!j: in poun<a per 1I(Iu&re Inch. 
tbt _ V.lllo of Web In l.lucJdlng per ineh ot loogth. In pounds. 
Ii min _ M In. End Boftring In Inchs to develop" 1\l.U. 

16 
25 

~" 1_ 
3300 

'" " 24 
2~3 

15 

'" 

Rmu _ ;\Iu. ~; nd R eaction In k'" whl'D II _ 3W'. 
RA _ Max. \" .Iuo Or Shop R h·eta In KlPl ln ono Connection 9<ris A . !leo page or Co< ... eetlona. 
LKA _ Mia. Span In teet to develop RA. 
W t.CA _ We1o:ht In 1)OllJKb or oae OJnnOC\lon .sene. A. inc1ud..1ng Web KlvUI. 
Q _~mctentor St.nmgtb =- 1'i! 81-' . 

To obtain sare unir/Jlt'nly dl!lt.rlbutod 106<1 In Klpa, dh ·lde Q by the required 'p&nln t oot . 



26. 

CHANNEL 

.~ 

'" , .. 
2 
3 
4 

• 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

18 
17 

8"[ 
1" 
LOADS 

21.25 
u.. 
111.% 

71A 
47.6 
35.7 
".6 

23.8 
20A 
17.9 
15.9 
143 

13.0 

'13 
11.0 
'02 
os .. .. 

-

CHANNELS 
AMERICAN STANDARD 

ALLOWABLE UNIFORM LOADS IN KIPS 

Applicable onl, wh ... _tlo"a .... buc.d .,.In lt I., .... d ...... tlon. 
For "nbra"'" _Jon ... f. I .... d. m .. . t be red ....... , _ ""go IN. 

Maximum Bending Stre .. 18 Kips pel' Square Inch 

No""'" DepIII and flange WI*II w.lght IMt r M' 

CO 8 " II 23(" C 6 7" II 2~" 
U .7S 1025 13.75 U.S 19.75 ' 17..25 TU.75 r 12.25 U 
u.. u.. ... ... IJM. u... u.. u.. u.. 

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

65.5 59.7 53.8 "" 56.7 'U 46A 412 ..., 
43.7 39~ 35.8 32.3 37~ 343 30.8 27.5 24.1 
32.8 29.8 ".9 24.2 283 25.8 23.2 20.6 18.1 

" .2 23.9 21.5 19.4 22.7 20.6 'aB 16.5 14.5 

21.9 19.9 17.9 16.2 18.9 172 15.5 13.7 12.0 
18.7 17.0 15.4 13.8 16.2 14.7 13.3 11.8 10.3 
16A 14.9 13A 12.1 14.2 12.9 11 .8 10.3 9.0 
14.6 133 11.9 ,,. 12.6 ll A 10.3 8.2 aD 
13.1 11.9 ,,. 9.7 11.3 103 83 82 72 

. 
11.9 1O~ .. aB 103 9A M 7~ M 
10.9 9.9 9.0 a, 9. 8.8 7.7 6.9 6.0 ---10.1 92 83 7.' I .. u · , .. u " 9A a5 7.7 8.9 .. u .. .. u .. .. U u 

I 
u .. u ... ... 

u " .. .. ... " U ... 
• •• l.o&d abovo upper borbont3IUoo. IIIM'OdUce maximum allowable shear In Wf!t. . 

Lo.dlI boIowlower borbontaillol:ll will prodUOO e>:ol:ll!lh-e d('tlectiOl1ll. 

• 

0.Q1 
0.17 
0.30 
0.47 

0.67 
0.91 
1.19 
1.51 
1.86 

225 
2." 
3.15 
3.65 
4.19 '. 
4.77 
5.38 
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• CHANNELS CHANNEL 
J.p ! fo "-- P 

AMERICAN STANDARD [8" , 4 --· , · , 7" · ' d I ESSENTIAL OATA 
• , DATA • • I t ._ :'.';' :12 Maximum Sh • • ~ 12 Kip. per 
• • L ' r .t Square Inch 

: ~9.! ,Gnp '. . Maximum Bending Stress 18 Kip. pel' Square Inch 1--: -.'J 
~.~ 

No.....,. DtIPdI ..... ....... Widdl-W w'_ 
C. 8" Il 2 .. CO 7" 11 2 .. 

HOllotltn 
21.25 11.75 _1 16.25 13.75 I U.' 19.75 1 '~' I ~' 1 12.25 '.1 .... UN. ' UN. .... .... u., .... .... 

ELEMENTS 

I L' I 41.6 43.7 .... 35.8 32.3 33.1 3., 27.1 24.1 21.1 
S L_I U .' lD.' ••• '.0 U ••• I.' 7.7 ••• 0.' 
I I _I 2.2 2.0 I .' I.' 1.3 U I .' lA 1.2 0.98 
S ,_, 1.1 1.' 0.94 ,.86 '.79 0.96 ,~. 0.79 0.71 '.63 

DIMENSIONS AND GAGES IN INCHES 

d 8 8 8 • • 7 7 7 7 7 
b 2" 2ll 2" 2~ 2)4' 2ll 2~ 2J{ 2J{ 2)j 

• ~ II J' S J{ ~ " i' S J{ 
p H ){ ){ H ~. ){ ){ ){ ~ ){ 

• 2 2 2 2 2 Hi l )i l j{ l )i l )i 
Grip ){ ){ ){ ){ ){ ){ ~ ){ ~ ~ 
I .~ 6){ .~ 6~ 6~ ' ){ .~ ' ){ ' ){ .~ 

• " " " " " " " " " " , usual I II III III 1){ 1){ I II I II l J{ l J{ l J{ ,. 2J{ 2J{ 2J{ 2.14 2J{ 2 2 2 2 2 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M """ 18 16 15 14 12 14 13 12 10 ••• 
V """ 

,. 47 38 29 21 53 44 35 26 18 
L min 1.29 1.40 1.57 1.86 2." 1.07 1.17 1.31 1.57 2.04 
Ib 

,_ 
lSOOO ISOOO 

,_ 
14750 15000 15000 15000 

,_ 
15000 

lb' "'. 730S 5925 '54' 3245 9435 7." 6285 4710 "SO 
B min <A' 'A' 4.40 '.40 4.51 3.65 3.65 3.65 3.65 3.65 

R""" 48 40 33 25 18 SO 4t 33 25 t7 
RA 61 51 4t 32 23 32 28 22 16 11 
LRA 1.11 1.28 IA' 1.69 2.11 1.76 U, 2.10 2.59 3.27 
WI.CA 15 15 15 15 15 • • • • 8 
Q 143 131 119 108 97 113 103 82 83 n 
Mmu _ Max. RIlndlng Moment In P'oot.-Kl~ V,...J: .... Mu. Web S hear In KIp'-
LmIn _ i\ lIn . a~ In foot to dOVelo-J, Vma:J:. 
tb _ AIIo ... 10 Unit au- tOl' eb BUcklllllll~dA: per lIQuaro loch. 
tb~ _ Value or Web In Duekllllll per Inch or lena: • In POUDdA:. 
B min =- Min. End Be&rI~ In loches t<I devolop Vma.x . 
RItllI.J: __ M ..... End React on In Klpllwhen B - Bit:; 
itA _ MaJ:. Valuo or Shop mvotllin Kipolln one nnectlon Serlo. A. See pagO of COnnection!!. 
Ll t A ... M in. Silan In too~ to dovolop RA. 
Wt.OA _ we~ht In pound, or one COnuoctlon BeM. A.lncludlllII Web R lvot& 
Q _ Ooe dent or Strongth _ 12S ,. , . . ,'"" In teet; . T In K.I divide b tho o obtaJlI Are unHOrmly dlMMbuted load Q , .... 
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CHANNEL 

CHANNELS 61 AMERICAN STANDARD 5" 
ALLOWABLE UNIFORM LOADS IN KIPS 

LOAOS Applluble only wh en .-ctlon, are brae ... "!I,tnl t latoore' d.n ... tlon. 
For u .. b •• clOd IKt.lon ... ,.loadl must 1M tedue", ... P"'" UW. 

Maximum BendlnliStreu 18 Kips per Square Inch 

Nominal 0e!IIh ond nu .. WlctIIt-Woltht pW Foot 

"'" C 7 6" X 11 " C 8 5" X 13 " """""' • • ,-, 15.5 13 10.5 '.2 U.S • 6.7 ''''-~ u... u... u... u... co .. u.. .... ... 
1 m .... ~., ,.. 49.7 ". ". 0.02 
2 38.' 34.5 30.1 26.0 24.8 212 1,. 0.07 , 25.9 23.0 20.1 173 16.6 14.1 11.9 0.17 
4 19.5 17.3 15.1 13.0 12A 10.6 8.' O~O 

• 15.6 13~ 12.0 lOA ,., M 7.1 0A7 . 
6 13.0 11.5 10.0 8.7 ,., 7.1 .., 0.67 , 
7 11.1 ,., 8.6 7A 7.1 6.0 5.1 0.91 
8 '.7 8.6 7.5 6.' '.2 53 4A 1.19 , 8.' 7.7 6.7 .~ ... ., .. 1.51 

10 7~ 6.9 6.0 .~ ... " .. 1.66 

11 ,., u ... ., " .. u 2.25 
12 ... ... ... " 2.68 
13 ... u ... .. 3.15 

Loads abov", upper horLzon t.a.llln..- will produce maximum aLlo.aul", .hear In web/l . 
Loa.ds bc.Iow lower horizootall1oe. will produce w:cea1ve defloctioDli. , 

,. 
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f" _L~_J, 
CHANNEL 

, , j'fF'-"""';;;;""9 ' .--: ' , , 
d , 
: I 
: L , ~-~ 1uz 
, 0 , .. 1-> ' t.._ . .J 

CHANNELS 
AMERICAN STANDARD 

ESSENTIAL DATA 

Maximum Shear 12 Kips pel' 

Square Inch 
: ~gJ iG'rlp 
1...:1.·.·..: 

~- -b-J 
Maximum Bending Stress 18 Kips pOI' Square Inch 

I I-L 

5 ", 
1 2_' 
S '0' 

d 
b 
I , 
• 
Grip , 
, 
g usual 
go 

1S.S .... 

19.5 
6.5 
1.3 

0.73 

C7 
13 
u>. 

17.3 
SA 
1.1 

0.65 

NomIMI Depth .1Id na..., WIdtll-W.lght _ Foot 

6" X 11 " C 8 
10.5 .... 8.2 

u>. 

ELEMENTS 

15. T 
5.0 
0.87 
0.57 

13.0 
4.3 
0.70 
0.50 

I u.s .... 

lOA 
4.1 
0.82 
0,54 

DIMENSIONS AND GAGES IN INCHES 

6 
2 ,. 
li 

1 ~ 

li 
. )ci 

Y. 
lYo 
2 

6 
I» ,. 
li 

lY. ,. 
' )ci 

Y. 
lYo 
2 

5 
2 

)ci ,. 
1)ci ,. 
3% 

" lYo 
2 

'.8 
3.5 
0.64 
OA5 

5 
I» ,. ,. 
1)ci ,. 
3% 
J!j 

lYo 
2 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

Mmu 
Vmn 
l min 
fb 
fbi 
B min 
Rmn 
RA 
LRA 
Wt.CA 
Q 

'.8 
40 

0.97 
15000 
8385 
3~O 

42 
29 

1.34 
8 
78 

8.7 
31 

1.11 
15000 
6555 
3.30 
33 
23 

1.51 
8 
70 

7.S 
23 

1.33 
15000 
4710 
3.30 
24 
16 

1.88 
8 
60 

'.5 
14 

1.79 ,_ 
3000 
3.30 
15 
11 

2.35 

• 
52 

6.2 
28 
0~7 

15000 
7OSO 
2.75 
34 
25 

0.98 
8 

49 

5.3 
20 

1.08 
15000 

"'75 
2.75 
23 
17 

1.24 
8 

42 
Mmao; _ MaJ:. Bending Moment In Foot-taps. Vmu = Max, Web Sbear In KIpS. 
Lmin -= Min. Span In root to develop Vrruu:. 
fb =- Allowable Unit StroJ!l for Web Buckling In pounds per lIquare Inch. 
fb~ _ Valuo o f Web In Buckling I)<.'f luell of length, In pound8. 
amln _ Min. End Bear ing In InchCB to d ()Vf!iop Vm.ax. 

[
6" 
5" 

DATA 

6.7 .... 

7.' 
3.0 
0.48 
0.38 

4.5 
11 

1.58 
15000 
285<l 
2.75 
14 
10 

1.80 

• 
36 

H m&:l _ Ma>: . End n ooctlon In Klj)ll when B = 3 Joi" . 
RA =- Max. Value or Shop Riv..,,,, In KlpIIln one Connoctlon Serlcs A. Boo page of CORnectlnns 
LHA = Min. Span In reP~ to develop RA. 
W t.CA = Weill:ht In pounds of nn.., Connectlnn SerlCB A.lncludlng Web Rlvetfl. 
Q = Cooitl.don~ of Strength = 12 8,. , . 

To Obta..ln safe unltormly distributed load In KIpS. dh1de Q by the requlred _pan In (oot. 

/ 



2.0 

CHANNEL 
CHANNELS 4"[ AMERICAN STANDARD 3" ALLOWABLE UNIF'ORM LOADS IN KIPS 

LOADS Appll .... b l. on I )' wh l n Hellon . ... braud ID_ ln l t luonl d. n...,tlon . 
"o r unbr • .,.d Metlon ... ' . I .... d. mU l t 1M ..... u ced, ... pl g I 1804. 

Mar.imum Bending Stress 18 Kips per Square Inch 

• 
Nominll Depth ancI F1 Wldtll Wlltht ..... Foe! 

,~" C' 4" II 1$ " ClO 3" II 1 " eolllld"'l 

• " '"' 7.25 6.25 5.' • 5 ' .1 D.nKt ..... 
u.. u.. u.. , u.. u.. , ... 
~., z.o ,u 

1 27.3 ~., '" 16.4 14.7 '" 0.02 , 13.6 12.5 llA •. , 7.3 6.5 0.07 
3 9.1 '.3 7.6 5.5 4.' 4A 0.17 
4 ~. 6.' 5.7 4.1 3.7 3~ 0.30 
5 5.5 5.0 4.6 3.3 , .• '.6 OA7 

• 4.5 4.' 3.' u u u 0.67 
7 3.' 3.6 3.3 " " ... 0.91 

• ... 

ITIT " u u 1.19 
9 ... 2.8 :u 1.51 

10 u " " 1.86 

Loads above upper hOl"lzontall loe8 ,,!II pl'()dU()6 maximum allowable Iboa.r in wcbs.! 
Loa.ds below lower borlzont&l.llnes will produco exQell51ve detlootioWl. 

I 
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-'")!r- CHANNEL 
.. ..1. t:b-:lp CHANNELS t o t -~ 

[ 4" ,-, , AMERICAN STANDARD ' , 3" , ' 
d I ESSENTIAL DATA , 
L~- i., , DATA , 

Maximum Shear 12 Klp$ pe r , 
0 , " t--r J- Square Inch : }~.J jGrlp 
• ..:1.; •• " Maximum Bending Stress 18 Kips PCI!' Squa ... Inch 

!.-·b·" 

N ...... 0_ IonIII " ..... Wlddl-Welglrt,., F. 

e. 4" :0; 1 " e 10 3" II " 1" ... '" 7.25 I 6.25 I 5.' • 5 U ... ... ... ~ ~ ~ 

ELEMENTS 

I I" 4.' 4.1 3.' '.1 U , .• 
S 1'1 2.3 U I.' 1.4 1.2 U 
I 1_" OM 0.38 0.32 0.31 a.. 020 
S ,., 0.35 0.32 0.29 0.27 0.24 0.21 

DIMENSIONS AND GAGES IN INCHES 

d 4 4 4 3 3 3 
b 1~ '" III ' ll ' )i ' ll , II % " II % " p " " " % % ){ 

• '" '" '" ' ){ ' % ' ){ 
G'~ " " ){ " % % 
I ' % 2~ ' ){ 1){ ' ){ 1 ~ , II II II II II % 

• usual 1 1 1 1> 1> 1> 
go , 

" 
, 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M """ 3.' 32 , .• '.1 I.' 1.7 

V """ 
15 12 ••• 13 .. '.1 

I L min 0.90 1.<)6 13' 0.66 0.78 I." 
Ib 151lOO 151lOO ISOOO 151lOO 15IlOO 15IlOO 

lb' .. 00 3705 2700 5340 3870 "'. B min '20 '20 220 1.65 1.65 '.65 
R malt 22 17 12 23 18 11 
Q 28 25 23 17 14 13 -
~tma.x _ MIU:. BendIng Momen~ In Foot- KIJ)I. Vm&x "'" Mu. Web SbOlU' Itl Kt,.. 
Lmln _ M in. SCi'Ulln foot to d lWoln.,r. Vma.x . 
fb _ Allowa Ie Un it St.- for ' eb lJuekll~ In poundl POI'SQ,WU"8ln(:b. 

,fbt _ Value of Web In lluckllnjJ I)CI' Inch of length. In poundt. 
Il _ "'Un. E nd B~ Inch611 141 develop Vnuu::. 
R ma>: _ Mu. Bud Rea.c~ In KlpjI ... bon II _ 3}i". 
Q _ Cooll'lclent of Strengtb _ 12 S'_l. 

To obtaio A te unltOrmly dlatzlbuted load In Klpe. divide Q by Ute required l pa.nln feet.. 

, 



( 
2.2 

ANGLE 
UNEQUAL ANGLES 

L ALLOWABLE UNIFORM LOAD IN KIPS 

Nlutral Alel. Pa rall . t to Sho" ... 'L~ 

LOADS Applica bl e onl), wl>. n ...,tlonl aU rlgldl), _ u.-.d alilalnot 
latHal defl.etlon 

Maximum Bending S~ress 18 Kips per Square Inch 

,,~ M ... I""'mS ..... 1 f oot M ... I .... m S!>f,n 

"" !60 • Dollection ,~ 360 ~ Dilloction Sh,. Thlc:kn . ... SI .. , T1IIcI<n .... 

''''''. ''''''. 5.1. "', ..... " ''''''- , ... "'. "', ,~ ... 
Co .. "'. 'H' "" , ... 'H' , 

I;; 201 .60 10.61 19.0 1 96.24 7." 13.7 
% 91 .08 6.59 13.8 

1» 190.80 10.04 19.0 ;; 85.80 6.18 13.9 
1 181.32 9.47 19.2 % 80.40 5.16 14.0 

% 171.24 8.91 19,2 " 75.00 5.35 14.0 

;; 16Q.92 8.34 19.3 ,,' % 69.36 4.92 14.1 

% 150.60 7.77 19.4 % 63.72 Ug 14.2 

'" % 57.96 4.06 14.3 

" 140.04 7.19 19.5 

" 52.08 3.63 14.4 
% 129.24 6.61 19.5 I h 45.96 3.18 14.5 

% 118.44 6.03 19.6 % 39.84 2.74 14.5 

% 107.40 5.45 19.7 
1 93.96 7.02 13.4 

" 96.24 4.86 19.8 % 88.92 6.61 13.5 
h 84.84 4.27 19.9 ;; 83.76 6.19 13.5 

% 78.60 5.78 13.6 , 

" 73.20 5.35 13.7 

1 169.20 g." 17.7 6 x 3% % 87.80 4.92 13.8 
% 62.28 4.49 13.9 

% 159.60 8.97 ". % 56.64 4.07 13.9 
;; 150.00 8.38 17.9 fi 50.88 3.63 14.0 

% 140.40 7.80 18.0 h 45.00 3.19 14.1 

" 130.80 7.23 18.1 % 39.00 2.75 14.2 

'" % 120.00 6.59 18~ % 32.88 2.30 14.3 

% 110.40 6.07 18.2 ;; 58.58 5.10 11.5 
% 100.80 5.51 lU % 54.96 4.75 11.6 

fi 90.00 4.89 18.4 " 51.36 'AI 11.6 

h 79.20 '28 1~5 % 47.64 4.06 11.7 

5 x 3% % 43.80 3.71 11.8 
% 39.84 3.35 11.9 
fi 35.88 3.00 12.0 

1 129.60 8.20 1,. h 31.68 2.63 12.1 
% 123.60 7.82 15.8 % 27.48 2.26 12.1 

;; 116.40 7.32 15.9 % 23.28 1.91 12.2 

% 108.00 6.75 16.0 
% 53.40 4.75 11.2 

" 100.80 6.26 16.1 

" 49.92 4.41 11.3 
7, , % 93.60 5.81 16.1 % 46.32 4.07 11.4 I 

% 85." 5.23 16.3 % 42.60 3.72 11.5 

% 78.00 4.79 16.3 5,3 % 38.76 3.35 11.6 

fi 69.60 4.24 16.4 fi 34.92 3.00 11.6 
h 30.96 2." 11.7 

h 61.20 3.71 16.5 % " .88 2.28 liB 

., 

% 52.80 3.18 16.6 % 22.68 1.91 11.9 



.... 
2.3 

UNEQUAL ANGLES 
ANGLE 

L ALLOWABLE UNIFORM LOAD IN KIPS 

"allt.e' Axl. Para ll., U Sho.U. L~ 

Appll~bl. only whan ...,tlona .... llIldl, _ uNCI all"InU LOADS 
I .t ..... defl.ctlon 

Max.lmum Bending Stres.18 Kips per Square Inch 

,,~ Mw"",m Span ,,~ Mlll'mumS"", . .... 360. Dln.-llon ,~ 360 ¥ o.n.o:tJon "'. """'- -" 
TO_ 

,.- IncfI .. ... , , .. ,- , .... IMII .. ..., .. , ""'" ~M "" , .. ~~ ~M ,~ 

B 
35.04 3.71 9.5 J> l~OO 1.75 6.' 
33.00 a47 9.6 J> 10.68 1.54 6.' 
lO.n 3.20 9.' ,,' li ~36 1.33 7.0 

li 28.20 2.91 9.7 

~ 
7.92 1.12 7.1 

41(3~ " 25.80 ~64 .. .... 0.90 7.' 

~ 
23.16 2.35 9.' 
20.64 ~08 9.9 

li 18.00 1.80 10.0 J> 6 .. 1.45 5.8 

" 15.12 1.50 10.1 J> 7.56 1.28 '.9 
li 680 1.10 6.0 

% 34.44 3.76 9.2 2~ )(2 ~ 
5.64 0.93 '.1 

" 32.16 3.48 9.2 4.56 0.75 '.1 

li 29.68 '.20 9.' % 3.48 0.56 5' 
li 27.60 2.93 9.4 "li 2.40 0.38 6.' 

'" ~ 25.20 '.56 9.5 
22.68 2.37 '.6 

J> 20.16 2.06 9.7 " 5.28 0.92 5.7 

li 17.52 1.80 9.7 2~ x 1 ~ ~ 
4.32 0.75 5.8 

% 14.76 1.51 9.8 3.36 0.57 5.9 

" 12.00 1.22 '.9 

I 

~ 
26.40 3.25 8.1 J> 6." 1.30 5.0 

24.6D '.00 52 J> 5.76 1.13 '.1 
27i x 1 ~ li 5.04 0.98 5.' 

% 22.92 '.n 6.' 

" ~ 
4.32 0.63 5.' 

li 21.12 2.53 ., 
% 19.32 2.30 6.4 

3.60 0.68 5.3 
3~x3 J> 17.40 2.05 as % 2.76 0.51 5.4 

J> 15.48 1.80 6.6 
li 13.56 1.57 8.7 

li 4.08 0.68 4.6 

~ 
11.52 1.32 57 

9.36 1.06 6.6 

~ 
3.48 0.74 4.7 

2)( 1~ 2." 0.60 4.8 
2.16 M4 4.9 

" 22.20 2.78 8.0 1.50 0.30 4.9 

~ 
20.52 2.55 8.1 
18.72 ~30 6.1 

3M )( 2}i J> 16.92 '.06 6.2 2)( 1~ )i 2.75 0.60 4.6 
J> 15.12 1.82 53 

" % 2.12 0.45 4.7 
li 13.20 1.57 54 

~ 
11.16 1.32 54 

9.00 1.05 as )i 2.11 0.51 4.1 
,")( 1~ l> 1.64 0.39 4.' 

l> 13.60 1.95 7.1 li 1.13 0.27 4.' 
J> 12.48 1.74 7.' 

3)(2~ ~ 
11.16 1.54 7.2 
9.72 1.33 7.' ~ 

1.82 0.55 3.5 

~ 
8.28 1.12 7.' 

1 ~ )( 134 1.56 0.44 '.6 
6.72 0.90 7.5 " 11 1.21 0.33 '.7 

r 



••• 
ANGLE UNEQUAL ANGLES 
~ ALLOWABLE UNIFORM LOAD IN KIPS 

Nautraol A.la P.ralle ' to Long ... lAo 
LOADS Ap"lIaoobl. on l,. when ...,\lon ..... rigid ly MC Ured _lIsl n.t 

lateral d_"ec:tlon 

Mallimum Bending Stress 18 K ip. per Square Inch 

I root Muh ... mSpu 1 foot MaxlmumS_ 
SoM 360 x Oeflection - 360. Otll_tlon 

"'" Thkk"",, 51 .. , -'"" '""- , .... ... , ... , LMgth, 
, .... , ... ... , ... C .... 

c ... "'" ". "'" "'" 'H' 
I» 118.80 7,71 15.4 1 45.48 4.49 10.1 

I» 112.80 728 15.5 '" 43.08 4.21 10.2 
% 40.68 3.95 10.3 

1 107.04 6.87 15.6 

'" 38.16 3,68 10.4 

'" 101.16 6.47 15.6 " 35.64 3.41 10.5 

% 95.28 ',06 15.7 '" % 33.12 3. 14 10.5 

'" 89.28 5.65 15.8 % 3Q.48 2.87 10.6 

'" " 27.n 2.59 10.7 

" 83.16 5.23 15.9 % 24.96 2.32 10.8 
% 76.92 4.82 16.0 J> 22.20 2,04 10.9 

% 70.56 4.40 16.0 % 19.20 1.75 11.0 

% 64.08 3.98 16.1 

% 57.48 3.55 16.2 1 34.80 3.91 8,8 
% 32.88 3.66 9,0 

J> 50.76 ~12 16.3 % 31.08 3.43 9,1 
% 29.16 3.19 9,1 

" 27.24 2.96 9,2 

1 46.80 4.42 10.6 6 x 3Y,i % 25.32 2,n 9,3 

'" 44AO 4.15 10.7 % 23.28 2.48 9A 
% 21.24 2.25 9,5 

% 42.00 3.93 10.7 % 19.08 2,00 9,' 

" 39.60 3.67 10.8 J> 16.92 1,76 9,' 

" 37.20 3.41 10.9 % 14.76 1.51 9,7 

'" % 33,60 3.05 11.0 " 12A8 1.27 9,9 

% 31·21) 2.81 11.1 % 30.24 3A3 8,8 

" 28.80 2.57 11.2 '" 28.44 3.20 9,9 

% ::16.40 2,36 11.2 " 26.64 2.98 9,0 

J> 22,80 2.02 11.3 % 24.72 2,73 9,1 

5 x3~ % 22.80 . 2.50 9,1 

" 20.76 2.26 9,2 
% 18.72 2,02 9,3 

1 46.80 4.50 10.4 J> 16.68 1,78 9A 

'" 44AO 4.23 10.5 " 14.52 1.5, 9,5 

% 42.00 3.96 10.6 " 12.24 1.29 9,5 

'" 38.40 3.62 10.6 

'" 20,88 2,73 7,7 

" 36.00 3.' 10.7 

" 19.56 2.53 7,7 
7 " % 33.60 3.11 10.8 % 18.12 2.32 7,8 

% 31.20 ,., 10.9 % 16.68 2.12 7,9 

% 28,80 2," 11.0 "3 " 15.24 1.91 8,0 

" 25.20 2," 11.0 " 13.80 1.71 9,1 
J> 12.24 1.51 9,1 

J> 22,80 2.05 11.1 % 10.68 1.30 82 
% 19.20 1.71 11.2 " 9,00 1,09 8,3 



.e. 
UNEQUAL ANGLES ANGLE 

ALLOWABLE UNifORM LOAD IN KIPS ---l 
H.ut .. . """ P ..... u., to Long .... a..g 

Appllcabl. onl)' *han Metlonl ... rl,ldly ..., ....... I,alnst LOADS 
I.t. • • • d.,...,tIDn 

Maximum Bondin; Strell 18 Klp!5 pel' Square Inch 

,,~ Mul"",m s,.., 1 FOOl Mul .... ms..., 

"- Tldckn .... 
.... 380 K Deft .. tlon 

Slu, TllIe.n .... 
S~. )IlI). DeIIect .... 

Inch" ,~. s." S." ""' .. '''''- '''''a "" ... ,-, , ... , .. , '"' '-' '-' '"' 

" 27.60 3,22 8,6 

~ 25.80 2.99 8,6 li 5.64 1.11 5.1 
24.00 2.76 ., 

~ 
5,04 0,,. 5,2 

~ 
22,08 2.51 8,8 3" 4 .44 0,85 5,2 

4 x 3}1i 20.16 2.27 8,9 ;: 3,84 o,n 5.3 
18.24 2,04 8,0 3,00 0,58 5,4 

S 16.20 1.80 9,0 
14.16 1.56 9,1 
12.00 1.31 9.2 li 5,52 1.12 4,9 

~ U2 0,,. 5.0 

B 
20.16 2.74 7,4 4.32 0.85 5,1 

18.84 2.53 7,4 2]1 x 2 " 3,n o,n 5,2 

17.52 2.32 7,8 )i 3.00 0,58 5,2 

% 16.20 2.12 7,6 " 2.40 0.45 5,3 

" 14.76 1," 7,7 "li 1,82 0.30 5.4 
"3 

~ 
13.32 1.71 7,8 
11.88 1.51 7,9 

" 2,04 0.52 3,9 
% 10.44 1.31 7,9 

" 8,88 1.11 8,0 272 x 172 )i 1,88 0.41 4.1 

)i 7," 0.89 8,1 " 1.32 0.32 4,1 

" 19.80 2.74 7.2 li 3.12 0.85 3,7 

~ 18.48 2.53 7.3 J> 2.76 0.74 3.7 
17.28 2,34 7,4 2.J4 x 1% li 2.40 0,83 3,8 

li 15.96 2.14 7,4 

" " 2,04 0,53 3,9 

3]1 )( 3 " 14.52 1.93 7,5 ~ 1,68 0.42 4,0 

~ 13.20 1.74 7,6 " 1," 0," 4,0 
11.76 1.53 7,7 

li 10.20 1.31 7,8 

~ 
8,64 1.10 7,8 li 2.40 0.65 3,7 
6.96 0,88 7,9 

" 2,04 0,54 3,8 
2xl ]1 ~ 1.68 .43 3,9 

" 11.88 1," 6,2 ~ 
1.32 0," 4,0 

, % 11.04 1.76 8,3 
0,90 0," 4,0 

" 10.08 1.59 8.3 

3).7 X 2).7 a 9.12 1.42 8,4 2 x 174" ~ 1.16 0.35 3,3 
8.16 1.25 8,5 

C lii 0,90 0.27 3.4 7,08 1.07 6,6 
lii .00 0.90 6,7 
~ 4," 0," 6,8 

~ 
1.14 0.35 3,2 

1 ~J( 174" 0.90 0.27 3,3 

~ 
9.84 1.59 6.2 0,82 0.19 3,4 
8.88 1.42 6,3 

3 x 2).7 J> 7," 1.25 8,3 
% 6,96 1,DB 6,4 l J.i x 174" " 1.36 0.45 3,. 

" 5,88 0,90 6,5 )i 1.12 .,. 3,1 

l' 4.80 0," 6.8 
" " 10 0,88 .27 U 
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ANGLE 

L 
EQUAL ANGLES 

ALLOWABLE UNIFORM LOAD IN KIPS 
Neutral Axl. Paull.' to Eith ... Uog 

LOADS AppUcabl. only .. han _Jonl a .. riljlldly _ .. .... alila ln , t 
In .... t dan..,tlon 

Maximum Bending Stress 18 Kip. per Square Inch 

-I Foot Mu'mum Span 1 FOOl Mu.h""mS",,, 

51 ... Thicll ...... ..... HO x Deft_lion "'" 360 x Oon_ !lcn 

'" Thick ...... 
,~- '''''" , .... , .... ... 50 • L"'lIth, 5,1. ,." l.n~tII, .... .... ,~ .... "" . ,~ 

l Ji 210.36 10.51 20.0 " 27.00 3.24 B.3 

1» 200.04 9.96 20.1 ~ 25.32 3.01 B.' 
1 189.60 9.40 2<>.2 23.52 2.76 B.5 

~ 179.04 B." 20.2 )i 21.72 2.53 B.B 
168.24 8.28 20.3 3~ x 3J.<.1: " 19.80 I 2.29 B.7 

"B " 157.32 7.71 20.' Ji 17.88 2.05 B.7 

~ 146.28 7.14 20.5 » 15.84 1." B.B • 13.80 1.55 B.' 135.00 6.56 20.6 ~. 

a 123.60 5.98 20.7 " 11.76 1.31 '.0 
11 2.08 5.41 20.7 )i 9.48 1.05 9.1 
100.44 4.83 2O.B )i 15.60 2.16 7.2 

" 14.28 1.95 7.3 

" ' » 108.38 7.37 14.7 j1 12.84 1.73 7.' 
1 102.84 6.94 14.8 "3 11.40 1.52 7.5 

~ 
97.32 6.54 14.9 li 9.96 1.32 7.6 
91.56 6.12 15.0 " 6.52 1.12 7.6 
85.80 5.70 15.0 )i 6.96 0.90 7.7 

B" ~ 79.92 5.29 15.1 Ji 8.76 1.45 '.1 
74.04 4.87 15.2 

~ 
7.80 1.27 '.2 

~ 
67.92 .... 15.3 ,." 1.10 6.2 
61.68 '.02 15.4 2% x2% " 5.76 0.92 6.3 
55.32 3.58 15.5 

~ 
'.59 0.74 6.' 

48.84 3.14 15.5 3.60 0.55 B.5 
li 42.36 2.71 15.6 2.40 0.37 '.B 

a 4.80 1.00 '.B 
1 69.60 5.73 12.1 4.20 ... ••• 
~ 65.88 5.39 12.2 

"2 
3.60 .n 5.0 

62.04 5.05 12.3 Ji 3.00 .59 5.1 

" 58.20 4.71 12.4 " 2.28 .45 5.1 

" 54.36 4.36 12.5 li 1.56 .30 ~2 
"5 % 50.40 '.02 12.5 

~ 
2.76 .54 '.3 )i 46.32 3.68 12.6 2.28 .52 ••• " 42.12 3.32 12.7 1 ~ x 1M 

~ 
1.59 .39 ••• Ji 37.80 2.96 12.8 1.20 .28 '.6 

~ 33.48 2.61 12.9 
29.04 2.25 12.9 )i 2.28 .54 3.5 ., 1.94 .54 3.B 

l J.i x l ).i 

~ 
1.81 .44 3.7 . 

" 36.12 3.n ' .7 1.25 .33 3.B 

~ 
33.n 3.45 '.B 0.86 .22 3.' 
31.32 3.18 '.B 

~ 1.31 .44 3.0 28.80 2.91 ••• a 26.28 2.63 10.0 l~ x 1~ 
1.09 .36 3.0 

'" ~ 
0.85 .27 3.1 23.54 2.34 10.1 0.59 .18 3.2 

~ 21.00 2.06 10.2 
18.24 1.7B 10.2 )i 0.87 .28 2.' 

J< 15.48 1.50 10.3 ,,, 
~ 

0.53 .22 2.' 

- --« 12.60 1.21 10.4 0.37 .15 2.5 
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TEES AND ZEES TI ALLOWABLE UNIFORM LOAD IN KIPS 

N_"t .. ' kl_ Paran" to nang" 

AppUc,bl, on', whan ...,tIO"I .... rilll"I, _ured ajIIal"u LOADS 
lu .... ' d.tlM-tlon 

Maldmum Bending Streas 18 Kips per Square Inch 
- -

TEES , 
,,~ Mul_"'s.. $h, 

,,~ Mul_"*' 

'" '",,' .,.. _ • OefIectIan ..... ' ,- "'.--. ~ -. w 

"- ' ... ... , ... , '""" 
s, .... ' .... ... , ... , ' .... , .... "" .. , "" "" '"' 
,- ....... ... ..... ,~ 

-
C'li> '~ 19.8 59.40 3.50 17.0 C, x 3)1' ". 13.55 1-60 '-' 
• ,. 13.5 24.24 2.40 10.1 C, " 11.5 12.75 1-5, ao 

• , . 10.5 18.96 1.85 10.3 

.3J.-!1x3~ 11.7 18.0 2.05 8.8 • " 15.3 37.56 3.05 12.3 

.3Mx3~ ,., 14.4 1.62 .. • " 11.9 29.16 '.33 12.5 

." x ~~ 14.4 30.48 '.n 11.2 , 
" 7.8 10.32 1.36 7.' ." x~7i 11.2 23.76 '.08 11.4 , 
" 6.7 6.66 1.16 7.7 • " 9.' 10.80 1." 7.9 

2),i x ~~ , .• 7.08 1.14 .., ." " 7.6 9.24 1.15 6.1 

2~ )l2 0.' 6.00 0.95 .. , '" x~~ •. , 7.44 1.11 '.7 

2}( x~~ '.9 '.92 0.66 5.' 
C, x 2J.1 7.' '.38 ~94 ••• 

2X" x 2)t' '.1 '.84 0.67 5.7 , , ' f< '.1 ." < .. '.5 
2 x 2 I .. , '.n 0.75 5.0 , " 3.56 ~12 0.62 5.0 2J.Al x3 ~1 8.64 1.16 7.' 

ZEES 

". Mul ..... *""'" " . MMI ..... .,.., .. , .... "' ......... $h. .... aeo.o.n ..... " ... -- -. -- - --
'- ,- w. "" ,- """" 

, .... w, ..., 
'""" , .... ..... "" ,~ '''''"' ..... ..... ,-

6J.i x 3~ )i 196.80 17.95 11.0 41,.jj x 3" ~ 87.12 11.BO 7. 

6~ x 3" " 182.64 16.83 10.9 4Jii x 3}-l ~ 79.80 10.97 7.' 

• " Ji ~ 168.48 15.68 10.7 • ,3J> % n.6D 10.14 72 
6ra x 3U ~ 169.20 15.43 11.0 4,!1 x 3" " 74.16 10.04 7.' 
6~ x 3" % 153.84 14.18 10.9 4Ji: x 3}1 Ji 66.110 '.08 7.3 • , ' Ji " 138.60 12.91 10.7 • " J> h 57.96 8.10 7.' 
6ra x 3;i Ji 134.64 12.28 11.0 
6~ x 3" J' 117.96 10.87 10.9 4yt x 3" % 56.04 7.59 7.' 

8 ,3Ji % 101.28 9.43 10.7 4~ x 3ra J1i 46.92 6.45 7.3 

• " J> li 37.68 0.28 72 
5ra x 3~ " 134.40 14.65 9.' 
5~ x 3" ~ 124.08 13.69 9.1 

3~ x2~ " 41.16 7.51 5.5 
5 x3J.i J1i 113.84 12.70 9.0 
5yt x 3~ J1i 114.84 12.52 9.' 3 " % Ji 38.n 8.84 , .• 
5Ji: x 3" J1i 103.44 11.42 '.1 3~x2~ h 35.78 '.52 5.5 , ,3li Ji 92.16 10.30 '.0 3 " % J1i 30.84 5.74 5.' 

5yt x 3~ h 89.28 '.73 ••• 3~ x2~ J1i 28.56 5.21 5.5 

5~ x 3" % 78.68 8.46 '.1 3 "" li 23.04 4.2. SA 
5 ,3li J1i 84.'" 7.16 '.0 -- -
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PLATE AND ANGLE GIRDERS 

Girders, built up of plates and angles, flrc used for heavy loads 
and long spans where rolled sections nrc insufficient. 

Loads upon n. plate and Mgle girder develop compressive and 
tensile stresses resisted by the upper and lower flnnges respectiYciy, 
and sheari ng stresses resisted by the web plate. 

The most economical section is tbe single web girder; box girders 
with double or triple webs are used where great length of span com
bined with lateral stiffness are required. 

WEB. The web plate governs the depth of the girder which, to 
avoid excessive deDection, should not be less than lAo: of the span. 
The t hickness depends upon the shear which is greatest at the point 
of support and should not be less than lhoo of the unsupported 
distance between the Blmgcsj the web is reinforced by stiffeners at 
intervals to prevent buckling. 

Web Shear and Stiffeners. Web plates subjected to direct vertical 
shear must resist buckling; the allowable vertical shear may be 
obtained from the table on page 274, based on a maximum 
shearing stress of 12000 pounds, giving allowable unit web shear, 
V / A, total vertical shear +gross area of web, for various ratios of 
cit, distance between flanges +thickness of web. 

Stiffeners are required at the ends and at points of concentrated 
loads and at other points where the clear distance between flange 
anglcs, c, exceeds allowable safe stresses obtained from table, and 
also where c is greater than 60 times t he thickness of the web; 
stiffeners are generally in pairs, one on each side of the web, bearing 
closely against thc projecting lcg of the flange angles; the pitch of 
rivets in stiffeners should not exceed 6 inches. 

FLANGES. The flange area is so pl'o~ortioned that the maximum 
~~pressive or tensile unit strcss, f .. n Ii, wben applied to the net 
aection of the girder docs not exceed tbe maximum allowable unit 
stress. 

Whcn 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 resultants act at the center 
of gravity of the flanges. 

A .. Area of ODe flange d"Effective depth t .. Web thickness 



\ 

Total Moment of Resistance, M _I (A d +~)_f 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, or: 

Net Moment or Resistance, M oo t (Ad~) .. fd {A+¥l , 

d is the approximate distance between centers of gravity of flange 
angles, or distance out to out of angles when flange plates are used. 

The final design of the girder is obtained in accordance with the 
method given for the computation of compound scctions. 

Flange Plates. When the girder carrics a uniformly distributed 
load, the flange areas vary as the ordinates of a parabola, and the 
theoretical length of the flange plate is 

L _ ulIIgth of girder. A _ Tolal Aroa or Flange. 
L., L •• r,.- Length of flange IlLa.tes. beginning with oU1>!lde plate. 
a,. aI, ao - Tolall\.l"O& of Jlange plate'!:, from outer to Inner plate'!:. 

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 . 

EXA .. PLE. RoquIred the length of tlangtll)lat.08 of a 6O-b,ch girdar, 60 foo~ lOng. the 
flange Including flangO angles. two Oanga platcll and ono-elghlh of web plate; rlvet.ll "" 
,m. 

2- Angll)O! 
I - Inner F lange Plate 
I - Outer nange l'late 

)i-Web Plate 

6"x3~""'~" 
14" x )i." 
14" x~" 

60"", "''' 

Net Area 0.00- 2.00 .. 7.00~. In. 
6.13----<l.87 _ 5.26 
.5.25--0.75_ 4..50 

.. 2.81 :,,'iC.',';-;;;;T,;:-
1!l • .578Q..1D. 

o..ter plate, L, -&O'II!~ - 28.811. -r 32ft. loner Jio,k. L1-eo"4~~1t·ztI-4H Illulllq\b. 

Maximum 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 cnds. 

The end resistance of a riveted girder depends on: First, the 
resistance of the web plate to shearing; second, the resistance of the 
pange rivets to bearing, it being assumed that the bearing value of 
rivets docs 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 t.he flanges 
the distance is measured midway between them. 

269 

• 
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Web StrClSl!: d x t)( f .. Maximum End Reeistance if 1_ than fi&llge etre.. 
d .. Dept.b. t_Thlck",*, ot web. f-A1lowl.ble unIt .bearlng .u-e.. 

,., Flange Strellll: .. pR _Maximum End Reeiatllnee if lesa than Web .trCIiII . 

.... EtrooUve distance .. (d+ H")-2 X d latanoo I'rolll back of Milia.. t<) rl"lIt IIno 
or to !>OInt midway tor b'o rl,'ot lIolll. 

R .. Oeutng v.l00 or ono rll'cl.. p_;\[lnlmum pltcb betWf'OO two rh'eta. 
Roqulred tht) muhnum end """,lslallCe ot .. gtrd«". properly nltrenoo at ends. 

t:lUNPl.C I. Girder CQmpOllO(l of I-Web Plate. 42"" H." 
4--I'lango Anila., 6" I SW', 

Web S~: 42 x til x 12,000-151,600 pound&. 
Fl&nge Rh~ta: .-(42"+Ji'1---'lJ.f"-38"; 38+2,,"'13 Rlvcl4. 
Bearina: ,-a1ue or U" dla. thet: Ji X Ii. X 30.000-8.200 pOo,UldL 
FlnnlO Stm.; 8,2(0)( 13- 100,600 pOund_ .. Madmum End nOlllltance. 

E:u. ... u 2. Olrder oomp(*ld of I-Web P\a.I.e, 48" x ,"," 
4--VI&nge "'11&1011. an x 6". 

Web Stre.: 48 x " x 12.000-:n6.000 pOUnda-Mulmum End Reslmnee.. 
"'lange Rlvel4: &_(48"+ ~'')-7''''4 1 )!,"; 41 Ji+l MoON Rlveu.. 
Dl)IU"in& valua at Ji" dla. rivet: Ji x ~ X 30,000_9,840 pound •• 
Fl&Dgo Sl..-: 9,840 x 24_236,100 PO\lIIdM. 

Rivet Spacing in Flanps. It follows tha.t the rivets connecting 
the web plate witb the flange angles are required to transmit the 
horizontal shcaring stress from tlnc wcb to the flangc, which hori
zontal shear in any pancl is equal to the vertical shcar at center of 
panel multiplied by its length and divided by the vertical distance, 
a . 

As the shear increases from the point of greatest bending moment 
towards the supports, the number of rivets in vertical legs of the 
flange angles must also increase as the supports are approached. 

Pitch of rivete in flange angles, p .. ~ 
v _Total vertlcal lbear at tbIIl)IW.el under consideration. 
Roo RIlIl\JItance ot ono rivet, I. 0 .. tho bearing or _hoor lng "aluG, whlcbever I, 

1ma1i(ll' . 

.... EfI'octlvo diltaDoo between UPP« IUld lower lin", ot rivet-. 

The formula gives the theoretica l rivet spacing for allY point in 
the flanges due to the total shear, but in practice the pitch is com
puted from the maximum stress in each panel, in nearest U inch. 

E ..... IPLI:. A girder com..-J or [''':l 3Ji" &ng~ IUld 36":l th" wob. 30 tl. long. 
divided Into 3-too~ panels. supports a unltormly dhltrlbutod load Gf 72 toIlS. or 4.800 
pouno:t. J)or foot. 

Required rh'ot pitch In \>&Dela, when dlstance bctwoon rlvot IIn",_32 Inch(!&. 

8he&.rlns 8t ...... Pound. 
Panel !. 144,000+2 .. 72,000 

2. 7Z.000-(4,800:l 3) .. 57.600 
3. 72.000-(4.800.6)_43.200 
4. 72,000-(4,800. 9) .. Z8.800 

Dorizont .. 1 8t.--, Pound. per iDeb 
7Z.OOO+3Z_2.2.'iO 
~7,600+32_1,800 

4.3,200+32-1.350 
28.800+32 .. 000 

Beartll¥ n1~ Gr Ji" dla. rivet: Ji. U.][ 30,000"8.200 pound •. 
Panel I. R ivet Pitch 8.200+2.250 .. 3.6 sa)' 3Ji".q>ae1nil: 

Z. 8.200+1.800 .. 4.& 4Ji" 
3. 8,200+ 1,350-6. 1 on maximum .pactna; 
4. 8.200+ OOO"Y.1 .. 6" 



Wheo the load rests directly 00 the top or bottom flnnge, the 
rivets connecting this flange with the web plate are 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. 

EXAMI'I..>:. Loads boa.rlng directly on ono Hango only. then for Hnlt pancl, In 
roregoin8 example: 

Ilorl7.0ntal Shear 2.250 pOun<i3 pOI' Inch. Vcctlcal Load 400 pOunds pOI'lnch. 

R<lIlultant Strolls V2."'ZSO' +'400> _ 2,2% pOunds. R!w:t Pitch 8,200 +2.28& _ 3.68". 

Flange Plates. At the end of each flange plate, sufficient rivets 
must be provided to transmit the allowable st.ress on the net section 
of the plate to the adjacent members. 

EXA"I'L>:. Required number of rlV<lV!;. 1S" (ita. for 14" x H." Inner !lange plate. 
14" x Jio" Inner rtange pial<), netaroa.: (6.13- .87Sl_S.26 sq. In. 
RCllilItancc: 5.26 x 18.000- 94,6SO pOund!!. 
Shearing value or 1S" dl&. rivet: .6013 x 13.500_ S,12O pounds. 
94.680 + 8,120 .. 12 r\veU!, or: 
Two Unos of 6 rivets eaeh cnd of plat<), spaood. 3 Inchell to 3~ inchea. 

SPLICES. In long and deep girders or in girders made from 
stock lengths, it is often necessary to splice the web plate or also 
flange angles and plates. 

The resistance of all splice plates must be such as to develop t~e 
full resisting strength of the rivets in the splice, especially when 
rivet stresses are to he transmitted through narrow plates . 

Wl!b Splieea. As there is no vertical shearing stress in the middle 
of the girder under a uniformly distributed load, web splices are 
sometimes 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 are imparted to the flange rivets. 

The rivets arc not cqually stressed; the stress is zero at the 
neutral axis and increases uniformly 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. 



, EX .... PLE: 

• ~~ ~ Required the web .pUce In a 6O-lnch gll'der ... IIIL 
~ In<:h .eb plate Clt.Df.ble or ms18UII8 tbe bendl.ng 
momen~ at 18,000 J)OWlM tiber n~. on&-elsht.h of 
~be web are& being oonsidorod lUI flange acting u 
the Il:Itreme edge of the plate. Conoeutratcd load 
125,000 pOUIlds, 2 foot I'rom center. Span.oo foot. 
Spllooatcenwr. 

J{~~ 
3~i~li '~TH 

~-. ' 

$ . : .' 
e" 22.5' _ 3.038 
6 x HI.6 1 _ 2.281 
6" 16 . .5 1 - 1,633 
e" 13 . .5 1 _ 1.093 
6" 10 . .51_ 661 
.. ,,7 . .5 1_ 225 
2., ".5 1_ .. 1 
.. ., 1..5'_ 9 

I .. 8.981 
8 _ S,II!! I _ 300 

22 . .5 

I 

Each aldo of joint m\llt be !)rovlded wtLh enough 
rh<f!U to rMfg; 

•. Tho fulL ,h(la.r at tbe .pllce acting vertically. 
The.t.n)SI on each rLvet 111 the total. .bear at .pllce 
+ numbel' of rh-ets on each mdo of iolnt . 

b. That portion of t he bending moment which t. 
takm b)' 3i of tbe web act!ng horizont.al.ly. The 
maximum st..- Is this "Ilno + the section Modulu. 
of tho rivet (lroup. 

The nlIIultant of th_ two force. t. tbe IIlaJ:lmu.m .""- on each 
rivet in oxtromo IIno o! IPUOO plate. 

•. T he.boar at ecnter _ ....alief end roactlon 

_125,000.:23 _67"""'1" ' 110 ,......... 

T ho 'heo.r 1)I!r rivet _ 67,000 + 40 _ 1,488\bII. 

h. Tho ~km :'ItodulUll of the rivet II"OUP for rh-cta or unIt 
viluo _ 3!X\1n.>, 

Homent I'()Ilb:I.Od by '" of web _ 00 x '" x 3i x 60 x 18,000 
_ 3.037,000 Inch-pound, 

St.- pel' rive\ - 3,()37,500 + 399 _ 7.613 It.>.. 

Z, l lUlmum In e"treme line I.! Vi .613'+ 1.438' _ 7.748 lIMo. 

Maximu m . Uo ... ble ItruoJ per rlO'f)t u Covemed by bearln,g on ~" piaU! at 30.000 
IbII. _ 0.840 It.>.. tor ~" r ivet at outalde line In glrdCl' 28" !'rom cent«. 

MllXIn,um valuo at eJo:treme line of rlvcla In Iplloo is 0,84Q2~ 22 . .5 - 7,0 10 lba:. 

To determine thickness of splice pintos 

Stl'flSll In center of plato 22.5" !'rom center of girder _ 1S.000~ n.6 _ 13,1>00 pound. per 

IMlWU"9 Inch. Consider the moment carried by the extreme rl veU! to be l'OI\I<ted by t he 
portion or the .pllce adJa.oent to thNe rivet&. III th15 cue tbe upper 3" or.puce pLa.tea 
Ihould dc.-eilip the extreme ro ... of rlvetl. 

Horizootalst..-In three extreme rivetlls 7.613.11: 3 .. 22.839 l be. and 

lQu:u'O Inches not, 

22,8.10 .. 
13.1>00 

3" _ I " .. 2". 1.69 

'" 
.42" _ JIo" _ required tWet .... cr IPUce platc.w. 

1.6!) 
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GENERAL REQUIREMENTS FOR RIVETING 

1. In proportioning rivets the nominal diameter of the rivet 
shall be used, and in deducting rivet holes they shall be taken 
Ys inch greater than the nominal diameter of the rivets. 

2. The minimum distance between centers of rivet holes shall 
be three diameters of the rivet, but the distance shall preferably 
be not less than: 

4}i" for l.J.-f' rivet& 
4" .. 1~" " 
3}i" .. 1" 

3" for~" rivets 
2.J.i"" tin " 

2" for~" rivet. 
1,","" Joi" " 

3. The maximum pitch in the line of stress of compression 
members composed of plates and shapes shall not exceed 16 times 
the thinnest outside plate or shape, nor 20 times the thinnest 
enclosed plate with a maximum 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 
rivets staggered, the maximum pitch in the line of stress in each 
gage line shall not exceed 24 times the thinnest plate, with a maxi
mum of 18 inches. 

5. The minimum distance from the center of any rivet hole to 
a sheared edge shall be: 

2~" for l~" riveta 
2" " I}i" " 
I~""I" .. 

Hi" for ~"rivet.e 

l~" " ~" " 
Hi" for ~" rivet.e 
I" " ~" .. 

The maximum distance from any edge shall be 8 times the thick
ne68 of the plate. 

6. The pitch of the rivets at the end of built-up compression 
members shall not exceed 4 times the diameter of the rivet for a 
length equal to 172 times the maximum width of the member. 
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ALLOWABLE WEB SHEAR, VIA 
IN POUNDS PER SQUARE INCH 

rOR VARIOUS RATIOS, ol t 

Maxim um ShearIng Stress 12 Kips per Square Inch 

-
01' I --
50 

" " 83 
64 
55 
56 
67 
56 .. 
70 
n 

" 73 
74 
75 
78 

I 77 

'I' M ' I' 
.2000 78 9756 
11868 79 9642 
11734 80 "211 
11604 " 9418 
11413 82 9308 
11343 83 9199 
11215 84 9091 
11 087 55 8984 
10961 .. 8880 
'0835 67 ,m 
10711 88 .. " 10587 89 ,on 
10485 90 .m 
10344 " 83" 
1022' 92 827. 
10105 93 .on 
9988 94 ..., 
9871 95 7988 . 
v _ Total vertical shear. 
A _ Gross area of web. 

01' 

.. 
97 .. 
99 

.00 
lOS 
11. 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 

c _ D istanoo between flanges. 
t _ Thickness of web. 

'I' 
7895 
7803 
7712 
7823 
7535 
nll 
.722 
6345 
600Il 
.67 • 
5378 
5097 
4836 
4592 
.364 
4151 
3951 

.. 



PLATE AND ANGLE GIRDERS-APPROXIMATE DESIGN 

In preliminary design of a symmetrical girder or in C8.8CS where 
extreme accuracy is not essential it is sufficient. to bnsc the transverse 
resistance of the section on the moment of inertia. of the two flanges, 
obtained from the general formula: 

M _ r~ - fAd, A -~, 2 A - IT 
where A is the area of either top or bottom Bange, 2 A the com
bined ares. of top and bottom fb.nge angles and plates, and d is 
the total depth of the girder. 

The tables whicb follow give the moment of inertia Qf four flange 
angles and two Bange plates of various sizes for depths of girders 
from 36 to 84 inches. Sizes not given CRn be obtained by inter-
1>oIalion of nearest values. 

In proportioning the flange angles and plates it is desirable to 
nllow at least one-third of the required flange area for flange angles. 

The results c;orrespond nearly to tbe net moment of inertia of 
the section, the omission of the section modulus of the web plate 
offsetting a reduction for rivet. holes. 

E:UMPLL Plato a nd Anslo Olrder.lIrnltod to a d"pth of 38Ji InchN, to 
"".lna Ola.::bnum bending momentnf 1,000,000 fool..pOUnda. unl~.t.rc. 18,000 
pounds: 

,._2 M_2.:: 1211 1,000.000_", ._. 
td 18,000 II 38 ' IIQ. W" thon hom tabl": 

.f.-Flange AIlIJIN. 0" lIf" II: l h " A_16.7 sq. In, 

2-FIang<lI'Jaw., 14" II: "" A-.",."¥-;;;--cO 
37.7 sq. In. 

Including fQr a I1l()I'I) clIaet eomputatlQn a .... eb plate, 36" " U". with 
proper reduction of I" dla. hoLo.: then 

I _M d _ 12xt .OOO.OOOI<S8_t"'667 1 • fro tabl 
2f 21<18,000 -. n .• m e. 

4-Fbnp Anglo.. 0" I< 4" I< lh" d,_30,"," 
2-F~ PiaU.. 14"" "" d,-30H" 
I - Web Plate, 30" I< H" d _36" 

1- 5,040 In.' 
1_ 7.280 In.' 
1_ 2.430 In. -

Oro. 1_ 14.7&0 III.' 

Dod~' 
4--FIa.ng" Hole., 
2-W"b IIolea. 

1" I< Hi." I _IS" 
l"lIl Ji" I,_HI" 

I .. I.~O In,-
1_ 768111,

Nctl_12,4421I1,_ 

.7' 
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CRANE-RUNWAY GI RDERS 

Design. In the design of erAne-runway girdefll, the following conditions must be 
provided for : 

1. Bending moment due to mlUimum reaction of crane load, which i& the sum 
of the total reaetion from the CrtIoDe load Rnd movable pam of the craDe when in the 
position of the maximum travel toward the girder plu.s QDe-ha.lf the weight of the 
crane girder. 

2. Provision mUlit be mMe against lateral deftection in ca.se of an cJ<eeesive 
Tlllio of apa.n length to hoge width. For the purpose of simplicity in Example I 
which followa the nea:ssary width will be eeeured by means of 8 channel riveted to 
the top fllUlge. 

3. In addition to the tendenny to de8ect laterally due to total traIlllVeree load, 
provision must also be made against lateral impact due to the reaction of the craDe 
load when suddenly started or stopped. This reaction is transmitted direetly to the 
top flange of the girder find i~ variously lI6IIumed to bear a definite relation to the 
\'ertical force, in !lOme ClII:IeII IlIllow 8.11 1/20 /Lnd in other ClII:IeII IlIl high B.II 1/5 or cvell 
higher. 

4. The web of girder mU8t be of sufficient strength to resist the total reaction 
from cralle occurring at extreme end or point of bearing of runway girder. 

5. The unit SUe8/! should be limited to 15,000 pound!! for the comptell8ion Bange 
and 18,000 pound!! for the tension fl.ange. 

6. Due allowance mU8t be made for impact due to the rolling load or the sudden 
application of the load, by adding a certain percentage (say 25%) to the total static 
moment. 

The compuUllions for bending moment and lateral deflection due to transverse 
loading are m.a.de in accordance with ususl practice in the design of girders. The 
lateral impact against top Bange of girder may be computed from the following 
formulllll: 

i\h _ Bending Moment hllnch-llOund& due to traneverso load. 
n _ Ratio of Lateral Impact Moment to i\\, &8 ~. 'no. n. 

nM, _ Bending Moment due to lateral Impact. 
1 ,_, _ Moment of (nonla of girder roforrod kI AxlB I_I. 
1\0_0 - Moment or Inertia. or top tlange or girder, AJ<IB 2-2. 
8._0 _ Section ModulUS of girder, Axis 2-2. 
r _ Maximum allowablo unit stl"f.'Sll. 
r, _ Unit Stro8ll (wnslon) in bottem Hauge dne kI transverse load. 
r. _ Unit 8tnlSS (compression) In top /lange dUll to transve"'1'3 load. 
f., _ Unit Stl'OS!l (compl"f.'Slllon) In kip Ilango due to \.at<lrallmpaet load. 
x _ Distanco from Axis I-I to top of girder. 
y _ Distanco fcom Axis 1-1 to bottom or girder. 
z _ Dlstanco from Axis 2-2 to OOgo oC top lIa.ng<). 

TbenM,:nM, _ f" I,_, C. ,III-· and t • ~ dM , --,- T.; - n 1,_, zan , ,onax. 
C I ,_, 

C •• _ f. nl,-,,. r._ ~r\x, CI- !!.LL 
110_. x 1,_, 1,_, 

( ~) t max. In top flange - t" + t.1 - t. 1 + 111_. x and must not exceod the maxl-

mum a.llowablo unit Sll'06ll. 

1-'or symmetrical sectIons where top and bottom tlangea arc of equal .eetion moduiUll. 

~ booomeB 8", and It~_. booomeo S;_. and tho formu\a8 becomo 

n ,( 2 n S,_,) '" ( S,_, X S._. ) r max. In top ango - • 1 + ----so:;- an _ 1 max. - t S._. + 2 n S,_, 

The examples ~hown are hypothetical and are ehOllen merely to indica~ tho 
method of approach and the fact that in many ea!Ie8 a satisfactory girder may be 
se1ec~d from the CB Series. 

It will be quite apparent, however, that in m08t e&8e1I the bottom Bange! will not 
be Atresaed to full capacity and that a more efficient girder could be designed by using 
plates lind anglee carefully selected to lICCure the maximum IIllowable stre8/1eS in both 
the top and bottom Bange!!. 



E::u.JO.t.I: 1. C!'a~run..,.y girder Mvlag 3O-foo"pan to IUPport. a moving load on 
2 wbee\s 10 tee' apart.. Tol&!. load on eacb .. boIIl 24.750 pound.I dIM to the to~1 CraI") 
load and movl.,. p..-ta plu. one-halt the welSb' of tbe crane girder. ~me tbe foree 
tendUlg to delklc1. ~he girder lat.cnl.l.ly to be 1 no ot the vertical force. ~ OR 301 
108 lb. and 0 I, 16" 3S lb. charuiel rlvoted to t.op flAnge. 

?I, lor live load 

Add U % tor Impact 

?I, for doad toad _ 143 X 30' 

• TOIaI :'>I, 

_ 257.813 n.·I'-. 

61,453 t~.-l '-. 

IG.Ooo n.·lbo! . 

338.356 n. · lbo!. 
I 3OX12 

Load reduction. tor b ratio of --,-,- or 24 - 81'-3%. 

E<!.uh-akm'!oI, _ 338.356 
86.3 392.070 n.·lbo!. _ ~ , 

4.704.MO In.-lbo!. -_. , 
Bending StreBses. The MornenU of Inertia are for net aectiOIlll with allowance 

for I ·inch diameter holes. Unit!trest for traD3ve~ load and lateral impact is 
15,000 IhII. per MI. in. in top lIange. 

M, mu. _ f I.., 15.000 X 579(.4 _ 4.718.870 In..!IM._ 
x +nl,.,,. 124e+t.791.4 X7./i ruomcntot l"ednanco 

110__ . 20 X 365.0 

lmax .• toPII&DI'II_M,X (I +!!...!tl!.) _12 46 X4 .• 0-4.8.f0X(I+ S791.4 X 7.5 ) 
I,., lit ... X 5191.4 20 X 365.0 X 1246 

_ 14.9511 lb •. per IQ. In. 

f balto II _M,y_4.704.840 XI7.78_1 444411M I 
t. m ange 1,_, 11791.4 ,. pOI' 8Q.. n. 

T hill cornea ""ell within the maximum allowable !!trees, 18,000 lhe. per MI. in. 

Web Resistance. From the table of bending momenUand web resilJtMloell 'I\'e 
find that the 'I\'eb of Section CD 301, lOS Ib. i"good for • load of 72,350 pounds with 
a minimum end bearing of 3J.i incbea, and ... tbe total end reaction due to tbe ... ·heeI 
load!! iHleu than thill, the web ia Imply !t.rong. 

E:u.JO.ldI 2. Ot"ane-runway girder having a 2O-toot. span b t.o re-lit a maximum 
bending momen~ of 320.000 n.-IIM. fOl" llvo load. The girder to consbt of a 311-Ioch 
beam with U,,,,·lnch lIange wld!.h. 

Assumo 240 Ibl. per t t. n _ I JIO f ma •. 10\ comp..-.lon flange _ 
15.000 Ibli. (lOr aQ. In. 

M, for IIvo load _ 320.000 tt..-Ibli. 
Add 25% lor Im~ _ 80.000 nAIM. 

oM, for dead load _ 240 : 20' _ 12,000 n.-1t.. 

Tot&! 101, _ 412.000 tt.-IIM. _ 4.g .... 000 In.-11M. 

For ~ ratio _ 201:'/i 12 _ 14.5. theretOl"f! no roduction II roqulred. 

8,-, _ 873.6 In.' 8 .... _ Ill.li In.' 

( 
8,·, X 1',,-. ) ( 873.6 X IIt .5 ) 

Then M, mu. - fa .... + 2 n a,-, - 15.000 111.11 + 2 X .1 X 673,6 
_ 11.10-4.800 In.·IIM. 

fe and to _ ~,~!.~ _1I.M911M. per 11((. Ln. 

f mIX. In top ftanp _ tc (I + 2 :,~:-I ) _ 5.M9 ( 
:1 X 8736 ) 

X 1+IO XI II.5 
_ 14.1127 11M. per SQ.. Ln. 

IN Ex ..... i"t.I: 2. 
U n _ l Illi, 

( 
873.6 X 111.11 ) 

M, max. - 15.00Il It 1.5 + 2 X .067 X 813.6 

Ie and fI _ 4,~~~~ _ /i.M9 1'-. per 11((. In. 

( 
2 X 873.6 ) 

f max .• topi'l&Dl'll_/i,M9 1 +111 X 111.5 _ 1I ./i7l Ibl.. per 1Q.ln. 

Allo ... ble _ 111,000; bence. tor th18 CUll the beam would be lood tor an iDCI'eUIII 
In bendl ... momon~ ot 29.3'70 or 6.392,1100 In.·IIM. 

In Exarnplo 2 the g1'06III value of the beam has been UIIld for simplicity, but 
delliguenl ahould tAke into account the necelllllry reduction for rivet holel! if lIanges 
are punched. 
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PLATE GIRDERS 

f' 
, , 

L 
.' 
• d 

__ J 
Moments of Inertia 

and :=U~ l' dlL. 
" 

o 
--w- 243 

42 385 
48 576 
54 '211 
60 11 25 
n 1944 
84 3087 . "" 

1458 
2315 
3456 
4921 
6750 

11664 
' 8522 

Areas of Component Pa rts 

I, •• OF ONE WEB PLATE. TlIIcIc ..... In IndM. 

170 - 'ru430 - 2;' 34-~ 388B~4374 2701 3087 3859 4631 54~ I 6174 6946 
4032 4608 5760 6912 8064 9216 10368 
5741 6561 8201 9842 11482 13122 14762 
7875 9000 11 250 13500 15750 118000 20250 

13608 15552 19440 23328 27216 31104 34992 
21609 24696 30869 37042 , 43220 49392 55564 

It_I OF TWO FLANGE PUTES (Fer 0 ... II\dI fII Wlltth) nlel_ In Iodl .. 
0 , , m ill m rn m ~ , m ~~ ,~ ,~ , ~!irl-~-I u =s ~ J -.- 1 l UI--.!.~ -JU 

, , 
1'""'l484 

42~ 
48~ 
54~ 
60~ 
72~ 
84)1 

Slle 

0, ,,' ,,6 ,,' 

345 402 462 581 702 823 946 11 97 1453 1714 
448 523 600 754 910 1067 1225 1547 1876 2210 
565 659 756 950 11 45 1342 1540 1943 2353 2769 
695 811 926 11 68 1407 1648 1891 2383 2884 3392 
996 1162 1328 1660 2012 2356 2701 3400 4108 4825 

1351 1576 1800 2265 2nS 3189 3655 4596 5548 6510 

1 4. -'6.7 
17.4 211.2 

23.7 

Of FOUR fLANGE ANGLES. Thltkn.P In India 

AREA OF FOUR ANGLtS 

ro. 
23.0 
27,0 
31.0 

23. 
28.4 
33.4 
38.4 
-'rh -~ 27.8 3l.9 

33.8 38.9 
39.8 45.9 52.0 
45.8 52.9 60.0 

"" 2552 
3194 
3908 
5552 
7484 

66.9 
AREA OF TWO fLANGE PLATES AREA OF ONE WEB PLATE 

-.-_1_ X - - ...... - _ -" ~· I -~ .. ,-
1.50 9.0 12.0 15.0 18.0 21.0 

14 1.75 10.5 14.0 17.5 21.0 24.5 
16 2.00 12.0 16.0 20.0 24.0 28.0 
16 2.25 113.5 18.0 22.5 27.0 31.5 
20 2.50 15.0 20.0 25.0 30.0 35.0 
24 1 3.00 18.0 24.0 I 30.0 36.0 42.0 

24.0 0.0 
28.0 35.0 
32.0 40.0 
36.0 45.0 
40.0 50.0 
48.0 60.0 

. "" 
36.0 ,. 
42.0 42 
48.0 48 
54.0 54 
60.0 60 
72.0 72 

84 

1'hIcItn.- In I ....... 

2.25 9':0 3.S 8.0 
2.63 10.5 15.8 21.0 
3.00 12.0 18.0 24.0 
3.38 13.5

1

20.3 27.0 
3.75 15.0 22.5 30.0 
4.50 18.0 27.0 36.0 
5.25 21.0 31.5 42.0 



--12 
14 
16 
18 
20 
24 

DilL 
b I~ b 

% 
!ii 

~ 
li , 

,., 
••• 
!ii » 
% 

~ 

,,.; -.-

331 386 
347 404 
363 424 
432 504 
450 525 
469 547 
547 638 
567 662 
588 686 
675 788 
698 814 
721 841 
867 11012 
972 1134 
999 1166 

1027 

108 
172 
256 
365 
500 

PLATE GIRDERS 

Moments of Inertia 

of 

.7. 

Holes and Component Parts 

9<11 1027 
993 1083 

1213 1323 
1271 1387 

1210 1331 1452 
144° 11584 1728 
1501 1651 1801 
1563 1719 1875 
1823 2005 2187 ,.,69 

2352 
2700 
2791 
2883 
3468 
'888 
'997 
4107 
4800 
5292 
5419 

h •• OF TWO FLANGE PLATES. nue,," ... II! Indies 

,,~ 
200 229 286 401 458 572 686 802 916 
299 341 426 597 682 852 1024 11 94 1364 
425 486 608 851 972 1216 1458 1702 I 1944 
583 667 834 1167 1334 1668 2000 2234 2668 

864 

'In - fBO 

1008 1152 1440 2016 2304 

;i~4lmd.rt.lli76 
2880 3456 4032 4608 

1:1-. OF FOUR ANGLES 6 •• 

40 
121 141 
123 144 
127 148 
130 153 
136 158 

ThIck .... In InchM 

60 
200- W 182 203 245 

165 206 250 
170 213 257 
176 220 265 
180 227 274 

281, 
290 
295 
300 
310 
320 

I ••• OF FOUR ANGLES 8.6 
ThIdc_ In II'd>M 

--m 68 .,,- 5~-650742 326 372 467 561 657 751 
330 3T7 473 568 665 760 
338 386 485 582 680 780 
346 396 497 596 698 800 
355 405 510 610 716 820 

h .I Of FOUR ANGLES 8 x 6 

Db t. TlIIck"_ In II'IdIM 

••• U I 1< hB I " l li l" 1201-140 160200- 243 285 
hi 122 142 162 204 241 289 
~ 124 144 165 208 252 294 
% 128 149 170 215 260 305 
~ 132 154 177 223 270 315 
7 137 160 183 230 280 326 

r •.• OffOURANGW 8~8 

TIIIdc ..... In ......... 
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COLUMNS AND STRUTS 

A compression member, subjected to longitudinal pressure, is 
shortened by tbe compression and also tends to deflect laterally, 
due to the fact that the load cannot be applied coincident with the 
longitudino.! axis and that the material is not perfectly homogene
ous. This Bexure occurs generally in the direction of tbe least 
resisting moment of the section; the load which will cause a column 
to fnil 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 Formulu. Under ideal conditions, when it can be 
assumed that the lead 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 !lot be any flexure; if, howe\'er, a deflection be imparted to 
the column by a lateral force, the column would ultimately fail by 
bending. 

Euler's Formula, P -k ~ or i-It: (7;r~2 , is based upon the fore
going tbeory, 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 Formula, P - 1 + ::I/rj.or~- 1 +el
Utf j2' represents the type 

of formula now in general use and the various formulas for propor· 
tioning columns which are based upon this general formula agree 
with actual tests within certain limits. In this fo rmula a ccrtain 
compressive unit stress for direct crushing is assumcd and reduced 
in ratio of length of column and lenst radius of gyration, ll r; value 
of c is an empirical factor, varying with the resistance of the 
material and with conditions of end bearing. 

Straight Line Formulas. In practice, compression members of 
a. greater ratio of slenderness, l/r, than 120 arc rarely used, and 
within this limit the curve can be represented by a. strnight linc, 
the general fo rmula assuming the simpler form: ~ _ t-c (f>. 

COmpressiOo lorniula.ll determinlog the resl,tallOO 01 webi III rolled '-IDlI 
or rh-cted gll"IIer:o agalnU buckling. or the II~ reduc:t1(11l or .. re load_duo 
1.0 b~ral dctloctlon ot \lIIbraced booIDll. are llkewlMl baaed 00 ono or the other 
t~ ot ("()Iumn rom,u\aa. 



Ratio of Slenderneu. llr 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 
prcvcnt de8ection in the direction which corresponds to the least 
radius of gyration. It is, therefore, necessary to determine the 
radii of gyration and to use the proper ratio of slenderness in any 
particular case. 

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. 

Compressive Unit Streuea. 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 

Maximum unit tt.rcM at ll r-OO : 15,000 lb. per eq. inch. 
Maximum ll r: Primary wemben_l20j Secondary memberl_200. 

Ezplanation of Tables. The tables give the concentric safe loads 
in kips and include a selected line of 14-inch CB colu mn sections 
with coyer plates. The loads arc based upon the least ra.dius of 
gyration. 

In addition to the safe loads, tables give t he momcnts 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 Oexure in such a manner that 
the greater radius of gyration may be used. 

Combined CompI'tiIBion and Bending Stresses. Generally, the loads 
are concentric and equally distributed over the cross scction of 
the column or balanced on opposite sides thereof. In the case 
of beams carried on brackets or othcr forms of ecccntric loading, 
bending stresses arc 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: 

28. 
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P _ Concentric load. 
P1 - Eccentric load. 
1 _ Length of column _ II + 1" cnd distances of eccentric load. 
/t _ Distance from top of column to eccentric load. 
I, _ Distance from boltom of column to eccentric load. 
rll _ Unit compressive stress for length l of column. 
fet _ Unit compressive stress for length II of column. 
fa _ Unit bending stress. 
1\'1 _ Bending moment due to eccentric load. 
y _ Distance 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 bend ing. 
A _ Cross sectional area of section. 

Compression due to concentric and eccentric load: 
p_Arc , P , _ Afe,. 

When the eccentric load is applied above center, Fig. 1: 
}' ~ ~. ~ 

A - ~ + fe, + I r. r"' M max - I . 

When the eccentric load is applied at the center, Fig. 2: 

P ~ ~ 
A_-, +, + 21 .' () e, ,r M max _ P~Y. 

When the eccentric load is applied below center, Fig. 3: 
P A_
I, 

P,vl,n A P ~ P , yl, n"1 ~ 
+ If,rt' or -~ + fc,+ Ifllrl ,1> max _ I' 

Ulle greater "Value for A. 

When the eccentric load is applied at the top, Fig. 4: 

A P+P,+~. 
- Ie r,r" 

Mmax _ P,y. 

When the eccentric load is applied at the bottom, Fig. 5: 

A 
P P,"D. _ _ +::.....L...o:.., 
fa f, r' , 

FtG. 3 

Mmax _ P,y. 

,,' ., 

p p, P" 

T ._,+-

'" 

, 

, , , _________ 7 

FIG. 4 

,,, 
T 

,,, , 

, 
'" T 
~·--T , . 

r' !. 

" · ' · , · , , , , , 
, , ----_."-,, 

FIo. 1 

, 

p, : 

r::=7'P-' '" -- -i ! :p,y/, I ' 

~T ' : 

!Jr 
• 

It : , , , , , , . ______ L ... 

FIo. 2 

NOT": The ..... lIe ot fA. 10 the above rormu.lu.It.-umed to be 18.000 po:mnd. per 1(111..." Incb 
tor ratlool of jIb _ 15. WMno the ratio 01 l(b exceedJ 15. tbe n.i1!6 of f. abould be reduced to 
eooform to the atand.&rd practice .boWD 00 p&KO 184. 
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E,.. .. plr. RequIred a ell column. 2A roet. In length, to support (I concentric load or 383.000 

pouncb and lUI eooontrie load ot 00.000 oouod. acUIl« at. dhltance of 10 Inch", from center of ~Ion. 
In p~e of ,...teI~ resistal}08. Axl' 1-1, and a~ a dl.IlanC6 of 5 reM from top of column. 

Unit oomp..-lOD and bending ~ In IICCOr"d.aooe with A. I. 8. C. requiremenu. 

Almmlng OB 1.(5, 136 p(lWldl. with tbe follo"lng "rupertl",: 

A _39.9811Q.lo . n _7..37510. rL.' - 6.3110 •••• _3.7711:1.. 

t. fo r lit .. 25 X 12 + 3.77 .. 70.6 13,314 lbo!. per «I. In. 

f. , for h/r '" 20 x 12 + 3.77 .. 63.7 14.689 11lII. per oq. In. 

A .. 383,000 + ~ + 54),000 X IIJ X 20 X 7.375 '" 31l DO I 
13,314 14.089 Zli X 18,000 X 6.31' • IQ.. n. 

NOTa: The bending rao::tor. A/S, for column sectlolUl. may be usod to advantage In computation 
of cohnlllUl with eooentrlc load, . ubt\ltullng the valuo of A !S t or DJr' In the f"",,ula. 

10 the eu.mple the value of loIS. uls 1-1 .. 39.98 + 216.0 .. O.IM. 
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COMPRESSION UNIT STRESSES 

Allowable Unit Stresses In Pounds per Square Inc:h 

by Compre8llion Formula of 

American Institute of Steel Construction: 
1 _ 18,000 

• • +-- (l/r)2 
18.000 

The following tables give the unit stresses for ratios of llr in intervals of 
0.5. Intermediate values may be found by interpolation from the figures 
given for the tenth units of llr by adding or deducting from the nearest 
tabulated figure the corresponding multiple. 

E"' .... FL .. ' Unit stro8l for /Jr .. 94.7 and l l r _ 1OO.8 
ljr _ 94.7 11989 +3::<8.4 or 12031-2x8.4_ 12014 
IIr _ 1W.8 71)41 +2~.9 or 791l-3x.5.9_ 7953 

Main Members- Ratios of Il r up to 120 

"'''. ""' Dill. "' .. "," 0111. Rallo. "_. 00. "' .... ""' 0111. "- Situ .. ,-. ,,-
'" ........ 11.10 ,. ..... ... ", ..... ... ", .... "" 0.10 

60 15000 75 13714 90 12414 105 11163 
.5 14958 8.' .5 13671 8.7 .5 12371 8.8 .5 11122 ~1 

61 14916 76 13627 91 12328 106 11082 
.5 14874 8.' .5 13584 8.7 .5 12286 8.5 .5 11042 8.0 

62 14832 n 13540 92 12243 107 11002 
.5 14790 SA .5 13496 8.7 .5 12201 ~, .5 10962 8.0 

63 14748 78 13453 93 121 58 108 10922 
.5 14705 8.' ., 13409 8.7 ., 12116 8.5 ., 10883 7.' 

64 14663 79 13366 94 12fl73 109 10843 ., 14621 8.' .5 13322 8.7 .5 12031 8.' ., 10804 7.' 
65 14578 80 13279 95 11 9J19 110 10764 

.5 14535 8.5 .5 13235 8.7 .5 11947 8.' .5 tOnS 7.' 
66 14493 81 13192 96 11905 111 10686 ., 14450 8.6 ., 13148 8.7 ., 11 853 8.' ., 10647 7.8 
67 14407 82 131!J5 97 11 821 112 10608 

.5 14364 8.6 .5 13061 8.7 .5 l1n9 8.' .5 10569 7.8 .. 14321 83 13018 98 11737 113 10530 

.5 14278 8.6 ., 12974 8.7 ., 11696 8.3 ., 10491 7.7 
69 14235 84 12931 99 11654 11. 10453 ., 14192 8.7 ., 12888 8.7 ., 11613 8.3 .5 10415 7.7 
70 14148 85 12844 100 11 571 ff5 10376 

.5 14105 8.7 .5 12801 8.6 .5 11530 8.2 .5 10338 7.6 
71 14062 86 12758 101 11489 116 10300 

.5 14019 8.7 ., 12715 8.6 ., 11448 8.2 ., 10262 7.8 
72 13975 87 126n 102 11oW7 117 10224 ., 13932 8.7 ., 12629 8.6 .5 11366 8.2 .5 101 87 7.' 
73 13888 sa 12585 103 11325 f18 10149 

.5 13845 8.7 .5 12542 8.6 .5 11284 8.2 .5 10112 7.' 
74 13801 89 12500 104 11244 119 10074 ., 13758 8.7 ., 12457 8.6 .5 11203 8.1 ., 10037 7.' 
75 13714 80 12414 10' 11163 12fl 10000 

. 
-
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COMPRESSION UNIT ST RESSES 

Allowable Unit Stresses In Pounds per Sq u are Inch 

by Comprc!l8ion Formula. of 

American Institute of Steel COll8truetion: f -
18.000 

,+ -'- (llr)! 18,000 

Secondary Members- Ratios of ll r up to 200 

""'. Unll 0111. "'~ 
UnU 

0111. I ""- Unit , .. Ratio. 
Unit 

Oill. ,- ,,- , ... , "-". l'<;Junll, O.lG ". ........ 0.10 ". ....~. 0.10 ". , .... 0.10 

120 10000 140 8617 ~ 7431 180 6429 ., "., 7.4 ., 8585 6.4 I ., 7404 ' .4 ., 6406 4.8 
121 9926 141 8553 181 73n 181 8383 ., 9890 7.3 ., 8521 8.3 ., 7350 '.4 ., 6380 4.' 
122 9853 142 8490 182 7323 182 63" ., 9816 7.3 ., 8458 8.3 ., n96 '.4 ., 6315 4.' 
123 .780 143 8427 183 n89 193 8293 ., 9744 7.2 ., 8396 8.3 ., n43 '.3 ., 8270 4.' 
124 .70. 144 9364 164 n17 184 6248 ., 9Bn 7.2 ., 8333 8.2 ., 7190 '.3 ., 8226 4.4 
125 "'8 145 9302 185 7164 185 8204 ., 'BOO 7.1 ., 82n 8.1 ., 7138 '.2 ., 6182 4.4 
128 9584 148 8241 186 7112 188 6180 ., 9529 7.1 ., 8210 8.1 ., 7088 ,~ ., 6139 4.3 
127 9493 147 8180 187 7061 ' 187 6117 ., 9458 7.0 ., 8156 8.1 ., 7035 '.1 ., 6095 4~ 

128 9423 148 8119 188 700. 188 8074 ., .388 7.0 ., 8089 8.0 ., 8984 ' .1 ., 8053 4.3 
129 9353 149 8060 189 6959 189 8031 ., 9318 8.9 ., 8030 6.0 ., 89" '.0 ., 6010 42 
130 9284 150 8000 170 6908 190 '989 ., 9249 6.9 ., 7971 , .• ., 8883 '.0 ., '988 42 
131 9215 151 7941 171 6858 191 '947 ., 9181 6.8 ., 7912 , .• ., B834 4.9 ., 5926 4~ 
132 9146 152 7882 m 6809 192 '906 ., 9112 8.8 ., 7853 5.8 ., 6785 4.9 ., '88' 4.1 
133 9078 153 7824 173 8780 193 5884 

.5 904' 6.7 ., 7786 '.8 ., 6736 4.9 ., '844 4.1 
134 9011 154 n87 174 6711 194 '824 ., 8978 6.7 ., m8 '.7 ., 6687 4.8 .5 5803 4.0 
135 8944 155 mo 175 6663 195 5183 ., 8911 8.6 ., 7681 5.7 ., 6639 4.8 ., 5783 4.0 
136 8878 156 7653 176 6615 196 5743 

.5 884' 6.6 .5 7625 '.6 ., 8592 4.7 ., 'm 3.' 
137 8812 157 7597 177 "68 197 5703 ., 8179 6.' ., 7569 '.6 ., 654' 4.7 ., '684 3.' 
138 8746 158 7541 178 6521 198 '664 ., 871 4 6.' ., 7514 ,., ., 6498 4.7 ., '643 3.9 
139 8681 159 7486 179 6475 199 5624 

.5 864' 6.4 .5 7459 ,., ., 6452 4.6 .5 5606 3.9 
140 8617 180 7431 180 6429 2DO 5586 
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CO LUMN 

H CB SECTIONS 2 

COLUMNS WITH '-- , .---' 

COVER PLATES LOADS ,- • 
14-INCH CORE 

2 
ELEMENTS 

CoY .. PIlot. , ... AxIl 1·' Allt 2·2 

" .• W .... , ... 
W"'" 

Thiok· ,- '" h I 5 8 .... lnt I 5 , .-~ "- '* 
, ,- ,-

... . , . " . u.. SCI.ln. In.- In.- ". ,., 111.- In.* .,. ,. , 
-

CORE SECTION - C B 146 - 320 LBS. 
---

" 3% 24.06 912 268.1 i 22497 1870 9.16 .143 9987 832 6.10 .322 

" 3)0 2U' 89. 262.1 21638 1818 '.09 .144 9699 808 6.08 .32. 

" 3% 23.56 871 256.1 21)797 1765 9.01 .145 94" 784 8.08 .327 

" 3)< 23.3. 850 250.1 '9973 1714 8.94 .146 9123 760 8.04 .329 

" 3» 23.06 830 244.1 19166 '882 8.8S .147 8835 736 8.02 .332 
24 3 22~' 810 236.' '8377 1611 8.79 .148 8547 712 5.99 .334 

23 3 22.8. 78' 232.1 .7794 1559 8.75 .149 m. 671 5.77 .346 
23 2" 22.56 770 226.4 17044 1511 8.68 .'50 7465 64' 5.74 ... , 
23 2" 22.31 750 220.6 16321 1463 8.60 .151 7212 627 5.72 .352 

22 2" 22.31 73' 215.1 15791 1416 8.57 .'52 6515 592 5.50 .363 
22 2% 22.06 713 209.6 15115 1370 8.49 .' 53 "94 572 5.48 .366 
22 2)0 21.81 694 204.' 14453 1325 8.41 .154 6072 552 5.45 .370 
22 2% 21 .56 675 198.6 • 3806 .28 • .34 .155 5850 532 5.43 .373 
22 2)< 21.31 657 193.1 13175 1236 .26 •• 56 5628 "2 5.40 .377 
22 2% 21.06 638 187.6 12568 "93 .18 .157 5406 .91 5.37 .362 
22 2 20.81 619 182.1 11955 1149 2.10 . 159 " .. .71 5.34 .387 
22 ." 21).56 601 176.6 11367 1106 .02 .160 '963 .51 5.30 .391 
22 1 ~ 20.31 682 171.1 10792 '063 7.94 .161 4741 .31 5.26 .397 
22 ' % 20.06 563 165.6 10232 1020 7.86 .162 4519 411 5.22 .403 
22 ' )0 19.81 54. 160.1 , ... 978 7.78 .• 64 .297 391 5.18 .410 

21) ' )0 19.81 52. 154.1 9182 927 7.72 .1" 3635 364 4.86 .424 
21) 1% 19.56 507 149.1 8697 .. , 7.64 .• 68 3468 347 4.82 .430 
21) ' )4 19.31 .90 144.1 8225 852 7.55 .169 3302 330 '.79 .436 

18 1.14 19.31 473 139.1 7817 810 7.60 .172 2850 317 ' .53 .439 
18 ' » 19.06 .58 134.6 7403 m 7.42 .173 2729 303 '.50 .444 
18 • 18.81 .42 130.1 6999 744 7.33 .175 2607 290 4.48 .44' 

--
No'rc : Wc!.iht.l do no~ Include rivets. PropoOrUea are tor gl"Olll!l aocUon. 
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f)-.- 161~r. ____ --, COLUMN 
• ___ 1 

l!j ,2 , CB SECTIONS , p ", , , , r '-" "_!_ 
' ' ~ ' I ~ - -'-l 

COLUMNS WITH I· " __ ' , 
I I 1 ~.-Yf3 ~~.1 __ "': : 
D ' ,, ~ ~ COVER PLATES 1 e'n;,' ,,1;'1 '- -'''~ 1~ 1 -
" , 11 1, .. SU;,... I 
• I. to ____ " I. ,') 

14-INCH CORE • , t... ' , \zY. - . --
, " I L _.,-L _____ '. i 

, , 2 I DIMENSIONS 
.J 3·l5Y2~"" 3 ·1.o-

I 
~ 

c.. .. AII. CoI ...... DI .......... 9 ,.., 
.,", 1 ... .- w_ 

..... "*M_ 

I 
.. 

0 P, d, 0, ,-
-- I I 

I ", ", I .. , 
" 

", .. , .... 
CORE SECTION - C B 146 - 320 LBS. 

24 3~ 24» I 53> 34 II» 912 
24 3)i " S ." 33S II» .. , 
24 3~ 23,_ ' J> 33~ II» an 
24 3)( "'" ." 33)0 II» 850 
24 3» 23 1• M. 33)0 II» 830 
24 3 " "> ' » 33» 11

1
" 81' 

23 3 " '> ' » "'" "" 789 
23 2)0 22~ ." "" ",. no 
23 2)( "., ." " » 10'" 760 

22 2~4 '" ." 31" IOJ' 737 • " 254 22 " .. , 31» " » m 
22 2)i 21~ 4?, 31 " » .94 

" 2" ZH. .', lOS " » 675 

" 2)( 2", . ., "'"' "" 657 

" 2» 21" ' '> 311l, " » 638 

" 2 " '> 4 1~ 30" 10
1
" 

61 9 

" ," '" ' • 3", 30" " » 601 

" ," 20,.. 3" 29~ 100, 582 

" 1~ 20» 3" 29~~ " » 563 

" l)i " S 3" 29''; 10\.Wi 544 

" l)i " S 3" "" 91, 02. 

" ," "" 3» " 9» 507 

" 1)( "" 3" " S 9» .90 

" 1)( "" 3" 26" 8', 413 

" I» 19\jJ 3" 26)0 8" '58 
" 1 

I 
" S 3» 

I 
26» 8» 442 

~. 
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COLUMN CB SECTIONS 
"-

" 

H COLUMNS WITH ,'- , , 
COVER PLATES 

0 . -- ' v-

I 1 "'" , 
LOADS l. 

, 
:-ALLOWABLE CONCENTRIC LOADS 

IN KIPS " 
, 

Unit Stress-Amorican Institute of Steel Conltruetlon-1928 

I CORE-CB146-320 Lb •. ....... 
""'" eo. .. PIll_Width bJ "'kn __ I ....... 
• F. ~ , .. 

29 
30 

31 '000 3906 3'" 3719 362' 3530 
32 3955 ,.., 3769 36n 3584 3489 
33 3911 3818 3726 3634 3543 3449 
34 3665 3774 3683 3592 3501 3408 
35 3820 3729 3839 3549 3459 3367 

36 In' 3685 359' 3506 3417 332' 
37 3729 364. 3551 3463 3374 3284 
38 3683 3595 3507 3419 3332 3242 
39 3837 3558 3463 3376 3290 321)1 
40 3591 3505 3419 3333 3247 3159 

41 354' "60 3374 3290 3205 3118 
42 3499 3415 3330 3246 31" 3076 
43 3453 3369 3287 3204 3121 3036 
44 3408 3325 3243 3160 3079 2994 
45 3363 "60 3199 3118 3037 2954 

46 3317 3236 3156 3075 299' 2912 
48 3227 3148 3070 2991 2913 '''' 50 3139 "" 29S5 2909 2832 2752 

" 3052 2976 2901 2828 "52 2674 

" 2966 2893 2819 2748 2673 2597 

56 2811 '135 2668 2597 2522 .. 2730 2860 2591 2522 
60 
62 

"'- In." , ..... .... 
Wol~ LllL/ FI. '" 

'--., ~, .. '" .. , 
L .. gIII Rat» , .. .. " ... , ... ,.C w 
I '_I. In.' ", .. "'" mm ,nn ",M .on 
SH.lft.' "" • •• U .. 1714 "" 1811 

, "'. In. US .... .., .... .... .n 
A/S.., .,. ., .. .," .14& • .IU .," 
1 ... I .... .., - uu .. " "" "" S Ho In.' '" ... '" '" no "' . ... 11L ... .... . .. ... ... ... 
't." .." no .." .." "" "" D. hI. ~. ", ,,~ ". '" "" ",In. .. ., ." '''' .., .. ~ 
" .. ... " • ". " " .. 

Sato load valUO!! .. bove up~ :lig-z&lIlID<l are ror rat~ of Itr no~ ov~ 00. tboae between ,IA'-zag 
~ I.f'O for ratlOll U!' to 12() and thoeo txlo1r lower ,Ig-u.g lioe arc for "tlol DO~ ovo:t 200. 



CB SECTIONS 
COLUMNS WITH 
COVER PLATES 

ALLOWABLE CONCENTRIC LOADS 
IN KIPS 

2.9 

C OLUMN -

H 
LOADS 

Unit Stress-Ame rican In stitute of Steel Construct;lon-1928 

CORE_CB 146-320 Lbs. 

c ... , 
Etleetl •• 
,~ .. 
In Foe! 

___ 11_-= n",-,,--' ' +_=-n=" '"_I-=-n, cc' ,., "'~I_=-~ "'= '" +-"=-"= '" +-= ~'=--'" +_-,~cc"'=-Vi 

:~~ ~~.--i;--; 31:;;;083'2144~-I--!-;-, --I--"';29~"''!11C-27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
48 
50 
52 
54 

: 
'''-: In.' 
WoIght, Lbo./ Ft. 
L.,gIIo Ri lio 
I "" In.-
S I-J , In,' 
" ,, . In. 
AIS ,., 
1 ..... In.' 

~f' 
""~ , 

3435 3344 3255 3128 3043 2957 2873 

3394 
3353 
3312 
3270 
3228 

3186 
3144 
3102 
3060 
3018 

2978 
2934 
28., 
2852 
2810 

2n0 
2689 
2610 
2533 
2457 

3304 
3263 
3223 
3182 
3141 

3099 
3058 
3017 
2976 
2935 

2894 
2863 
2813 
2m 
2732 

2692 
2613 
253' 
2460 
238' 

3216 
3176 
3136 
3096 
3056 

301 6 
2975 
2935 
2895 

-2854 

2814 
277. 
2735 
2695 
2658 

2617 
2540 
2465 
2391 
2318 

3087 3004 2919 2836 
3047 2964 2880 2798 
3006 2925 2841 2760 
2966 2885 2802 2722 
2925 2845 2763 2683 

2884 2805 2723 2645 
2843 2765 2684 2607 
2802 2725 2645 2569 
2761 2685 2606 2531 
2721 2646 2568 2493 

2681 2606 2529 2455 
2640 2567 2491 2418 
2601 2527 2452 2381 
2561 2489 2415 2344 
2521 2451 2377 2308 

2483 2413 2340 2271 
2406 2338 2267 2200 
2331 2265 2196 2130 
2258 2193 2126 2062 
2186 2124 2058 1996 

I~ 2313 2248 2117 2056 1992 1932 

"~,-~:~ "OAt::t:~ "M~. ~~---~i".~ .. , ~±-.:: "", .. ~~,,,~., --+ -::, .. :-: .. ~: 
7l1li 770 7!111 731 713 884 en 
1.52 1.51 1.100 !.Sa 1.&5 1.54 U4 

In84 17044 15321 15111 15115 144&3 13806 
I~ 1511 1463 '418 1;1711 1325 1281 
8.~ U8 8.60 8.57 8.411 SAl 8.34 
.149 .HlO .151 .152 .153 .15<& .IM 
7711 74M 7212 &515 I~ 81372 J/lI5G 

~
871 &4S 67l' &112 :72 ~2 ~~' 

&.14 &.72 UO ~~ _; 

~ :~ ~ ~ ~ 
t~ ~~ ~~ ~'.: ~:, , , 
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COLUMN 
CB SECTIONS 2 

H COLUMNS WITH , , 
COVER PLATES 0 f -1 '~ 

"-LOADS '> ALLOWABLE CONCENTRI C LOADS 
IN KIPS 

" 
2 

Un it Stress- Ame rican Institute of Steel Constructlon- 1928 

CORE · CB146 - 320 Lb •. 
EflII<tIv. 
,~ .. . ,~ 

25 2402 

26 
27 2368 
28 277' 2687 2599 2511 2423 2336 
29 2738 2652 2565 2478 2391 2304 
30 2788 2702 2617 2531 244' 2358 2272 

31 2751 2666 2582 2496 2410 2325 2240 
32 2714 2630 2547 2461 23n 2292 2208 
33 26n 2594 2511 2427 2343 2259 2176 
34 2639 2557 2475 2392 2309 2226 2143 
35 2602 2521 244. 2357 2275 21 93 2111 

36 2564 2484 2404 2322 2241 2159 2079 
37 2527 2448 2368 2287 2207 21 26 2047 
38 2400 2411 2333 2253 2173 2D94 2015 
39 2453 2375 2298 2218 2139 2061 1983 
40 2416 2339 2263 2184 2106 2028 1951 

41 2379 2303 222' 2160 2073 1996 1820 
42 2343 2268 2193 2116 2040 1964 1889 
43 2305 2232 2159 2082 2007 1931 1858 
44 2270 2197 2124 2049 1975 1901 1827 

" 2199 2128 2057 1984 1911 1839 1767 

48 2130 206D 1991 1920 1849 In, 1709 
50 2062 1994 1927 1857 1788 1719 1651 
52 1996 
54 .. 

178.8 171 .1 1110.1 

,. ". ro' '" ... ... 
U> 1.51 1.51 ... ,~ 

11115 119M 11387 "'" "'" .... 
",. ". ,,~ "., "" ". 
"" ." '" , ... , .. m .,. .,ro .181 .162 .,~ 

". .... ~ .. ~" 
.., 

m ~, ~, '" '" u. 
,,", 
,,~ 

'" 
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CB SECTIONS 
COLUMN 

H ,v, COLUMNS WITH 
D f COVER PLATES I 
l LOADS 

ALLOWABLE CONCENTRIC LOADS 

" 
, IN KIPS 

Unit Strew- American Institute of Steel Constr .. ctlon- 1928 

Elf"",,,. 
CORE-CB146-320 Lbs. 

,~" 
In fHl 

22 

" " 2045 1974 1905 

" 2130 "'14 1943 1875 

26 2257 2m 2099 19" 1912 1845 
27 2225 2146 "'68 19" "" 1815 ,. 2192 2114 2037 1918 1850 1785 
29 2159 """ 2006 '''' 1819 175~ 
30 2126 2049 1975 1854 "" 1724 

31 2D93 "'17 1943 1822 1756 1693 
32 2D6O 1984 1912 1790 1725 1663 
33 21)27 19" 1880 17" 1694 1633 

" 1994 19,. 1849 172. 1663 1603 
35 '''' '''' 1818 1695 '''' 1574 

36 19,. 1856 1787 1684 1603 154. 
37 1895 1824 1756 1633 1573 1515 
38 1863 1793 1725 1602 1543 1487 
39 1831 17" 1695 15n 1514 14" 
40 1799 1731 1865 1542 1485 1430 

41 1768 1700 163. 1513 1456 1402 
42 1737 1670 ''''' 1484 1428 1375 
43 1705 1639 15n 14" 1400 '''' 44 1675 1611 1549 1427 1373 
46 161 6 1553 

48 1439 
50 

At-. In,' nO.1 

w ..... t. I.ba.jFt. .. ~, 

L .. gth Ratio ,.~ , .. 
I '_I, I~. ' "" "n "" ,., , .. .... 
S 1-1, In. _ m ... ~, ... m ,~ 

r "I , ln. m ,. .. ,." ,." ,.~ ,-" 
A/ S"I ., .. .," .,. m .1n .,~ 

I Ho In.' "" ... "" ... "" ... 
S ..... In .• '" W '" '" '" '" r Ho In. U , .. " ' .N '" .... .... 
A/ S .... ..~ ..., 
0 , In. ,,~ ,,~ 

d" ln. ,,~ " .... ,. ---.!L 
Sarli load valuOli above upper "" zig-zag 

lInos an'! for ratlQOJ up to 120 and am ror 



• •• 
COLUMN 

18"H CB SECTIONS 

LOADS 
ALLOWABLE CONCENTRIC LOADS 

IN KIPS 

, 
Unit Stress- AmCll'lean Inatltuto of Steel Construetlon - 1928 --

NOOIIIMI Dt!IIh IIIif F1antI WodIII- W .. "",., root -:::-c:;;:----;:;;;;~'""'" 
CB 183 18" . 11 ~" I CD 182 18" J: 8 II -CB 181 18" x 7J.i" 

1-c1lAc:"'T"'UA':--i'-:'~05:'-i" 9C 85 n 70 G4 I 55 SO 47 

-------~-~""cf-'~"'1_~~,,_tc~""-;-'~"'1_~~ .. -f-"~~1_~~,,~-"~"'-e~~ .. -+-"~"-
00 ~ ~ m m ~ ~ m m ffi W 7 , 

• 
10 

11 

" 13 
14 

" ,. 
17 
18 
19 
20 

547 503 463 423 375 I 339 308 282 ~ 205 
547 503 463 423 315 339 30B ~ 211 196 

547 503 463 423 .--i3~75W"i338ii-i'3~06i-i 2" I 223 201 187 

00 ~ ~ m m ill m m ~2 1~ 179 
547 503 463 423 349 315 284 258 202 182 169 
547 503 463 423 336 303 273 248 192 173 160 
-7.i+'~.-548 500 459 419 323 291 262 238 182 163 151 
~ ~ ~ ~ .0 m ~ m 1n 1M 1~ 

519 475 436 397 297 268 240 
505 463 424 388 285 256 230 
491 450 412 375 273 245 220 
418 437 400 365 281 234 210 

464 425 389 354 250 224 201 

218 
209 
209 
1~ 

' 82 

183 
154 
148 
138 
130 

146 
138 
131 
124 
117 

135 
127 
120 
114 
107 

21 450 412 3n 343 239 214 192 174 123 111 102 
22 437 400 366 333 228 205 183 166 117 105 96 
23 424 388 354 322 218 196 175 158 111 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 

26 386 353 322 293 191 111 153 138 94 84 n 
27 374 342 312 283 183 164 148 132 1 
28 3S2 331 302 274 175 157 140 126 
29 351 32{l 292 265 168 150 134 121 

30 340 310 2s:. _~~51 161 144 ""'C' -+.c'l":"'-1:-"c:-T-:=...!...-,--
'''-. In." .... lUI 30.811 2U2 ZU7 22.&3 211.58 IUD t :~ lUI I~ 
I ... ,.in.- 2221.1 l!0l3.8 ,.1.11 1174.7 1421.1 128&.8 11$3.1 1045.8 1181.1 IIOtl.' 7JIA 
s ,.,.In." 2311.0 220.1 201.2 1&1.4 lM.l 141.7 128.2 117.0 a8.2 • .0 au 
, "'. lit . 7.82 7.71 7.75 7.7'0 7.67 U4 'M ,. 7.41 7.38 7.30 
All ,-, .1$3 .152 .1$3 .1$3 .1113 .1110 .1 110 .lel .1M .IM .168 
I .... ln.. 281.1 255.1 231.0 2DU 1104 au 71.5 7'O.S 4U1 37.2 lJ..B 
S .... In., 4104 43.2 31.2 » .2 22.5 au 17.1 11.1 11.1 1.1 '.0 
, .... In. 1.78 1.7& 1.n 1.71 2.00 1.118 1.15 U3 1.11 1..58 U6 
1./ 5 ... .M .771 .m _ 1.110 1.120 1.1. 1.1. 1.4l1li 1.481 1..534 
" In. II'i 18J.i lI'i 11'" II'i " !oS " 17'i " )i " 17~ 
" .In. ttH 22 tl ~ fl K 2O)i 2O)i 2lI 20 It'i 11M ,'* 
fa, In. IIJi llJi 11K " " "i '" '" '" ' J.i 7M 7M 
Lin. "~ ,, J.i " J.i -" J. Ji Ji Ji 
!!..!!:~ I)' 1 ~ !!Ii . " " " '!Ii _ ~ " . M 

Sal"o w..d value. aoovo upper IIii-AII" Une a.re tor rMioe or l l r not ov~ GO: tm.o bet'll"een J:1g-zaa 
lloN .. ", tor raUOII up to 120 a nd thoeo belo'll" 10'll"er I ts-All" line aro tor ratloe not over 200. 



~--- - - b -----+, 
: /", 2 : 
'/' I 

p 

CB SECTIONS 

ALLOWABLE CONCENTRIC LOADS 

IN KIPS 

2 9S 

COLUMN 

LOADS 

Unit St...:!ss- Amerlean Institute of Steel Construetlon- 1928 

cel63 6" , 14'" ~ Eftettl •• , , 
,~ .. 
. ,~ 

~.!'!!!!! ,! ' ,! ! .'! 36 
u.. 

7 503 463 423 388 344 313 282 256 

~ 
199 In 159 

8 503 463 423 388 ~: ::: -i l-i ::: :~ :: • 503 463 423 388 
10 503 463 423 388 341 309 198 In 156 138 
11 503 463 423 388 329 298 267 241 188 168 148 131 
12 503 463 423 388 317 287 257 231 178 159 140 123 
13 S03 463 423 388 304 276 247 222 169 150 132 118 
14 SOO 459 41. I 382 292 264 237 212 ::: :~ ::: -i*-15 488 448 408 372 280 253 227 203 

16 475 436 397 362 268 242 217 194 142 128 111 97 
17 463 424 386 352 257 232 207 165 134 119 104 " 16 450 412 375 342 245 221 198 H¥.- 128 112 98 85 
19 437 401 365 331 235 212 16. "' 106 93 60 
20 42' 389 354 321 224 202 160 161 113 100 87 76 
21 412 377 343 311 214 193 172 154 106 94 82 71 
22 400 366 333 382 204 184 164 14. 101 .. 78 67 
23 388 354 322 292 195 176 157 140 95 84 74 63 
24 376 343 312 283 167 168 150 133 90 80 70 60 
25 364 333 302 274 178 160 143 127 85 75 66 

26 353 322 293 

* 
170 153 136 121 

27 342 312 283 163 '46 130 "' 28 331 302 274 248 156 140 124 111 

;; ::: ;:; ::: ::: ::: ::: ::: ·106 
101 

, , .. , ' •. ' ~~, I ... ~ ~.~ -3"- "." I " .. ". ".~ " .ro ".~ " .n ,,,. 
I '_I , In.' 1&4U 1497.5 13SS.! 1212.8 ' 11)42.$ 138.1 833.8 1411.4 655.4 !S8U 815.5 1;t 

I t~~~:· "'. .., ,y, "" ,... "' . ,~, y, . , ~ Y A , UIIl 1.96 1.83 1.87 &74 lU ll 6.66 6.62 iUS 6.&1 6.62 ... 
' . ' .170 .1 70 .110 .171 .IN .,. .,. . 181 m .,a .,a .,oo 

I 5 '2$4.1 230.7 2Il1.2 111502 1 1~.6 no .... 00. M.' .. ~ ~~ '" 43.8 39.8 35.9 32,2 '" 16.1 u. I .' " I.' .. , 
2.76 z.73 :z.n 2.87 '.h 1.11 , ... ,~ ,., , ... ,~ 

I !f ~ J I ~ Ii~ ': tIS 1.1 68 ~'11 9 2 , .. , ." , ... I.l!oIIl 

I ~ 
,,~ " 15li 

"" "" ' N • I 

~ ~ ~ 
_ 8ar~l~ vaLues J 

, 
.re ~':"'~: 0""' 00,."'.., ~.ooo .. , .... 

lines are ratlos u,) 10 120 ~~d lower zig-zag IIno Or ratio!! not over 

• 



• •• 
COLUMN _ ----b-- - -- ..., 

1 ' 

14"H CB SECTIONS 
I,''',. 2 I 

r , , 
'- , , 

LOADS 
, 

• f 1 0;; , 
ALLOWABLE CONCENTRIC LOADS 1 , 

IN KIPS L 
, 
, , 

p 

Unit Stress- American Inltltllte of Steel Construction - 1928 

....... 
'-.,-

20 1879 1817 "" 1694 1632 1570 1446 1385 

21 1879 1817 1755 1694 1632 1446 1385 1322 
22 1301 
23 1841 1778 1715 1653 1589 1528 1468 1402 1340 1279 
24 1811 1749 1687 1626 1563 1503 1441 1378 1317 1258 

" 1782 1720 16" 1599 ''''' 14n 1418 1355 1295 1236 

26 1751 1691 1631 10" 1510 1452 1392 1332 12" 1213 
27 1721 1661 1602 1044 1483 1426 1367 1307 1249 1192 
26 1692 1632 1574 1518 1457 1400 1343 1284 1226 1170 

" 1661 16112 154' 1489 1430 1375 1317 1259 1202 1147 
30 1631 1574 1518 1487 1404 134. 1293 1236 1180 1126 

31 1601 1545 1489 1434 13n 1324 1269 1212 1157 1104 
32 15" 1515 1461 1401 1351 1299 1243 1189 1135 1063 
33 1542 1486 1433 1360 1325 1273 1220 1165 1112 11161 
34 1512 1458 1405 1353 1300 1248 11 98 1142' 1090 1040 
35 1483 1430 1379 1326 1273 1223 1171 1120 11168 1019 

36 1455 1402 1352 1300 1248 1199 1097 ,,,6 ... 
" 1426 1374 1325 1274 1223 1175 1075 1025 on 
38 1397 1346 1296 1249 1152 11152 1004 ". 
39 1370 1320 1272 122. 1128 1031 '" 938 
40 1342 1294 1246 1189 1105 1009 '" BI' 
41 1315 1267 1222 
42 128. 1241 1197 

I 1" . In.- 517U .11.1 ..... , ",OA 41." 
S 1'1. Ift,_ .... ... , "' . 111.11 ...., 
, "'" In. "" '.M .... .. . •• All 1·1 .m .'" .'" .'" . ,. 
I . .. In.- , .. , , .... 17IU lalA , .... 
S ... In.' .... "" flU "'. 111.2 , ........ ." '.N .... '.m u, .,,- '" ••• • • , 111. , .. , 

~ 

10,,01' liI-&:I8i!ne an! 



p 

20 

21 
22 
23 
24 
25 

26 
27 

" 29 
30 

31 

" " 34 
35 

36 
37 
38 

" 40 

41 
42 
43 

CB SECTIONS 

ALLOWABLE CONCENTRIC LOADS 
IN KIPS 

2 9 . 

COLUMN 

lOADS 

Unit Stl"8ss- Amerlcan Institute of Steel Conrtruction- 1928 

287 
u.. 

1266 

1263 
1242 
1221 
12<Kl 
1179 

1158 
1137 
1116 
1095 
1074 

1053 
1032 
1012 
.91 
.71 

.51 
932 
912 ... 
875 

856 
838 
920 

273 ..... 
1203 

11 99 
1179 
1159 
1139 
1119 

109' 
1078 
1058 
1038 
1018 

998 
.79 
95. 
940 
920 

901 
863 
864 
846 
828 

811 
'93 
no 

11 64 

1159 
1140 
1121 
11 01 
11182 

1062 
1042 
1023 
1003 

984 

.64 
945 
926 
907 
88. 
870 
852 
834 
817 
8(){) 

783 

'66 
750 

CB 146 14" II: 16" 

255 
u.. 

1125 

1118 
11 00 
1082 
1063 
1043 

1024 
1005 
987 
.68 

'" 930 
912 
893 
875 
857 

83' 
922 
805 
788 
m 
755 

738 
723 

,... 
u.. 

1085 

1078 
1060 
1042 
1024 
1006 

988 
989 
.50 
932 
914 

896 
878 
861 
843 
925 

808 
791 
775 
758 
742 

"6 
m 
695 

237 
u.. 

1045 

1038 
1021 
1003 
985 
968 

'50 
'" 914 
897 
879 

862 
845 
827 
810 
794 

m 
761 
745 
129 
714 

698 
684 ... 

221 
u.. 

1006 

997 
981 
964 
948 
930 

913 
896 
879 
862 
845 

828 
811 
795 
T79 
763 

746 
731 
716 
700 
685 

671 

"6 
642 

21. 
u.. 

.56 
940 
924 
")7 
891 

874 

"" 842 
825 
809 

792 
m 
'50 
745 

'" 714 
6 .. 
684 
66. 
655 

641 

62' 
613 

211 
u.. 

931 

921 
905 
890 
874 
858 

843 
826 
811 
795 
T79 

'63 
748 
732 
717 
702 

68' 
673 
658 
644 
630 

617 
603 
590 

,-:=c·c··,-I-=""':::c4--:~=·~:"'j_.;n::.a::-+c'::·=·":--j_o.",::a::-+-=·=··:"'·I_~"::.::.'-I- ~ ~ 
I l.I , In,- 31112.1 3673.2 l5:!8J1 3372.8 32211.11 308Il.9 2942.4 2798.2 21lnA 
S ,." In,' 465.5 442.0 427.4 412-0 387.4 382.2 367.4 35U 339.2 
. ~, .In. ~ rn ~ ~ ~ ~ ~ ~ ~ 

MH _ _ _ - - - - - -
1 _In,- 14641.5 1382..11 1331.2 12711.1 122U 1114.8 112U 11113.2 1028.8 
is .... In.. 161.8 172.1 .IM.1 lM.1I nu 147.7 141.8 135.8 130.2 
r _~ U7 4Ja U4 U3 U2 Ul UO ~ ~ 

M w _ _ _ - - - - - -
~~ 1~ 1~ 1~ I~ 1m 1~ 18 I~ 'm 
d,. irI. 23» 23)4 23 23 2Zi 2m mi mi 224 
~~. 1~ 1~ a 16 a 1~ 1~ I~ 1~ 
I, In. T ~ ')4 Hi , ,, 1).i Hi , ,, 1 1 
" In. 2 ~ 2 , ... l >i 's I ,,, 1 l !i 

We load valu(lII abovo upper zIg-zag line are tor mUM of fir not over 60, th".e betwoon zlg-ug 
llnes are tor raUOII up to 120 and thOflO below lower zig.zas Une a.re to!' ratiOll not over 200. 
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COLUM N ..... ----- b -----~ , , 

14"H 
: , .,., 2 ' 

CB SECTIONS ' ", ' f-- , , , 
' I 

, 
1 

, , , 
LOADS d <-I 1 <>;; , 

ALLOWAB LE CONCENT RI C LOADS , , 

L 
, ., 

I N K IPS , , , 

p' 12 
Unit Stress- Am erican Institute of Steel Constructlon- 1928 

" ..... 
EIIettlyr CB 46 14" , 16" 
L ... glb 
I~ FHt !' '" 184 176 167 158 ISO 142 · 320 

u... u.. u.. u... u.. u.. u.. u.. 

19 891 851 811 ITS 736 697 

~ I~ 
1412 

2D 891 851 811 n6 736 697 I 1412 
21 sao 840 800 764 724 885 649 615 1409 
22 866 826 787 751 m 673 638 605 1386 
23 851 812 m 738 700 662 627 '94 1362 
24 836 797 759 725 687 649 61' 583 1339 
25 820 782 745 711 674 637 604 '72 1315 

28 805 768 731 698 661 625 592 561 1292 
27 790 753 m 684 648 613 581 5SO 1269 
28 n4 739 703 671 638 601 "9 539 1245 
29 759 724 689 657 623 589 '58 528 1221 
30 744 710 67' 644 610 577 546 51 7 1198 
31 729 69' 662 631 '98 56' 53' S06 11 75 
32 714 681 ... 618 58' 553 524 496 11 52 
33 100 667 635 50' 573 542 513 485 1128 
34 685 653 621 '92 561 530 S02 475 1105 
35 610 639 608 580 549 519 491 464 1084 
36 656 626 595 567 537 508 480 454 1061 
37 642 612 582 555 526 497 470 444 1039 
38 629 599 570 543 514 486 460 435 1018 
39 61' 586 558 

~: 503 475 450 425 997 
40 602 574 546 492 465 440 416 976 

41 589 561 534 508 481 454 430 407 95' 
42 ' 76 549 522 497 471 444 421 397 93' 

1 ~~ . .. Y.O "n- ~.M ... n ~ .• ~." ~.~ " .a ~." 

I ~ ~::~; ':!H .," 2214.8 21411.1 "" .. liDO.S 17l1li.' 1&n.2 4141 .7 
l 100 ..... m .• 281.3 ,., .. ..,., ... , 4112.8 
UT ••• .... ." . .. •. n ..n .. ~ 

I f~[~; 
.,a .,a . 'M . , . .,a ., . .,a .I t l .," '30.\ .m .... , 74U '"''' ..,., 1835.1 
ONA ':;U 101 .1 101.3 85.8 ~ .. a.' 1115.1 .. ~ ' .m ' .00 , .. ,.~ 

~; i ~ ; , ' ,: .. ; ; , ; 
,:.!;. i ~ 

; 

~ ~ ~ 
Sare load valuOll a.bove upper >:Lg_Z/lg line ani for raHos of I l r not O\-or 60, t hOllO between ~lg-zag 

UnCI! are for ratiool up to 120 a.nd thOllO bolow lower ~Ig_mg line are fO!" ratios not over 200. 
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r------ b -----+, I COLF~" I ' ... ' : /", 2 : 
CB SECTIONS f--

0 , 
0 

'-
, 

0 
I r- "', 0 

0 LOADS 
, f I 1 0;, I 
l ~ 

, ALLOWABLE CONCENTRIC LOAOS 

, ;. IN KIPS L 
p 

Unit Stress-Am erican Institute of Steel Constructlon - 1928 , -
I 

Noml .... DIlllIh ~ fllllfl Wiott!l- Weigllt per f OOl 
Elleetly. 14" x 1472" CB 144 14" )l 12" 
''''''" 

CB 145 .. ~ 13. 127 119 111 103 9S 87 84 78 
""- u.. ""- ""- u.. u.. u.. u.. ""-

15 600 560 525 '90 .54 .19 383 37> 344 

16 600 560 525 490 454 .19 383 363 "" 17 500 560 525 .90 .54 .19 383 355 329 
18 500 560 525 490 • 54 41 • 383 34. 321 
19 598 556 523 487 .51 41. 380 338 313 
20 587 548 '" .78 442 .08 373 329 305 

21 on 538 504 46. 434 '00 ". 321 297 
22 56. 528 .94 .50 428 392 359 312 28' 
23 555 517 48. 451 417 385 351 304 281 
24 543 507 47. 442 .09 an 34' 295 273 
25 532 .96 .65 432 .00 369 337 287 265 

28 521 488 455 .23 392 361 "" 279 258 
27 510 .76 445 41. 383 353 323 2n 251 
28 49. ." .36 405 375 345 316 263 243 
29 .88 455 .26 396 366 338 309 256 236 
30 478 445 417 387 358 330 302 249 229 

31 487 435 407 379 350 323 295 241 223 
32 455 '28 398 370 342 315 288 234 216 
33 448 '16 38. 361 334 308 281 229 210 
34 .36 '06 380 353 326 301 275 221 204 
35 .26 397 371 345 319 294 268 214 198 

36 '16 388 363 337 311 297 252 208 192 
37 .06 379 354 329 304 280 256 202 186 

At .. ~~ , 

397 370 346 321 I 297 273 250 108 181 
3U8 37.33 ~ .• 32.65 ".~ V.M ~.M N.n nM -

I )_,. In.' 15iJ.O 1476.7 1373.1 ,,... 11115.8 "'"U ..... .NA 8151.2 
S ,. J, In.' 218.0 "" .. ,., 178,3 ,n. UIU , .. , 130.9 171 .1 
r ,_I. In. 8.31 L~ LN .n .. " S.H 6.15 S.U .... 
A/S 1·1 . ,. .,. . ,. ., . .,. . ,. . , . ., . ., . 
I ..... In.' 567.7 5~U ." ..... 4111.7 "' .. ..... "" "' .. s "'. in,_ n .• n . 67.1 62.2 51.6 ". "., n.' M.' 
• "', In . '.n ••• m '.n '.n '.n '.ro "" •• 00 
AIS ... .Sli .," .", ..m .m . '" ... .... AM 

••• ,,~ 14'( ,,~ ,,~ "" "" " ". " d" In, ". "" "" "" ". ". ". ,.,. ". , .. ,.,. 
14~i ". "" 14!.i ". ". " " I, in. " " " " " ~ 

o. 
~ i: D, In. '" 

, S " " " Sat", load values abovo upper zig-zag line are ror ratios or llr not over 60. th(llle betwooa ~Ig-zag 
lines aro for ratiOli up to 120 a.nd th(llle below lower dg·zag IIno aro ror ratlOli not over ZOO. 



2 •• 

COLUMN 

14"H CB SECTIONS 

LOADS 

7 
8 
8 

10 

11 

" 13 
14 
15 

16 
17 
18 
19 
2D 

21 
22 
23 

" 23 

26 
27 
28 
29 
30 

",.., In.

I 1'1. In. ' 
S '.1. In. ' 
r I ' " In. 
AjS I" 
1 .... ln .• 
S .... In._ 
r ... .. In. 
AS ... . 

••• 
d ,. I'. 

••• ,. In. .... 

ALLOWABLE CONCENTRIC LOADS 

IN KIPS 

p' 

Unit Streu- Amerlcan Instttute of Steel Construetlon - 1928 

CB 143 14" . 10" CB "2 14" x 8" • CB 141 14" • 6 " 

" .... .. .... 61 .... 51 53 48 43 42 38 
u.. u.. u... u.. u... ....... 

326 

"6 
326 

"6 
328 
"'6 

'" 312 
303 

294 
285 
276 
267 
258 

249 
240 
232 
22' 

300 
300 
300 
300 

300 
300 
294 
266 
2n 

269 
261 
252 

'" 235 

227 
220 
212 
204 

269 
269 
269 
269 

269 
289 
264 
256 
248 

241 
233 
225 
218 
211 

203 
196 
189 
163 

256 
258 
258 
253 

244 
235 

22' 
216 
207 

198 
189 
181 

173 
165 

158 
151 
144 
137 

2i61'i7~ 131 

208 190 17D 125 
2{J l 183 164 120 
194 In 158 114 

234 
234 
234 
231 

222 
21. 

2" 
197 
188 

180 
In 
165 
157 
150 

143 
137 
131 
125 

11. 

"' 109 

212 
212 
212 

190 
190 
190 

185 I 168 
181 163 
173 156 

186 164 

179 156 
1n 148 
165 139 
158 132 
151 124 

145 117 
138 110 
132 104 
126 98 
120 92 

115 I 87 
109 62 
101 78 
.. 74 
95 

" 87 
83 
79 

70 

148 

140 
132 

125 
118 

111 

'" 99 
93 

87 
82 

78 
73 
69 
65 

150 

14' 
138 
131 

'" 117 
liD 
104 

:1 
81 ,. 
72 .. .. 
60 
57 

132 

126 
120 
113 

107 
100 
94 
89 
83 

78 
73 
89 
65 
61 

57 

" 51 

187 1'10 152 109 
180 164 147 I 105 

104 
99 
95 

2,. 
201 
193 
165 
178 
170 

163 
155 
148 
142 
135 

129 
123 
118 
112 

107 

102 
96 
93 
89 
85 

75 +-::-::-1-::-::-1....",::-+-:-::-
~ 20.00 +~"~·~=--I-:'=''''==-+ ~~ _ 14.11 ~2.l11 12.34 -I-",,'·'O'-+C'='·="''--j-':'''':=:-_ 
198.1 »4.1 .. U .1.t 5012..1 484.9 4211.0 432.2 38U $311 .2 au 
11 2.3 1(13.0 12.2 l1li.0 n .8 70.2 52.7 60.7 loU 48.1 41.1 _ _ W _ _ _ _ _ w _ m - - - - - - - --- ., 13U au 107..3 Q .7 57.5 111..3 08.1 28.1 24.& 2'1.3 17-5 
~ W •• U _ _ " . u u u U 
2M 2M us 1.13 U2 1.11 1.811 Ul 1.. 1M 1.41 
.121 .830 .834 UII7 UIO 1.102 1.119 1.417 1..uo 1.587 I ... 
I." 14 U ti 14 I. U\( 13'" 141( 14J.i 14 1J~", 

q ~ " - ~ - - - - ~ -~ . . ~ . . . ~ ~ ~ ~ 

~ ~ , ~ ~ ~ II ~ ~ ~"~ ~ ~ ~~~~~~~==~~~~.~~~ S.te load niuOl .bo", upper '~-u.c line are tor ratio. ot f fr not over eo, t bOlle between '~.u.c 
Ii.- are tor ratio. u p \0 12() a.nd t tto.e belo.- \Oll'Cl" ,~-u.g line are tor ratio. DOt over 200. 



,-
I 
d 

CB SECTIONS 

ALLOWABLE CONCENTRIC LOADS 
IN KIPS 

299 

COLUMN 

LOADS 

, 2 

15 

16 
17 
18 
19 
20 

21 
22 

" " 25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 

~ 
I I-J, In.
S ,." In.
r 1-1, In. 
AjS ,_, 
I "", In .-
S ~~. In .' I ~ ;';': In. 

Ih 
I : ~ 

Unit Stress- Ame rIcan Institute of Steel Constructlon - 1928 

838 777 

~-f--; :,,"6-1--; :,,"::,-1 
790 
m 
754 
736 
718 
700 
682 

665 
648 
631 
614 
598 

582 
567 

551 
536 
522 

507 

:: 
''''~ 
"" ,n 
'" .... , ... , , .. 
; 

779 665 
n3 650 

695 634 
679 619 
662 603 
646 568 
629 573 

613 558 
597 543 
581 529 
565 514 
550 501 

535 487 
521 474 

~; ::: 
479 436 

466 424 

453 ~~~ 
441 '" 
".n .u. 
111U 

"" 5.75 

'" ~" •• U, ... 
,,~ 

,;~ 
,~ 

l!t4U 
n ... 
,.ro 
.213 ... , n., 
'.W 

:' 
i 

647 
633 
620 
50' 
591 

'TT 
563 
549 
535 
521 

507 
494 
460 
467 
455 

442 
430 
418 
407 
395 

364 
374 
363 

137 ... 
WU .. ~ 
.214 .... 
ro, 
3,'8 

584 
5n 
'59 
546 
533 

520 
507 

49' 
482 
469 

457 
445 
432 
421 
409 

398 
387 
376 
366 
355 

345 
336 
326 

1221.2 

"" '" 2.14 "'. "., 
3.18 

i' 
i 

526 
514 
503 
491 
479 

467 
456 
444 
432 
421 

409 
398 
387 
3TT 
366 

336 
327 
318 

309 

:: 
1071.7 

'''A Ul 
.218 .... , ... 
3.13 

:1 

468 

463 
453 
443 
432 
422 

411 
401 
390 
360 
370 

360 
350 
340 
331 
322 

313 I 
~~ 
2B7 
2,. 

2n 

:: 
"." .,.., 
144.5 
U • 
.218 .... 
~, 

l .1 1 

436 

431 
422 
412 
402 
392 

382 
373 
363 
353 
344 

334 
325 
316 
307 
299 

290 
282 
274 
266 
258 

251 

:~ ... .... 
"" .'" .218 
"U 
~., ". 
t 
i 

zlg-za.g line are tor ratios of Itr o~ OVCl' 60. tbOilf ~ween g-"Za8 
a.nd those below lower tig-zag IIno are for ratios not 0,'« 200. 
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- -
...... ----- b-----..., COLUMN 

12"H CB SECTIONS 
L/"', 12 I 

f' , 

I '-
, , 

r- " LOADS d -, '>, ALLOWABLE CONCENTRIC LOADS I I , 
IN KIPS L 

, ) . 
p 

Unit Streu-Ametlean Institute of Steel Constructlon- 1928 

~ HOI O""","ond 

f.~~ 
U- rn 12" " 1: ..... 

, ~, ! ~. z.!. ,! .,~ 

12 ... 37. 34 • 317 287 -!--!--!-13 , .. 37. 348 317 287 

" 'DB 37. 34. 317 287 
15 '" 375 348 317 287 26' 239 217 

16 401 369 343 312 261 256 232 211 
17 392 361 335 305 274 248 225 201 
18 383 353 327 288 268 240 217 197 
19 373 344 319 ,.. 261 232 211 191 
20 384 338 311 283 255 225 201 185 

21 355 327 303 276 24. 217 197 178 
22 34' 319 295 268 242 210 190 m 
23 337 310 267 261 235 203 164 

Hi-24 328 302 260 '" 220 186 m 

" 319 284 2n 247 222 169 m 
26 310 288 264 24. 216 182 169 '" 27 302 278 257 233 '10 176 159 '" 26 293 270 250 227 201 170 154 139 
29 285 262 243 220 198 164 '" 134 
30 m 255 236 21' 192 158 143 129 

31 "" '" 228 '08 187 153 138 125 
32 261 '" m 202 181 "7 133 120 
33 '" 234 216 196 176 142 129 116 
34 247 227 210 190 m 137 ::: 112 
35 240 220 201 18. 166 133 108 

AI .. In. ' U ... ~ ... a." .... ".H "" U ... .. .. -
1 ""In,' " .. 72'U ..... .,. m .• 528.1 471.1 42U 
S 1<" In.' ,,,. 115.7 101.1 • •• .... •. , "-, n.' 
• 1'1, In. . .. .... .... 5.31 .... • •• '.n ' .a 
' /0 , .m .. , .m .m .. , .no .218 .m 
• "f' au .M 11115.3 174.1 119.0 101.4 ••• • .u '" • U "A .... a., .A 11.2 

I ~~ " 
, ... •. " 

if "" "" ~' 
... , 

t !1 

.... ;: I ~,~" "" 
:. ;j '~ Ig .~ .~ 

Sare I~ zig-zag Una are tor ratlOll or I / r no~ o\-cr 00, th..., beL .. een di-AI 
UD" . nl ror raUOI up to 1210 and lm.c beto .. lo~ dg-Eag line."" tor ratio. not o,-er 200. 
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~----- b -----_+; COLUMN , , 
i /"'\ 2 I 

CB SECTIONS H12" f--

I~ 
, , 

'-1 I 
d d I 1 ~" ~ LOAOS , ALLOWABLE CONCENTRIC LOADS , , 

IN KIPS , , / 
L 

p • Unit Stress- American Institute of Steel Construction- 1928 

Nominal Oep\tl and Fl&llIS W\dtb Wo/tht p. f OOl 
ElIettl ... CB 122 12" II 8" CB 121 12" x 6 )1" ,-.. ,- SO 45 " " " 28 25 

u.. u.. u.. u.. u.. u.. u.. 

7 22' 199 177 159 141 123 111 
8 221 '99 177 15' 137 119 '" 9 221 '99 177 148 131 11. 100 

" 219 196 175 141 12' .08 94 

11 212 190 169 133 117 102 .. 
12 '04 183 162 .26 111 96 84 
13 196 175 156 119 .05 91 79 
14 188 168 150 112 99 85 74 
15 180 16. 143 .08 93 80 69 

16 173 '54 137 100 88 76 85 
17 185 148 131 94 82 71 61 
18 158 141 126 89 78 67 57 
19 151 135 120 83 73 63 54 
20 145 129 115 79 69 59 51 

21 138 123 109 74 85 ,. 48 
22 132 117 104 71l 61 53 45 
23 126 112 100 56 " 50 42 
24 120 107 95 63 55 47 
2S 115 102 91 59 

26 11 0 98 87 
27 105 93 83 
28 101 .. 79 
29 96 85 76 
30 92 82 13 

At-. In,' 14.n " ... 11.77 10.9 ." .." '.U --
I ", .I~.' ,.. .. ... 31 0.1 .... 248.B :113.5 183.4 
S I_I, in.> M.' M.' Rt e., ... , $.' ~ .. 
r ]_1, In. 5.1 8 5.15 5.13 5.15 a.12 ••• 4.118 
AIS "1 .m -'" .m '" '" .n' .", 

I •.•. In .• • 0< ••• R ' n., ~. 11.5 ,,~ 

s .... , In. ' ". ,,.. 11.0 ,., .., " " r ..... in . .. " '.M 1.94 .. " .." ,." , ... 
AIS 0-. '.u , .... , ... u" , .... , .. ... " d, In. "" " " "" '"' " "" d ,. ln. "" "" "" " "" "" '" , ... '" • • '" '" '" '" L In. " " ~ S ~ " " P. In. " 

, , " " SMo load n .l uCII noovo upper zig-zag line arc tor ratJOiI or I ff not over 60. those bctwoen zig-zag 
li nes are ror ratlos UP to 120 and those below lower zig-zag line a.rc [or ratios Dot over 200. 
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COLUMN ,.....- --- -b --- --+; 

10"H ! ,"I<, 2 : 

CB 
" 0 

SECTIONS f " 
0 

I~ "" 
0 t-o 
0 

LOADS 0 r- t, 'i.., d 
ALLOWABLE CONCENTRIC LOADS , 

IN KIPS I 0 

L , , 

, ~ 
Unit Stress- American Institute of Steel Constructlon- 1928 

• 
I 

NCInIIn.! 0...."..-.1 flOIIII' ~Wolghl ll« Foot 
Elhcllve CB 10" , 10" 
,~ .. 
In rot ! 136 ~ ~ 100 ! 7: n ~ ~ .54 .!'! 

12 600 547 494 441 393 340 

~ :-:-I-! 216 
13 600 547 494 441 393 340 

:~ 14 594 ~: : :~ ~ : 15 579 301 275 250 224 203 

16 564 511 460 410 364 313 292 267 243 216 197 
17 549 497 447 398 353 304 283 259 235 211 191 
16 534 483 435 387 343 295 275 251 228 205 185 
19 518 469 422 375 333 286 267 244 221 198 179 
20 503 455 409 364 322 2n 258 236 214 192 173 

21 488 441 396 353 312 268 250 22' 207 186 168 
22 473 428 384 342 302 260 242 221 200 180 162 
23 458 414 372 331 293 251 234 214 194 174 156 
24 444 401 360 320 283 243 

~: 
207 187 168 151 

25 430 38B 34' 309 274 235 200 181 162 146 

26 416 376 337 298 265 227 211 193 175 157 141 
27 403 364 328 290 256 219 204 186 169 151 136 
28 ;~ 352 315 280 247 212 197 180 163 146 131 ,. 340 305 271 239 205 190 174 157 141 127 ,. 365 329 295 262 231 198 184 168 152 136 123 

31 353 318 285 253 223 191 178 162 147 132 "' 32 342 308 276 245 216 184 172 157 142 127 114 
33 331 298 267 236 209 178 166 151 137 123 110 
34 320 288 258 229 202 172 160 146 133 119 107 
35 310 279 250 221 195 167 155 141 128 115 103 

1'- "''' ~., D.- ,." a ... a." ~.~ "." "" u" " ... ..., 
I I_I, In.' 111.2 813.1 718.7 &25.6 .,,' 451.2 ~20.7 ,.U "U ""., ",. 

S 1'1 , In.- 'M' l J'U ,a, '''' ... , ... , ~., n.' 87.1 ~, .... 
r 1'1, in. '.N .n 4.17 4.11 ". OM .... .M '" .. " .. " 
AI! I_I .'" .a, .a, ."' .'" .'" . '" .'" .'" .'" ... 
I ........ "' .. a" "" "' .. 180.8 'M' 141.8 121.2 11 8.5 I OU ... 
S ••. in.' MA ~, e ., '" "., »., 27.\1 a, n.' ., , ... 
r .... In. m •• '" 

~ 
,.U u. '-" , ... '" 

.,. = 
AIS •• .715 r ., .. '~ if 

.,. 
if' if 

.1U ."' d. In. ll J.i 
:; 

,,~ " d" In. " ,,~ ,,~ 

b.Ift. ,,~ '! ~ S I . In. 
1~ " ... , 

Safe load valuC6 abo':6_UP~ .~~~ 
11 1161 are for ratlOOlup to 120 and those 

'"" "_~ .,:, :-.:: "","00" .,._ 
;-II~~ .~~ -for ratios not over 200. 
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rf----- - b -----""'; 
COLUMN , , 

! ,/"\ 2 i 
f-- CB SECTIONS 
i i' 1 l ' __ Hl0" 
• ,f-[ I 0; 

I [=::=+==],') 
ALLOWABLE CONCENTRIC LOADS 

IN KIPS 

LOADS 

L 

p' 

Unit Stress- American Institute of St.ee l Construction - 1928 

CB 102 10" }( 8" CB 101 10" II 5~" 

~ U n n ~ ~ f n I n 
___ +_""-,,,,~+-,u.."-_I--'''''-''''_+-_''''''''~_I_-'U.,,-. _I--'u."". ___ ~",,~.,- _ ""-",,_ 

• 
1 

• 
9 

10 

11 
12 
f3 
14 
15 

16 
11 
16 
19 
20 

21 
22 
23 
24 
25 

26 
21 
26 
29 

Ar-.In.' 

I I", In.
S I-l. In,' 
r ' _I, In. 
il lS 1·1 

I • •• In. ' 
S _IrI.> 
. ..... 101. 
A/ S .... 

••• 
d" In. 
'0. , o. 
." 

199 181 163 146 128 115 l D~ 93 
199 181 163 146 126 11 2 99 89 
199 181 163 146 120 106 93 84 
199 181 163 146 113 100 88 79 
199 181 162 144 106 94 82 74 

192 174 157 139 100 89 77 69 
l~ 1M 1~ 1~ M ~ n M 
In 1~ 1% 1~ ~ ~ ~ ~ 

171 156 139 123 82 n 63 56 
164 149 134 118 77 68 59 52 

158 143 
151 137 
145 131 
138 126 
132 I 120 

121 
121 
116 
111 
106 

101 
91 
93 
89 

13.24 ..... -., 
..n 
.." 
M.' 
,U ... .... 
,,~ 

" • ~ 
~ 

f15 
11. 
lOS 
100 
96 

92 
~ 

64 
60 

"" ~, 

••• .m 
m 
IU ,." 

1.01l 

" '''' • 
~ 
~ 

128 113 72 63 55 48 
123 108 67 59 51 45 
117 104 63 55 48 42 
112 99 " 52 ~ ~ 
107 94 55 49 42 37 

103 90 52 46 39 
98 86 49 43 
M 82 
90 79 
86 75 

82 n 
~ 69 
75 56 
n 63 

10.88 

196.9 

••• ••• m 
'U ". ,.., ,..,. 
.~ 

'''' • 
~ 

'.n 
I1U 
~ .. .. " .m 
"-' u 
'-. , .... 
'" ,,,. 
• 
~ 
~ 

157.3 

•• ••• .m 
15.2 ., , ... , .... 
" K 
" K 

'" ~ 

139.7 
~, 

o.u 
.m 
'" ... 
U2 

'-'" ,,~ 

"K 

'" " ~ 

. " 
120.8 
~., 

..~ 

m 
". ... U. ,.", 

" ,,~ 

'" ~ 

... 
'M. 
"' 4.1~ 

.m .., 
u , .. , . ." 
.~ 
,,~ 

'It 
~ 

Safe load value. above upper zig-ug line .. ,.., tor ratio!! or J/ r not over 60, th()8(l bet"oon zlg.ug 
l!n(lI: are Ie.' ratiOil up to 120 aDd thoeo belo .. 10""" zlg.zag IIno are tor ratios not over 200. 
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COLUMN 

8"H 
LOADS 

CB SECTIONS 

ALLOWABLE CONCENTRIC LOADS 

IN KIPS 

,..---- - - b - - - - - ->; , , 
: /"'\ 2 : r 1 I:'"~, 

d f- Ih tl/" 

l_I:;:' =~'==],) 
" 2 

Unit stress- American Institute of Steel Construction- 1928 

8 , 
10 

11 
12 
13 
14 
15 

16 
17 
16 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

I ,." In.' 
S ' .1, In." 
r ,." In. 
A/ S 1'1 

I ,.."In.-
S .... . In.-
r .... In. 
AIS .... 
d.ln. 
d,. In. 

~'~: ~~. 

296 

::: 
292 
282 
273 
263 
263 

244 
234 
22' 
216 
207 

199 

:~ 
175 
168 

161 
154 
148 
142 
136 

131 

m.' .A 
'.n 
.'3 ., 
VA 

'" .H' • 
"" ~ 

252 
243 
235 
227 
218 

210 
202 
193 
186 
178 

171 

:~ 
150 
144 

138 
132 
127 
122 
117 

112 

",., 
W> 
'.M 
,~ 

74.1 ,., 
2.10 
.h ' 

'" ~g 

212 
212 
2t2 

207 
201 
194 
186 
179 

172 
165 
159 
152 
146 

140 
134 
128 
123 
118 

113 
108 
104 
99 
95 

91 

... " 
183.7 .. , 
'" 'U 
M.' 
15.0 , .. , 

176 

:;: 
172 
166 
160 
154 
148 

142 
136 
130 
12' 
120 

115 
110 
105 
100 
96 

82 
sa 
84 
81 
78 

74 

".n 
146.3 
M' , ... 
'" ., 
'" .... 
,; 

15' 

::: 
150 
14' 
140 
134 
129 

12' 
119 

"' 109 
104 

100 
96 
91 
sa 
84 

80 
n 
74 
70 
68 

65 

'3' 31.1 

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

146 

::: 
141 
136 
131 
128 
121 

118 
111 
107 
102 
98 

94 
90 
86 
82 
78 

75 
72 .. 
68 
63 

81 
•. n 
117.9 
3, , ... 
.." .. , ... .., 
.~ 

" 

t37 

::; 
132 
128 
123 
118 
11. 

109 
104 
100 

" 92 

sa 
84 
80 
77 
73 

70 
67 
64 
82 
59 

57 .... 
108.7 
VA ,m 
'" '" ... 
'" ~ 

" 

CS" 
27 

t19 
11. 
109 

104 .. 
94 
89 
85 

80 
78 
72 
68 
64 

81 
58 
55 
52 
49 

47 
44 

~., 

'A 
,.~ 

.m ., 
••• 
,'.~ 
'! 

I 120 and thoao llIow lower zig-mg Une al'e tor ratlOlll not OVOr' 200. 

106 

'~ 
93 
sa 
84 
79 
75 

n 
67 
64 
60 
57 

54 
51 
48 
46 
43 

41 

... ., , ... 

.m ,., 
••• 
'~' 
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r------b -----~ COLUMN 
. / "'" 2 ' 

CB SECTIONS HS" r-
• , 
• L 

, 
• , , 
I , 

• ( "', LOADS 

i 
, ALLOWABLE CONCENTRIC LOADS 

:- IN KIPS , 

P 
Unit Stre .. - Amerlc • ., Instltllte of steel Constructlon- 1928 

..... FI ..... WIdth wt. .. n. 
Ell ... DCBS6 6" 1II~ ' CC BL6 6" .4" 
'- 11 12 In FHt .... 

11 388 
12 388 
13 3 
14 343 298 '" '" 168 • 
15 333 200 247 20' '" 

, 

" 3" 32. '81 239 199 157 
, 

17 347 314 273 23' 192 15' 7 
18 337 305 '" '" 186 147 8 
18 328 '" 'SO 218 180 143 9 
20 3" 286 248 21' 174 138 10 

21 306 2n 239 203 11 41 29 
22 296 '68 232 197 12 38 " 23 286 '" ". 100 13 34 24 
24 2n 'SO '" 183 14 31 " 25 ,.. 

15 29 20 

26 '34 202 171 141 111 " 48 41 28 
27 '" 19' 165 138 107 17 4S 38 
28 218 188 159 131 103 18 42 38 
29 '" 181 154 126 99 19 40 34 
30 203 175 148 122 96 20 37 32 

31 218 196 169 143 118 92 21 3S 30 
32 211 100 183 138 113 89 " 33 28 
33 203 183 158 133 109 86 23 31 27 
34 197 177 152 129 106 83 24 29 
as 100 171 147 12. 102 80 

.... <n '" un n" 11U 11.0 ••• ". M. .. , 11.7 

••• U .• •. , •• N.' 11.7 10.0 10 .\ 
'M ,~ .... .. ,.U os .... , . W 
An .• n .... .... .... ... , .... . .., .... 
158.1 ,». 111 .1 ~., ••• 11 .0 8.1. .." os 
IU W., '" 14.1 , .. , ... 2.14 'M .... .... ... .... 'M U, .M .~ . ,. ... .... .. , ... , ... '" . ... .. , 

'" • 
'" '" ,~ " , , • • 
.,~ 

""~ ., are for .... tlo-
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- --
COLUMN CB SECTIONS 

~·---o -----., 

_.L .,. , 8"H / " I 
I , 

0 -, 
H-BEAMS 

, . 
4" 

, 
I , , , , 

LOADS d f ""1 ~\, 
ALLOWABLE CONCENTRIC LOADS , 

! > , , , 
IN KIPS , , ,-

" 
Unit Stress- America n In stitute of Steel Constructlon - 1928 

NOIIIIftII DtoIII ond fl ..... W\ItII-WIlltht,.., .. ,,- CB 81 H 4 H 3' H 3 6!:i. ~,,' 4tt .. ! .. ,- 8" x 5)(" 8" x 8" 6" x 6" 6" x 6" . ,~ • 21 " 17 37.7 3'.3 32.6 27.5 25 22.5 20 18.9 13.1 
u.. u.. u.. u.. ..... ..... ..... ..... ..... u.. 11: 1 93 84 75 165 150 143 121 "' .. .. 

2 93 84 75 165 150 143 121 "' " .. 82 50 
3 93 84 75 165 ' 50 143 121 110 99 88 82 50 , 93 84 75 165 15' 143 121 "' 99 88 82 ~ 
5 93 84 75 165 150 143 121 "' 99 .. 82 59 

6 ~ 84 74 165 150 143 121 110 '-*- 88 82 54 
7 .. ,. 70 165 150 143 121 "' .. T7 50 
8 83 74 65 165 ' 50 143 116 106 93 83 73 46 • I 78 69 61 165 150 143 "' 100 .. 79 68 42 

10 n 64 56 ' 50 148 

I 
14' 104 95 83 75 63 ,.-

11 67 50 52 154 141 135 98 9tl 79 70 59 35 
12 63..J 55 49 147 135 130 92 84 73 66 55 32 
13 " " 45 141 130 12' 87 79 69 62 " 29 
14 54 I 48 42 135 12' 119 81 75 " " 47 26 
15 50 44 38 129 "' "' 76 70 50 55 44 24 

16 47 41 36 123 "' 10. 72 66 " " 41 
17 " 38 33 117 109 104 67 62 53 48 38 
18 41 36 31 112 ~ 100 63 " 50 45 35 
19 38 33 " """"1ii6 99 ~ " 55 48 42 33 ,. 35 101 94 91 " " 44 40 II 31 

21 96 90 .. 52 48 41 37 
22 92 95 83 49 46 38 35 
23 87 81 79 46 43 33 
24 83 78 75 
25 79 74 n - ----' - 11'.00"-", ... tn. " 

'n'~ 
.... l Ull '.50 1.06 , .• 1.11 '.M ." '.M -,,-

12a-:8 m-:5 -112.8---;:a - - ._-
I "l,ln,' 73.1 64.7 M.' 47.0 41.0 38.8 0.8 10.7 
S 1'1. 111.- 18.0 I&.C 14.1 ~., .... , .. 18.4 15.7 13.7 12.1 ... U 
, 1'1. "'. US 1.40 '" Ul , ... ,.~ '" '" , .• 2.17 , .. , ... 
" IS I" 3U 3M 3M .... .... .. , .... A" A. A~ .• n .m 
I ..... In.' '.13 UR •. n M.' ., .. , '" 14.' 12.2 ".0 , .. U 
S ••• 1n.1 ... OJ ... ... .. u ... ••• .. u ... u 
. .. " In. '.n 1.1' 1.11 .. a ..a ,.a ... , , ... u. ... .. a u • 
AS ... ' .n ,m ,n , ... I.UI 1.105 , .... ..... , ... , .. , , .... ... " ••• .. , • » • • 0 • • • 0 0 • 0 
~ , .1n.. '" os os "" "" ll t , I'';; OH " oH " '" ..... .~ .~ '" 'H 0 ,~ " .~ 0" .~ • • , .. ~ " " H " < " " " " " " .... ~ " " ~ ~ ~ H ~ ~ ~ " " Sate 10&11 values aooV'!! upper ,,'g-zag line are tor ratiOOI or 1ft no~ O\'Cl' &0. th08e between zig-zag 
line- Al'O tor ratiOOI up to lZO a.nd thOM beiowiowef z.il-:&ag 1I0e are tor ratio- oo~ OVilf 200. 
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STEEL PIPE COLUMNS 
Allowable Concentric Loads In Kip. 

STANDARD PIPE 

Unit Stre,_Amerlcan Institute of Steel Constructlon- 1928 

. -.. ... o. 12 112 " I " ;" 0 • I • ' • I 5 I ' I'li I ' "li Li: 
"' ......... o. 0. '" "'" 0"'" OLn: I 0"'" I .. ~ I UB U~ .... . .. ... "'" ..... U~ 
""'- o. .m """ .... "" ~~ '" . ., .... m .,. " ' . . m 1 .0M 

5 218.7193.2 1178.8151.1 137.7 126.0 109.083.764.547.640.2
1
33.4 25.0 14.7 

6 218.7 193.2 178.8 151.1 137.7 126.0 109.0 83.7 64.5 47.6 40.2 33.1 23.2 13.3 
7 ~~::~ ~~~ ~~:: ~:~:~ ~!~:~ ~=:~ ::~ ::~ :::~Ii~:: ~:~ ~~~rf[i 8 

• 218.7 193.2 178.8 151.1 137.7 126.0 109.0 83.7 ~ 44.4 35.' 27.2 17.8 ••• 
10 218.7 193.2 178.8 151.1 137.7 126.0 109.0 83.7 83.1 42.2 33.3 25.2 "ii.2 8.5 

11 218.7 193.2 178.8 151.1 137.7 126.0 109.0 j83.7 ".7 40.1 31.3 ~ 14.7 7.6 
12 218.7 193.2 178.8 151.1 137.7 126.0 109.0 81.8 58.3 37.9 ".3 21.7 13.4 .. 
13 21B.7 193.2 178.8 151.1 137.7 126.0 109.0 79.2 55.' 35.8 27.5 ".1 12.2 '.1 

- 14 218.7 193.2 178.8 151 .1 137.7 126.0 109.0 76.S 53.8 33.8 f25.1 18.6 11.1 
• 15 21 8.7 193.2 178.8 151 .1 137.7 125.1 108.4 74.0 51.2 ~ 24.0 17.2 lD.2 • ~ 
.: 

18 218.7 19U 178.8 151.1 137.7 122-2 106.0 71.' 49.0 30.0 22.' 16.0 
~ 17 218.7 193.2 178.8 Hil.l 137.7 119.3 103.4 68.8 48~ 28.3 21.0 14.8 • 18 218.7 193.2 178.8 Hil.l 137.7 116.3 100.9 66.3 

~ 
28.7 19.7 I U • 

~ 

• " 218.7 193.2 176.6 149.5 136.5 113.3 98.3 63.8 42.6 25.2 18.5 12.1 
> .. 218.7 193.2 173.3 146.8 134.0 110.3 95.8 61.4 40.8 23.7 17.3 ~ 
~ 
~ 21 218.7 1 93~ 169.9 144.0 131.4 107.3 93.2 59.1 38.7 22.' 16.2 

22 218.3 193.1 168.6 141.2 128.9 IOU .... 
~ 36.9 21.2 ,,~ 

23 215.0 190.2 163.2 138.4 1283 101.4 88.1 54.' " .2 " .0 
24 211.6 187.1 159.8 135.5 123.7 98.8 85.' 52.5 33.' 18.9 
25 ,..., 184.1 156.4 132.7 121.1 95.8 83~ SO., 32.0 17.9 

28 2<14.7 181.1 153.1 ' ''~ 11 8.5 83~ 8O~ .... 30.8 
27 201.2 178.1 149.7 127.0 115.9 ... , 78.4 46.6 29.2 

" 197.8 174.9 146.3 124.1 113.3 87.8 76.1 44.7 27~ .. 1943 171 .9 143.1 121.4 110.8 84.' 73., 43.0 28.8 
30 " .. 168.9 139.8 118.8 

-
108.4 82.51 71.1 41 .5 25.4 

Ar ... ln. " 
O •• l n." ' ".~ 

, .. ~ u. 0 .• 14.$8 ." .~ '" •. ~ 3.17 W O .~ - -
72.5 

-- -
I, In.' m.' 24ta 180.7 137.4 l '2U a3.4 28.1 lU 7.23 4.~~~ U3 , .... ..... u n un, 3.874 3.&94 ..... 2.138 u. .'" 1.878 u~ U S7 1.1M U 47 "'!L 
W""'t lb./It. e.M u.n ..... "" 31.211 "" 21 .70 Ian 1Ut 10.'" D.ll 7.118 ~ . .,. .." 0 -- --

Har .. loadllR acoordauoo .. Itb A. 1. S. O. Column Formula.. maximum 15.000 pOundl tor ratiot 
of I r _ 60 and under. 

Saro load "aIIlOl abovo UIII)()f' zlll'zag IIno are tor raUOII or I l r not over 60. tboee bo~woell ~11f-'.31 
linea a.re tor raUOII up to 120 and tbo.e b<!lo .. lo..-er Zig-zag IIno are ror ratlOll no~ ovor 200. 
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STEEL PIPE COLUMNS 
Allowable Concent ric Load. In Kip. 

EXTRA STRONG PIPE 

Unit Streu-Amerlcan Institute of Steel ConIJtruction- 1928 

Namlnll SI . .. In. i 12 10 • • 5 , ' is , 2iS 2 

£.1 ...... Ola. ln, "''' 10.7150 U~ U~ ..... ...., ... .... "" "" ... ... ... .." '" . ~, " . . .. .m ". 
5 1288.6 241.5 191.4 126.1 91.7 66.1 55.2 45.2 32.8 19.9 

6 288.6 1 241.5 191A 126.1 91 .7 66.1 55~ 44.' 30.3 17.9 
7 I 288.6 241.5 191.4 126.1 91.1 

~ 
53.9 41.7 27.8 1..., 

8 288.6 241.5 191.4 126.1 

p.H-
51.0 38.9 25.2 ::; 9 288.6 241.5 191.4 126.1 48.0 36.2 23.' 

10 288.6 241.5 191.4 126.1 58.1 45.1 33.6 20.9 l U 

11 288.6 241.5 191 .4 126.1 85.' 55.' 42.3 31.1 19.0 10.1 
12 288.6 241 .5 19lA 

~~:~ 82.' 52.' 39.7 
~: 17.3 9.' 

13 288.6 241.5 191.4 78.6 49.0 37.~ 15.7 

~ 14 288.6 241.5 
~ 

114.2 75.2 46.2 34.6 24.' 14.3 • 13.0 ~ 15 288.6 241.5 110.2 71~ 43.' 323 22.7 
.: 
~ 16 

1
2886 241.5 1aU 1062 68.' 40.9 30.1 21 .0 

" 17 268.6 241.5 119.6 1023 65.3 38.' 28.1 19.5 c • 

~ 
~ 18 I 288.6 174.9 98.'~ 383 26.3 18.1 
• 1703 24.6 > 19 228.6 94.' 34.2 = 20 288.6 165.7 91.0 56.5 32.2 23.' • • 
1;i 

21 288.6 228.' 161.0 87.4 53.8 31).3 21 .5 
22 287.1 223.9 156.5 

if: 
51.2 28.' 

23 282.6 219.3 152.0 48.8 27.1 
24 278.2 214.6 147.6 46.5 25.7 
25 273.6 210.0 143.3 7U 44.4 

26 268.9 2Q5.4 139.0 71.3 423 
27 2943 200.8 134.8 68.' 40.4 
28 259.7 196.3 ~ ,,~ 38.6 

" 255.0 191.8 63.2 'U 
30 250.3 187.2 122.9 80.7 35.1 

~ 

~~. ".~ .. " "n ." ' ." .. , ... .. ~ ,~ "'. 
3 .• I.n -

:~. ~U "'" l05.U 410.5 I 20.7 1.51 '.n ... 
. ~ ~, 

2..$111 2.1M 1.839 1.417 ,,'" 1.U8 
~~ '.m 

4l.3t " 28.51 - 211.78 '<" 
I - ~ -

w.~,. ".Ift. .. ~ , ... '" 
, .. " A. L S. O. Oo',m. . ".000 ,~,," ,rnU", 

~·.~-at~~load 1,~=r ~bove upper ~1.g.Ulg Uno am tor ratios or Ij r not over 60. tbt:lR! between slg-zag 
Une. are tor raU08 ull to 120 and t.II~ beloW' Iow('r ~I&.za.g line are for ratio- not over WI). 
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STEEL PIPE COLUMNS 
Allowa ble Concentric Loa d s 'n Klpt 

DOUBLE EXTRA STRONG PIPE 
Unit St,.._Amerlcan Institute of Steel Constru ctlon-1928 

H ....... SIr .. I", 

~ 

A .... In. ' 

I, In.' 
' . In. 

, 
• 
7 

• 
9 

10 

11 

" 13 
14 
15 

18 
17 

18 
19 
20 

21 
22 
23 
24 

" 
26 
27 

~ I 

" I 

Wolgh~ Ib./fL 

• 
us 
. m 

319.5 
319.5 
319.5 
319.5 
319.5 
319.5 

319.5 
319.5 
319.5 
317.9 
310.0 

302.0 
294.0 
266.0 
277.9 
2611.9 

261 .9 
254.0 
246.3 
238.7 
231.3 

224.1 
217.0 

210.1 
203.4 
196.9 

21.30 

182.0 
2.157 

"-" 

• ... ... 
234.6 
234.6 
234.6 
234.6 
234.6 
234.6 

229.3 
221.4 
213.6 
205.7 
197.8 

190.0 
182.3 
174.8 
167.5 
160.5 

ISlA 
147.3 
141 .0 
135.0 
129.3 

123.8 
118.5 
11 3.6 
108.9 
104.4 

,,~ 

..., 
~ .. 
13.1e 

• ...., 
.n • 

lro.t 
170.1 
170.1 
170.1 

167.5 
160.8 

153.9 
147.0 

140.2 
133.5 
127.1 

120.8 
114.7 

109.0 
103.5 
98.2 

933 ... 
84.1 
BO.O 
76.0 

n.3 
68.' .... 
,,-" 

"" 1.722 

"-. 

• ... 
.m 

121.5 

121.5 

120A 

114.7 

108.5 
102.4 

96.' 
90.6 
85.0 
79.6 
74.6 

71l.O 
65.6 
61.5 
57.7 
54.1 

3 

..... .... 
100.8 82.0 
100.8 78.0 
95.4 n.s 
89.6 67.1 
83.8 61.9 

78.2 1-"57,,,.0,--, 
n.. 
67.1 
62.9 

58.' 
54.2 

50.' 
46.9 
43.7 
40.7 
38.0 

52.3 
48.0 
44.1 

40.5 
37.3 

343 
31 .7 

1.10 1.72 

lu ---l~ .• 
1.314 1.210 

27.$4 I 22.85 

' }i , 

un un 

.... -
56.6 34.1 
51.7 30.2 
46.8 26.7 
42.2 I 23.5 
38.0 20.7 
34.2 18.3 

30.8 16.2 
27.7 
25.0 

22.' 

8&fO 1000. I" aceord",noo wl~h A. L S. O. Column lo'ormula. ma>:lmum 16.000 pound. for raU", 
of I Ir - 60 and under. 

Safe load value. abovo uPpCr dg-zag Une are for ratios of I / r not over 60. th<*l botWOOD zlg·UC 
Un81 are for rat~ up to 120 and tho.e below lower ~lg-zag line are for n.t~ not ovo.- 200. 



GRILLAGE FOUNDATIONS 

Where column base plates nre found to be undesirable or un
economical, a one or two tier grillage may be used if 80 desired, 
depending upon the bearing value of the soil or 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 fi lled with, and the 
beams enclosed in concrete not less tban fou r inches thick. 

T he minimum clear distance between flanges of beams should 
be about two inches . 

Maximum clear distance for bottom tier beams _ %' of the flange 
width. Beams should have pipe separators and should not be 
painted. 

To determioe the area in square fcct required for the foundation, 
divide the total load on the column by the bearing value of the 
soil per square foot whieh will give the area of the footing in square 
feet, the shape of which must he determined by local conditions. 
On the assumption that the loads on the soil arc uniformly dis
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 or beam in inches. 
t _ thickncee of beam web in inches. 
n _ number of bealIll!. 
fb _ allowab1e unit web buckling re6istance. 
f.-allowable unit web .hearing re!!istanoe. 

The maximum bending moment occurs at the center of the beam 

d . I' r t d t W(L-a) d th ct' od I an IS equa In 00 poun s 0 -.-, an e se iOn m u us 

. d r b be . 12 W(L-a) reqUire or cae am IS • "n 
The proper size of beam in any tier with regard to 8cxure 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 
t he 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. 

3 U 

• 
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Or from the table of properties by dividing the total section 
modulus requi red by the number of beams ill the tier, which is 

1 
3W(L-a) 

equa to 36,000 • 

Note, however, that the load on the beam for any span must 
not exceed the maxi mum tabu lar safe load for shear. 

The maximum vertical sheRI' occurs at the edge of the column 

base or at a distance ill feet of L;& from each end of the beam and 

. W L-a 
IS equal to - x --" 

L 2 

'
" b h" '"" " h W L-a 1 ,ye t ICIU1CSS, t , to resist average sear - -L X -- X d 

2 12,000 n 

" 1 h W L_a I b" b d or average vertlCa sear - L x -2- X n d t W Ie must not excee 

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 d/ ' 
12 a + 2 

Then the required thickness of the web, t, to resist buckling 

W h b" " b 
d/ r 

or t e average we resistance per square mc 
n(12 a + 2) b 

W 
to buckling, fb - n(12 a + d/ 2) t which must not exceed the 

tabular values for the allowable buckling resistance on beam webs. 

Rolled Steel Column Base Platea: To distributc the loads from 
columns over girders, grillagc beams, etc., solid slabs of rolled steel 
may be advantageously used in plnce of cast iron or rivcted stccl 
bases, etc. 

The mcthod of determining the thickness, t, of the slab with 
respect to t.he direction of the upper tier is the same as that used in 

. J W ·' paragraph under Column Base l)lntes, t _ " J • 
6,000 K B 

Required thickness of slnb, t , with respect to the direction 
parallel to the bottom tier is obtained by assuming t hat the 
maximum bending moment occurs at the point of column load 
concentration (.95d or .8b, depending on the direction in which 
the column is turned) and that the reaction from the outside beam 
in the upper tier is the load, the cantilever span, l being the distance 
from the point of maximum moment to center line of this beam 

~v' and t - -_. See page 314. 
" B r 



EXA"'rLE: Oooilgn a. grillage foundation to dl8tributQ tho load or 1.323,000 pound, 
rrom a. column OIl 146.300 Ills. to a. ooncret<l pier, the a,llow,.hIQ bo&.rlng capaeity being 
500 pOunds per squaro Inch, 

1.3~OOO .. 2,616 square inchos r()Qulrod In bMo:l. 

53" ~ 50" .. 2650 SqILa.rQ inch()6. Make length or oottom tior 6(Y'. 

ASIIumo tho column ba.so I)!atc 25" x 27". 
UslngJ: ~_ ... II.!l23.000x1.u;l' _ 402" 

V 6,000>(25)(27 .. 

Using I: t_ V X 1.323,000 X 3. 925 _ 4 00 
4 xi7X18.UOO . Uso 4". 

Top T ier: "beams 53" long, 8" centers. 
Sectlou modUlUS l].Cr boam _ 1.382:l~~.~~f; 4

27
) 59.7In. ~ 

'l'ry .1 UcanlJl 15" x 50 ltls. 

Buckling 81""", fb _ " (2;·!2~:~.500- 17,430 lb!!. por SQ. In. 

AB tho maximum a.lIowable I'b '" 15,000 Ibs., then beams ha.vlng a. thicker web 
mW!t bo used. 

U8(l" Beam.o 15" x M \!)s, M their fb _ 14,800 lb!!. 

, 1.323.000 53-27 
Shear oceUI'!! at edge or sla.b: a- 53 X " X 15 X .6-18 X -,

_ 8,346 lb!. per sq. In. 
Maximum allowable: Is _ 12,000 l!;.s. por sq. In. 

Bottom tier. 60"-29.7"_ 20.3". 
" __ ,, _.... '-__ 1,323.000 X 20.3 "66 , __ • 
.. ,,,,, .. on IDuuU.u.s per """m - 8 X 18.000 X 7 - - . .~. 

7 _ 10" X 30 lb. Beam.'! 

B uckllng Uro'IS Ib -7 (~-;2.!·~447- i2,ISO lb!!. per SQ. In. 

Sb 'd" t 1,32.1.000 X 50-29.7 
eal"&toulB. OJ g<lS0 upper tlOl' - :;OX7XIOX,447 --,-

_ 8,583 lbo!. per 1Kl. In . 

.. ----~. B-----.. 
~..Q.~_I~~ ... _ ~,o.:rJ 
; j : .8b : j : , , , , , , , , , ' 

- ----I , , 

a "'-- SlabU·x t · x 2"7" .' 
(Beama 15"x60 lb. 



DIMENSIONS OF BASE PLATES FOR CB SECTIONS 

The only condition considered in these tables is that of bnse 
plates resting on concrete having 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 more 
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 the following tables for CB Sections 
arc the maximum for each section and weight, or 15,000 pounds 
multiplied by the area. 

For purposes of calculation, the column toad P is assumed to be 
distributed within a rectangle whose dimensions nre 0.95<1 alld 
O.Sb, and the base slab is considered as a cantilever with uniformly 

distributed load where the span is i _ K ;,95d parallel to web of 

column, and j _ B-;.8b parallel to Bange. 

• 
t 

f ~ 
, I 

T 

1M, 
, 
L"" -" -, ~ 

,~ 

K 

P .. Total load on column In pounds. 

K .. Lenglh of ,lab In Inches. 

B .. Wldlh of IIlab In Inches. 

A _ Area or-lab _ K X D. 

j) _ Unl~ ~ _ P I A. 

I 2!! l!2: 101 _ Momen~ for I-Inch width of II.&b - P I 2' - 2 or 2 

Ulle greater ' '8.rue of I or J: 

S _ Section .Modu.lus for I inch "Idth of ' tab - 18:~ 
..lU!.... .....1!...1!... 

.. 36.000 or 36.000 

tt ....£..!.!.... ....1!..l!.... 
Since 8 -"'6' thcrdon) tl'_ 0.000 or 0.000 

E:u.IIPL.I'. Alisume a load of 1.870.000 pound~ fOA' COlumn CD 140. ~ I .. 
per n.., d _ 18.69 Ineb.,.. b .. 16.09$ Incha •. M<! _ 17.760 Inehel .. 8b .. 13.356 
locbea. concreta It 000 It.. por SQ. In. 

Requlrod area of slab .. 1 ,l!~OOO .. 3758 filunrolnehOll. 

A plal-O Il&vlll8 dlmcnslol1ll.56" I 67" will be .. ~llIfactory. 

Projection I _ 67 ~ ~7.76G _ U.622 inches. 

ProJectloll J .. 66 ;3.36G .. 21.322 webes. 

I' _ 24.6221 .. 606.24 filu.are Illeha. 

~ In formula. tJ .. 6.000 • substituting 000 for p and the ,"slUG of I". then 

t.OO x 606.24 
tJ .. 6.000 .. 50.112 IlId th1ckn_ ~ _ 7.11loehOl. 



RECOMMENDED SIZES 

The following widths and thicknesses are suggr.Rt.p.d as being 
sufficient to meet all ord inary requirements. The adoption aod 
use of these 8izes 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 more desirable to the rolling mills. 

14 x l~ 28>3 44 x 5 
14 x 1 2R x 3}AJ 44 ;II; 5}i 

16 x 1)1 32x 3~ 48x5~ 
16 x 2 32 x 4 48,6 

45 x G}i 
",,2 36 x 4 
20 x 2J.i 36 x 451 52 ~ 6 

"''' 40 x 4}i 
52 x 6}i 

24 x 2 40, • 56 x 6}i 
24 x 2M 56" 
24 x 3 56, • 

The thicknesses given above arc the thicknesses of t he rolled 
plate. 

Allowance for planing plates over 4 inches should be made as 
shown in tables. 

SECTION' MODULI FOR BEARING PLATES 1 INCH WIDE 

""'- 8 Tblelr:_ 8 I 1'hid:_ 8 Thi.k_ , 
,,- r-- In.' 

-.--". In.' ". ID.· ... ", 
l~ .26 3~ 1.76 ,~ ' .59 7)< 8.i 6 

l~ .38 3~ 2.04 ,~ '.04 7~ 9.38 

l~ .51 3~ 2.34 OM 5.51 7)< 10.01 

2 .67 • 2.67 6 6.00 • 10.67 

,~ $ ' .~ 

I 
3.01 6~ 6.51 ')< 11.34 

21i I 1.04 411 3.3S 6~ 7.04 .~ 12.04 

2~ 1.26 

I ." I 
3.76 '" 7.59 ." 12.76 

3 I .. oo 5 4.17 7 8.t7 , 13.50 

... 
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~-"" -. K --- ___ ~ 
COLUMN 

W 
COLUMN BASES [tIT STANDARD -... : , 

• • 
14 INCH COLUMNS . . 

BASES , , , .' 

M axi mum Bonding Stress 18 Kips per Square Inch 

- --
""- "'-- ,. Sq. In .... c.allt 

""- w ..... .... 01_ ..... .. ...... ...... ~ .. I I .... '""'*_ t 1ft. w_ .. .... "'" d, b, 

I~"'-
B, K, -, , .. ,. """ , .. ,. u. •. 

-- +- I 

426 1879 18.69 18.695 7.11 7X 8 58 67 850' 
412 1817 18.50 16.645 6 ... 7X 8 56 85 . 8251 
398 "55 18.31 16.590 8.57 6X 7 56 63 8997 
384 1694 18.12 16.540 6.20 8X 6Ji 56 .. 61 .. 
370 1632 17.94 16.475 6.20 6X 6Ji 56 " '982 
356 1570 17.75 16.420 6.19 6X 8Ji 56 58 5175 
342 1509 17.56 16.365 '.90 6X 6Ji 54 58 '58' 
328 1446 17.38 16.295 '.68 ,~ 6 52 58 49,. 
314 1385 11.19 16.235 '.65 5~ 6 52 53 4685 
300 1323 17.00 16.175 I 5.49 5li 6 51 " 4508 
287 1286 18.81 16.130 ~33 ' j{ ' Ji 49 53 3964 
m 1203 16.62 16 .... '.08 , )/ ' Ji 48 ,. 3740 
264 1164 16.50 16.025 M' , )/ ' Ji 48 49 .... 

CB 148 255 1125 16.37 15.990 4.93 ' j{ ' Ji 47 48 3516 
"6 1085 16.25 15.945 4'" 4~ , 44 49 3054 
237 104' 16.12 15.910 4.69 4U , 44 48 "., 

228 1006 18.00 15.865 4.51 4~t , 44 46 2867 
219 '65 15.87 15.825 4.52 4~ , 44 44 2743 
211 931 15.75 15.800 u , 4 ~1' , 42 44 2618 
202 '" 1 ~83 15.750 4.33 4j{ 4Ji 40 .. 228' 
193 851 15.50 15.nO 4.06 4j{ 4Ji 40 43 2193 
184 61 1 15.38 1U60 3.94 4)/ 4Ji 40 41 2091 
176 m 15.25 15.640 3.81 4)/ 4Ji 39 40 198. 
167 736 15.12 15.600 3.84 4 4 38 41 1673 
158 897 15.00 15.550 3.58 4 4 36 39 1591 ,,. 681 14.88 15.515 3.39 4 4 36 37 1510 
142 626 14.75 15.500 3.26 4 4 35 36 1428 

' 320 141 2 16.81 16.nO ' .58 ,~ 6 52 " 4m 
-

·Colunm Coro Sec llon. . 
Plate. 4 lD(lhQII UdCk ... "d under may be Oatt(>nod by prosslng. For pl ... WS moro than" luehe. t hick. 

rolled thJcknCM lucludos ano ...... nco tor planing WI' BUrl_. Additional aUowanco must be mado for 
Dnlahing bottom IUrlaoo or buo 1)L1tc. 100 be ect on grlllagcl. SI ..... (:1.ural drawlnp . hould Ibow n"IHhod 
tblclCllCM. All order-. thould BlI'JClty rolled thlcku,.. 
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COLUMN BASES 
COLUMN 

(J STANDARD 

14 INCH COLUMNS BASES 
-' 

Madmum Bendln" Sue •• 18 Kips pel' SqUare Inch 

-
Wtillrl ' 

Pr_ .... Sq. I" .... c-.t. 

"'.- "' ..... no ...... 
.~ ... w --

,~. 1'IIItk-. t. In. W, ... ThIeI! ...... t. la . Wolgllt ... u.. S , K, "' ... S, K. .." .. Clle ... "- ...,. ,,-, ... , ... .. , .. '". '". u.. , ... .... .., .. ... '". ..... 
-- - ~ - --. ,. '.54 .~ 7 54 .. 5996 6.14 ' )i ' li 48 52 4597 

.12 .~. ' )i ' M 52 56 5363 6.16 ' )i ' M 48 50 4421) 
398 6.25 ' )i ' M 52 54 5171 6.12 . )i ' M 48 49 4332 
384 .. ,. ' )i ' M 52 52 ."" 5.97 ' )i ' M 47 48 41" 
370 5.99 ' )i ' M 48 54 .m 5.65 ' l{ • .. 48 3672 
356 5.69 5~ • 48 52 4243 5.48 ' l{ • 44 48 3590 
342 5.65 ' l{ • 48 50 .080 5.53 ' l{ • 42 48 3427 
328 5.65 5''l' • 48 48 3917 ~58 5~ • .. 48 3284 
31. 5.34 ' J{ ' M 46 48 3441 5.13 5J{ OM 42 44 2880 
300 5.15 ' J{ ' M 44 48 3281 4.93 5J{ 5M .. 44 2743 
287 5.02 ' 1{ ' M 44 46 3154 .... ' l{ 5 40 42 2380 
273 5,01 ' 1{ 5M 44 44 3017 4.81 4l{ 5 40 40 2267 ,.. '.72 4"~ 5 42 44 ,." 4.62 4l{ 5 39 .. 2210 

CB 146 255 4.75 4'~ 5 " .. 2550 4.43 4~ 5 ,. .. 2153 
246 4.47 ' l{ 5 4D 43 2437 4.35 ' » ' M 36 4D 16,. 
237 4.39 ' l{ 5 4D 42 2360 4.17 ' » ' M 36 39 1790 
226 4.42 4~ • 4D 4D 2267 4.13 ' » ' M 36 37 "96 
219 4.23 4» ' M 39 40 1989 4.11 ' » ' M 36 ,. 1052 
211 4.05 ' » ' M 37 .. 1687 3.92 • • 35 36 1428 ,., 4.04 • • 36 4D 1632 3.14 • • 33 ,. 134' 
193 3.n • 4 36 ,. 1550 3.73 • • 32 ,. 1306 
164 3.79 • 4 36 36 1469 3.43 3M 3M 32 34 1079 
176 3." • 4 35 36 1428 3.46 3li 3M 32 32 1015 
167 3.48 • 4 33 36 134' 3.26 3li 3M 31 32 684 
158 3.51 • 4 31 36 1265 3.14 3M 3M 29 32 ". 
150 3.16 3li 3li 32 33 1047 3.13 3li 3li 28 32 889 
142 3.13 3)i 3li 32 32 1015 2.82 3 3 28 30 no 

'320 5A3 5» 5li 47 48 3515 ~24 5» ' li 43 44 2948 

- -
"Column Core 80(:tlon. 
I'llltoll " Inchc. thick and under may be Ilat tcned by "rosslng. ~'or platell rnoro than .. Ineb(ll! thick, 

roIlod thlelme. '"dudOli allowance tor planIng top surtace. AddItional aUowsnoo mUllt be made for 
tlnisbtng bottom surtace or ~ platell to be .let on lfI'iUas ... St.ructural d,.w\np _bould mow tloWied 

""""'- AIl onion ahould ' pOCiJ'y rolled tblclm-. 
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. -.. - K ______ ... 

COLUMN COLUMN BASES 

lE1l (J STANDARD 

14 and 12 INCH COLUMNS BASES 
. , , , .. 

M aximum Bending Streu 18 Kips per Sq uare Inch 

""- "'-" ,.. Sq.. I ... 011 CIonct'lIt 

""- w . ... 

"'" ~- ........ ...... ~ • , .... TbIok-, L IlL 

~ ... .... ' .. d, b, , S, , ..... ,. ... CokulIled ~ ..... , .. I".~ 
I 

136 600 14.75 14.740 3.19 4 4 33 36 1346 
127 "" 14.62 14.690 3.05 3» 3» 32 " 1111 

119 ,25 14.SO 14.650 2.92 3» 3» 32 33 1047 
CB 145 111 490 14.37 I 14.620 2.17 3» 3» 31 32 ... 

103 454 14.25 14.575 2.78 3 3 28 33 795 

95 419 14.12 14.545 2.39 3 3 28 30 714 
87 383 14.00 14.500 2.34 3 3 28 28 666 

CB 144 84 371 14.18 12.023 2.49 3 3 27 28 843 
78 344 14.06 12.000 2.24 2» 2» 24 " 493 

190 838 14.38 12.670 4.31 4J.( 4» 40 42 2142 
176 m 14.12 12.6'5 4.18 4J.( 4» 39 40 1989 
161 711 13.88 12.515 3.85 4 4 36 40 1832 
147 649 13.62 12.450 3.76 4 4 38 36 146' 
133 587 13.38 12.365 .34 4 4 33 36 "4' 
120 530 13.12 12.320 .20 3» 31i 32 33 1047 

CB 124 106 468 ·12.88 12.230 2.86 3» 3» 29 32 920 
99 436 12.75 12.190 2.73 3 3 28 31 738 
92 406 12.62 12.155 2.64 3 3 28 29 690 .. 375 12.50 12.105 2.49 3 3 27 28 643 
78 348 12.38 12.080 2.34 3 3 25 28 '95 
72 317 12.25 12.048 2.19 2» 2» 24 27 459 
65 297 12.12 12.000 ~07 2» 2» 24 24 408 

64 292 12.31 10.060 2.28 2» 2» 24 24 408 
CB 123 58 258 12.19 10.014 I." 2 2 22 24 299 

53 234 12.06 10.000 1.78 2 2 20 24 272 

----Pial«!" Inchos Ullck a lld under ma)' be flattenoo by pressIng. For plaka moro thAI. 4 IncbCfl thIck . 
roUed thlckn ... lncludl!Ol allowance to<' planing t-op surface. Additional allowanoo must ho made ror 
finishing boUom flIrl'oo& or lIMo pll.tOI to he lOt on grHlases. Structural drawings .hould .how IInlshed 
th!ckuCIIII. AU ordt ..... bould .peel t)' rolled thlckn_. 
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COLUMN BASES COLUMN 

STANDARD (J 
14 and 12 INCH COLUMNS BASES 

~ 

M lIxlmum Bendlnll Stress 18 Kips per Square Inch 

~ .... s.. ....... Centtm 

'""'- ...... "'- I "' ...... ...... - , , 
r otot, 1'1IW<_ L 1ft.. TWet-. li .... . ..... ... Lb I I i •• K. ..... • • K . .. <:.1,..... f .... ...... ""'71, .... .... ... 

I • • ", ~ Achd • •• ... u.. 1 •• eeI lolled "' .. ••• .. . u.. 

136 2.94 31> 31> 30 32 952 2.84 3 3 " 29 690 
127 2.92 3 3 28 32 762 2." 3 3 27 28 643 
11. 2.63 3 3 28 30 71. 2.51 3 3 " " 59' 

GB 145 111 2.63 3 3 " " 666 2.37 21> 21> 24 27 459 
103 2.33 3 3 26 " 619 2.19 21> 21> 24 " 425 
95 2.35 21> 21> 24 " 476 2.15 21> 21> 24 24 .08 

" 2.03 2 2 24 26 354 

1"" 
2 2 " 24 299 

CB 144 84 2.31 2'i 21> 24 25 .25 2.03 2 2 20 25 293 
78 2.16 21> 21> 23 24 391 1.89 2 2 19 24 25. 

190 4.19 ' )i ' 1> 38 37 1698 

1
395 • • 31 38 1265 

176 3.99 4 • 35 38 1428 3.84 • • 32 33 1197 
161 3." 4 • 32 36 1306 3.51 31> 31> 30 32 '52 147 3.52 3~ 31> 32 33 1047 ~19 31> 31> 28 31 861 
133 3.21 31> 31> 30 32 '52 3.20 31> 31> 28 " m 
120 I 2.94 

3 3 28 30 71' 2.76 3 3 25 28 '95 
CB 124 106 2.76 3 3 27 28 643 2.51 21> 2JO 24 " "2 

99 "'. 3 3 " 28 '95 2.53 21> 2JO 24 24 '08 
92 2.42 2~ 21-\ 24 27 ' 59 2.32 21> 21> 23 24 391 

" 2.31 21,i 21> 24 25 ' 25 2.13 21> 2JO " 24 357 
79 2.16 21> 2JO 23 24 391 2.00 2 2 20 23 2" 
72 2.00 2 2 " 24 266 1.84 2 2 20 " 236 
65 1.65 2 2 20 23 261 1.67 2 2 19 20 2" 

64 1.98 2 2 19 24 25. 1.93 2 2 19 20 ". CB 123 ,. 1.91 2 2 20 " 236 15' 2 2 17 20 193 
53 1.76 2 2 19 20 215 1.49 II> II> 16 20 136 

f'lat.oa" IDcbell thick a nd under may 00 Hattenod by pN!elllng. For pl&t(lo mor<> than" IDehos t hick. 
rolled thlcknc. Include. nllo .... a.nco ror planing to p . urCaoo. Additional a llowanoe must. b& made tor 
!lnlohlng bottom . w1'aoe of bull plM.,. to be .tet on grillages. StructuraJ dra.wtnp I bould abo .. ftnuhed 
tbickne.. All OI'den m ould . peclfy rolled thlcknees. 
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COLUMN COLUMN BASES [81]' (J STANDARD 
.~ : 
}. b 
: ! 

10,8 and 6 INCH COLUMNS 
. , 

BASES , , .. 
Maximum Bending Stress 18 Kips per Square Inch 

-
"'"~ 

"'-" ..... Sq. In. on eoner.t. 

"'"~ 
w.rgh~ Coo. OImenolonl !lOCI Pound, 

""'" 
~, • rCIDt. T1Ikl<-. lln. WIII""t •• .... , .. d, b, B. K. Roll.,... , .. 

" 
Calcu1. 1 """"~ 

.. ,~ ... , .. co,. 

136 600 11.88 10.575 3.59 4 4 33 36 134' 
124 547 11.62 10.505 3.42 3» 3» 32 34 1079 
112 494 11.38 10.415 3.27 3» 3» 31 32 964 
100 441 11.12 10.345 3.07 3 3 26 32 762 
89 393 10.88 10.275 2.86 3 3 26 26 ... 

CB 103 n 340 10.62 10.195 2.55 3 3 25 26 595 
n 318 10.50 10.170 2.43 2» 2» 24 27 459 . 
66 291 10.38 10.117 2.26 2» 2» 24 25 425 
60 265 10.25 10.075 2.06 2» 2» 22 24 374 
54 238 10.12 10.028 2.07 2» 2» 20 24 340 
49 216 10.00 10.000 1.79 2 2 20 22 249 

45 199 10.12 8.022 1.96 2 2 20 20 227 

CB 102 
41 181 10.00 8.000 1.66 2 2 18 20 204 
37 163 9.88 7.978 1.50 2 2 17 20 193 
33 146 9.75 7.964 1.38 1» 1» 16 19 129 

67 266 9.00 a287 2.49 2» 2» 24 25 425 
58 256 ~75 8.222 2.23 2» 2» 22 24 374 
48 212 M. 8.117 1.97 2 2 20 22 249 

CB B3 40 176 8.25 s.on 1.74 2 2 18 20 204 
35 155 8.12 8.027 1.75 2 2 16 20 181 
33 146 8.06 8.012 1.60 2 2 16 19 172 
31 137 ~OO 8.000 1.39 ' » ' » 18 17 116 

CB B2 
27 119 8.03 6.528 1.41 1» 1» 15 16 102 
24 106 7.93 '.500 1.24 l Y.( l Y.( 14 16 79 .. 388 6.842 10.046 3.10 3U 3» 26 28 m 
80 353 6.'" 9.959 2.89 3~ 3» 26 25 694 

CB " 
70 309 6.444 9.846 2.62 2~ 3 26 24 53. 
60 264 6.216 9.733 2.34 2~ 3 24 22 449 
50 221 5 .... 9.617 2.21 2y'( 2» 23 20 326 
4. 176 5.750 9.500 1.81 2 2 20 18 204 

Plawa 4 inch6!l thick and under may bo tlattenod by p!'(!8Slng. For vlates more than 4 Inch"" thick. 
rollod th lck n6!l8 I"dudos allo ... anco tor plaulng top surface. Additional allowanoo must bo made tor 
Dnishlng bottom IJUrtace ot baso platel to be \let on gdllages. Structural drawlnga should show Dnbhed 
thickn088. Al l orders should spec!ry rollod th lcko08!. 

. 
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COLUMN BASES COLUMN 

STANDARD (J 
10, 8 and 6 INCH COLUMNS BASES 

-' 
Maximum Bending Stress 18 Kips per Square Inch 

Pr-. ~ .. SII. In. on Concrete 

Col~mn 
w .... .m ...... 750 Pound. 

Stcllon •• ,., Thkkn_ t.ln. w . ... Th/ekn_ t. In. W."" ... S, K, S, K, 
""- Calc ... "- RoIled, .. ~/I"'" RoliN, 

Il led ,.~ "'". '". '". Lt.. Illed I ...... ""~ '". ... ""-

136 3.48 3J> 3J> 30 32 952 I 3" 
4 4 25 32 907 

124 3.23 3lei 3J> 28 31 8" 3.11 3J> 3J> 26 28 722 
112 3.19 3J> 3J> 28 28 m 3.01 3 3 24 28 571 
100 2.82 3 3 25 28 59' 2.75 3 3 24 25 '10 
89 2.56 2J> 2J> 24 28 442 2.43 2J> 2J> 22 24 374 

CB 103 n 2.38 2J> 2J> 23 24 391 2.27 2J> 2J> 20 23 3,. 
72 2.27 2J> 2J> 21 24 357 12

.
,1 2J> 2J> 20 21 297 

" 2.25 2J> 2J> 20 24 340 2.07 2lei 2J> 20 20 283 
80 1.94 2 2 20 21 238 1.80 2 2 18 20 204 
54 I.n 2 2 19 20 215 1.83 2 2 16 20 181 
49 1.66 2 2 18 20 204 1.50 1 lei 1 lei 16 18 122 

45 1.67 2 2 16 20 181 1.67 2 2 I 16 17 154 

CB 102 
41 1.55 2 2 16 18 163 1.52 1 lei 1 lei 15 16 102 
37 1.54 l lei l lei 14 19 113 1.33 1 lei l lei 14 16 9S 

" 1.24 1)< 1)< 14 17 84 1.34 l lei l lei 14 14 83 

67 2.41 2lei 2lei 20 24 340 
, 235 

2lei 2lei 20 20 283 
58 2.14 2J> 2J> 20 21 297 2.07 2lei 2lei 17 20 241 
48 1.92 2 2 17 20 193 1.74 2 2 16 18 163 

CS 83 40 1.62 2 2 16 18 163 1.49 1 lei 1 lei 15 16 102 
35 1.52 l lei l J> 16 16 109 1.33 l lei 1 lei 14 15 89 

" 1.31 l lei l lei 15 16 102 1.34 l J> 1" 14 14 83 
31 1.34 1" 1" 14 16 95 

1
,
.
17 1M 1)< 13 14 65 

CS 82 27 1.35 l lei I;> 12 16 82 1.16 1)< 1)< 12 14 59 
24 1.10 1)< 1)< 12 14 59 1.15 1}4 1)< 10 14 50 

as 3.22 3)< 3lei 28 22 611 2.82 2U 3 24 22 449 
80 2.85 2:Y.1' 3 24 24 490 2.83 2" 3 24 20 408 

CB 61 70 2.60 2~i 3 24 21 428 2.45 2~ 3 21 20 357 
60 2~7 2)< 2lei 21 20 297 2.16 2)< 2lei 20 18 255 
50 1.99 2 2 20 18 204 2.00 2 2 19 18 172 
40 1,70 2 2 18 16 163 1.69 2 2 16 15 136 

, , , , 
Plates 4 Inch011 thiCk and under may be lIatt.enod by pl'tl88lng. For platOl more than 4 InchCtl th iel<, 

rolled thlclmCSII Ind ud<)\! allowanoo rOT planing top surface. Additional allo .... ance mun be made for 
tlnlshll\R bottom mrfaQe or hue plate\l to be let on grillages. Structural drawings .hQuld .how II nb hed 
tbiCkness. All orden Bhould .~Iry rolled thlcknOllS. 
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STEEL BEARING PILES 

Within recent years, there has been a growing trend toward the 
usc of wide flange eB Sections for bearing piles. Their use has been 
accelerated through t he disclosure that there is very little loss of 
metal from corrosion when the steel sections arc embedded in soil. 
Uncovering and examination of steel sections in service twcnty
five years or more has revealed loss of metal so slight as to be of no 
practical importance. 

There are hundreds of bridges supported by exposed steel bearing 
piles which have been in service in the Middle West for periods 
ranging from 25 to 38 years, and are 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, and their 
use is gradually extending to every class of work for which other 
types of bearing piles are adaptable. 

Load Tests. Maximum t-est loads developed at various locations 
are as follows: In Nebraska, in 1932, on 8 inch H 32 lb. sections 
they ranged from 28 to 170 toos, the latter value beiog 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 CB 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 pilc point 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 red clay at site of a bridge over Passaic 
lliver in New Jersey; and on 12 inch CB 110 lb. sections, ncar Lake 
Michigan, at Gary, Indiana, 300 and 307 tons, with penetration of 
35 and 45 feet, respectively, in water bearing sand and £inc gravel. 

While load tests nre not available, 10", 12" 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 column loads for the sections, 
have been applied for long construction periods without signs of 
scttlement. . 

Carnegie-Illinois Steel Corporation has available for distribution 
to interested engineers. a compilation of comprehensive series of 
loading tests on a considerable number of piles in various sections 

• of the United States. 

Advantages. Steel CB section bearing piles are more easily 
handled and driven than other types of piles of similar capacities. 



The high unit loads usually developed by steel CB 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 resultant dispiacement 
or rupture of the soil, thus giving greater ultimate carrying capac
ities for groups of piles where they hs.\"c to be driven at close 
spacings to carry very great superimposed loads. 

Steel piles arc particularly adaptable under the following con
ditions: 

(1) Where they can be driven through loose, unstable 
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 
scour or wash of water such as encountered in river 
construction, or where there is danger of undermining 
of foundations due to later 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 inSl!cts, such as limnoria, teredo, 
termite or any other destructive organism. 

Permanence. Examination of hundreds of bridges in the 'State 
of Nebraska resting on 5 inch and 8 inch I·beams, and 8 inch H 
sections which have been in service 25 to 35 years, showed little, 
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 only 1 % in 20 years, or 1/2Oth of 1 % per year. The same 
condition was found in a group of similar bridges around Chatham, 
Ontario. Steel sheet piling, withdrawn when rebuilding a bridge 
pier in the 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 Newark, 
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 carefully cleaned and calipered 
and showed in no case a loss of metal of more than 1/ 64-inch. 

.0. 
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Inspection of eight steel sheet piling structures in service from 
17 to 31 years in SIllt water along the Atlantic Seaboard, all but 
onc in the tropics, showed practically no loss of metal below the 
water linc. Similar conditions wcre observed in the examination 
of eight similar structures in fresh water after 19 to 30 years 
service. 

Basically, the surface corrosion of steel is proportionate to tho 
amount of moist atmosphere and dissolved or free oxygen coming 
in contact with it. It is also well known that t he rate of corrosion 
slows up materially as soon as the steel takes on a film of product.s 
of corrosion which in themselves act as.ll. protection for the metal 
underneath. These products of corrosion also permeate the ground, 
under certain conditions of earth nud moisture for several inches, 
fonning a dense non-porous and impervious encasement around 
the steel. 

In the case of subgrade structures such as foundations, it is 
apparent that fresh oxygen cannot be brought to the steel either 
by penetration of air or by subsurface water currents. Under these 
conditions, 110 special protection for the st<'C1 is therefore required. 

I n the case of structures such as pile bents, which extend COll
tinuously from below a stream bed up to points cOllsiderably 
above high water, some form of prot-ective encasemcnt is desirable 
in the zone of maximum corrosion, which is usually between the 
low and high water marks. The encasemcnt should begin at a 
point about n. foot or more below low water and extend up to a 
point above high water, whcre maintenance such as painting as 
applied to the balance of the structure is practicable. Wide flange 
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 are, of course, immune 
from attack and destruction by various types of borers, such as 
teredos or othcr marine organisms, as well as any kind of insects. 

On page 48b are given the elements of the new CBP sections 
designed for use as bearing piles. They have a unifonn thickness 
of web and flanges to insure unifonn life for all parts of the section 
under normal conditions of exposure. 

Other standard CB sections are shown with them, sclect-ed to 
amplify the special CBP sections with the thought that practically 
all bearing pile requ irements will be met by this group. For 
special conditions, other CB sections may be suitable and may be 
specified at the discretion of the designer. 

Detailed inrormation on the sp«ific applieation of CD sedions as 
bearing piles may be obtained at any Oistrict Office of t he Carnegie-Illinois 
Steel Corporation . 



STRESSES IN RIVETS AND PINS 

Rivets. I n transmitting stresses between riveted pieces, it is 
customary to disregard friction and to proportion rivets to the 
entire stress to be t ransmitted. 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 boles. In the case of 
beams which frame opposite aod of single web girders, this laller 
condition often necessitates a greater thickness of web than required 
by the shearing stresses. In a plate girder witb %6" web, !Y.l" rivets 
connecting the web with the fi::mgc angles would have a bearing 
value nt 24,000 pounds unit stress of 5,630 pounds per rivet, while 
their value in double shear at 12,000 pounds unit stress is 10,600 
pounds per rivet; and it might be necessary to increase t he web 
thickness to Va" or more in order that the pressure of the rivets 
upon the mctal be not excessive. 

Pins. Pins must be calculated fo r shearing, bending and bearing 
strcsses, but one of the latter two will in most cases determine the 
size. When groups of bars ure connected to t be same pin, as in the 
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 determi ned 
from the bending stress, the tbick"lless of the bars or web of the post 
should be investigated to provide sufficient bearing area, the bars 
being thickened or pin pl:ttes added if necessary. 

The following is the formula (or flexure applied to pins: 
M _ fTd ·"" f Ad. 

32 8 
1\1 _ Moment of forees for any aection through pin. 
f _ Unit .lrese per square inch, in bending. 
A _ Area of I!Ie(ltiolL, in equaTe inches. 
d _ Diamel.er of pin, in inches. 

T he forces a re RIIIumed to aet in a plane p68ling through the axis of the pin. 

~
- - -~ . '" : :::.' = ~ ,CiT 
T ~ T 
, ' 

EI .... PU I.-Required the llze of .. pin carrying a 
load of 64,000 pounds. at a distance of :; Inches bet .. een 
palnU! ot IUppoct; ma:rlmum unlt .~ 24.000 pound, per 
aquaNllneh. 

Den(llq lDOIllenl.=&i.OO(h r; + 4-80.000 Ineh.poun<ill; 
use .. 3;(·lnch pin; allowed momen~: 80.900 Inch.pounda. 

E I .... P~" 2.-Requlred the thkknese of metal In the 
top chord of s bridge to Iflve sutnelent bearing area to a 
3~·lncb pin. having to t~t a atr-eu ot 12 1.400 pounds; 
maIlmum bewing pre.ur"O 2-1.000 pounds per lIQuare Inch. 

The baring value 01 a 3~·lnch pin IQr t·lneh thlelm_ 
01 motal I, 81.000 pOun<ill: tboretor-o. the tbLcknCM of met&.! 
requlred_ 121.400+81.0Q(),0,.1* Incb. or each web of thll 
chord must lie " Inth ~hlck.lneludl ... pin platN. 

s •• 

• 
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HAND DRIVEN RIVETS AND 

UNFINISHED BOLTS 
SHEARING AND BEARING VALUES, IN POUNDS 

Shear 10,000; Bearing 16,000; Enclosed Bearing 20,000 Pounds per Square Inch 

_ .... ~_"gI. Sh_ 

.125 Y8 1000 I 

.140 1120 

.160 1280 

.180 1440 

.1875 " 1500 

.200 1600 

.220 1760 

.240 1920 

.250 ~ 

.260 

.280 

.300 I 

.3125 " 

.320 

.340 

.,.0 

.375 ~ .,.. I 

.400 

.420 

.4375 " 

.440 

.460 

. 480 

. 500 J.1 

.520 

.540 

.560 

.5625 ~ 

.580 

.600 

.620 

.625 % 

... / ..... ", . 

... , .... . 

... , ..... '" 

"' , ' 1 .... 
1
.

1 

.640 

.660 ........... ·'··· .. 1 I· 

.680 

.6875 

.700 

. 720 

.740 

.750 M 

.8125 % 

.875 ~ 

· .. i. , .. ! • 

"" 15880 

.9375 " I """; '; ;00;'; 00.,0; ;;;;'; ~iixi '; ;;00'; ,;;;;1;;;00",6000';;;;;1; ;00.,''';;;;;00.'; 25000 1.00 of PO> 



POWER DRIVEN RIVETS AND 

TURNED BOLTS IN REAMED HOLES 
SHEARING AND BEARING VALUES, IN POUNDS 

807 

Shear 13,500; Bearing 24,000; Enclosed &.rln; .3O,OOO Pound, per Square Inch 

~ • • II\, 1: ii =~~=r:j~~F-~Et~~=rl="":----.!l1 "' ... ,.... oC'"'''',,,-_ .n.., I .U72 ........ - ~ 
DoubIt Sh_ 

""""'/III Plat .. III. 

.125 ~ 

.140 

.160 

.180 

.1875 " 

:m I= '~ , !: I:: I .240 

.250 ~ 

.260 

.280 

.00 

.3
125

1 " .320 
.340 ... 
. 375 '" 
.380 
.400 

- .420 

.4375 '" .440 

.460 
A80 

.500 )! " . .540 

.560 

.5625 " .... 

. 600 .'" 

.625 '" .640 
.660 
.660 

.6875 " 

.700 

.720 

.740 

.750 ,~ 

.8125

1 

" 
.875 J.i 
.9375 " ; itioo; ;000'; i;iMiiti il';o~:iiO<~'zi50iI;;liOO':;;;iO';,ioo.l"'iOO:;;;'iOii;;';;.iOO':i;;'~ 1.00 1" 
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PINS 

Bearln; Values on Metal One Inch Thick, In Pounds 

Diameter II 1 II Unit Stress 

'" I Unit Strfts In Po"nd . p,~ $quart Inch 

01.... Ar.., lSOOO ,_ 18000 2aooo 22000 24008 25000 27000 30000 
~~ - ------

I .785 lSOOO 16000 18000 20000 22000 24008 25000 27000 30088 
1)4 1.227 18750 20000 22"'" 2_ 27500 30088 31250 33750 37500 
1» 1.767 22"'" 24008 27008 30000 33000 36000 37500 40500 4SOOO 
TN 2.405 26250 28008 31"'" 35000 3S5OO 42008 43750 47250 52500 

2 3.142 30008 32008 35000 40000 44000 48000 50088 54008 50008 
2)4 3.976 33750 36000 40500 45000 49500 54000 56250 60750 67500 
2» 4.909 37500 40000 45000 50000 55000 60000 62500 67500 75000 
2~ 5.940 41250 44000 49500 55000 60500 66000 68750 74250 82500 

3 7.069 45000 4_ 54000 60000 66000 72000 75000 81000 90000 
3)4 8.296 48750 52008 58500 6_ 71500 76000 81250 87750 97500 
3» 9.621 52500 56000 63000 70000 77000 84008 87500 94500 105008 
3li 11.045 56250 60000 67500 7_ 62500 98000 93750 101250 112500 

4 12.566 60008 64000 nooo 80000 88008 96000 100000. 108000 12_ 
4)4 14.186 63750 68000 ""00 85000 93500 102000 106250 114750 127500 
' » 15.904 67500 72000 81000 90000 99000 106000 1\2500 121500 135000 
4li 11.121 71250 76000 85500 95000 104500 114000 118750 128250 142500 

5 19.635 , 75000 80008 90000 100000 110000 120000 125000 135000 150000 
5)4 21.648 78750 84000 94500 105000 115500 126000 131250 141750 157500 
5» 23.758 82500 88000 99008 110000 121000 132008 137500 '48508 165000 
5ji 25.967 86250 ""00 103500 115000 126500 138008 143750 155250 172500 

6 28.274 90000 96000 108000 120000 132008 144008 150000 162000 150008 
6)4 30.680 93750 100008 112500 125000 131500 150000 156250 168750 187500 
a» 33.183 97500 104000 117000 130088 143000 156000 162500 175500 195000 
6~ 35.785 101250 108000 121500 135000 148500 162000 1 168750 182250 202500 

7 38A85 lOSOOO 112000 126008 140000 154000 168000 
17_ 

189000 210000 
7)4 41.282 108750 116000 130500 14_ 159500 174000 ' 18125(1 195750 217500 
7» 44.179 112500 120000 135008 150000 165000 180088 187500 202508 22_ 
7ji 47.173 116250 124000 139500 15_ 170500 186800 193750 209250 232500 

i 
8 SO.265 120000 126008 144000 160000 

17_ 
192008 200000 215000 24_ 

8)4 53.456 123750 132000 r 148500 165000 181600 198000 206250 222750 247500 
8» 56.745 127500 136000 153000 170008 187000 204000 212500 229500 25SOOO 
8ji 60.132 131250 140008 157500 175000 192500 210000 218750 236250 262500 

9 63.617 135000 144000 162008 180088 198000 216000 225000 243000 270000 
9~ 67.201 138750 148000 166500 185000 203500 222000 231250 249750 277500 
9 ' 70.882 142500 152000 171000 190008 209000 226000 237500 256500 28SOOO 
9~ 74.662

1
'46250 156060 175500 195000 214500 234000 243750 263250 292500 

10 78.540 150000 160000 150008 200000 220000 240000 250000 270008 "'0000 
10M 82.516 153750 164000 184500 205000 225500 246000 256250 276750 "'7500 
10» 86.590 157500 168000 189000 210008 23.000 252008 262500 263500 315000 
10~ 90.763 161250 172000 193500 21!iOOO 236500 2"060 268750 290250 322500 

11 95.033 165008 17- lm; 220008 242000 264000 275000 297008 330000 
11 M 99.402 168750 180000 22_ 247500 270000 281250 303750 337500 
l1 yz 103.869 I ln500 184000 230000 253000 276008 267500 310500 34_ 
11 ~ 108.434 176250 188000 235000 258500 282000 293750 31nSO 352500 
12 113.097 160000 192000 240000 264000 268000 300008 324000 360000 

- - -- -
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PINS 

Bending Moments in Thousand. of Inch Pound. 

Diameter'! x 0.098175 x Unit. Stress 

"" Unit 5t ..... I" Pound • .,.. Sq ...... !noh ... ,,~ 15000 16000 18000 '0000 "000 24000 '5000 27000 , ... h.ln. --
I .78' 1.5 1.6 1.8 '.0 ,., , .• '.5 ~7 
lJ-i 1.227 , .• 3.1 3.' 3.' .., '.6 '.8 5.' 
I}> 1.767 5.0 ., 6.0 6.6 7.3 8.0 8.3 8.' 
lU 2.405 7.' 8.' '.5 10.5 11.6 12.6 13.2 14.2 , 3.142 11.8 12.6 14.1 15.7 17.3 18.8 19.6 21.2 
' J-i 3.976 16.8 17.9 2<).1 " .• 24.6 26.8 28.0 30.2 
' )4 4.909 23.0 24.5 27.6 30.7 33.7 36.8 38.3 41.4 
2U 5.940 30.6 32.7 36.8 40.8 44.9 49.0 51.0 55.1 

3 7.069 39.B 42.4 47.7 53.0 58.3 63.6 66.3 71.6 
3J-i 8.296' SO.6 53.9 60.7 67.4 74.1 80.9 84.3 91.0 
3}> 9.621 63.1 67.3 75.8 84.' 92.6 101.0 105.2 113.1 
3U 11.(145 77.7 82.8 93.2 103.5 113.9 124.3 129.4 139.8 

• 12.566 94.' 100.5 113.1 125.7 138.2 150.8 157.1 169.6 
' j{ 14.18& 113.0 120.6 135.7 150.7 165.8 180.9 188.4 203.5 
' }> 15.904 134.2 143.1 161.0 178.9 196.8 214.7 223.7 241.6 
' J.i 17.721 157.8 168.3 189.4 21Q.4 231.5 252.5 263.0 284.1 

5 19.635 184.1 196.4 22<).' 245.4 270.0 . 294.5 306.8 331.3 
5J.i 21.648 213.1 227.3 255.7 284.1 312.5 340.9 355.2 383.6 
5}> 23.758 245.0 261.3 294.0 326.7 359.3 392.0 408.3 441.0 
5~ 25.967 280.0 298.6 336.0 373.3 410.6 447.9 466.6 503.' 
6 28.274 318.1 339.3 381.7 424.1 466.5 508.' 530.1 572.6 
6~ 30.680 359.5 383.5 431.4 479.4 527.3 575.2 599.2 847.1 
' }> 33.183 404.4 431.4 485.3 539.2 593.1 647.1 674.0 728.0 
6~ 35.785 452.9 483.1 543.5 603.9 664.3 724.6 754.8 815.2 

7 38.485 S05.1 538.8 606.1 673.5 740.8 808.2 641.8 909.' 
7U 41.2:82 561.2 598.6 673.4 748.2 823.1 897.9 935.3 1010.1 
7}> 44.179 621.3 682.7 745.5 828.4 911.2 994.0 1035.4 1118.3 
7j{ 47.173 585.5 731.2 822.6 914.0 1005.4 1096.8 1142.5 1233.9 

8 SO.265 754.0 604.3 904.8 1005.3 1105.8 12Q6.4 1256.6 1357.2 
8U 53.456 826.9 882.0 992.3 1102.5 1212.8 1323.0 1378.2 1488.4 
8}> 56.745 904.' 964.7 1085.3 12Q5.8 1326.4 1447.0 1507.3 1627.9 
8~ 60.132 986.5 1052.3 1183.9 1315.4 1446.9 1578.5 1644.2 1775.8 

• 63.617 1073.5 1145.1 1288.3 1431.4 1574.5 1717.7 1789.2 1932.4 
9U 67.2QI 1165.5 1243.2 . 1398.6 1554.0 1709.4 1864.8 1942.5 2Q97.9 
' )0 70.882 1262.6 1346.8 1515.1 1683.5 1851.8 2020.1 210U 2272.7 
' Ii 74.662 1364.9 1455.9 1637.9 1819.9 2Q01.9 2183.9 2274.9 2456.8 

10 78.540 1472.6 1570.8 1767.1 1963.5 2159.8 2356.2 2454.4 "'07 
10~ 82.516 1585.9 1691.6 1903.0 2114.5 2325.9 2537.4 2643.1 2854.' 
10)1 86.590 1704.7 1818.4 2045.7 2273.0 2500.3 2727.6 2841.2 3068.5 
10~ 90.763 1829.4 1951.4 2195.3 2439.2 2683.' 2927.1 3049.1 3293.0 

11 95.033 1960.1 2Q90.7 2352.1 2613.4 2874.8 3136.1 3266.8 3528.1 
11 X" 99.402 2QOO.8 2236.5 2516.1 2795.7 3075.2 3354.8 3494.6 3n4.2 
11 }> 103.869 2239.7 2389.0 2687.6 2986.2 3284.9 3583.5 3732.8 4031.4 
11~ 108.434 2388.9 2548.2 2866.7 3185.3 3503.8 3822.3 3981.6 4300.1 

" 113.097 2544.7 2714.3 3053.6 3392.9 3732.2 4071.5 4241.2 4580.5 
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DETAILS FOR PUNCHING AND RIVETING 
A",,,,'_ n arid,. Corn",,", Stand. reI 

Con vention a l S ign s for Rivet.ing 

, , , 

~ 
! )1 i t I i 

l~ ~l 
I i i l~ l I I i I i I I 1 I • • 

ijt>-*** I ! , ;;J ~ ~ $ *-"--"--O~_,,~ t¥",,,¥ 

Dl m enslo n l of Str uctural Rivets 

D ...... ttr II RI .... d , IndIM .--.... -~ 
! ~: li )i li " 1> , I'" 1 ~' 1~ - ~ ~ 

'ft !' . .. ' W " 1> '" ' )< 
p. 

' li '" 
, ,., 

'" , 
h " li )i )i li " " )i '" 

, 
-·d , )i " " " " 

, " , ' li 138 ' )i "'-_. 

" " 
, 

'" 1~ 1'" '" 
, 2'. 2~8 f . 'III' w, 

~ .• - .. .---J h, ,. 
" " " J. ~ " li " " 

_I~ d +~" h= O.425 w r- l }11 h. 

Drivi ng C learance Cr imps 

a DIa ..... ., II Aket, d. ..... 

~8 J.i li " )i , 'Yo ' li 
,,. lh r ~ .- . 

I" d , ' )i '" 
, ' li ' )i '" 3 3li 3)i 3't 

~ 
, )i , ' )i ' )i 

,,. ' )i '" '" ' )i 
, 
b_ t+ U4" (min. 2"') 

Usua l Gage. for Angle. 

W ... III L ... ..... 

8 7 , 5 4. 3.., 3 ,.., , '" ' )i ' li 1), , " ~4 
-

g, 4)i 4 3)i 3 " i 
, 
'" ' li 'Yo , )i 1> " li )i 

i_w g. 3 ' li 2~ 2 
', IU g. 3 3 ' li '" M& -< ,.M ' li , )i 1> Yo Yo )i " li " " ~; h, )i )i 

l 
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RIVET SPACING 
A", ... Ic:an Brielle Comp.")' Standa ... 

Rivet Stagger 
Disumce f, In 'nehes, for Standard Clearance c , Machine Riveting rn_. Stlgg. p. In , ....... 

E" \~j • l J> " ~, Rivet ){ " 1 1» 1){ I" 1% 1){ I" 2 .... -"\._-

){ 1% 1% 1)1 I" 1){ 

" I" I" 1.!{ lX I" l J> I" W 
1 2» 2 2 I" I" 1){ I" 1)1 

Gun Riveting 
1» 2" 2j{ 2j{ 2" 2» 2 11> 11> 1~ )'-'>. 1> .. lj{ 2J> 2J> 2J> 2" 2~ 234 2j{ 2» 2 11> 1){ 

~:" It Itagger II necessary, make p and p, equal where practle&l. ~---'" .... \_ . 
~/ 

Table of Small Triangles 
, c>,..- , 

/~ b g. S> :::~::~:: , , 
, , 
~J 

' , , , , 
:.!!~ , 

Distance c, In fnch~s 
: b: ... 

• a, I ...... 
,", 1 1» l j{ I" l J> I" 1){ I" 2 2Y8 I 234 2" 2)1 ~ ,2~ 2~.§-

1 1;,0 i ' J> 1% 1% 1% 1% 2 2» 2j{ 2% 2~ 2% 2% 2% 2% 3~ 3,. 
1» 1)1 1% 1% Hi I" 2 2", 2% 2% 2~ 2~ 2" 2~ 2" 3 3-" 3" 
l j{ 1% 1% 1M I" 1% 2", 2" 2j{ 2" 2;,0 2% 2% 2% 2% 3 3~ 1334 I" 1% 1 ~~ I" 1% 2", 2» 2j{ 2% 2;,0 2J> 2" 2~ 2Ji 2% 3", 3" 3~ 
l J> 1% I" 1% 2", 2)1 2l, 2% 2" 2)1 2% 2% 2% 2% 3 3» 3U 3% 

I" 1% 2 2", 2)1 2" 2% 2" 2)1 2% 2% 2~ 2" 3 3)0 3% 3" 3J~ 
1){ 2 2)0 2)1 2j{ 2% 2" 2)1 2% 2% 2X 2" 2% 3)0 3)0 3.J4 3" 3J> 
l Ji 2)1 2% 2j{ 2% 2" 2)1 2" 2" 2X 2% 2% 3 3)1 3j{ 3% 3)0 3" 
2 2j{ 2% 2" 2;,0 2)1 2% 2% 2X 2% 2% 3 3» 3% 3% 3" 3)1 3" 
2» 2" 2" 2). 2» 2" 2% 2){ 2% 2% 3 3)1 3% 3j{ 3" 3J> 3% 3% 
2j{ 2;,0 2J> 2% 2" 2% 2X 2Ji 2% 3 3)1 3% 3j{ 3" 3;,0 3% 3% 3){ 
2" 2% 2% 2% 2){ 2% 2Ji 2% 3 3)1 3" 3.14 3% 3)0 3% 3% 3j{ 3% 
2J> 2% 2~ 2~ 2}i 2% 3 3~ 3~ 3" 3.14 3~ 3~ 3% 3% 3% 3~ 3% 

" d, Cover Plate Riveting b, d, 

~ 
.. ,", '0, 

J> 2)1 2)1 
1 2% 

" " 
)1 2" 

{ d 1)1 2){ 

~~ 
){ 2j{ 

iJ. -- - - - ------------- ---2 2){ 1 2j{ 
2)1 2Ji ~ t ~ l j{ 2» =-=-~-=..:~=_::;,.=_=_==_==.E.EE.E.:;.E~~~i~:."::."::.-
3 2Ji ---T.-........ ---- ---- ----,,,,----

., .J l J> 2 
3J> 3 , - - - - -- - 1~ 1){ -- -------
4 3» 2 l J> 
5 3.J,( 2.!{ 1 
6 3" 2» 
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NET SECTION OF RIVETED TENSION MEMBERS 
..t.. A. s. U. O. St&l\(11U'd SI)(lC\t\c8.tion. tor nIgh",.), Bridges and Incldontal Structures. 1031. 
11.. R. E. A. SpOCIOeu.tlo, .. for 81«'11I1&" ... a), Brldll\ll. 193). 

cu .............. luM of Stav,.r, 5, In Inc.h .. 

0 . '0 .• 0 .30 .40 .00 .60 .70 .60 .80 1.0 .., 
1.' 1.3 1. . 

V~r1!c.1 dolt~d linn aTC IImlt ln, 
" Ii' 10' 1v 

Line- rot nveu .... hl> nominal dl._ , meters ahown. , , , I • ~ .. • 
3 ~ .\, 3 

"" , ;j; • 4 

'" 
6 " " • 

6 

• 6 .. • • 
7 7 

~ t}- •• 8 8 • • <$\-8 

f$ 
8 

,0 '0 
<\ ... \~ 

U ." U 

• .. .. 
. '0 .20 .30 .40 .60 .60 .70 80 .90 '.0 1., , .. 1 ,_8 , .• 

V.la_ of S' + ,-" III lacbeL 

I • • , 
E 

• • • • 0 

in <Sk:u .... tlng tho IO)(:tlon of rlvct.OO. t.cnlIlon mE-ruben. net.!Ie'CtIons shall aI.aYI bo u.oo. In deduct.
log I"I",~ hole. the), .haLi be taken as )i Inch iar'fCI' 'ttuw tho nominal diameter of rlve~. 

The no~ IICCUon Bhall bo tho Ica8~ area .. hlch can be obtained by doducting from tilo gI'OIIII IIOCtlonaJ 
area.. tile aI'Qa of 1\0108 eut by any 8tral"ht or zlg~all $(>CUOII acTOIIII the mamber, counting full a~ o f 
flnIt h(lio and • tractional part of oa.eb IU(:COOdIng bolO, wbleh l)&I't II dotccmlnoo by tho fonnul.: 

S' X _ I - "lib' In ... bleb X Is fTaetlon of rivet hole to be deduet«!. 

S _ I~ 01 longitudinal spaclnjJ or rivet with r.peet to rivet. on last pp UnO. 
I!: _ d\.n.auce bet w!len PIf6 Una., or ~r""""'" lpaclfIlI:. 
h _ d\.lunctcr Or rlwt bolea, or nominal dJametcr or rlve~ plus )i Incb. 

S' Char1.l!:l_ vtrJUOII or ii to be subltltuted In abovo rormula. Valua. or '·S" and "I!:H ani alway. to 

S' be taken fTom t.be pronou. hole considered. NOlA! tbat valUCll ror "I!: aro to be divided by "h·' tMlI'OA! 

S' dodnaUon !'rom 1 to obl.o.ln X. ValuOll or 4g to tho rllht or IImIUna: line ror any alV'Cll dlamatcr or 

rI,-et are jIMlatcr than unity whon dJ,·ldod by "h"; no deduction tor nOt area Is to be made ror luch c:\IIOI!I 

}!LUIPLE: 

S&CTIOlf AB OB S&CTIOIC AlJODE 
~~,.. Bo~ Oll:OUeTIOl'f HoI.. O_oueTlo" 

n .. 00 n "00 

B~1' , 1'-'1" .-'\" oro,!" Do.o 00' "' .. 
c l S' 1- 21" COnsidered. 

D From Chan 41 _.10 
S' 

\i' s-If" FromCbaM.4"-.!!fI , , .. X _I_..:!!. _ 
" ... D • 

D .875 "X- 26 ." 
1J4·.Rlvet.

l£ 
1_3 • 1-.875 -

Total Doductlon 1.80 hola. T otal Deduction 1.70 bola. 
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STRUCTURAL RIVETS 
A. I. S. C. SUndnd 

Weight. In Pound. pel' 100 Rhl'lrts with Button He_d. ,
:::: ,--r-----;;-~ 
I .... ~~"' % 
-1--1--

1 

5 53 
54 
55 

78 109 
80 111 
82 113 
83 115 
85 118 
86 120 
88 122 

1 ~. _' ' _' 

146 190 252 
256 ,.. '" 1~ 12 ~ 

~ 13 ~ 
YS 13 23 35 50 68 91 130 ~ 
~ 14 24 36 52 71 95 134 ~ 
'" 15 25 31 54 74 98 139 ~ 
J.i 15 26 39 56 n 102 143 }i 

2 16 21 41 58 80 105 148 6 
J.j 17 28 43 60 82 109 152 ~ 

~ IS 29 44 62 85 112 156 ~ 
~i 18 30 46 64 as 116 181 '" 
~ 19 31 47 87 91 119 165 ~ 
~ 20 32 49 89 93 123 169 ~ 

~ 20 34 50 n 96 126 174 '" 
~ 21 35 52 73 99 130 178 % 

3 22 36 54 75 102 133 182 7 
)1 22 37 55 n 105 137 187 ~ 
}4 23 38 57 79 107 141 191 U 
~ 24 39 58 81 110 144 195 ~ 

~ :: ~ ~ I = ~:: ::~;: ~ 
~ 26 42 63 88 118 155 20B U-
78 27 43 64 90 121 158 213 % 

" " 58 
50 
61 " 91 

93 
94 .. 

.. ", . 97 
99 

100 
102 
104 

. . . . -I 105 

. . . . 107 

. . . .. 108 

,. 110 
111 
113 
114 

124 
126 
128 
130 
132 
135 
m 
139 
141 

143 
145 
147 
149 
152 
154 
156 
158 

149 193 
152 197 
155 200 
157 204 
160 207 
183 211 
166 214 
169 218 
171 222 
174 225 
In 229 
180 232 
182 236 
185 239 
188 243 
191 246 
1~ 250 
196 253 
199 257 
202 260 
205 294 
207 287 
210 271 

4 27 44 66 92 124 162 217 8 .......... 160 213 274 
'" 28 I 45 68 94 127 165 221 "' ... .... 162 216 278 
~ 29 47 69 96 130 169 226 ~ ....... . .. 164 219 281 
~ 29 48 71 98 132 In 230 ~ .. ... .... 166 221 285 

~ 30 49 72 101 135176234 }i : : ....... :~ I ~;: 

~ :: ~ ;: ::: :~ :~ :!: I ~ ',, ','" ... 1,73
75 

230
232

129".5 
U 32 ~ n 107 143 186 247 U 

~=. _ 5''1',7 ~r ,, 1"149 
_ 78 '---_________ _ 

For Weights In Pounds per 100 Rivets with Countersunk Heads 
UM the above table with the following deductions 

265 ,., 
273 
278 
292 

297 
291 
295 
300 
304 
309 
313 
317 
321 
3,. 
330 
334 
339 
343 
347 
352 
358 
360 
355 
369 
373 
379 
382 
386 

Welgbte given 1Qr.,. valY !"rom tbolle d ta brlcaton otrinc lO ditrerenoea in the . hape or head a nd 
mould be <:hocked wltb rabrical.Ol". 
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STRUCTURAL RIVETS 

A. I. S. C. SU .. d . ... 

Lengtl1s of UndrjvGn Rivet' for Various Grip. 

Dlmant lon.ln Inch .. 

~Grlp ..... :,,"--Gr!p, .~ 

CJ; &-=1 ~, "--1 , ' 
'.o- -- Lelllrth·· ...l :'· __ .Leqth---": 

-
'"" 

Dlametor of AI •• 

'" 
DLamotw III RI •• 

• H % % " 1 l )i 1% • " ' 1 ' % 1 ' % 1-
H 1% I" I" 2 2% 5 7% 7~ 734 7% 
% 1% 2 2 2% 2% % 7% 7yt PA 7~ 

% I" 2% 2% 2% 2% " "4 7% 7H 7% 

" 2 2% 2% 2% 2H % 7% 7% 7% 7% 
1 2% 2% 2% 2H 2% 2% 2" H 7li "4 7" 7" 
% 2% 2% 2H ~% 2~ 2" 3 % 7" 7" 8 8 

% 2H 2% 2% 2~ 2" 3 3% % 8 8 8% 8% 
% 2% 2% 2% 2" 3 3% 3% " 8% 8% 8% 8% 
% 2" 3 3 3% 3)4 3% 3% 
% 3 3% 3% 3% 3% 3% 3% 8 8% 8% 8% 8% 
% 3% 3% 3% 3H 3% "4 3" % 8% 8% 8% 8', 

" 3% "4 3% 3% 3% 3" 4 % 8% 8% 8% 8% 
% 8% 8~ 8% au 

2 3% 3% 3% 3% 3" 4 4% H 8" 8" 8" 8" 
% 3% 3% 3~ 3" 4 4% 4% % , , ' % ' % 
% 3% 3" 3" 4 4% 4% 4% % ' % ' % ' % 9.14 
% 4 4 4 4% 4% 4% 4% " 9.!{ 9.!{ ' % 93,s 
% 4% 4% 4% 4% 4% 4% 4% 
% 4J,4 4% 4% 4% 4% 4% 4% 
% 4% 4% 4% 4H 4% 4% 4" 

" 4% 4% ' % 4% 4% 4" 5 

3 .. ... 4% 4% 4" 5 5% 5)4 
% ...... 4" 4" 5 5% 5% "4 
% 5 5 5% 5M 5% 5% 
% 5% 5% 5% 5% 5H 5% 
% ... . .. 5% 5% 5% 5H 5% 5% 
% .. ... . 5% 5~ 5% 5% 5~ 5" , 
% , _ .... "4 5% "4 5~ 5" 6 

" ...... ' % ' % 5% 5" 6 '% 
4 . .... ..... .. 5" 6 6 ' % 6% 
% . .... .... 6 6% ' % 6% ' % 
% ...... ... 6% ' % 6% ' H 6% 
% ... ... .... .. 6% ' H 6H 6% 8~ 

H .. ... . ...... ' % 6% "4 6% 6% 
% .. . ... . ..... ' % 6% 6% ' % 7 
% ...... .. .... au 6% 6" 7 7% 
% ...... .. -, . . 6" 7 7 7% 7% 

Leng~~ given may vary from ltanda.rtls of tabrlClllIOl'l and should be chocked agaln8t any l uch 
.tandD.l'd. 
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STRUCTURAL RIVETS 

A. 1. S. C. Stllnd .. d 

Lengths of Undrlven Rivets for Various Grips 

Dim. nolon. In Inc h_ 

r Crip, b-: ,.-- Grlp b'-- ~ 

t= ;;4J ~ '=G.~ , 
:..- 1A!~th-....,.I ~-- LoPlrtll '-'" 

' .... Dlo mel .. Gf RlyllC .... DIamtItr of Ri •• 

b 10 % ~ % 1 1); 1)4 b % 1 1% 1)4 -- --
10 1 1 I); 1)4 1)4 5 ' % ' % ' % 8% 
% I); 1)4 1)4 1% 1% ); ' 10 ' 10 ' % 810 
~ 110 1% 1% 1% 110 )4 ' % ' % ' % "4 
% 110 1% 110 1% 1% % ,~ 6~ au Sl, 

1 1% 1% 1% I~ I~ 1% 1% % ' % ' % ' % 8% 

% I~ I ~ 1% 1% 1% 2 2 % 7 7 7 7 
)4 2 2 2 2 2 2% 2); ~ 7)4 7)4 7)4 7)4 

% 2); 2% 2); 2)4 2)4 2% 2% % 7% 7~ 7% 7% 

% 2)4 2U 2)4 2% 2% 210 210 , 710 . 710 710 7% % 2% 2% 2% 210 210 2% 2% 
~ 2% 2% 2% 2% 2% 2~ 2~ % 7% 7% 7'4 7% 

% 2li 2U 2~ 2U 2U 2% 2% )4 7~ 7'i 7'4 7U 
% 7'-1 7% 7% 7% 

2 ", 2% 2% 2% 2); 3 3 % 8 8 8 8 
); 3); 3 3 3 3 3); 3); % 8)4 8)4 8)4 8)4 
)4 3)4 3); 3); 3); 3)4 31i 3)4 li 8% 8% 8% 8% 
% 3% 3% 3% 3% 3% 3% 3% % 810 810 810 810 
10 310 310 3% 310 3% 3); 3% 
% 3li 3% 3% 3% 3% 3~ 3U 
~ 3% 3U 3li 3~ 3li 3% 3% 
% 4 3% 3% 3% 3% 4 4 

3 ... . .. 4); 4); 4); 4); 4); 4); 
); .. ... . 4)4 4)4 41i 41i 4)4 41i 
Ii .. ... . 4); 4% 4); 4% 4% 4% 
% .. ... 4% 4% 4% 4% 4% 4% 
% .. . ... 4% 4% 4% 4% 4% 4% 
% .. ... . 4U 4li 4~ 4~ 4% 4); 
li .. . .. . 5 5 5 5 5 5 
% ... ... 5% 5); 5); 5); 5); 5); 

4 .. . .. ·1·. · .. . 51i 51i ' Ii ' Ii 5)4 
); .. , 5% 5% 5% 5); 5% ... "r' 
)4 .. ... . .. . ... 5% 5% 5% ' % 5% 
% .. ... . .. 5% 5% "-1 5% 5% 
% ... . . . .. . . . . 5li 5~ 5li .~ 5~ 
% . ... .. .. ... . , , 8 , 8 
li .. .. . . .. . .. . ' ); ' ); ' ); 8); 6); 
% . . . ... ... 6)4 6)4 6)4 6)4 8)4 

Lengths glw:n ma.y vary !'rom stand.a.rd.t of tabr1catonl and should bo checkod. aaalMt any IUcIJ 
staodard. 
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SCREW THREADS 
Am .. lc.n Standard F ... Flt-CI ... z 

. r .. --..k-------r=:~::-::;. l' f-r-~---i 
.. ~ -: i l 1. :1,.. -_~ _ . 

i.#.-- ~--- .-. "<I ----T --:..·-- --------'.' '.'.:.: . . 
Oll.m.tor - ,,- Diameter ~A N~rnb .. 

• • Major, Minor, Total, '" """' .. M.o,Ior, .-. "'" '" TlnoIdl, 
d . '. DIa~ d , Ola., C, W d , " 0Ia.. d, ..... " ~ ... ... s.., In. SQ. In. '"'" '". '". S/l-In. S ... In. '"'" ---
ji .185 .04' .027 20 2lj 2.175 4.909 3.716 • 
% .294 .110 .00II 16 2~ 2A25 5.940 4.619 • lj .• 00 .199 .125 13 
% .507 .307 .202 11 3 2.675 7.069 5.621 • 
" .620 .442 .302 10 3ji 2.925 8.296 6.721 • 
% .731 .601 .419 9 3lj 3.175 9.821 7.919 • 

3~ 3.425 11.045 9.215 • 
1 .838 .785 .551 8 
l lj .939 .994 .693 7 • 3.675 12.566 10.609 • 
l ji 1.064 1.227 .890 7 ' ji 3.925 14.185 12.1 01 . 1 
1 "8 1.158 1.485 1.054 6 ' lj 4.175 15.904 13.692 • 
l lj 1.283 1.767 1.294 6 ." 4.425 17.721 15.380 • 
1% 1.389 2.074 1.515 5lj 
1" 1.490 2.405 1.744 5 5 4.675 19.635 17.167 • 
1% 1.615 2.761 2.049 5 5ji 4.925 21.648 19.052 • • 5lj 5.175 23.758 21.036 • 
2 1.711 3.142 2.300 ' lj 5'4 5.425 25.967 23.11 7 • 
2ji 1.961 3.976 3.021 ' lj 

6 5.675 28.274 25.297 • ) 

* Rooommcndcd by American I mtltute or Dolt, Nut and Rivet M:mutacturtt9. 
OustolIlQrs should spoelty tho number or tbreads required tor dlamowl'S abovo 4". 

BOLT HEADS AND NUTS 
-

U nlt.-l SUot .. e nd Amulc.ll n Br idge CompenJ SUnde.-d 

@rE~ ~-'----B=8 /~--JL. i 
.,. ._. 

__ -.i _ ___ : , : 

I.o-~ :'-h"': ~_II"'.1 ~'h"': _. 
HEAOS AND NUTS I U. S. SUl!ClIrd A. B. Co. Starldard 

HBad 
Height. h 0.75 d +~" 0.75 d 
Short Dia., f 1.50 d + W' 1.50 d 

Not 
Height, , 

I 
d d 

Short Dla., f 1.50 d + 31" 1.50 d + W' 
--- - --

Deads tor Bolt'll l ~" and untler. A. B. Co. Standard. 
Head, tor Dolts l ~" and over, U. S. Standard. 
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BOLT HEADS AND NUTS 
Am.'I ..... Bridge Company Stand.rd 

.u, "<IT ,"-
H ... gon s"" .... ,"- HI".,... • • ...." ,," Olame''', h .. 

Heigh!, 
011""1", In. , •. Oll .... t ... In. ....... 

[)I.met., In. .. - '"- ,.- '"-
"'" .... .... ..... . ..... .... ..... .... 

--
)i )0 4 4 )i 4 )i '" )i )i ,. )i 
4 4 '" )i 4 '" 4 -,. ,. 4 1 ,. 
)i ;, ~i 4 1;' 4 )i 1 ;, )i 1)4 ;, 
4 1;' % )i 14 % 4 l )i 1;' 4 l )i 14 
~i l )i 1;' '" 1 ~ 1;' 4 1" l )i 4 14 14 

" l )i 1)ji % 1;' 1)ji " 1 ~ l hi " 2 lhi 
1 1 ~.i' l )i 4 2;' l )i 1 I" 1;' 1 24 1~ 
1;' 2 1% ;, 2~ 1% III 2% 1% III 2~ I,. 
l )i 2ll 1;' % 2~ 1;' 1;' 2)i 2 l )i 2" 2 
1% 24 24 1 2" 2J1i 14 2)i 2)ji Hi ' Yo 24 
l )i 2~ 2)i lYo ' % 2)4 l )i 2~ 2~ l )i ~~ 24 
1~ , 2% 1)4 ,~ 2,_ 1 ~ , 2% 1~ 2% 
14 ' % 2U lY8 3% 2% 14 ' Yo 2~ lU ' Yo 24 
I" 3~3 2% l )i ' Yo 2% 1;' ' 4 2% 1;' ' Yo 2% 
2 ,~ ' Yo 1% ' 4 ' Yo 2 ' % 3Ys 2 ' 4 ' Yo 
2)i 4 ' )i 1 ~ 5 ' )i 2)i 4 ' )i 2)4 5 ')i 
2)i 4% '" I,. 5)i 351 ' 2)i 4)i ' ;, 2)i 5)i ' ;, 
2% 4" 4)i 2;' 6 4)i 24 4;' 4)i 2% 6 4.J4 , 54 4% 2% 6)i 4% , 5;' 4% , 6)i 4% 
3.\4 5% 5 2% 7 , ' )i 5U 5 ' )i 7 5 . ' )i 6)i 5~ 2% 7~ 54 ' % 6)i 5ll ' % 7% 54 
3% 8~ 5)i 2" 8;' 5U 3~ ,~ 5~ ' )i ' Yo 5% , 7 ' Yo ' J1i 8~ ' Yo 4 7 ' Yo 4 ' % ' Yo 
4)4 7% ' % ' )i 9)i ' % 4)i 7% ' % 4)4' 9)i ' % 

) 4% , 8;' ' )0 9% 8;' 4)i 8 '" 4)i 9% ' ;, 
4% 64 7)i ' % IOU 7)i 4% 8~" 7)i 4%" IOU 7" 
5 8% 74 ,,. 10% 7% 5 8U 7~ 5 10 ~4' 7~ 
514 9)i 8 4 11}{ 8 5)i 9)i , 5)i 11 7:1' , 
5)i 9% 8~ 44 11% 8~ 5)i 9~ 84 5% 11 ;' ' % 
5% 10;' ' 4 44 124 8 ~4' I 54 10% B% 5% 12% 8% , 1O )i 978 4% 12J,i 9J.> , 1O)i 9,.. , 12% .,.. 

LENGTH OF BOLT THREADS 

l lllllltl'lof Dlamlter 01 Boll, Indl .. 

Boh, In. )i 4 % % 4 % 1 1% ~ ---
I to 1% 4 4 1 l )i 
1% to 2 4 4 1 l )i 1% l)i 
2)1 to 2% 4 4 1 l )i l )i 14 1% 
2% to , ;, ;, 1 l )i l )i 14 1% 2)i 
3Ys to 4 ;, ;, l )i l )i l )i lU 1% 2)i 2)i 
4Ys to 8 1 1 l )i l )i 14 2 2)i 2)i 2% 
878 to 12 1 1 l )i 1% 2 2)i 2)i , , 
12~ 10 20 1 1 1% 2 2 2)i 2)i , , 

Dolts are usually throodod a.bout a t1mC$ tho d,ameter; In no caso are sta.udard bolts tbreaded 
c10scr to the hood than ~ ineb . 

- • . -- -



,.8 
BOLT S WITH SQUARE HEADS AND NUTS 

AmeriINn Brld,. Com""ny Standa"" 

Weigl1tl In Pounds per 100 Bolts 

,~ .. ~. '" a.n. I,.,... ...... 
H"" • • ,-- I' " ~ ~ ji ji jj Ji 1 l )i l )i 

I 

1 " 80 1 a, 13 
l )i " ,., 9.2 14 .... 36 
l ji '.2 7.0 9.' " 20 38 61 87 
l jj •. , 7.' 11 16 " 40 64 91 134 

2 ••• 8.0 11 17 " " .. .. 13' 
' )i ' .1 8.' 12 18 26 .. 71 1110 14. 
' ji , .• 8.0 13 19 " 46 ,. 104 149 
' jj ' .7 8.' 13 20 28 48 n 108 '" 3 6.0 ••• " 21 28 50 80 112 161 '18 290 
3ji 8.8 11 16 23 32 " .. 120 In 23' • 7.' 12 17 25 34 " 92 129 182 '" 32. 
' ji 7.8 13 18 " 37 63 98 137 19' 25. , 8.' 14 20 29 39 67 104 '" 204 2n 358 
' ji 8.0 " 21 31 " n 110 153 215 '86 , 8.8 16 23 33 .. " 117 182 '" 3110 392 
' Ii .... . ... " " 46 79 122 169 235 314 

7 ... .... 25 37 49 83 129 In '46 327 ". 7ji .... . ... " 39 " 87 134 '" '56 341 
8 ... .... 28 41 " 91 140 194 287 '" '60 • ... .... 31 " 60 100 152 210 '88 382 '93 

10 .. .... .... 49 .. 108 164 227 310 '09 '" 12 .... .... . ... 57 76 12. 188 260 353 '64 '" 14 .. . .... .... ... 86 141 21' 293 397 51. 663 
16 ... .... ... . . . .. 157 ". 326 440 ,,. 731 

18 ... . .... . ... . ... 106 174 260 359 483 829 799 
20 .... .... .... .... 116 190 28. 392 '" 883 887 

" ... .... .... .... 126 207 308 '" '70 738 934 

" . ... ... 137 223 332 .58 813 793 1002 -
.... Ineh 

I.' 1.9 '.8 ' .0 ,., 8.3 12 16.4 21.7 27.4 33.' Addllltnll 

SQUARE NUTS AND BOLT HEADS 
Weights In Po unds for One Head and One Nut 

Dl6.1I. III Bell, Indio. 1~ l ji 1~ l jj l Ji , 21i 
Square Head and Nut ... '.500 3.510 '.300 '.480 ."" a ... 9.100 
One Inch of Shank .. .'20 . 500 .... .682 .790 .881l 1.000 

0..._" IIaIt, I ...... ' I' m ' ji ,~ ' jj ' Ji 3 
Square Head and Nut ... 12.000 14.320 15.500 18.000 20.3110 24.000 ,.,.. 
One Inch of Shank ...... 1.125 1.250 1.391 1.533 1.883 1.839 2.003 
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BOLTS WITH HEXAGON HEADS AND NUTS 
A_lu" Brld". Company S~"".rd 

Weights In Pounds per 100 Bolt. ,- DI. ,nrl. '" Bolt, Inch. L"~ 1 Dlamtt .. of loll, .""' .. ".o. I U ...... 
H", H ... , .... ~ " " )j 1 l )i l j{ , ... ~ " ~~ .Ji ~ 1~ lj{ 

1--1- '--
1 • 51 .. 133 188 252 338 .28 
l j{ 31 .~ 54 90 139 194 263 352 443 
1~ 18 33 54 78 9 56 94 145 202 27. 365 .59 
1" 18 35 57 82 11. 9~ 59 98 151 210 '" 379 .78 

2 20 37 61 87 123 10 62 103 '" 219 298 392 '93 
2j{ 22 39 64 91 128 1O~ 65 107 163 227 307 '06 510 
2~ 23 41 67 95 133 11 67 111 189 235 318 .20 5" 
2~ 24 43 70 99 139 11~ 70 '" 175 243 328 .34 544 

3 25 " 73 103 145 201 25' 12 72 120 181 252 3311 447 561 
3j{ " 47 76 107 150 208 265 12~ 75 124 187 250 350 461 57. 
3~ " 49 79 111 156 '" 273 13 n 12. 193 268 361 474 595 
3U 29 51 82 '" 161 222 282 13~ 80 132 199 276 372 488 '12 

• 30 54 85 120 166 228 290 14 82 136 205 285 . 382 502 629 
' j{ 31 56 .. 124 m 235 299 14~ 85 140 211 293 393 516 646 
" i 33 58 91 128 In 242 307 15 87 144 217 301 '04 530 663 

." 34 60 94 132 182 249 316 15~ 90 148 223 309 .15 544 680 

5 35 " 97 136 188 '" 324 16 92 152 228 318 .25 557 897 
5j{ 36 64 100 140 193 262 333 16~ 95 156 235 328 436 5n no 
.~ 38 66 103 144 19' 2611 341 17 97 160 241 335 447 585 m 
." 39 68 106 14' 204 276 350 17~ 100 164 247 343 .58 5" 749 , 40 70 110 153 2Q9 293 358 19 102 169 253 351 488 612 765 
6!{ 41 72 113 157 214 290 367 18~ 105 173 259 359 .79 "6 782 
,~ 43 74 116 161 220 297 375 19 108 In 265 368 '90 639 799 

'" 44 76 119 165 225 304 384 19~ 110 181 271 376 501 653 '16 

7 " 78 121 169 230 310 392 20 113 185 2n 384 511 ... 833 
7j{ 47 80 12' 173 235 31' 401 21 "' 193 289 400 533 694 ... 
7~ 48 82 127 In 241 325 '09 22 123 202 301 417 554 721 900 
7'4 49 84 130 181 246 332 418 23 129 210 313 433 576 748 934 

I--
24 134 . 219 326 450 597 m ... 

16.4 ! 21.7 33. ~ "'-'MII 52 '.3 12.0 27.4 _.... . 
, 

HEXAGON NUTS AND BOLT HEADS 
W eights In Pounds for One Head Il nd One Nut 

~.""' I"" ," 1 ~ I ," ," 1)j 2 I 2)i 
Hexagon Head and Nut . 2.'" 2 .... "00 4.610 5680 I '.790 '.330 
One Inch of Shank ...... A20 .... .589 .682 .780 .890 1.000 

t:lIM*. " B<IIt. I ...... 2j{ ZS-i I 2~ 2)i 

l~ 
2)j 

1 
3 

Hexagon Head and Nut. 9.650 11.750 ! 13.000 14.700 19.370 22.000 
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 
Amerl .... " Bridge ComPl'"), Standard 

. '!!, ~.. Lon" dia. 

~~~'~ r +---GI @' 
p ..... "~' 4r~ _ ,,: 0 , ; , Cu ' S_' :'~' ~ --'- ~i 0« ,"': Nue 

Nut .. ' ' i' - ",- -"'_ ':' t · 
PN 21toS3 j ! ..... -- ' , " ill P N34 1041 

<O~.-- .. .;2"" __ :"lJ ..y,-
"t-~ •• •. .,: i. l""·rfr!"ijl·.~Cored ~OI'" 

Th ..... d' Ame rica" Standard 1'" .... Flt.- Cl .... 2. Pltch,6 per 1 nch. 

'" '" Dlamotor /If Pin 
Thread 011 .... 1 .. . - Oi . .... Th""_ if 
I 

•• ... ,-• , "- , .. " ,,~ ... ~ .... ~ if ... , m 1 O~ O~ 0 • . • HO, 

2, 2~ 1)0 1 ;i ;i 3 3;i l~ )( 1)( 1 PN 21 

2)0. ~ 2 1 ' ;i ~ 
1 :;t 4;i )( 1)( 2 PN 22 

3, ·3~. 3 2~ 1 ~ l ;i 5 li1 ~ 
2)( 3 PN 23 

'3~. 4 3 1 ~ )( 1~ 411 5% 2)( 4 PN 24 
*4~. 4~, ' 4% 3)0 I 1 )( 5 • 5% 5)( 3)( 5 PN 25 

5, *5.!4 4 1 ~ )( 1)0 5)( i~ :~ ;i 3)( , PN 26 
5~. ·5~. 6 4)0 1% ~ '11 7 % 4)( a PN 27 

·6~. °SJ1 5 1)( 1 • 7% a)( 1 l1 4~ 10 PN 28 
·6 S~ . 7 . ~~ 2 % 1)( a;i ' ;i 7)( 5)( 12 PN 29 
*7.!{. ·7~ 2 n ~a a% 10 a )( 5)( 14 PN '" 

.7~. 8, ·au , 2)( ' )( 10 % au ~ 5% " PN 31 
"S , *S%. 9 , 2)( 10)( ll J.i 9% 3 57( 24 PN 32 

"SU. '9~ 6 2~8 ~ 2~ 11 .!{ 13 10% , ~ 5~ 32 PN 33 
*9U .l0 ,_,_, 2)( , . 11 ~ 13 10% ..1:!..- 5~ 32 PN 33 
11 , 2)i )0 2J:! 12)0 14)( 11 )( )( 5)( ] PN 34 12 5 2% )0 2% 13)0 15% 12% U 5% 73 PN 35 
13 7 2)( a 2l:j 14~ 16% 13% % 6% 81 PN 36 
14 7 3 2% 15' '7YiC 14~ U 8% 901 PN 37 
15 a 3 2% 16)0 19 15% ~ 7% 103 PN 38 
16 a 3;i )0 3 17)0 "';i 1~ 4 7% 126 PN 39 
17 9 3)( )0 3;i 19)0 21 ~ 1~ % 8~ 145 PN 40 
18 9 3)( a 3~ 19)0 22 , 18~ " 8~ 173 PN 41 
19 10 ia 3' 20)0 23)0 1934 ,... ~,, 1 96 PN 42 
20 10 3% 21 )0 24~ 20X " gs4 222 PN 43 
21 11 

a 
3)( 22ll " 21 X X 10~ 240 PN 44 

22 11 3)0 3% 123 27;i 22X ~ 10~ 266 PN 45 
23 12 

ill 
3% 24~ 28)i 23~ ~ " Y. 282 PN 46 

24 , 12 3~ 25~ 2911 24~ ~ 11~ 310 PN 47 
• Spacial BlZCII. 

~ .. ·i(l i ';' 1" ; 
B oriron tal or Vertical ;--~, -~ ~' ~ ' .- =.., -~ B orlrontal 

CQtter P In 

:--: 
CQtt.cr P in 

FInished. L . -> - '.~ O ver Z" F inished. 

'" =d COTTER '" H"O COTTf:R 

P , d • h , d 

1~ 1)0 2 )( 2)( 3;i 4 

~ 1)( 2)0 ~ 
3 3)0 5 ,,, 2 2)( i~ 3)i 5 

2 2~ 3 ~ 
4 , 

l~ 2)( 3)( 3)i 4)( , ~ 
2% , 3)( )( 
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CLEVISES 
Amel'l ... n B~ldlil. Compan)' Standard 

\.i'I,l,' 
-~~ .- -.. ---- ro o! -~ 

~~. J @i' ---- .._. t _. " 

: u ,I ' ---Grip ~ + 
---- - '~t ' 

---~ i ._.l __ J , , .I,. __ .... __ J 
~.n . .:... ___ • _ ____ 

- :~f,.(;~.:~ 
'- ::-fZ:'" I . . ___ ____ ; 

:y' 
\:._t: __ ~ 

Orlp=othleknCB8 of plate + 14" but must no. exceed dlmenslon, c. 

Th .... d' Ame.lcan Standard r .... F"lt-Clu* 2. 

UPSET '" Cle"b H'-" FORK '"' Weight , ,.- Min. Mu. M in. Mu. "",," 0 0 p P d I , f , , , 
" W , 

3 1 1V. 1 Ilj 3 lj 2)i 1lj 4 1.J{ , 1lj 2)i 3Ji 4 
4 1V. 1% 1)i 2 4 lj 3 2 , lU , 1% 2J1 3% 8 , 1lj 2V. 1lj 2lj , % au 2lj 6 2)i 7 2)i 3~ 4lj 17 , 2 2% 2 3 6 % 4lj 3 7 2% 8 2lj 4V. ' v. 26 
7 2)i 3 2lj 3lj 7 )j 5)i 3lj 8 3)i 9 3 5 ' % 40 

CLEVIS NUMBERS FOR VARIOUS RODS AND PINS 

RODS PINS 

....., ,_. 
0- 1 1)i 1lj 1% 2 2)i 2lj 2U 3 , 

3)i : 3% 
,~~ 

% ..... . 1 3 3 3 
..... % 1V. 3 ~ 3 4 • 
)j )j 1)i 4 4 4 4 

1 . .. . 1% 4 ~ 4 4 

I 1V. 1 1lj 4 4 4 4 , 5 
1)i 1V. 1% 4 4 ~ • , , 
1V. .... . 1~ , , f--+- , , 

I ... ... 1)i 1)j 5 5 , , , 
1lj 1% 2 , 5 , r+-- , , 6 
1% .... . . 278 5 5 , , 

f--+-
, , 

1 ~ 1lj 2.J4' 6 , 6 , , 7 7 

I 

1)j 1% 2Ys 6 , 6 H- , 7 7 
2 1 ~ 2lj 6 , , , , 7 7 
2V. ...... 2% 6 , , , 6 7 7 

1)j 2U 7 7 IT 7 7 
2)i 2 2)j 7 7 7 7 
2% 2V. 3 7 7 7 7 

Cle,-1so!I above and to right of zigzag line may bo usOO. with torks Itraight. clevb08 below and to 
lert of thill Jiue .tlould have (orltS closed I<) as not to oventmln pin. 
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EYE BARS 
Am. n .... .. Bl"ldu. Company Standard 

Eye Bar Adjustable Eye Bar 

r--~ 
'1' D~,G:::==J 
t1:::~ __ .~ ____ ~~ __ --c-- ... __ _ 

Mlnllllum length , I, for short. end 1B 6'-6", preferably 7'-{y'.-Lert. thread. 

Th ..... d' Am.rlcan StoInda.d F ... Flt-CI ••• 2. 

In. In. 

, 

3 

4 

5 

6 

7 

, , 
9 , 

10 2 

" 2 

18 , 

Pin bollW to be ,.j.""" 
-nan aro lpeela\. 

----------------------------~ 
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LOOP RODS AND STUB ENDS 

... m .. I ...... arlo,e ComP'l"Y SUlld" ...! 

\040", ~. _ •• WoO ~--- I\.i i> .. 

D~~ 
Left th.-d • 

• ---~--- -, (-, 
-------- __ .1 " __ 1 

For Tl;tMbu~k\OO ~ ~ ~_. __ ShO~L~ ___ .~b;I,_~.f.:r ___ ._ A ! 
For SIen. Nllt 4. 1 7 p~UIi;· 

Th ..... ' Am ... I ...... Sunde", F'.- F'lt-CI .... z . 

Length A for One Loop In Feet and Inehel .... !Ill. 01 s-. Of Round Sar, III I_ • 
'" Ii % 1 1)j 1){ 1)j 1ll 1)i 11i 1% , 

- '- ----
1)j 0- 9~ 0-10 0-11 0-11~ 

1){ 0-10 0-10}i 0-11 )1 1- 0 1- 1 
1ll 0-11 G-ll }i 1- O}i 1- 1 1- , 1- 2)1 
11i 1- 0 1- O~ 1- l Y,i 1- , 1- 3 1- 3ll 1- 4Y,i 1- 5 1- , , 1- 1 1- l Y.i 1- 2J.i 1- 3 1- 4 ',- 4}i 1- 5.!1 1- , 1- 7 1- 7J.i 1- 8}i 

' ){ 1- , 1- 3 1- 3}i ,. 4J.i ,- 5 1- 5}Ai 1- 6)1 1· 7 1· , 1- 8J.i 1- 9,!.i 

' ll 1· , 1· 4 1- 4J.i 1- 5J,i ,. 6 1· 7 ,- 7M 1· , 1· 9 ,·9J.i '-10Mi 
' Ii 1· 4 1· 5 1- 5}i 1- 6,!.i 1· 7 1· • 1- 8)7 1- 9M 1-10 1-11 l-l1 J.i , 1· 5 ,. 6 1- 6J.i 1- 7J.i 1· • 1· • 1- 9J.i 1-10M 1-11 , . 0 2- OJ.i 

"){ 1· 6 1· 7 1- 7J.i 1- 8}i ,. 9 1-10 1-10J.i l-11 J.i ,. 0 ,. 1 2- l J.i 

' ll ,- 7J.i 1· • ,- 8J.i 1- 9y'! 1-10 1-11 l-11 J.i 2- O}i ,. 1 ,. , 2- 2J.i 
·3~ 1- 8,!.i 1· 9 ,·10 1-1O}i 1-11 ,. 0 2- OJ.i 2- l J.i ,. , ,. , 2- 3J.i 

4 1- By'! 1-10 ,·11 '-II YS 2- OY!i ,. 1 ,. , 2- 2Y.i ,. , ,. 4 2- 4J.i 

·4~ I-II ,. 0 2- OJ.i 2- Hi ,. , ,. , 2- 3J.i 2- 4}i1 2- 5 ,. 6 

4ll ,. 0 ,. 1 2- Ui 2- 2}i ,. 3 ,. 4 2- 4}i 2- 5}i 12- 6 
,. 7 

·4~ ,. 1 ,. , 2- 2J.i 2- 3}i ,. 4 ,. 5 2- 5J.i 2- 6}i 2- 7 ,. , 
5 2- 2}i ,. , 2- 3}i 2- 4}i ,. 5 ,. 6 2- 6}i 2- 7}i 2- 8 ,. 9 

' S){ ,. 4 ,. 5 2- 5}i ,. 6 ,. 7 2- 7~ 2- 8}i I 2- 9 2-10 
5ll ,. 5 ,. , 2- 6}i 2- 7}i ,. 9 ,. 9 2- 9}i 2-10 2-11 

' 5~ ,. 6 ,. 7 2- 7}i 2- 8}i ,- 9 2-10 2-10}i 2-11}i ,. 0 

6 ,. 7 ,. 9 2- 8311 2- 9~ 2-10 2-11 2-t1}i 3- O}i ,. 1 

·634 ,. 9 2- 9}i 2-107!i 2-11 ,- 0 3- O}i 3- 1).1 ,. , 
6ll 2-10 2-10).1 2-11 }i >-0 ,- 1 3- 1).1 3- 2).1 ,. , 
·6~ 2-11 ,. 0 ,. Oll ,- 1 ,. , 3- 2.\1 3- 3J.i ,. 4 

7 ,. 0 >-1 3- 17!i 3- 2)1 ,. , 3- 3J.i 3- 47!i 3· 5 

· Plns ""' .pOclal. M axImum shIpping length of long end_ 35 foot . 

; 
Length 
Length, 

~. __ .m. ____ , 

.. ,,, ""'l1l1[fP I lH L . 
:.--- - - ---- I ----------·~ 

u .. _ ... . 
Upset, m .....•••. _ •••• 

r.m~ . 
1,. •• _----- • _____ I -- .-- ---- ... -. ~ 

~--
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UPSET SCREW ENDS FOR SQUARE BARS 

Th ...... d' Am • • lean St.nd • • d F ..... Flt-Ch.u 2. 

'" UPSET 

Additional Diameter .... 
Sid, of Weli!ot DlIome'er ,,,,,. l lnglll .. "'.--. "n, ~ b, ,- .... ,. At Root 0 •• 

d, s... Inch, . fOOl, " "~, ""'" • " .. ''"'. ''"'. ',",n ~. +10"'<- " 
nw .. d, ''', ''"'. I ....... $q.. Int/I .. 

% 

. ~ 0,563 1.91 Hi 4 4 0.939 0.693 23.2 
,% 0.766 . 2.60 1% 4 4 1.064 0.890 16.2 

1 1,000 3.40 1M 4 4 1,283 1.294 29.4 
1J> 1.266 4.30 1% 4 ' M 1.389 1.515 19.7 
1% 1.563 5.31 1% 4M 4M 1.615 2.049 31.1 
1% 1.891 6.43 2 4M 4 1.711 2.300 21.7 

1M 2.250 7.65 2% 5 5 1.961 3.021 34,' 
1% 2.641 8,98 2% 5 4M 2.086 3.419 29.5 
1~ 3.063 10.4 1 2M 5M 4M 2.175 3.716 21.3 
1% 3.516 11.95 2% 5M 5 2.425 4.619 31.4 

2 4,000 13.60 2% , 5 2.550 5.108 27.7 
2J> 4.516 15.35 , , 4M 2.629 5.428 20.2 
2% 5.063 17.21 '% 8M 5M 2.879 6.509 28.6 
2% 5.641 19.18 ' M 7 ' M 3.100 7.549 33.8 

2M 6.250 21.25 3~ 7 7 3.317 8.641 38,' 
2% 6.891 23.43 ' % 7 5M 3.311 8.641 25.4 
2~ 1.563 25.71 4 7M ' M 3.567 9.993 32.1 
2% 8.266 28.10 4% 8 7;' 3.198 11 .330 37.1 

, 9.000 30.60 4% 8 , 3.798 11.330 2., 

' li 9.766 33.20 4M 8M 7 4.028 12.741 30.5 
3}i 10.563 35.91 4~ 8M 7M 4.255 14.221 34,' 

·Upeet.ll are 8peclal. 
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UPSET SCREW ENDS FOR ROUND BARS 

Ame.I"" .. Brlll,e Comp."y SUnd, r<! 

~; I, \ 
, ·;···1 n I 

, III J! I , , 
1..--..... _ .... • .. ____ •.. __ .....1 

Th .... d: Am.,.lc..n Sund.rd F" .... I'l t_ CI ... 2. 

... UPS£T 

- """ ... - ~M 

- *1 - W ..... t ""- ,- 'M'" ., .. -~ • ,. .... " .... 0 •• 
I.!!:.. ScI. IneII40I '''' • "- n._ -,- ,- --UN. + 100/0, • """, " , '""n ,- S4. Inth_ 

% 

.~ 0.442 I,,. • , 0.838 0.551 24.7 

." 0.601 2,04 l )i • ' ); 1,064 0_ 48.0 

"785 2.67 1~ • • 1.158 1.0M 34,2 
n~8 0,994 3,38 1); • • I ,'" 1,294 30,2 
l )i 1.'D.7 4.17 1~ • • 1.389 1.515 23,' 
1 ~ 1.485 5.05 1~ • • 1.490 1.744 17.5 

1); 1.767 6.01 2 ' ); ' f> 1.711 2.300 30,2 
Hi 2.074 7,OS 2)i 4); 4 I,'" 2.649 27.7 
1~ 2.405 8.18 2)i , 4 1.961 3.021 25,6 

I " >761 U, 2,. , 4 2,086 3.419 23.8 

2 3.142 10.68 2); 5); 4 2.175 3.716 18.3 
2)i 3.547 12.06 2% 5); 3f> 2.300 4.156 17.2 
2)i 3.976 13.52 2" 6 ' f> 2.550 5.108 28.4 
2,. 4.430 15.06 3 8 4f> 2,829 5.428 22,5 

2)4 4,909 16.69 3)i 8); ' J.j 2.879 6.509 32.6 
2% 5.412 18.40 3)/ 8); 4J.j 2.879 6.509 '"3 
2~ >9" 20.19 3); 7 ' J.j 3.100 7.549 27,1 
23> 6.492 22.07 3~ 7 6 3.317 8.641 33,1 

3 7.069 24.03 3~ 7 , 3.317 8.641 22,2 
3)i 7.670 26,oa 4 7J.j 6 3,561 9.993 30,3 
3)/ 8". 28.21 • 7f> , 3.567 9.993 20.5 
3% '''6 30.42 4)4' 8 . J.j 3,'" 11.330 26,6 

3); 9.621 32.71 4)/ 8 5 ~,.. 11.330 17.8 
3% 10.321 35.09 4); 8); Sf> ',028 12.741 23.4 
3~~ 11.045 37.55 4~ ' ); 6 4.255 14.221 26,' 
3% 11.793 40.10 4~ ' ); S)4 4.255 14.221 20,' 

'Upset8 &ro specIal. 
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," ," 1% 
2 
2lei 

2li 2" , 
'" 11. 3}j! 

o 3~ 
~ 4 

:~ 
' li 
5 

• 

-
9 

9 

TURNBUCKLES AND SLEEVE NUTS 

5 

9 

Am •• I""" Brld,. Compllny St.nd ..... 

Am.tlca" Standa .... F' .... F'lt-CI ... 2. 

TURNBUCKLES 

Nut Lentth Min. Max. Wei,," 
WidtII Width Lbo.. .. -----L-- --- ... ...--5-- ... 

C N L 

1~ 1% 
~ ~~ TUG 
'~ 1li ' I 1 1~ 
111 2~ 

, 
' lei 
' % 
' % 
' % 
4~ 
' li 

3~ 

' H 
' li 
5lei 
5lei , , 

8li 

:~ 
9% 

10}4 

10li 
II 
II» 
ll li 
T2U 

13}S 
14)4 
15 
16)1 
16.!1 
19 
19 

5 W 

1)<; 
1» 
1li 
1% .. . .. 
1% 

lU: ..... 
3JU . 
4 .... • 4% " 

5 
5% . 

:~ :::: . 
6U ... . 
8J.i ... . 
8.!1 . . . . 

AI 
.70 
~9 

1>0 
1.46 

2.27 
2.72 
'.58 
4.13 
525 

~88 
7.05 
9.95 
9.95 

18.00 

23.25 
31.50 
39.50 
61.00 
61.00 

: NAN : : C : ... ------ ""'T""--"" , .. -- .., , 

t ! i :(/@ 
Rlthl ltfl "t / 

<~ ~5:~:~' 
, , 
~Jl': 

SLEEVE NUTS 

99.001-_________ _ 
99.00 

SLEEVE NUTS 

' % 
' % 

5~ 19)1 6~ 
5.!4 t9.!1 6~ 

7O.0DI-::;;::::;::JJ~~~-.::;:=:;:=r-
70.00 Dlam. 

• 
5lei 
5lei 
'lei • 

au 22}i 
ali 22li 
ali 22li 
7~ 24 

..... Nut lllftVlll Min. Mu. ~~\fI1 
Widlh WIdth lbt. 

~~ ::: :: ~~:~l--'u,_+_C'-IrN-I--,L'-I--,-S+_W_f __ 
9U .. .. 52.00 

10 . . .. 00.00 4 4)18 4}i 13 6~ 
4~ 4~ 4U 13~ 6.!1 

I--+--l-+-+--l--~--I--I-- 4}S 4U: 5 14 6% a 4U 5 5}4 14}i 774 

55 
65 
75 
99 

110 ".,. 5 5~ 5}S 15 7% 
in 55~ 8 7!1 24 

Y.t 6U 8% 2614 
~5U 9 8 6U 8% 26.!4' 
(!I 6 714 9 27 e :~ i~ ili ~» 

10.!1 13 200 
11 14 315 
11 }<2 14 315 5}4 5}S 5U 15.J..1! B 97.1' 122 
1214 15% 431 5}S 5U 6 16 8!i 9U 142 
12~ 1~~ 431 ~ ~"" !,,,J4 16.!1 ~M' 10)18 157 
" li:~=" ~h'=c.~~0~~'~~.~»~.~~~1=7~~9~~~IO~~~.~17cc' 

Sizes and 1II'eigbU Of TurnbUCkl"" a l'O Cleveland City Forge Company S tandard. 
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TIE RODS AND ANCHORS 

"'- I. S. C. Sundant 

TIE RODS 

Len~ of Rod Should be specified In Multiples of 3" 

-,-

I ~ I , 
.087 X Lenoth, in inches + .21 
.t25 X ,r " .. +.28 
.170 X " .. " + .46 
.223 X .. + .10 

ANCHORS 

SWEDGE BOLT GOV£RNMENT ANCHOR 

Dla .... tw , ... Wtl..,t 

Inc~ .. r .. , - Int/Ia ...... , '-0 ,., 
' Ji ,-, 6.0 

' li ,-, 6.7 

Wetaht Includes one D eucon Nut 

BUILT·IN ANCHOR BOLTS 

Bu . Nut 
<. 

J 
I'" 

hI , 

In saocral, BuUt .. ln Ancbor Dolts 
8boulll exteod InlO the ~IMOm'y not I.
tban 2'-0", and farthCl' when ~. 

",. 

• a .. m, , ... 
10 

on' 
under 

112
.
,4 

15-16 
18 

20-21 

24 "" 
OYer 

,,"' Rod l 'O"klog. Wt.,31b1.. 

ANGLE WALL ANCHORS ...... r 

' . -,. ..... , .... ...... 
7 

, , , 
12 

14 

12 
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BEAM SEPARATORS 

TVPICAL BUILT-UP SEPARATORS 

ANGLE PLATE AND ANGLE 

Vl!.ri aule 

_ t= ~'? 
I:! 

Variable r----------------, 

j It[ 
FOR BEAMS 10" AND UNDER 

r+l 
=~DI: e' , 
~L. i -

FOR BEAMS 12" TO 21" 

Dr - .: I - ., -

= 
FOR BEAMS OVER V " 

PIPE 

1" dlamet.er Pipe . Rods wlt.h sq u a re nuU 

== 

== 
For Beam. l a" and und. r For Beama 12" to 27" For Beams over 27" 

T he above am typical dellign~ . Separatorl ahould be 'paced about 6'-0" Rpart. The thickneu 
and .a~e of mater,,1 and number of bolts and Thet. are to suit the various C(lnditioDB. 
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BEAM CONKECTIONS 
,u,r:'UC .. N B"'D(l1l co .. rA.XT .T .... D .... DI 

lUVE'rs ~" OPEN ROLES 'tt." 
Uilit Value8 in l'ounds per Squllre Inch for Power Driven mvotl!. 

Shoal' 13,500-Benring 24,OOQ--Encioeed Benring 30,000. 

Unit VnluCll in Pounds per Square Ineh for lJ and Driven Rivets. 
Shear lO,OOO-Bearing 16,OOO-Enc1011Cd Bearing 20,000. 

SERIES 

A 

Series "A" to be used for the general run of work provided value is adaquate. 

H 

Scriee "H" to be used where extra vallie is required due to thin web, concentrated load, 
or I!bort. span. InvClltigate riveting of outstanding lep and provide additional value, if 
nooeseary, by lurger riveta in single row or double rows in wider leg. 

Sh~ar \'allio of angles ahould be investigated for fOUf rows of open hole!!. 

SERIES 
M 

Ctr.u .... 

ScriC3 "M" to be UllCd on'!y whero unavoidable. 
Value of connection _ coefficient (given under sketchCfl above), X value of one rivet or 

bolt, in whichever leg it is tho smnller. 
For beams over 18", one-6idcd connections should be avoided. 
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PIPE- BLACK AND GALVANIZED 
Natlon _ _ Til" Com ... "" 

STANDARD WEIGHT PIPE 
, -- w""" .. root, _ ... , ... ...... ... -- ""-,- ''''''. - w ...... 'm .... . ,. .. '''''' OIamltw • ,_"" w ..... ... -... '""'" ,- .... .... 

)i .405 .,.. .0Ii8 ~44 ~45 27 .582 !l .029 
)( .540 ... .088 • 24 .425 18 .... 1 .043 
li .675 .493 .091 .567 .568 18 ... 8 l )i .070 
)i .84. .622 .109 .850 ... , " 1.024 l li .116 

)( 1.050 .824 . .113 1.130 1.134 " 1.281 l li .209 
1 1.315 1.049 .133 1.878 1.684 ll )i 1.576 l il .343 
' )( 1 .... 1.380 .140 2.272 '.281 ll )i 1.950 ' )i .535 
l )i 1.900 I.S10 .145 2.717 2.731 ll )i 2.218 ' li .743 

, 2.375 2.067 . 154 3.652 3.678 ll )i '.760 2li " .. 2)i 2.875 2.469 .203 5.793 5.819 8 3n. 2il 1.720 
3 3.500 3.0Ii8 ~16 7.575 7.616 8 3.948 3)i 2498 
3)i 4.000 3.548 .". 9.109 "02 8 4.591 3li 4.241 

4 '.500 '.026 .237 10.790 " .... 8 5.091 3li 4.741 
6 6.563 5.041 "8 14.617 14.810 8 •. ". 4)i 8.091 

• 6.625 6.065 , .. 18.974 19.185 8 1.358 4)i 9.554 
, 8 8.625 8.071 .277 24.696 25.000 8 9.358 4li 13.905 

8 8.625 7.981 .m 28.554 28.809 8 •. ". 4li 13.905 

'" 10.750 10.192 .'79 31.201 32.000 8 11 .721 8)i 29.Sn 

'" 10.750 10.13& .307 34.240 35.000 8 11 .721 8" ".,7 

" 10.750 10.020 .,.. 40.483 41.1 32 8 11 .721 8)i ,..,7 

'12 12.750 12.090 .330 43.773 45.000 8 13.958 8)i 43.098 
12 12.750 12.000 .375 49.562 50.708 8 13.958 8)i 43.098 

D lmcWlioos and weights ate Domlnal. 

Welghware tor l3Iack PIpe a nd Ooupllnp: Oalvanlwd Pipe and Coupllngl wILl be slightly h~vi()r. 

T ho pOrmlMiblo variation In .. clght t. .5 per oen ... abovo or below. 

F'urn.bhed w1~h ~h~ and couplillP and In random ieogtblI u.ue. othc .... t.eo onIered. 

T.POroft~ U: "'-Inch dla.oeloer ~ foot. of length for aU IJI~ 
Tho wolgbt per foot of pipe wI th throadlr and coupLIngs 15 based On a 1008th of 20 foot. Including 

tho coupLIng. bra IblPP!n3 longthl or ImaLl .izoa will usually avcnLIJ:o LCSII th." 20 foot.. 
eN ot ltaodanl 1!zoII. T~ 1iz08 can be furnished, .. ben Ipoct6ed to weigh'" glYlni . 

. 
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PIPE- BLACK AND GALVANIZED 

Hulon •• Tllbe Compan,. 

EXTRA STRONG PIPE DOUBLE EXTRA STRONG PIPE 

..... ..... 
""".~ o. 011","_ w ... , ... """"'- '''' .., , ... 

"""- ' '''-'noh. , ... ....... , ... , ... ....... 
....... In ....... Am "' .... , ..... A". ... .... 

)j .405 .215 .095 314 » .840 252 .294 1.714 
)i .540 .302 .119 .535 ,. 1.050 A34 .308 2.440 
11 .675 .423 .126 .738 1 1.315 .. " .358 3.659 
» .840 .54' .147 1.081 l )i 1.660 .896 .382 5.214 ,. 1.1'50 .742 .154 1.473 1» 1.900 1.100 .400 6.408 

1 1.315 .957 .179 2.m 2 2.375 1.503 A36 '.029 
l )i 1.660 1.278 .191 2.896 2» 2.875 I.m ~" 13.695 
1» 1.900 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 .636 22.650 
2» 2.875 2.323 .278 7.661 • '.600 3.152 .674 27.Ml 
3 3.600 2.900 .300 10.252 5 5.563 '.063 .'SO 38.552 
3» '.000 3.364 .318 12.505 6 6.625 4.897 .664 53160 

4 '.500 3.826 .33, 14.983 6 8.625 6.875 ~75 72.424 

• >5" 4.813 375 "'.m .. . .... . .. 

• 8.625 5.761 .432 28.513 ... ... .. . .. 
6 6.625 7.625 .500 43.368 ..... .. . .... •• '0 • 

10 10.750 9.750 .500 54.735 ... .. . ,' .. .. ' .. ..... 
12 12.150 11.750 .500 65.415 ... ,' ... 

LARGE O . D. PIPE 

Wel lht Pt' FOOl, Pound • .. , ,.,...,,_ h ...... , ... 
)i ~16 " ! ~ » 'I, " % " )i 1 1)j 

-
14 36.713 45.682 54.§ 63.371 72.091 60.72< 69.271 97.'~06.134j122.654 36.84 54.695 
15 39.383 49.020 58.5 68.044 n.431 8!'~ 95.954105.091 ~14. 1 44jl ~.~ .~~ 56.no 
16 42.053 52.357 

]~~:~ 
92.74 02':I!12.~22.~~ 41.34 1~: 78.725 

17 44.m SS.695 96.74 09.304 19.n~ 30.164 SO.69( 90.740 
16 47.393 59.032 10. 82.061 93.451 04.75 15.9-n 27.11 , 138.174 OO:~ 81.'" 1m·'56 
20 .. 65.708 78.5 91.40 1104.131 1 ~.~ ".", 41.804~54.'" 78.'" 1m.'" p...796 
21 ... . 69.045 82. 96.0~1 09.471 22.!~ 136.005 49.14 62.204 .. . 
22 ..... n.363 66. 00.75~14.81 1 28.~42.680 1 56.4~ 70.21 .... . .. 
24 ...... .. 94 61 ~110.09 125.491 40. 56.030 71.174 86 .~~ . .. 
26 .... ".'''C.'' 38.1n 

5Ul I 59.'" 65.659["'2" ...... . ... 
28 .. .. . . 28.78'~46.65l 64.",' 82.73 ~.54'~1::~ .. .. .... 
30 38.132. 57.~ 76.848196.081 15.230~. --

DImensions aDd weights &I'e nominal. 
Wel.ghts &I'e to r Black Pipe ; Oalvanized Pipe will be IIJghtly heavier. 
P;)rmlalble varla.Uon In -weJgh~. tor extn Itront" Vlpe. ;5 pet oen~. above or belO'll" ; for double e:rt .... 

,trong plve. 10 pet oen~. a bove or below. 
lI'urnl,hed with plain endl and In randOm 1000gthl. unl~ othenrl~ nnJerod . 
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BEARI NG PLATES 

Steel Bcaring P lates arc provided for the ends of beams resting 
on masonry, to distribute the pressure over a sufficient area, the 
allowable unit pressure depending upon the class of masonry used. 

The size, area and th ickness of a bearing plate depends on the cnd 
reaction, the length and width of bearing and allowable unit stress. 

~umlnll' that the maximum bending mOlD('at occurs In the center of beu1115: 
~ 

~7 K .. Length of be:o.rlng plale. In Inches. 
B _Width of beaTing plat(), in Inches. 

-1 t _Thlck_ of ~ng plate. In Incile.. 
- ~ b .. Flange width of beam. In Inches. 

f.Z 
.. _AlIow.ble unit PI'OIiSUJ'C on masonry. 

/ ~
R .. Reaction on beanos plates In pOund •• w. KiD 

.. L : M_~~: -Jtx~-~ 
t~ _, • ~ .. wKlI (U-b) .. fKt." 

I B·b B·hK 8-r 
t Z - b-'''2j: t .. " 13,,,, 8 (1l b). B ( D-b) .. 4ftl 
' __ m Bm ••. " '" r "'3"W 

TaJ;::11II' momf:nts at toe of beam Ilange. COl" ClUItllevlI.:..£.roJoctlon ~ 

M .. WK(~-W_¥ t-H (B-b)'\}~ 

Theile formulas S"'o I.;n.er valUOI for 111 and ~. and are appUcablo OI1ly 
when it call be &.Mumed that middle part, b. of the plate i. rigidly held in 
piaol!, and that the..., are no bending It~ In center of plate. 

SPECIAL BEARING PLATES 

Plates of special sizes may be computed from the foregoing 
fo rmulas or from the Projection Coefficients, B(B-b), after the 
required surface of the bearing plate has been determined from ~he 
reaction of the beam and the allowable pressure 011 the masonry. 

E:u.WPL": Roqulrtod a b(Io.rlng p late with a wall be6ring of 20 InWei 011 
maeonry lustainlng a we unit pn:lIIIUrfI of 250 pound. l)oCr ~uaro Ineh. k> 
dlstMbut() tbo end ... ,"etlon or a Z4" J: 100 lb. Ixam. wppOrUng a uulformly 
distributed load ovC!' a lpan of II feet. beam a.nd plates caleulated for unit 
11""- of 18.000 pournt.. 

lloocUon, H. Of 24" J: 1oolh. beam. II ft. lpan .. 107.800 paunlb. 
Area of I'lat() .. Reaction + linit Prcaaute. 107.800 + 250 .. 43 1.211Q. Inches. 
DlmetllIQ"" o f lJoarhljf Plate: K .. 22". B .. 20". Area .. ·1040 1Q.lnehol. 
Projection CO('ntclent: B (ll-b). 20 (20-7. 2::» .. 235.0. 
RctCITlng to table of I'ro}octlon C<lefficlenu: Dear('.at ''lIlue for unit ~ 

of 250 pounds "nd unit l lres. of 18.000 pounds Is 233.1>. ct .... n for a I h"-plate. 
3 VI II i ll-b ) 

'it 
.. ,, 13":.!50" 20 120-7.21» .. I 63" 

~ .. " 111,000 .• 
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FLOORS AND FLOOR LOADS 

Kinde: of Loada. Two kinds of loads are 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 wind loads. 
Dead loads consist of the actual weight of the structure itself with 
tho walls, floors, partitions, roofs, and all other pcrmn.ncnt con
struction and fixtures. Because dead load stresscs are always 
prescnt, t he stru cture must be proportioned to sustain them at 
all times without reduction. The live loads may be laken 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 nny time to the full theoretical live loading. 

Dead Loadll. The permanent load shou ld be calculated from 
known weights per uoit of the material composing floors, partitions, 
walls, or other pcnnanent 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 Load&. Live loads vary with the charactcr of the structures. 
I n buildings they consist of uniform loads per square foot of Hoor 
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 girders. 
The load which produces the maximum bending moment or 
reaction is to be used in proportioning sections. The Hoor 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 t he various clasSes 
of buildings arc fixcd by public ordinances, and are given on pages 
following for the principa.l cities of the United States in accordance 
with the most recent building laws. They arc 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 buildings which may be loaded with people should 
be treated t hc same as Hoors for public dining or assembly rooms. 

For warehouses and Hoors for the storage of heavy merchandisc, 
the tables of Contents of Storage Warehouscs on pages 358 and 359 
will be found useful io deciding upon the live load to be assumed. 

Reduced Live Loads. The design of the floors and the roof is based 
on an 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 t han the average actual load for 



the cntire floor system and, in addition, maximum loading will not 
occur simultaneously, so that the actual load transmitted to the 
columns and footings will be less than the assumed loads. 

Usual practice permits a reduction of the theoretical maximum 
live loads in the computation of column sections and of the column 
footings, but the ratio of the probable maximum load to the theoret.
ical load 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 reduction in every casco 

When the character of the loading will permit, the live load on 
the main girders may also be reduced. The amount of the reduction 
will depend on the probable distribution of the loads. 

Foundation Loads. Footings should be so designed that the loads 
they sustain per unit of area shall be as nearly uniform as possible, 
and the dead loads carried by the footings should include the actual 
weight of the superstructure and foundations down to the bottom 
of the footing. The live load should be assumed to be the same as 
the live load in the lowest tier of columns or in the footings under 
walls. The area of the footing is determined by dividing the total 
load by the unit resistance of t bc soil. From the area tbus calcu
lated all the other footings of the building are proportioned 
according to thc ratios of their rcspective dead loads only. In no 
case should the load per square foot under any portion of any footing 
due to the combincd dead, live, and wind loads excood 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 struct.ure which supports the dead load 
of the building and its contents, and is itself protected on all sidcs 
by refractory materials. The floors are made fireproof eithcr by 
the use of structural clay tile flat or scgmental arches or by a 
composite floor slab of tile and reinforced concrete. 

••• 
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MINIMUM LIVE LOADS FOR BUILDINGS 
I n Accordance with Building Codes of Various Cities 

Loads In Pound. por Squaro Foot 

Private Residence.ll. DwelliDg.t,... . 40 
AputllK'Dt and Tenement HoUllell . . 40 
Boula, Public Sp.eca, Fi ret Fl. .. , . . 100 

" Private ROOIllll, Upper Fl. 40 
Office Bldp ., Public SpaCUl, Fin t F1. 100 

[ " , OfficeUOOml,UpperF1, 50 

Hotrpitu and AIIytumI . ....... . 40 
8ehoo1e, Collegee, A. mbly H.n.... 100 

" "Cl_ Roonu.. . . .. 75 
Municipal Buildinp, Public Spacee . 100 

40 
40 

100 
50 

100 
50 

" 100 
75 

100 

40 
40 

10. 
40 

10. 
50 

40 
75 
50 

100 

40 
40 

10' 
40 

10. 
60 

40 
100 
50 

100 

50 
50 
80 
50 

125 

" 
100 

" 125 

Public Spacel!, Lobbiee, etc . ... .. .... 100 100 100 100 100 
Audi toriums, Fixed Beau.. " . . ... .. 75 100 75 100 80 

" Movable Seat • . . . . . .. 100 100 100 100 100 
Tbealrea, Churehetl, Fi~ed Beata. 75 100 75 100 80 
DriU and Dance Hal ... . ... ... .... . . 100 100 100 100 125 

S tore., Light MerehaDdiIe .... '".. 75 100 100 110 !~ 
" Heavier .. . ......... ... ... .. .. . 175 

W arehoU8ell, Light Good. .... . . . ... 120 100 100 150 130 
" Heavier.. . .... , . . .. . .. . 200 200 

Factories, Light Manufacture .. . 120 100 75 120 130 
" H eavie r " . . ... .. .. . . . .. , 150 

40 
40 
80 
40 

'" 50 

40 
125 .. 
100 

50 
50 

125 
50 

125 
75 

50 
125 
75 

125 

100 125 

80 " 100 125 
80 75 

125 125 

125 125 
125 ... 
150 150 

125 125 

I . " 0 " I ,:: .. = 
u 

60 
70 

125 
70 

125 
70 

80 
125 
70 

100 

50 
50 

10. 
50 

125 
60 

50 
100 .. 
100 

70 100 
80 100 

125 100 
80 100 

150 100 

IOn. 125 -- 2,. 
... 125 
.,. 250 
.. . 125 
. .. 250 

Garages, Stablel!l, PrivIU, .. . ....... . 
Garagee, Public, First. .1oor ...... . 

75 40 50 100 
175 100 .. . 100 

6080 ... 8075 
80 150 125 150g 150 

Corridon IIId Stain ...... . ....... . 100 100 100 100 1251 801 IOOh '''' 7st 

:~ 8. 
40 

100 
50 

40 
100 .. 
100 

.. .. 
100 
50 

100 
60 .. 

100 
75 

100 

100 100 
75 100 

100 100 
75 10Dd 

120 100 

100 100 
125 1~ 
100 1~ 
125 150 
120 1001 
150f '" 

80 100 
..,,00 

h h 

Sidewalk . . .. . .... . 300 .•. .. 120 250 250 250 200 250 200 300 

Roor, Flat. . .... ....... . . ..... 40 
" Slope up to 20° (or 1 :3) ... . . . . 40 
" "over 20°, . . • '. . 30 

25 
25 
25 

25 
25 
25 

30 40 
30i 40 
301 40 

30 
30 
30 

30 
30 

35 40 30 
30i 251 30 

30 30i 25 30 

30 
30 
30 

Wind I'ree!nlre . ' ............... . . . 20, 20 25 25 30 30 2~ 21)" 21), 20:;' 30 

NOTES O N FLOOR LOADS. 
Loada gtven In tablM ani Minimum Safe )...oa(b: co.,.ldc-red uniCorml ,. d istributed, bu~ all tloora mua~ 

be .0 deslKned .. \0 . fel,. carT,. tbO:! t uJllI ..., &nd dead load, unlforml,. dlaUibuted or concentrated. 
\0 whIch d ie 600I1I ma y be IlUb.leCtod. Tb_ tabkw are In condcrwOO Conn tOf" re!O:IC"ellOO DIll)' and no 
attemp~ has been ll1.-de \0 tuU), Olver eJlooptlora or r&nC6II. Dedcnen , bauld COnIult cI~)' buUdlni; ""'M. 

When partitiOns Ire movable and not dotlnltel)' lIsed, 20 pou.ndl: 1.1 a:onoraUy added \0 tile unltOf"wlJ' 
d llllributod dead load vaio.I(lII COf" Doors. 
I . R ElI ID .,,,cu ANo A.ARTM.,"ft. FI ... ~ Floor : ~trolt. 80; Daltlmore. 60. 
b . U OIll PITU.e. FI ... , FkI<M": DoIIton, 100; Da lUmore. 60; W .. bJ.n&t.OD. N"lIIw Orl_. 70. 
C. P U BLIC D UI Lou ..... a. Upper FIoon: ~trol~.IM). 
d . A UOI"t"O II.I OM . ... ... » THLO.TO:_. Oa1leriea: New 0Tleans. 80. C HOI CRa: St.. Louis. 75. 
a. 8"t"O ..... Fln~ 11'100I1I: DllUOlt. Cleveland. 1Z5: DllpartJnon~ S\.OrOa. 8&n Francboo. 100. 
t . F ... C"t"OIl ... : Floor klad& do not Include Uie Olnoeotn.ted .reIt:M or t be Im~ to.d o r o:w;:hlnery. 
a . PueLlc o .. a.o.ou. Upper FkIorto: C\e,·e1aDd. 100; Newark. 120; DooVIl ... 125; 

Motor TroeH. Daltlmon. 175. 
bo, OoRIIIOO ..... HO STU "': Generally d e.lgned fOf" t he loadlI on OOI""I"e.pond lng noon. unlfln' noted . 

Illl8ldenCOOl: Du lfalo. SO. Apa.rtme,,~ Dulldloglll : I..a- Ana:olOll. 75 : Cleveland , 80. 
Ilo t.clll. Omeo and 1I000pltal B Ui ldings: Ne ..... k . 6O. 
School.l : DetroIt. St. Lou lll. New Orl~. 70 : Los AngIea. 100, 
Public Bulld lnglll : St.. Louis. DIItrol~ (pro))Olled) . 100. 
~bly Ualls: DoIIt.on. l00, 



307 

MINIMUM LIVE LOADS FOR BUILDINGS 
In Accordance with Building Codes of Various Cities 

______________ ~ ____ L_O_._d_._i;n.l,p'ol-u-~-,d ~ pe~'~Sq~u".~;:~F~ ... ~,-.--r-.--""i-,-1 __ .-___ 1 

O ... lptl .... U.rMk\t !e is ~5 h 1; iE J~ ~; ;!is ! i5 h 
_________________________ "l~_I-L--+_·--I--·_4I-i--1-·--i-·--I--u_4I-·o1_1~ 
Private Resideneee, Dwellinp. .... 40 40 40 40 3D 40 40 40 40 !~ !2 
Apartment and Te~ment HOUIe8 . 40 50 50 40 40 40 40 40 40 ~ 40 
Botel., Public Spaoell, Fil'1t Fl. .. 125 80 100 70 60 100 80 100 100 90 100 

" Private RoolNI, Upper Fl. 40 50 50 40 40 60 40 40 60 70 40 
Offioo Bldp., Public SPllcetI, Fil1lt Fl. 125 100 100 100 100 100 100 100 100 120 100 

" "Offioo Rooms, Upper F1. 40 60 50 70 50 80 60 50 70 70 50 

HllSpitals and Aty'ulNI....... ... . 40 
School!, CoIlegCII, Aalembly Halll .. 125 

" "ClaSB Room!. , . .. . 75 
Municipal Buildinp, Public Spaee!I. 125 

60 50 
125 100 
60 50 

100 100 

,~9;b 50 60 40 
100 100 100 100 
40 50 60 60 

100 '" 100 100 

Public UsUs, Lobbie., etc. . .... 125 100 100 100 
Auditoriums, Fi~ed BeIl.t8, Flat ... • 75 100 80 70 

" MovabieSeat8 ••...... 125 100 100 100 
Theawl1l, Churehe-, Fixed Beata 75 100 80 70 
DriU aDd Dan~ HaUa .. ... . ......... .. 150 100 100 

Stores, Light Merchandise ......... 1258 125 120 100 
" IIeavier " . .. .. . . .. 250 ... 200 

Wl\Tebouaes, Light Good!! . . ..... 125 125 150 150 

100 100 100 
70 100 80 

100 100 100 
70 100 80 

120 120 125 

100 

100 
" Heavier " . .. 250 . . . 250 ... 

120 100 
150 ... 
200 125 
250 

Faetone., Light Manufacture ...... 125 125 120 ISO 
" Heavier " . ...... 250 ISO .,. 

Gatllgee and Stablell, Private ...... . 
Gatagee, Public, Joil1lt Floor .. 

75 . .. 40 100 
100 125 120 250 

'" 120' 100 
... 150 ... 

80 120 80 
80 175g 150 

40 40 
100 125 
50 50 

100 125 

\~b 4. 
90 100 
75 40 

120 100 

100 I~~, 120 100 
100 I~~ 120 TO 
100 ~~~~ 120 100 
100 ~~~ 90 90 
150 150 120 .. , 

100 100 120 100 
150 ... 
10. 200 
150 .. . 
75 100 

150 150 

'00 
'00 12. , .. 

125 
'50 
751 

1251 

80 .. . ... 75 
100 100 150 120 

Corridol1l aDd StaiN ............. . ... 100 100 100 '" 80 100 100 TO 100 100 

SidewAlk. ......... . ISO 300 300 250 150 300 300 250 300 ... '50 

Roof, llit ...................... . 
" Slope up to 20" (or 1:3) ...... . 
" "over 20" ............ ' . . 

Wind rretlilure ....... . ........... . 

30 40 30 3D 
301 i~ 30 30 
20 40 30 30 

15n 25 3Ck1 30 

30 
30 
30 

30 

40 40 25 30 
40 40 25 30 
30 40 25 30 

30 30~ ,0. 25 

NOTES ON ROOF LOADS AN D WIN D PRESSU RI:':. 
I Root loa.dlJ are tor ,upCrllelal area ot root ; other root loa.dI: are lor horlwnt.a. l proJecl.lon . 

50 30 
301 30 
30i 25 

,0. • 30. 
• 

J. !«lot load Inelud Cl!l ... Ind press\1f'e. \-ertlcal to 81ope: 101M. up to 2:3 .lope. 15 1bol. up to 1 :1 alOM. 
20 lilII. over 1 :1 .lope. 

k . Rool load IDelud •• no ... load ot 2$ poundl, reduced 1 pound lor eaell degree bet ... een 20" and ~". 
I. Roofl<;>ad tor UI " 'lopa, reduced ).i pound tor oaeh degree between Hi " and 45" . 
m. Wind prOMUrCi!l are trom grade to (.Op: other wind ~ are tor (\%~l height.. 
n. Wind PI'elllIlt"M are neslect.ed when hl1lldInp do not ueeod the ma.rlmum helsht and rat io of 

helgU to DlinJ.mwn width ot bue: 
Ne ... York , lOO(2).i :I : PlttsbuTgh, 150-1 :1: San Francllco, 102-3:1: Oln.clnn.atl. 100-3 I : 
Baltimore. Minneapoill. 100-4 :1 ; Butralo. Blrmlnaham. 1 ).i: I ; Denver, 3:1. 

o. WInd Pl"CI>IIl,lro l or buUdlnp over 60 ' 08t-20 1tJ..; 60 to 30 lOIlt-1li lhl.: u oder 30 loot-IO lb •. 
p . W ind proall.N lor huUdJl\II1 O"U 80 loet-20 lbol.; 80 to 40 leet.-15 JboI .; under 40 IIlet-I O I~. 
q. WInd PI'eIIIIll"fl lor high huUdlngo In bulIt,..up dlltl"ktt: U poundl at tftnth ItQry-Z).i polUl<U 

1_ tor O&Ch .tor,. helo ... - Z).i po)UU(!I monI tor each ttorT above. up to 35 pound.l. 
f . Wind vr-ure lor bulldlup 1_ than 40 root abovelfl.d_20 DOundl, 
t . Oroutld f!.oor ,arages, aboVll ground_ l20 pOWld.l. 
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CONTENTS OF" STORAGE WAREHOUSES 

-w .... ' .... w .... R_ mmendtd 
W • W w.._ . M'ttl'llll -,~ -.,* ...... "' . 01'''_, _W ..... ,~ - Squw, f OOl 

Building Materials 

AabeltOfl . .. .. . .. . ... 50 6 300 
BricQ, Building .. ..... ....... 45 6 270 
Brieb, FiM Clay ... .. ......... . ... 7S 6 '50 
Cement, Natural ..... . .. ..... ... 59 6 354 
Cement, }>ortland. . .. ........ .. . . .. 73 6 ' 38 300 to 400 
Gypeum .. ...... ... .. . .... 50 6 300 
Lime and PID8ler .. .... .... .... .. 53 5 265 
Tile!! ...... ... ..... .... ... .. 50 6 300 
Woods, bulk .. . . . .... ". 45 6 270 

Drugs, Palnta, on, Etc. 

Alum, Pearl, in barrel, .. .. ...... , 33 I 6 198 
Bleaehill3 Powder. in bogaheadll ... ... 31 3h 102 
Blue Vitriol, in barrelB . , .. , . ... .. . 45 5 22. 
Glycerine, in e~.. . ... ... .... 52 I • 312 
LiDAeed Oil, in blU'Tel •... ... .. ...... 36 

I 
6 216 

Linseed Oil, in iron drum •.. ... . .. 45 , 180 
Logwood Exuact, in boxee .. .... .... 70 5 350 
Rosin, in barrel • .. .. . .. • 288 
Rhellac, Gum .. . ... ..... 38 • 228 .... ,.. ...... .. ... 50 • 300 200 to 300 
Soda Ash, in hogsheads. .. . . .. . .. ... 62 2~ 167 
Soda, Cauatie, in iron druma . . . ... 88 3' 294 
Soda, Siliute, in b&rrelll .. ....... . ... 53 • 316 
Sulphuric Acid ... .......... 60 1~ 100 
Toilet Art\clf)ll .. ... . ... 35 • 21. 
Vunishe. ..... . ... ... 55 • 33' 
White Lead PUle, in (alUl ... ... .. . .. 174 3» 51. 
White, Lead, dry .. . .. 88 ' ji '06 
Red Lead iUld Lith&rge, dry . . .. 132 3ji 49' 

Dry Goods, Cotton, Wool, Etc. 

Burlap, in bales ....... ... . ...... .. 43 • 256 
Carpeu and Rugs ..... .. .. I 30 I • 180 
Coir Yarn, in bale. . . ... .. .... ..... 33 8 264 
Cotton, in bale!!, American . .. ... ... 30 • 24. 
Cotton, in bale., Foreign .. ..... 40 • 32' 
Cotton Bleached GoodlI, in c-.. 28 • 22' 
Cotton Flannel, in caBell_ ... · ... .. 12 • 96 
Cotton Sheeling, in CaBell ... . .. 23 • 184 
Cotton Yarn, in Ca&eI ... ..... 25 • 200 
Exce\eior, eompreseed ... ... .. " • 152 
Hemp, Italian, compl"1)lll!ed .. .. .. . , 22 • 176 200 to 250 
Hemp, Manila. eompreMed .... 30 • 24. 
Jule, compreaed . .... . .. . ........ 41 • 328 
Linen Oam&llk, in Ca&eI. .. ..... . . 50 , 250 
Linen Goodl, in CMet .... .. ....... 

I 
30 • 24' 

Linen Towels, in c_ . . ... ..... ... 40 8 24. 
Silk and Silk Goode .... .... . ... . . .. 45 • 360 
Sisal, comprCMed ....... .. . ... ..... 21 • 168 
Tow, eompreaaed . . . .... . ... 28 • 232 
Wool, in bile!!, compreeeed .. ..... .. 
Wool, in bale:e, not eomprteeed 13 • 104 
Wool, W0I"81ed8, in CMeII .. " • 216 



3 •• 

CONTENTS OF STORAGE WAREHOUSES 

..... 
Groceries, Wines, UquOrt, Ete. 

BeaIUl, in bags ..... 
Beveu gee .. 
Canned Goode, in CIUI(III • ••• •••••• 

Cereab. . ........ . ........... . 
Cocoa.... . . . ..... . 
Coffee, RolWlted, in bap . . ...•.. . •. . ... 
Coffee, Green, in bap . .... . ..... . .. . . . 
D,atell! in euea .... . . . ....... . 
Flge, ln~ ............. . 
Flour, in barrel3 ......... . ...... ... . 
Fruita, Fresh .......... . . . . . ... . .. . 
Meat and Meat Product. .. . ...... .. . 
Milk, Condenaed ......... ' ... ... . 
Mol_. in barrel. 
ni~. in bag!! 
S.1 Soda, in barrelt . . ... . .. . . 
Salt, in ba.g:s . . . . . . . . . ... . . ..... . 
Soap Powder, in CIUl(lll.. ... . . ...... .. . 
St&J'ch, in balnla ... . .. . 
Sugar, in barrell ........... .. . ..... .. . 
Suga.r. in t&8ell .. • • • • •• • . . ••• ••• •••• 
Tea, in ebeettl .... . . ...... . .... . 
WiDelllIlId Liquor-, in blUTeiI . 

Hardware, Etc. 
Automobile Paru. " . . . 
Chain ... . ... . ..... . 
""dO)' .. . ... . ... . 
Door Cbecb ..... . ....... . 
Electrical Good.8 and Machinery ..... . . 
Hinges ........ .. ............... . 
Loeb, in c.-, packed ...... . ... ... . . 
Macbinery, Lipt .......... . 
Plumbing, Fixture. . . .......... . . . ... . . 
Plumbill(, SuppliN . . . . ........... .. .. . 
Sash FNlener.. . . . . .... •••• .... 
Screwe .... . .... . ...... . 
Sh&fting Steel.. .......... . ... ... ... .. . 
Sbeet Tin, in boxee ............... . . .. . 
Toola, Small, Metal . . .............. . . . 
\Vir(! CahlN, on reela . 
Wir(!, 1000ulatOO Copper, in coila . . 
Wire, GalvaDisOO Iron, in coilt .. . 
Wire, l\bgnet, on apoolt .... . ....... . 

Miscellanaous 
Automobile T iree 
Automobilee., uDerated . 
Booka (solidly packed) ... . 
Furniture ... 
GIIISII and CbinawlIre, in cratell . ....... . 
Hide!! and Leatber, in balee 
llidee, Buffalo, in bundlee. . ..... . . . 
Leather and Leather GoodII . .. 
Paper, New~papcr, and SuawbolU"tb . . . . 
Paper, Writing and Calend&red . . . ..... . 
Rope, in coila .... .. . 
Rubber, Crude .. . ... . 
Tobacco, bales ... . ........... . 

w .... ,-
c .... rOOl ...... -. 

40 
40 
58 
45 

" 33 
3. 
" 74 
40 
35 
45 
50 
48 

" 48 
70 
38 
25 

" 51 
25 
38 

40 
100 
45 
45 
40 
64 
31 
20 
30 
55 
48 

101 
12. 27. 

75 

63 
74 
75 

30 • 
" 20 
40 
20 
37 
40 
3' 
60 
32 
50 
35 

H ..... 
• ... 
,~ 

• • , 
• • • • , , , 
• , , , 
• , , 
• • , , 
• • 
• , 
• , 
• , , 
• • , , , 
• , 
, 
' )j • 
, 
• 
• • • • • • • • , 

WtllhU ,....,. fOOl =. 
320 
320 
348 
360 ... 
'" 312 
330 
370 
200 ... 
270 
300 
24' .. , 
230 
330 
304 
150 

'" 306 
200 

". 
320 
600 
360 
.70 
320 
384 
188 
101 ... 
330 
288 
606 

556 
'50 ... 
31. 
333 
.50 

180 
64 

390 

320 
160 

'" 320 
21. 
360 
192 
' 90 ... 

250 to aoo 

300 to 400 
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STRUCTURAL CLAY TILE 

FIREPROOF FLOOR S\ STEMS 

Hollo.,.. Tile Arches. Hollow tile arches usually fill the total 
depth of the floor beams, and therer ore tend to stiffen and brace 
the buildingj 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 hut, because of the irregular 
ceiling obtained, is not 80 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 
We manufacturers. 

Thrust of Floor Arches. All forms of hollow tile arches produce 
side th'rust 00 t he floor beams. In the flat arch the blocks have 
tapered faces and the central block or key wedges the others 
togethcr; in the segmental arch the thnlst is that due to all arch 
action. I t is necessary to counterbalance t hese thrusts by means of 
t ic rods connecting the webs or the Rool' bea.ms. In the central ba.ys, 
owing to the action of adjacent arehes, the tic rods are sometimes 
omitted, but it is nccessary to in vestigate outer beams and channels 
around openings for additional thrust stresses so that the combi ned 
unit stresses produced by vcrtical loading and horizontal thrusts 
may not be excessive. With flat arehcs, %.inch tie rods, spaced 
not over fiftecn times thc width of the beam flangcs, will usually 
be sufficient. The total thrust of arch, the net arca of tie rods 
required, the maximum distance between t ic rods and the section 
of outcr beams for any condition, may be found as follows: 

"'< 
w _ Unit load on arob, in pounds per squ:\re foot. 
D _ Dietanoe of ar<:h .pan, in feet. 
L _ u-ngth of floor beam supporting lhe arob, in feet. 
R _ Effective rue of arch, in inchel!. 
p _ Thrust of arch per lineal foot, in pounde. 
P _ Total thrust of areh per panel, in pound.. 
A _ Total net areA of tie rod~ per panel, in IIqUl!.l"('l inchee. 
a _ Net area of one tie rod, in lIquare inchee. 
T _ Spaeinl of tie rode, center to renler, in feel. 

_ Allowable combined unit stn!U, in pound. per square inch. 
S I-I - Section Modulu.e of beam, Axit I-I, in inchess . 
S II-II - Section Modulus of hearn, Am 2-2, in inchee8. 
MI-I - Beodinc Moment for \"erticAlloading, in inch-pound$. 
M;.., _ Bending Moment for Al"ch thrust, in inch-pounds. 
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I n formula given for M~2 the beam is considered cont inuous, 
8uPI>orted at intervals by the tic rods. I n segmental arches t.he 
effective risc is equal to the vertical distance between highest point 
of concave surface and springing line or chord; the effective rise 
of a fiat arch may be taken at 2.4 inches lesa than the arch depth. 

The allowable combined unit stress in beams should not exceed 
18,000 pounds, and t ic rods should be placed in li ne of thrust, 
usually 3 inches above the bottom of the beam. 

NET A nEAS OF USGAL SIZES 0.' TIE RODS 

Diameter of Rod, I nches % ~ % I I 
---
Net. area, a, sq uare inches ... 0.202 0.302 0.420 I 0.550 
-

EXU'I'LC: A I\ocqo pane l 18 reet by I) teet, or 12-lnch na~ terra. colta b\ocke:. 15 to 
support & unlrorm live and de&d loa.d or I W pound. ller squart! foot. ROqulred the total 
thnut, total area. o f rod. per Il.1uel. maximum 'Imclng or rodlI. and the proper abo 
beam to carry on.,.baJf of the I~el without lateral IUPport (lther than tbe tie rods. 

Entire panel load Is 18 X 6 X I W - 16.2QO pOund •. 

A8Iumlng a l ().lneb bca.m. 23.0 pound •• and j.(-lneh Ue ro<l8. tben 

3 X 150 X 6' 
Tlu"uat or an::h per llneoal root, p - 2 X (12 2.4) - su pound&. 

T otal thru.st of II.I'Ch, J> - 84-1 X 18 _ 15.200 pounds. 

Total area. or tie rod.o, ,, _ 1 .~.200 _ 0.S4 squ:m) InchOli. mm 
:\Iarlmum .paclng of tie rodw. T _ 

Benc.llna: Moment, verUealloadlng. :\1,_,_ 

Bending '-Ioment, horizontal thru.st. '-'2_2 -

Combined unit It.roJs In beam. r _ 

If tie rodI al"I3'~ 6'-0" oelltero:, then 
Bending Momont. bornontai t h rullt. M._. _ 
Combined una It toIlS In be&m, f _ 

0.300 X 18,000 _ 6.44 teet. 
S44 

3 X 1110 ~6 X 182 _2 18.700lnch_pound • • 

8« X 6.«2 _ 35.000 Inch_pounds. 

218.700 + 35.000 _ 1 6.Ml(lI)OU"(! ~' ,-;n- '""IT"' 

- 30.:180 lnc.h- llOundl. 

- 1.5,1\6(1 pounds. 

,., 

• 
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MAXIMUM SPACING IN FEET OF %:-INCH TIE RODS 

Fan LOAD OF 100 POUNDS PER SQUARE FOOT 

,,~ EtlectI .. RIM IIf AId!, R. In Iodl. 
,~ 

4 5 , 7 • • 10 U 12 U 14 15 

3 16.1 • '.1 11.3 13.6 15.8 
5 5.8 7.2 ••• 10.1 11 .6 13.0 14.5 16.0 • ••• 5.' ' .1 7.1 8.1 '.1 10.0 11.0 12.0 13.0 14.1 15.1 
7 ... 3.7 ••• 5.2 5.9 '.8 7.' 8.1 8.' , .. 10.3 11.1 
8 .. . 3.' 3.' ' .5 5.' 5.' ' .2 '.7 7.3 7.9 8.5 
9 .. . .. .. . 3.' ••• '.5 .., 5.' 5.9 '.3 '.7 

10 .. ... ... 3.' 3.9 ••• '.7 5.1 5.' 

To find spacing of rods for any given loading, multiply tabular 
va.lues by 106 and divide by the given load per square foot . 

Description of Tile Flat Arc:hes. Flat Arches as adapted to floors 
and roofs are made up of various shaped tiles as shown below. 
The tiles resting against the beams arc called skews and the soffit 
tiles, protecting the bottom of the beam, are held in place by the 
bevel on the skews. The intermediate tiles are called inters, and 
the center onc the key. 

End Construction Skew Side COIllltruct,OD Skew 

Inter 8" or 12'" loog K" 

Somt 2" thlekll_ 
width to wit Hang6 of boam 

TYPI CAL TILES FOR F L AT ARODES 

The flat arch has the advantage of light weight and speed in 
construction. The hung centcrs are not rcquired for any great 
length of time and the floors beneath are accessible for work 
by other trades. T he all-tile ceiling provides a good surface for 
plastering. There are two general types of Flat Arches, namely, 
the End Construction Flat Arch and the Combination Side and 
End Construction Flat Arch. 



End Construction Flat Arch. This type of Flat Arch consists of cnd 
construction skews and inters and side construction keys. This is 
the most adaptable form of arch, since the end construction skew 
can be cut to fit different elevations and sizes of beams. It is 
advisable to keep the bottom flanges of the floor beams as ncar 
the same elevation as possible, 80 that the same bevel which is 
usually cut for a 2-inch soffit tile may be used throughout and 
make for uniformity and, therefore, economy of construction. 
Moreover, th is gives a more uniform ceiling level. 

End COIutruetioll Skow 
cut to IIIIlt ellp lIIo and 

/'lance of bcIom 

SbOw=,:-;:; ce, •• 
Comltuctlon Ske W' 

on spandrol beam 

Enll Con.struetlon Sk01l' 
cut u tOj) and bottom 
ror .. Ide Hall&O beam 

TYPIOAL SEOTIO:SS-STANDARO END COXSTRUCT ION 

Combination Side and End Construction Flat Arch. This type consists 
of side construction skews and keys and end construction intel'S . 

. 
...!. :~. - " 

-§3= 
~ ~ 

TYPICAL OOMDl:O<ATION SIDE ASD END CONSTnUOTION FLAT ARCH 

By making the cells of the skews parallel to the beams, better 
protection is given to the sides of tho beams by the mortar joints 
and by the shclls of the skews. Thc intcrs must be sct cnd to end 
in straight courses from skew to key. The typical section illustrates 
the method of assembling the various members 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 usc side construction 
skews uniformly throughout a building, tbe floor beams must be 
on the same level at the bottom. For special conditions, end con
stru ction skews can be used and cut to fit. 

• •• 
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De.lgning Data. 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 feet by 17'2 and add the th ickness 
of the protection below the beams. This is tbe general code require
ment of the larger cities. 

Theoretically, a correctly designed and constructed Ha.t. arch will 
always develop the full strength of the steel beam that supports i t. 
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 firep roofing the beam is usually greater than is 
necessary to carry the total load. 

Arch blocks are usually laid to project 2 inches below the bottom 
of the beams, but this thickness is governed by code requirements. 
The space above the arch is filled in either with a light weight 
concrete, ill which can be laid pipes, conduits, and wooden nailing 
strips supporting wood flooring, or with thin terra cotto. blocks 
made for this purpose, or with a layer of plastic composition of 
cement, which fonns the wearing surface for the floor. 

The following table is applicable to all shapes of tile. Generally, 
hollow tilc of various shapes but of the same depth and net cross
sectional area have equal strengths, so the strengths of arches of 
equal depth are directly proportional to their net sectional areas. 
The net sectional areas of tile indicated are for the keys-the 
critical point of the arch-and arc taken per foot of tile parallel to 
beams. The depth of arch, a.s given in the table, includes the 
thickness of the soffit tile underneath the bottom of the beam. 

Weights of arches have not been dcducted 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 arc for arch in place, including the 
mortar. 



TOTAL SAFE LOADS PER SQUARE FOOT 

D EAD AN D LIVE L OADS. FAC TOR OP SAFETY OF 7 

Arches. In. 

Net SlItlionai 
Areas, Sq. In. 

Average Weight, 
lbs. per Sq. Ft 

of Arch .. " 
3'-0" 
3'-3" 
3'·6 ' 
3'·9 ' 
4'-0" 
4'-3" 
4'-6" 
4'-9" 
5' -0" 
5'-3" 
5' -6" 
5' -9" 
6'-0" 
6'-3" 
6'-6" 
6'-9" 
7'-0" 
7'-6" 
8' -0" 
8' -6" 
9'-0" 
9'-6" 

10'-0" 

-
~ [j 0-------/: 
1

38 [ 39 \ 42 1 48 
Safe Loads In Pounds per Square f oal 

560 630 933 1120 
on 537 795 954 

'" .62 685 823 
358 '03 597 n6 
315 354 525 630 
279 314 .65 558 
249 '" .15 497 
223 251 3n 447 
201 227 336 .02 
182 205 305 365 
... 187 m 333 
... 171 254 305 
... 157 233 280 
... ... 21. 258 
... ... 198 238 
... .. . .. . 221 
.. . ... 206 
... ... .. 178 
.. . ... .. 157 
... ... ... .. . 
.. . ... .. . ... 
... .. .. ... ... ... ... .. . 

15 

56 

1400 
1193 
1028 
895 
786 
697 
622 
558 
504 
457 
417 
381 
350 
322 
298 
276 
257 
m 
187 
17. 
155 
140 
126 

This table should be used as a general guide only, as conditions 
may make it possible to design more economical arches (or 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. 

Anon RA I SED ON FLOOR BEAMS FOR l'ANELED OE ILING 

The thickness of this arch will be approximately 2 inches less 
than that shown in the table for the respective span and loading. 

Ex. ... I'LIII. Doslgn an arch foe a.pan of (\'~" IILfld a l(lAd, illcludin& plaster. or 100 
poundR pc. squaro root. From tbo tablo wo lind that a to-mcb areh with a 2-lnch somt 
undo:o. the beam ... Ill C&IT)' a total l(lAd or 198 pounds J)OI" .c:1uare root. Doductlng'l2 
POUDds. tbe welgbt Dr the &reb, PVC8 a capadfJ' of 1.506 poundll per square root tor the 
totalluad. AI tile effective boarLng depth of the 1G-l.Dch..ch Is but 8lnehee. It Is evident 
tbat a ralRod 8-luch ..cb. havlDlthe .arne bearing deptb, wm cam the Allle load. 

••• 
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Flat Arch is generally sold per square foot of the actual floor 
area. filled by the tile. The design of the floors as to the pieces of 
the filler tile and the width of the key, which is variable, is furnished 
by the tile manufacturer to suit the spans and shapes of steel used. 

Combination Tile and Reinforced Concrete Ribbed Floor and Roo! Con
struction. This type of Hoor and roof construction includes systems 
in which structural clay tile is used as an integral part of the slab, 
with reinforced concrete ribs funning in either olle or both directions. 
l! concrete topping is used, the shells of hollow tile in contact with 
the topping shall be considered as part of tbe required thickness of 
top slab, and tbe shells of haltaw clay tile units in contact with 
concrete in both top slab and ribs shall be included in calculations 
involving shear and bending. The concrete ribs should be at least 
4 inches in width, including tile shells, but this width must be 
sufficient to allow at least ;!4 inch of concrete on either side of 
reinforcing bars. 

These recommendations are ba.sed upon Technologic Paper No. 
220 of the Bureau of Standards on Tcsts of Hollow Tile and Con
crete Floor Slabs Reinforced in Two Directions, Technologic 
Paper No. 291 on Tests of Hollow Tile and Concrete Slabs Rein
forced in One Direction, and Research Paper, No. 181, on Tests of 
Composite Beams and Slabs of Hollow Tile and Concrete. 

The shells of structural clay tile should be at least .!1 inch in 
thickness. 

Combination structural cla.y tile and concrete floors usually 
permit of thinner slabs, reduce dead load, and, where plaster is 
to be applied directly to the slab, provide a good plastering surface. 
This type of floor offcrs very high resistance to sound transmission. 

When a ceiling with a tile surface over the entire area is required, 
tile slabs arc furnished to be laid between structural clay tiles. 
These tile slabs are scored on both sides so as to furnish secure 
bond with the concrete joists and plaster. When the all tile ceiling 
is employed, the effective depth of the floor is decreased by the 
thickness of the tile slab in the joist, as illustrated in the sketch 
below, and to provide necessary strength the floor thickness must 
be increased. 

~ "J r=-..:. 

~ ~j '""" 
'"" 

EII'QCtlve Depth 11" 

COMB INATION CEILING 

'" 
Etfeetlve Depth BJi" 

ALL-TILE CEILING 



It has been found that an all·tiIe ceiling is not essential where 
good construction methods are used for installing the Boors, and 
no stain of the plaster 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 mastie preparation to prevent streaks showing through 
plastered ceilings applied to this type of floor. 

TYPJOAL ONE-WAY OOMBINATION FLOOR 

Note economical wood ceqterlllll U8OO.: 
2" " 8" or 2" " 10" un(lor ea<:h Jold I, ruftlelllOt 

367 
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'._TOO lbe. '""' .... In. 
' . _ 18,000 lb •. pe. oq. In . 
.. _ 60 Ib • • pM'IIq.ln" . h _ .lnIIU'tou 
" _ 15 

Ell'edl., n_ ' .. . ... 
, .. 
''''' 

h 
' .... . -

t d 

3~ , " " 1855 .41 2-J.i t030 1750 

4+Hi 2 
-------�--~---~"~~m.bl-----I----

4}i 4 16 44 3070 .52 1_ J.i •• 1 1300 2250 
---I----j-~I---j --1---1---

5~ 4J.i 16~ 53 
1_ ~ b 

.63 1_ 5-i • 
-----1--- ------ --- ---1---1---1,- " b 
6 + 1J.i 2 6U 4}i 16}i 56 5954 .73 1_ ", . 

'300 1660 "80 

1970 3285 
1--1--

6+' 

7+2 

6U 5 

1" 5 

17 7295 

17 

T " b 
.82 1-". 2310 

.88 != ~ : 1--'560--1--,,-,-.-

8U 5 17 76 1-'-0900-
1

- '- 00---1, - Y8 b 2820 4550 

• -----------I----I-'-E'---:";o'-='I---I----1---

" 
71 8900 

3730 

t-u b 
8+2 2~ 8J1 5 17 76 11100 1.00 1_" . 

8_+_'_~_- ~3~~~ -_ -.-- ~5~~~= ~,~7~~=I~=8=,=~--,~32~20~~-~,~" ~'~E';-'-::~~~;o,~,~b !II~~33==20==:=-'~2_0-0~_ 
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.~ 
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II b 

_to_+_'_~_1-3- _'_' __ '_~ __ 17_~ ___ "+ '_8600_ 1_1.-"--j;',--;){,,-;:'I_-"-"'-I_-"-70--
1- 1 b 
1_ U . 12+2 2}i 12}i 5.J..i 17J.i 100 20350 1.24 

12 + 2}1 3 13 5}i 17}i 106 23950 1.40 " b 1- % . 

'600 

'800 

7230 

7530 



. TILE AND ONE·WAY CONCRETE JOIST SLABS 

COffiProa!\,O 6tl'018 In Item above neutral ads haa: not ~n oonsLderod. 
Floor Slahl should not be lees in thlcknea than ~" tor each tOQl; of ~pan . 
• '100' Slabs Should bo bullt with & earnbet' of }i" to ooch 10 toot o f span. 
SafCl loa.da tor 'WL /S are tor ,Iab/i: I'rocly BUpported at each end only. 

869 

Safe loads tor WL/IO &nl tor flab\! (rool), SUllpor tw at On<) end and l'OIItralnoo or eonWlUoua over the 
other end tor apaM or :wproxhnaWly oquallcllSJth. 

Sa t\) loads tor WL / t2 lOre tor Int(l.ior continuous spang of p~lcalLy l!Qual length only. 
Moments of oontinU(>us 'p;W&ofunoqual lcngth ,hould be dotermlned and ,labli doogned ac<:ordlngl)'. 
Weights of HlabB al"6 for plain 8lab only and do not include anything tor f1nl!lhcd floor Or ceiling. 
Loads abovo and t.o the right or upper dotled line are under tho lllludmum "arc IIhoar I"f)Slstanoo for 

type "A" oonstruction. 
Loads bctwwo heavy UnO!! produce shear &treMel!! greawr than allowed tor type "A", but aro safo 

tor type "8" col1.Htructlon. 
Loads under and to the left o f heavy Jlnos produce shear st'"""""'" wn for type "0" constructlun. 
Examp] .. are given on (nUo"'lng ]lago for usIng other dlmenslot)s and lolL(ls. 

MAXIMUM SAFE LOADS IN POUNDS PER SQUARE FOOT 

SPAN IN FEET 
, 

6 ~ 8 
, 17 18 19 :ro 21 ~2 23 2. 25 26 28 30 



, 
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The safe shear on any width of concrete in the joist, other than 
those given in table 00 preceding page, is directly proportional to 
the width. 

E:v.><PI,L For. 8" + Oi" slab 'Where U II desired to make the (lOD(Tete join 5 
Inchel wide IIlItead of 4 ~ 1nc:tH. .,. abown In the table, tbe total .to ,beat .,.,.bltance is 

41 ++l(h X 1910 - 2134 pOunds for type It. o»nstruct.lon and would In~ In the 

Am(l proport ion for typo D and Ooonstl'U(lI.loo. 

It the width of !01.t 1.ln~. tben tbo dlstanoe. e, oont(lr to C(lnterof lollUo will 
i~ the -.ne amount, "bleb all'ec\.ll the f9IJlUna moment In the lame proportion KI 

UJat fO<' to _ 700 It "Ill be ~ X 59M _ 613-1 toot-pounm.. 

Tho -.rea of the steel reinforcement iii loc;reuOO In the ArnO proportion .nd "III be 

" mH X 0.73 - O.7511Quar6 InehOll, 

The required area, A .. of steel for slabs of t he same thickness 
and with the SIlme width of joist as given in table, but with a 
lighter load. is directly proportional to the totnlload. 

ELUoIPLIi. For a 7" + 2" $I&b .... Ith a 2O-roo~ 'L1an earrylns a load or 00 pound_ per 

Iquanl too~ ror W L/12 I",wad or 117 poundl, too ~ - 0.88 x lrt t VI -O.76IQuarfI 

IncllM. 

W EIG HTS OF 
SI ZE AND WE IO D T OF T I LES 

li'Qr Oombln.tlon Tile and Ooll.Crote 
STRUCTURAL CLAY T I LE 1o'1.OOR 

Oo"'truction -- A ..... WII"" 
Lk .. s.u .... r_ sa_" TI.., M!nh"" ,," ...... ..... '"". NOJ.1If ell" WligIrI, UN. ,"". "" 

,_ ... 
• " 30 3x12x12 3 15 
7 29 4 x 12 x 12 3 " • 32 36 6 x 12 x 12 3 22 
9 35 6x 12x 12 , 25 

10 38 40 8x12x12 4 30 
11 " 10 x12 x 12 4 35 
12 " 12 x 12 x 12 , 40 

. A tolerance of 5% under or 12 ~~ over will be allo1r1'ld. on the above ItandlU"d welChta. 
No dlrnendou .ball v&I"J mon thaD 3% trom the atandanl tor any torm ot tile. 

WEIGHTS OF PARTITION, CEILING, ROOFING AND FURRING TILES 
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QUANTITIES OF CONCRETE AND WEIGHT PER SQ. FT. 

Of Slab In Combination Floors 
1 

. . ' " ·· ··I;j 
l •. .·~'18; : ,... ....... ,~ ... --

-""""-. , .. JoIIIl, C 5~ JeI8I, C I" .loI1It, C _ .. 
£lltlClrv. _n, . _'1 w .... QuantiliM w_ QuIo>titlM W .... ..... "" .H ,....... u....., ...... ~-~ ....w - -, .... .. " ell, rL I e ... Vol, .. " ~~ 

ell, FL ell. Vel. --4 + H i 41 fl 42 .208 .0077 43 .223 .0082 " .236 .0081 
5 + 1i,.i 51'2 47 .229 . 0085 .. 242 .0091 " .262 .IJ097 
6 + 11, 6~ " 

251 .0093 55 .272 .OHIO 57 .292 .0108 
7 + F i 7~ 58 .271 .0100 50 .296 .0109 63 .320 .0108 
8 + 1 1~ 6 65 .292 .0108 67 321 .01 18 70 .346 .012'9 
9 + 11,i 9 58 312 .0115 n .342 .0127 76 375 .0139 

10 + l ilt 10 7. .333 .0123 76 .36' .0136 81 •• 03 .0149 
12 + l } i 12 84 .375 .0138 88 .419 .0155 93 •• 52 .0167 
4+2 5 48 .251 .0093 50 .265 .0098 " 279 .0103 
5+2 6 53 .271 .0100 55 .290 ,0107 57 .303 .0112 
6+2 6J~ " .29' .0108 " 314 .0116 63 .333 .0123 
7 + ' 734 54 .312 .0115 71 .338 .0125 58 .362 .0134 
8+2 8' 71 .333 .0123 76 .363 .0134 76 .390 .0144 •• 9+2 9''2 74 .353 .0130 78 .388 .0143 81 .416 .0154 

10 + 2 lO ti 80 .315 .01 38 84 .412 .0152 88 .445 .0165 
12 + 2 12 ~:i '" .417 .0153 95 .461 .0170 99 .506 .0187 
4 + 2J.i 5 ' , 54 .291 .0108 55 .306 .0113 57 .319 .0118 
5 + 2!:i ~~ 59 312 .0115 " .330 .0122 63 .347 .0128 
6 + 21 ':1 54 .333 .0123 67 .355 .0131 59 .374 ,0138 
7 + 2~ 8); 70 .353 .0130 76 .379 ,0140 75 .• 02 .0149 
8 + 2 '1 '); 76 .375 ,0138 79 .'04 .0149 81 .431 .0159 
9 + 2J..i 10 80 .394 .0145 84 .• 29 .0158 87 .• 58 .0170 

10 + 2~ 11 .. .417 ,0153 90 .• 53 ,0167 93 .'88 .0180 
12 + 2}i 13 96 ,457 ,0169 101 ,405 ,0187 105 .541 .0200 
' + 3 6 50 333 ,0123 61 .347 .0128 63 .361 .0133 
5 + 3 7 65 .353 .0130 67 3n .0137 " .389 .0144 
6 + 3 7! , 71 .375 .0138 73 .397 .0146 77 .416 ,0154 
7 + 3 8s, 78 .394 .0145 78 .421 .0155 81 .445 ,0165 
8+3 g'. 82 .415 ,0153 85 . 446 .0165 .. .m .0175 
' + 3 101!i 88 .• 36 .0161 90 .470 .0174 92 .500 ,0165 

10 + 3 11 1'2 92 .457 . 0169 .. .• 94 .0183 99 .529 .0195 
12 + 3 13), 102 .'99 .0184 107 .544 .0201 111 .583 .0216 

6 + 3!.i 8); 77 .415 .0153 79 .439 .0162 81 •• 58 ,0170 
7 + 312 g); 81 .• 36 .0161 84 .'63 .0171 88 .'88 .0180 
8 + 31, 1O~ 88 ,457 .0169 92 .488 .0180 94 > .. .0190 
9 + 31-i 11 92 •• 78 . 0177 .. .513 .0190 99 .542 .0200 

10 + 3 1~ 12 98 .'99 ,0184 102 .537 ,0199 105 .570 .0211 
12 + 312 .. 108 .541 .02111 113 .588 .0217 117 .825 .0231 

8 + ' 10s~ 95 .'99 ,0184 97 .529 .0196 100 .556 .0206 
• +4 " l> 98 .520 ,0192 101 .554 .0205 105 .583 .1 .0216 

10 + 4 121i 104 ,541 .0200 108 .578 .0214 111 .611 .0226 
12 + 4 l' li 113 .583 .0216 119 .827 .0232 123 .666 ,0247 

WEIGHTS AND AREAS OF REINFORCEMENT BARS 

Size, lllch. ); ~ )i % j~_ 1 1'j I Hi 
- -- -

SQUME Area, Sq. In. ... . .25 . .. 1.00 1.27 1." .. ". Weight, L~ per Ft. . . . . .85 .. . 3.40 4.30 U1 
----j--

I" 
--I--

ROUND Area, Sq. In. . .. .11 ,20 .44 .60 .79 ... .. " .. Weight, L~ per Ft. .17 .38 .87 1.04 1.50 ~ .. "7 . .. 
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I<'ireproofing of Steel. The purpose of covering beams, girders 
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 floo r slab be protected by at least 2 inches 
of fi reproofing material. .In case of a serious fire, the integrity of 
the whole structure depends upon the thorough protection of the 
columns, girders and floor beams, and no reasonable expense 
should be spared to accomplish this. Experience has proven that 
wcJJ·burned structural clay tile (burned at a temperature of about 
2000° F.) is an adequate protection for structural steel or iron. 

The cement mortar filling the space between the tiles a.nd the 
steel, protects the steel from corrosion. 

1'10. 2 1'10. 3 

USUAL METD ODS OF PROTECTING STEEL WITIl TILE 

Tile fireproofing is low in cost, light in weight, can be specdily 
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 iii' customary to usc t ile fillers 
with the cells vertical, which, when filled with concrete, give a 
continuous solid bearing on the lower flange of the beam. 



Girder covering is sold on a basis of the square footage of the 
actual outl:tide surface of the tile surrounding the beam. 

FlO. 4 

Estimates can be made of the approximate amount of this tile 
by taking the linear distance in feet a.round A+ B+ C as shown in 
Fig. 4, or A+B+C+D as shown in Fig. 5, a.nd multiplying this 
8um by the lengtb of the beam in feet. 

In general, the weight of this material will be not over 20 pounds 
per square foot of superficial surface. However, if concrete is 
poured in to the tile wcb covering, as is done when tile is used in 
connection with concrete Boor systems, the weight of this concrete 
must be added. 

• 

.7. 
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I. FLOOR PLATES 
Rolled steel plates with anti-skid surfaces are rapidly replacing 

other materials wherever a dense, durable wearing surface or 
vehicular track is required. Improvements made from time to 
time during the many years in which they have rolled this product, 
are represented by the most advanced snd efficient modern designs 
of the Multigrip Floor Plate and Carnegie-Illinois Floor Plate, 
which arc shown on page 102. 

The si7.c, spacing and proportioning of the raised surfaces on 
these plates represent t he cu lmination of years of study to determine 
proper proportions and relationships between raised and depressed 
areas, to provide the highest coefficient of friction consistent with 
long life, pleasing appearance, aod a walking surface not unpleasant 
to the pedestrian. 

The plates arc available in a wide range of thicknesses, lengths, 
and widths. On account of being rolled structural material, they 
lend them!'!elves readily to fonning, bending, or even the most 
complicated fabrication. The ductility and lack of brittleness of 
the material enhance its other virtues. 

E;'I:amination of the plates will reveal raised, Bat-surfaced lugs 
of maximum area, with practically square edges. The full area of 
the lugs, therefore, immediately available to resist wear, and the 
square edges provide the greatest possible resistance to slipping or 
sk idding. Enclosed pockets are avoided in the design, so that the 
plates drain Quickly and thoroughly. The accumulation of dirt 
and debris is avoided, and cleaning is facilitated. 

The lighter weight plates are used extensivcly wherevcr they are 
required to support pedestrian traffic in various places where 
security from slipping is essential, such as the uses listed below: 

Stair trcads and landings. Factory aisles and runways. 
Elevated platforms. Sidewalk openings. 
Manhole covers. Ship decks. 
Boiler room floors. Machine shops. 
Heavy duty factory Boors. Ramps or temporary runways. 
Trcnch covers over pipe lines or drains in basemcnts and 

power houses. 
And other miscellaneous uses. 

The heavier weights of platcs, while used for many of the purposes 
given in thc above tabulation, are used principally where vehicular 
traffic is encountered or other heavy loads are to be supported. A 
very common application is the placing of heavy plates on the 
wheel tracks of the traffic lanes on bridge!! the entire length of the 
bridge. Plates are generally installed over worn planking, ortcn 
eliminating reflooring and strengthening the entire bridge roadway. 
Further benefits are : reduction of vibration; roadwa.y cbatter and 
noise; and the constant annoyance of rising spikes, so dangerous 
and detrimental to automobile traffic. Tearing of roadway from 
anti·skid chains is eliminated, and concentrated loads from heavy 
truck wheels are distributed over a. much greater floor area, in
creasing capacity and reducing strains in thc floor. The use of the 



FLOOR PLATES 
anti-skid traffic plates, therefore, prolongs the me of the structure, 
reduces maiotenance costs, and produccs a safer roadway for fast 
vehicular traffi c. 

A growing use for these plates on new bridges is in the form of 
the so called "Battle Deck" roadway in which the floor plates 
are welded directly to closely spaced carrying beams, t he plates 
and beams acting as a ullit 80 that safe loads are calculated on 
the basis of T action. The Boor plate thus acts as a primary 
structural load carrying Rnd distributing element in addition to 
providing a homogeneous leak-proof, anti-skid wearing surface. 

FLAT RECTANGULAR PLATES 

Rectangular steel plates, plain or raised pattern design, arc 
frequently used in mill Hoor construction supported by the Hoor 
beams on two sides or on all four sides and more or less securely 
fixed to the 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 gcneralty to rectangular plates 
subjected to pressures normal to surface of plates. 

M: _~ndlng mollloot. due to unJ.rorm or conoontnted load, Incb·POUIldtI. 
S .. Socllou mooulWl, Inchos'. 
I _ Unl~ .troM, pOundtl per l(luar"O Inch. 
.... _ Unit ioad., J)OWIdtI per 8Q.uaro Inch. 
P _Conoentnted to.d • 
•• b_Slds of plate.lnehee. (a<b) 
t - T hlcknOO8 or pla~. Incha... 
c _Pflrpendlculal" d~.!"rom cornet" to diagonal. d, of plate, inchs. 
• _LI.m.ltJng value. lor.teeI. plat.ell, lind and not bed to wpportl (v. Da<:b). 

Plate supported on two sides, a-Uniformly distributed load. 

s.!"'!! • 
Plate supported on four sides, a, b-Uniformly distributed load. 

Plate supported on four sides, a, b-Concentrated load in ceoter . 

Wheo plates are fixed at edges in such 8. maoner as to take full 
advantage of continuity, .p _ %6 for uniformly distributed loads 
and 1M for loads concentrated in the center. When they are fixed 
at edges so that the full continuity effect cannot be safely assumed, 
.p must be increased in proportion as the degree of fixation is 
decreased. T he maxim um values of .p are % and 173 respectively. 

3 73b 
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FLOOR PLATES 

BUCKLE PLATES 

Buckle plates are sometimes used on highway bridges with paved 
floors, 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): 

Total uniformly distributed load 
W =4 f d t. pounds per buckle. 

Total concentrated load, in addition to uniform dead load. 

P t (100 f d t-25.2 w a b) pounds per buckle 
6 d + 15 t • 

a, b= Sides of Buckle, inches. 
t = Thickness of plate, inches. 
d = Rise of Buckle, inches. 
W = Uniformly distributed load. 
w = Unit load, pounds per sq. inch. 
f = Allowable unit stress, 9,000 lbs. per sq. inch. 
P = Concentrated load. 

Buckle plates are generally placed with the convex side of the 
buckle turned down, in tension, in which case their strength is 
about three times greater; however, the value of f in such cases 
should not exceed the allowable tensile unit stress permitted by the 
specifications. 

BUCKLES 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 flanges, and by length of plate 
that can be fabricated. 

A plate 35 ft. long could have:-
14 buckles No. 11, b=2'-2", with f=3~" and e=5~" or 

9 buckles No. 12, b=3'-8", with f=2~" and e=3". 

CONNECTION HOLES are usually for %", %" or Ys" rivets or bolts. 
Holes of different sizes in the same plate increase the cost. 

SPACING: Crosswise, usually 6", with 4;Y2" Min. 
Lengthwise, from 6" to 12". 
Odd spaces at ends, in even 74". 

DRA WING 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. 



• 
21 

23)4 
23}1 
23M 

24 
24 

26 

28» 

30 
30 
30 

32 

33 
33 

FLOOR PLATES 

BUCK LE PLATES 

, , 
• , 

. ;" , .. QUU~~. T 
:1_ i • I I I I , • I I I IL..- ~~_ . 
~e .. b · - 1- ..•. b _.- .,f ... - •• b · -- ... , -_ ....... ; 

, 
. -~ .-

~~ 

d 

Sq. '" BI/C~l .. Sin 01 B"dde, Size 01 8 11<1<18, 
Inthn ", , .... 00, , ... 

I 
No. "'. b d , b d • b 

21 I 2» " 36 36 2 13 " 37 
36 37 3 29 " 42 

24 2» 38 " " 28Y; 2» 36 37 36 3 28 
47 2» 18 37 38 3 26 47 23» 

37 " 3 7 47 42 
23H 2» 37 47 54 
30 2)1 30 38 37 3 27 

48 48 
44 2 12 41 42 3 23 

517.1' 61 
23» 2» 35 42 41 3 22 

42 45 3 25 54 47 
24 2» 31 42 47 3 3 
30 2» 21 42 66 3ji 32 61 51U 
33 2» 20 66 42 

44 26 2 11 
44 2 10 44 32 2 , 

44 44 2 8 
30 2» 19 I 33 3 14 

MAXI MUM ' VII)TIl _ 9 4 ", 

d 

3 
3 
3 

2» 
3 
3)1 

3 

4 

3» 

4 
3» 

MAX IMUM L ENGTH _ 35 ft. Plates of greater length can be obtnined by splicing. 
ALLOWABLE Ovt:RRU!o1 in length or width must be given on drawing, when de&!'lI.nce is dOlle. 
END FLANGES e _ 2" },tjnimum 18" Maximum 
SIDE FUSOES ~ _ 2" Minimum 6y';" Maximum 4" or leas, prefcJ'l'(ld . 
Fn.u!'l"S f _ 2" ~finimum 6" lI luimum 4" or lees, preferred. 
END FLANGES to be made alike if possible. If over 18", stiffen with llngles acrO!lll pi llow. 
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00, 

". 
6 

24 
5 

17 
4 
2 

34 

16 

1 

15 
33 

SID I': FW.NOES to be made alike if JXlIlSible. When side flange!! mUllt be of unequal ,,;dlh, the plate 
should be ordered wide enough to make two fla.nge/! of the greater width. After plate is buckled, 
it will be sheared to requirod width. 
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BRIDGE FLOOR CONSTRUCTION 

The requirements of modern vehicular traffic demand roadways 
and pavements having unUann, continuous, hard surfaces. They 
must offer sufficient friction to prevent skidding, and should be of 
permanent character to require as few repairs as possible. Road
ways of bridges should, in addition, be fireproof. These require
ments caD easily be met, but the weight of such roadways is a 
serious factor; the more weight a bridge has to carry the more 
material will be required to build it. Engineers, therefore, a re 
confronted with the problem of building strong and permanent 
roadways on bridges with the least dead load, for weight becomes 
a detennining factor in the design of long-span bridges. 

Two new fonns of slab construction, I-Beam-Lok and T-Tri-Lok, 
which reduce the weight of the roadway slab and its wearing 
surface, are manufactured by Carnegie-Illinois Steel Corporation. 

These units arc placed directly upon stringers, to which they arc 
sccured by welding. T hey arc filled with concrete, flush with the 
top of the steel, to form an armored road surface. The resu lting 
structure is a unit slab of steel cells filled with concrete. Vibrating 
and tamping the concrete with an air or preferably an electric 
vibrator immediately after pouring is recommended to secure 
concrete of maximum density, 

DESIGN FORMULAS 

On the basis of mod ifications in Westergaard 's moment formulas 
with I-Beams or Tees perpendicular to direction of traffic, when 
C - 15", the li ve load movements for one wheel on slnb spans up 
to 5 feet, become 

PS M_ 4E- .0525P, 

and, for two wheels on slabs over 5 feet span, moments become 

PS M __ _ ,0525P. 
41-1 

1.1 _ Ma:dmum live load momont per root or .. idth or llab, 
I' _ Wheo'!l load _ 12,000 pound. ror H_Hi, and H!I.OOO pOundl rOt 8 -20 

loading. 
S - Slab sp.n in roct. 
It _ EII'(>ctlvo .. Idth In reet ror one .. hoc!. E _ 2.41 ,'5 rOt lpan.I 1 '-0" to 

.'-0". incl. E _ O.:;SS + 2./lO ror 8pan.l 4'-3" to 10'-0". incl. 
D _ EQuh-alent elTec~lvo .. Idth ror one ... heel to give tbe eft'ect or t .. o .. hoolI 

On slab arranll\ld ror ,ua;o:lmum moment. H _ 0 .338 + 3.60 tor ~ 
,5'-3" to 10'-0". inc!. 

W _ Dead load per MlU&fe roo~ or llab. 
I - Im;:taet. Factor _ ~ 

12.5+S 
D.L. M. - Dead Load moment pet' roo~ .. Idth or a1ab - fa WSI. 

1.1 + I. M. _ Live Load moment + ImJ)&Ct moment per root width or Ila.h. 
MT - Design Moment _ O. L. M. + :'or + I . M. 



J-BEAM-LOK SLABS 

The construction is a series of alternating I-Beams and concrete 
ribs thoroughly tied and locked together by an adequate number 
of notched cross bars near both tho top and bottom surfaces of 
the slab, providing sufficient reinforcement for lateral distribution 
of loads. The top bars fonn a part of the integrally annored sur
face. :Metal fonn strips, closely fitted between the lower flanges 
of the I-Beams, provide a tight Conn work for the concrete. These 
strips are omitted over the top flanges of supporting beams or 
girders, pcnnitting the concrete to come directly in contact with 
the bearing arcas. The gap in the form strips over the supports, 
and the open space between the I-Beams, fa.cilitate the welding 
of the I-Beams to stringer fla.nges. 

Note that only the webs of the I-Beams are punched or pierced 
for the insertion of the cross bars. Both the top and bottom 
flanges of the I-Beams are intact throughout their entire length. 
The slab is so designed as to have constant moment of inertia for 
resisting both positive and negative bending moment stre8SCS. 
The notched cross bars are first inserted flat in the L-shaped web 
holes, then turned through an are of 90 degrees, and tack-welded 
in their final position. These bars hold and lock the l's rigidly at 
unifonnly spaced intervals. 

I'al.<!ntoi !'endlng 

876 .. 
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ELEM ENTS OF I-BEAM- LOK SLABS 

.. ··"Iot .. 
! ; 

f- "" " '----'-, 
• ' ... I 

!5:::: __ . [ 
: 
, , 

·h. - ~ 
i , 
i 

~ .-.~ ..... . 
:t .~ 
, ~-- .-. .. _._-.. -.. 

All I-Bcamt lpaced 4" center 10 cenl« 

. T .... WoI~ II 
I 

S"IIOII Mod ..... 
AWlnll' Slab 1* Sq, Fl. ,., F. III SWI W .... .... Wolpt .. ,~ , y .... " ... . ... c..... T",,*, 

,., ScI. FI, 
Ordlnuy WoI",t .... -~ I _ .. ..... c-nt. 51001 ------ -.-;;:-1 -- -------, ". L ... CO .. ..... I~.· ". I~." In." 

I --- , -;;r: 96.0 

I 
1.96 1.54 

3)i 18.4 
I 

53.S 41.5 
".1 lA7 2.03 67A 3.25 

I 642 1.69 1~' I 
,,. 2.53 

3 15.5 47.0 .. > 
632 12. 1.76 I SO.9 2.39 

---

._-_ .. ~ 

... : 

--
Positive 

Negative 

Positive 

Negative 

, , , 

~ 
: 

Areu of beada al",,,, bottom Hanges or I-Boams and the form atrl"" ..... n,,~ Induded In ('(lmputa. , ..... Arou Or upper ,IoUl In t-Deanu deducted. Arou of 1o,,·l'1' .'ot. In I-Deams not deducted as 
they do not occur In zone. or maximum It~. Con~te disregarded on area 10 teo.eioD. Ratio. 
n _ HI. 

Section modul\lll of 8~" I-Deam B~I ... Itbout IXlncrote - 3.02 per fOO~ of ... Idth. 
Soction modulus o( 3" I-Deam .~I ... It.bou~ oonCl'et.e _ 2 .• 0 per r()()~ or .. Idth. 

-. cubk: yard of concreto .. Ill fill approximately lOS ~uaro foo:rt. of 3 ~" I-Baa-m-Lok. 
01 cubiC )'ard or ooneroro will fill aPProJ:lmately 124 Iquar-e ree~ or 3" I_Deam_Lok. 

DIMENSIONS OF COMPON ENT PARTS 

I--IIEAM SECTIONS CROSS BARS 
, 

8otlom flange 
,~- , .. 

w. WltMu\ SId. a.do 

~ '" 
.... -. .,. TloI.k· Aw ..... Awtrato "'- o. .. ~ .~ .. . 

'M ""'. Thlek- .. .. _ .. 
,~ ... ... 

, - ----;:- ~b= ". ". ". III ." U>,. ". ". In. K B.W.O. -- ------. 
3)i ,188 .675 .612 .,S .365 123 4.17 l~ l ~ "" 3~ lNo.2O 

3 .188 .675 
I 

.612 ~" .365 1.13 3.85 1' )i ' " I "" 3J1i l No. 20 
, , 

F,", fuUloformalion. _ booklet I-Scam-Lok Armored Brld«e Road .... y Blat.. 

. 
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I.BEAM·LOK SLABS 
UNIT STRESSES IN STEEL AND CONCRETE 

IN POUNDS PER SQUARE INCH 

.. ----
H-2Q LOADING 

3W' I-liEAM-lOK 3" I-IIEA"'-LOK 

.... "' .... Wotl\ Overfill .. .... Wotl\ O.ertli 
~21!"'. of 21! 1bI. 

O.erllil 1* SQ . fI, 
OyorllU per SQ. fl. 

'. " " " " " '. '. 
2'--0" 405 7190 .10 7820 515 lllOOO 520 10040 
2'-3" 445 8521) 445 8560 565 10940 565 10990 
2'--6" 465 9250 ... 9310 615 11880 615 11930 
2'-9" 521) 9940 525 10010 660 12760 665 12840 

3'--0" 555 10630 560 10no 705 13640 no 13740 
3'-3/1 585 11250 590 11290 745 14430 750 14540 
3'--6" 620 "'" 625 11970 785 '''''' 790 15350 
3'-9" 650 12430 6" 12540 825 15940 630 16080 
4'--0" 680 12991l 685 13120 860 , .... 870 

,_ 
4'-3" 705 13530 715 13680 895 17321) 90' 17530 
4'--6" 735 14070 745 14240 930 18040 940 18310 
4'-9" ,." 14600 765 14780 ... .. 
5'-{)" 790 15130 800 15321) ... ... 
5'-3" ... 1_ 890 17030 .... 
5'--6" 910 17410 920 17660 .. . .... 
5'-9" 940 18060 9" 18330 . . .. .. . .... 

H-' S LOADING 

3~" I-IIEAM-LOK 3" I-liEAM-lOK 

.... .. ... WIth Oyorf\ll .. .... WitbOv ... 
~ 2111111. . ... 

0 ..... 11 
I*' SQ. fl. 

Oy.,1111 
I*' SQ. fl. 

, 

" '. '. " " " " " 
2'-{)" 31' 5891l 31' 5930 390 7570 39' 7620 
2'-3" 33' 644, 34' 6490 .25 8270 .20 8330 
2'--6" 36' 7000 370 7050 .65 8970 46, 904' 
2'-9" 390 7510 395 7570 495 9620 500 on, 
3'-{)" '20 802Q '25 8100 53' 10270 535 10370 
3'-3" .45 8510 .50 8600 565 10900 '70 11010 
3'--6" .70 8990 .75 "'''' 59' 11520 600 1166' 
3'-9" 490 9400 .95 9520 625 

,_ 
630 12200 

4'--0" 51' 9810 '20 9950 650 12600 660 12740 
4'-3" 535 10220 54' 10370 675 13070 68' 13280 
4'--6" 55' 10650 565 10810 70' 1382' 715 1364' 
4'-9" 57' 11040 585 11230 730 14130 74' 14370 

5'-{)" 59' 11430 51, 11650 755 14630 770 14900 
5'-3" 67' 12520 680 13020 84' 18400 86' 16670 
5'--6" 690 13210 700 13450 87' 1684' 990 17220 
5'-9" 715 13690 73' 13960 90' 17470 820 17850 

6'--0" 740 14160 755 14460 93' 18100 95' 18490 
6'-3" 765 14670 785 15000 ... 
6'--6/1 790 15170 81' 15530 .. 
6'-9" 81' 15610 835 15990 

I 
7'--0" 83' 16050 860 16450 .. . 
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I-BEAM-LOK SLABS 

H-20 Loading 16,OOO-pound wheel plus impact ranging from 
39.4% on 2'-0" span to 37.9% on 7'- 0" span. 

H-15 Loading 12,OOO-pound wheel plus impact ranging from 
39.4% on 2'-0" span to 37.9% on 7'-0" span. 

Stresses based on slabs extending continuously over two or more 
spans with I-Beams transverse to direction of traffic. n ratio _ IS 

Momenta based on wheel load plus impact and dead load of slab. 

Two wheel loads, 3'-0" center to center, figured on spans over 
5'-0" . 

Concrete stresscs in tables are very conservative, as the entire 
weight of the slab is figllred while actually the dead weight of the 
slab is carried entirely by the steel and only live loads affect the 
stresses in the concrete. 

Portions of ftables showing stresses with 25 pound overfill are 
for use where specifications call for separate wearing surface. It 
is common practice to omit all wearing surfaces when I-Bcam-Lok 
Armored Surfaces are used. However, when their weight is in
cluded in the design, wearing surfaces may be added many years 
later without over-stressing any portions of the bridge. 

Licht Weicht Concrete. When 3,000 pound strength light weight 
concrete weighing 98 pounds per cubic foot is used in slabs with 
an overfill, stresses are reduced in 3~" deep slabs by an amount 
equal to 1%8 of the difference in stress between values for slabs 
with and without overfill, and for 3" deep slabs, by an amount 
equal to 1%8 of tbe difference. 

For 8I&IIlple:-

With 3)i" _Lab on 6' fP&n under H·30 loadlntl. t • ... Itbout overtlll equab 7{1(l poundI. 
&Dd ... !th. 800 pollD~. The difference bo 10 VO\llId •• ~d ''IH or I&ItIO equabo r; pound8. 
In Ilcht ... 1I!a:ht concrete I -Beam-look Armored Slat. ... Ith 211 J)Ound>lof overtlU ... earlllB 
lW1aoe. the redueed ooneret<! unit ,t..- becomill 800 mlnUi II or 7~ POWId>I per lIQuare 
Inch. Tho _mo procedure appllill to unlt.~ In ~ .t.eell-Boam.. 



T-TRI-LOK SLABS , 
T.Trl.Lok is a combination of structural tees with light, flat 

bars mechanically interlocked with them. 

Curved slots are puncbed at equal intervals along the stem of 
the tee and above the neutral axis, the direction of the slots being 
alternated in adjac.ent tees 80 that the bar, in being forced into 
position, is twisted in alternate directions in the successive tees. 
This feature assures stiffness and rigidity of construction without 
further fabrication. Standard units caD be furnished in widths 
up to 4 feet and in lengths up to 40 feet. Various sizes of tees and 
cross bars are offered, the most common bei ng 3" x 3" or 3~" x 
372" tees with 1" x %6" cross bars, placed on 4-incb centers. 

For sidewalks and other light construction, it is advisable to 
spread lees apart, in which case forming strips are provided to 
eliminate timber fonn work. 

CONSTRUCTION FOR 
SIDEWALKS, BUILDING FLOORS AND LIGHTER ROADWAYS 

377 
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n .... 

, .. 
3 
3 
3)i 

ELEMENTS OF T-TRI-LOK SLABS 

sa.. II T.. I WIIIFC WeI/IIII w ..... . ""- "- I:'\': .,- ,- "~I IIIISI'" 
Tbidtn_ fill P.. Ptr ,~ 

a..,..p , . 
.- --- T.. Lin rt Sq, Ft. Sq. FL Sq. Fl, 
~ _ Sc .... _ _ . . 1151. .... .... 

, .. In. In. In.' u.. "0. ... <bo. "0 --
2)i ~1O ~1O 1.44 5.0 20.0 ",. 1., 21.9 
3 ~40 .1875 1.44 ••• 19.6 ",. 1.9 21.5 
3)i ~40 .1 875 1.77 6.0 20.6 1, ,. , 1.9 22.5 

TEES 

------.,. , , , 
, , 

..... ) 
, , , , , , 

.187Ii' ~ , 
, , 

« 

TIItII I I I 
WII"" '''1'0lIl ot SI. of , , ,- .~ 
Sq. fl . ... 
,~. • , .. , .. 
45.4 63.6 .76 1.74 
51.1 101.9 .95 2.05 
57.8 151.0 1.11 2~9 

-------"1 , 

.187" 

Ji, ' : 

~'l===::::]t~L:::b' ,~ .. 
1.--- ------3"-- --... 

f 
i (:::. ::::::':":;':::' r!~L. ::::::1' Rh ~. 

, , • '1,_, 1 

~t:::::==i~t=====~:,~ 
~.-- - --- -- ~3"'''- ------ -. .; :. . -- _. - - ~-3"'--------': 

For Design Formulas, see page 376. 
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T-TRI-LOK SLABS 
UNIT STRESSES IN STEEL AND CONCRETE 

IN POUNDS PER SQUARE INCH 

3)i" T-TRI-LOK 
, 

:r' T-TRl_LOK 2.W' T.TRI.LOK 

H 20 LoIditla H 16 L.o.dlng H 20 loading H 15 LMding H 20 L.oMIlng H 15 Lo.6ing .... , 
" " " " " " " " " " " " 

2'......{)" 403 2807 303 2111 512 3559 385 2676 695 4553 523 3427 
2'-3" 442 3079 332 2313 561 3900 422 "'33 761 4986 573 3754 
2'-6" 478 3330 360 2508 607 4219 457 31n 620 4062 
2'_9" 513 3574 387 2696 651 4525 490 3406 665 4357 
3'-{)" 546 3803 412 2871) 693 4817 522 36'" 109 4645 
3'-3" 579 4033 437 3044 734 5102 553 3844 751 4920 
3'-6" 610 4249 460 3204 773 5373 584 4059 
3'-9" 640 4458 484 3372 811 5637 613 4261 
4'-0" 670 4667 506 3525 84. 5902 641 4456 
4'-3" 69. 4869 529 3685 885 6152 66. 4650 
4'-6" n7 5064 550 3831 921 6402 696 4838 
4'-9" 753 5245 570 3971 .54 6631 m 5019 . 
5'-0" no 5420 590 4110 985 6847 746 "86 
5'-3" 862 6005 653 454. 1091 7584 826 5742 
5'-6" 897 6249 660 4737 1136 7897 860 5978 . 
5'-9" 931 6485 707 4925 1179 8195 8 .. 6214 
6'-0" 965 6722 733 5106 926 6437 
6'-3" 997 6945 758 5260 .58 6659 
6'-6" 1029 n68 780 5433 .85 6847 
6'-9" 1060 7384 807 5622 1019 7083 
7'-0" 1091 7600 830 5782 1048 7285 

- -

. 
2" T -TRI-LOK- UNI FORM L Y LOADED 

2" x 2" J[ 34" TflIS, 4" Centers. Concrete Flush 

-. '''''-'' " ... 
"".~ <-w <-<" ..... r--<' ..... <--<" r ... • ..... <- • • 
!Ie!. Fl. 

" I ', " I " I " " " . " I " I " " " I. ,,_ -" 
100 I 33~581 ~74 
150 1 ~7~ ~ ;;~ I ~~ 
200 

1
75;ff 250 

300 
400 581 '''7< "" 

I n tho tables the 5tross Co Cor concreto hu been kept below lZOO pOunds tor tbo 3" and 3J.i" 
T-'I'rI-Lok .ectIOIlll, and below 800 l)Qund~ tor the 2J.i" soctlon, 

n, ratio of modulua of ola><t1c1ty of $tool to concrete _ 1$, 
L<;wWB aoovo hoaVy lines will not Pn)dU(:(l ""cessiv" deHoctlQn.II . 
For tullinform.a.tlon _ booklet T-Trl-Lok Bridge Floor Con.lltl'Uctlon, 
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LIGHT WEIGHT BEAMS 

A growing demand has been indicated in the last few years for 
beam and stanchion seciions lighter than standard, or the new 
popular en wide flange sections. This nced has been filled by 
our light beams and joists which are now available. They will 
be found very useful and economical in thc design of light 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 itself 
into two broad classifications. 

Fir". The first is that in which the beams are used in the same 
manner as standard-weight structural shapes to transmit Roor or 
roof loads of a panel into main supporting beams 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 fcct 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, 
the ends of the beams are usually securely riveted or welded to 
the carrying girders, and the beams themselves are of sufficient 
size and stability so that no special bridging or bracing of the top 
flanges of t he light beams is required either during or after con
struction. In this classification, the spans are generally moderate 
in relation to the depth of the beams, due to the relatively wide 
spacing requiring beams of considerable strength. 

Seeond. T he second classification is that in which they are 
used at relatively close spacing as joists on maximum permissible 
spans for the dcpth of hearns, and usually in wall bearing con
struction, such as school houses, residences, and two or three-story 
apartmcnt houses, office buildings, or light mercantile structures. 
In this classification, some form of fireproof slab usually rests on 
top of the beams or joisf,s with the top fl anges 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 & fire-resistive ceiling made up of mctal lath and 
sevcral coat-s of plaster-the base or scr&tch C080t preferably being 
Portland Cement pl&ater. 

In this cl&88 of construction, cross bridging of the beams or 
joists and the proper st80ying of the top flanges is of extreme 
im portance, especially where the ends of the beams rest on simple 
bearings and are not restrained by riveted, bolted or welded 
conncctions. 



Designers should carefully considcr flange width in relation to 
span, and should provide 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 
dcsirable and good practice on very long spans to provide some 
means of preventing the beams from moving la terally. This can 
be accomplished by the conventional type of cross bracing, or by 
bridging beams or diaphrams cast between the beams integral 
with the fireproof !'olabs. Duc to the relatively close spaci ng of the 
light beams or joists in this fonn of construction, end reactions are 
light, so that hcavy load concentrations on walls are avoided. 

Continuou. SpalU-School Buildings. These new light-weight CB 
beam and joist sections 'pennit the design of continuous steel 
beams over t he typical school house arrangement of two classrooms 
separated by a corridor. Where continuity is thus secured over 
the two center supports, decided economies arc possible. 

These advantages warrant their thorough invcstigation and 
consideration by every designer. 

General. All the light beams and joists are designed with webs 
of sufficient thickness 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 the 
deflection are comparable to the results obtained with standard or 
wide flange beams of similar depth when loaded so t hat extreme 
unit stresses in the beams are equal. 

For profiles and dimensions, see pages 22 and 23. 

For allowable uniform loads and detailing dimensions, see pages 
230 to 233. 
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OPEN WEB STEEL JOISTS 

In recent years there has been a marked development in sleel 
joists made up of bars or small shapes to form trusses. Those 
joists arc 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 arc standardized in accordance 
with Simplified Practice Recommendation No. R 94~30 of the 
Bureau of Standards of the United States Department of Com
mcrce. 

The table on page 382 gives the standard designations together 
with the maximum resisting moment in inch-pounds, the maximum 
end relction in pounds ami 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 - -~~I&~OOOd;;:;; with a maximum of 15,000 
I' 

1+ 18000 rl • 
pounds per square inch, in which l is the unsupported length of the 
member and r is the colTCt!ponding least radius of gyration of the 
section, both in inches. 

Joist.s 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 the overall dimensions, maximum and minimum 
spans, and other data pertaining to the joists manufactured by the 
lcading producers. Detailed data as to the properties of chord 
sections, etc., ma.y be obtained from the catalogs of each manu· 
fscturer. 



... 

Steel joists are designed with the assumption that the top chord 
wilt be stayed io.tcrally 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 u>p chords of the joists during the 
pouring of concrete. 

Stccl joists are 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, the laleral support of the 
top deck is an essential clement of construction. The perfonnance 
of a steel joist floor construction can only be determined by apply· 
ing 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 Boors, nor 30 inches for roofs. 

The end bearing of steel joists should not be less than 2~ inches 
on steel members, nor less than 4 inches on masonry. 

Before being bridged, steel joists cannot be expected 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 

Spo. 

Up to 14 feet 
14 to 21 feet 
21 to 32 feet. 

Number of Linell of Bridging 

One row near center. 
Two rows at qual'teJ' poinUl, approximately. 
Three roW!!. 

Each line of bridging should be capable of transmitting 500 
pounds from anyone joist and distributing it between the two 
adjacent joists. 

The 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
struction accidents. 

Cutting of web members or parts of chord sections from open 
web joists must not be permitted under any circumstances . 

38' 
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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 • • I",," Inltlt"t. 01 5t_ 1 Conl t.r .. e tl,," Unit St ....... 

S,," Jolt! SJ SJ 51 SJ SJ SJ SJ SJ; I ~ I SJ SJ I SJ I SJ ~ ' 1 .... I'uU 
DMignl.1o<o 81 82 102 103 104 123 124 125 126 145 146 147 1&6 167 

0111111. Inch .. I • 10 10 10 12 12 ~ 12 " 14 14 7s 16 
-- - - r-R,,"ing 

M Gmtnl, ., .. .... u .... 12,000 100.000 12.000 11 5,000 142,000 175.000 ,~.ooo:m.ooo 246.OOCI Zl2.QOO 281.000 
II'dI-Poundl 
-- -- --- --

Mulmum 
End R_Iion, , .. , .. , .. ". "., "., "., "'" "~ 

.., 31011 3400 ( l2OC 3600 ....... .-- r-I f---Span. FMC 

• 800 I 
5 64. 

, 53. 
7 402 

• 308 , 243 
10 197 350 

U 162 28' 
12 137 243 292 
13 116 207 248 

" 10. 178 214 
15 87 155 187 243 272 

" n 137 164 213 260 24. 
17 145 189 23. 212 
18 ." ." 13. 169 205 189 236 

" " 116 151 184 17. 21 2 288 

I 

20 ." 105 137 167 153 192 237 26. 

21 139 17' 215 236 ." ." 

22 127 158 196 241 215 
23 .. 116 145 179 221 197 258 
24 106 113 164 202 180 237 
2S . , ." ... ." 166 / 218 262 247 

" . " , . 154 202 243 229 
27 ." . " " . ." ." . 143 187 22' 212 25T 
28 . " " . " . ,,' ." 133 174 209 197 23' 
29 ." . " ." " . " . " ." " . 184 223 
30 ." " ." . " " . . " 172 208 

31 " . . , , " . " . ." " 
161 185 

32 , ... , '" ,,' " . " " 
151 ,.3 
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GABRIEL OPEN WEB STEEL JO ISTS 

M.n .. f.~t .. recI by G a briel S tee l Company 

;E' - - ------ --
2~~ -

. . - . - - -, , , 
, 
f'-~ 

, , 
~ 

, , , 
,,~ 

I 
, , 

I , 
... ·W· ... , ' , . " 

, , , ' , 
~ " " 

, , 
"--·5·---~·~ - , '&1 2 , 
, , , . I~{/j 

d D 

I 
' , , '-A , , , , , , , , , , , , , , , , , , , , , 
I i I 

, , . . , , , , - -, -- - ---
I ' , , , , , , , , , 
~-- -4"'--..!.~------------ A--- ----- -----~------, 

-i!~~~---~~~~===~~-----~J Span (Variation of 2") 

,,~ o~. CbonI At ... End Diagonal 
-- -

I ,.. 
0 d 

W A G • • •• 
" ~ 

MIn. M~ ,~ ""~ "M ,,-
FL-ln. FL-ln. , .. , .. 0.' ,.' 0. n.-ln. In." ,.' 

SJ 81 .-0 16-0 8 7.53 .410 .360 2% 1-0 .219 .m 
SJ 82 4-Q , 6-0 8 7.47 .528 .442 3 1-0 .2" .203 
5J 102 9-Q 20- 0 10 9.47 .528 .442 3 ' - 3 .2" .203 
SJ 103 9-Q 20-0 10 9.41 ,644 .536 3 ' - 3 ,250 .203 
5J 10-1 9-0 20-0 10 9.35 .745 ,620 • 1-3 .281 .234 
SJ 123 13-0 23-0 12 11.41 ,64' .536 3 1-4 .281 .234 
5J 124 13-0 24-0 12 11.35 .745 .620 • 1-4 .281 .234 
SJ 125 13-0 24-0 12 11 .29 .845 .705 • ' - 5 .313 .266 
SJ 126 13-0 24-0 12 11.23 1.090 .910 ' 75 ' - 5 ,34' .297 
SJ 145 17-0 26-0 14 13.29 .845 .705 • 1-5 .313 .266 
SJ 146 17-0 28-0 14 13.23 ',090 .910 ' 75 1-5 ,34' .297 
5J 147 17-0 28-0 14 13.19 1.290 1.160 ' 75 1-5 .375 .329 
5J 166 21-0 3!H1 16 15.23 1.090 .910 ' 75 1-6 ,34' ,297 
SJ 167 21-0 32-0 16 15.19 1.290 1.160 ' 75 1-6 .375 ,329 

Gabriel J oist. are buUt I.() t ho Job Ipanl with ono Inch n.rlatlon on each end. 
Chord Soetlon& as shown In table at'EI combined with .tp()Clall), designed V-Abaped dlag()nals. Tho 

lIendornCIIII ratio or the d lagonsls have been reduced to a minimum. 
Vertical Bridging Struts are Introduced at eotablWled panel DQints to mflOt tho f"O(Iuiroments for 

brid,lng. 
Standud A. S. C. E. nail Soetlon&. rolled !'rom new billet I c.eol. structural grade. at'EIlIllt ]ongltudln-

a1J)' to produce tho exact top and bottom chord sectional areu f"O(IuIrod for each C3.lIO. 

Special Jolllta are rna::IuCactured In all depths tor . horter 11)an& ~ban given. wMn It Is deslra.ble to 
have jolllts of unIterm deptb. 
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' HAVEMEYER OPEN WEB STEEL JOISTS 

IA:-~, ~~, ~~~==:v~~==7!~1!= -- -~nr 
:" w - ,; I , , D ! 

:" --- 4" --- ':' - :r-- ->i I , , , 
'<- ------r-~------~, , , , , 

,Il 
i ~, = = "';;¥L&. 
:.-----------E-----------.:..--- - ----- p..- - ------..: ,. _____ ~~-.-~ ~= == = ~ ~ ~ ~} Span (Variation of 6') 

PROPERTIES OF HAVEMEYER TWIN- TEE SECTIONS 

~ : : -So, 
1 x i' H 1 
~ - _. 
, , T ; 
1. _ --- --- --- W------- ---- ~ 

- o 

Sec- w~!' w 
"'" "' Nu.... r oot 

bet lbe. 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 H 

In. In. 

%2 .% 
:;b 1%2 

II, \I 
'%2 ~CI 
')b 1% 2 

'~e % 
t~l" l 1Ae 

• 
•• 

"'" 
"" 

I~E ----11 '" 
Mln. Max. Chord 

""'" f-,C'7-'1-c-c-1-~-1-~------- '"_ 
riA n. Ft.·I... In. In. In. In. 

MIn. Mu.. 

5J 81 
5J 82 
5J 102 
5J 103 
SJ104 
5J 123 
5J 124 
5J 125 
SJ 126 
SJ 145 
SJ 146 
5J 166 

4-0 
4-0 
4-0 

10-0 
10-0 
4-0 

12-0 
12-0 
12- 0 
4-0 

14-0 
4-0 

10-0 
10-0 
20- 0 
20-0 
20-0 
24-0 
24-0 
24-0 
24-0 
28-0 
2,8-0 
32-0 

8 
8 

10 
10 
10 
12 
12 
12 
12 
14 
14 
16 

8 
8 

10 
10 
10 
12 
12 
12 
12 
14 
14 
16 

8 
8 

" " " 12 
12 
12 
12 
15 
15 
17 

" " 15 
15 
15 
15 
15 
15 
15 
21 
21 
24 

1 
2 
2 
3 

• 
3 
4 

• 
7 
5 
7 
7 

AI.. ....1. 1-1 
K • 

Stetion I r x 

In. tn. ' In.4 In. In. 

%. 0.40 0.00 0.13 0.16 
%~ 0.48 0.013 0.16 0.19 
If... 0.58 0.01 0.18 0.22 

3~hs 0.69 0.02 0.20 0.24 
' b 0.77 0.033 0.21 0.25 
%2 0.85 0.03 0.21 0.24 
If... 1.01 0.05 0.24 0.27 

1 
1 
1 
2 
3 
2 
3 
4 

• 
4 

• • 
----n;;:-vemeyer Steel Jolet8 are mado In span lengths varying by 6 Incbes l'rQm minimum to Ul&rlmum 
lUI given In table. 

TOI} and bottom chorrlB consist or special t Oned t.dn-We soctlom. Web membenl are round bars 
bent [n(.o the form or a Warren U·WIII. 

Soction Numbers ror chordll and d[amet6nl ot the web bars ror various l[teII or joillta a ..... shown In 
[Oll'Ct table. End FlUct S<l'CtlOnll are )i-Inch plato'll! bent "un shape. 

Joi~t.s are a-lmblod. by means of elect ric wdd[ng. 
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CECO OPEN WEB STEEL JOISTS 
M . nuf •• t" ..... by Cont.-.too EnginHrln g Company 

I:~f~--/ I , , 
, , L ..... lff. _____ ~ .w_ 

, 

! , , , , , , -, , , , ' .. ----------- E _________ .... ________ p --------01 

o.eran Lto\ith Woll MMIbert 

"'" TOp Chord .. - --
~I MU. 

0 • , 
"'" "" Intflriol e." ... 

" ~ "". 0'. 
0 ', , .... , .... , 

t. - ln. fI. - 1 ,", '". '", '", '". '". '", '", '". '" ,", - ----
SJ 81 s-z 1S-8 • 2 12 & 15 ~ x ~ x ~ li "' 12 .... ... . " li 12 
SJ 82 9-2 1S-8 • 2 12 & 15 1 , 1 , )j "' "' 12 " . " " . li 12 
81 102 11 - 2 20-8 10 2 12 & 15 1 ,1 ' li "' "' 12 li 12 li 12 
$1 103 11 - 2 20-8 10 2 12 & 15 l ~ xl~ x .J,i '" "' 12 li 12 li 12 
51 104 11 - 2 20-8 10 3 12 & IS 1).1 X 1 ~ x .!1 li "' 12 "' 12 li 12 
51 123 13-2 24-8 12 3 21 & 24 1.J4 X 1 ~ )( .!4 '" "' 18 "' 18 "' 12 
51 124 13-2 24--8 12 3 21 & 24 1~ )( l }i x.!1 li '" 18 "' 18 "' 12 
51 125 13- 2 24-0 12 3 21 & 24 1% X 1~ JI .J.i % '" 18 

"" 
18 lio 12 

51 126 13-2 24-8 12 3 21 & 24 1 7S x l ..11i x ~ l4 '" 18 "' 18 lio 12 
51 145 1S-2 28-8 14 3 21 & 24 ' U xl X It .!4 % II, 18 "' 18 "' 12 
51146 15-2 28-. 14 4 21 & 24 17S X 1 ,\1 )( ~ l4 li 18 '" 18 "' 12 
51 147 15-2 28-. 14 4 21 & 24 l~ )(l U x ~ 'liO li 18 '" 18 "' 12 
5J 166 17- 2 32- 8 16 4 21 & 24 1% X 17li It JM l4 li 18 '" 18 '" 12 
51167 17- 2 32- 8 16 4 21 & 24 l U xl % x ~ 'lio 1~(6 18 '" 18 '" 12 

CECO NAILER JOISTS 

sow 5-2 19-. • 2 12 & 15 1 ,1 . )j "' "' 12 " " . . . li 12 
lDOW 5-2 20-. 10 2 12 & 15 1 ., .)j "' "' 12 li 12 ,. 

" 12 
120W 9-2 24- 8 12 3 21 & 24 1 .1 .)j "' "' 18 "' " "' 12 
121 W 8-2 24-8 12 3 21 & 24 ' }i It ' J;2 It }i li '" 18 "' " "' 12 
141 W 10-2 28-. 14 4 21 & 24 1).1 X 1,!1 1l .!1 li '" 18 "' " "' 12 
161 W 11- 2 32- 8 14 4 21 & 24 l.l1l xl.l1lx", li li 18 '" 18 '" 12 

, 
The d68lgn or the Coco Steel J oist I.!I that or a. Warren truss. All members are new bI llet hot rolled 

sloe\. J oists aro lUIIIembled by eloenle are welding to develop a rnlnhuum or thrre tlmet! the d(l8igned 
stress at the jQlntli. 

All bottom chord rnemhers oonsl~t ot two round bani; top chords two angl(l8 o r two round barn: 
web memoors on(\ round bar, all or sizes shown. The..., are as man)' end and Int(.'rmedlaW panels In 
each JoIst a.s a..., Indlcat«i In the table, The remainder or the jol8t Is made o r center IllW(lhl or 12" 
each In all ":u;o!J. Boarlng I'la te!! to 00 ,10" thick and v.,..tlcal end plat<)/! to 00 2)4" " )4". 

J oist./! are made In multI ples or 6 InchOll In lrngtb, Example: Clear !!Pana over 16'..(1" up to 
16'..(\" the O\'er:llllC>Il'lth or jQIst ,s 17'_2", Clear lImns 0""" 16'-6" up to 17'-0" the o\'ernU 
Iongth or Jol.t Is 17'-8" , Sj>6Clal lcnI;th can I>c rumlslmd ... hero neceasary, 

Coco Steel J oists are made with wood nailer screed on tol' chord ror applying wood H<»rs and roots. 
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TRUSCON OPEN WEB STEEL JOISTS 

-o 

~--------- Ex terior Panel, Panels, N --"" 
,--- --------- Overall Lcllgti. _ (Multiple of N) + 2M ---------

,~ 

Joitt ChonI 
T)'Pt SKIllin 

".""" 
.. -, ... 
S.l lon 

".""" 

PROPERTIES OF CHORD SECTIONS 

r--"-:c=~ I i "N ---WoIah! "'01' __ ..... ,. 'c-':, __ 
!:"!;. :!t W T _. H SKlion I r II. 

u... In. In. In. In." r;;:;- ~.......-;;:-

421 1.33 2X' %z t iki 0.39 .0066 .13 .18 
422 1.67 2X' I ~M '%, 0.49 .009 .14 .18 
423 1.98 2J4' %4. ~ 0.58 .01 8 .18 .21 
424 2.45 2X' l~ .% 0.72 .025 .19 .22 
425 3.03 2.% X' ~ 0.B9 .031 .19 .23 
426 3.48 2M X' U 1.02 .074 .27 .31 

,--,4"""---=4:_ 2:7~:2:Y.:'=:':\:'=:Y.:.~:':_~"=:_092 .27 .31 

Len.,.. for [1[,,, .... P ....... M, , ....ricared by Sum.; LI'II .... 
N 

ABC 0 E F 
-I-;c-+-;:-+'';:-I--;;'';:-I-~~+o:=,+.-;:--I... In. In. FL-' ... FL-'n. FL_ln. f L·ln. Fl.-I n. Fl·' •• 

--r---[----,--t-"'--1--=-+-'--'-t-'-'-"'--f-"'--"'--- ---
SJ 81 421 
5J 82 422 
5J 102 422 
SJ 103 423 
5J 104 424 
5J 123 423 
5J 124 424 
5J 125 42S 
5J 126 426 
5J 145 425 
5J 146 426 
5J 147 427 
5J 166 42t1 
5J 167 427 

421 
421 
421 
422 
423 
422 
423 
424 
425 
424 
42' 
426 
425 
426 

8 
8 

10 
10 
10 
12 
12 
12 
12 
14 
14 
14 
16 
16 

9 
9 

11 Yi 
11 V8 
" y. 
13% 
13% 
13% 
13% 
15~ 
157i 
157;i 
17;!1 
17;1 

1- 2J1 1- 4 1- 5JAl 
1- 2).7 1- 4 1- 5.J.i 
1- 4% 1- 6J1 1- 1% 1- 9rs 
1- 4% 1- 6ra 1- 7% 1- 971 
1- 474" 1- 6)4 1- 7~ 1- 9X' 
1- 7Y8 1- 8% 1- 10Ys 1- 11 % 2- 1)1 
1- 7J.l l - 8% 1- 10Ji! 1- 11% 2- 1J.l 
J- 7rs 1- 8% 1- 10Yi 1- 11 % 2- 1Yi 
1- 6;!1 1- 8% 1- 9;!1 1-11~ 2-{l;!1 
1- 974 1 -10~ 2- O~ 2- 1!4 2- 374 2-4~ 

1- 974 1 -10~ 2- 074 2- 1 ~ 2- 374 2-4~ 

1- 8~ 1- 1074 1-11~ 2- 1Y4' 2- 2U 
1- 11 % 2- 0;!1 2- 2% 2- 3;!1 2- S% 2-8Ji 
1- 11 % 2- 0;!1 2- 2~ 2- 37 2--5~ 2-8;!1 

T he dee1gn o f the TrwlCon Steel J oin Is tha~ of a W arren t"""'. The top and bo~tom <:hordJl <:on
!list of hot roUed "poelal too bars. except for llgh~ tru.wes, having a. depth of ten InchOll o r 1(l88, whore 
(:(lId roUod IOOCtloDll421 and 422 are uaed. Web members are round bars. 

J oists Me a.saamhlOO by m~ o( eloctrl<: fOl'ging. 
Joist lengths C&D be made to ~It any "pan with thB (:(lmblnatlolll of panclJl"ho,,", In abovB t.e.blo. 
T he complete dOllLgna.tlon o f & Joist Is . ho,,", by combining tbB "Jois t TypB," t.bB number oflnUlrlo:r. 

at N , pa.nrua, and t he propel' RIm:. letter to indicate length ot UlB exterior panel , :..t. 
EXA .. PLIt: 125-()8 C ropl'MOntil & Joillt, type 125. with 8 intorior panels a nd ex torlor panelJl of 

length. C. making &n overall dimension o r 12'-9 ~". 
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BATES-X OPEN WEB STEEL JOISTS 

. 

25:~p·r::~:=:::",=· ::::::::~~~~~'-~Ij~~.~~~. --Of 
! Cum_ p . _____ J -

JOIST 
TYPE 

o 

'". 
~ 62 8 
8J 102 10 
8J 103 10 
8J 104 10 
8J 123 12 
5J 124 12 
8J 125 12 
8J 145 14 
8J 146 14 
5J 186 16 

~4~....:.- -- -- -- --- -- -- Maximum Span --- - - - - - - - - - - - - - - -- - - --
i.. _____ - - - - -- - --- -- Overall Lengtb·' - - - - -- - - - - - - - - - _A. 

w 

'". 

PROPERTIES O F' BAT ES JOISTS 

o 
, __ "':;'~"-.:"'"'~'-_--I Wtb Strut 
i Botto .. -------r---

, -~"~'~"'--I """ I- AI. AIM r2_2 ...... f 2-2 

l ___ J=~=t~:=~~Si=~~'==I~~ 
JOIST 
TYPE ". 

In. In.' In.,.~ In.- In.' '". In.' '". 
SJ 82 8 .5053 .105 .448 .443 .1 6 .012 .3068 .1 56 
SJ 102 10 .5053 .105 .448 .443 .16 .072 .3068 .156 
SJ 103 10 .602 .132 .45 .522 .20 .092 .3068 .156 
SJ 104 10 .127 .12ti .41 ,621 .18 .084 .3068 .156 
SJ 123 12 .562 .1 09 .41 .482 .24 .092 .3068 .156 
SJ 124 12 .727 .126 .41 .621 .22 .084 .3068 .156 
SJ 125 12 .85 .161 .422 .722 .24 .109 .3068 .156 
SJ 145 14 .80 .148 .403 .674 .29 .109 .3068 .156 
5J 146 14 1.13 .159 .36 1.05 .29 .098 .3068 .156 

Lc~~1~M~_'~'~1~.1~3~~.~1'~9~.3~'~~1.~05~~.~~~_~O~~~.W~~~.~1~ __ 

G T R c H F L M o N p 

In. In. In. In. '". , .. In. In. '". '". '". '". 
1.50 7.25 1~ 1)1 
1.50 9.25 1~ l Y8 
1.57 9.17 1~ l J1 
1.83 9.27 1 ~ 1 J1 
1.57 11.29 l yt 1 
1.83 11.38 l U 1 
1.92 11.19 1~ 178 
1.92 13.30 l U 1 
2.80 13.42 1}{ 1 
2.80 15.42 l U 1 

.25 

.25 

.32 

.~ 

.32 

.29 

.38 

.38 

.33 

.33 

.15 

.15 

.22 

.23 

.22 

.23 

.32 

.32 

.33 

.33 

.15 .206 .15 

.15 .206 .15 

.15 .206 .15 

.20 .266 .17 

.15 .206 .15 

.20 .256 .1 7 

.20 .266 .17 

.20 .266 .17 

.19 .396 .1 9 

.19 .396 .19 

.206 12\1 2).1 

.206 17U 2.h; 

.206 17U 2.h; 

.236 17U 2~ 

.206 22).1 2~ 

.236 22J.i 2.h; 

.236 22J..i 2% 

.236 25~ 2% 

.396 25~ 2~ 

.396 29.h; 2% 

T he Batell One-piece E:rpanded Steel Jollt 15 It. continuous double lattloo tl"\l8!l formed by IIltting 
tbe webs of .peelal rolled Iha.~. heating and e:rpaudLng to the desired dcp~b. 

T he endl are tormed by bending UP tho bottom chord. Vertleal .Im .... &l'e l/Ulert.ed and the bottom 
chord I, secured to the Uppw' portiou ot tho web to give additional strength to ~he end. of the joist; 
and 50 that th610 ... er ftall&fl uperat.ea as the bearing member. 

r .... strength I. unifo rm. The process ot manufa.cture automatically tell .... flvery Jolle for any pOe
sible defect In either materl.a.l Or worl<III.I'IomhJp . 

J .... properties may be detennlncd readily by .tandlU"d for mula.e. 
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CONCRETE AND REI NFORCED CONCRETE 

CONCRETE is 11 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 ch('micul 
action of the cement and the water. 

The aggregates arc essentially inert. The pnstc is the active 
clement from which concrete largely derives its useful properties. 
U 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 "ith 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 aggregat.e 
particles to form the binding medium which gives concrete its 
uscrul properties. To complete these chemicnl reactions three 
things are required: time, favorable temperaturc8 and the con
tinued presence of water. When these three conditions nrc fulfilled, 
the concrete will cure properly; otherwise the curing will be 
deficient. Only a certain amount of water can be combined with 
t he com pounds of the cement and any water in excess of tills 
a.mount dilutes the mixture and reduces its potential strength, 
wa.terlightness 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 complcteness of the chemical combination 
between the cement and water. 

When the aggregates and cement paste arc mixed to form con
crete, the space between the aggregate particles must be completely 
filled with the paste. Further, as a practical matter, the paste 
must be of such consistency that the mixture is plastic and remains 
homogeneous during trnnsporting, placing and the hardening period. 

PORTLAND CEMENT is the product obtained by finely pulver
izing clinker produced by calcining to incipient fusion an intimate 
and properly proportioned mixture of argillaceous and calcareous 
materials, 'wi.th no additions subsequent to calcination excepting 
water and calcined or uncalcincd gypsum. 

The chemical properties of portland cement should not exceed 
the foll owing limits: 

r.o. on ignition .................................. . . . 4..00 per OOlIt 
lllllOluble reeidue .. . . .. .... ..... .. . .• . ..... .. .. . . ..... O.M per cent 
Sulphuric anhydride (SO.). . . . . ........•........... 2.00 per cent 
Magnesia (MgO). ...... .. .. . .. . ... ... ... .... .. . . 5.00 per cent 



Physical properties should conform to Lhe following: 
a. The residue on a standard No. 200 eieve Bhall not exceed 22 per cent by weight. 

b. A pat of neat cement Bhall remain finn and hanl. and MOW no eigne of <li&
tortion, cracking, checking, 0/' disintegration in the Bteam teet for IIOUOdn_. 

e. The cement B~ not develop initial eet. in 1_ thaD 45 minUte8 .ben the 
Vicd needle ~ IW.!d or 00 minute!! when the Gillmore needle ~ uaed. Final 
!let BhaJl be attained within 10 hou,... 

d. The average !.eMile lIirengtb, in pound!! per IJQ.WlI'8 inch, of not. 1_ than three 
standard mortar briquett.ee compoeed of one pan. of oement and three Part.II 
of atandard sand, by weight, shall be equal to or higher than the following: 

7 
28 

..... "-
1 day in moiatair, 6day.in.ate!' ......... ..... . 

1 day in moist. air, 'll daY' in waw .......... . ... . , "" 
e. The average leMile IItrength of atandard mortar al 28 daYB ahaIl be hi3her 

than the lItrength at 7 day&. 

For further requirements sec Standard SpecificaLions for Portland 
Cement, American Society for Testing Materials, C9, and Standard 
MeLhods of Testing Cement, A. S. T. M. en. 

Aggregate. Aggregatc consists of 8and, pebble8, gravel, 
crushed 8lone, blast furnace sLag, or similar materials. If they 
contain soft, friable, thin, flaky, elongated or laminated particles 
totaling more than 3 per cent or contain shale in excess of l,;i 
per cent or silt and crusher dust finer than the No. 100 standard 
sieve in excess of 2 per cent, they shnll not be used. These per
ccntages shall be based on the weight of the combin~d aggregate 
and if all three groups of these deleterious materials are present, 
their combined amount shall not exceed 5 per cent, by weight, of 
the total aggrega.te. 

Aggregates shall not contain strong alkali or organic material 
which gives a color darker than the standa.rd 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 
one-fifth of the narrowest dimension between forms of the member 
for which the concrete is to be used, nor la.:rgcr than three-fourths 
of the minimum clear spacing between reinforcing bars. By 
maximum size of aggregate is meant the clear space between the 
sides of the smallest square opening through which 95 per cent by 
weight of the material can be passed. 

Water. Water used in mixing concrete shall be clean and free 
from strong acids, alkalis, or organic materials. 

38. 
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?tIetal Reinforcement. Metal reinforcement shall conform to the 
requirements of the Standard Specifications for Billct-Stcel Concrete 
Reinforcement Bars of Intermediate Grade, A. S. T. M., A 15. 
The provision in these specificntions for machining deformed bars 
before testing shall be eliminated. 

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 stccl shall conform to the requirements of the Standard 
Specifications for Structural Steel for Buildings, A. S. T. M., 
A9. 

Cast-iron sections for composite or combination columns shall 
conform to Stundard Specifications for Cast-Iron Pipe and Special 
Castings, A. S. T . M., A 44. 

Water·Cement Ratio. This is the ratio of the total quantity 
of water in the mixture, including the surface water carried by the 
aggregate, to the quantity of cement. The ratio is expressed in 
U. S. gallons, 8}3 pounds to the gallon, per 9·1 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 1. These values 
arc approximate and may need adjustment for proper workability. 

T A BLE 1 

Assu!.lI':o STR.£SOTII OF CoSCR£Tll MIXTUR ES 

Ralioof 
Wa(~t, 
u. S. GalLou 10 ......... 
s.ckofC-t 

8X 
7)i 
6~ 
6 

8X 
7)i 
6~ 
6 

App01;",.1e Mil 
b, Volu .... of 

PortlaDd c-.D\ 10 
TotalAunple, 

" ...... "" 
PLAST IO COKCUETE 

1 : 7 
1 : 6 
1 :5~ 
I : 4J,<J 

MODERATE LY WET COXCRETE 

I : 6J,<J 
1 :5~ 
1 :4~ 

1 :" 

1,500 
2,000 
2,500 
3,000 

1,500 
2,000 
2,500 
3,000 

NOT!!: I n Interpreting above tablo. lurlaco water coutalned In the aggregate must. 
be Included III part of tho ml:llnar "at.er III computlllar too "a~n.en~ ratio. 



Table 2 gives recommended watcr-cement. ratios for concrete 
to moct different degrees of exposure. 

TABLE 2 

These requirements arc predicated on th~ use of concrete 
mixtures in which the cement mccts the present standard speci
fications of the A. S. T. M. 3.nd to which an early curing is given 
that will be equivalent to that obtained when protected from the 
loss of moisture for at least ten days at a temperature of 70 dog. F. 
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 pla.ced 
that the space between the aggregate particles is completely filled 
,,;th cement paste of the given water ratio. 
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Bea.,. w..u.. ...... 

E:dreme. In II\lvere climates lI.II in 
northern U. S. Exposure to alternate 
we~ting and drying, free&ing and thnw
ing. 118 at the water line in hydraulic 
struetu1'C8. 

Exposure to !lea nnd etrong Bulphate 
watefll in both 1I\l\·ere and moderate 
climatell. 

Severe. In !leYere climate!! lI.II in 
northern U. S. Exposure to rain and 
anow, and freez ing and thawing. but 
not eontinuou.rdy in oontnet with water. 

In moderate eJimatell as in IIOIllhern 
U. S. Exposure to alternate wetting 
and drying. lI.II at water line in hydraulie 
etruetuT\lll. 

Moderate. t n moderate climatesll.ll 
in lIOuthern U. S. Exposure to ordinary 
weather, but not con~inuouely in oontut 
with water. 

Concrete oompletely Bubmerged, but 
proteeted rrom r~ing. 

Protected. Onlinary enelOl!ed etruo
tunU membefll. Concrete below the 
ground and not IlUb jed to Icl.ion of oor 
rOOve groundwatefll or freeling .nd 
~hawing . 

.~ 

• 

7~ 

• 

• 

• 

Foundt.tioN. "..,. 
B .. YJ'~ 

6 

7~ 

8li 

OOS wf __ tel" 1M" mob",,", e¥rled by the &'&&""Pt.e mun be lneludlld AI part of the m\J:1ng 
.... ter. 
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To design a concrete mix for Ilily project select the wnter-oemcnt 

ratio which wiil produce concrete of the desired strength and 
resistance to exposure, and find the most suitable combination of 
aggregates which wi.ll give the Ilcces.'!ary workability when combined 
with cement and water in this ratio. 

The design of a concrete mixture involves several steps as follows : 

1. Selection of Water·Cement Ratio. Knowing the degree of 
exp~urc to which the concreto will be subjected nnd also the 
required strength, the amount of mixing water to be used per sack 
of cement can be selected by reference to Tables 1 and 2. 

2. COll8illteney. The am ount of aggregate which can be 
added to th~ quantity of mixing water selected per sack of cement 
is limitcd by the consist.ency required for proper placing. A measure 
of t}lis consistency is the slump test described under Tentntive 
Method of Test for Consistency of Concrete, A. S. T. M., D13S-26T. 
Recommended slumps fo, different typ<s of structures .re ... 
follows: 

TABLE 3 

REC0111IE~DED SL()~II'8 .·OR Co~CRET': 

1 SlulUpi.lne"" 
T"", 01' &ruetuto -- -

Mw...... Mul .. " ... " 
-

Massive eeetioos, pa\·emeot.!llod fiooTlilald 00 ground ...... 1 I 4 
Heavy e!1l'-, beams or wall •. . ... . ... " . 3 6 
Thin walle and columll8, ordinary Blallll or ~·UU8 . ...... .... 4 8 

a Aggregate Proportions. T able 4 indicntes the usual limits 
in the proportions of fine and coarse aggregates fo, several 
sizes, using water-cement ratios of 7 Y2 gallons or less per sack 
of cement, with plastic and workable mixe5. 

TABLl; 4 

R ECOMMENDED PROPORTlO:>8 Of' Aoom:OATES 

-
Mali"""" Si&e of 

Ratio offi",,' 10 lobi """""~ OIl '-iool dry. OOIDpoo<I. YoIu-. 

C-'_ ...-ured "f*lIoleIr 
laeM. 

1- Miaiau. MlllimuIII 
-

" 6.55 0.70 
li 0 .40 0.60 

I and over 030 0 .50 

-
"The nilCO' the Imrld, tbe lower wl1l be tbe pen:eDtage requlrod. 



By making a few small trial batches, employing about 1/10 sack 
of cement, the proper mixture can be determined ,,;tbout difficulty. 
A given quantity of each aggrcgatc (saturated and surface dried) 
is measured either by volume or by weight. A pnste is then pre
pared consisting of cement and water in t he ratio selected, and the 
aggregates added to the paste until the batch hns stiffened to the 
desired consistency. Several trial batches should be made to find 
t.he combination of materials whieh will give the best workability 
and produce a n economical yield. T able 5 may be used as a guide 
in selecti ng a trial mix. 

,~ 

6 

." 

,~ 

---

T ,HILE 5 

TRIA L MIXTUREII FOR VARIOUS WATEJI.-Cl:m:NT RATIOS 

.... 
",," 

J.i to 1 
3 ,,' , " , -
n tol 

3 ,,' , ", 
~ to 1 

3 ,,' , ,. , 
~to J 

3 ,. , , ,. , 

I 
-

I 

I ---
1 ; 2 ,3 1 : 2 : 3Ji 
J :J~ :2~ I 1 : l~i : 3 
1 : I I',! : 2 1: H!! :2J,4 --

I 
-- --

J :2J( :3J( J : 2YS : 4 
1 : 2 ,3 1:2 :3J.i 
1:1 '~:2 .~ I :1~:3 

1:2:] :31 11 I 1 : 2l i : 4 
1: 2. :& :3X 1 :214 :3U 
1 : 2 : 3 1 : 2 : 3¥..i --
'3~ 1 : 3 : 4~ 
I :21S :3~ 1:21~ :4J4 
1 :2)4: :3~ 1 :214 :3~ 

Water-<:ement ratios indicated include moisture contained in 
the aggregate. 

Proportions arc gi"en by volume, aggregate dry and compact. 
T hus 1 :2:3M indicates 1 volume of cement, 2 volumes of sand and 
3~ volumes of eoarae aggregate. 

If the aggregates are to be measured in the dam p and loose 
condition, they ,,;11 occupy greater volume than when dry and 
compact. Amount should be determined by test. Approximate 
average moisture content for sand, 20 per centi for coarse aggregate, 
6 per cent. 

For approximate proportions by weight, add 15 per cent to 
proportions of aggregate shown in the tablc. 

The mixes are gi"cn as a guide only. The first batch should be 
made with measu red water eonlent and the proportions thereafter 
adjusted to give the desired workability, maintaining the specified 
water-cement ratio. 

••• 
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4. Determination of Moisture in Aggregates. If the aggregates 
used in the trial batch were surface-dried, while those used under 
job conditions contain moisture, then allowance must be made 
for this factor when adding the mixing water. 

An accurate method of finding this is to take the weight of a 
small measured amount of aggregate, heat the same until the 
moisture is evaporated, then weigh again; the difference betwccn 
the two weights is the amount of surface water in the wst 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 can be estimated from the values given in Table 6. 

TABLE 6 

Af'PROXllol ... TE QUANTITY N' SURFACE WATEn CARRIED BY AVERAGE AaOnp.OA'I'ES* 

Very wehand ........................ ~ to 1 gallon per cubiefoot 
Moderately wet BAnd .................. about ~ gallon per cubic foot 
Moist sand. . . . . . . . . . . . . . . . . . . . . . . sbout .l4 gallon per cubic foot 
Moist gravel or crUllhed roek. . ....... about .l4 gallon per cubic foot 

*The eoaner the aggregate, tho leM free water it will carry. 

\Vhen very dry aggregates arc used, allowance may be made for 
tile absorption which takes place in the aggregate during the period 
of mixing and handling. For this purpose the absorption during 
a period of 30 minutes may be used. Tests for absorption may 
be made or, in the abse.nce of tests, average quantities given in 
Table 7 may be used as a basis. 

TABLE 7 

APPROXIMATE ABSORPTION OF AGGR£(lAT£S 

Average I'lllIId...... . 1.0 per cent by weight 
Pebbles and cruahed limestone ............ 1.0 per cent by weight 
Trap roek and granite ........................ O.q per cent by weight 
PoroUll6andBtone. . .... 7.0 per cent by weight 
Very light and poroUII aggregate roay be as high as2S per cent by weight. 

Most aggregates as used on the job are damp and contain more 
moisture than the equivalent of the absorption. The amount of 
free moisture is found by substracting the absorption from the 
total amount of moisture as determi ned by test. Thus, if moist 
sand is found to contain 5 pounds of water per cubic foot and has 
absorption of 1 pound per cubic foot, the effective quantity of 
wate.r which becomes part of the mixing water is 4 pounds per 
eubic foot. 

S. Determination of Quantit,. of Mixing Water. The quantity of 
mixing water to be added for each sack of cement is obtained 



by subtracting the amount of water carried by the aggregates 
from the amount required for the selected water-cement ratio, 
or if aggregates are dry, by adding the amount of water allowed 
for absorption to that ro.tio. 

Ex..",PLJ:.: By t rial the proportion of volun'eII delerml:led IJJ 1:2:3 tor ...... te ... 
ccm{)n~ ratio ot 6 gaLlolU to the uck of cement. The 5 cubic fCl(lt of aggregat<lol (at the 
Job 81«)·) wlU carry about lAO 1'11.1100. of water (L'J'om Table 6): then tho amount of 
mixing water t<> be added I, 6- 1 ... 01" 4 \4 galLona. 

E:u .. PLJ:.: 1.:.0 .. mix of 1:2;3 and w .. ter-cemeM ratio of 6.allolUl. To find tbe 
amount of mldna: water .. ben dry &ggnlp.t<loI aT(! used. It the ~aW. weigh 100 
pounds per cubic toot, then the " '&I(,f absorbed on the bMlB of 1 per ce,,~ by .. e ight I, 
100 X 5 x .01 _ 5 pOunds (If % gallon. This ma.t bo addod t.() tho reQuired 6 gallon. 
per ack of ooment. making .. ((Ital of 6% gallon. of mixing water. 

-To allo .. tor bulking or I~ In volume duo to moisture In tbe aggrep.teoI. 8CO 
Table 6. 

REINFORCED CONCRETE DESiGN 

While the design of reinforced concrete structures is bnscd upon 
the general principles of structural design, the numerous problems 
involvcd cannot be discussed in a general outline. For a complete 
analysis of the stresses occurring in reinforced concrete structures 
and for oiher practical considerations, reference should be made to 
special treatises dealing with the theory and practice pertaining to 
reinforced concrete structures. 

General Assumptions 

Tbe design of reinforced concrete members is usually based on 
the following llSSumptions: 

a. CalcuialionA are made I\ith referenee to workinl at.re8!les and lIIIfe load. 
rather than .. ith referenee to ultimate Itrength ADd ultimate load&. 

b. A plane eeetion before bending remains plane after bending, shearing w. 
tortions being neglected. 

c. The modulul of ellll!tieity of concrete in compre.ion is coostant within the 
llmiu of working strellllCfl and the diatribution of comprell8ive Itreaee in bea~ 
b rectilinear. 

d. The moduli of ei&IJticity of concrete in compuutioOl for tbe position of the 
neutral axia, for the rellining moment of beams, and for compression of 
concrete in columIlll, arc u follows: 

(1) 1.1• that of lteel. "'hen the compr8llllh·e sttength of the COJ\I'Tde at 
28 day. exeeede 1500 and doe!! not exeeed 2:.n:l pouIIcb per 1qW\n') inch. 

(2) J,1, that of lteel, when the compre!!!!ive Itrength of the concrete at 
28 days exceecb 2200 and doe!! not exceed 2900 pounds per .llQuare inch. 

(3) 1.~0 that of steel, ,..hen the compre&<li"e Btrength or the concrete at 
28 ds~ is greBter than 2900 fIOuncb per 8q1JAltl inch. 

e. In calculating the moment of resisu.nee of reinforced eoncrete beama and 
Blaba, the tensile resistance of the concrete is neglecled. 

f. The bond between the concrete and the metal reinforcement remainl unbroken 
throughout the range or ... ·orlcing: atre-. Under eompre!lllion the two 
materials are therefore al.reMed in proportion or their moduli or eluticity. 

I. Initial !U- in the reinforcement, due to conlz1letion or expansion of the 
concrete, is neglected e:ceept in the design of reinforced eoncrete eolumnll. 

3 •• 
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NQTATIO:-: USED IN FOR..~IUJ,AS 

Rectangular Beama Reinforced for Tenll ion Only. 

At. effective CtOll&-lleCtionaJ &rea of metal reinforcement in tenaiOD in ber.1IIII 
or in oomprc:.ioD in columna, in aquare inehe.. 

b widtb of rectangular beanu, in inehes. 

d depth from compreesion .UriIlU of beam or slab to cenwr of longitudinal 
tension reinforcement, in inches. 

F"O moduiUll of el ... ticity of ennCl'1lte in compreesion. 
Eo modulUII of eltlllticity of .teel in tenaion or oompre8iion _ 30,000,000 

pounds per equate ineh. 

f. unit compreesive I tr* in eXUvne fiber of concrete, in pounds per ",nare 
ineh. 

, ', ultimate compressive atrt!ngth of concrete at age of 28 daya, in pound. 
per &q\l.a.l"C inch. 

r, unit telllli le all't'Jlll in longitudinal reinforcement, in pounds per 1Iq\lal'e 

inch. 
I moment of inertia of .. IOCtiOD about the neuual axia for bending, in 

inches". 
j rPotio of lever arm 01 reslating couple to depth d. 
k ratio of depth of neutral .xia to depth d. 
l BplUl length of beam or lIlab, in inehes. (See paragr.ph following on 

Span Length.) 

?of bending moment or moment of reaista.noo in general. 
n E.fEo _ ratio of modulUl of elastieity of .teel to that of concrete. 

p AJbd _ ratio of effective area of l.ewlion reinforcement to effective 
area of concrete in bealla. 

'If uniformly dielribut.ed load per unit of length of bel!.ffi or idab, in POlJllda. 
W total dead and live load uniformly di8tributed, in pounds. 

I depth from eompreelllon 8urface of belWl or 8lab to rceultant of com· 
prCllSive ell'ellllllll, in inches. 

T·DeamlJ Reinforced for TeruJion Only. 

b "idth of flange, in ineha 

b' width of weh or Item, in ioebee.. 
t thieknellll of dange, in inehee. 

(Other ooiation same all that for rectangular beama reinforced for tension only.) 

Rectana:ular Beam Reinforced for Tension and Compresaion. 

A'. _ effective erOllll-aoctiona! a.rea of eomprcs!!ive n:inforcement, in a)uarfl 
inehea. 

C total comptcl!8ive 8trellll in cooerete, in pounds. 

C' total 6tre!16 in compreMive reinforooment, io pouoda. 

d' depth from compl'Ulllion luriaoe of beam or eiab to oonter of oomprceaion 
reinforcement, in inehee. 

f'. unit eompn!8lli\'e .u-.. in loogitudinal reinfON:ement, in pounde per 
&quare ioeh. 

p' ratio of effective area of eompn!8llion reinforcement to effective area of 
cooerete io beams. 

I depth from eomprellllion euriace of beam or eiab to .. reaultant of (lOm
prellllive 8t.ree8ee, in inebee.. 



Dond and Sh ear. 

a. angle between inclined web bars and axil! of beam. 
AT _ total area of web reinfon:ernent in tenaion within .. dilltance of I 

(meaaured pel'"pendicuw to the direction of the web reinfon:ement 
bar), or the total &rea. of all blU'll bent up in anyone plane, in 1IQUA1'8 

inchell. 
fT unit teMile st ree& in web reinforcement, in pounds per equal'll inch. 
l.o sum of perimeters of blU'll in one eet, in inches. 
I apacing of web bar. or atirrupll mell.$l1red at the plane of the lower rein

fon:ement and in the direction of the longitudinal &ria of the beam, in 
inchell. 

T total tensile atreM in web reinforcement, in pounds. 
u bond elresa per unit of &rea of surface of bar, in pound&. 
v unit abearing 8tree&, in pounds per..:{uate inch. 
v. unit abearing stre. permitted on the concrete of the web; the value 

depending on the anchorage of the longitudinal reinfon:ement, in pounw. 
per lI!l.ual'll inch. 

V lata! shear, in pounds. 
V' total abe.ar producing stre!lll in reinfon:ement _ uceu of tbe total abear 

over that permitted on the concrete. 

F ootings. 

a "idth of face of column or pedelltai. 
c projection of footing from fAOO of column or pedestal. 
r. permissible unit working slr_ in concrete o"er the loaded area of A 

pedelllal, pier nf fOOling. 
pa permiasible unit strea on pedlllltal, pier or footing when the full are", i. 

loaded. 
p' ratio of ellective area of compUflllive reinforcement to elJecti>'e area of 

concrete in compression. 
A total area of top of pedelllal, pier or footing. 
A' loaded area of pedestal, pier or footing at the column bue. 

SPAN LENGTH 

The span length, 1, of freely supported beams and slabs, is 
generally taken as the distance between ccntcrs 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 with supports, is taken as the clear distance 
between faces of supports. Where brackets, having a width not 
less than the width of the beam and making an angle of 45 degrees 
or more with the horizontal axis of a restrnined beam, are built to 
act integrally with the beam and support, the span should be 
measured from the section where thc 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 considered as adding to 
the effective depth of the beam. Maximum negative moments arc 
to be considered as existing at the ends of the span, as defined 
above. 
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REINFORCED CONCRETE BEAMS- FORMULAS 

Rectangular Beams, Reinforced (or Tension only, 

e_e · . 
~-,-
~-Ir·.1 . 

Balanced Re\nforoelD<'n~: 

Steel ratio, p - tl 

~[D;e+l] 

II< _ 1[2JJU. + JKI) " 

.. _! I<d , 
lIf _ r~d _ t.DJbd' 

M _ ~rel<jbd ' 

r "" M 
• - A&kI - pJbd ' r _~ _~ 

• Jkbd' k 

Tee Beams. Reinforced for Tenlion only. 

1>1 _ ftAakl 

Neutral a:daSn ftango-
(use fQrmuw to<' rectangular be .. "",) 

NouU"] ... lIs bel ... ~be nance, n('fl lecting 
comp......tOll In web. 

kd _ 2nd A. + I.>t> 
20 Aa +2bt 

s _,(3kd-2\) 
3 (2kd t ) 

r. _ !d_ren ( ~ 

Jd _(d- :r.) 

• r.M (kd - i t) Jd 
M _ kd 

r. _ l'>flI:d _~ 

btCkd - !eJ Jd 0(1 - 1< ) • 
Redanl'uitu' Beame. Reinforced (or Tension and Compreulon. 

Bond and Shear. 

RectanguLa.r n.m. 

'. _ 1.1 !!!J..!~ 
j)'J'OQt - k 

" nft(k- a ) f'._ k 

f 151\1 

• - bd' [3k-k '+~ (k f l (1 ~)J 

v 
• - 6ToI 

v 
• -6'J<l 

V'. 
T-W 



CONSTANT VALUES FOR RECTANGULAR BEAMS

BALANCED TENSION REINFORCEMENT 

n _ 15 

-1,1 " f1pj _ Wcki 
I. , , I ,; " --

I"A.b. FI~Lb. 1" ~Lb. }'t~Lb. 

600 lSOOO .00556 .3333 .888' .00494 .2963 16000 1333.3 88.89 7.WI 
20000 .00466 .3103 .8965 .00417 .2782 17930 1494.2 83.47 6.956 

650 lSOOO '<'063' .3514 .8829 .00560 .3102 15892 1324.3 100.82 8.401 
20000 .00533 .3277 .8908 .00474 .2919 17815 1484.6 94.88 7.906 

700 lSOOO .emu, .368' .8772 .00628 .3232 15789 1315.8 113.11 9.426 
20000 .00602 .3443 .8852 .00633 .3048 17705 1475.4 106.67 8.889 

750 lSOOO .00801 .384<l .8718 .00099 .3353 15692 1307.7 125.74 10.478 
20000 .00675 .3600 .8800 .00594 .3168 17600 1466.7 118.80 9.000 

800 lSOOO .0088' .4000 .8667 .00770 .3467 15000 1300.0 138.69 11.558 
20000 .00750 .3750 .8750 .00656 .3281 17500 1458.3 131.25 10.938 

Application of Tables. Rectangular beams reinforced for tension: 
i\l - f.A"jd - f.pjbd 2 

- ~ fckjbd2 - ~f.bd'(k- Uk'). 

f. - M -+- A.,id f. - 2pf,-f-k Ae - M-+fJd d - I/M-+-f,pjb 
k - ¥Zpn + (pn)2_pn p _ k i -+-2n(l _k) . 

In above table values are given for k, j, pj, kj, f.j, a nd f,pj 
%f.kj, corresponding to various unit stresses for steel and con
crete; while these values are strictly correct only for rectangular 
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 - Ys. 

In the three examplel!l. the tollo'll'lng values are ..... me(l: 
t. _ 1S,000 to _ 800 n _ 15 M _ 480.000IDCh_pound •• 

EXAMPLE L BalanoOO. reinforcement. concrete aDd lteel ltressed to tun capacity. 
From tabi08 tOT ,'alues ot 18,000 and 800: l,pJ _ 13S.69 r.J _ 15,600 P _ .00889. 

d _ yM + C,pJb _ Y480.000 + 13S.69xb; MSUmlngb _ 1Z. theDd _ 16.9Slnches. 
~ _ U + roJd _ 480.000 + (15.600 X 16.98) _ L81 8(1. In .• or 
~ - pbd _ .00889 X 12 X 16.9S _ 1.81 8(1.ID. 

Kx.o. .. PLC 2. Deptb. d. TOducOO. OODctete ,tressed to full capacity and lteel under-
IItre6SOd. Amrumlng depth d _ 16 incbl)Ol, thOD 

U _ ~tckJbd' _ JoSto lxi' (k - 'M<;') 1.1 + J.i ro bd' _ k - 'Ak' 
l\[ _ 480.000 _ J.i (800 X \2 X 16') (Ie: - 'Ak') k - \o)1t;. _ .3006 
k _ .4616 J _ (I - 'Ak) _ .8461 Jd _ 13.538Incbeo: 
p _ k ' + 2n (1 - k) _ .4616' + \2 X 15 (1 - .46161] _ .0132 
A., _ pbd _ .0132 X 12 X 16 _ 2.534 8(1. In. 
t. _ 1.1 + Aaj(. _ 13,992 11M. per 8(1. In. r~ _ 2 pc, + k _ 800 lb . pee' 8(1. In. 

EX .... PLJlS. Deptb, d. in~. lteel ,t..-l to ru ll capaclty and concrete under-
stroo,oed. AMumlB:j deptb. d _ lSlnchOll and value o r r.J _ 15,600, approximately: 

A. _ M + t,Jd _ 480,000 + (15,600 x I S) _ 1.709 8(1. In . 
P _ A., + bd _ 1.709 + (12 X I S) _ .00791 

k _ y2pn+(pn)' p n _ .3827 J _ (I _\o)kl _ .8724 Jd _U.703Incbos.. 
f. _ M + A,jd _ 17,S86 11M. per IQ. In. r. _ 2pf. + k _ 744 lbo!. per oq. In. 
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DEPTH OF BEAM OR SLAB 

The depth of the beam or slnb should be taken us the distance 
from the center line of tbe tensile reinforcement to tbe top surface 
of the structural slab. Any floor fini sh not placed monolithic with 
the floor slab should not be included as II. 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 unusual wear from trucking or other causes, 
there should be placed an additional depth of ~ inch over that 
used in the design of the member. 

POINT OF INFLECTION 

For the purpose of these regulations, the point of inBection in 
beams and slabs of equal spalls symmetrically loaded should be 
assumed to be located at the fifLh point of the !lpall ns defined under 
"Span Length." 

DISTANCE BETWEEN LATERAL SUPPORTS 

The clear distance between lateral supports of a beam should 
not exceed 32 times the least width of compression Bange. 

REQUIREMENTS FOR T- BEAMS 

1. In T-beam construction the slab should be built integrally 
with the beam. The effective flange 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 
thc weh should not exceed eight times the thickness of the slah 
nor one-half the clear distr.nce to the next beam. 

2. For beams having a flange on one side only, the effective 
overhanging Hange width should not exceed one-twclfth of the 
span length of the beam, nor six times the thickness of the slab, 
nor onc-haJ£ the clear distance to the next beam. 

3. Where the principal reinforcement in a slab which is con
sidcred us the Bange of a T-beam (not a rib in ribbed floors) is 
parallcl to the beam, transverse reinforcoment should be provided 
in the top of the slab. This reinforccment should be designed to 
carry the load on the portion of the slab assumed as the flange of 
the T -beam. The spacing of the bars should not exceed five limes 
the thickness of the flange, or in any case 18 inches. 

4. Provision should be made for the compressive stress at the 
support in continuous T-beam construction, care being taken to 



observe pl'oper spacing of bars. 1n no case should the area of stccl 
in compression at any c.oss-scctiOD adjacent to the support exceed 
2 per cent of the cross-sectional area of the stem of the beam in 
that section. 

5. The overhanging portion of the ft.ange of the 003.!U should 
not be considered as effective in computing the shear and diagonnl 
tension resistance of T-bcams. 

6. Isolated beams in which the T-form is used only for purpose 
of providing additional compression area, should have a fiange 
thickneSs not less than one-half the width of the web and a t.otal 
flange ,ddth not more than four times the web thickness. 

PLACING REINFORCEMENT 

The minimum center to center distance between parallcl bars 
should be 2Vz times the diameter for round bars or 3 times the 
side dimension for square bars. If the ends of bars are especially 
anchored, the ccnter to center spacing may be made equul to 2 
diameters for round bars or to 2}t2 times the side dimension for 
square bars, but in no case should the clear spacing between bal'!! 
be less than 1 inch nor less than 1 ~ 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 one diameter nor 
less than 1 inch. 

PROTECTIVE COVERING OF CONCRETE FOR 
REIKFORCEME -T 

1. At thosc surfaccs of footings and other principal structural 
members in which thc concrctc is deposited directly against the 
ground, metal reinforcement should have a minimum covering of 
3 inches of concrete. At other surfaces of concrete exposed to thc 
ground or weather, metal reinforcement should be protected by 
not less than 2 inches of concrete. 

2. In fire-resistivc construction, mctal reinforcement should be 
protected by not less than 1 inch of concrete in slabs and walls, and 
not less than 1}t2 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 tmp rock. When 
impracticable to obtain aggregate of this grade, the protective 
covering should be ~ inch thicker and should be reinforced with 
metal mesh having open ings not exceeding 3 inches placed 1 inch 
from the finished surface. In similar structures where the fire 
hazard is limited, the metal reinforcement should not be placed 
ncarer the exposed sudace than ~ inch in slabs and walls, or 
1 inch in beams, girders, and columns. 
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3. Cement or gypsum plaster, %" inch or more in thickness (on 
metal la.th weighing not less than 2}2 pounds per square yard 
when used vert ically, nor lese than 3 pounds per square yard when 
used horizontally), may be substituted for a part of the protective 
covcring of concrete, provided that only h",o-thirds of the thickness 
of the pbster be considered effective. The concrete protection 
shodd in no Ctl8C be reduced to less than % inch. 

BENDING MOMENTS 

1. Beams and slabs of equal spans freely su pported or built to 
nct integrally with beams, girders, or other slightl y restraining 
supports and carrying uniformly distributed loads, shall be designed 
for the following moments at critical sections: 

(n.) Beams and slabs of onc span: 
(I) Maximum positiVIll moment near center, M _ wt . 

(b) Beams and slabs continuous for two spans only: 

(1) Maximum positive moment near cwter, M .. ~~ , 

wI' (2) Necative moment over interior support, M .. _ , _ . 

(c) Beams and slabs continuous for more than two spans: 

(1) Maximum positive moment near cwter 
al.ld negati"e moment at aupport of 
interior .pans, M .. ",1' 

12 • 

(2) Maximum positive moment near cwten 
of end.p&ra and negative moment at tint 
interior IUpport, M .. ...:!l.~_. 

10 

(d) Negative moment at end supports for cases, Ca), (b), (e) , 
.1' 101 .. not 1- than 16' 

2, Beams and slabs, built into brick or masonry walls in a 
manner which develops partial end restraint, shall be designed for 
a negative moment at the support of 

3. Beams and slabs of equal spans freely supported and assumed 
to carry unirormly dist ributed loads, shall be designcd for the 
momenta specified in paragraph I, except that no reinforcement 
for negative moment need be provided at end supports where 
effective measures are taken to prevent end restraint. 



4. Beams and slabs of equal span built to act integrally with 
columns, walls, or other restraining supports and assumed to carry 
uniformly distributed loads, shall (except as provided in paragraph 
(1) be designed for the following moment-s at critical sections: 

(0) Interior spans: 
(1) Negath'e moment at interior 

except. the tim, 
luppora 

(2) Muimum poeitivlI moment near centers 

./' " ----12 

or interior .pans, M _ .. /1 . 
16 

(b) End spans of continuous beams and beams of one span in 
which III is less than twice the sum of the values of 1/b· 
for the exterior columns, above and below, which are built 
into tbe beams: 

(0) 

(1) Maximum poe:iti\'1!! Dlomeot Dear eenw 
of span and negath'e moment at lim. 

interior IUPporte, M _ ... 1' • 
12 

(2) Negative moment at exterior ~pporta, ./' M _ __ _ 

12 

End spans of continuous beams, and beams of one span, 
in which II I is equal to or greater than twice the sum of 
tbe values of li b for the exterior columns, above and 
below, whicb are built into the beams : 
(1) r.b.ximum positive moment near center 

of IJP&n and negative moment at lint. 
int.erior IUpporl, 

(2) Negative moment at exterior IUpporl, 

. /' >1 _ __ _ 

10 

./' M ___ _ 

I6 

5. Continuous beams with unequal spnns, or with other than 
uniformly distributed loading, whether freely supported or 
restrained, shall be designed for the actual moments under the 
conditions of loading and restraint. 

Provision shall be made where necessary for negative moment 
nenr the center of short spans which are adjacent to long spans. 
and for the negative moment at the end supports, if restrained. 
'"b. _ tmiUpported l«Isth of oolumD. 
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SHEAR AND DIAGONAL T ENSION 

A beam transversely loaded is subjected to an external shearing 
force producing secondary stresses, principally due to horizontal 
shear which may cnuse 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 
formultl. exceeds the unit shearing stress, V o, 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. I n tile and joist construction, b may 
be taken as a width equal to the thickness of the concrete web 
ptus the thickness of the vertical webs of the concrete or clay tile 
in contact with the joist. 

2. Web reinforcement may consist of: 
Il. Vertical stirrups or web reinforcing bars. 
b. I nclined stirrups or web reinforcing bars forming an angle 

of 30 degrees or more with the axis of t he 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 com puted by 
the fo rmula V'. 

A., = 
14,000d 

Whore the shearing stress is not greater than O.06f'c t he distance 
s bet ween t wo successive sti rrups measured perpendicular to t he 
direction of the stirrup should not exceed ~ d, and where unit 
shearing stress exceeds 0.06f'., t he distance should not be greater 
than % d. 

4. Where there is a series of parallel bent-up bars at varyi ng 
distances from the support, they should be considered as inclined 
stirrups and the a rea 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 SiD a 

V' should not exceed 0.035f'c bd and a should not be less t han 15 
degrees. Only t he center thrce·fourths of the inclined portion of such 
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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 ~d 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 arc used in 
conjunction, tbe total shearing resistance of the beam should be 
assumed as the sum of the shearing resistances computed for the 
various types separately. In such computat.ions tbe shearing 
resistance of the concrete should be included only once. 

BOND AND ANCHORAGE 

L Where bar reinforcement is used to resist tensile stresses 
dcvoloped by beam action, the bond stress should be taken as not 
less than that computed by the formula 

V 8 V 
lojd 710d 

For continuous or restrained members, the critical section for 
bond for the positive reinforcement should be assumed to ~ 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 at the outer ends of freely sup-
ported end spans of continuous beams, the critical scction for bond 
should be assumed to be at the face of the support. 

Bent-up longitudi nal bars which, at the critical section, are 
within a distance % d from horizontal reinforcement under con
sideration may be included with the straight bars in computing 
10. 

2. Tensile negative reinforcement in any span of a continuous, 
restrained, or cantilever beam, or in any member of a rigid rrame, 
should hM"e a length of anchorage beyond the face of the supporting 
member sufficient to develop the full maximum tension at an 
average bond stress not greater than 0.04.£'" fo r plain bars, or 
0.05f'0 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 80 extended should be bent down at an angle of 
not more than 45 degrees with the axis of the member and made 
continuous with the positive reinforcement or anchored in a region 
of com pression. 

Of the positive reinforcement in continuous beams, not less than 
one-fourth the area should extend at the same fnce of the beam into 
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the support to provide an embedment of ten or more bar diameters 
beyond the face of the support. 

For non-continuous beams not less than one-half the area of 
positive rclnforccment should extend at the same face of the beam 
into the support to provide an embedment of tcn or more bar 
diameters. 

3. Web bars should be anchored at both ends by one of the 
following methods: 

a. l>roviding continuity with the longitudinal reinforcement.. 
b. Bending around the longitudinal bar. 
c. A semi-circular hook which bas 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 %0 of the depth of the beam will meet these requirements. 

The end anchorage of a web member not in bearing on the 
longitudinal reinforcement should be such as to engage an a.mount 
of concret.e sufficient to prevent the bar from pulling out. In aU 
cases the stirrup should be carried as close t.o the upper and lower 
surfaces as fireproofing requirements permit. 

SHRINKAGE AND TEMPERATURE REINFORCEMENT 

Reinforcement for shrinkage and temperature stresses normal to 
the principal reinforcement should be provided in floor and 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 a.rea, but in no case 
should such reinforcing bars be placed farther a.part than five 
times the slab t hickness nor more than 18 inches: 

Floor slabs where plain bars are used ............. 0.0025 
Floor slabs where deformed bars are used ......... 0.002 
Floor slabs where wire fabric is used, having welded 

interacctions not farther apart in the direction of 
stress than 12 inches ......................... 0.0018 

Roof slabs where plain bars are used ............. 0.003 
Roof slabs where deformed bars arc used .......... 0.0025 
Roof slabs where wire fabric is used, having welded 

intersections not farther apart in the direction of 
stress than 12 inches.......... . ........... 0.0022 



FLOOR SLABS 

Reinforcement may be of small rods, \\;res or metal fabric, the 
latter especially on short spans. Cross reinforcement of small rods 
or wires about 2 foot apart laid parallel to the beam supporting the 
slab should be used to prevent cracks, l!hrinknge, etc. If the length 
of the slab exceeds 1~ times its width, the entire load should be 
carried by transverse reinforcement. For rectangular slabs, the 
length of which does not exceed 1~ times the width and which 
arc supported on four sides and reinforced in both directions, the 
proportion of the load assumed to be supported in the short 
direction 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 the load is nssumed 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 reinforcement of 
the slab is parallel to the beam, transverse reinforcement, extending 
over the beam and well into the slab, should be used. 

COLUMNS 

1. Unless designed 9.8 long columns (see paragraph 6), reinforced 
concrete columns should not be longer than eleven times the least 
lateral dimension. Principal columns in buildings should have a 
minimum diameter or thickneBB of 12 inches. Posts that are not 
continuous from story to story shall have a minimum diameter or 
thickness of 6 incbes. 

2. The unsupported length of reinforced concrete columns 
should be taken as: 

a. In Hat-s.lab construction, the clear distance between the 
800r and under side of the capital. 

b. In beam~and slab construction, the clear distance between 
the Hoor and the under side of the shallowest beam 
framing into the column at the next higher Roor level. 

c. In 800r construction with beams in one direction only, 
the clear distance between floor slabs. 

d. In columns supported laterally by struts or beams only, 
the clear distance between consecutive pairs (or groups) 
of struts or beams, provided that, to be considered all 
adequate support, two such struts or beams shall meet 
the column at approximately the same level, and the 
angle between the two planes formed by the a.xis of the 
column and the axis of each strut respectively is not le9S 
than 75 degrees nor more than 105 degrees. 
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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 brack~t is at least equal to that of the beam and 
not less than one-half that of the column. 

3. The permissible axial load on columns, reinforced with 
longitudinal bars and closely spaced spirals enclosing a circular 
core, should not be greater than that determined by the formula 

p ~ Ao [1 + (n - 1) pJ f. 
in which A~ is the area within t!:le outer circumference of the 
spiral hooping and the values of fe are as given in Table 8, or as 
may be found for intermediate values of p by interpolation or, 
in general, by the formula 

fe = [30) + (0.10 + 4p) (.]. 

The longitudinal reinforcement should consist of at least six 
bars of minimum diameter of 7'2 inch and of an effective cross
sectional area not lcss than 0.01, nor more than 0.06 of that of 
the core. The number of longitudinal bars conccntrated in the 
ring at the periphery of the core should be governcd by the spacing 
requirements. If all the bars cannot be placed at the periphery of 
the core, the bars within shall be stayed at intervals of 24 inches 
and shall not be nearer to the outer ring than 0.2 of the core 
diameter. When the ratio of rcinforcement in a spirally reinforced 
column is greater than 0.04, special placing 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 
dia.melcrs for plain bars. 

The ratio of the spiral reinforcement should be not lcss thaI'! 
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 all spirals and at points of splice, the outside 
diameter should be maintained. The spacing of the spirals should 
not be greater t han one-aixth of the diameter of the core and in no 
ct18C 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 17'2 inches. 

4. The permissible axial load on columns reinforced with 
longitudinal bars and separate lateral tics should not be greater 
than that determined by formula 

P = 0.225('0 A. [1 + (n - 1) pl, 
where A. = gross area of t ied columns With lateral ties. 



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 area 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 J4 inch in diameter spaced not 
morc than 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 in any case. 

5. The bending moments in interior and exterior columns 
should be determined on the basis of loading conditions :lIld end 
restraint, and should be provided for in the design. 

In flo.t-slo.b construction, the least dimension of the column 
should be not Icss than one-fifteenth of the avcrage center to center 
span, nor less than 16 inches. For known ecccntric loads or unequal 
spacing of columns, computations of moments should be made 
accordingly. Wall columns in flat-slab construction should be 
designcd to resist a bending momcnt of Wl/35. Any countcr 
momcnt due to the weight of the structure that projects beyond the 
column eentcr line may be deducted from the moment computed as 
just described. Resistance to the bending moments should be 
divided between the columns immediately above and below in 
direct proportion to the values of their ratios of 1/h. 

The recognized methods should be followed ill 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:> should be as 
follows: 

n. Columns with spiral reinforcement, 
[300 + (0.10 + 4p) f'.1 + 0.15f', 

b. Columns with lateral tics, O.3f'$' The total amount of 
reinforcement considcred in the computations should not 
be morc than 4 per cent of the total area of thc column. 

c. Tension in longitudinal reinforcement due to bending on 
the column should not exceed 16,000 pounds per square 
inch. 

Whel'c the allowable unitstress in columns is increased (to provide 
for combined axial load and bending) and wind loads arc also addcd, 
the total should still be within the allowable values for wind loads. 
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6. The permissible working load on the core in axially loaded 
spiral or composite columns, which have 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 100 r 

T he permissible working load on axially-loaded tied columns, 
which have Ii 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 

P' h 
-- = 1.33 - --. 

P 120 r 

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 toW ..te .. ri"lload on column ",hOll8 length doee not exceed 11 timea 
it. lea.t croe&-ll'!CtionaJ dimen»oD. 

P' total we ui .. lload on loag eolulIID. 
h unaupported lel\(th of column. 
r lewt radiUl of I)'ration of a lection. 

FOOTINGS 

Loada. Footings resting directly on soil or on piles shall be 
proportioned a.s to area or number of piles on the ba.sis of the t-otal 
column load plus the weight of the footing. For computations of 
momenta 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. 

Sloped or Stepped Footinp. Footings in which the thickness has 
been detennined 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 thickness 
of the footing above the reinforcement at the edge shall not be 
less than 6 inches for foot ings on soil, nor less than 12 inches for 
footings 00 pilcs. These footings shall be ca.st as a unit. 

Bending in Footings . The critical section for bending when foot
ing supporta a concrct-c 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. 



The bending moment at the critical section in Ii square footing 
supporting a concentric square column, is computed from the load 
on the trapezoid bounded by one face of the 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 center of gravity. The bending moment 
is expressed by the Connula 

w 
1\1 = """'2 (&. + 1.2c) c' 

For a round or octagonal column, the distance a shall be laken 
as equal to the side of a square of an area equal to the area enclosed 
within the perimeter of the column. 

Transfer of Stress at Base of Column. The compressive stress in 
longitudinal reinforcement at the base of II. column shall be 
transferred to the pedestal or footing by dowels. There shall be 
at Icast one dowel for each column bar, and the total sectional 
area of the dowels shall not be lcss than the sectional area of the 
longitudinal reinforccment in the column. The dowels shall extend 
into the column and into the pedestal or footing not less than 30 
diametcrs of the dowel bars for plain bars, or 24 diameters for 
deformed bars. 

The permissible compressive unit stress on top of the pedestal 
or footing directly under the column shall not be greater than t hat 
determined by formula 

'fA r. - p. "V71 
The value of p. shall not exceed 0.25 f'. fo r plain concrete. 

When lateral reinforccment 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 
outer 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 computed by above formula shall not be taken 
as greatcr than the load computed, using II. stress equal to P., on 
the gross area of the pedestal, pier, or footing at a point below 
special rf'inforcing provided at the top. 

Whcre 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 entirely within the top of the pedestal, pier, or 
footing. 
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Where lateral reinforcement is provided to increase the 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 area shall lie at the center of tbe spiml 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 four spacers securely fnslencd 
to each spiral turn or hoop. The ratio of lateral reinforcement shaH 
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 
the largest frustum of a pyramid or cone contained wholly within 
the footing, having for its upper base the loaded area A', with side 
slopes of 1 vertical to 2 horizontal. 

Pedestal' without Reinforcement. The allowable compressive unit 
stress on the gross area of a concentrically loaded pedestal or on 
the minimum area. of a pedestal footing shall not exceed 0.25f'e, 
unl('ss reinforcement is provided and the member designed as a 
reinforced~concrete column. 

The depth of a pedestal or pedestal footing shall not be greater 
than three times its 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 diameter 
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 inchcs above the top of 
the piles. 

E:w.:planaUon of Tables. ReinfOl'ced Concrete Slabs: The tables on 
page 414 are based 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 wire reinforcement 
(see lower table). The elasticity ratio, n _ 15. 

Thc first column gives the total thickness of slab, the second, 
the distance from the center of the steel to the top of slab, and 
the third, the approximate weight of slabs one foot square. 

EXAM .... I:: Find the relntoroement for ,,~I .. b 5 Inches thick continuous at botb endtl 
t.o carT)' .. IJUperim~ load or 150 POUDM per IQU6I'O root over a clear 1p;'U1 or 8 root. 

From tho table. tlto weight or a 5-lucll ~Ia.o Is found t.o be O:U; pOund. per lQua.rc roo~ 
and too t.otaJ welgbt. W. tor a span or 8 toot II (6~.5 + 100) x S _ 1,700 pound ... 

lot _ WL + 12 _ (1.700 X 8) + 12 _ 1.133 root--pounds. 

For medium Ilructural ltool ba .... the required area. from upper table. pagO 414 
.... by In(erpolatloo. 0 .21 lQua.tO InchOi: tbe . izA.lfI may be taken rrom p;ljj:e 116. 

For Irlanslo mOllh. lIlO lteel area l"t'Qulred by loW"Cl" table. page 414. II. by IllterpOla
tioo. 0.188 lQuare Inehel. requiring by table. VI'IfO 415. triangle mOlih .tyle number 208. 
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WORKING STRESSES-TABLE 8 

The allowable unit stresses in concrete in pounds per square inch on the 
concrete to be used in the design shall not exceed the following values, where 
fl. equ3Js the minimum ultimate strength at 28 days. 

ALLOWABLE UNIT 8TRBSS~,---____ _ 

For &IIJ' lllreqtb Whoe &tqtb 01 CODo:rN 10 rued "" 1M 
oI~. W 
FUe:! b:r Tell .~t Rallo M, .... r-'-'-__ _ 
(W~ &.110) r. _ 2,OOOlbo. ' f'._ 3,6OO1bt.. ". _ "000 1'-. 

DE!3CRlPTION' 

._-'-'.- . _ 15 __ 12 a _ IO 

FJuun, I t: 
E::rtrcmo unit Itrea In compress:lQII, 

r. ... .. .. . . . .. ..... . ... . 
EJ:tl"\lme unit Itl"Cllll In oompresslon 

adJaceM 1.0 IJIIPport.e: at OOD:itIO. 
C:'t~~.~~ .. ~.~ ..... 

8 ... . ... : 
BoallUl with no wob rolnforoemon 

and without special ancbor&g:o of 
longitudinal SUl('I, v •. ........ 

Beams with no .reb reinforcement. 
but with special ane~ of 
kmgltudlnal st.ooI, ve ........ . 

Beams with proper!,): doodgncd tr(!b 
rolntorcomont, but without 
spoel.n.l a.nehoragu of IongitudlnaJ 
steel. v. . . . . . . . .. . . . . ... .. . 

BeaIIUl with properly dNlgned web 
relnron:emen~ and with ~ &ne1\Qrag(l of longitudlnallJteel. 

F1a~ ~ at dlat&n.ce d from 
of column cap or drop panel, v~. 

Footlnp where longitudinal 
have no 81100iai anchorage. v"1. 

Footing. wh.er"'lI \ongltudlnaJ 
have ~1a1 a.nchorap. vc .... .• 

Bond ... : 
In ~ and ,tat. and one-... ay 

foo~rnhanJ. u .............• 
Deformed banJo u..... . .. . 

In two-"'ay fooUllp; 
!'Ialn bat>J. u .....•.... 
Deformed bani, U 

(Where spectaJ. anchorage Is 
provided th_ val\lf!8 III 
bond may be Increued.) ~ 

n....lnr, f~: 
Whero n eoncrete mumbor hM a 

=\:II~' }~~~ .~~~~ .. t.II.O .. ~. ~ . 
""lal Com_Ion, f~: 

In ooIumllll with 1a.K>ral tlw. f •.. 
- In columns with conUnUQUI: Iplra.1s 

RIolio of 10nlfilpdhu.1 g.~ 
'""~'" .. ,,~"" -1'Of 

r-elnfor<-elllellt, II - O:()'I .. '" '.00 

0.40f'". 

0.45!'. 

0.02!'. 

O.oo!'. 

o.oor. 

O.oor. 
o.oor. 
0.02r. 

o.oor. 

O.O<ir. 
0.05f'. 

0.031'1 
0.037 f'". 

0.25r. 

0.2"25(', 

300 + 0.14r. 
:100 + O.llIr. 
300 + 0.22r. 
300 + o 26r. 
300 + 0.30f'". 
300 + O.34r. 

800 

900 

.. 
eo 

". 
". 
60 

•• 
60 

so 
'00 
60 

" 

.'" 
'"" .... ". 
'''' 900 ."" 

'"00 

1125 

". 
'" 
" 
'" 
" 
, .. 
125 

" .. 
'" 

"'. 'oo 'oo .oo 
'"'" "'" 

'''''' 
,,,. 

eo 

00 

,so 

". .. 
•• 
00 

'''' '''' 
00 

'" 

'oo 

"" . .. 
"" .. "" '''''' "'" 

-Unit Itr_ln spirally relnforcod columllll ... 300 + (0.10 + 41) f'"e. 
SI)lra.1 rclnforccmont Illouid not be t_ than one-fourth the loqltudlnal. 
The following alIowahle u.n.It ~~ in rclnlorclna: aleel shOUld DO~ be e:rcooded: 

Ten.io.: 
Int('rUllldiateiP'de billet. steel, f •..•....•••...•.• 
nail steel barS. r. .. . ........................ . 
Web reinr~ment. f .......................... . 
Structural steel .ha].)f'll, f •...................... 
Other noel rclnforcement 50 per tent of the yield 

POIM stress, but not to osooed, f •.•... ...•.••. 
c._~.: 

0 ............................ ...... ....... . 
Struclural SteellleCtion In com~1e columna .. . 
Cast Iron ~Ion In com~te columIUl ...... . 

= 20,000 POU1lds per IKJuaro loeh 
_ 20.000 pounds per k)ua.re Inch 
_ 16.000 pounds per lKJuare Inch 
_ 18,000 pounds p<J~ IKJU.Ilr"O Inch 

_ 20,000 pounds per lKJua.re Inch 

- nre _ 15.000 J)OI1nds per lKJua", Inch 
_ 9.000 pounds per k)uaro Inch 
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REINF"ORCED CONCRETE SLABS 
Bending Moments I" Foot-Pounds per Foot of Width 

Allowable Unit Stress: Steel, 18,000 and Concrete ~ Poun..!!!~r Sq. Inch,:..,.." = 15 

1173 

I I 
I 
I 

Allowable Unit Stren : St .. I, 20,000 and Concrete 800 Pounds per Sq . Inch. n _ 15 . ... TRIANGL.E MESH REINFORCEMENT 

""". "'~ w ..... ..... 01' SI MI R .. "'OR .......... SqIlW_ Indo .. p« Foot 01' W1d1h 
II ... 

"'" .- ...... 
.04 .06 .01 .1G .12 .14 .16 .18 .20 .25 .30 .35 .40 .45 .SO ,. ... " ... 

~ 2J> l ji 31.2. 108 160 211 261 311 36 42 434 .64 
3 2)( 37.50 140 208 274 340 •• '" 53 ::: ~, n1 75 
3J> 2U 43.75 173 256 338 .19 •• 57 '; 996 ,,~ 1101 

• 3)( SO.OO 205 304 402 ." I: ::: 87 96 i;foi ~ 146 1531 

' J> 3~ 56.25 237 352 'SO '78 . SOl 101 t12l 1389 "51 I!.!!! 19~ 202 

• • 62.50 .. .. 377 .98 618 73 854 971 "8' ''''' '''' 1767~~ 2256 2331 

' J> . J> 68.75 ... '" 582 ." 83 ,~ 109 1221 135 "8' 20002~262 ~ 284. 
8 , 7>00 .. .. .. 52. 778 " 122. 1m 151 1878 22~ 2 293 ~ 3396 
8J> ' J> 81.25 .... . . .. 691 858 "24 "" "51 151 167 2074 24~ "" 32. 362 3984 
7 • 87.50 .. . . . . . . 939 ~:~ :: 14" Ii' '''' 

2271 2704 3131 l55 397 ~ 
7» ' )( 93.75 . . . . " .. 978 11 : ~~ 1m 191 236 2821 326 3711 ." 04587 
8 ' ji 100.00 " .. .. . , 1254 1~" 

"" 2~~ 
256 ~~ 354 402 450 4973 

8» 7)( 106.25 .. . .... 1361 :::< I:: 201 2231 27" 3294 381 433 "" 5361 
9 7» 112.SO .. 208 2311 2884 341 395 449: "" '55' 
8» 8 118.75 '" 1991 2231247 I;: 36~ 423 48Q '''' 59" 
" 8~ 125.00 . 212 2376j 2631 3884 450~ 5121 57J ,633' 

Loa.ds above tho hoa.v)' linN ~ DU.lI:imum loadt tor the O(>OCl'ete. 
Low 0010" the heavy !IaN ~ mulmum 10a.d8 tor tile s t.ool. 
8e(I P3&8 412 tor O$plana~loD ot tabl(lll. 
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TRIANGLE MESH CONCRETE REINFORCEMENT 

Triangle Mesh is a woven fabric of cold drawD steel wire, providing 
a continuous reinforcement, an even distribution of metal and a. perfect. 
bond. 

Made with both single and stranded tension members in lengths up to 
300 feet nnd in widths up to 56 inches. 

TRIANGLE MESH - STYLES, AREAS, AND WEIGHTS 

LMtII\ldlNOI Wi .. Trlantl. Meoh 
Triarltlt M .... ..,.. " .... ...... - , .... TItII "' .. 

_w_ 
'"""" • A. s. .. w. Co. ,. r. fit WldttI, ,. rOOl of WlcktI. ,.loas..~ ...... ...... ~ -.,- ""tlrdl. ....... 

03' 1 No. 12 .026 .03' 22 
040 1 .. 11 .034 .040 25 
049 1 .. 10 .043 .049 28 
058 1 .. 9 .052 .058 32 
068 1 .. 8 .062 .068 35 
080 1 .. 7 .074 .080 '" 093 1 .. 8 .087 .093 45 
107 1 • .101 .107 50 
128 1 .. 4 .120 .128 57 
148 .. 3 .140 .146 ... 
153 W .147 . 153 68 
168 No. , .162 .168 74 
180 , .. 8 .174 .180 78 
208 , .. • .202 .208 89 
24. , .. 4 .23' .245 103 
287 3 .. 8 .281 .287 111 
287 3 .. ' )1 .281 .287 119 
309 3 .. • .303 .3011 128 
338 3 .. 4)1 .330 .338 138 
385 3 .. 4 .359 .365 14' 
3'" 3 .. 3)1 .389 " . 160 

Lent"th ot Rolli: 150.200 &lid aoo feet,. 
Width or Rolu.; 1(1,20, 24, 28, 32, 3G, 40. "'"' . fl. 52 aDd .sa In.cm.. approsJmatdy. 
1'11&0«111 :o.fOlh ~ furnished either with or .. Ithou' plvanlslJlc: UII._ olJlenor'-e .pedtled ma.UriaI 

1rill be mlpped not lalv.nbed. 
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AMERICAN ELECTRICALLY WELDED FABRIC 
REINFORCEMENT 

AMERICAN STEEL AND WIRE COllPA?"Y 

American Electrically Welded Fabric is a square or rectangular 
mesh made from cold-drawn steel wire electrically welded nt 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 advisable 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. 

EX .... PLJ:: For No.6 O!l.llO longitudinal .. Ires spaced 4 InchOi !l.Dd No. 10 Gag.;, 
lranSVll1'110 .. Ires 8paclld 12lnchOl, tho 'pOClOcatiolUl should road: 

Amorlcan Welded Fabric, of" '" 12" mesh, No.6", No. 10 ... ·lres. 

Widths. Widths arc multiplcs of the spacing of longitudinal 
wires up to a maximum width which varies with the size and 
spacing of the longitudinnls. Approximate maximums: .56 to 72 
inchcs for 2-inch spacing, 84 to 120 inchcs for 3-or 4-inch spacing, 
and 96 to 126 inches for 6-inch spacing. 

All widths are measurcd center to center of selvagc longitudinals. 

The transverse wires extend 1 inch beyond the outside longi
tudinal wires. Square footage or square yardage will be figurcd 
exclusive of these projections. An extra charge is made for widths 
narrower than 40 inchcs. 

Length-Rolls. Styles having longitudinals No. 3 gage or 
smaller are made regularly in standard lengths 150, 200 and 300 
feel. Flat sheets can be furnished when desired. Stylcs having 
longitudinals larger than No. 0 gage, made regularly in straightened 
and cut sheets only. . 

Width and length of rolls should be shown; if rolls are ordered 
without stating any preference as to widths or lengths, the total 
number of squ are feet should be specified with the statement that 
any standard width and length of rolls will be satisfactory, 

Weight&. All weights of styles shown on following page are 
bued on a width of 60 inchcs measured from center to ccnter of 
the outside or selvage longitudinal wires. 
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AMERICAN ELECTRICALLY WELDED FABRIC 
REINFORCEMENT 

Am • • l~" St" 1 .nd WI ... Compo,,), 

$paeing of Wk. , American StMl & Wort Co. Sectional A ••. W";F!. 

'''''. $Ite! Wir. Oage N....m.r SQu • • IneII", 1* FOOl ..... .. 
Lonllitudinlol ,-- longitudinal T ...... _ Lon g;t\III"'l T ...... _ "' ..... ,~ , 

2 16 1 7 ,In .018 139 
2 16 2 8 .325 .015 119 
2 16 3 8 ,280 .015 104 
2 16 4 • ,23' .013 89 

3 16 2 8 .216 .016 83 
2 16 , 10 ,202 .011 75 
3 16 3 8 .187 .015 72 
2 16 6 10 .174 .011 65 

3 16 4 • .159 .013 61 
4 16 3 8 .140 .015 56 
3 16 , 10 ,135 .011 52 
4 16 4 • .120 .013 48 

3 16 6 10 .116 .011 45 
4 16 , 10 .101 .011 40 
3 16 7 11 .098 .009 38 
4 16 6 10 .087 .011 , 35 

3 16 8 12 .082 .007 32 
4 

I 
16 7 11 .074 .009 30 

4 12 8 12 .062 .009 26 
4 12 9 12 .052 .009 22 

4 12 10 12 .043 .009 19 
4 12 , 12 12 .026 .009 13 
6 

I 
12 0 6 .148 .029 65 • 12 2 2 .108 .054 " 6 12 3 3 .093 .047 51 

6 12 4 4 .080 .040 44 
6 12 , , .067 .034 

I 
37 

6 12 6 6 .058 .029 32 

6 12 7 7 .04' .02' 27 
6 6 3 3 .093 .093 " 6 6 4 4 .080 .080 58 
6 

I 
6 , , .067 ,067 49 , 

6 6 6 6 .058 .058 - 42 
6 6 7 7 .04' .049 36 
6 6 , , .041 ,041 30 , 6 , 9 .035 ,035 25 

6 6 10 10 .029 .029 21 
4 4 4 4 .120 .120 ~ 85 
4 4 6 6 .087 ,087 62 
4 4 8 8 .062 ,062 44 

4 4 10 10 .043 ,043 31 
4 4 12 12 .026 ,026 19 
4 4 14 14 .015 .015 11 
3 3 10 10 .057 .057 41 

2 2 10 10 .086 ,086 60 
2 2 12 12 .052 .052 37 
2 2 14 14 I .030 .030 21 
2 2 16 16 .018 .01 8 13 
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ROOFS AND ROOF WADS 

The design of roofs and the selection of suitable roofing materials 
depend on the character of the building, whether monumental, 
public, residence, mill or shoPi permanent or temporary; geo
graphical location as regards allowance for snow and wind loads, 
and also availability of materials and familiarity of workmen with 
the construction; atmospheric conditions as concerns presence of 
industrial 01' 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 betw"cn points of support; type 
and pitch of roof, whether self-supporting on wide spans or 
requiring the use of sheathing, and whether materials can be laid 
safely on steep surfaces. 

A good roof on a permanent structure should be fireproof from 
within as well as without, made of refractory materials supported 
by equally fireproof framing. It should last without repair as long 
88 the building stands without rcpair. Its maintenance cost should 
be low and its materials purchfl8cd on the probable life and service 
of the structure. 

Sno" Loads. The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slope 
of the roof. Where snow is likely to occur, the minimum load per 
horizontal square foot of roof should be taken at 25 pounds for all 
slopes up to 20 degrees, this load to be reduced one pound for e!l.ch 
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 accordnnoo ",.jth actual conditions. Regard should also 
be given to the possibility of partial snow load with local ronccn
tralion. 

Wind Loack. These vary also with the geographical location and 
the slope of the roof and, when not fixed by building laws, are 
usually taken as acting horizontally at 40 pounds per square foot 
on vertical surfaces of the most exposed structures, and 30 pounds 
on less cxposed structures. On inclined surfaces only the normal 
components of the wind pressure need be considered. The follo".jng 
normal pressures are based on the formula. given by Duchemin: 

P -PI 1 ::!rn~a ,where PI is the direct horizontal pressure assumed 

at 30 pounds per square foot on the vertical surface and P the 
normal pressure on a unit of surface, sloping at angle a with the 
horizontal. 



NORMAL WIND PRESSURE, IN POUNDS PER SQUARE FOOT --... --.. ....... re -,>0,. .... Slope "." gOo,. ,.,. Slope "" .' SQ.. Foot. " 
Sq. Foot, 

" 
Sq. Foot, 

" 
Sq. Foot. 

Pounct. Pounds Pound. 
_do 

5 5.19 20 18.31 35 25.90 50 28.97 
IO 10.11 25 2Uil 4() 27.29 " 29.41 
15 14.55 30 24.00 " 28.28 60 29.69 

For pressures other than 30 pounds per square foot, the vaiues 
given above change in proportion. For slopes over 60 0 the values 
llSSumcd for horizontal pressure are applied. 

Combined Roof Loads. In climates corresponding to that of 
Pittsburgh, and where the roof loads Ilrc 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 s~ow loads combined. 

Roor Covering 

Gu.\·tI or jon boarda, flat slope, 1 to 6 orlelll . ................. . . 
Compo.eition on boar<h, steep IIlope, more than 1 to 6 .. , ....•.•..... 
R006ng on 3-inch fllLt tile or cinder concrete ...........•....... 
Conulaled MteeliD~ on boardlJ or purlins ................. .. ...... . 

Jon boardll or purlins ................ , .............••...... . 
Slate Ion 3-inch fiat tile or cinder cone rete ................. • ...... . 
Tile on .teel purlins. .. .. .. .. .. . .. .. . .........••....... 
G1As8............... .... . .............................. . 

Root Lood 

'" So.\IanI Foot. 
Pounds 

50 · 

" 60 
4() 

50 .. 
" " 

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 e. total live and dead load less than 
40 pounds per square foot. 

Roof Covering. As stated above, suitable protection of e. building 
against rain, snow, etc., depends on the character and location 
of the building, and the slope or pitch of the roo£. Tin, tar, gravel, 
asphalt roofings and similar compositions are used for flat roofs; 
slate, tiles, and tin are used for slant roofs of public buildings and 
residences, shingles for smaller dwelling houses, and corrugated 
shceting for shops and warehouses. Slate, tile, tin, or shinglcs are 
usually attached to a. layer of planking, called sheathing, which is 
supported ci ther by rafters, or else placcd directly on the roof purlins. 

... 
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ApPROXIMATE \YEIOHT OF ROO)"ING ~{ATERIAL 

Copper, No. 22 n. & S. Gage ................................. . 
·Corrugated galv&uiled iron, No. 20 O. S. O. . ................ . 
·Corrugated galvanized iron, No. 22 G. S. G ....... .. ..... • _ ...... . 

Felt, Zlayen ..... ............... . ' .. .. ...................•... 
Felt a.ud .. pbalt or coal-tar. .. .. . . .................... . 
Glaae, ,l.i inch thick .. ......... " ............................. . 
Lath IUld plaster ceiling ....... .... ............................. . 
te.d, J1 incb thick. .. . .. ... . .......... ..... ..... . 
8heathing, hemlock, 1 inch thick ............ . 
Sheathing, white pine, spruce, I inch thick . ...............••. 
Sheatbilll. yeUow pine, 1 inch thie 11: ••••••••••• • •••••••••••••• 

Siungla., 6" x 18", with 6 iDehea to weather .. .................... . 
Skylight, iDeludiD( frame; ,laM '" to.lA.i inch ... ... .... .•. ..•..... 
SIa( roof, 4-ply, with cement IUld fWld .................... ••..... 
Slate, }1 inch thiele, 3-inch double lap............... . .••..... 
Slate, '" inch thicle, 3-inch double lap ...................... . 
Teme plate, IC ........................................... • . .. 
Torno plate, IX ............................... ............ ... . 
Tiles (pl.ai.D), 10j.i"x6J("x,",", with 57.1' inehe!ll to wGI'Ither ......... . 
Tilea (Spanish), 14j.i"x 1Oj.i", with 7J( inehea to ... eather . .. .. .... . 
ZillC, No. 20 B. &: S. Gage 

• ... or additional Inlor'Da~1on on CorTllSated Sbeo .... _ page.us. 

I 
ApVTOxlma(.e 
Welgh~ per 

SQu.are Fool-. 
Pouna. 

'" 27.1' 

'" Ji , 
1~ 

<hS 
'Ji 
'Ji 

2J(- 2j.i 

aJi , 
4-10 

• .Ji 
6'4 
Ji 

" 18 

'Ji 

'" 
Roof Tru8SeIJ. Trusses ure used where wide roof openings are to be 

spanned; they form a structure of compression and tension members 
and produce vertical reactions under verticnlloads; the total load 
of the roof, that is, t1~e weight of the truss, purlins, roof covering, 
ceiling, and often also the snow and wind load, is usually considered 
a uniformly distributed load, equally divided between the two 
supports and producing equal vertical end reactions. 

The purlins usually rest on the upper chord of the truss, lrans· 
miLling to the latter the load of the roof covering, the wind and 
snow load, and are often so arranged as to cnrry the dead load 
directly to the truss joints or panel points to avoid transverse 
stresses. The distance between two eOllSCcutive joints of the top 
chord is the panel length; the distance between two adjacent trusses 
is the bay length. 

The transverse strength of the sheathing or of the corrugated 
iron used fo r the roof covering generally determines the spaces 
between the jack rafters or the purlins. These purlins or rafters 
arc small steel shapes, such as beams, channels and angles, or 
wooden beams if tbe roof is not of fireproof construction. 
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TRUSSES- LENGTHS AND STRESSES OF MEMBERS 

w Com pression members are 
w w~_ .,. 

~. 
Ind icated by he3Yy lines. 

B , 
w 1:Y.\'/.\ H 

Abe it P it ch of t ru$S _ Height, H '1~'/ • . : Length, L 

2W -- •. -- l; '-~: 
; 

L 
.\,- - ----. --- ---1.--n - "H _ 2 cot. a. 

SIMPLE FINK COMPOUND FI N K 
, ~ 

CHIIkIom. of Str_ 

M=- I 
(81 ..... _ w. CMIIIcientj 

"'--,.", 
WI FomU.: I: ,I '·"·T~I 1 24/ 7 ~~~t I 4 24/5 ± 

SI MPLE FINK TRUSS 

j!~ 
, 

Aa ~L!leCa 2.70 2.93 3.00 3.35 3.90 4.04 4.74 
I 

(~ n.2 + I) Bb y!LlleCa .'f01 + 4. 
2.15 2.41 2." 2.91 3.52 3.67 4.43 

L. ULeeei a ~n 2.25 2.57 2." 3.00 3." 3.75 4." 
Lo L(l-~8001a) l-i. 1." 1.11 1.73 2.00 2.40 2." 3.00 

• .b ULleCotana I Vol + 4. 
0.83 0." 0.87 0.89 0.92 0.93 0.95 

"" ULIIOO1 a )i. 0.75 0." 0A7 1.00 UO 1.25 1." 

COMPOUND FINK TRUSS 

A. ; L ~a ~~ , /nl + 4. 6.31 8.95 7.00 7.83 9.10 9.42 11.07 

~ Leeea 
I Bb (~nl+5) 5.76 6.44 6.50 7.38 8.n 9.05 10.75 
~ 

C. ~ Leeca 
I 

(%nl +3) 5.20 5." 6." 6.93 8.33 8.68 1M3 
"\jnl + 4. 

Df I Yi Leeea 
I 

('% n' + 1) 4.65

1

"3 5." 648 7.95 8.31 10.12 "nl 
+ 4. L. 1 7i L secl a ~4 n 5.25 6.00 6.07 7.00 8.40 8.75 10.50 

Co ~Leeel(l "'. 4.50 5.14 5.20 800 7.20 7." 9.00 

~ L (1- ~lIeCla) • 3.00 3.43 3A8 4.00 4.80 .00 800 

~ LlIOOatana • ab, ef 
'Jn t + 4. 

0.83 0." 0.87 0.89 092 0.93 0.95 

,d I 7t L IlOO a tan a 
,. 

1.68 
'\jnt + 4. 

1.73 1.73 1.79 1.85 .1.86 1." 

he,d; 1/ Ll!eela )i" 0.75 0.66 0.87 ! 1.00 1.20 1.25 1." 
d, Y' L IIOCI a l-i" 1." 1.71 1.73 2.00 2.40 2''' 1 3.00 

- ~!1 ~_" L lIeC t a , 2.{ n 2.25 2.57 2.60 3.00 3." 3.75 4." 

Eq u lvalenu for Use In l.engtk Formulas - . -Vallll'lll of n I ~ 24/1 2 cot 30'" • ",5 5 6 

Valuee or a 13"41'24,,~o151231 ,." ~""' 54"""37'12' 21 ° 48' 5' 1Io lS' 6" 

~a 1.2018 1.1 577 1.1547 1.1160 I 1.0833 1.0770 1.0541 · 
~'a 1.444~ 1.3403 1.3333 1.2500 1.1736 1.1600 1.1111 
!lee a tan a 0.8012 0.6753 0.6667 0.5590 0.4514 0.4308 0.3514 

\ /sec;a+.ceIa tan'a 0.8958 0.7776 0.7698 0.6716 I 0.5781 0.5608 0.4969 
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TRUSSES- LENGTHS AND STRESSES OF MEMBERS 

# Wc'r .. ;, 
w Be ' 

fA b d '* 0. 8 .:y 

CompressIon m e mber' are 
Indicated by heavy tines. 

Pitch of tl-un ... HeIg ht, H 
Length, L 

W 
W E 

W D 

WW 

W C , 

fAIM~\] 
a W·- ------ -- -ir - L n = 1i - 2cota 

.. 
6 \y ----- -------- L- ---

SIMPLE rAN COMPOUND FAN 

M~ .. 
A. 

Bb 

Co 

L. 
Ld 

ab,bc 

Stt _ _ 

w. F ...... uI.' 

SIMPLE FAN TRUSS 

CHllklwl of SIt_ (su _ _ w. Cod!IciIll>l) 

~ I" " H) '.j' ,.. '1 "j ':j '17
." 

U L sec (1 2 'Jnt + 4. (1% n
1 + 6) 3. 3.94 4.00 4·~1 5] 5':1 6.64 

Yo L ~oa \i,.I+4 I" " + 1) 3·' 1 3.~ ,.~ '] ""1 5.~99 7.27 

J4' L 1!eC1 (1 % n 3.75
1 

4.3 ~.~ 5.~ 6.001 6.2 7.50 
L (I - ~ sec1 a) ~ n 2.2~5 2.5 2.1)1 3'~ 3."'~ 3.7 4.50 

J4'L ./see1 a+sec1atan1a n \ !n' + M)u' + 14.4 0 0'" TN 1 11 · 121134 
\1-9 6 (oj + 4.) • II.'" '.VI. . . . 

X L eze' (1 ~ D 1. 1.71 1.7: 2. 2.4 I 2. 3.00 

COMPOUND FAN TRUSS 

A. ~,L _. ~ I'~ ,'+ 11) '.9jlO.91 I11 .DOi"·3~14.3'14·B1 I17.3. 
Bb Vi~ L see a \tD~ + 4 (11ft~ nl + 9) 8.9 9.9110,,11.2Tl.1J13.66j'6.13 

Cc lha L see a ~ (1% n'+ 7) 8.81 9.9110'jl1.4T3'53j14.0t6.76 

Df ~,L_. \f.;i+41''','+S) '.2 9.4 9.~ 1O.'13., J13]16.44 

E, ~, L = . ~1'~"'+317.2 ' .41 •. ~ 9."1".1"."1'." 
Fh Vi~ Lee<: a '\Inl + 4 (l !~ nl + 1) 7.14 8.40 8.5010,06

1

12.38
1

12.95
1

15.93 

La VB L see! a 1'4 n 8.2 9.4 9.5 11.00
1
13.20

1
13.75

1
16.50 

Ld Ys Ll!e<:la %n 6.7 7.71 7.7 ~.~ 10.80111.2j 13.50 
Li L(l -)7aeela) %0 4.~ 5.145.it S.Ot 7.2) 7.5 9.00 

_ /tIe<:2a n ,/n~ + oWnl + 144 •• " ..... 
~~: ~ YsL ~!-9-+seel .atan'a 6(ni + 4) 0.9 0.9 1.", 1.\.Ij 1.1 1.21 1.34 

de J4' L 800 (1 taD (1 'J:SD + • 2.~ 2.5 2.6 2.6l 2. ~ 2·791 2.85 

ed,ef J1 L secs(1 ~n 1.50 1.n 1.T. 2.~ 2.4 2.so!~ 3.00 
ei J1 L &ecs (1 ~ D 2.2 2.5 2.~ ~~ 3.6 3.7 4.50 
hi J1 L sec' (1 % n 3.75 4.29 4.3; 5.00 6.00 6.2 7.51) 
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TRU SSES- LENGTHS AND STRESSES OF MEMBERS 

~' 
Compression membors are w W 
Indicated by heavy li ne.. 

h~~: ' , 
W It. b e H Pitch of truss ... Heig ht, H 
]" Q; a J Length, L 

2 ~---------- L-- -" n _ ...!::.. .. 2eota s 1w -- ---- --- --1.--- --
H 

P RATT- 4 PANELS PRATT- 6 PANELS -

1 
.. . 

I 

C<>eI'I!elent of Stt_ 
(SIr __ w x CoolllalOlll , 

51 ... _ ..... ,~ .. W.formula, For V.olu .. oI n -

3 1 I' <01 1 , 1 24'5 1 5 1 
, 24/7 30 . 

PRATT T RUSS 4 PANELS 

As, Db U L&eca *~ 2.70 2.98 3.00 '.35 3.90 4.04 4.74 
L. )4 L %n 2.25 2.57 2.60 3.00 3.60 3.75 4." 
L< ~ L ". 1.50 1.71 1.73 2.00 2.40 2.50 '.00 
.b ~ H I 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
bo U vL~ + 16h~ %v9+16 1.25 1.32 1.32 1.41 1.56 1.60 1.80 

PRATT TRUSS- G PANELS 

As, Bb % Lseca %vn2 + • 4.51 4.96 5.00 5.59 6.50 6.73 7.91 
Cd "" L fie(: a ~ 3.61 3.97 4.00 4.47 5.211 5.39 6.32 
L. " L Ii" 3.75 4.29 4.33 5.00 6.00 6.25 7." 
Lo 'H " 3.00 3.43 3.46 4.00 4.80 5.00 6.00 

Lo 'H Ii " 2.25 2.51 2.60 3.00 3.60 3.75 4." 
.b 'HI 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

00 % H " 1.50 I. .. 1.50 1." 1.50 1.50 1." 

bo % vL~ + I Shll '4~ 1.25 1.32 1.32 1.41 1.56 1.60 1.80 

d, J.,(, -v'L2 + 36b~ %yn¥+36 1.68 1.73 1.73 LSD 1.92 1.95 2.12 

Equivalent, fol' 1.1$0 In Le ngth FOl'mulas 

ValueBor n ~ 24/7 2 cot 30 0 , 24/ 5 5 , 
Valul'Jl or a 33 °41'24~~o o15' 23 ' 

, ". 26 °33'54" " · 37'12' 21 ° 48' 5' 18° 26' 6" 

-" 1.201 8 U5n 1.1547 1.11 80 1.0833 1.0m 1.0541 
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TRUSSES- LENGTHS AND STRESSES OF MEMBERS 

r Compression m em bers are 

~~~l 
D -.-~ W , Ind icated by heavy lines. w C f : r~ '\ 'i Pitch of truss _ He ight, H t A e e : Length , L LA eel" : ., 

4 -~ - -------------L---·. L I) ~-------------- tr--~~ n _ _ =- 2eot a. 
H 

PRATT- 8 PANELS PRATT- I O PANELS 

I 
Coellldlllli of S,,_ 

(SIr __ W x CIHll'lltl..t) ..... ,~'" 
Str_ -

w. Foom"" For ValUMGfn _ 

3 1 1 2 ,,' 1 24/7 300 
--- --

, 
1 " , 5 I 5 I • 

PRATT T RUSS- 8 PANELS 

AI!., Bh I !AI L flee a )~~ 6.31 6.95 7.00 7.83 9.10 9.42 11 .07 

Cd lAI L see a % -v9""+4 5.41 5.95 6.00 6.71 7.80 8.08 9.49 

Dr J.iI L seea ~~~ 4.51 4.97 5.00 5.59 •. ,. ~73 7.91 

L. IH *n 5.25 6.00 6.06 7.00 8.40 8.75 10.50 

Lo \l L "" 4.50 5.14 5.20 6.00 7.20 7.50 9.00 

Lo IH "" 3.75 4.29 4.33 5.00 6.00 6.25 7." 

Lg V. L " 
>0, 3.43 3.46 4.00 4.80 5.00 6.00 

.b V.H 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

,d "H 1\ 1." 1." 1." 1.50 1.50 1.,. 1.,. 

.1 "II 2 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

'" ~ VI)l + 1 6b~ 14vn2 +16 1.25 1.32 1.32 1.41 1.56 1.60 1.80 

d. IAI vL~ + 36h2 V.Vn~+36 1.68 1.73 1.73 1.80 1.92 1.95 2.12 

Ig % vL~ + 64h~ 1,4 v'n~ + 64 2.14 2.18 2.18 2.24 2.33 2.36 2.50 

PRATT TRUSS-l 0 PANELS 

As, Bb J,1oLeeca % vn~ + 4 8.11 8.93 9.00 10.06 11.70 12.12 14.23 

Cd JAo L sec a 2 vn2 + 4 7.21 7.94 8.00 8.94 10.40 10.77 12.65 

DI JAo L sec a %vn2+ • 6.31 6.95 7.00 7.83 9.10 9.42 11.07 

Eh ~~o L sec a %~ 5.41 5.95 6.00 6.71 7.80 8.08 9.49 

L. II, L ", 6.75 7.71 7." 9.00 10.80 11.25 13.50 

Lo ~1 o L 2 , '.00 6." 6.93 8.00 9.60 10.00 12.00 
Lo II,L ' .. 5.25 6.00 6.06 7.00 8.40 8.75 10.50 
Lg II, L ~f: n 4.50 5.14 5.20 6.00 7.20 7.50 9.00 

Li \I L "" 3.75 4.29 4.33 5.00 6·90 6.25 7.50 
.b " IT 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
, d " II 1\ 1.50 1.50 1.50 1.50 1.,. 1." 1.,. 

, I " IT 2 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

gb Il> IT ¥, 2." 2.50 2." 2." 2." 2." 2." 

'" ~ I O vL~ + 16h2 J.A v n2 + l' 1.25 1.32 1.32 1.41 1.56 1.60 1.80 

de JAo V L2 + 36h2 IA-vn2+ '" 1.68 1.73 1.73 1.80 1.92 1.95 2.12 

Ig lfio .yL~ + 64hZ 14 vn2 + 64 2.14 2.18 2.18 2.24 2.33 2.36 2." 

hi lfio v V' + l00h2 Vi vn2 + 100 2.61 2.64 2.65 2.69 2.n 2.80 2.92 



••• 
CORRUGATED SHEET METAL CONSTRUCTION 

Cortupted lteeI, in addition to it. eJlte~ve application N roolinllUld ahlin, for bui ldin~, b 
adapuble to other ueee such as linin, of Ihatta, IUpportll and (Ofnu ror floor an:hos, plU"titiona, 
eDelOIIu~ and cuh=ta. 

Col'T\Iialed 'Meta are available in ,tee! of ~guIlU" analysis Of in ru.l-re.i.t.ing Alloy., usually 
copper bearing .ted, either black (unpaint.cd mill finish), painted or 1!l.lvanized. Although t he 
mille offer & wide choice in types and widtlui of corrUgAtions, the curved type i , generally used. 
Standard lengthll range from 60" to a maximum of 144" varying by 12"; other lengtlu are subjeet 
to an extra charge . 

... SIDING:§tand"~:<U:;"~t~ .,., 

j a ~':o;!-~~!~!!':-!~-~-l!i"t.:: 
I:. -! :-'~--z-o;:----K'-------,,:,"-~-"'; 

j f LL r-'-'--~ ~ : ; 
$ ~ .c"~------~ 
... \0; : : r : . : : 
~ t; '''.----.~ • , , 

to. II, ~_l _______ .I:( _____ ._..t.!_*! 
~ ~ ~1:.U!.~~_~t_~~~_.i}~~ 

COflIlUO.\.TIONS: Nominal. ,.,i dUa 2~" (actual 2%") are preferred fot domeetio work. 
For export work 3" oorrugatioWi are frequently furniBhed lIith 32" width.l, oove-ring 'n" net 

wilen laid "ith 2 oorrugations side lap, a.nd 30" Det with ono oorrugaticlU lrido I(l.p. 
Roofing sheet is 27Y!i" wide alter corrugsting and hl\8 one Will turned up and the other down. 

It is laid with a aide lap of I~ corrugations (oovering appro~mlltely 24" net .width) and a 
minimum eDd lap of 6" for roof pi tch of 4 in 12 or over. For roofs of lea piteb the minimum end 
lap ahould be 8". Corrugated llteei roofing ill .-eIdom used for roof piteb under 3 in 12. 

Siding sheet ill 26" wide after oorrqatin, witb both edges of .heet turned the u.me wa.y. It 
ill laid with aide lap of ODe oorrugation (approximately 24" Det width) &lid minimum end lap of 4". 

Sheet ,teet flMhlng mllllt be provided at roof ridge, eaves, window. and .herever DeceIIIW'Y to 
illllUl'e watertight results. 

,- nAT SHEETS 
~" AN D 3" CORR\JGAnOHS 

" .. ~v.,;,.tIon 2I"Sh_ 27"i"~ MuI_Span ... 
Irdl. +.- Pounda , .. 511. Ft. "-l1lI .... Sq. Ft. Poolndl , .. Sq. Fl . &.Iw_s-u .... 

~ oIW! . BIKic ~<bIyonl'ed fII-" (Wvanlred
l 

Ol/_btod BIK~ ..... , $ldln • 

t2 .1 07 '.0 '.53 4.38 ' .88 4.71 '.94 '.n 5'-9" 5'-10" 
14 .on '.0 3.28 3.13 3.53 3.37 3.58 3.41 5'-9" 5'-10" 
18 .061 ' .0 2." 2.50 2.86 2.69 2.90 2.73 5'-9" 5'-10" 
18 .049 3.' 2.16 2.00 2.32 2.15 2.35 2.18 5'-9" 5'-10" 
20 .037 3.' 1.86 1.50 1.78 1.62 Ul 1.64 5'-9" 5'-10" 
21 .034 3.' 1.53 1.38 1.65 1.48 1.67 1.50 5'- 9" 5'-10" 
22 .031 3~ 1.41 1.25 1 ~1 1.35 1.53 1.38 4'-9" 5'-10" 
23 .028 2.5 1.28 1.13 1.38 '" 1.40 1.23 4'-9" 5'-10" 

" .025 2.5 1.1 6 1.00 1.25 1.08 1.2. 1.09 3'-9" 4'-10" 

" .021 2.5 1.03 .sa 1.11 .94 1.13 .96 3'-9" 4'-10" 
26 .018 2~ .91 .75 ... ~1 ... .82 2'- 9" 3'-10" 
28 .015 2.5 .78 .63 , .84 .67 ... . .. 2'-9" I 3'-10" 
To obtain the .. elght.8 of Black ' '''nted Shoe",.w.d 0.015 Lbo:. per Sq. "t. W welgh .. of Dlael" 8hoo\4. 
Corrugated Metal for export. ... ork Is U$WI.lly lpecUled I(l Birmingham (B. 0.) Oage. 
J'(>nnLealbl" """lations COliform ... \th I(llor&llC<lll .w.opted bl the AlIIIOOlation of 8tool Manufacturers 

In \1)21) and apply to wCl(hl4 nf Steel Shoo .. ordored by .. "Ig ~ or lage number. 

Approxi mate method of obtaining gr* area. required: 
Roofing _ net area + eDd laPi + 15% for Bide lape of l Y!i oorrulatiol1l. 
Siding _ Det area + end lap8 + 10% for side 1ape of 1 ootrugatioo. 

.. "*'- ~ 
No.'V.6!" 

UmbNIla H", CU .. ch Ri ... t. 
lIluImum lAnath 16\-10' 

FAST E:\'ISOS FOR CORRUGATED ST EEL 
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STRUCTURAL TIMBER 

The strength of structural timbers depends upon a number of 
factors: 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 Materials, in t he 1929 Proceedings 
of the American Railway Engineering Association and in the 1926 
Report of the Building Code Committee, U. S. Bureau of Standards, 
which should be referred to for a complete investigation of the 
strength of structural timber and ot.her data pertaining to the use 
of timber. 

In accordance with these specifications the working stresses are 
given for two grades, select and common, each for three conditions 
of exposure during use: 

a. Continuously Dry. Timber continuously dry; when restricted 
to use in interior or protected constructions and not subject 
to conditions of dampness or humidity. 

b. Occasionally Wet. Timber occasionally wet but Quickly dried; 
when used in exterior structures such as bridges, trestles, or 
other exposed frame work. 

c. Usually Wet. Timber more or less continuously damp or 
wet; when exposed to water or when in contact with earth, or when 
used in structures that are more or less continuously wet. 

T ABLES FOR W ORKI NG STRESSES AJ'I."D SA~'E LOADS 

Values given in T ables 1 and 2 are those recommended by the 
Forest Products Laboratory. 

T ables of Unit Working Stresses and of Safe Loads arc given in 
the following order: 

T a.ble I. Unit Working S~: 
Bending and Shea.ring St.-. 

Table 2. Unit Working Stre6l'108; 
Cornj)l'<)8!Ilvll St"""'""" a.nd " t adull nf E lutlclt)'. 

Ta.ble 3. Rectangula r Timber Bea.zna.....<lne Inch Thkk: 
Sa.fe Loads for M:u:lmum Allowable Bending St!'Oll8ell. 

Table 4. Recta.ngular T imber Be&nu--One Inch Thick; 
Sa.fe Loa<.b tnr M:o.xlroum AlIn .... able Shearing Streael. 

T able 6. Rocl.angular Timber Doo.lllIt--Vertlca.1 Deflectlnn: 
eoomdcntl nf Detlootlnn for Various !>l oduJl n f Ellllltk:lty. 

Tahle 6. Unit Work ing St.- fnr Timber Oolumn. ; 
Applicable to Shnl""(, OolumDJI. l I d _ 10 aDd under. 

Tabl08 7. 8. Rectangular Timber Oolumn-Coemdtul tll : 
Appllc.bl& to Columna, l Id n\'flr 10. 

Tabl .... 9.10. Rectangular T lmOOr OoluwM--Bafe Lo&dIJ; 
Appllca.ble to Columns. l i d over 10. 



UNIT WORKING STRESSES 

RECTANGULAR TIMBER BEA~IS 

BendinJr Str--. The factor of safety at a. given working 
stress varies materially with the duration of the stress; at the 
recommended working stresses the a.verage timber in buildings 
has a factor of safety of 6 for momentarily applied loads but a 
factor of safety of only 2U for permanent loads. 

Tenaile StreaaetJ. For members in direct tension, such as bottom 
chords of trusses, the allowable unit stress in bending may be 
used, except at joints, where ,fuU tensile strength cannot be 
developed. 

Shearin&, Stresses. Working stresses given for horizontal shear 
arc maximum values. The maximum unit horizontal shear at any 
point in Ii beam is % of the average unit shear obtained by dividing 
the total shear at that point by the area of the cross section. 

Modulu8 of Elutitity. The stresses given are averages for 
species and are used for computing the approximate initial deflection 
of a timber beam. The tabular values give the ini tial deflection 
for a load temporarily applied; for a beam supporting a permanent 
load, only one-hal! the tabular values should be used to prevent 
sag. 

The approximate ratio of the modulus of elR8ticity to the bending 
stress is 1100 : 1 for the select grade of building timber. 

RECTANGULAR TIMBER COLUMNS 

CGmpre.slve Stre88e8. The unit working stresses given for 
compression parallel to grain are used for short columns up to a. 
length where the ratio of unsupported length to 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 allowable stress equals one-third the stress in com
pression parallel to grain used for short columns. 

Unit Oomv..-Ive Stl'fU ~ - to[ 1- t(~d) ]. "here 

l'_t.otalload In pOundL 
A-erou 1IOCt101lll.1 area, In lIQ,uII.re Inchoe. 
t. _unit comprooIIIive .trea parallel to grain. 
I _unsuppOrted length of column. in tllche.. 
d _ Ieut dlmewlon of column, In tnchel:. 
E_:l.fodulUII or El&stklty. 

K_~ '~ 
For COIWDld or • length w~ tbe y&llIII or K _ Ild.OO ~ - i t. the CIlM'e becomoe 

ta~nt to the Euler curve which 1.1 UIItId tor long columWl up t.o l Id _ &0. "till .. t_ 
or ..rely or 3. 

P .... E 
Unit Comp.-IYI! St"*' A - iiii(i"iiiji 

'.7 

• 
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3. RECTANGULAR TIMBER BEAMS 

ELEMENTS FOR AMERICAN STANDARD DRESSED SIZES 

,-"'" "" W oI\lht Mo;er '~'" I 
""...., N" WelQIII N o...." Secli<w1 . ~"" " ...... Nominal , ..... 

Siu "'- - O. M~. . .. D, ... 1Id - ~ • M~ • 

",. Sec:lion ,~ Inert"- ,~ Sill ,~'" ,~ Inenla ", 
". '". I n.~ ". In,' In,- ". ". In.1 ". 10 .4 In," 

'" 1% x3% , .. 1.64 6.45 3.56 10 X 10 9.!1 x 9~ 90.3 25.0 8" 143 

• 5% 9.14 2.54 24.1 _ 8.57· 12 11 » 10' 30.3 1204 209 
8 7» 12.2 3.39 57.1 15.3 14 13.l1 128 35.6 1948 289 

10 ' » 15.4 '29 118 24.4" " 15» 147 40.9 2948 380 
12 11 » 18.1 5.19 208 35.8 18 17» 16' 46.1 4243 485 
14 13)1 21.9 6.09 333 49.4 20 19» 185 51.4 5870 6('2 
16 15» 25.2 6.99 504 65.1 22 21 » 204 56.7 "68 732 
18 177'2 28.4 7.90 728 82.' 24 23» 223 62.0 10274 814 

3" 2% x3% 9.52 2.64 lOA 5.75 12 X 12 11 31 xll Y2 132 36.7 1458 253 

8 5% 14.8 4.10 38.' '" 14 13)1 155 43.1 2358 34' 
8 7» 19.7 5.47 92.3 24.6 16 15» 178 49.5 356' '60 

10 ' » 24.9 6.93 168 39.5 18 17» 201 56.' 5136 587 

12 11 » 30.2 8.39 333 57.9 20 19)1 22' 62.3 71 06 729 

14 13.% 35.4 '.84 53' 79.7 22 21 » 247 68.7 9524 " 8 

" 15» 40.7 11.3 815 105 24 23» 270 75.0 12437 1058 

18 17» 45.9 12.8 1172 13' 14 X 14 13M X 13).1 182 SO.6 2768 410 

f-a% X 3% 
16 15% 209 58.1 41 89 541 .. , 13.1 3.65 14.4 7.94 18 17» 236 65.6 6029 68' 8 5% 20.' 5.66 53.8 19.1 20 19» 263 73.1 8342 '56 , 7h 27.2 7.55 127 34.0 22 21 % 290 80.6 11181 1040 

10 ' h 34.' 9.57 259 54.5 24 23% 317 " .1 14600 1243 
12 11 % 41.7 11.6 '" 79.' 
14 13h 48.9 13.6 743 110 16 X 16 15M X 15Y!i 240 66.7 4810 821 
16 15h 56.2 15.6 1125 145 18 17% 2n 75.3 6923 791 
18 17» 63.' 17.6 1619 185 20 19h 302 83.' 9578 '82 

22 21 h 333 92.5 12837 1194 
8,8 5~ x5~ 30.3 8.40 76.3 27.7 24 23% 364 101 16763 1427 , 7% 41.3 11.4 193 51.6 

10 ' h 52.3 14.5 330 82.7 18 X 18 7~ X 17)1 306 85.0 ,,16 893 

12 11% 63.3 17.5 697 121 '" 19% 341 94.' 10813 1109 

" 13h 70. 20.6 1128 187 22 21 h 376 105 14493 1348 

16 15% 85~ 23.6 1707 2211 24 23h '" "' 18926 1611 

18 17% 96.3 26.7 2456 281 28 25h '" 12' 24181 1897 

20 19% 107.3 29.' 3398 34' 20,20 9~ x 19~ 380 loa 1204' 1238 
22 21 h 41' 118 16150 1502 

8" 7J1: X 772 58.3 15.6 264 70.3 24 23% '58 127 21089 17lI5 
10 ' % 71.3 19~ 53. 113 26 25% 497 138 26945 2113 
12 11% ".3 23.9 '" 165 28 27% ,36 149 33795 2458 
14 13% 101.3 28.0 1538 22' 

" 15» 116.3 32.0 2327 300 24 X 24 3J.i X 237<; 552 153 25415 2163 
18 17% 131.3 36A 3350 383 26 25% 599 188 32472 2547 
2J) 19» 146.3 40.6 "34 475 28 27% 64' 180 40727 2962 
22 21 % 161.3 'U 6211 578 30 29% '13 193 60275 3408 

AU properelM and ",eights gi""" are tor d..-I. .l~ ooly. 
T he _Ighlol given ahove are b&I!ed on assumed aVIlnoge weigh~ ot W pound.t per cubic foot. 
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4. COEFFICI ENTS OF DEFLECTION 

Maxhnum Bending StI'eU, 1000 Pounds per Square Inch 

M_ ..... ElutidtJo . ....."...,.. S-I '_ 

J]JII! I! 11 11 11 §. I· I! 
FM !~I ! ! g ~ 8 11 i ~ " " " " " " , 0.02 0.02 0.02 D.02 0.02 D.03 0.03 D.03 0.03 0.04 

2 0.07 0.08 0.08 0.09 0.09 .10 0.11 0.12 0.13 0.15 
3 0.15 0.17 0.18 0.19 02' D.23 (1.25 0.27 0.30 0.34 

• 027 0.30 0.32 0.34 0.37 0.40 0.44 0.48 0.53 .SO 

• 0.42 0.47 0.50 0.54 0.58 0.63 0.68 0.75 0.83 D.84 

• 0.60 0.68 D.n 0.77 D.33 0.90 0.98 '.08 120 '.35 
7 0.82 0.92 D.98 '.05 1.13 123 ,.34 1.47 '.63 ' .84 
8 '~7 120 1.28 1.37 1.48 1.60 1.75 1.92 2.13 2.40 
8 1.35 1.52 1.82 1.74 1.B7 2.03 2.21 2.43 2.70 104 

10 1.67 1.88 2.00 2.14 2.31 2.50 2.73 100 3.33 3.75 

11 2.02 227 2.42 2.59 2.79 103 3.30 3.63 '.03 .... 
12 2.40 2.70 2.68 3.09 3.32 3.SO 3.93 "2 ' .80 MD 

13 2.82 3.17 3.38 3.82 3.90 '.23 4.81 5.07 ' .63 • .34 

14 327 3.68 3.82 420 '.52 ' .90 5.35 5.88 ' .53 7.35 

15 175 • .22 '.50 '.82 5.19 5.63 6.14 8.75 7.50 U. 
16 427 • .80 5.12 , .. 5.91 8.40 .... 7.68 '.53 8.60 

- 17 '.82 5.42 '.78 ." 6.67 7.23 7.88 8.67 , 0.63 10.84 

16 MD '.08 .... . ... 7." .10 ... 8.n 10.80 12.15 

" 50' ." 7.21 7.73 ." 0.02 0.84 10.82 12.02 13.53 

20 8.87 7.50 .00 .57 0.23 10.00 '0.91 '.00 13.33 .. 00 

21 7.35 827 8.82 0.45 10.18 11.03 12.03 13.23 14.70 '554 

" 8.07 '.08 0.68 10.37 11 .17 12.10 13.20 '4.52 16.13 18.15 

23 8.82 0.92 10.58 11.34 12.21 13.23 14.43 15.87 17.83 19.84 

24 0.60 10.80 11.52 , ... 13.29 14.40 ,." 1728 '920 21.60 
25 lQ.42 l1.n 12.50 ' 139 14.42 15.63 17.05 18.75 20.33 2144 

" 11 .27 12.68 13.52 14.49 "50 16.90 'U. 2028 " .53 25.35 

27 12.15 13.67 14.58 15.62 1<82 18.23 19.88 21 .87 24.30 27.33 
28 13.01 14.70 15.68 16.80 15" 19.60 21.38 23.52 28.13 29.40 
29 14.02 15.76 16.82 18.0:2 19.41 21.03 " ... 25.23 28.03 31.54 
30 15.00 16.88 1500 19.29 20.n ".50 24.55 27.00 30.00 3175 

31 16.0:2 15'" 19.22 20.59 22.18 24.03 26.21 28.83 32.03 3<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 32.87 36.30 40.84 
34 19.27 21.68 23.12 24.n 26.68 28.90 31.53 34.68 38.53 43.35 
35 20.42 22.97 24.50 26.25 28.27 30.63 33.41 36.75 40.83 45.94 

- Ooetl\c:lenU of Denectlon for Bendin, Bt~ other than 1.000 poundl: are obtained by multlp!yl.nl 
the valuflll liven in table by tbe n.tlo of the liven Itreu to 1.000. 

Deftectlon 10 loche-II obtained by dh1dinl the ooetlldeotof Deflection COITfIIJ)OndID, to lI,.e" lpan 
and uni t .tr_ by the deplh of beam lD lnchflll. 

For bel.1llI under penIl&Il(IIlt loadlna twine tile t.abular niUflll Ihould be 1UIlId. to ProveDt anini 
of beam. 

For ~ bulld.t"l' maWlrlal the ratio of moduiUl of ela.ltk:lty to bendlnc .c._ II about 
lloo to I . If t.he denectlon II not to exceed lNo of .~. tbe perm.lEble,p&D In reet II approltlmate!..r 
l){ X dept.h of beam III IlIcb .. 
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S. RECTANGULAR TIMBER BEAMS- ONE INCH IN WIDTH 

ALLOWABLE UNIFORM LOAD IH POUNDS FOR BENDING 

Maximum Stress 1000 Pounds per Squal'G Inch - O",1tI 0/ B_ D.-.cI s .. ..-In I_ 

• ,~ li 1% 2% '!i ' % 7» ' » U.!1' 13J.-.l 15» 17}<J 19M 1=0._ . 
6 10 " 128 243 586 1042 1671 2449 3375 4449 5671 7042 
7 42 109 >0. S02 893 1433 2099 2893 3813 4861 6038 
8 ... 37 .. 183 44' 781 1254 1837 2531 3337 4254 '281 • .... 85 162 391 694 1114 1633 22,. 2966 3781 4694 

10 .... .... 77 146 352 62' 1003 1469 202' 2669 3403 '225 
11 .... ... .... 133 32. 586 912 1336 1841 2427 3093 3841 
12 .... .... 122 293 '21 ... 122 • 1687 222. "'. 3521 
13 ... .... .... .... 27. .81 m 1130 1558 2053 2618 3250 
14 .... .... .... 251 448 n. 1050 144. 1907 2431 3018 
15 ... .. .. .... .... 234 417 ... 980 135. 178 • 2269 2817 

16 ... .... .... ... . .... .. , 627 .18 1266 1668 2127 2641 
17 .... ... .... 368 59 • 864 1191 1570 2002 2465 
18 ... ... . .. 347 557 816 1125 1483 189. 2347 
19 .... .... .... 329 528 m 1068 1405 1791 222. 
20 .. .... 313 501 735 1013 133' 1701 2113 

21 .... .... .... . ... .78 700 ... 1271 1620 2012 
22 .... .... .... . ... ". 668 92' 1213 1547 1920 
23 ... .... .... .... ... 436 639 880 1161 1479 1837 
24 .. .... ... . .. '18 812 84. 1112 1418 1760 
25 .... .01 588 81. 11\68 1361 1690 - 62 293 I 766 1460 3516 6250 10028 14894 20250 26694 34028 42250 " $ 11'"",11 . --

SA. RECTANGULAR TIMBER BEAMS- ONE INCH INWIDTH 
ALLOWABLE UNIFORM LOAD IN POUNDS 

Maximum Horizontal Shearing Stresses -SII ... lng Oepth 0/ Beul-D' tlleeI SIz_1n Indl .. 
Sir . ... 

LN. PIf k. l n. li ' % 2% 3% 5% 7» ' » 13» 13» 1.5» 17.\-2 "'» 
14. 14. 303 49. 677 105. 1400 1m 2147 2520 "'" 3267 364. 
125 125 27. .38 604 938 125. 1583 1917 225. 2583 2917 32,. 
11. "' 238 385 532 825 1100 1393 1887 1980 2273 2567 2860 
10' 105 228 368 508 788 ! 1050 133. 1610 '''' 2170 2450 m. 
10. 10' 217 350 ... 750 1000 ,,., 1533 180' 2067 2333 2600 

95 95 206 333 '59 713 95. 1203 1457 1710 1963 2217 2470 
90 90 195 315 .35 875 90. 1140 138. 1620 leeO 2100 2340 
85 85 184 298 .11 ... 85. lOn 1303 153. 1757 1983 2210 
80 80 173 280 337 50' 50. 1013 1227 1440 1653 1867 "00 75 75 163 283 '83 563 75. 95. 1150 1350 155' 1750 1950 

70 70 152 245 338 525 70. 887 1073 1260 1447 1633 1820 
65 65 141 228 31. '88 850 823 997 1170 1343 1517 1690 
80 60 13. 21. 290 '50 600 760 92. 1080 1240 1403 1560 
55 55 119 193 2 .. '13 55' 697 843 990 11 37 1283 1430 
50 50 108 175 242 375 500 633 767 900 1033 1167 I 13J:1 

""",,w 
.083 .135 .219 J02 .469 .625 .792 .• 58 1.125 1.292 1.458 1.625 Mini .... '" s,.,. 

Tllbu1ar safe loads indude the lfeill'ht of the beam and are applic:able only when 
beams are sufficiently brac:ed againallateral deDection. 



Bending Safe Loads. Table 5 gives the uniformly distributed 
safe loads for rectangular sections, one 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 the 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. 

The aJlowable uniform load for bending stress must not exceed 
the maximum load for horizontal shearing stress for corresponding 
depth of beam, given in Table 5A, to avoid failure of beam in 
horizontal direction of the grain of the wood. 

Shearing Stre88e8. Table 5A gives the allowable uniform loads for 
rcctangular sections, one inch in width, for various unit horizontal 
shearing stresses. These loads are limited by the allowable shearing 
stresses along the horizontal axis of the beam, as calculated from 
formula: 

Maximum Safe Load - ¥s Area of Section X Unit Shearing Stress. 

The limit of allowable uniform loads on short spans, depending 
upon the maximum allowable horizontal shear, is obtained by 
multiplying the corresponding coefficient for minimum span, 
Table 5A, by t he ratio of allowable bending stress and shearing 
stress. 

These Iimit-s must not be cxceeded to avoid failure of bcam in 
horizontal direction of the grain of t he wood. 

Vertical Deflection. Table 4 gives the coefficient of deflection 
ill ccnter of span for unifonnly distributcd loads; the deflection in 
inches is obtained by dividing the coefficient by the depth of tbe 
beam in inches. 

In building construction, the maximum span in inches of a beam 
uniformly loaded to capacity is generally limited to 360 X deflection 
in inches; for 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, the 
maximum span may be taken at IV2 x depth of beam. 

This deflection is for a load temporarily applied and will increase 
to about twice theoretical value when beam is permanently loaded. 

••• 



4.4 

l 

Beams Not Uniformly Loaded. For loads concentrated in the 
center of the span, one-half of the values for tabular safe loads for 
bending and four-fifths of the coefficient of deflection are used. 

For other conditions of loading, reference must be made to 
formulas given for those conditions. 

EXAMPLES OF TIMBER BEAM DESIGN 

E1O. ........ I. Find tIM! load and dclleetlon of .. boom, actual,llIe 6,"," x tali" "hlte 
oak, 1IC1<Xt grade, eontlnuoUIIly dry.I .. I.Cl .... Uy bc'aced. Sp&1I. 13 ree~. 
S_ In. pounct. per IIQUlU.., Inch: 

Bending. 1.400: Shearing. 1Z.'i: ModulUl of EIMtlel~,., 1,600.000. 
From ~ble Ii. allowable load for bendlnc tor I Inch width at 1,000 pounds .lrollll 'I 
1.558 pound!. Maximum load tor bending Is I.MS X 1.4 X II", Of' 12.200 pound., 
Maximum alh)wable load tor .hear ,. 2,200 X 6", or 12,Il00 pound., 
n..tIl!Ietlon II {3.38 X 1.4} + 13.5 or .31i1" Inltlal and .702" J)lII'Ill&DOOt. 

£1& .. 1"t.1: 2. Required !.he tblck_ Dr .. 12" nomin&l depth join .. e-tenl hemlock, 
Q(lmmoD lP'de, occulo<L&lly .. e~. 8panl6 feet.. 
8~ In poundl per kjtw'9 InelI: 

Bendlna:. 830: 8b.,.ru,,:, 60: Modulu. ot ElasUcity, 1 . .wo,OOO. 
UniJ'ormly dllltributod IoIW 2,000 polIndi. 
Tble~ ot Jolll~ 111 2900 + (980 X .83) or 3 . .56 Inch", U-e 3 H". 
Allo ... ahle load tor horlsootal .hear III 920 X 3H Or 3,340 pound •• 
DeBectlonll (<1.82 X .83) + 11 Ji or .348" initial and .60&" penna.oan. 

Ex.o..PLZ 3. For a load of 11,000 pOU..O.- OOOOI!DtraU!d at the center of a Z4 too~ IPM. 
what.u.e beam 111 required? 
AlsuIll6 whlte.-k. IlelfICI~, oontlnU<Naly dry. 
Sue.e. In poIIn.- per kjuarfl Inch: 

Bcndlna:, 1.<100: Sbcvina:. 12.5: l\.IoduJu. of Ela4tleJty, 1.Il00.000. 
Selecting a depth of IDJi", MCh loeb ot width 111 good tor a unltonoly dllltributed 
load of 1.760 pound, at a unit .troM of 1.000 pound •• or 2,4&4 pOund. at 1.400 
pono.-, which III equ.Jn.lmt to 1,232 poUlldl conoentraUld at the oentcr. 
11 ,000 + 1,232 _ 8.93 Inches. 
The 'll'elgMot a 9}i" I 19 Ji" timber a\ <10 pound.l per cubic root III 1,23<1 pound.: 
thUI will require .. width of 1.23. + 1.760 or .701 Inch at 1.000 poundl Or .50 ineb. 
of width at I . .wo poIIndl. 
8.93 Inchol tor kIad + . .so Inch ror beam welcbt - 9.4.3 lnebel. U., a beam 9Ji" 
wide. 
Allowable load tor abear 111 3.250 X 9Ji or 30.876 poundlil. 
DcnecUon tor load concentnted at center 11: .8 or tbat to<" an equivalent uniJ'onnIy 
dlsu1but.ed load, *> .8 X 11 .52 X 1.<1 + 19.6 give. .1162" initial and 1.324" fOC" 
pccmanoot loadLq. 

Ex.o..1'L1: <I. Same ... Eumple No.3. 
Tbe required .-et1oD modulu. .. determined ... tollo .. : 

WI + <I _ r S: thea S _ (11.000 X U X 12) + (<I X 1.<100) _ .565.7. 

In table No.3. tor flOeCf.lon modulu., we ftnd 7Ji" I 19Ji" II not Iarce eunuch: the 
next 1JI.e 9}i",. 19}i" by a IIIICtloo modulu. ot 602. Thill beam _1gIuI61.4 poundl 
per toot or a total of 1.234 poundl and the addLtJona l llllCtlon !IlOd.ulu. required II 
(1.23. X24 X 12) +(8 XI.<lOO)or3t.7. TotaISrequlrodllM5.7 +31.7ot 597.4, 
hence the 9 Ji" I HI Ji" beam I, oatlstactory. _ table 3. 
D<:lHectloo and . bllfU' are fLgurod the .... me ... ror Enmple 3. 

For probleml whel'll the !!paD " oot stven 10 table 6. divide the ooetnclont of 
sueogt.b by the Il\)&O ot the bM.III In teet. The QUoUon~ III tl\{l allo .. ble unltorm 
load In pou.odl at 1,000 poundI unlt.u- tor oach Ineb. ot beam wldtb . 

• ; .... I'LI:.5 . Depth of beam 19Ji". S,*" 30'~". 
Ooet!lclen~ ot ,~h <12.250 + 30.5 _ 1,385 poundlil, the allowable unU'ormly 
dlstrlbutod load tor oacb Inch or widtb or the beam at 1,000 pouodl unit ~nlM. 
For problem.l outliide of the ranee ot tho roregolng tablCII, tor unltormLy distributed 
lood~ U!IO tho rollowtnS: 

W_8rS +1;dooe8_bd' +6.thooW_ 4fbdl +31. 
For load OODQIlOt.raiod tn oeat.er \II1II on.e-hAlt ot this , ... Iue. 



6. SHORT TI M BER COLUMNS 
UNIT COM PRESSIVE STRESSES, f o 

Stresses para llel t o Grain , In Po unds per Squaro Inch 

.3. 

ContlnuMy OccaIliOMll , U.""U, Modulul 
Sp ..... of T1mbv Dry W. WOI__ . 

StIIect Corn...... StIIer:t Cam..... s.Iect Com""'" EI .. tltlry 

Cedl!.r, Welltern ROO. .. .......... .... ... 700 560 700 560 650 520 1,000,000 
" Port Orford. . ... .......... ..... 900 72{) 825 660 750 600 1,200,000 

D~~,glfl.ll }o~, ~t ~ion .. ,'" ......... 1175 880 1065 800 905 680 1,SOMOO 
Denlle..... 1285 1025 1165 935 990 795 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.rch, Weatern ............... . ....... . 1100 880 1000 800 800 640 1.300,000 
Oak, Red and White .................. . 1000 800 900 720 800 640 1,500,000 
Pine, Southern y ellow............... 880 800 680 1.600,000 

" " "Donee ............ 1285 1025 1165 935 990 795 1,600,000 

Redwood..... . ...... ... ......... ... 1000 800 900 720 750 600 1,ZOO .OOO 
Spruce Red White Sitka. ... ... ... ... 800 640 750 600 650 520 1.200.000 

7. TI M BER COLU M NS OF INTERMEDIATE LENGTH 
VALUES or K = i v~ 

CorrtI"""".y 

"" 
Cedar, Welltern Red.. .... ........ 24.2 

" Port Orford. . . . . . . . . .. . ........ . 23.4 
Douglas Fir, Coast Region. ....... ...... . 23.7 

" "" "~ll!e. ...•..• 22.6 
" "Rocky Mount&in..... ....... 24.8 

Hemlock, Weatern.. . .... ... . ... . ....... 25.3 
Lareh, Wl)lltern............. . .. .. .. 22.0 
Oak, Red and White. . . . ..... .... .. ..... 24.8 
Pine, Southern Yellow . . ......... . 

" " .. ~nlle... .. ...... . 22.6 

27.1 
26.2 
27.3 
25.3 
27.8 

28.3 
24.6 
27.8 
27.3 
25.3 

"'''''''' w. 

24.2 
24.5 
24.9 
23.8 
24.8 

25.3 
23.1 
26.1 

23.8 

27.1 
27.4 
28.6 
26.5 
27.8 

28.3 
25.8 
29.3 
28.6 
26.5 

U.,aIIy 
w. 

25.1 
25.6 
27.0 
25.8 
26.5 

26.8 
25.8 
27.7 

25.8 

28.1 
28.7 
31.1 
28.8 
29.7 

30.' 
28.8 
31.1 
31.1 
28.8 

Redwood.... . .. . . ......... .... 22.2 24.8 23.4 26.1 25.6 28.6 
Spruce, Red, White, Sitka......... ....... 24.8 27.8 25.6 28.7 27.5 30.8 

K 

22 
23 
24 
25 

" 27 
28 
29 
30 

31 

8. TIMBER COLUMNS OF INTERMEDIATE LENGTH 

VALU ES or [ 1 - lC :, )'] 
Pereentage of Strength with reference to Short Columns 

10 ' U I12 ]1l ' 14 15 16 17 -sa97 ~ 95 93 91 88 
98 98 97 95 94 92 90 
99 98 97 96 95 93 92 
99 sa sa 97 98 94 83 

~ " 99" 97 96 95 93 - 99 991" " 97 96 95 99 9998 " 97 96 95 

99199 99 98 98 97 96 
99 99 99 " 96 97 97 

100 99 99 99 98 98 97 

18 19 

r.s 81 
87 84 
89 87 
91 89 

92 91 
93 92 
94 93 
95 94 
9S 95 

96 95 

20 21 22 23 24 25 26 27 21 29 30 31 

n 72 6! [S7 

:! ~ ~:fnrt! :~ 
86 83 80 ] :~ n , 01 f-ll. 

838076n6787 89 86 
00 88 
91 89 
92 91 
94 92 

94 93 

85 82 79 74 71 Ii1 ~ 
87 85 82 79 75 71 i ~ -I!,. 
898784 82 79 75

1

11 ~~I ._ 
90 88 86 84 81 78 75 11

1
:'j£ 

92 90 88 86 84 81 78 75 11 67 
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9. RECTANGULAR TIMBER COLUMNS 

UNIT COMPRESSIVE STRESSES, fc 

Timbers 6" It 6" and Lal'9lJr 

SELECT GRADE 

Stresses Parallel to Grain, in Pounds per Square Ineh 

Ib!I. III L ...... ttl L_ Dl ......... I/_ 
Sfed_ " T1oIIN' 10 I 12 I 14 I 16 I " I 20 I " 3D 35J"l 50 

Continuously Dry 
-

Cedar, Wefltern Red .... ... ... .. 700 ... '74 666 629 '92 438 304 224 171 110 .. Port Orford ....... 900 878 861 834 795 740 '26 '" 268 206 132 . ... .. 
Douglaa I-'ir I CoNt Region .... .• 1175 1149 1127 1093 104' 975 '" 487 358 274 175 .. .. .. .. "'- 1285 1251 1222 1176 1112 1022 '" 487 358 274 175 .. .. Rocky Mountain ... 800 786 no 753 n. ... '" 365 268 206 132 

Hemlook, WeetcTu ......... ..... '''' ... 8n 852 823 783 614 "6 313 240 153 
Larch, Weltcrn ............ .... . 1100 1068 1041 999 937 851 570 396 291 223 142 
Ol!.k, Red and White .. .... .... .. 1000 982 966 942 907 859 658 457 338 257 164 
Pine, Southern YlIllow, DoOle ... 1285 1251 1222 1176 1112 1022 702 497 358 274 175 

Redwood ...... .. ........... 1000 ,n 947 910 856 781 526 365 268 206 132 
Spruce, Red, White, Sitb ... 800 786 no 753 nB ... 52. 365 268 206 132 

Occaslonally Wet 

--
Ceda:r, Western Red ........... 700 688 .73 654 628 591 438 304

1
224 171 110 .. Port Orford . .. , ........ 825 .., 796 no 744 783 528 385 268 206 132 

Douglu Fir, Coaat Region ..... 1065 1045 1028 1003 968 915 702 487 358 274 175 .. .. .. .. Do_ 1165 1139 1118 1083 1036 971 702 487 358 274 175 .. .. Rocky Mountain . 800 785 m 753 m 688 529 365 268 206 132 

lIemloek, Westem ............ 900 885 871 851 824 783 612 426 313 240 153 
Larch, Western ............. 1000 97. 965 922 877 810 570 396 291 223 142 
Oak, Red and White ..... . .... 900 886 875 658 832 797 648 457 338 257 164 
Pille, Southem Yellow, DeT\le . 1165 1139 1118 1083 1036 971 702 487 358 274 175 

Redwood ..................... 900 879 861 834 794 738 52. 365 268 206 132 
Spruce, Red, White, Sitka ...... '1 750 738 m 712 "" 657 525 365 288 206 132 

Usually Wet 
,-----

Cedar, WOOern Red •... .. .. ... 650 838 629 614 59' 565 437 304 224 171 110 
" Port Orford ..... 750 738 n8 712 689 657 523 385 268 206 132 

Dough"" Fir, Coll8t Hegion .... ... 905 893 883 867 84. 814 683 487 358 274 175 .. " " .. "'_ . 990 974 961 940 910 871 .98 487 358 274 175 .. .. Rocky Mountain ... 700 690 681 .69 651 623 514 365 268 206 132 

Hemlock, Weelt:m .............. 800 789 780 766 745 711 800 426 313 240 153 
Larch, W·eatern ................. 800 787 ns 760 736 704 565 396 291 223 142 
Oak, Red and Wbite ........ .... 800 791 783 770 752 m .23 457 338 257 164 
Pine, Southern Yello ..... , Denlle .... 990 974 961 940 910 871 ... 487 358 274 175 

Redwood ...................... 750 737 m 712 690 657 525 385 268 206 132 
Spruce, Red, Wbite, Sitka ....... 650 642 635 625 .11 589 500 385 268 20' 132 
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10. RECTANGULAR TIMBER COLUMNS 

UNIT COMPRESSIVE STRESSES, fo 

T i mbers 6" x 6" and Larger 

COMMON GRADE 

Stre ..... P. rallel to Grain, In Pound. pel' Square Inch 

RatIo 01 LongdI III L_ ~ 'I. 
s,td .. rI TIInb.-

10 12 " " 11 20 2S ~lSl" SO 

II, COntinuously Dry - -
553 ' 547 1538 ' 52C Cedar. Welttrn Hed .... ............ ... 505 '25 304 22' m 11 0 .. Port Orford 720 707 700 687 667 639 '21 365 268 "" 132 . . .. . ... . . .. . .. .. 

Douglu Fir, Coaat Uegion. . .. . .. . .. 880 810 861 847 826 796 67' '87 358 27. 175 .. .. .. .. Denee . ... 102' 1008 994 971 938 891 700 '87 358 27' 175 .. .. Rocky Mountain ..... . 640 632 627 617 602 582 500 385 288 206 132 .. 

llemlO(lk, Weltern . ... . .. .... .... . . 720 712 706 696 680 660 '73 .28 313 240 153 

I) Larch, Weetern . ..... .. . . ....... .. . . 880 863 649 828 788 752 '70 398 291 223 142 
Oak, Red and Whit", .. . ... " ... ... 800 791 783 771 753 729 828 457 338 257 164 
Pine, Southern Yellow • • •• • • •• • • • " 0' 880 870 861 847 826 798 67' 487 358 27' 175 .. .. .. DenJJe •.... . 102' IOOS 964 on 938 891 700 487 358 27. 175 

l{e(jwood ..... .. . . ... .. .. . . ..... ... BOO 786 m 754 726 ... 528 36' 268 206 132 
Spruce, Red, While , Sitka ... ...... 640 632 627 617 602 562 500 '" 268 2Q6 .!!!. 

I 
Occasionally Wet 

Cedar, '\'etllerD Red ................ ... 552 546 537 523 504

1

425 
30:li24 171 110 .. PQf-t Orford .............. 880 652 64' 635 619 '98 508 365 268 206 132 

Doug~ Fir, eoa.t Region .. . ..... ... 80ll m 784 m 758 736 844 487 358 27 • 175 
" " ., " De~ .... 9lS 922 911 893 869 834 688 487 358 27. 175 
" " Rocky Mountain 640 632 62' 616 602 562 502 '" 268 206 132 ... . 

695 1681 659 ! sn Hemlock, Welltem ..... ... ........ 720 m 7<)' '28 313 240 153 
lArch, WetJtern .............. 80ll 787 m 760 736 704 564 396 291 223 142 
Oak, Red and White . ............. 720 113

1

708 699 686 668 '93 457 336 257 164 
Pine, Southern Yt llow .... ......... 8llO m 784 m 758 736 644 487 358 274 175 

" " " DeWle .. .....• 835 922 911 893 869 834 688 487 358 274 175 

Rtdw<MKI. .. . • . . . • .••..•.••.....••.. 720 709 700 865 866 637 '18 385 268 208 132 
Spruce, Red, White, Sitka. ·······1 600 . 594 . 588 580 568 552 '85 '" 268 206 132 ---

Usually Wet 

Cedar, Weatern Red .... .. . ........ '20 51. 609 502 .91 .75 413 304 22. m 110 
" Port Orford ...... . ...... . . ... 600 '94 589 581 '69 553 '85 385 268 "" 132 

DouglP.a :Fir, Co&iIt Region ... . ... . . .. 680 87' 670 864 655 641 588 '82 368 27. 175 
" " ,. " Den.eo •... 795 787 7BO 770 755 734 64' 481 368 27' 175 
" " Hoeky Mountain ... ... '54 551 54' 53' 521 '65 365 268 21)6 132 

Tlemloeic, WCillttrn .. .. . . .. .. . .. ... 640 634 629 622 612 '98 537 .26 313 240 153 
~h, WCilltcrn ...... .. .. . .. .. . .. 640 633 627 618 606 588 '19 396 291 223 142 
Oak, Red and White . . . . .. . ... . . .. .. 640 635 631 62' 616 804 551 .55 336 257 164 
Pine, Southern Yellow ...... . .. . ... .. 880 675 670 864 65' 641 588 482 368 27. 175 

" " " Den.ee . .. 79' 787 790 no i 755 734 64' 487 358 27. 175 . . . .. 

Rtd\\·<MKI. .• .....• . • .. .. .. . ...... 600 594 588 580 568 552 .83 365 268 208 132 
Spruce, lted, "'Iite, Situ . ... . . ..... ,21) 51' 512 507 500 .89 446 '" 268 208 132 

, .. 
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USE OF COLUMN SAFE LOAD TABLES 

RECTANG ULAIt COLUMNS 

To determine the required rectangular dimensions of a specified 
wooden column of a given lengt.h, to support a certain load, it is 
neoessary 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. 

~. Determine from Table 7 the corresponding value of K. 

3. Determine the cross sectional area and side, d, of square trial 
column, from P + fe• and obtain the square root of the 
quotient. 

4. Determine the slenderness ratio, li d, of trial column. 

5. Detenninc from Table 8 the nearest percentage yalue corres
ponding to values of K and lid. 

6. Determine Dct cross sectional area by dividing the cross 
sectional area of square trial column by percentage nlue. 

7. Determine t.he other dimension, b, of the rectangular column 
by dividing the net cross sectional arca by the width, d. 

E:UMI't.C: ROQu irod the .11Il o f a rectangular column, 1-&'--9" long. Whlt(l Oa k. com
mon gl"IIod ... , contlnUOUIIly dry. to flIPpor~ a load o f 44,000 pOund •. 

I. 'fable 6. QorreI.ponctlng value ot to - 800 pOUIld8. 
2. Table 7. Corresponding value or K _ 27.8-

3 A"* of 8Q,1I&l"9 trial column: 44.000 + 300 _ M.O equarll incbl'll. 
Side ot equan) trial column: \M:ii _ 7.12 Inche.. 

4. SlencternC<'lll ratio: (I4.76 X 12) + 7.42 _ 24.0. 

6. Table 8. ~t.ago value when K _ 27.8 and lid - 24.0: 82'70. 

6. Actual ne' area reqlllred: 6:i.0 + 0.82 _ 67.1 SQuare Inches. 
7. DImension. b. ot recw,ngular column: 67.1 + 7.42 _ 11.04 lache.. 

The thooretlcal lllzo', 7.42" "11.04" but the &etual . lzo to UIO \. 7}S" ,,1)". 

Tables 9 and 10 can be used to detennine directly the safe loads 
for a specified column of given size and length. 

E:u .. PL.: Ch«lklng tho! ~~ obtalned \n tho! toreselng enmple. aaruDlint: ~tual 
dlmenlion .. or column to be 7,"," J: II". 

Slendorn_ ratio: (14.76 X 12) + 7.6 _ 23.6. 

Table 10. Ne~ .. te unl~ " .... : 
Interpolating. for l I d _ 23.6: ro _ Mol pOunct'l)(!Z" SQuare lneh. 

Total.reload: 7}S XII X66-1_t4,ooopOu.nd8. 



ROUND COLUMNS 

The tables used for the calculation of rectangular wooden columns 
cao also be applied to columns not rectangular, by expressing the 
value of least side of rectanglc in terms of corresponding rad ius of 
gyration, that is, when d is the least side of rectangle: 

d _ r x Vl2 or r _ d ..... Vt2 -0.2887 d 

For a circular section , when d is the diameter: 
., r _ d -+- 4 _ O.2sd 

T he ratio of diameter, d, of circle aod the least side, d, of rectangle 
is, therefore: 

0.2887 -+- 0.25 _ 1.155 

and the ratio of slenderness applicable to rectangular SCctions must 
be multiplied by 1.155, or about Va, to obtain the equ ivalent ratio 
of slenderness for circular sections of corresponding dimension, d. 

The uuit safe loads found for this increased ratio ,of slenderness, 
li d, are multiplied by the corresponding area of the circular section 
to obtain the net safe load of the round column. 

E:u.}(PLE: ltoQ.ulrod ~hc .. te load of a rou'ld columll, Uemk:>eI<, commoo grade, 
usuaLl)' we~ 10" dlame,,~., 12'-4" long. 

Slcndcm ou mUo: (12.33 X 12) + 10 X 1.111.5 - 17.t. 

Table 10. Nu~ aate ulllt ttrCS!l: 
Intcrl>oI:Hlng. for lid _ 17.1: t. _ 616 pound. per lIQuaro Illeh. 

Total sato load tor 10" db. column: are. _ 78.34 fSQuaro Inem.. then 
78.34 X 616 _ 48,380 1>OUIIdl. 

.3. 
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SPECIFIC GRAVITIES AND WEIGHTS 

-
...-. - 1·araolty Lbt. ,. 

Cu. FL 

Metals, Alloys. Ore. 
Aluminum, c&et--Iammered 

.. bronze ............ .. 
Antimony ........... .. 
Araenie ................................. .. 
Bismuth .............................. .. 
Br_, llIIIIt.-rolled ................ .. 
Bronze (gun metal)

eopper-SS, lin 10\ lino 2% 
BrOMe (PbOllphor -

2.S5-2.75 
7.7 

6.62-6.72 
>7' 

9.70-9.78 
&4-l!.7 

&7 

eopper80, tin 10, lead l Oo/c 9.0 
Chromium.. .. .. .. .. .. .... .. .. .. .. .... 6.80-6.92 
Cobalt .................................. 8.72-8.95 
Copper, eaIIt-rolled .............. 8.8- 9.0 

•• ore, pyritel. ........ 4.1-4.3 
Gold, 1lIIIIt-h&lomerod ..... 19.2!)-T9.35 
Iron, (lalit, pig ............ 'I 7.' 

" \Ifl'Qught................ 7.6-7.9 
" Spiegel-eieen......... 7.5 
" ferTO-flilioon .......... 6.7- 7.3 
" ore, hematite .. . .. . . 5.2 
"" "in bt.nk 
" "Iooeo ... 

" LiIDOni te........ · 3.a:..:.~O · 
" " magnetite. . . 4.9-5.2 
" ab.g. 2.5-3.0 

Lead ................... 11.28-11.35 
" ore, galena ....... _,.' 7.3-7.6 

Magn~u,,\... 1.74 
i\langaneee ........... ' .. 7.20-7.42 

" ore, pyrolu.ait.o. 3.7-4.6 
Mercury . ......... 13.59 
Molybdenum 9.01 
Nickel.. . ... .. . . I 8.57- 8.90 

" monel meL'll 8.8-9.0 
l'1atinUJn, cut,..hammered 21.1 - 21.5 
Silver, CAIIt-bammered , ... 10.4- 10.6 
St.oel,............. . ..... 7.8-7.9 
Tin, Clll!t-hammered.... . 7.2- 7.5 
"babbiltmc~I ........ 7.1 
" ~,cll88iterite....... 6.4-7.0 

Tungsten.............. . 18.7- 19.1 
V.II.IlAdililD ............ , " 1 5.5-5.7 
Zinc, eeat.-roIled.... ..... 6.9-7.2 

" ore, bleude.... . . ... . 3.9-4.2 

Various Solids 
Cork............. ... 0.24 
E.'boay. 1.22 
Fflta. ...... , . . . . . . . . . . 0.92- 0.94 
GlasJ, commoo, plate . 2.40-2.72 

" crylltal... . . 2.90-3.00 
" runt.... ....... 3.1S-3.90 

Phosphorus, white. 1.83 
PoroeiAin, china. . .. . . .. . 2.30-2.50 
Reeios, Rosin, Amber.... 1.07 
!tubber, caoutchouc....... 0.93 
Silicon . . . . . . . . . .. . 2.49 
Sulphur, Amorphoua ...... 2.05 
W/IX .... 0.95-0.98 

165 
.81 
'16 
358 
608 
534 

'" .., 
.28 
'52 
"" ", 

120' 
'5O ." ... 
437 
325 

160-180 
130-160 

237 
315 
172 
706 ... 
109 
45. 
'" ... .., 
'" '50 

1330 ... .90 
'" .43 
.18 

110) 
'50 
440 
25' 

15 
78 

" 160 
184 
220 
11. 
150 
67 .. 

1M 
'28 
50 

........ 
Timber, U. S. Seasoned 

Alb, While ............. . 
Beeeh ....••.••.......... 
Birch, Yellow ..... . 
~, P~t Orion! .. 

wbite, rod ... . 
Ch(llJtnut ............... . 
Cypretlll, !IOlithern ....... . 
Do~flaa Jo~r' cout ty;pe .. . 

mOUD\.aIn ... . 
Elm, AmericaD .. . . . .... . 
Hemlock, eutem, wstem .. 
Hickory, bigleal.. ....... . 

" pignut ......... . 
Larch, western ......... . 
M~le,~, black .... . 

IIIlver ............ . 
Oak, Oregon white ...... ,. 

" rod .. , ....... . 
Pine, red ............... . 

" yellow-long leaf .. . 
" "_hort leaf. .. 
" whi te, Weltenl .... . 

Poplar, yellow .......... . 
Redwood ............... . 
Speuce, black, red ....... . 

" Engelmann ...... . 
T/UIlaraek , ........... . 
Walnut ...... . 

Moisture Content.!!; 
Seuoned timber 12<'10 .... 
Green timber up to 50% .. 

Various Uqulds 

..... 
Or .. 11)" 

0.65 
.70 
0.68 
0.47 

0.35-0.37 
0.48 
0.51 
D." 
0.48 
0.65 
0.45 
o.n 
D." 
0." 

0.61-0.64 
0.53 
0.82 
0.71 
0.53 
.70 
0.61 

0.43-0.45 
0.45 
0.48 
0.45 
0.37 
0.60 

0.63-{l.64 

Alcohol, 100%. . . . . . . 0.79 
AeidI, Muriatic ~""I 1.20 
. :: nitric. !)t'!9.... 1.50 

IJIllphunc 8:7Y9.... 1.80 
Lye, ma ........ 66%.... 1.70 
Oiia, vegetable, .......... 0.91 - 0.94 

" mineral, lubricant.!!... 0.90-0.93 
Petroleum.. .. ......... 0.88 

G&IIOIi.ne ...........•.••.. J Q.66-M9 
Water, -l°C, max. deruritY .. 1 1.0 

" lOO"C. 0.9584 
" ice.. . . .. . . .. . . ... 0.88-{l.92 
" 1II10W, fl'('!l!.b flllten .. ' .125 
~ water. 1.02- 1.03 

Gasea 

I•• .... Lb .. p. 
o ell. Ft. 

41 .. 
43 

" 22- 23 
30 
32 
34 
30 

" " 48 
53 ,. 

33-40 
33 

" 44 
33 
44 
38 

21- 28 
28 
30 

" 23 
37 

'9-40 

49 
75 .. 

112 
106 
58 

" .. 
42 

62..28 
59.830 .. 

B 
64 

Air, DoC, 700 mID .•...•.. 1.0 .08071 
Ammonia ........ .. 
Carbon dioxide ...... . 
Carbon monoxide .... . 
Gu, illuminating .... . 

" natural. 
Hydrogen ........ . 
Nitrogen. 
~fl:eu .. 

0.5920 .0478 
1.5291 .1234 
0.9673 .0781 

0.35-tl.45 .02IJ...038 
G.47.-{l.48

1

·Gl8-·039 
0.0693 .00559 
0.9714 .0784 
1.1056 .0892 

The8ptdftc gra.vlUIlII Of 80lIdB and Ilquldll refer to wawr at 4·0, thOllO or g_ to air at 0"0. and 
760 10m PI'OOlIUI'e. 'rho welghUl pcr cubic foot aro derh'oo from a~ 8pectflc grl\.\'itlcl, o.o:cop~ 
wb('n).tated that woIBbUl are for bulk. hoap(ld or looeo mawrlal. etc.. 



. ., ,----------------------------
SPECIFIC GRAVITIES AND WEIGHTS 

Mineral, 

Aabe8u. ................ . 
BIlJ')'te. .. " .......•..... 
Basalt ...... . ... . ....... . 
Bauxite ................ . 
Borax .......... . ..... . . . 
Chalk ............••.••.. 
ClAy, marl " . ........... . 
Dolomite ............. ",. 
FeldsplU', ~b()elUII ...... . 
Gran,te, glletal •..•..•.•• 
Greenetone, trap ........ . 
Gypsum, BlabNI1er ...... . . 
llornblende ............. . 
Limeatone, eryltaJline .... . 

" oolitic . . . . 
Magnesite . . . . .. . . ... . . 
M arble . .. . . ... ... . 
Phoephate rock, apa~ite ... 
Porphyry .... 
Pumice, natural ... . ... ' .. 
QUl\Tt~, flint .......•....• 
Sandstone, blu\lIrtone ..... . 
Sl .. te, ~hal e . .. 
Soape:tone, talc! . . . . 

Stone, Quarried, Plied 
BallAlt, gra.nit.e, ,ntill 
LimHtone, marble, quart. 
Stuldatone ............ . 
Shale ......... . 
GreeDlltone, hornblende. .1 

Bituminous Substances 
A3phaltum 
Coal, Mthracite . . ...... . 

" bitumin0U8 ........ . 
" lignite ............ . 
" peat , turi, dry .. . 
" charcoal, pine ... . .. . 
" " oak ..... .. 
" ooke .............. . 

Graphite . .. ............ . 
I'arllffine . . .. . . . 
I'elroleum, crude .. . 

" refined ....... . 
" benl ine . 
" g!UiOUnl,l . 

Pitch. . . . . ... . .. . . . 
Tar, bituminous. 

Coal and Coke, Piled 

Coal, anthracite.. . .. 
" bituminous, lignite . . 
" peat , tu rr ......... . 
" charooal .. . 
" ooke ............• 

....... 
0",,, 

2.1 -2.8 
' .5O 

2.1-3.2 
2,55 

1.7- 1.8 
1.8--2.6 
1.8-2.6 

2.' 
2.5-2.6 
2.6-2.9 
2.8- 3..2 
2.3---2.8 

3.0 
2.4- 2.1 

2.3 
3.0 

2.7- 2.8 
3.2 

2.8--2.9 
0.37- 0.90 
U -2.8 
2.2-2.5 
2.7- 2.8 
2.6-2.8 

1.1- 1.5 
1.4- 1.7 
1.2- 1.5 
1.1- 1.4 

o.ss..O.85 
0.28---0.44 
0.47- 0.57 
1.0- 1.4 
1.9-2.3 

0.87- 0.91 
0." 

0.79-0.82 
0.73-0.75 
0.66- 0.69 
1.07- 1. la , ... 

'53 
28' 
'84 
'59 
'09 
137 
137 
18' 
'59 
In 
'87 
15' 
187 
'60 
'" 187 
'68 ... 
'72 
40 

'65 
'47 
In 
'69 

.. 
" " " 107 

81 
97 
84 
78 
47 
23 
33 
75 

13' 
56 
55 .. .. 
" 69 
75 

........ 
Ashlar Masonry 

Granite, gnei.- .. 
Lim~«llIe, cry~aUine .... . 

oohuc ..... . 
Marble. 
Sandstone, bluestone ..... . 

Mortar Rubble Masonry 
Grfl.Oite, pM .......... . 
Li.m~ne. cry.s~line .. . 

oolitic .... 
Marble ....... . 
&nd!ltone, bluestone . . 

Brick Masonry 
Pref8ed brick ... . . 
Common brick .... . 
Soh brick .. .. . .... . 

Concrete 
Cement, atone, sand . . 

" slag, etc . ... .. . . 
" cinder, etc ... . . . 

VarIous Buildin!! Malarial 
Ashflll, cinders .... , .• , .•. 
Cement, Portland, I~. 

" " Bet .. 
Lime, gypsum, looee ..... . 
Mortar, eet ., ..... . ..... . 
SJ~ ~k slag .. : •..•.•• 

acreenlDp ... . . 
" machine alag ... . . . . 
" slag II&Dd ......... . 

Earth, etc., Excavated 
Clay, dry ............... . 

" damp, plutic ...... . 
ClIlY fI.Od grM'el, dry .... . 
~,dry, looee ........ : 

packed ...... , 
" moist, 1008I:I .. .. •. 1 
" " packed ... . 
" mud, flowing . . . . . 
" "packed ... . . ' 

rup~ap, limeet.one . 
IIIUld!ltone ..... . . . 

" shale ....... ... .. . 
Sand, gravel, dry, iOO!M'l .• 

" " "paeked . . 
wet . 

Excavations In Watsr 

1 
SfI.Od or gra\·e!. . ...... .. . . 

:t= c:;Y . .': ... :' .... ~.~~~~~ :: 
20-26 R'\'er mud . .. . ....... . .. . 
11)-14 Soil 
23---32 Stone ripnp ......... . 

2.6-2.9 
2.4-2.7 

U 
2.6-2.8 
2.2- 2.5 

2.5-2.8 
2.3-2.6 

2.2 
2.5-2.7 
2.1 - 2.4 

2.2-2.3 
1.3-2.0 
1.5-1.7 

2.2-2.4 
1.9-2.3 
1.5-1.7 

2.7- 3.2 

1.4- 1.9 

172 
'60 
'44 
'68 
'47 

'65 
'56 
'38 
'62 
140 

'40 , .. 
'00 

'44 '30 
'00 

.,... 
90 

'83 
65- 75 
103 

6772 
9B 117 

96 
. 0-55 

63 
110 
'00 
76 
OS 
78 .. 

'08 
115 

81>-85 
90 

10. 
90 105 

100-120 
118- 120 

60 
65 
80 
00 
70 
65 



••• 
STRENGTH OF MATERIALS 

STRESSES PER SQUARE I NCH 

SIr_ In Kipt .. _ 

_ M_"·_"_·'~· __ I U I u JI IT! l_n_I---U_l -+;_i~ 
Aluminum, CAlt . . .•.•.... 15 

" ban, ,heets . . . . . . . . . . . . . 24- 28 
" wire, hanl. .... . 30-65 
" .. annealed . 20-35 
.. 2% to 7% Ni, Cu, Fe, etc. 40- 50 

Aluminum Bronze, 5% to 7).i% AI 7S 
" 10% AI .. I 85-100 

Co~per, east ....... .. ............. 1 25 
plata, roda, bolts........... 32- 35 

" wire, hard. 55-65 
" wi re, annealed . 36 

Braa, 17 ~'7.: ZIl .. 32.6 
.. 23 " .. . 
.. 30 " .. . 28.1 
" 3'" . " " 50% ..... . ,......... 31' 
" Cq l , common . ......... 18-24 
' f wire, hlltd 80 
" "annealed . 50 

B~~U ~r(>~ .. : .. :: ......... g:: 
" " 33 
.. 24 " .... .. .. "" ...... 22 
.. () " ........ ,........... 5.8 
" pn meta.I, 9 Cu, 1 So . ....... 25-55 
" Mangane8e, east ) 10% So.... 60 
" "rolled 2%~ Mn. . . 100 
" PhOilphoru8, east 9 8n.. . . 50 
" "wire 1 o P . . .. 100 
" Silicon, cast, 3% Si . . . 55 
" " " 5% Si . ... 75 
" .. wire.. . . ... 108 
" Tobin, cast ) 38% Zn ... 68 
" " rolled Hi% Sn . 80 
" "eold rolled ~% Ph... 100 

.. "platte 38'10 to 'iU"/0 Zn . . 88 
DtlUl Meu1, cut. j 5S'f9 to ~ Cu . 45 

.. "bars 20/, to 4% Fe. . 85 
" " wire l%to 2% Sn .. 100 

Gemlan Silver, 25 0 Zn,:ll% Ni ..... 
Iron _ next page . 
Gold, C&IIt. . .. . . . . . . . . •. . •...... 

" wire . .. .. . . .. .... .. .. . 
" copper,5Au, I Cu . . 

Lead, C&IIt .•. 
" pipe, mre ... .. .. . ....... ... . . 
.. rolled meet. ................. . 

Platinum, 1I"ite, unannwed .... . .. " . 
" " annealed .... . .. . ... . 

6iIVet, cset . ... . ......... . 
8t.eel, _ nm page .. ' ............. . 
TiD, cut . ..................... . 

.. anUlll(lny, 10 Sn, I Sb ..... . 
Zinc, eae~ ...... . .. . 

.. rolled.ooeu .. .. . 

20 
30 
50 
1.8 

2.2- 2.5 
3.3 

53 
32 .. 

3.5--4.6 
11 

4-6 
7- 16 

'.5 
12- 14 
16-30 

14 

" .. 
eo • 10 

" 10' . •. , 
1.6 
8.6 

17.4 
17.9 
6 

18 
18 
20 

" ri ' 
' .6 

10 
30 
eo 

" 

.. 

• 

1.5-1.8 

• 

12 

120 .. 
32 

" 
" 117 
30 

" 53 
18 

11. 
141 

125 I .. 

8 

18 

" 
23.2 
22.3 
26.9 
39 
33.S 
20 

43.7 
34.5 
56.1 
32 
12.1 
52 

1..1 

4 

1 

12 

30 

36 

11,000,000 

10.000,000 

18,000,000 
15,000,000 

9,OCJO.OOO 

14,000,000 
10,000,000 

10,000,000 

4,500,000 

8,000,000 

1,000,000 
1,000,000 

720,000 

4,000,000 

13,000.000 . . . . . . . .. I 

26:7 
35.8 
20.1 
"'.1 
' .0 

,., 
3.3 
0.04 
o 
o 



••• 
STRENGTH OF" MATERIALS 

STRESSES PER SQUARE INCH 

___ ~S"-II'I I(IpI~_~ __ 

t1 if ' h 1~ U 
~s g~ J~ l~ is 

Steel 

ShaJle', Platell. ~. 

--f-"-- -----1-----1 1 
"bridjte!l .......... 55-65 \.t; una. tensile ten4i1e H' lena 29,000,000 27.3-23.1 
" buildings ............ "1 55-65 r · .. " " I " 29,000,000 25.5-21.5 
"can . . . . . . . .. . .. 50-65 " " " " 29,000,000 30.G-23.1 

loeomotiv~. ", ....... "1 55-65 "" " 29,000,000 27.3-23.1 
" shipe . , . . . . . . . . . ... so-n " 29.000,000 25.0-21.1 

Boiler l'laIN-
" "fl I '" " 6' " , , '], 0'] " .- 29 000 000 27.3-23 ' " " fi:f!:.~ . ,:::::: 52=62 r.t ,~na'l e~~1 e e~, e ,701. :-;oDS 29:000:000 28.8-24:2 

Rh"eta-
"boilere. . ... , .. 1 45-55 ~ ten •. tenaile te~~le '~ ~II 33.3- 27.3 

bridges ............... 52-62 " " 28.8- 24.2 
building... . . . . . . 52-62" "" 28.8-24.2 

" carll 52- 62 " " 28.8- 24.2 
shipe ..... ..... 55-65 "" 27.3-23.0 

Concrete BIII1I· 
" plain, Btructural grado 55-70 33 tenaile tensile ~ tenll 29,000,000 25.5-20.0 
" "intermediate. 70 -90 40 "" 29,000,000 18.6-14.3 
" "hard.. ..... 80 50 29,000,000 15.0 

df!formed,nruct'l grade 55-70 33 "" 29,000,000 22.7 ·17.9 
" intermediate 70-90 40 " " " 29,000,000 16.1- 11.3 

" "hard 80 50 .. " " 29,000,000 12.5 
" cold hiat.ed 55 " 29,000,000 5.0 

c.ninp· 
" 10ft............... 60 30 
" medium .............. : 70 38 
" hArd .......... .j 80 43 

Forginp· . 

Steel Alloys 

Nickel Suel, · 3.25% Ni. 
" e.hape8, plata, bats... 85-100 

ri\·e~ .. . . . 70-80 
eye blU"1l, unannealed 95-110 

" 
Steel SprIngs and Wire 

50 
45 
55 

" " " annealed ...... 'l 9G-l05 

SprioglJ, untempered ...... 65-11 0 40-70 
Wire, unAnne&led ..... .. ... 120 60 

" annealed................ 80 40 
bridge cAble. . .. ... ...... 200 95 

Wrought Iron 

Shll.peI. . ........ . 
Ban.. .. .............. . 
W,i,re, unannealed. . ....... . 

anoe&led ............. . 

c ast Iron 

Cammoo .......... . 
GrAy ................... . 
Malleable ................... . 

48 
50 
80 
80 

15-18 
18-24 
27-35 

29 
27 

27 

• 
' ... 20 

" 

tensile 
" 
" 

tensile 
" 

60 .. 

" " 

29,000,000 
29,000,000 
29,000,000 

, .... " ~ "M; i:§' " " · " " · " " · 

tensi le i% tena. 28,000,000 
28,000,000 
15,000,000 
25,000,000 

" 

30 
2'-'" 

30 

18-20 12,000,000 

40 

26 
24 
17 

17,6-1 5.0 
21.4- 18.8 
15.8-13.6 

20,0 



• •• 
STRENGTH OF MATERIALS 

STR ESSES IN POUNDS PER SQUARE INCH 

Ultimate A .... g. S,,- Mod"'ul 

• El n l icity 

Slit. Worklng SIr_ 
BPlldh1G Motorial. 

Stone 
Granite, gneilill, bluestone .... . 12,000 
Limestone, marble . ....... . 8,000 
Sa.nd6tolle . . . . . . 5,000 
Slate ..... . ..... . . .. 10,000 

Masonry 
Granite . 
l.imestone, bluestone .. 
Sandtltone ........ . 
Rubble....... . .. . .. . 

" eouracd .. .. .. . .. . 
Brick, medium burned . 

" hud burned ... . ..... . 
" preeeed, paving brick. . . 

T erra Cotta . . . . . . . . .. . .... 

Cement, Portland 
N~~t, 28 day~ ... . .. ... . 

00 daY!l. . . . . . . ... • 
1 :3I1lUld, 28 day •... , . . ..... • 

" 90 day • . .... . .. . . .. 

Concrete, P. C. 

(

Granite. trap rock .. . ... . . 
C-I l-'urnaoo Slag ............ . 
~ Lime and Sand!ltone, hlLl"d . 
- Lime and Sandstone, 80ft .. 

Cinders . ............ , .. . 

(

Granite, trap rock .. ... . . . 
~ Furnace Slag .. .. .. .. . .. . 
-:: Lime and Sandstone, hard , 

~ g~:e::.d. ~~~~~~~~'. ~~t .. : 

~ Furnace Slag ....... . .... . 
~ Lime and Sandstone, hard. 

(

Gf lUlite, trap rock . . . . . .. . 

~ g~:e::.d. ~~~~~~~'. ~f~ : : 

(

Gfanite, t rap rock . . 
<P Furnace Slag . . 
~ Lime ILIId Sand&tone, hard 
... Lime ILIId Sandstone, 110ft 

Cindel'll . 
Miscellaneous 

GIII8II, eommon ..... . .. .. . .. . 
I'1:uswr. . . . . . . . . . 1 

10:000 
1MOO 
6,000 
5,000 

7,040 
7,350 
1,290 
1,490 

3,300 
3,000 
3,000 
2,200 

800 

2,800 
2,500 
~500 
1,800 

700 

2,200 
2,000 
2,000 
1,500 

600 

1,800 
1,600 
1,600 
1,200 

500 

1.400 
1,300 
1,300 
1,000 

400 

30,000 
700 

S oaring 

1.200 
800 
1SO 

3,000 

l ,SOO 
1,500 
1,200 
5,000 

7,000,000 1,,200 
7,000,000 800 
3,000,000 500 

14,000,000 1,000 

1,200 
800 
SOO 

1,000 

200 
1SO 
1SO 
175 

740 
740 
3W 
340 

Modulus 
of 

EIlI.Sticity 

420 
350 
280 
140 
'70 
170 
210 

Reinforced Concrete 

600 
500 
400 
2SO 
2SO 
300 
300 

(

3,000,000 for u1t. oomprCSllion over 2,900. 
2,500,000 fOf ult. compJ'e8lrion up to 2,900. 
2,000,000 for nit. compression up to 2,200. 

750,000 fOf ult. compreJ!Sion under 800. 

Safe Working StreBllel!l 
in Percent of Ultimate Compre8l!ion 

Comp~on 

Bearing 

Shear and 
Diag. Tension 

(

P lain Concrete Piel1l, len~th 4 dill.. 22.5% 
Reinforced Columns, ' 12" 22.5% 
Reinforced Beam9, 32.5% 

Surface twi~ t he loaded area, .. , .35.0% 

(

Horizontal Bars,nowebreinfon:ement 2.0~ 
" "verticai llirrupe , .. 4,5'10 

!knt Bars ILIId vertical stirrups ..... 5.0 0 
Same, 6e(lureiy attached . . ......... 6.0~ 

2.Oj\> 
' 0:& 
5.0'10 

FOf eomplete daw. see Tr&Jl/l.&ctions of the American 
Society of Civil Engineers, Vol. LXXXI- No.l398, Dee. 1917 

3,000 
70 3.000 8,000,000 

For "'orking &tlU!lle8 of Structural Timber, see pages 428, 429. 



• •• 
EXPANSION AND CONTRACTION OF BODIES 

BY CHANGES IN TEMPERAT URE 
The linear coefficient of expansion of II. body is the rate at which the unit 

of length changes, under constant pressure, with a change of one 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 3. change in length _ Itn, 
where I is the length of the bar in inches, t t he change in temperature in degrees, 
n the corresponding linear coefficient; if fixed at both ends, the internal stress 
per unit of aTCIl _ tnE pounds per square inch, where E is the modulus of 
elasticity, and the total temperature stress _ AtnE 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 a change in temperature, 
multiply the length of the bar by that change in degrees and by the cocfficient 
for onc degree. 

LINEAR COEFFICIENTS OF EX PANSION FOR ONE DEGREE 

~",""Ient. " Coe/lkiont. " -_. =::"-,-,--
Centigrade Fah.f<lhloit ________ : Cenllgrade Falvetlhtll 

----i l- - s.o" •• "d M.,""-Metals and Al10ys "" ..... "., 
Aluminum, wrought. .0000231 .0000128 Ashlar maaonry. 
BrlLf!8. .. . .......... . . 0000188 .0000104 Brick maaonry . .. . 

" wire. 
Bronze ...... . 
Copper ... . 
German Silver. 
Gold ............... . 
Iron, cllllt, gTay. 

" wrought. 
" wire .... 

Low. 
Nickel. .. 
Platinum ............. . 
Platinum-Iridium, 15% Ir . 
Silver .. 
Steel, east .. 

" hard .... 
" Dledium. 
" IIOCt •••• 

Tin ........ . 
Zinc, rolled .. . 

. 0000193 .0000107 Cement, Portland. 
. .0000181 .0000101 Concrete .. . . . .. . . 

.0000093 "1.1111110nry . 

.000OT02 GrlLIlite ......... . 

.0000083 Limestone 

.0000059 ?tIarble ............ . 

.0000067 1 Pllllller ............. . 

.0000069 Rubble m&llOnry .... . 

.oooOT 59 Sandatone .......... . 

.0000070 Slate ... .... ....... . 

.0000050 Timber 
:~~ Fir 

.OO(M)11 0 .0000061 1 Maple parallel. to fiber 
JXlOO132 .0000073 O~k 
.0000121) .0000067 Pine 
.000011 0 .0000061 I Fir . 
• 0000210 .0000117 Maple perpendIcular 

.0000037 

.0000064 

.000004' 

.0000054 . 

.000058 I' .000048 . 

.000054 . 

.000034 
Miscellaneous Solids 

.0000311 \ .0000173 1 R~~ to fiber ..... 

Liquid Substances Volumetri c Expan . 
GII\SII ...... . 
Graphite. 
Gutta-percha ... 
Paraffin 
Porcelain ..... 

. 0000085 .0000047 Alcohol ............. . .00104 .00058 
.00110 .00061 
.00063 .00035 
.DOOT8 .00010 
.00090 .00050 

.0000079 .0000044 Acid, nilric. 

.0005980 .0003322 "lIulphuric. 

.0002785 .0001547 Mercury ... 
•• • 1 .0000036 .0000020 Oil, turpentine .. 

EX PANSION OF WATER, MAX IMUM DENSIT Y _ 1 

Volu .... C' '"- C' VDI"",. 

1.00025~ 130 1.004234 50 1.011 Sn 
1.001732 40 1.007627 60 1.016954 

C' 

7D 
80 

VDlum 

1.0223 

~ co I_'_"_~_ 
B4 90 1.G35829 

1.043116 1. 1l29OO3 100 



44. 

EQUIVALENTS OF" MEASURE 
LENGTHS 

I meter (m ) _ 10 declmetcn (dm) _ 100 ocntlmel.enl (em) _ 1000 m1l11metonl (mm). 
1 meter (m) _ 0. 1 d OClLmf)tcr (dltm) - 0.01 hoet<)mot.or (h m) _ 0.001 k llomeror (lcm). 
1 meter em) _ 30.87 Incbell. U. S. Standard _ 39.3701 13 !nehOl, Br lU.h StaDdard . 
I millimeler (mm) _ 1000 micro ... (pJ _ O.03~1IDch _ 39.37 mill. -.. - '"'. ' ''' ' .... - ,- Mil .. U.s.. 

K .... " ..... 
• ~ ~ ... , . ... .-. """"" ~ 

1 39.37 3"083 1.09361 0.19884 0.04971 0':6214 O.:ss96 0.001 
0.02540 1 0.08333 0.02n8 O~5051 O~l 2S3 O~11S78 O~1371 O~540 
0.30480 12 1 '.33333 0.06061 0.01515 D~l894 0':1645 O13048 
0.91440 3lI 3 1 0.181 82 0.04545 . D .~ OJ4934 O.a144 
5.02921 198 16.5 ,., 1 ' .25 O13125 O.:n14 • .l5029 
20.1168 792 .. 22 • 1 0.01250 0.01£185 0.02(112 
1609.35 83360 '28' 1760 320 80 1 0.86839 1.60935 
1853.25 72962.' 6080.20 2026.73 368.497 92.1243 1.151M 1 1.85325 

1000 39370 3280.83 1093.61 198.838 49.7096 0.62137 0.53959 1 

1 "ard, U. S. _ 1.0000029 yllrds, Drltl.th. I rard, Br ltl,h _ O.099{XI71 yard, U. S. 
1 chain. G unter', _ 100 lIob:. I link _ 7.92lnebCII. 
I cable len gth, U. S. _ 120 fathoms _ 960 Ip&IW _ 7ZQ toot _ 219.4~7 meterll. 
1 league. U. S. _ 3 ltatute rollce _ 24 turlollp. 
llnt.enlatlonal !rOOSnphi<:a11ll11e _ Iii- ueq\l&t<>r _ 7422 III _ 4.611808 li. S. ltatute roue.. 
l internatlo .... 1 nautlc..l mIle - !i.- U meridian _ 1852 III _ 0.9003!)6li. S. nautka l mio. 
1 U. S. nautica l mUe _ 1'0- otclrcumr~ orspherc wha.e mrface equaQ tha~Qt the earth_ 

6080.27 roo~ _ 1.1~ 1 55 , tatute mile. _ 1853.27 melen. 
1 British nauUeal m ile _ 6080.00 too, _ 1.15 152 ltatUte mile. _ 1853.19 meters. 

SURFACES AND AREAS 

1 MI . meter (m') _ 100 *I. decimeters (d ill') _ 10000 11((. oentlmeten (elll'). 
l .tq. rooter (m') _ om are (a) - 0 .000 1 hectat'6 (ha). 
1 ... rniUlmeter (mm ") _ 0 .01 em' _ 0 .00155 ... lodi _ \1173.5 clrcular rnlb. 
1 are (a) _ 1 .tq . d ecameter' (dkm) _ 0 .0247104 acnl. - . . 

% MIII_ Sq. 1"",, .. ... ' ... Sq. YanI .. ..- ... "-. Sq. M~ .. ...... .. ... In. ... III· \'iI • ..,. A •• Sl.Itut l 
.0_ 
0. ' 

1 1550.00 10.7639 1.19599 0.03954 0~471 0.0001 O~61 0.11 
0~6452 1 . l6944 0':7716 O~S5T 0.:1594 0~52 0~491 0 .~6452 
' .09290 ". 1 0.11111 OJll;73 0:m6 .:om 0~587 0.:9'290 
0.83613 1296 9 1 ' .03306 • .l2066 0.:B361 0':3228 0':8361 
25.2930 39204 272.25 30.25 1 0.00625 012529 0':9766 0~529 
4046.87 6272640 43560 484. 16. 1 0.40469 0~1563 0~4047 
10000 15499969 107639 11959.9 395.366 2.47104 1 0.l3861 0.01 

2589999 27878400 3097600 102400 64. 259.000 1 2.59000 
1000000 10763867 1195985 39536.6 247.104 100 0.38610 1 

I ... rod. aq. oole. or -'Q perch _ 1125 .. nnb _ !-t .. acre. 
I II((. chllln. Ountt'C", _ 1611((. rod, - U. acre. 
1 acre _ 4 r"OOodI_ 11IO.tq. roda. Square Or I acre _ 208.7103 toot -'Qnare. 

--- --
Notatlolllll t I. a. etc .• Indicate tha~ the 1.1. t. etc .• are t.e he rcp\a(:(ld by 2. 3. 'I. etc •• cl p.hera. 
E x.lKPI, II. I aq . rod -0.$9766 _ 0.00IXI0076611((. milllII. 
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EQUIVALENTS OF MEASURE 

VOLUME AND CAPACITY 

I cu. m(!to)r (m") _ 1000 cu. decimeter (dm') _ 1000000 cu. centimctcl'll (em") . 
tlitor (I) _ 10 docUltel'1l (dl) - 100 oontlllWl'1l (eI) - 1000 milliliters (mil - 1000 cu. cent!-

mcten, (em> Or C c.) 
111tcr (I) _ 0.1 d-'!ter (dkl) _ 0.01 hectoll«rr (hi) - 1 cu . doolmoter (dm"). 

~ , , ... , ... CutJ;c , ... U. s. Quart. U. $. Gallon , "-' Dtdmet ..... Inch.., ,,~ Vard .. 
, 

Buill ... 'm' <II. In. ~~ tW.1d. U ..... ,., Uquid, ' •. .. 0, lit,,,, I I. Qt. d. qL I. ..,. d. gtL. , 
1 61.0234 0.03531 ol' ;08 1.05668 0.90808 0.26417 0.22702 0.02838 

0.01639 1 O~787 O~2143 0.01732 0.01488 Ol4329 O~3nO 0·14650 
28.3170 1728 1 0.03704 29.9221 25.7140 7.48055 6.42851 0.80356 
764.559 46656 27 1 807.896 694.279 201.974 173.570 21.6962 
0.94636 57.75 0.03342 Ol1238 1 0.85937 0.25 0.21484 0.02686 
1.10123 67.2006 0.03889 Ol1440 1.16365 1 0.29091 0.25 0.03125 
3.78543 231 0.13388 O.i4951 4 3.43747 1 0.85937 0.10742 
4.40492 268.803 0.15556 O.~761 4.65460 4 1.16365 1 0.125 
35.2393 2150.42 1.24446 0.04609 37.2368 32 9.30920 8 1 

U. S. Dry MOMIlre: J bWlMI _ 4 poelaI _ 8 gallons _ 32 quarts _ 64 pinta. 
U. S. Llquld'Measure: 1 gallon _ 4 quarta _ 8 pinta - 32 gills _ 12811uid ounces. 
U. S. Apoth. Me&9\ll'e: 1 O. ounce (f l) _ 8 11. dralIl!l (f 3 ) _ 480 rnlnllIl!l ( n~ ) _ 21).f.74ern·. 
Brltl8h Imperial gallon dry and Ilquld mOMllre _ 1.00202 IJ. S. dry gal. - 1.20001 U. S. liquid gal. 
nritbh Imperlal gallon _ 277.410 cu. In. _ 4645.9631 em'. 

W eight or water at mUlmum density. 4°e. 45° Lat .. at.ea level. 
1 cu. ft. _ 62.4283 1\)8. avo _ 28.3170 kg. 1 cu. In. _ 0.5780.1 oz. avo _ 16.3872 g. 
1 gal., U. S.IlQuld _ 8.34645 1\)8. _ 3.781>43 kg. 
1 gal., Brltl8h Imperial _ 10.0221 I~. _ 4 .6459631 kg . 

MASSES AN 0 WEIGHTS 

1 gram (II) _ 10 decigram!! (dg) _ 100 centlgralWl (eg) _ 1000 mllllgra!l1ll (mg). 
1 gram (g) _ 0.1 decagram (dkg) _ 0.01 hec~m (hg) _ 0.001 kilogram (kg). 
1 kllogram (leg) _ 1 liter of water, (4 0 e. 45° Lat. at _ level) _ 15432.35639 gralnll, U. S. .,d 

Brltlllh Standard. 

,-" ,- ,~. 

K~oorams. G.aln .. 
,~ G_ 

" •• ''''. A.oI •• ''''' A.oI •• M ..... 
0 •• t. O1.IV. '" lb .••• IShotIl . (Long. 1000 kg ...... "" ... 

1 15432.4 32.1507 35.2740 2.67923 2.20462 0~1102 0~9B42 0.001 
O~6480 1 O.~ O~ 0,t1736 OJI429 0~7143 O~78 0~80 
0.03110 480 1 1.09714 0.08333 0.06857 0.~29 O~1 0~1l0 
0.0283S 437.5 0.91146 1 0.07595 0.06250 ~3125 0~790 0~835 
0.37324 5760 12 13.1657 1 0.82286 0J4114 O.~674 0~3732 
0.45359 7000 14.5833 16 1.21528 1 0.00050 0':4464 0.~4536 
907.185 14000000 29166.7 32000 2430.56 2000 1 0.89286 0.90719 
1016.05 15680000 32S66.7 35840 2722.22 2240 1.12 1 1.01605 

1000 15432356 32150.7 35274.0 2679.23 2204.62 1.10231 0.98421 1 

I ounce avol •. _ 16 dram., avol •. I ounce troy _ 20 penny-orelgbt (d,,·t). 
I ounce apoth. (])_ 8 draIDJI (3 ) _ 24 IICI'Uplcs{~) _ 4.80 gralns (gr) _ 31. 1005 g. 
I long hundredweight (Iewt.) _ 1 /20 long ton _ 4 Quane ... _ 8 atono _ 1121~. _ 50.8024 kg. • Notation, g,~,:, etc .. Indicate that the &, ~, t, etc., are to be replaoed by 2, 3, 4 , etc .. ciphers. 
EXA .. PLE. 1 graln _ 0.32083 _ 0.002()83 o.z. t. 1 graln _ O.~6480 _ O.(l()()(I&i80 kg. 
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EQUIVALENTS OF MEASURE 
FORCES O R W EI GHT S PER UNITS OF' LENGTH (LINEAR WEIGHTS) 

1 dyno pcr oontlmerer _ 0.0010 1970 g jcm _ O.OOO I 837U) POw ,da.l /in . 
I gra.m por OOMlmerer _ 980.5966 dyna./em _ 0. 18011>4 pounda.l / in. 
1 poundal per Inch _ 5443.11 d)'Dos/em _ 5.500SI g lem _ 0.0310832 pound / In. 
~ 

G.~ I Grain, ...... POll"'" "''''. Ki!otram. Net Ton .. Orotl Ton .. MOlrlc: TOM, ,- pw Inch, perlnc:h, ~erfOOl. per Yard, per Ment , I2DOO ..... 1• (2240 JIlL • (1000 ~g , 

CtntimeUt, 
•• / in. 1b.f1n. II>./fL 1b.fY'd. k./m per Mill per Mill W 

,,~ Kilomll .. . -
1 39.1983 O.~ 0.06720 0.20159 0.10 0.17740 0.15839 0.10 

0.02551 1 O~1429 O~17t4 O.~143 0$551 O~4526 O.g4041 O~551 
178.579 7000 1 12 ,. 17.8519 31.6800 28.2857 11.8579 
14.8816 583.333 0.08333 1 3 1.48816 2.64000 2.35714 1.48816 
4.96054 194.444 0.02778 0.33333 1 0.49605 0.88000 0.78571 0.49605 

10 391.983 0.05600 0.67197 2.01591 1 1.77400 1.58393 1 
5.63698 220.960 0.031 57 0.37879 1.13636 0.56370 1 0.89268 0.56370 
6.31342 247.475 0.03535 0.42424 1.27273 0.63134 1.12 1 0.63134 

FORC ES OR WEI G HTS PER U N ITS OF AREA (PRESSURE) 
I dyne pe~ sq. Q)ntimetet _ 0.0(1l0ID79 g/cm' _ 0.0004(;6646 poundab/ln". 
I gram ()Cr sq . cent imeter _ 980.5966 dynes/em: _ 0.4';7592 llOundais / ln·. 
1 pound M POC IIQ.. Inch. _ 2142.9<> dy nes/em' _ 2.18536 g /cm' _ 0.0310832 pound / In' . 

- -== ~. ~ 

KH ........ "' ... "''''. NOI Ton .. ,,- CoIu"",.of Mertuty. (Hg) I Colu mn. of WIt ... ,- ,- ,- (2000 Ibt.'. .. -~ 1 :UU U SII. G. Max. Oe.,oIty 4' C 
SiI. Centl- Sq. Inth, ....... W ...... 

mtl ... Ib.{In.· Ib./ft. ' Sq. Foot '" mm MjUl metflf1 '~M .. - ,~ 

It,tem' I 1 14.2234 2048.17 1.02408 O.96m 735.514 28.9572 10 32.&083 
0.07031 1 144 0.07200 0.06804 51.nt6 2.03588 0.70307 2.30665 
OJ 4882 0.~6944 1 0.00050 0.~4725 0.35911 0.01414 ol4882 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 29.921 2 10.3329 33.9006 
Ol 1360 0,01934 2.78468 I l 1392 Ol131 6 1 0.03937 0.01360 0.04461 
0.03453 0.49119 70.7310 0.03537 0.03342 25.4001 1 0.34534 1.13299 

0.10 1.42234 204.817 0.10241 0.09678 73.551 4 2.89572 1 3=83 
0.03048 0.43353 62.4283 0.03121 0.02950 22.4185 0.88262 0.30480 1 

FORCES OR WEIGHT S PER UN ITS OF VOLUM E (DENSITY) 
1 dynll ()Cr cu. ocntim<ltc t _ 0.00101079 gram /eml _ 0 .00118528 poundab / ln l . 
1 gnlm pet cu. centlm<lt(lt _ 980.5966 dyuO)S /em' _ 1. 162283 pounda1s / lnl. 
1 J)OUndal ()C1' cu. Inch _ 843683 dynes/em' _ 0 .860378 g /eml - 0.03 10832 pound l in'. - -

G'''''I ....... -. "''''. K Uogn. .... , ...... -. .... "'. KUIIg,"ml ,- ,- 0-

I 
,- w ,- ,. ,- ,-Cu. Cenll- Cu. lneIl, Cu. Foot, Cu. Yl rd, CIL Miller. Bu_eI. Gillon. 0 1110<1, Hectallt .. 

met ... Ib.jIn.' Ib.jft.' Ib./Yd.· kg/ '" ".< 0 • • "' ... "'" - """ 
,., ,., 

1 0.03613 62.4283 1685.56 1000 n .6893 9.71116 8.34545 100 
27.6797 1 1728 46656 27679.7 2150.42 268.803 231 2767.97 
0.01602 0.~5787 1 27 16.0184 1.24446 0.15556 0.13368 1.60184 
OJ 5933 0~143 0,03704 1 0.59327 0.04609 0. ~5762 014951 0.05933 
0.001 0~613 0.06243 1.68556 1 0.On69 0.~9711 OlaM5 0.10 

0.01287 0~4650 0.80356 21.6962 12.8718 1 0.125 0.10742 1.28718 
0.10297 0.~3720 6.42851 173.570 102.974 8 1 0.85937 10.2974 
0.11 983 Ol 4329 7.48052 201.974 119.826 9.30920 1.16365 1 11.9826 

0.01 0.;J613 0.62428 16.8557 10 0.n689 0.09711 0.08345 1 ._-
Notations:, I. t, etc .• Indi<:at6 that the ~ . ~.:. etc., a ..... t-Q be ..... plaC0d by 2, 3 . 4. etc .. cillllCt'S. 
EX" " PLE. 1 k g / m' _ O .~6 13 _ 0.000036 131b. / ln". 
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EQUIVALENTS or MEASURE 
ENERGY, WORK, HEAT 

1 dyne-<::entlmetcr _ 1 erg _ 0 .00101970 gram-Q!!ntimctO'lr _ O.!7376 12 toot-pound. 
1 gram-oeutimcUlr _ 980.5966 erga _ O.~7233 tOOlrpound. 
1 root-pound _ 13557300 ergs _ 13S21L5 grnm-oentimctc rs. 

KUOINIm- ,~-
HOfHIHIW .. -IIour Po" .. let_ Klklwllt_ '''''~ 

nulO'ma.i Unl .. 

-.~ .... 00. U_s. Metric, -I hou .... .. "~ 10' erp, 
-~ "- • <"'- H.P,"", 71 k,........ 100 k ......... Ow • , 8. T. U. .... 

I 
1 7.23300 ~f.!,3 0.;3704 012778 ~f.:24 9.80597 0.9296 0.G2342 

0.13826 1 O.gsoSl O!5121 0>0 O!J766 1.35573 O~l285 ~239 
273745 1980000 1 1.01387 0.76040 0.74565 2684340 2544.65 641..240 
270000 1952910 0.98632 1 0.75 0.73545 2647610 2509.83 632.461 
360000 26038B0 1.31509 1.33333 1 0_98060 3530147 3346.44 843.289 
36n23 2655403 1.34111 1.35972 1.01979 1 3600000 3412.66 859.975 
0.10198 0.73761 O~n5 o~m O~833 O~778 1 O~9480 Omag 
107.577 nS.1D4 O~930 O~984 o-lma O~30 1054.90 1 0_25200 
426.900 3087.77 O~1559 O~I58t O.~l1B6 O~t163 4186.17 3.96832 1 

POWER, RATE OF ENERGY AND HEAT 

1 IJrg per 'IOC. _ 1 dy"~mfl!OC. _ 0.00101079 g ram-cm / IIOC. _ O.~737612 loot-l)Qund/llOC. 
1 gram-centlmotcr per 8000nd _ 980.11"966 crp /8ec. _ 0.~7Z33 lOO\.-pound / llOC. 
1 loot-peund per 8OOOnd _ 13557300 er-gl / soo _ 13S2~m-em /soo. 

KMovra.... Foot· H~ ... n. ...... UIlitl 
-.~ ,,"00' W .... 

W •• U_s. Poncelet, "'-- WIItI. 
SeeOlld, .- "' 

....... llXlk~/_ ••• 1I1' ... gt.1_ B. T. u.. CalOl"te. 
k~/_ fL-4"'- / ..... fL-lbl./ _ 7lik~/_ B.T.U.I_ kt-eal/Mt. 

1 7.23300 0.01315 0.01333 0.01 0.9806 9.80597 O~ ~~2 
0.13826 1 0.~1818 0~1843 0~1383 0~1356 1.35573 0~1285 0~3237 
76.0404 550 1 1.01387 0.76040 0.74565 745.650 0.70685 0.17812 

75 ~2.475 0.98632 1 0.75 0.73545 735.448 0.69718 0.17569 
100 m_300 1.31509 1.33333 1 0.98060 980.597 0.92957 0.26425 

101.979 737.612 1.34111 1.35972 1.01979 1 1000 0.94796 0_23888 
0.10198 0.73761 OJT341 OJl 360 0.~1020 0.001 1 0~9480 0~9 
107.5n 778.104 1.414?i 1.43436 1.075n 1.05490 1054.90 1 025200 
426.900 3087.n 5.61412 5.69200 '.26900 4.18617 4186.17 3.96832 1 

VELOCITIES AND ACCELERAT IONS 
1 kine _ 1 centlmotoer per !lCeOnd _ 0 .0328083 loot per 9OOOnd. , 
1 radian per SQC(\nd _ [;7.2{158 degroos p<>r fI(IC. _ 0.159155 reVOlution" per lM!<:. 

I grn>;lty _ {lSQ.596(1 con~t.crs per Bee. l)oCr SOC. _ 32.1717 tcot per Il00. per soc. 

Mttttl f Ht . Met... f eel M;:-=j"kllom= 
p... pet M,l.. KIIOIlI KW""''''.... per See. per See. per Ho... per !-low 

Second. Second. per H..... per H""" per Hour. 1Mt See. per k per See. per k -1- fL/ ..... Mfh U. S. km/h m - 1- fL/ _ f _ M/II/_ ."fhl _ 
-

1 3.28083 2.23693 1.94254 3_' .... . . . .. .. . 
0.30480 1 0.68182 0.59209 1.09Tl8 ... 
0.44704 1.46667 1 0.66839 1.60935 . .. .. . ... . ..... 
0.51479 I. ..... 1.15155 1 1-8532' .. .... . ....... 
0.27778 0.91134 0.62137 0.53959 1 ..... 
. _. ...... ..... .. . .. . . . . .. . . 1 3.28083 2.23693 3_' 

.... . . 0.30480 1 0.68182 1.09728 
_. 0.44104 1.46667 1 1.60935 

-- ... . .. . . . _. o~ms 0.91134 0.62137 1 - -
Notatlons~, t, to ete., Indicate that tho :' Z. t etc .• are to be rep1a.ood by 2, 3. 4. eloC., clphc .... 
E UIII . U:. 1 Calorie _ 0.~ 1 163 _ 0 .00 1163 kUowatt-houMI. 
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METRIC CONVERSION TABLE 
INCHES AND FRACTIONS OF AN INCH TO MILLIMETERS 

I U. S. St.andard _ l Meteer _ 100 Centlmoters _ l000 Millimeters 

Iodl .. 

0 25.40 50.80 0 
1164 25.80 51.20 1/64 
1/32 26.19 51.59 , /32 
3164 la.59 51.99 3164 
1/16 26.99 52.39 1116 
51r, 27.38 52.79 5164 
312 27.78 53.18 3/32 
1/64 28.18 53.58 1/64 
1{8 28.58 53.98 "' ,,64 3.57 28.97 54.37 "" 5/32 3.97 29.37 54.n 5/32 

11/64 4.37 29.n 55.17 11/64 
3/16 '.76 30.16 55.5& 3116 

13/54 5,16 30.56 55.96 13/64 
7132 '.5& 30.96 56.36 7/32 

15/64 5.95 31.35 56.75 15/64 

"' 6.35 31.75 57.15 "' 17 /64 6.75 32.15 57.55 17,64 
9/32 7.14 32.54 57.94 9/32 

19/64 7.54 32.94 58.34 19/64 
5116 7.94 33.34 58.74 5/16 

21/64 '.33 33.73 59.13 21 /64 
11 !32 '.73 34.11 59.53 11/32 
23164 9.13 34.53 59.93 23/64 
'{8 9.53 34.93 80.33 '{8 

25/64 9.92 35.32 BO.72 25/64 
13{32 10 .32 35.72 61.12 13/32 
27/64 10.72 36.12 61.52 27/64 

7/16 11 .11 36.51 61.91 7116 
29/64 11 .51 36.91 62.31 29/64 
15/32 11 .91 37.31 62.71 15/32 
31/64 12 .30 37.70 63.10 31/64 
1t2 12 .70 38.10 63.50 1/2 

33/64 13 .10 38.50 63.90 '3/64 
11/32 13 .49 38.89 64.29 11132 
35/64 13 .89 39.29 64.69 35/64 
9116 14.29 39.69 65.09 9/16 

31164 14 .68 40.08 65.48 31/64 
19 /32 15 .08 40.48 65.88 19/32 "{6' 15A8 40.88 66.28 39/64 
51' 15.88 41.28 66.88 5{' 

41/64 18 .27 41.61 61.01 41/64 
Zl/32 16 .67 42.01 61.41 21/32 
43/64 11.01 42.41 61.81 43/64 
11116 11.46 42.88 68.26 11/16 
45/64 11.86 43.26 68.66 45/64 
23/32 18.26 43.66 69.06 23/32 
41164 18.65 44.05 69.45 41/54 
'/4 19.05 44.45 69.85 '/4 

49/64 19.45 44.85 10.25 49/64 
25/32 19.64 45.24 10.64 25/32 
51/64 211.24 45.64 71.04 51/64 
13/16 21).64 46.04 11 .44 13/16 
'3/64 21.03 46.43 71.83 53/64 
21/32 ZlA' 46.83 12.23 21/32 
55/64 ZI.., 47.23 72.63 55/64 
7{' 22.23 41.63 13.03 1/' 

51/64 22.62 48.02 13.42 
29/32 23.02 48.42 73.82 
59/64 23A2 48.82 14.22 
15116 23.81 49.21 14.61 
61/64 24.21 49.61 15.01 
31/32 24.61 50.01 15.41 
63/64 25.00 50.40 15.80 



METRIC CONVERSION TABLE 
INCHES AND FRACTIONS OF AN INCH TO MILL IMETERS 

.. , 
39.37 Inehel, U. S. Standard _ 1 Meter _ 100 Centimeterl _ 1000 Millimeters 

~~ 

,~" 

Frattkwol r,U"'I'12'I'13"' l 'lA" 1 ,,15c':::r 1';">O"'"7,G",., _' _"0'_-'''20c-I FractloM 

o 279.40 304.80 330.20 1 355.60 '3s1.00'-C'~06~.'~O+'~31~ .• =a+'~57~.'::-CO 482.60 508.00 0 
1/64 279.80 305.20 330.60 I 356.00 381.40 406.80 432.ZO 457.60 483.00 508.40 1/64 
1/32 280.19 305.59 330.99 356.39 381.79 1407.,9 432.59 457.99 483.39 508.80 1/32 

~~rs rs8:3~ ~g~:~ I ~t:f~ ~~H~ ~u~ :gt:~ m:~ :g:J~ :ti:Tl ~u~ 1~~ 
5/64 281 .39 306.79 332.19 357.59 382.99 408.39 433.711 459.19 484.59 509.99 5/64 

f:~ ~~H~ ~gn~ I ~~:H ill:J: 1 ~:ra :gU~ lli:~ :~g:~ :rs:~ ~~g:~ f~ 
1/8 282.58 307.98 333.38 358.78 384.18 409.58 434.98

1
460.38 485.78 511.18 l/B 

9{64 282.97 308.37 333.n 359.17 384.57 409.97 435.37 460.77 486.17 511.51 9/64 
5/32 283.37 308.77 334.17 359.57 384.97 410.37 435.77 461.17 486.57 511.97 5/32 

11/64 283.77 309.17 334.57 359.97 385.37 410.77 436.17 461.57 486.97 512.37 11/64 
3116 284.16 309.56 334.96 360.36 385.76 411.16 436.56 461.96 487.36 512.76 3116 

13/64 284.56 309.96 335.36 360.76 386.16 411.56 436.96 462.36 487.76 513.16 13/64 
7/32 284.96 310.36 335.76 361.16 386.56 411.96 437.36 462.76 488.16 513.56 7/32 

15/64 285.35

1

310.75 336.15 361.55 386.95 412.35 437.75 463.15 488.55 513.95 15/64 
114 285.75 311.15 336.55 361.95 387.35 412.75 438.15 463.55 488.95 514.35 1/4 

17/64 286.15 311.55 336.95 362.35 387.75 413.15 438.55 463.95 489.35 514.75 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 

19/64 286.94 312.34 337.74 363.14 388.54 413.94 439.34 464.74 490.14 515.54 19/64 
5116 287.34 312.74 338.14 363.54 388.94 414.34 439.74 465.14 490.54 515.94 5/16 

21/64 287.74 313.14 338.54 363.94 389.34 414.74 440.14 465.54 490.94 516.34 21/64 
11/32 288.13 313.53 338.93 364.33 389.73 415.13 440.53 465.93 491.33 516.73 11/32 
23/64 288.53 313.93 339.33 364.73 390.13 415.53 440.93 466.33 491.73 517.13 23/64 
3/8 288.93 314.33 339.73 365.13 390.53 415.93 441.33 466.73 492.13 517.53 3/8 

25/64 
13/32 
21/84 

7116 

'9/" 15/32 
31/64 
'12 

'31" 17/32 
35/64 
9/16 

37/64 
19/32 
39/64 

I 5/8 
41/64 
21/32 
43/64 
11 / 18 
45/64 
23/32 
47/64 
'/4 

49/64 
25/32 
51/64 
13/16 

'31" 27/32 
55/ 64 
71' 

57/64 
29/32 
59/64 
15/18 
61/64 
31/32 631" 

289.32 314.72 
299.72 315.12 
290.12 315.52 
290.51 315.91 
290.91 316.31 
291.31 316.71 
291.70 317.10 
292.10 317.50 
292.50 317.90 
292.89 318.29 
293.29 31 8.69 
293.69 319.09 
294.09 319.49 
294.48 31 iU8 
294.88 320.28 
295.28 320.68 
295.67 321.07 
296.07 321.47 
296.47 321.87 
296.86 322.26 
297.26 322.66 
297.66 323.06 
298.05 323.45 
298.45 323.85 
298.85 324.25 
299.24 324.64 
299.64 325.04 
300.04 325.44 
300.44 325.84 
300.83 326.23 
301.23 326.63 
301.63 1327.03 
302.02 327.42 
302.42 327.82 
302.82 328.22 
303.21 328.61 
303.61 329.01 
304.01 329.41 
304.40 329.80 

340.12 
340.52 
340.92 
341.31 
341,71 
342.11 
342.50 
342.90 
343.30 
343.70 
344.09 
344.49 
344.89 
345.28 
345.68 
346.08 
346.47 
346.87 
347.27 
347.66 
349.06 
348.46 
348.85 
349.25 
349.65 " ... , 350.44 
350.84 
351.24 
351.63 
352.03 
352.43 
352.82 
353.22 
353.62 
354.01 
354.41 
354.81 
355.20 

365.52 390.92 416.32 441.72 467.12 
365.92 391.32 416.72 442.12 467.52 
366.32 391.72 417.12 442.52 467.92 

3~~:n 3§H1 1 :l~:~1 ::Ul :~:~ 
367.51 392.91 418.31 443.71 469.11 
367.90 393.30

1

418.70 444.10 469.50 
368.30 393.70 419.10 444.50 469.90 
368.70 394.10 419.50 444.90 470.30 
369.09 394.50 419.89 445.29 470.69 
369.49 394.89 420.29 445.69 4n.09 
369.89 395.29 420.69 446.09 471.49 
370.29 395.69 421.09 446.49 411 .69 
370.68 396.08 421.48 446.88 4n.28 
371.08 396.48 421.88 447.28 4n.68 
371.48 396.88 422.26 447.68 473.08 
371.87 397.27 422.67 449.07 473.47 
372.27 397.67 423.07 448.47 473.87 
372.67 398.07 423.47 448.87 474.27 
373.08 398.46 423.86 449.26 474.66 
373.46 398.86 424.26 449.66 475.06 
373.86 399.26 424.66 450.06 475.46 
374.25 399.85 425.06 450.45 475.85 
374.65 400.05 425.45 450.85 476.25 
375.05 400.45 425.85 451.25 476.65 
375.44 400.84 426.25 451.64 4n.~ 
375.84 401.24 426.64 452.04 14n.44 
376.24 401.64 427.04 452.44 4n.84 
37B.64 402.04 427.44 452.84 478.24 
3n.03 402.43 427.83 453.23 478.63 
377.43 402.83 428.23 453.63 479.03 
3n.83

1

403.23 428.63 454.03 479.43 
378.22 403.62 429.02 454 42 479.92 
378.62 404.02 429.42 454.82 480.22 
379.0'2 404.42 429.82 455.22 480.62 
319.41 404 81 1430.21 1455.61 48t .01 
379.81 1405.21 430.61 456.01 481 Al 
380.21 405.81 431.01 456.41 461.81 
380.60 406.00 431.40 456.80 482.20 

492.52 
492.92 
493.32 
493.71 
494.11 
494.51 
494.90 
495.30 
495.70 
496.10 
496.49 
496.89 
497.29 
497.68 
498.08 
498.48 
499.97 
499.27 
499.67 
500.06 
500.46 
500.86 
501.25 
501.65 

517.92 25/64 
518.32 13/32 
518.72 27/64 
519.11 7/16 
519.51 29/64 
519.91 1 '5/32 
520.30 31,64 
520.70 1/2 
521.10 33 /64 
521.50 17/32 
521.89 35/64 
522.29 9/16 
522.69 37/64 
523.08 19/32 
523.48 39/64 
523.88 5/8 
524.27 41/64 
524.67 21/32 
525.07 43/64 
525.46 11/16 
525.86 45/64 
526,26 23/32 
526.85 47/84 
527.05 3/4 

50'2.05 527.45 
502.45 527.85 
502.84 528.24 
500.24 528.64 
503.64 529.(14 
504.03 529.43 
5011.43 529.83 
504.83 1530.23 
505.22 530.62 
505.62 531.02 
506.02 531.42 
506.41 531.81 
506.81 532.21 
507.21 532.61 
507.60 533.00 

"/6' 25/32 
51/64 
13/16 

'31" 27/32 
55/64 
71' 

57/64 
29/32 
59/64 
15/16 
61/64 
31/32 
63/" 
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METRIC CONVERSION TABL E 
INCHES ANO FRACTIONS or AN INCH T O MI LLIM ETERS 

39.37 Inche,. U. S. Standard _ 1 Meter _ 1OO Cent.lm et.or. _ 1000 Millimeters 

'""'-, ....... _- -- --- _ FI'IdIoni 
21 23 2A 28 29 30 

a 533.40 558.80 711.20 736.S0 762.00 a 
"" 533.80 559.20 711 .60 1737.00 762.40 '/" "" 534.20 559.60 712.00 731.40 762.80 1 {32 3164 534.59 559.99 712.39 737.79 763.19 31" 1/ 16 534.99 560~9 712.79 738.19 763.59 1116 .,,, 535.39 560.79 713.19 738.59 763.99 5/64 3/32 535.78 561.18 71 3.58 738.S8

1

764.38 3/32 
71" 536.18 561.58 713.98 739.38 164.18 71" 

"' 536.58 561.98 714.38 739.78 765.18 "' 9/" 536.97 689.37 714.77 740.17 765.57 9/64 5/32 537.37 689.n 715.17 740.57 1765.97 5132 11/64 537.77 690.17 715.57 740.97 1&6.37 11{64 
3116 538.16 690.56 715.96 741.38 766.76 3/ 16 13/64 538.56 690.96 716.36 741.76 767.16 13/64 7/32 538.96 691.36 116.76 742.16 761.56 7(32 

15/64 539.35 691.75 717.15 742.55 767.96 15/64 

"' 539.75 692.15 n7.55 742.95 768.35 '/4 
17/64 n7.95 743.35 768.75 17/64 9132 n8.35 743.75 769.15 9/32 19/64 718.74 744.14 769.54 19/ 64 
5116 719.14 744.54 769.94 5116 

21/64 71 9.54 744.94 nO.34 21 / 64 
11 132 n9.93 745.33 nO.73 11/32 
23/64 720.33 745.73 nU3 23 /64 
3/' 720.73 746.13 m.53 3/' 

25 /64 721.12 746.52 m.92 25/64 
13 132 721.52 746.92 n2.32 13/32 
27/64 nl.92 747.32 n2.72 27/64 

7/16 72231 747.71 m.ll 7116 
29/64 722.71 748.11 m.51 29/64 
15/32 723.11 748.51 m.91 15/32 
31/64 723.50 748.91 n4.31 31/64 
'12 n3.90 749.30 774.70 '12 

33/" 749.70 775.10 33/64 
17 /32 750.10 775.50 17/32 
35/64 750.49 775.89 35/64 
9/1 6 750.89 776.29 9116 

37/64 751.29 776.69 37/64 
19/32 751 .68 m.os 19 /32 
39/64 752.08 m.48 39/ 64 
Si' 752.48 777.88 Si' 

41 /64 752.87 nB.27 41 /64 
21/32 753.27 n8.67 21 /32 
43 /64 753.87 779.07 43 /64 
11 /16 754.06 779.46 11 /16 
45/64 754.46 779.86 45 /64 
23/32 754.86 780.26 23 /32 
47/64 755.26 780.66 47/64 
3/4 755.65 781.05 3/' 

49 /64 49/64 
25 /32 25/32 
51 /64 51/64 
13116 13/ 16 
53/64 '3/" 27/32 27/32 
55/64 55 /64 ". ". 
57/64 57/64 
29132 29/32 
59/64 59/64 
15/18 15116 
61/64 61/ 64 
31 /32 31/32 
'3/" 83 /84 



METRIC CONVERSION TABLE 
INCHES AND FRACTIONS OF AN INCH TO MILLIMETERS 

.os 

39.37 U. S. St.ndal'd _ l Meter _ t OO Centlmeters_10G0 MIllimeters 

, ....... II---=---, .. 
o 

'/6' 1{" 3/" 1/16 
51" 
3/32 
71" 
1{' 

"" 5/32 
11 /64 
3116 

13/ 64 
7/32 

15/64 
1{' 

17 164 
9/32 

19{6" 
5/ 16 

21 / 64 
11/32 
23{64 
'/8 

25/64 
13/32 
27 /64 

7/ 16 
29/64 
1!i/12 
31/64 
'/2 

'3/" 17/32 

'51" 9/ 16 
37/64 
19/32 
39/ 64 
51' 

41/64 
21 /32 
43 /64 
11 / 16 
45{64 
23/32 
47/64 
'/4 

49/64 
25132 
51164 
13116 

'3/" 27/32 ,5/" 
71' 

57/64 
29/32 
59 /64 
15/16 
61 /64 
31/32 

'3/" 

-
83'.20 863.60 
838.60 664.00 
839.00 664AO 
639.39 664.79 
639.79 865.19 
840.19 665.59 
840.58 665.98 
84o.sa 866.38 
841 .38 866.18 I 

.. 
965.20 1018.00 0 
965.60 101 6.40 1 /64 
966.00 1016.80 1 /32 
966.39 1017.19 3/ 64 
966.79 1017.59 1 /16 
967.19 1017.99 5 / 64 
967.58 1018.38 3132 
967.98 1018.78 7/64 
968.38 1019.18 1/8 
968.n 994.17 1019.57 9/64 
969.17 994.57 ,1019.97 5/32 
969.57 994.97 1020.31 11 /64 
969.96 995.37 !020.n 3/ 16 
970.36 995.76 1021.1 6 13/64 
970.76 996.18 1021.58 7/32 
971.16 996.56 1021.96 15/64 
971.55 996.95 1022.35 1/4 

997.35 1022.75 17/64 
997.75 1023.15 9/32 
998.14 1023.54 19/64 
998.54 1023.94 5/ 18 
998.94 1024.34 21/64 
999.33 1024.13 11 /32 
999.13 1025.13 23/64 

1000.13 1025.53 3/8 
1000.52 1025.92 25/64 
1000.92 1026.32 13/32 
1001.32 1026. n 27/64 
1001.72 1027.12 7 / 18 
1002.11 1027.51 29, 64 
1002.51 1027.91 15/32 
1002.91 1028.31 31 /64 
1003.30 1028.70 1/2 

978.30 l003.7tl 1029.10 33 /64 
978.70 1004.10 1029.50 17/ 32 
979.09 1004.49 1029.89 35/64 
979.49 1004.89 1030.29 9116 
979.89 1005.29 1030.69 37/64 
980.28 1005.68 1031.08 19/32 
980.68 1006.08 1031.48 39/64 
981.08 1006.48 1031.88 5/8 

1006.81 1032.21 41 /64 
1001.21 1032.61 21 /32 
1007.61 1033.01 43/64 
1008.01 1033.41 11 /16 
1008.46 1033.86 45/64 
1008.86 1034.26 23/32 
1009.26 1034.66 41164 
1009.65 1035.05 3/4 

1010.05 1035.45 49/64 
1010.45 1035.85 25/32 
101o.a4 1038.24 51/64 
1011.24 1036.64 13116 
1011.64 1037.04 53/64 
1012.03 1031.43 27/32 
1012.43 1037.83 55 /84 
1012.83 1038.23 1/8 
1013.22 1038.62 51164 
1013.62 1039.02 29 /32 
1014.02 1039.42 59 /64 
1014A2 1039.82

1

'5 / 16 
1014.81 1040.21 61 /64 
1015.21 1040.61 31 /32 
101 5.61 1041.01 33/64 



••• 
METRIC CONVERSION TABLE 

MILLIMETERS TO FEET AND INCHES 

o to 399 mm -
.m mm, Unl" 

- "- ,. , I 1 I 2 I 3 I ". 5 , ' , 7 , . , , 
' m. Fractlonl "'." .""" - -. - -, , 0 3/64 5/64 1/8 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 5/8 43/64 45/64 3/' 
2 25/32 53/64 55/64 29/32 15/16 "/64 . . . . . .. 

0 1 .. 1/32 1/16 7/64 8/64 
3 3/16 7/32 17/64 19/64 11/32 3/8 27/64 "/64 1/2 17/32 • 37/ 64 39/64 21/32 11/16 47/fA 49/64 13/16 27/32 57/64 59/64 
5 31/32 

0 2 1/64 3/64 3/32 1/8 11 /64 13/64 1/' 9/32 21/64 , 23/64 13/32 7/16 31/64 33/" 9/16 19/32 41/G4 43/64 23/32 
7 3/, 51/64 53/64 7/8 29/32 61/64 63/64 

0 3 ..... 1/32 5/64 7/64 • 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 45/611 47/64 25/32 13/16 55/64 57/64 
10 15/16 31/32 " ... 0 , 

21i&i . . "'. 1/64 1/16 3/32 '/64 11/64 7/32 1/' 19/64 
u 3/8 13/32 29/64 31/64 17/32 9/16 39/64 41/64 11/18 
12 23/32 49/64 51/64 21/32 7/8 59/64 6t/64 ..... 

0 5 .. .. 
13is.i 

, 3/64 5/64 
13 1/8 5/32 15/64 9/32 5/16 23/64 25/64 7/16 15/32 
14 33/64 35/64 19/32 5/8 43/64 45/64 3/' "/32 53/64 55/64 
15 "/32 15/16 "/64 .. ... " ... 0 , . .... . jis' 1/32 1/16 7/64 '/64 3/16 7/32 17/64 
16 19/64 11 /32 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 , 7 'ai3i 'lis' ... .. ... 1/64 3/64 
18 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/' 51/64 53/64 
20 7/8 29/32 61/64 63/64 , 8 . .... 1/32 5/64 7/64 5/32 3/16 15/64 
21 17/64 5/16 11/32 25/64 27/64 15/32 1/2 35/64 37/64 5/8 
22 21/32 45/64 47/64 25/32 13/16 55/64 51/64 15/16 31/32 

0 8 
11 i64 

1/64 
23 1/16 3/32 '/64 7/32 1/' 19/64 21/64 3/8 13/32 
24 "/,, 31 /64 17/32 9/16 39/64 41/64 11/16 23/32 49/64 51/64 
25 27/32 7/8 59/64 61/64 . .... . .... . 5/32 , 10 

23i64 
, 3/64 5/" 1/8 13/64 

" 15/64 9/32 5/16 25/64 7/16 15/32 33/64 35/64 19/32 
27 5/8 43/64 45/64 3/, 25/32 53/64 55/64 29/32 15/16 "/,, 
28 0 11 1/32 1/16 7/64 9/64 3/16 7/32 17/64 19/64 11/32 3/8 ,. 27/64 "/64 1/2 17/32 37/64 39/64 21/32 11/16 41/64 49/64 
3D 13/16 27/32 57/64 59/64 31/32 

1 0 .. . 1/64 3/64 3/32 1/8 11/64 
31 13/64 1/' 9/32 21/64 23/64 13/32 7/16 31/64 33/64 9118 
32 19/32 41/64 43/64 23/32 3/' 51/64 53/64 7/8 29/32 61/64 
33 "/64 

1 1 ' /32 5/64 7/64 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 t 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 ,/" 
36 11/64 7/32 1/' 19/64 21/64 3/8 13/32 "/64 31/64 17/32 
37 9/16 39/64 41/64 11 /16 23/32 49/64 51/64 27/32 7/8 59/64 
38 61/ 64 ..... .. 

1 3 0 3/64 5/64 1/8 5/32 13/64 15/64 9/32 5/16 
39 23/64 25/64 7/16 15/32 33/64 35/&4 19/32 5/8 43/64 ] 4S/Si 



••• 
METRIC CONVERSION TABLE 

MILLIMETERS TO fEET AND INCHES 

400 to 799 mm - "1m. Unit. 
mm 

I I I I I I I -- " '" 0 1 , , , 5 , 7 I , I 9 , .. Fr .. tlons of an Inch 
--

" 1 , 'I' 25/32 53/64 55/64 29/32 15/16 63/64 
'ii32 1 • ... . . 1/16 7/64 

" 9/64 3/16 7/32 17/64 19/64 11/32 3/8 27/64 29/64 1/' 
42 17/32 37/64 39/64 21/32 11/16 47/64 49/64 1-3/16 27/32 57/64 

" 59/64 31/32 iiiW I ;iiW .. . .. .. 
1 5 3/32 1/8 11/64 13/64 1/. 9/32 .. 21/64 23/84 13/32 7/16 31/64 33/64 9/16 19/32 41/64 43/64 

" "/32 3/. 5t/54 53/64 7/8 29/32 61/64 63/64 .. .. 
1 6 .. 1/32 5/64 

" 7/64 5/32 3/16 15/64 17/6~ 5/16 11/32 25/64 27/64 15/32 
47 1/' 35/64 37/64 '/8 21/32 45/64 47/64 25/32 13/16 55/64 

" 57/64 15/16 31/32 .. . . . . 
1 7 1/84 1/16 3/32 9/84 11/64 7/32 1/. 

" 19/64 21/64 3/8 13/32 29/64 31/64 17/32 9/16 39/64 41/84 

" 11/16 23/32 49/64 51/64 27/32 7/8 59/64 61/64 ... 
1 8 0 3/84 

51 '/64 1/8 5/32 13/ 64 15/64 9/32 5/16 23/84 25/64 7/16 
52 15/32 33/64 35/64 19/32 '/8 43/64 45/64 3/. 25/32 53/64 
53 55/64 29/32 15/16 63/64 .. ' 

1 9 1/32 1/16 7/64 9/64 3/16 7/32 

" 17/64 19/64 11/32 3/8 27/64 29/64 1/' 17/32 37/64 39/64 
55 21/32 11/16 47/64 49/84 13/16 27/32 57/64 59/64 31/32 

1 10 1/84 
56 3/64 3/32 1/8 11/64 13/64 1/. 8/31. 21/64 23/64 13/32 
51 7/16 31/64 33/64 9/16 19/32 41/64 43/64 23/32 3/. 51/64 

" 53/64 7/8 29/32 61/64 63/64 .. .. ..... 
1 11 

iii;' I ,siiW 1/32 5/64 7/64 '/32 3/16 

" 15/64 17/64 5/16 27/64 15/32 1/' 35/64 37/64 
60 '/8 21/32 45/64 47/64 25/32 13/16 55/64 57/64 15/16 31/32 
61 , 0 1/64 1/16 3/32 9/64 11/64 7/32 1/. 19/64 21/64 3/8 
62 13/32 29/64 31/64 17/32 9/16 39/64 41/64 11 / 16 23/32 49/64 
63 51/64 27/32 7/8 59/64 61/64 ..... , 

1 I " . 0 3/64 '/64 1/8 5/32 
64 13/64 15/64 9/32 5/16 "/84 25/64 7/16 15/32 33/64 35/64 

" 19/32 '/8 43/64 45/64 3/. 25/32 53/64 55/64 29/32 15/ 16 

" 63/64 
2 , 1/32 1/16 7/64 9/64 3/18 7/32 17/64 19/54 11/32 

" 3/8 27/64 29/64 1/' 17/32 37/64 39/64 21 /32 11 /16 47/64 

" 49/64 13/16 27/32 57/64 59/84 31/32 . . .. ... , 3 
21is.i 

1/64 3/64 3/32 1/8 

" 11 /64 13/64 1/. 9/32 23/64 13/32 7/16 31/64 33/64 
70 9/16 19/32 41/64 43/64 23/32 3/. 51/54 53/64 7/8 29/32 
n 61/64 63/64 'li32 , • '/64 7/64 5/32 3/16 15/64 17/64 5/16 
72 11 /32 25/64 27/64 15/32 1/' 35/64 37/6~ '/8 21/32 45/64 
73 47/64 25/32 13/16 55/64 57/64 15/ 18 31/32 .. , , . . 1/64 1/16 3/32 
74 9/64 11 /64 7/32 1/' 19/64 21/54 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 
76 59/64 61/64 ..... ... . .' 

2 6 0 3/64 5/84 1/8 5/32 13/54 15/64 9/32 
n 5/16 "/84 25/64 7/16 15/32 33/64 35/54 19/32 ' /8 43/64 
78 45/64 'I' 25/32 53/64 55/54 29/32 15/16 63/84 , 7 ii;, i i'64 19i64 11/32 . ;/8 iW 1/16 

" 7L64 9L64 3/16 "64 29/64 
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METRIC CONVERSION TABLE 
MILLIMETERS TO FEET AND INCHES 

800 to 1199 mm 

om min, Unitt 

-- "-
" 

0 I 1 I 2 I 3 I • J s I • I 7 • I • , 
,~. r~ion. of an Indo --

SO 2 7 1/2 17/32 37/64 39/64 21/32 11/16 47/64 49/64 t3/16 27/32 
81 57/64 59/64 31/32 

I i3i&i 
..... 

2 • 1/64 3/ 64 3/32 1/. 11/64 1/' 
Il 9/32 21/64 23/64 13/32 7/16 31/84 33/64 9/16 19/32 41/54 
83 43/64 '13/32 3/. 51/64 53/64 7/' 29/32 61/64 63/64 

2 9 "Sj64 '/32 
84 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 
as 55/64 57/64 15/16 31/32 

2 10 1/64 1/ 16 3/32 9/64 11 /64 7/32 
87 1/' 19/64 21/64 3/' 13/32 29/64 31/64 17/32 9/16 39/64 
as 41/84 11/16 '13/32 49/64 51/64 27/32 7/. 59/64 61/64 . . " .. 

2 11 .. . si&i ..... 0 
89 3/64 1/. 5/32 13/64 15/64 9/32 5/16 "/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 
17is.i 

1/32 1/16 7/64 9/64 3/16 
92 7/32 19/64 11/32 3/. 27/64 29/64 1/2 17/32 37/64 
93 39/64 21/32 11/16 47/64 49/64 11/16 27/32 57/64 59/64 31/32 
94 3 1 1/64 3/64 3/32 1/' 11/64 13/64 1/. 9/32 21/64 23/64 
9S 13/32 7/16 31/64 33/64 9/16 19/32 41/64 43/64 23/32 3/. 
96 51/64 53/64 7/. 29/32 61/64 63/64 

3 2 
17ii;4 

1/32 5/64 7/&1 5/32 
97 3/16 15/64 5/16 11/32 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 "/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 . . . . .. 

3 • 0 3/64 5/64 1/. 
102 5/32 13/64 15/64 9/32 5/16 "/64 25/64 7/16 15/32 33/64 
103 35/64 19/32 5/' 43/64 45/64 3/. 25/32 53/64 55/64 29/32 
10. 15/16 63/64 . . .. . 

19ii;4 3 5 1/32 1/16 7/64 9/64 3/16 7/32 17/84 
105 11/32 3/. 27/64 29/64 1/2 17/32 37/84 39/64 21/32 11/16 
106 47/84 49/84 13/16 27/32 57/84 59/64 31/32 ·jil2 3 6 

21ii;4 
1/64 3/64 

107 1/. 11/84 13/64 1/' 9/32 "/&1 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/' 
10. 29/32 61/84 63/64 

3 7 
25ii;4 

1/32 5/64 7/64 5/32 3/16 15/64 17/64 
UO 5/16 11/32 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 • 9iM 
.. . . . 1/" 1/16 

U2 3/32 11/64 7/32 1/. 19/64 21/64 3/' 13/32 29/64 
U3 31/84 17/32 9/16 39/64 41/64 11/16 23/32. 49/64 51/64 27/32 u. 7/' 59/64 61/84 . .. 

3 9 . sits 0 3/64 5/64 1/. 5/32 13/64 15/64 
US 9/32 "/64 25/64 7/16 15/32. 33/64 35/64 19/32 ./. 
U. 43/64 45/64 3/. 25/32 53/64 55/" 29/32. 15/16 63/64 .. 

3 10 . . . 1/32 
U7 1/16 7/64 9/64 3/16 7/32 17/64 19/64 11/32 3/. "'/64 
U8 29/64 1/2 17/32 37/64 39/64 21/32 11 / 16 47/64 49/64 13/16 
U. 27/32 57/64 59/64 31/32 . iis· 3 11 . .. . .... ..... 1/64 3/64 3/32 11/64 13/64 



407 

METRIC CONVERSION TABLE 
MILLI M ETERS TO FEET AND INCHES 

1200 to 1599 mm 

•• 
FL l in. , 1 2 

m .... Unl'll 

3 I • I 5 I • I 7 I 8 T 9 ,- FI'KlIoM of an Inth 

12' 3 11 1/. 9/32 21/64 23/64 13/32 7/16 31 /64 "/64 9/16 19/32 
121 41/64 43/54 23/32 3/. 51/64 53/64 7/8 29/32 61/64 63/64 
122 • 0 1/32 5/64 7/64 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 
124 13/16 55/64 57/64 15/16 31/32 ... 

• 1 'lioi . 1/64 1/16 3/32 9/64 11 /64 
125 7/32 19/64 21/64 3/8 13/32 29/64 31/64 17/32 9/16 
126 39/64 41 /64 11 / 16 23/32 49/64 51/64 27/32 7/8 59/64 61/64 
127 • 2 0 3/64 5/64 1/8 5/32 13/64 15/64 9/32 5/16 23/64 
128 25/64 7/16 15/32 "/64 35/64 19/32 5/8 43/64 45/64 3/. 
129 25/32 53/64 55/64 29/32 15/16 63/64 ... 

• 3 ... 1/32 1/ 16 7/64 9/64 
13' 3/16 7/32 17/64 19/64 11 /32 3/8 27/64 29/64 1/2 17/32 
13' 37/64 "'/64 21/32 11 /16 47/64 49/64 13/16 27/32 57/64 59/64 
132 31/32 .. . . ' .. t;iM 

.. . ... • • 1/64 3/64 3f32 1/8 13/64 1/ . 9/32 21/64 
133 23/64 13/32 7/ 16 31 /64 "/64 9/16 19/32 41/64 43/64 23/32 
134 3/. 51/54 53/64 7/8 29/32 61/64 63/64 .... ;ii4 • 5 1/32 5/64 
135 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 55/64 57/64 
137 15/16 31/32 .. .... 

• 6 1/64 1/16 3f32 9/64 11 /64 7/32 1/. 19/64 
138 21/64 3/8 13/32 29/64 31/64 17/32 9/16 39/64 41/64 11/16 
139 23/32 49/61 51/64 27/32 7/8 59/64 61/64 ..... . . 

• 7 .. ..... 0 3/64 5/64 
14' 1/8 5/32 13/64 15/64 9/32 5/16 23/64 25/64 7/16 15/32 
141 33/64 35/64 19/32 5/8 43/64 45/64 3/' 25/32 53/01 55/64 
142 29{32 15/16 63/84 ." ' . ',hs .. 

17i64 • 8 1{3'l 7/64 ./64 3/16 7/32 
"3 19/64 11/32 3/8 27/64 29/84 1/2 17/32 37/64 39/64 21/32 
' 44 11/16 47/64 49/64 13/16 27/32 57/64 59/64 31/32 

• , .. .. 1/64 3/64 
145 3/32 1/8 11/6<1 13/64 1/. 9/32 21/64 23/64 13/32 7/16 . 

' 46 31/64 33/64 9/16 19/32 41/64 43/64 23/32 3/. 5T /64 53/64 
147 7/8 29/32 61/64 63/64 

;/;2 • 10 1/32 5/64 7/64 3/16 15/64 
'41 17/64 5/16 11 /32 25/64 27/64 15/32 1/2 35/64 37/64 5/8 
'49 21/32 45/64 47/64 25/32 13/16 55/64 57/64 15/16 31/32 

• 11 .. ... .. 1/64 
'50 1/16 3/32 9/64 11/64 7f32 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 

5 0 .. . 0 3/64 5/64 1/8 5/32 13/64 
153 15/64 9/32 5/16 23/64 25/64 7/ 16 15/32 33/64 35/64 19/32 
' 54 5/8 43/64 45/64 3/. 25/32 53/64 55/64 29/32 15/16 63/64 
155 5 1 1/32 1/16 7/64 9/61 3/16 7/32 17/6<1 19/64 11/32 3/8 
' 56 27/64 29/64 1/2 17/32 37/64 39/64 21/32 11/16 47/64 <19/64 
157 13/16 27/32 57/64 59/64 31/32 '1j64 5 2 3/64 3/32 1/8 11 /64 
'58 13/64 1/. 9/32 21/64 23/64 13/32 7/16 31/64 ,,/64 9/1 6 
159 19/32 41/64 43/64 23/32 3/' 51 /64 53/64 7/8 29/32 61/64 

- --



.... 
I METRIC CONVERSION TABLES 

INCHES TO CENTIMETER5-1 In. _ 2.540005 em .. ...., 
,- • 1 1 2 • • 5 • 1 • 9 

• ... ~54' ., .. 7.620 10.160 lV" 15.240 17.780 20.>20 22. ... 
1 2UOO 27.940 30.480 31020 35.560 38.100 40.640 43.180 4;'" '&260 
2 50.800 53.340 55.880 ""20 60.960 63.500 66.040 68.580 71 .120 73.6" • 76.200 78.740 81.280 83.820 ".3tiO 88.900 91.440 93.960 96.520 99.060 • 101.600 104.140 106.680 109.220 111.760 114.300 116.840 119.380 121.920 124.4&0 
5 127.000 129.540 132.080 134.620 137.160 139.700 142.240 144.780 147.320 11\9.880 • 1&2.400 lM.940 1'57.480 160.020 162.560 1165.,00 167.640 110.180 172.720 17S.260 
7 171.800 180.340 182.880 185.420 187.960 190.500 193.040 195.580 198.120 200.660 • 203.200 205.740 208.280 210.820 213.360 215.900 218.440 220.980 223.520 1226.('60 
9 228.600 231.140 233.880 236.220 238.760 241.300 243.840 246.380 248.920 251.460 

INCHES2 TO CENTIMETERSL-, In.2_ 6.451625 em 2 

-,,., -,- 0 1 2 • 4 5 • , 
7 • 1 9 

0 .... ' .. 6.452 12.903 19.355 25.807 32.258 38.710 45.161 51.613 58.06' 
1 64.518 70.968 77.420 83.871 90.323 96.774 103.226 109.678 118.129 122.581 
2 129.033 135.484 141.938 148.387 154.839 161.291 187.742 174.194 180.MB 187.097 • 193.549 200.000 206.452 212.904 219.355 225.807 232.259 238.710 245.162 251.613 • 258.065 264.517 270.968 2n.42O 283.872 290.323 296.775 303.226 309.878 318.130 
5 322.581 329.033 335.485 341.936 348.388 354.839 361.291 ' 367.743374.194 380.648 • 387.098 393.549 400.001 406.452 412.904 419.356 425.807 432.259 438.111 445.162 
7 451.614 458.065 484.517 j 47O.969 477.420 \483.872 490.324 496.775 1503.227 509.678 • 516.130 522.582 529.033 535.485 541.937 548.388 554.840 561.291 567.743 574.195 
9 580.648 587.098 593.560 600.001 606.453 612.904 619.356 625.808 632.259 638.711 

INCHESl TO CENTIMETERS3_ 1 In.3_16.38716 eml 

, ... , ..... 
,- 0 1 2 • • , • 1 1 • 9 ---

16.,, 1 
---

0 32.77 49.18 65.55 81.94 9&32 114.71 131.10 147.48 
1 183.87 180.26 196.65 213.03 229.42 245.81 262.19 278.58 294.97 311.36 
2 327.74 

344.
13

1 
36D.52 .76.90 393.29 409.68 428.07 442.45 45&84 475.23 • 491.81 BOaOO 524.39 540.78 557.18 573.55 .... 94 608.32 622.71 .... " • 655.49 671.87 .... " 704.65 721.04 737.42 753.81 770.20 78&58 81)2.97 

5 819.36 835.75 852.13 858.52 884.91 901.29 917.68 934.07 95MB 966.64 
6 983.23 999.62 1018.00 1032.39 1048.78 1065.17 1081.55 1097.94 1114.33 1130.71 
7 1147.10 1163.49 11179.88 1196.28 1212.85 1229.04 1245.42 1261.81 1278.20 1294.59 • 1310.97 1327.36 1343.75 1360.13 1378.52 1392.91 1409.30 1425.68 1442.07 1458.48 
9 1474.84 1491.23 1507.82 1524.01 1540.39 1558.78 1573.17 1589.55 1605.94 1622.39 

INCHES. TO CENTIMETERS·- 1 In.· _ 41.62347 em. 
~ 

'.' , ... 
---,- 0 1 2 • 4 5 • 1 • 9 

0 ..... 41.62 83.25 124.87 166.49 20&12 249.74 291.38 =99 374.61 
1 418.23 457.68 499.48 541.11 .... ,. 624.35 ..... 707.60 749.22 790." 
2 832.47 874.01 915.72 957.34 998.98 1040.59 1082.21 1123.83 1165.48 1207.08 • 1248.70 1290.33 1331 .95 1373.57 1415.20 1456.82 1498.44 1540.07 1581.69 1623.32 • 1664.94 1706.56 1748.19 1789.81 1831.43 1873.06 1914.68 1956.30 1997.93 2039.55 
5 2081.17 2122.80 2164.42 2206.04 2247.87 2289.29 2330.91 2372.54 2414.18 2455.78 • 2497.41 2539.03 2580.68 26=. 2683.90 2705.53 2747.15 2788.77 2830.40 2872.02 
1 2913.64 2955.27 2998.99 3038.51 3080.14 3121.78 3163.38 3205.01 3246.63 3288.25 • 3329.88 13371.50 3413.12 3451t75 3496.37 3537.99 3579.62 3621.24 3662.87 37'04.49 
9 3746.11 3787.74 3829.36 3870.98 3912.61 3954.23 13995.85 4037.48 401'9.10 4120.72 



••• 
METRIC CONVERSION TABLES 
CENTI M ETERS T O I NCHE5-1 cm-o.3937 In. 

~ 'm" ---,- 0 1 2 , 4 5 • 7 I • • ------
0 ... . "0' 0.3937 0.7874 1.1 81 1 1.5748 1.9685 2.3622 2.7559 3.1496 3.5433 
1 3.9370 4.3307 4.7244 5.1181 5.5118 5.9055 6.2992 6.6929 7.0866 7.4803 
2 7.8740 8.2677 8.6614 9.0551 9.4488 9.8425 10.2362 10.6299 11.0236 11.4173 , 11.Bll0 12.2047 12.5984 12.9921 13.3858 13.7795 14.1732 14.5669 14.9606 15.3543 
4 15.7480 16.1417 16.5354 16.9291 17.3228 17.7165 18.1102 18.5039 18.8976 19.2913 
5 19.6850 20.0787 2D.4n4 20.8661 21.2598 21.6535 22.0472 22.4409 22.8346 23.2283 • 23.6220 24.0151 24.4094 24.8031 25.1968 25.5905 25.9842 26.3779 26.7716 27.1653 
7 27.5590 27.9527 28.3464 28.7401 29.1338 29.5275 29.9212 30.3149 30.7086 31.1023 • 31.4960 31.8897 32.2834 32.Sn1 33.0708 33.4645 33.8582 34.2519 34.6456 35.0393 • 35.4330 35.8267 36.2204 36.6141 37.0078 37.4015 37.7952 38.1889 38.582S 38.9763 

CENT IM ETE RSz T O INCHES2-1 cm Z_ O.15499969 In.2 

0.' Units 
-

,~. 0 1 2 , 4 5 • 7 8 • 
0 0.1550 0.3100 0.4650 0.6200 o.nso 0.9300 1.0850 1.2400 1.3950 
1 1.5500 1.70SO 1.8600 2.01SO 2.1 700 2.32SO 2.4800 2.63SO 2.7900 ~9450 
2 3.1000 3.25SO 3.4100 3.5650 3.7200 3.87SO 4.0300 4.18SO 4.3400 4.4950 , 4.6500 4.8050 4.9600 5.1150 5.2700 5.4250 5.5800 5.7350 5.8900 6.0450 
4 6.21)00 6.3550 6.5100 6.6650 6.8200 6.9750 7.1300 7.2850 7.4400 7.5950 
5 7.7500 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 
7 10.8500 11.0050 11 .1600 11.3150 11.4100 11.6250 11.7800 11 .9350 12.0900 12.2450 • 12.4000 12.5550 12.1100 12.8650 13.0200 1'3.1150 13.3300 13.4850 13.6400 13.1950 • , 13.9500 14.1050 14.2600 14.4150 14.5700 14.7250 14.8800 15.0350 15.1900 15.3450 

C ENTI M ETE RS3 TO INCHES3_ 1 cm3 _ 0.0610234 1".3 

om' I ,." ---
o I 1 I 2 I , I 4 I 5 • I !_~_ • ,~. 

---
0 ...... ; I ~.06102 0.12205 0.18307 0.24409 0.30512 0.36614 0.42116 0.48819 0.54921 
1 0.61023 10.671260.132280.19330 0.85433 0.91535 0.97637 1.03140 1.09842 1.15944 
2 1.22047 1.28149 1.34251 1.40354 1.46456 1.52559 1.58661 1.64763 1.7(1866 1.76968 
3 1.83010 1.89173 1.95275 2.013n 2.014811 12.,3582 2.19684 2.25787 2.31 869 2.37991 
4 2.44094 2.50196 2.56298 2.62401 2.68503 2.14605 2.80108 2.86810 2.92912 2.99015 
5 3.05117 3.11219 3.11322 3.23424 3.29526 3.35629 3.41131 13.41833 3.53936 3.60038 , 3.66140 3.72243 3.78345 3.84447 3.90550 3.96652 4.02754 4.08851 4.14959 4.21061 
7 14.27164 14.33266 14.39368 4.45411 4.51513 14.57675 14.63778 4.69880 4.15983 4.82085 • 4.88181 4.94290 5.00392 5.06494 15.12597 5.18699 5.24801 5.30904 5.37006 5.43108 • 5.49211 5.55313 5.61415 5.67518 5.73620 5.79722 5.85825 5.91927 5.981129 6.04132 

CENTI METERS4 T O INCHES4- 1 cm4 _ 0.0240249 In.4 

'"' Unlit 

'M. o 1 2 ' I 4 I 5 I ' 7 ~_'_ 
0 ....... 0.02402 0.04805 0.01201 0.09610 ' 0.121)12 ' 0., 4415 1 0.16817 0.1922{1 0.21622 
1 0.24025 0.26427 0.28830 I 0.31232 0.33635 0.36031 0.38440 0.40842 0.43245 0.45641 
2 0.48050 0.5G452 0.52855 0.55251 0.57660 0.60062 0.62465 0.64861 0.61210 0.69612 
3 0.no75 0.744n 0.76880 0.79262 0.81685 0.64081 0.86490 0.88892 0.91295 0.93691 
4 0.96100 0.98502 1.00905 1.03307 1.05710 1.08112 1.10515 1.12917 1.,5320 1,.,7122 
5 1.20"5 1.22527 1.24930 I 1.27332 I 1."734 1.32137 ,.3453' \1.'"'' 1.39344 1.41747 • 1.44149 1.46552 1.48954 1.51357 1.53759 1.56162 1.58564 1.60961 1.63369 1.65m 
7 1.68114 1.705n 1.12979 1.15382 l.n784 1.80187 1.82589 1.84992 1.81394 1.89191 • 1.92199 1.94802 1.97004 1.99~01 2.01809 2.04212 2.06814 2.09017 2.11419 2.13822 • 2.18224 2.18621 2.21029 2.23432 2.25834 2.28237 2.30639 12.33042 2.35444 2.37841 



460 

METRIC CONVERSION TABLES 

, 
FEET TO METERS--l ft. _ O.3048006 m 

, 3 

Un),. 

4 - '-I----"'-j 
1.2192 1.5240 
4.2672 4.5720 
7.3152 7.6200 

10.3632 10.6680 
13.4112 13.7160 
16.4592 16.7640 

YARDS TO METERS--l yd . ..Q.9144018 m 

7 ;----W- ,-
2.4384 2.7432 
5.4864 5.7912 
8.5344 8.8392 

11.5824 11.8872 
14.6304 14.9352 

17.9832 
21.0312 
24.0792 
27.1273 
30.1753 

,.. ~o--r~--'-~-CC-~-r--~"~"~"~--'-~-.--~-r~C-'-~---,~ 
T~. '_-".--I_' ___ ;_'_~_4 __ '_;~_7_i 8 9 
o 0.9144 1.8288 2.7432 3.6576 4.5720 5.4864 6.4008 7.3152 8.2298 
1 9.1440 10.0584 10.9728 11.8872 12.8016 13.7160 14.6304 15.5448 16.4592 17.3736 
2 18.2880 19.2024 20.1168 21.0312 21.9456 22.8600 23.n44 24.6888 25.6033 2ti.51n 
3 21.4321 28.3465 29.2609 30.1753 31.0897 32.0041 32.9185 33.8329 34.7473 35.6617 
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 49.3m 50.2921 51.2065 52.1 209 53.0353 53.9497 
G 54.8641 55.nas 56.6929 57.6073 58.5211 59.4361 60.3505 , 61.2649 62.1193

1

63.0931 
7 64.0081 64.9225 65.8369 66.1513 61.6651 68.5801 69.4945 70.4089 11.3233 72.23n 
8 13.1521 14.0665 14.9809 115.8953 16.8098 n.n42 18.6386 79.5530 80.4614 81.3818 
9 . 82.2962 83.2106 . 84.1250 85.0394 . 85.9538 86.8682 81.7826 88.6910 89.6114 90.5268 

POUNDS PER FOOT TO KILOGRAMS PER METER- l Ib. j ft. _ l.488161 kg / m 

lb./FL """ 
T~. • , , 3 ~ __ ~5 ___ • 7 8 , 
• 1.488 2.916 4.464 5.953

1 

1.441 a", 10.411 11.905 13.393 , 14.882 16.310 11.858 19.346 20.834 22.322 23.811 ",., 26.181 28.215 , 29.1S3 31.251 32.140 34.228 35.116 31.204 38.692 40.180 41.669 43.151 
3 44.645 46.1 33 41.621 49.109 50.591 52.066 53.574 55.082 56.550 S6D38 
4 59.526 61.015 62.503 63.991 65.479 66.967 68. ... 69.944 71.432 72.920 , 74.406 75.896 n.384 78.873 80.361 81.849 83.337 84.825 66.313 81.801 , 89.290 9O.n8 92.266 93.754 95.242 96.730 96.219 99.707 101.195 102.683 
7 104.171 105.659 107.148 106.636 110.124 111.612 113.100 114.588 It 6.0n 117.565 
8 . 119.053 120.541 122.029 123.511 125.006 126.494 1127.982 129.470 130.958 132.446 , . 133.934 135.423 136.911 138.399 139.887 141.375 . 142.863 144.352 . 145.840 1147.328 

POUNDS PER YARD TO KILOGRAMS PER METER- llb. j yd . ..(I.4960S3 kg / m 

lb./FI. 

T~. 

• 1 , 
3 
4 , 
• 7 
8 , 

Unit • 

• - ' 1"3 1=:£] ' - ' 7 8 , 
'. . 0.4961 0.9921 1 1.4882 1.9842 - 2.4803 1 2.9163 3.4n4 3.9684 4.4645 

4.9605 5.4566 5.9526 · 6.4487 6.9447 7.4408 7.9368 8.4329 8.9290 9.4250 
9.9211 10.4171 10.9132 11.4092 11.9053 12.4013 12.8974 13.3934 13.8895 14.3855 

14.8816 15.3n6 15.8737 16.3697 16.8658 17.3619 11.8579 18.3540 18.8500 19.3461 
19.8421 20.3382 20.8342 21.3303 21.8263 22.3224 22.8f84 23.3145 23.8105 24.3066 
24.8027 25.2987 25.7948 26.2908 26.7669 27.2829 27.n90 28.2750 28.ntl 29.2611 
29.7632 30.2592 3O.~ 31.2513 31.7474 32.2434 32.7395 33.2356 33.7318 34.22n 
34.7237 35.2198 35.7158 36.2119 136.7079 37.2040 37.7000 38.1961 38.6921 39.1882 
39.684240.180340.6763 41.1n4 41.6885 42.1645 42.6606 43.1566 143.6527 44.1487 
44.6448 45.1 4(18 45.6369 46.1329 46.6290 47.1250 47.6211 48.1171 48.6132 49.1092 



METRIC CONVERSION TABLES 
METERS TO FEET- l m _ 3.2808333ft. - -

T~ 
Uni,. =:3_' __ 2_1_3_,_, __ '_1_ '-I-'-I~-'-'c;'- 0...... 3.281 6.562 9.843 13.1 23 16.404 19.685 22.966 26.247 29.528 

1 32.808 36.089 39.370 42.651 1 45.932 49.213 52.493 55.n4 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.an 127.953 , 131.233 134.514 137.795 141.076 144.357 147.638 150,918 154.199 157.480 160.761 , 164.042 167.323 170.603 173.884 I,n.165 180.446 183.n7 187.008 190.288 193.569 • 196.850 200.131 203.412 206.693 209.973 21],254 216.535 219.S1S 223.097 226.378 , 229.658 232.939 236.220 239.501 242.782 246.063 249.343 252.624 255.905 259.186 • 262.461 265.748 269.028 1272.309 275.590 278.871 282.152 285.433 288.713 291 .994 • 295.275 298.556 301.837 305.118 308.398 311.679 314.960 318.241 321.522 324.803 

METERS TO YARDS- 1 m _ l.0936111 yd . 

• "m" 
,~. 0 1 2 3 - ' - --.!-+-~=::L1 • I • 

0 1.094 2.187 3.281 4.374 5.468 6.562 7.655 8.749 9.842 
1 10.936 12.030 13.123 14.217 15.311 16.404 17.4S8 18.591 19.685 20.779 
2 21.8n 22.966 24.059 25.153 26.247 27.340 28.434 29.527 30.621 31.715 
3 32808 33.902 34.996 36.,.. 37.183 36.276 39.370 40.464 41.557 42.651 , 43.744 44.838 45.932 47.025 48.11 9 49.212 50.306 51.400 52.493 53.587 , 54.681 55.774 56.868 57.961 59.055 60.149 61.242 62.336 63.429 64.523 
6 65.617 66.710 67.804 68.697 69.991 71.085 1 n.178 1 73.2n 74.366 75.459 , 76.553 77.646 78.740 79.834 80.927 82.021 83.114 84.208 85.302 86.395 • 87.489 88.582 89.876 90.770 91 .883 92.957 94.051 95.144 96.238 97.331 , 98.425 99.519 , 100.812 1101.706 102.799 103.893 , 104.987 , 108.080 , 107.174 , 108.267 

KILOGRAMS PER METER TO POUNDS PER FOOT- l kg / m-O.67197Ib. / ft. 

kif'" "N" 
0 1 2 3 , , , • , 

~-'-,-
----j 

0 0.6m 1.3439 2.015! 1,2.6879 3.3599 4.0318 4.7038 5.3758 8.0477 
1 6.7197 7.3917 8.0636 8.7356 9.4078 10.0796 10.7515 11 .4235 12.0955 12.7874 
2 13.4394 14.1114 14.7833 15.4553 16.1273 16.7993 17.4712 18.1432 18.8152 19.4871 
3 20.1591 20.8311 21.5030 22.1750 22.8470 23.5190 24.1909 24.8629 25.5349 26.2068 , 26.8788 27.5508 28.2227 28.8947 29.5667 30.2387 30.9106 31.5826 32.2546 32.9265 , 33.5985 34.2705 34.9424 ".6144 136.2864 36.'''' 37.6303 38.3023 38.9743 39.8462 • 40.3182 40.9902 41 .6621 42.3341 43.0061 43.6781 44.3500 45.0220 45.6940 46.3659 , 47.0379 47.7099 48.3818 49.0538 49.nss 50.3978 51.0697 51.7417 52.4137 53.0856 • 53.7576 54.4296 55.101557.773556.445557.117557.7894 58.4614

1

59.1334 59.8053 • 60.4m 61.1493 61.8212. 62.4932 63.1652 83.83n 64.5091 65.1811 65.8531 66.5250 

KILOGRAMS PER METER TO POUNDS PER YARD- 1 kg / m _ 2.Q15913Ib. / yd. 

·~fm Units 

,~. 0 1 2 I 3 , , I • , • • ----j 
0 .. .. 2.016 4.032 6.048 ..... 10.080 12.095 14.111 16.127 18.143 
1 20.1 59 22.175 24.191 26.207 28.223 30.239 32.255 34.271 36.286 38.302 
2 40.318 42.334 44.350 46.366 48.382 50.398 52.41 4 54.430 56.446 58.461 
3 6Q.477 62.493 64.509 66.525 68.541 70.557 n.573 74.589 76.605 78.621 
4 80.637 82.652 84 .... 86.684 88'00 90.716 92.732 94.748 96.764 98.780 , 100.796 102.812 104.827 106.843 108.859 11 0.875 112.891 114.907 11 6.923 118.939 • 120.955 122.971 124.987 127.003 129.018 131.G34 133.050 135.066 137.082 139.098 , 141.114 143.130 145.146 1'47.'62 149.178 151.193 153.209 155.225 157.241 159.257 • 161.273 163.289 165.305 187.321 169.337 171.353 173.369 175.384 177.400 179.416 • 181.432 183.448 185.464 187.480 189.496 191.512 193.528 195.544 197.559 199.575 

( 



••• 
METRIC CONVERSION TABLES 

POUNDS PER SQ. IN . TO KG PER SQ. CM- l lb./ ln. 2 -o.0703067 kg j cm 2 

- -lb./ln.2 '". 
TIM ° ----2:- 2 3 ~ 5 S I 7 1 ! ' 9 1l'" .. 0.07031 0.14061 0.21092 0.28123 0.35153 0.42184 0.49215 1°.56245 10.63276 
1 0.70301 0.17337 0.84368 0.91399 0.98429 1.05460 1.12491 1.19521 1.26552 1.33583 
2 1.40613 1.47644 1.54675 1.61705 1.68136 1.75767 1.82797 1.89828 1.96859 2.031189 
1 2.109202.1795' 12.24981 2.320122.390432.46073 2.53104 2.60135 2.67165 2.74196 
4 2.81227 2.88251 2.95288 3.02319 3.09349 3.18380 3.23411 3.30441 3.37472 3.44503 
5 3.51534 ' 3.58564 3.65595 3.72628 3.79656 3.86687 13.93718 4.00748 4.07779 4.14810 
6 4.21640 4.28871 4.35902 4.42932 4.49963 4.56994 4.64024 4.71055 4.78086 4.85116 
7 14.92147 4.99178 5.06208 5.13239 5.20270 5.27300 5.34331 5.41362 5.48392 5.55423 
8 5.62454 5.69484 5.16515 5.83546 5.90516 5.97607 6.04638 6.11668 6.18699 6.25730 
9 6.32760 6.39791 6.46822 6.53852 6.60883 6.67914 6.74944 ,6.81975 6.69006 6.96036 

KG PER SQ. CM TO POUNDS PER SQ. IN.~1 kg / em 2_ 14.2234lbs./ ln. 2 

k8lcml I '". , 
,~. 0 I 1 2 3 4 5 , 

I 
7 '~-'-----i 

° 14.22 26.45 42.67 56.89 71.12 85.34 99.56 11 3.79 128.01 
1 142.23 156.46 170.68 184.90 199.13 213.35 227.57 241.80 256.02 270.24 
2 284.47 298.69 312.91 327.14 341.36 355.59 369.81 384.03 398.26 412.48 
3 429.70 440.93 455.15 469.37 483.60 497.82 512.04 526.27 540.49 554.71 
4 "as< 583.16 597.38 611.61 625.83 640.05 654.28 668.50 682.72 696.95 
5 711.17 725.39 739.62 753.84 768.06 782.29 m.51 810.73 824.96 839.18 , 853.40 867.63 881.85 896.07 910.30 924.52 938.74 952.97 967.19 981.41 
7 995.64 1009.66 1024.08 1038.31 1052.53 p OS6.76 1080.98 1095.20 1109.43 1123.65 
8 1137.87 t1~.1 0 1166.32 1180.54 1194.n 1208.99 1223.21 1237.44 1251.66 1265.88 

• 1280.11 ,1294.33 1308.55 1322.78 1337.00 1351.22 1365.45 1379.61 1393.89 1408.12 

INCH-POUNDS TO KILOGRAM-CENTIMETERS- l In.-lb. _ l.152127 kg-em 

In.·Lb" '". --- , . , .. 0 1 2 3 4 5 , 7 8 9 -- , 
° ...... 1.152 2.364 3.456 4.609 5.761 6.913 a065 9.211 10.369 
1 11.521 12.613 13.826 14.978 16.130 17.282 18.434 19.586 20.738 21.890 
2 23.043 24.195 25.347 28.499 27.651 28.803 29.955 31.107 32.260 33.412 
3 34.564 30.716 36.868 3aoro 39.172 40.324 41.4n 42.629 43.781 44.933 
4 46.085 47.237 48.389 49.541 50.694 51.846 52.998 54.150 55.302 56.454 
5 57.606 58.758 59.911 61.063 62.215 63.367 64.519 65.671 66.823 67.975 , 69.128 70.2110 71.432 72.584 73.738 74.888 76.04{f n.193 78.345 79.497 
7 80.649 81.801 82.963 84.105 85.251 86.410 87.662 san. 89.866 91.018 
8 92.170 93.322 94.474 95.627 96.779 97.931 99.083 100.235 101 .387 102.539 
9 103.691 104.844 105.996 107.148 100.300 , 100.452 ,110.604 111.756 112.908 ,114.061 

KILOGRAM-CENTIMETERS TO INCH-POUND5-1 kg-em~.86796In. - lb. 

-
k ... m ---, '". , .. 

° 1 2 3 • 5 , 
I 

7 • 9 

° 0.8680 1.7359 2.6039 3.4718 4.3398 5.2078 6.0757 6.9437 7.8116 
1 8.6796 9.5476 10.41 55 11.2835 12.1514 13.0194 13.8874 14.7553 15.6233 16.4912 
2 17.3592 18.2272 19.0951 19.9631 20.8310 21 .6990 22.5670 23.4349 24.3029 25.1708 
3 26.0388 26.9068 27.n47 28.6427 29.5l06 30.3786 31.2466 32.1 145 32.9825 33.8504 

• 34.7184 35.5864 36.4543 37.3223 38.1902 39.0582 39.9282 140.7941 41.6621 42.5300 
5 43.3980 44.2660 45.1339 46.0019 46.8698 47.7378 48.6058 49.4137 50.3417 51.2096 , 52.0776 52.9456 53.8135 54.6815 55.5494 56.4174 57.2854 58.1533 59.0213 59.8892 
7 60.7572 61 .6252 62.4931 63.3611 64.2290 65.0970 65.9650 66.8329 67.7009 68.5688 • 69.4368 71).3048 J 71.1 727 72.0407 12.9086 13.7766 74.6446 75.5125 \ 76.3805 n.2484 
9 78.1164 78.S844 79.8523 80.7203 81.5882 82.4562 83.3242 84.1921 85.0601 85.9280 



.es 

METRIC CONVERSION TABLES 
POUNDS PER SQ. FOOT TO KILOGRAMS PER SQ. METER 

1 Ib. / ft.2 _ 4.882407 kg / m 2 

~~~·~~7TI~-_-~-_-~~~-_-,-_-~-~-_--,-~.-~"···~~~~-,~-,~~.-C-
T_0123456189 , 

1 
2 
3 , 
5 • 7 • 9 

3 , 
5 

• 7 • 9 
10 
U 
12 
13 
14 
15 

" 17 
18 
19 
20 
21 
22 
23 

" 25 

" 27 
28 
29 
3D 
31 
32 
33 
34 
3S 

" 37 
38 
39 

4.882 9.765 14.647 19.530 24.412 29.294 34.177 39.059 43.942 
48.824 53.706 58.589 83.471 68.354 73.236 78.119 83.001 87.883 92.766 
97.648 102.531 107.413 112.295 117.178 122.060 126.943 131.825 136.707 141.590 

146.472 151.355 156.237 161.119 166.002 170.884 175.767 180.649 185.531 190.414 
195.296 200.119 205.061 209.944 214.826 219.708 224.591 229.473 234.356 239.238 
244.120 249.003 253.885 258.768 263.650 268.532 273.415 278.297 283.180 1288.062 
292.944 297.827 1302.709 307.592 312.474 1317.356 322.239 1327.121 332.004 338.886 
341.768 346.651 351.533 356.416 361.298 366.181

1

371.063 375.945 380.828 385.710 
390.593 395.475 400.357 405.240 410.122 415.005 419.887 424,169 429.652 434.534 
439.417 444.299 449.181 454.064 458.946 463.829 468.711 473.593 478.476 483.358 

KILOGRAMS PER SQ. METER TO POUNDS PER SQ. FOOT 

1 kg: m:l-O.204817lb.j ft.:l 

, 

I ~.~!~ I M.0958 
57.1439 
59.1921 
61.2403 
83.2885 

I ~.l!;; 1 65.3366 I ~ ~7.3848 
69.4330 
71.4811 

In",., 73.5293 

I ~.;~! 175.5775 I ~ n.6256 
79.6738 
8t.7220 
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METRIC CONVERSION TABLE 
POUNDS AVOI RDUPOIS TO KILOGRAMS 

1 Pound _ 0.45359 Kllogram$ 

:' 1 ''''' , --
0 1 2 3 4 _1_ 5 " 7 8 9 -- ,--- _---I 

0 0.45 0.91 1~8 1.81 2.27 2.n 3.18 3.63 '.08 
1 '.54 '.99 5.44 5." 6.35 6.80 726 1.71 B.16 8.62 
2 9.07 9.53 9.98 10.43 10.89 11.34 11 .19 12.25 12.71) 13.15 
3 13.61 14.06 14.51 14.97 15.42 15.88 16.33 16.78 17.24 17.69 • 18.14 18.60 19.05 19.50 19.96 20.41 20.87 21.32 21.n 22.23 
5 22.68 23.13 23.59 24.04 24.49 24.95 25.40 25.85 2ti.3! 26.76 , 27.22 27.67 28.12 28.58 29.03 29.48 29.94 30.39 30." 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 38.74 37.19 37.65 38.10 38.56 39.01 39.46 39.92 40.37 
9 4o.s2 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 4S.n 47.17 47.63 48.08 48.53 48.99 49.44 

13 49.90 50.35 50.80 51.26 51.71 52.16 52.62 53.07 53.52 53.98 
12 54.43 54." 55.34 55.79 56.25 56.70 57.15 57.61 58.06 58.51 
13 58.97 59.42 59.87 SO.33 60.78 61.23 61.69 62.14 62.60 63.05 
14 63.SO 63.96 64.41 64.86 65.32 65.71 ".22 66.68 67.13 67.59 
15 ".04 68.49 68.95 69.40 69.85 70.31 70.76 n~1 71.67 ·72.12 

16 72.57 73.03 73.48 73.94 74.39 74.84 75.30 75.75 76.20 76.66 
17 77.11 77.56 78.02 78.47 78.93 ".38 ".., "':l9 80.74 81.19 
18 81.65 82.10 82.55 83.01 83.46 83.91 8437 84.82 85.28 85.73 
19 86.18 86.64 87.09 87.54 ".00 88.45 ".00 89.36 89.81 90.26 
20 ".n 91.17 91.63 92.08 92.53 92.99 93.44 93.89 94.35 94.80 

n 95.25 9S.n 96.16 96.62 97.07 97.52 97.98 98.43 98." 99.34 
22 99.79 100.24 100.70 101.15 101.60 102.06 102.51 102.97 103.42 103.87 
23 104.33 104.78 105.23 105.69 106.14 106.59 107.05 107.50 107.96 108.41 
24 108.88 109.32 109.71 110.22 110.68 111.13 111.58 112.04 112.49 112.!» 
25 113.40 1 113.85 114.31 114.76 115.21 115.67 116.12 116.57 117.03 11 7.48 

" 117.93 118.39 11 8.84 119.29 119.75 120.20 120.66 121.11 121.56 122.02 
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 
29 131.54 132.00 132.45 132.90 133.36 133.81 134.26 134.12 135.17 135.62 
30 136.08 136.53

1

136.98 137.44 137.89 ! 138.35 138.80 139.25 139.71 140.16 

31 140.61 141.07 141.52 141.97 142.43 142.88 143.34 143.79 144.24 144.70 
32 145.15 145.60 146.06 146.51 146.96 147.42 147.87 148.32 148.78 149.23 
33 149.69 150.14 150.59 151.05 151.50 151.95 152.41 152.86 153.31 153.77 
34 154.22 154.68 1 155.13 155.58 156.04 156.49 156.94 157.40 157.85 158.30 
3S 158.76 159.21 159.66 160.12 160.57 161.03 161.48 161.93 162.39 162.84 

" 163.29 163.75 164.20 164.65 165.11 165.56 166.01 166.47 166.92 167.38 
37 .167.83 168.28 168.74 169.19 169.64 170.10 170.55 171.00 171.46 m.91 
38 112.37 112.82 173.27 173.73 174.18 174.63 175.09 175.54 175.!t9 176.45 
39 176.90 177.35 177.81 178.26 178.n 1179.17 179.62 180.08 180.53 180.98 
40 181.44

1

181.89 ! 182.34 182.80 I 183.25 183.10 184.16 184.61 185.07 185.52 

41 185.97 186.43 186.88 187.33 187.19 188.24 188.69 189.15 189.60 190.06 
42 190.51 190.96 191.42 191.87 192.32 192.78 193.23 193.68 194.14 194.59 
43 195.04 1195.50 195.95 196.41 196.86 197.31 197.77 198.22 198.67 199.13 .. 199.58 200.03 200.49 200.94 201.40 1 201.85 202.30 1 202.76 203.21 203.66 
45 204.12 2D4.57 2Q5.02 205.48 205.93 206.38 206.84 207.29

1

207.75 208.20 .. 208.65 209.11 209.56 210.01 210.47 210.92 211.37 211.83 212.28 212.73 
47 213.19 213.64 214.10 214.55 215.00 215.46 215.91 216.36 216.82 217.27 
48 217.72 218.18 218.63 219.09 219.54 219.99 22tl.45 226.00 221.35 221.81 
49 m.26 222.n 223.17 m.62 224.07 224.53 224.98 225.44 225.89 226.34 

l 



46. 

METRIC CONVERSION TABLE 
POUNDS AVOI ROUPOIS T O KI LOG RAMS 

1 Pound -0.45359 Kilograms -, ... 
""''' ---, 

T ... ' O ~~ 3 ' 4 - ,- , 
, 

7 • , 
~-I ,--I I I 

50 226.80 227.25 227.70 228.16 228.61 229.06 229.52 229.97 23G.42 230.88 
51 231.33 231.79 232.24 232.69 233.15 233.60 234.05 234.51 234.96 235.41 
52 235.87 236.32 236.78 237.23 237.68 238.14 238.59 239.04 239.50 239.95 
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 'SO.84 251.29 251.74 252.20 252.65 253.10 253.56 

56 254.01 254.47 254.92 255.37 255.83 256.28 256.73 257.19 257.64 258.09 
57 258.55 259.00 259.45 259.91 260.38 260.82 261.27 261.n 262.18 262.63 
58 263.GB 263.54 263.99 264.44 264.90 265.35 265.81 266.26 266.71 267.17 

" 267.62 268.07 268.53 268.98 269.43 269.89 270.34 270.99 271.25 271.70 .. 272.16 2n.61 213.06 273.52 273.97 274.42 274.88 275.33 275.78 276.24 

61 276.69 2n.14 ro." 278.05 278.51 278.96 279.41 279.87 280.32 280.n 
62 281.23 281.68 282.13 282.59 283.04 283.50 283.95 284.40 284.86 285.31 
63 285.76 286.22 286.67 287.12 287.58 288.03 288.48 288.94 289.39 289.85 

" 290.30 290.75 291.21 291.66 292.11 292.57 293.02 293.47 293.93 294.38 
65 . 294.84 "15:19 295.74 296.2Q 296.65 297.1 0 297.56 298.01 298.46 298.92 .. 29.9.37 2119.82 300.28 300.73 301.19 301.64 302.09 302.55 303.00 303.45 
67 303.91 304.36 304.81 305.27 305.72 306.17 306.63 307.08 307.54 307.99 .. 308.44 308.90 309.35 309.80 310.26 310.71 311.16 311.62 312.07 312.53 

" 312.98 313.43 313.89 314.34 314.79 315.25 315.7tl 316.15 316.61 317.06 
7D 317.51 317.97 318.42 318.sa I 319.33 319.78 32Q.24 320.69 321.1 4 321 .60 

71 322.05 322.50 322.96 323.41 323.86 324.32 324.n 325.23 325.68 326.13 
72 326.59 327.04 327.49 327.95 328.40 328.85 329.31 329.76 330.22 330.67 
n 331.12 331.58 332.03 332.48 332.94 333.39 333.84 334.30 334.75 335.20 

" 335.66 336.11 336.57 337.02 337.47 337.93 338.38 338.83 339.29 339.74 
7S 340.19 340.65 341.10 341.56 342.01 342.46 342.92 343.37 343.82 344.28 

76 344.73 345.1 8 345.64 346.09 346.54 347.00 347.45 347.91 348.36 348.81 
n 349.27 349.72 350.17 350.63 351.08 351.53 351.99 352.44 352.89 353.35 
78 353.80 354.26 354.n 355.16 355.62 356.07 356.52 356.98 357.43 357.68 

" 358.34 358.711 359.25 359.70 360.15 360.61 361.06 361.51 361.97 362.42 .. 362.87 363.33 363.78 364.23 364.69 365.14 365.60 366.05 366.50 366.96 

81 367.41 367.86 368.32 368.n 369.22 369.68 370.13 370.59 371.04 371 .49 
82 371.95 372.40 372.85 373.31 373.76 374.21 374.67 375.12 375.57 376.03 
83 376.48 376.94 3n.39 3n.84 378.30 378.75 379.2Q 379.66 360.11 380.56 
84 381.02 381.47 381.92 382.33 38'.83 383.29 383.74 384.19 384.65 385.10 
IS 385.55 386.01 386.46 386.91 387.37 387.82 I 388.28 388.73 389.18 389.64 .. 390.09 390.54 391.00 391.45 391.90 392.36 392.81 393.28 393.72 394.17 .. 394.63 395.08 395.53 3S5.99 396.44 396.89 397.35 397.80 398.25 398.71 .. 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 1 405.06 405.51 405.97 406.42 406.87 407.33 407.78 .. 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 1 418.67 419.12 419.57 420.03 420.48 420.93 421.39 

" 421 .84 422.29 422.75 423.20 423.66 424.11 424.56 425.02 425.47 425.92 

" 426.38 426.83 427.28 427.74 428.19 428.64 429.10 429.55 430.01 430.46 

" 430.91 I 431.37 431.82 432.27 432.73 433.18 433.63 434.09 434.54 435.00 

" 435.45 435.90 436.36 436.81 437.28 437.72 438.17 438.62 439.08 439.53 

" 439.98 440.44 44n.89 441.35 441.80 442.25 442.71 443.16 443.61 444.07 .. 444.52 444.97 445.43 445.88 446.33 446.79 447.24 447.70 448.15 448.60 

" 449.06 449.51 449.96 45D.42 450.87 451.32 451.78 452.23 452.69 453.14 
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METRIC CONVERSION TABLE 
KILOGRAMS TO POUNDS AVOIRDUPO IS 

1 kilogram _ 2.204622341 pounds 

" "''' 

~ 
1 2 

, 
3 • , 

5 • 7 
, • • , .. 

• 2.2 4.4 6.6 8.8 11.0 13.2 15.4 17.6 19.8 
1 22.0 24.3 26.5 ".7 30.' 33.1 35.3 37.5 39.7 41.9 
2 44.1 46.3 48.5 SO.7 52.9 55.1 57.3 59.5 61.7 63.' 
3 66.1 68.3 70.5 n.8 75.0 77.2 79.4 81.6 83.8 88.0 • 88.2 90.4 92.6 9U 97.0 99.2 101.4 103.6 105.8 108.0 
5 110.2 112.4 114.6 116.8 119.0 121.3 123.5 125.7 121.9 130.1 

• 132.4 134.5 136.7 138.9 141.1 143.3 145.5 147.7 149.9 152.1 
7 154.3 156.5 158.7 160.9 163.1 165.3 167.6 169.8 172.0 174.2 
8 176.4 178.6 180.8 183.0 185.2 187.4 189.6 191.8 194.0 196.2 • 198.4 200.6 202.8 205.0 207.2 209.4 211.6 213.8 216.1 218.3 

10 220.5 222.7 224.9 227.1 229.3 231.5 233.7 235.9 238.1 240.3 

U 242.5 244.7 246.9 249.1 251.3 253.5 255.7 257.9 260.1 262.4 
U 284.6 266.8 269.0 271.2 273.4 275.6 277.8 200.0 282.2 284.4 
II 266.6 288.8 291.0 293.2 295.4 291.6 299.8 302.' 304.2 306.4 
14 1OS.6 310.9 313.1 315.3 317.5 319.1 321.9 324.1 326.3 328.5 
15 330.7 332.9 335.1 331.3 339.5 341.1 343.9 346.1 348.3 350.5 

16 352.1 354.' 351.1 359.4 361.6 363.8 366.0 388.2 310.4 3n.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 
19 418.9 421.1 423.3 425.5 427.7 429.9 432.1 434.3 436.5 438.7 
20 440.9 443.1 445.3 441.5 449.7 451.9 454.2 456.4 458.6 460.8 

21 463.0 465.2 461.4 469.6 4n.8 474.0 476..2 418.4 480.6 482.8 
22 485.0 481.2 489.4 491.6 493.8 496.0 498.2 500.4 502.7 504.' 
23 507.1 509.3 511.5 513.7 515.9 518.1 520.3 522.5 524.7 528.9 

" 529.1 531.3 533.5 535.7 531.9 540.1 542.3 544.5 5118.7 549.0 
25 551.2 553.4 555.6 557.8 560.0 562.2 564.4 566.8 568.8 5n.0 

" 573.2 575.4 5n.8 579.8 582.0 584.2 586.4 588.6 500.8 593.0 
27 595.2 597.5 699.7 601.9 804.1 606.3 608.5 810.7 612.9 615.1 
28 617.3 619.5 621.1 623.9 626.1 6", 630.5 632.1 634.' 637.1 
29 639.3 641.5 643.7 646.0 648.2 65Q.4 652.6 654.8 657.0 659.2 
30 661.4 663.6 665.8 888.0 670.2 6n.4 614.6 676.8 679.0 681.2 

31 683.4 685.6 681.8 600.0 692.3 694.5 696.1 698.9 701.1 703.3 
32 705.5 107.7 709.' n 2.1 714.3 71B.5 n 8.1 720.' n3.1 n5.3 
33 n7.5 728.7 731.9 734.1 736.3 738.5 740.8 743.0 745.2 741.4 
34 749.6 751.8 154.0 756.2 758.4 760.6 762.8 165.0 761.2 769.4 
3S m .6 m.8 n8.0 778.2 180.4 792.6 784.8 187.1 789.3 791.5 

36 793.7 195.9 798.1 800.3 802.5 804.1 606.9 "".1 811.3 813.5 I 
37 815.7 81 7.9 828.1 922.3 824.5 826.7 928.' 831.1 833.3 835.6 
31 837.8 840.0 842.2 844.4 846.6 848.8 851.0 853.2 855.4 857.6 
39 859.8 862.0 "" 866.4 868.6 87o.s 873.0 875.2 8n.4 819.6 .. 881.8 884.1 886.3 888.5 890.7 892.9 895.1 897.3 899.5 001.1 

41 903.9 906.1 ... , 910.5 912.1 914.9 917.1 919.3 921.5 923.7 
42 925.9 928.1 930.4 932.8 934.8 937.0 939.2 941.4 943.6 945.8 
43 948.0 950.2 952.4 954.6 956.8 959.0 961.2 983.4 965.6 967.8 .. 970.0 9n.2 974.4 976.6 918.9 981.1 983.3 985.5 987.7 989.' 
45 992.1 994.3 996.5 998.7 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 1058.0 .. 1058.2 106Q.4 1062.6 lC64.B 1067.0 1069.2 1071.4 1073.7 1075.9 1078.1 .. 1080.3 1082.5 1084.7 1086.9 1089.1 1091.3 1093.5 1095.7 1097.9 1100.1 



467 

METRIC CONVERSION TABLE 

KILOGRAMS TO POUNDS AVOIRDUPOIS 

1 kilogram _ 2.204622341 pounds 
~ -, Unll. 

, .. 0 1 2 
3 :-1_ ' s , 7 • 9 

SO 1102.3 1104.5 1106.1 1113.3 1115.5 1117.7 1119.9 1122.2 1108.9 101.1 
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 11 68.4 1170.7 1172.9 1175.1 11n.3 1179.5 1181.7 1183.9 1186.1 1188.3 
54 1190.5 1192.7 1194.9 1197.1 1199.3 1201 .5 1203.7 1205.9 1208.1 1210.3 
55 1212.5 1214.7 1217.0 1219.2 1221.4 1223.6 1225.8 1228.0 1230.2 1232.4 

" 1234.6 1238.8 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 t2n.l 1274.3 1276.5 
58 1278.7 1280.9 1283.1 1285.3 1281.5 1289.7 1291.9 129U 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 

" 1322.8 1325.0 1327.2 1329.4 1331.6 1333.8 1336.0 1338.2 1340.4 1342.6 

" 1344.8 1347.0 1349.2 1351.4 1353.S 1355.8 1358.0 1360.3 1362.5 1364.7 
G2 136&.9 1369.1 1371.3 1373.5 1375.7 Un9 1380.1 1382.3 1384.5 1386.7 

" 1388.9 1391.1 1393.3 1395.5 1397.7 1399.9 1402.1 1404.3 1406.5 1408.8 
GO 1411.0 1413.2 1415.4 1417.6 1419.8 1422.0 1424.2 1426.4 1428.6 1430.8 

" 1433.0 1435.2

1

1437.4 1439.6 1441.8 1444.0 1446.2 1448.4 1450.6 1452.8 

" 1455.1 1457.3 1459.5 1461.7 1463.9 1466.1 1468.3 1470.5 1472.7 1474.9 

" Unl 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 1508.0 1510.2 1512.4 1514.6 1516.8 1519.0 

" 1521.2 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 1568.7 1560.9 1563.1 

I 
n 1565.3 1567.5 1569.7 15n.9 1574.1 1576.3 1578.5 1580.7 1582.9 1585.1 
72 1587.3 1589.5 15!r1.7 1593.9 1596.1 1598.4 160Q.6 1602.8 1605.0 1607.2 
n 1609.4 1611.6 1613.8 1616.0 1618.2 162Q.4 1622.6 1624.8 1627.0 1629.2 
74 1631.4 1633.6 1635.8 1638.0 1640.2 1642.4 1644.6 1646.9 1649.1 1651.3 
7S 1653.S 1655.7 1657.9 1680.1 1662.3 1664.5 1666.7 1668.9 1671.1 1673.3 

1 " 1675.5 16n.7 1679.9 1682.1 1684.3 1686.5 1688.7 1690.9 1693.2 1695.4 
n 1697.6 1699.8 1702.0 1704.2 1705.4 1708.6 1710.8 1713.0 1715.2 1717.4 
78 ln9.6 lnl.8 1724.0 1726.2 ln8.4 1730.6 1732.8 1735.0 1737.2 1739.4 
79 1741.7 1743.9 1746.1 1748.3 1750.5 1752.7 1754.9 1757.1 1759.3 1761.5 
80 1763.7 1765.9 1768.1 17711.3 lm.S ln4.7 ln6.9 lm.l 1781.3 1783.S 

81 1785.7 1787.9 1790.2 1792.4 1794.6 1796.8 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 1835.5 1838.7 1840.9 1843.1 1845.3 1847.5 1649.7 .. 1851.9 1854.1 1856.3 1858.5 1860.7 1862.9 1865.1 1867.3 1869.5 1871.7 
as 1873.9 1876.1 1878.3 1880.5 1882.7 1885.0 1887.2 1889.4 1891.6 1893.8 .. 1896.0 1898.2 1900.4 1902.6 1904.8 1907.0 1909.2 1911.4 1913.6 1915.8 
87 1918.0 1920.2 1922A 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 19&6.5 1968.7 1970.9 1973.1 1975.3 19n5 1979.8 1982.0 
90 1984.2 1986.4 1988.6 1990B 1993.0 1995.2 1997.4 1999.6 2001.8 2004.' 
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.' 2032.7 2034.9 2037.1 2039.3 2041.5 2043.7 2045.9 2048.1 
93 2050.3 2052.5 2054.7 2056.9 2059.1 2061.3 2083.5 2065.7 2067.9 2070.1 

" 2072.3 2074.5 2076.8 2079.0 2081.2 2083.' 2085.' 2087.' 2000.0 2092.2 
9S 2094.' 2096.6 2098.8 2101.0 2103.2 2105.4 2107.6 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 
97 2138.5 214D.7 2142.9 2145.1 2147.3 2149.5 2151.7 2153.9 2156.1 2158.3 
98 2160.5 2162.7 2164.9 2167.1 2169.3 2111.6 2173.8 2176.0 2178.2 218D.4 
99 2182.S 2184.8 2187.0 2189.2 2191.4 2193.6 2195.8 2198.0 2200.2 2202.4 



r .8. 
PROPERTIES OF THE CIRCLE 

CirClllllfercnce of Circle of Dinm.' tcr I 'II" _ 3.14159265 
Circumference of Circle _ 2 ". r 
Diameter of Circle _ Circumference x 0.31831 
Dinmctcr of Circle of equal periphery IUIsqunrC_8ide x 1.27324 
Side of Square of equal periphery as cirdc _ diameter x 0.78540 
Diameter of Circle circumscribed about square _side x 1.41421 
Side of Square inscribed in Circle _ diameter x O.7Cflll 

Arc, a _ .. rA
o 

_ o.0174I13rA.,. 
Angle, A _ 180° a _ 057.29I>1S..!. ., , 
Hadiua, 

4b~+ct 
r _ sb Diameter, 

Chord, c _ z.v","br., =1b;;~ _ 2r si n ~ , 
Rise, 

AO • A _ _ 2rsmll_ , . 
Rise, b_ r+y_yr2_x~, y _ b-r+yrl -x2 , x- ';r' (r+y- b1" 

or _ 3.14159265, 

- _ 0.3183099. 
• 
,..2 _ 9.86960«, 

• -;;:i - 0.1013212, 

.J1i" _ 1.772453~. 

V; - 0.5641896, 

• ISO - 0.011%38, ... -;:- _ 67.2%779.5. 

1°1 _ 0 .. 971400 

log _ 9.:;02&501-10 

log _ 0.9942997 

log _ 9.(l(M7003-10 

log _ 0.24811749 

101 _ 9.7514251-10 

log _ 8.2 ~1817<1-IO 

log _ 1.7681220 



Trspuhll .. ' 

Trapuold: 

P ... llc]OIrnm : 

Sedo. at Clnlc: 

s..-lIt of anle, 

AREA OF PLANE FIGURES 

Baee x ~ perpendicular height. 

v' at.-a) (.-b) (e-c), 
where. _ ~ .um of the three sidell', b and e. 

Sum of a!"Call of Ibe two tri&ngles. 

.% sum of parllllel tidell X perpendicular height. 

B8.I!C X pcrpendieulllr height. 

Meum of ,idetl X iMide radius. 

... r~_ .7854 X diamcter' _ .07958 X e~umf~nee' . 

... r"A
o 

rAo 1" _~, ~- .0081200 _ &l'e X 74 nwus. 

~ (lI"A G _sinA O) 

2 .M 

CI",le or .. me .................. , diameter _ side X 1.12838. 

Squ .... 0' ..... e area .. circle, aide_ diameter X .88623. 

1:111_, 

;; 

Long diameter X ahort diameter X .711M. 

Bnse X % perpendicular height. 

I RREGULAR PLANE SURFACE 

;/ ~ 

;; ;; ;; ;; ;; ;; ;; ;; ;; 

A. -< l/ 
Divide the plane surface into an even number of parallel strips 

of equal width. 

The given figure has been divided into ten strips of width, d; 
the ordinates are ho to hlo. 

When the ends arc curved, 110 and h10 are zero and cancel out 
of formulas. 

8h .. !N'O .. •• Ru le: 

Area_ ~ [ho+hlO+4(hl+hll+h.s+hT+hll)+2(h2+h4+h<'l+h8)]' 

O" .... "d'. R"k, 
Area _ d [0.4 (bo + hlo) + l.t (hi + hll) + h2 +ha +h4 + h.s + h<'l + hT +h8J. 

Tn_ld.1 RIII~: 

Area _ d [!7(ho+ hlo) + hi +h2+ha+ h,+ h.:;+ h<'l+ ht +ha+ bll]. 

When the ends are not curved, but are tho Btraight line! hi and h. then, 

Area _ d [~ (h l + h.) + h2+hs+h4+ hs+ ho+ hr + hs]. 

.e. 

• 
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TlUGONOMETRIC FORMULAS 

Radilll, I - ";"'A+_' A 

_ liD A~ A - ........ cA-UGAeotA 

'loo 

---. " ! 
, 
< 

• ..". t-.~ : 

\'!<"7"'·C"C''-''_··"·C-C·'~· __ .j 
r"'~/ • t..-_ ....:!l ..... \ ------

"-I 

oin (A±D) - .inA _ D ±_ A linD 

_(A± D) -.o.1._8+oi" .... 8 

oill A + lin B - 2tia H(A+ 8) _}i(A-B) 

iii" A -tin 8_ 2_ ~ (A+ BJ .... ~ (A-B) 

.01,\+_8- ' _HeA+ B) oOl}i(A-Bj 

.0I8_ ... A_ 2oill).i (A+ 8) 1in}i(A-B) 

... 2 A - <CI' A_ti .. • A 

COl }i A- ..jl+i A 

aD' A-
l _COI2 . 

• ... ' A _ 1 +_21. • 
lin ' 1.- .... B - .11 (A + B)""CA -8) 

Ii" A±oin B _ taa )i(A± 81 
_A+((lIoB 

--, , H m " . .,. 

A_COIl. __ ' __ toeAt&aA_..JI_ ... ·" 
cot A _ A. 

A- ::'!- .:" _oiaAeotA_~I_ .al A 

A_~ ___ ' __ ""A_A 
.,..A cot A 

A_tall" ___ ' _ 
lin A COlA 

A-~--+"""'" em" .... A 

taD (A ± 8J 

cot (AiD) 

UGA+tuB-

tanA+t.IJIB 
I +'&"A latlD 

«ItA eolSt l 
_Of_A 
oin{A+BL 
_A_D 

t ... A _ tall B __ ~~~. ~(~A",.~l'
co.A ... B 

«It A + eot B _ -~'~""(f·;i+::-::A!-'""A.ina 
lin (8-A) 
.: .. Ii. .in B 

_

,~'".'~'";'A,_ UD2A- I tau',. 
_

-,m'.1"~A~-T"_ eoI.2A - 2_A 

cot'A _ 1+_2A 
I COI2A 

... ' "- ... ·8- _("+B)_(,\_8) 

IiaA±IIIIB_ OI.}i(A-B) _8 _ A C + 

~"( to' .... •• w to'lO l fIO' IfIO'lo:rnl" _.w aoojwjeoo g ... '" - ~ -- v ...... .."r.- EqooI ....... , nI-. " " " " " 
'" +0 10+1 1 10 -+1l ~IO- , .~ " "'I' "'I' O'±o ±oW. +_. ±ta.na ±~. 

• w I .+< f-o. -, ,.--< ito·+ I ).iVi "V' " "". +<01 • +-in. ..... +Una 

•• 010+01 =~ 1'0'''' "'I' 
, 'I' 18O"±a +tiD a 

_. 
±ta .. a ±~. 

~, +<0,. =.+< 1-'--' 'I' , "'I' 27O"!a 
_. 

±-ina ..... +1"". 
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TRIGONOMETRIC SOLUTION OF TRIANGLES 

Y1. A. &+b+e L.--J ~8_, 
0IV(lll ] Bougbt I Formulae 

RIOUT-ANO!.F.D TRIANGLES .. , • A , B.b slnA- c ' 

• Area - "2 \'0;: ....... 
-----:,--__ -j ____ -CCC~~ ______ c_-------------------------

•. b A,D,c tall A - i' IaIlD_~. 

---I 
A,a n,b, c 

A. b n, a, e 

A,c -] D, •• b 

• , b, C A 

•. b.O~ 

, 

Area _ !.l!. , 
B _ OOO_A, 

D _OQO_ A. 

AI'6a _ b ' Inn A , 
D _9O"-A. 

, 

• 
C - 'iin"'A" 

a _ bt.a.nA. 
, ___ b __ 

~A 

a _clin A. 

e ' lIn 2 A 

• 

I .. -b I 
Ian !:! (A-B) - "'i"+"b cot ~ 0 

a' _ b ' + c' Zoo coe A. b"-' + c"-3 8. C 0001 B, c' _ a' + b ..... '.b COl 0 

471 
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AREA OF CIRCUMR SECTIOKS 

Circular Sector, m 0 n p • 

Area _ >i' (length of arc, m p n x radius, r) 

_ area of circle x arc, m p ~n degrees 

- 0.0087266 x aqu!l.Nl of radius, r' x angle of a rc, m p n, in degrees. 

Circular Segment, m p n, leu than half circle.. 

Area _ area of sector, m 0 n p - area of triangie. m 0 n 

(lcnKth of are, m r n x radius, r)_ (radiu8, T_ rise, b) x chord, c. 
2 

Circular ~rment. m q n, greater than half circle.. 

Area _ area of cirdc- o.rca of segment, In n p. 

Circular Segment, from Table, page 473 

Given: rise, h, and chord, c. 

Area _ riae, b x chord, c x coefficient for ~ • , 
ExAMIIU:. Given: risc -2.10 and chord _5.65. 

~ - ;:~ _0.3717. 

Coefficient by interpolation _0.7354. 

Area _ b x c X cod£. _2.10 x 5.65 X 0.7354 -8.7255. 

Circular Serment, from Table. pages 474 and 475 

Given: rise, h, and diameter, d. 

Area _ square of diameter, d' X coefficient for ~ . 

ExAM I'I,F.. Given: rise _ 2~n and diameter -Mb. 

~ _ ~~$ + 5%2 _ 0.478528. 

Coefficient by intcrpoialion _0.371233. 

Area _ d l x coefficient _2';.9-1629 x 0.371233 _ 9.6321. 

Circular Zone, t u w .... 

Area _ area or eircle- sum of areas of eegmenUl, t p u and v q w. 

Circular Lune, m p n s . 

Area _ area of segment, m p n - area of segment, m s n. 



AREAS OF CIRCULAR SEGMENTS 
For Rat.los of Rise and Chord 

478 

Aol Coef'f1- b A O CoeI'l1_ b AO Coeffj · b AO CoeI'l1_ b - ~ - ~ - ~ - . . - '1--+---1· -+-+--+--I--I-~---+--
1 
2 
3 
4 
5 

6 
7 
8 , 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
26 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 

" 

.... 7 

.... 7 

.... 7 

.6667 

.... 7 

.... 7 ..... ..... 

.6669 
.6670 

.6670 

.6671 

.6672 

.6672 

.6673 

.6674 

.6874 

.6675 

.66" 

.66n 

.6678 

. 6679 ..... 1 

.6682 

.6684 .... , 

.... 7 ..... 

.6690 

.SS91 

.6693 ..... ..8698 

.6700 

.6"" 

.6704 

.6706 

.6708 

.ana 

.sn2 

.en4 

.6717 

.6119 

.0022 

.0044 

.0066 

. 0087 

.0109 

.0131 

.0153 

.0175 

.0197 

.0218 

.0240 

.0262 

.D284 

.0306 

.0326 

.0350 

.0372 

.0394 

.0416 

.0437 

.0459 

.0481 ..... 

.0526 

.0548 

.0570 

.0592 

.0614 

.0638 

.0658 

.0681 

.0703 

.0725 

.0741 

.ona 

.0792 

.0814 

.0837 

.0859 ."'" 

.0904 

.0927 

.094' 
• 0972 
.0995 

.. 
47 
48 
49 
50 

51 

" 53 
54 

" 56 
57 
58 

" 60 

51 
62 

" 64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 

" 
76 
n 
76 
79 
80 

81 
82 
83 
84 
85 .. 
87 .. 
89 
90 

.6722 

.6724 

.8m 

.6729 

.6732 

.8734 

.6737 

.6740 

.6743 

.6746 

.8749 

.6752 

.6756 

.6'" 

.8781 

.6764 

.6768 

.8771 

.6775 

.8779 

.8782 

.8786 

.6798 

.8,.. 

.8797 

.... 1 ..8609 
.6814 
.6818 

.6822 

.6826 

.6831 

.6835 

.6940 

.6844 .... , ..... 

.885' 

.6864 

.8669 

.6874 

.8679 ..... 

.6890 

.1017 

.1040 

.1083 

.1086 

.11 09 

.1131 

.1154 

.1177 

.1200 

.1224 

.1247 

.1278 

.1293 

.1316 

.1340 

.1363 

.1387 

.1410 

.1434 

.1451 

.1481 

.1505 

.1529 

.1553 

.15n 

.1601 

.1 625 

.1 64Q 

.1 673 

.1 697 

.1 722 

.1746 

.lm 

.1795 

.1"" 

.1845 

.1869 

.1854 

.1919 

.1944 

.1970 

.1995 

.2026 

.204' 

.2071 

91 
92 

" .. 
95 

" 97 
98 
99 

100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
11 0 

111 
112 
113 
114 

"' 
116 
117 
119 
119 
120 

121 
122 
123 
124 
125 

126 
127 
129 
129 
130 

131 
132 
133 
134

1 136 

.5895 

.6901 

.6'" 

.6912 

.6918 

.6'" 

.6930 

.6936 

.6942 

.6948 

.6'" 

.6961 

.6967 

.6974 

.6980 

.6987 

.6". 

.7001 

.7008 

.7015 

.7022 
• 7039 
.7037 
.704' 
.7052 

.7060 

.7086 

.7076 

.7084 

.7092 

.7100 

.7109 

.711 7 

.n26 

.7134 

.7143 

.n52 

.n61 

.n70 

.m. 

.7189 

.7199 

.7209 

.1219 

.7229 

.2097 

.2122 

.2148 

.2174 

.2200 

.2226 

.2252 

.2279 

.23" 

.2332 

.2358 

.2385 

.2412 .,.,. ., ... 

.2493 

.2520 

.2548 

.2575 

.2603 

.2831 

.265 • 
2687 
.2n5 
.2743 

.,m 

.2900 

.2929 

.2858 

.2687 

.2916 

.284' 

.2975 

.3004 

.3034 

.3064 

.3084 

.3124 

.3155 

.3185 

.3216 

.3247 

.3278 

.3309 

.3341 

136 
137 
138 1,. 
140 

141 
142 
143 
144 
145 

146 
147 
148 
149 
150 

151 
15' 
153 
154 
155 

156 
157 
158 
159 
160 

181 
182 
163 
164 
185 

166 
167 
168 
169 
170 

171 
172 
173 
174 

1
175 

178 
In 
178 
179 
180 

.7239 

.1249 

.7260 
.7270 
.7261 

.729' 

.7303 

.7314 

.7325 

.7336 

.7348 

.7380 

.7372 

.7384 

.7396 

.7408 

.7421 

.7434 

.7447 

.7468 

.7473 

.7486 

.7500 

.7514 

.7526 

.7542 

.7557 

.7571 

.7586 

.7801 

.7616 

.763' 

.7648 

.7664 

.7680 

.7696 

.nt2 

.n26 

.n46 

.n63 

.n81 

.n89 

.7817 

.7835 

.7854 

.3373 

.3404 

.3436 

.3489 
.3501 

.3534 

.3567 

.3600 

.3633 

.3668 

.3700 

.3734 

.3768 

.3802 

.3837 

.3871 

.3806 

.3942 

.39n 

.4013 

.404' ..... 

.4122 

.4159 

.4196 

.• 233 

.4270 

.4306 

.4346 

.4380 

.4424 

.44" .. "" .484' 

.4582 

.4622 

.4663 

.4704 

.4145 

.4787 

.4826 

.4871 

.4914 

.4957 ..... 
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AREAS OF CIRCULAR SEGMENTS 
For Ratios of Rise and Diameter 

-- --------:;., 

/ "\ !'" .' --, 
(-- ----Olamllt'! r. d-----1 
Area~ ~ x Coefficient 

, 
Co.".."I.n 

, 
Coetfl"tont 

, 
Coefficlont 

, 
C...mclent 

, 
Coerrlclent -. .. -. -. .. 
f---

_001 .00004' .051 .015119 .101 .041477 ,151 .074590 .201 .112625 
.002 .000119 .05' .01 5561 .102 .042081 .152 .075301 .202 .113427 
.003 .000219 .053 .016008 .103 .042681 .153 .076026 .203 .114231 
_004 .000337 .054 .01 6458 .104 .043296 .154 .076747 .'04 .115036 
.005 .ooom _055 .016912 .105 .043908 .1 55 .077470 .20' .115842 
.006 .000619 .056 -,017369 .106 .044523 .1 56 .078194 .206 .11 6651 
.007 .000779 .057 .017831 .1 07 .045140 .157 .078921 .207 .1'7460 
_008 .000952 .058 .018297 .108 .045759 .158 .079650 _'08 .118271 
.009 .001135 .059 .018766 .109 ,046381 .159 .080380 .209 .119084 
.010 .001329 .060 .019239 .110 .047006 .160 .081112 .210 .11 9898 
.011 .001533 .061 .019716 .111 .047£33 .161 .081847 .211 .1 20113 
.012 .001746 .06' .020197 .112 .048262 .162 .082582 .212 ,121530 
.013 .001969 .063 .020681 .113 .048894 .1 63 .083320 .213 .122348 
.014 .002199 .064 .021188 .114 .049529 .164 .084060 .214 .123167 
.01 ' .002438 .065 .021660 .115 .050165 .165 .084801 .215 .123988 
.016 .002685 .066 .022155 .116 .050805 .166 .085545 .216 .124811 
.017 .002940 .067 .022653 .117 .051446 .167 _086200 .217 .125634 
.018 .003202 .068 .023155 .1 18 .052090 .1 68 .081007 .218 .126459 
.019 .003472 .06' .023660 .11 9 .052737 .169 .087705 .219 .127286 
.020 .003749 .070 .024168 .120 .053395 .170 .088536 .'20 .128114 
.021 .004032 .071 .024680 .121 .054037 .171 .089288 .221 .128943 
.022 .004322 .072 .025196 .122 .054690 .172 .09004' .'22 .129773 
_023 .004619 .073 .025714 .123 .055346 .173 .090797 .223 .1 30605 
.024 .004922 .074 .020236 .124 .056004 .174 .091555 .224 .1 31438 
.02' .005231 .075 .026761 .125 .056664 .175 .092314 .22' .132273 
.020 .005546 .076 .027200 .126 .057327 .176 .093074 .226 .133109 
_027 .005867 .on 

i :~~ 
.127 .057991 .m .093837 .227 .133946 

_028 .006194 .078 .128 .058658 .178 .094601 .229 .134784 
_020 .006527 .079 .129 .059328 .179 .095367 .229 .J35624 
.030 .006866 .080 .130 .059999 .180 .096135 .230 .136465 
.031 .007209 _081 I .029979 .131 .060673 .181 .096904 .231 .137307 
.03' .007559 .08' .030526 .132 .061349 .1 82 .097675 .23' .138151 
.033 .007913 .083 .0310n .133 .062027 .183 .098447 .233 .138996 
.034 .008273 .084 

I 
.031630 .134 .062707 .184 .099221 .234 .139842 

.03' .008638 .08' .032186 .135 .063389 .1 85 .099997 .23' .140689 

.036 .009008 .086 .032746 .136 .064074 .186 .100n4 .236 .141538 

.037 .009383 .087 .033308 .137 .064761 .181 .101553 .237 .142388 

.038 .009764 .088 .033873 .138 .065449 .188 .102331 .238 .143239 

.03' .010148 .08' .034441 .139 .066140 .189 .103118 .23' .144091 
_040 .010538 .090 .035012 .140 .066833 .1 90 .103900 .240 .144945 
_041 .010932 .091 .035586 .141 .067528 .191 .104686 .241 .145800 
.04' .011331 .09' .036182 .142 .068225 .1 92 .105472 .242 .146658 
.043 .011734 .093 .036742 .143 .068924 .193 .106261 .243 .147513 
.044 .012142 .094 .037324 .144 .069626 .194 .1 07051 .'44 .148371 
.04' .012555 .09' .037909 .145 .070329 .195 .107843 .245 .149231 
.046 .012971 .096 .038497 .146 .071034 .196 .108636 .246 .150091 
.047 .013393 .097 .039081 .147 .071741 .197 .109431 .247 .150953 
.048 .013818 .098 .039881 .148 .072450 .1 98 .110227 .248 .151816 
_04' .014248 .09' .0402n .149 .073162 .1 99 .111025 .249 .152881 
.050 .014681 .100 .040875 I .150 .073875 .200 .1 11824 .250 .153546 

, 



4 7 . 

AREAS OF CIRCULAR SEGMENTS 
For Ratios of Rise a nd Dlameter-Conc: luded 

.!:.o ~--' 
", -.--~ 

(----.m.m'~ .• ----- j 
Area =d: x Coefficient 

• C ... f'I1~l . nt • C-mcle nt • C ... tflcle n • Coeffi.,lent • Coemclent ..- ..- ..- .,- .,-

.251 .154413 .301 .199085 .351 .245935 .401 .294350 .451 .34377S 

.252 .155281 .30'l .200003 .352 .246890 .40'l .295330 .452 .344773 

.253 .156149 .303 .200922 .353 .241845 .403 .296311 .453 .345768 

.254 .157019 .304 .201841 .354 .248801 .404 .297292 .454 .346764 

.255 .157891 .305 .202762 .355 .249758 .405 .298274 .455 .347760 

.256 .158763 .306 .203683 .356 .250115 .406 .299~56 .456 .348756 

.251 .159636 .307 .204605 .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 

.260 .162263 .310 .207376 .36<) .254551 .410 .303187 .460 .352742 

.261 .163141 .311 .208302 .361 .255511 .41 1 .304171 .461 .353739 

.262 .164020 .312 .209228 .362 .256472 .412 .305156 .462 .354736 

.263 .164900 .313 .210155 .363 .257433 .413 .306140 .463 .355733 

.264 .165781 .314 .211083 .364 .258395 .414 .307125 .464 .356730 

.265 .166663 .315 .212011 .365 .259358 .415 .308110 .465 .357728 

.266 .167546 .316 .212941 .366 .260321 .416 .300096 .466 .358725 

.267 .168431 .317 .213871 .367 .261285 .417 .310082 .467 .359723 

.268 .169316 .318 .214802 .368 .262249 .418 .311068 .468 .360721 

.269 .170202 .319 .215734 .369 .263214 .419 .312055 .469 .361719 
270 .171090 .320 .216666 .370 .264179 .420 .313042 .470 .36271 7 
.271 .171978 .321 .217600 .371 .265145 .421 .314029 .471 .363715 
.272 .172868 .322 .218534 .372 .266111 .422 .315017 .472 .364714 
.273 .173758 .323 .219469 .373 .267078 .423 .316005 .473 .365712 
.274 .174650 I .324 .220404 .374 .268046 .424 .316993 .474 .366711 
.275 .175542 .325 .221341 .375 .269014 .425 .317981 .475 .36771 0 
.276 .176436 .326 .222278 .376 .269982 .426 .318970 .476 .368708 
.m .1 77330 .327 .223216 .m .270951 .427 .319959 .m .369707 
.278 .178226 .328 .224154 .378 .271921 .428 .320949 .478 .370706 
.279 .179122 .329 .225094 .379 .272891 .429 .321938 .479 .371705 
.280 .1 80020 .330 .226034 .380 .273861 .430 

I :[~ 
.480 .372704 

.281 .180918 .331 .226974 .381 .274832 .431 .481 .373704 

.'82 .181818 .332 .227916 .382 .275804 .432 .482 .374703 

.283 .182718 .333 .226858 .383 .276776 .433 .483 .375702 

.284 .183619 .334 .229801 .384 .2m48 .434 .484 .378702 

.285 .184522 .335 .230745 .385 .278721 .435 .485 .377701 

.286 .185425 .336 .231689 .386 .279695 .436 

:~! 
.486 .378701 

.287 .186329 .337 .232634 .387 .280669 .437 .487 .379701 

.288 .187235 .338 .233580 .388 .281643 .438 .488 .380700 

.289 .188141 .33' .234526 .38' .282618 .439 .48' .381700 

.290 .1 89048 .340 .235473 .390 .283593 .440 .490 .382700 

.291 .189956 .341 .236421 .391 .284569 .441 .491 .383700 

.29' .190865 .342 .237369 .392 .285545 .442 .334829 .492 .384699 

.293 .1 91774 .343 .238319 .393 .286521 .443 .335823 .493 .385699 

.294 .192685 .344 .239268 .394 .287499 .444 .336816 .494 .386699 

.295 .193597 .345 .240219 .395 .288476 .445 .337810 .495 .387699 

.296 .194509 .346 .2411 70 .396 .289454 .446 .338804 .496 .388699 

.297 .195423 .347 .242122 .397 .290432 .447 .339799 .497 .389699 

.298 .196337 .348 .243074 .398 .291411 .448 .340793 .498 .390699 

.29' .197252 .34' .244027 .399 .292390 .449 .341788 .499 .391 699 

.308 .198168 .350 .244980 .400 .293370 .450 .342783 .500 .392699 



'7. 

TABLE OF CIRCULAR ARCS , 
When the arc, A, is greater than a aemi-<:irc\c, let rise _ U. " H 
Now .maller arc, a _ circumference or circle _ arc, A; let risc _ h. , I 

Rise, h, of are, a _ (half-chord)' + H. Find are, a, by table. ... k? 
Then ILNl, A - circumference of circle - arc, IL. '..qrc a. " 
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AREAS AND WEIGHTS OF 90° FILLETS OR ROUNDINGS 

ArM. s.. In. Weltlll. u.,. rt. ,.,.,k.I ... W"","" Lb. ,., fl.. 

o., ,- o., ,- ... ,- ... , ,-..... CR sm CR sm ... ,- CR sm CR sm , ,. R, t ... 

m5l m5l R, ,R ml~ m5l R" R 
-- -

,,", .00005 .00021 .00018 .00071 1Ilj." .05705 .22822 .1 9399 .77595 
%. .00021 .00084 .00071 .00285 1%. .OMS7 .24226 .20592 .82359 ... .00047 .00189 .00160 ._1 .", .06418 ,sen .21821 .87285 
~. .00084 .00335 .00285 .01140 ~. .06790 .27160 .2308. .92344 

,~ .00131 .00524 .00445 .01781 '%4 .07172 ...... "'" .97546 

*~, .00189 .00754 ..... , .02565 ' \I. ~7565 .30262 "'722 1.0289 
1« .00257 .01027 .00873 .03491 .... .07969 .31875 .27094 1.0.,. 
l> .ooJ35 .01341 .01140 .04560 % .1l6383 .33531 .26561 1.1400 ... .00424 .01698 .01443 .05m '1« .08807 .35228 .29944 1.1978 
~it .00524 .02096 .01781 .07125 'l>. .09242 .36966 .31423 1.2569 
'II, .00634 .02536 .02155 .08622 .... .09687 .38749 .32937 1.3175 
%. .00754 .03018 .02565 .10260 'II. .10143 A0572 .34487 1.3795 

''', .00885 .03542 .03010 .12042 .:re .. .10609 A2438 ~ .. n 1.4429 

". .01027 .()4108 .03491 .13966 '%, .1 1086 .44345 .37893 1.5On 

''', .01179 .0471 5 .01008 .16032 .'" .11573 •• 6294 .39356 1.5740 
y, .01341 .05365 .04560 .18241 % .12071 ...,.. Al042 1.641 7 

I ~~ .01514 .06057 .05148 .20592 ~", .1 2579 .50317 A2770 1.71 08 
%, .01698 .06790 .05m .2308' ' ,," .1 3098 .52392 ,44533 1.7813 
I ru .01891 .07565 .06431 .25m '''' .1 3627 .54509 A6332 1.8533 
II. .02096 .08383 .07125 .26561 ' 11. .1 4167 ..... 7 A6167 1.9267 

~%~ .02310 .09242 .07656 .31423 .... .14717 .5666' .50038 2.0015 
'II, .02536 .10143 .08622 .34467 ~~is t .15278 .6111 0 .51944 2.0m .... .02772 .11 086 .09423 .37693 ",. .1 5849 .83394 .53665 2.1554 .. .0301 8 .12071 .1 0260 ,41042 % .16430 .65721 .55882 2.2345 

~~o. .03275 .13098 .111 33 ,44533 .'" .17<)22 ...... .57675 2.31 ,. .... .03542 . 14167 .12042 ,48167 '% • .17625 .7t)499 .59924 2.3970 

2~"" .03819 . 15278 .12986 .51944 '\I • .18238 .72951 .• 2008 2A603 ,., .04108 .16430 . 13966 .55862 ' % • .18861 .76444 .64128 2.5651 

' ... .04406 .1 7625 .14981 .5992' .'" .19495 .T7980 .66283 2.6513 
' .. , .04715 .1 8861 .16032 .64128 '11. .20139 .80558 .68474 2.7390 
'%, 

.
05035

1 

.20139 .17119 .68474 .... .2<1'" .83178 .707111 2.8280 
II .05365 .21460 .18241 I .72963 1 .21 460 .65839 .72963 2.9185 

Coefficients of Values of 90° Fillete lo obtain Values of Oblique Anil le Fillet. 

A""'8~1 " ~ '" 20 ' 30 ' 40 ' ,.' 6O'J 70 ' .. ' 
---

3.1 913 2.00 Coefficient 99.61 1 46.349 28.685 19.921 11.291 7.1091 4.7066 l A869 

Angle 8 ~ 
, i I ,.' 100' 110· 120' I 130 ' 140 ' 1,.' ~ 170 ' 

1--' 
Coefficient 1.0000 , .6569 I .4163 .2505 I .1397 ..... .02lI7 .Q084 .DOl O 

To obt&ln IU'O& or 'WeigM or an obi lque ...... 1e ftUet. or loDy radlu.. mulUPb' the value tor .110" " .. of amo !'&dIu. by tbe ooetnclen~ given tor the aDlle. 
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SURFACE AND VOLUME OF SOLIDS 

E]~
" 

, ,-. 'A • ..: 
, . ' }--- .... V -'" 

dr, "--1j}-," , : I .....: 

• ~~ •. ?, 
·-'.L. ~ 

O---P~? . --~. _1;;;;.l 

ff) ~
" 

--!'/\l 
.. I -." I' . -. ,,' .: -- """ -.-.-. :.~r 

flr--/1 
Bl6J 
~"\-T--f2'i'< 
U~'J·~ 

~) 
~) 

8 _ PI. 
V _ Dh. 
V_AI. 

8 _ PI. 
Y _ B h . 
V _ AI. 

8 _ rho 
s _ 1' " . 
" _ Db. 
V _ A I. 

v _ Dh, 

Pa .. lleloplped 

P I, perimeter perp. t(I.ldl'lll; 11'lateral leDlth. 
e 1.1 area of bMc; h is pe~ndlcuJar helibl. 
A is &I"e& or ~Ion p«p. to IIIdl'lll; 11'latO)r'alleqth. 

Prb_. Ri,,, Or Ob!iq"e. HelPIa. or I~lar 

P I. perimeter pef'J). to sldC.'ll; II, laterallen&th. 
n 'I arca or bMe: h", perpendicular helch"-
A I. area of IeCllon perp. to IlId .... ; II. latft'allcllj(th. 

(:)ollnder, Ria'hl ct. ObUq'lle. Orall' or EllhotLr, elr. 

r 18 perimeter of ba.so; h bI PCI'p. bellht. 
P, I, perimeter perp. t(I ~Idos: 11.latcrallength. 
n I. area of biIae; h 15 perpendicular heillht . 
A II area. of IOOI.\OD pcrp. to .Ida.; II, latera] lCIIKtll . 

...,. . 1 ..... of any PrI, ,,, or C1Hnde 

D I. area of bMe; h II pcrp. hel,b~ from base to renter of 
lravlty of top. 

V -J.i A (1, + 10) , rQr cy linder. 

S - J.i PI. 
V _V, Dh. 

P, .... hl or Co"., R~ht a nd ~I •• 

P " perimeter o r baIJe; '" slant height. 
n "are. o r base; h" perpendieu.illr height. 

Pt .... ld or eo.., .u.ht or Oblique, ~I •• or Ir'r~I •• 

\' _ V. Dh. D u area Qr ... ; h Is perpendicular height. 
V _ V. volume Qt prLlm ()J' eyllnder Qrl:ame __ and J)Orpendleula.r bela:ht. 
V _ J.i VOlume ot hcmllphenl Qr .... me base aDd perpendicular bel&ht. 

Fnoat_. of Pyn..1d Or Co"" Rq:bt and ~lar, ....... lIel £ad. 

S _ J.i I (P + pl. ,> and p a.re perimeters o r ~ and top ; I '" ,laM 
height. 

V _ ~ h {D + b + Y"'iibf." B .... d b a.re areu ot hue aDd toOp; h \. 
pet'lI<)ndlculr.r hclsht. 

v 
FrultU" of a .. ,. ..,. .... id or Cone, Pa .. Uel End. 

\i h {D + b + v'1.i'b}. nand b are aroo. Qt baae and tQp; h II 
perpendicular belsht. 

Wed;re, Pa .. llo!.Op'aIQ Face 

V _ t' d b (2 a + b ). a, b. II. are the Ic~h.l or tile throe O(\(eo; h " 
perpcndlcuillr height; d I, pCtllCndleular wldtb, 

PI'lI ... told 

V_ "h(D +h +4M), n .... d b are a..,... o r b_ and lop; h I, 
perpendicular hclsht; !>I II l.J'ea o r ~Ion 
paralleL to ~. midway between them, 

The PrlsmatQld formula applies abo to any or tho tore/lOL"1 M)llda 
wltb parallel bales. to PTrarnkU. ooneo, ~berlcaL ..:tklnl, .... d to many 
IOIldl with IrreZlllar 1JIIJ'1&Oll11. 



SURFACE AND VOLUME OF SOLIDS 
S_LAT!lRAL OR CoS-VEX SUIU"AC.!. V_VOLUME! 

G 

r----.--'""l 

1 -'11 t, _. __ ..,. _____ ~ 

~
. r;wJ······ 

_ J ._ _. . , 

@ r@--c "'. j, .". 
!'\.. ,,-- ~_." _.'. 

, 

tE7t ... , ' . : 
- ~---- It---~ 

~' 
L. •. , , 

... -
8 _ 4"'rt _ rd'_3.14 1:'i92Md' . , 
v - 3 r rl' _ 6 r d l _O.II2359878 dl 

, 
S - 2"1I' r (4b +c) , 
V- l ... r'b 

SDberlCilI S«tor 

SDlterical ae.-a.t 
8 _ 2rrb _ !r(4b1+e") 

v _ ~ ... bl' (3 r-b) _ .! r b (3c'+" bI) 

SpherlCII\ Zone 
S_ Zrrb 

v _ rh .. b (3 .'+ 3 c'+" bI) 

Clrwlar Rh ... 

Uanlll of RIa:Io.t, ~I.r C,lIalMt' 

Daee _ 8e«meot b. b Base _ Halt ClrekI 

8 _ {2rm-<)XIlrC.bab) ! S _ 2 rh 

, . , 
V _ (3m~ x area,b.b) 1'-(1 V - i r' b 

Duo _ Sogmcot. cae Base _ Cirele 

S _ (2ro+pX&I"C.cac) r!p 8 _ rrh 

v_<ijol+Pxarea,cac) r!p v_l .. r' b 

Panbolold 

v_l .. r 'h 

Ratio or COIT'eIIpondlq volume. or II Cone, Parabolokl, 
8pbero, and Cylinder oroqoal height: Ji:~: %: I. 

Rodl.,. GoIIH'loted b,. Partia l or eo .. plete Reoolatlo_ 

I _ length of • curvO} rotating about an .xu 1-1 
A _ aroo. or & plano on O!l() sldo and \n plane of a:ds. 

r _ t1I!11.anceor ceOtel' or IJravlty or Uno or plane rrom Nil: 1-1 
and ror .IIY angle or revoluUOD .• ". 

2,.. r . " --aoo- _ length or (Ire dOllCl'lbod by OIlllter or sra,·lt:r. 

S _ length or ewve x length or an:: . bout u.1I: 1-1 
2,.. r. " _ I ~. FOl' OOOlplote revolutloll S _ 2 ,.. r I. 

V _ &l'1li. or plane x length or ate .bout axltl 1-1 

A 
2,.. r." _ ~. For ooOlolelo8 revolutloll V _ 2 .. r A. 
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rUNCT IONS or NUMBERS, 1 to 49 

Sq ...... c.o.. "" N o. _ Dlam et • • 
• 0 . Sq u .... C"~ "-, "-, Logarithm • -- , 

R..,lp..-a1 Clr<;urn, A_ 
, -

1 1 1 1.0000 1.0000 0.00000 1000.000 3. 142 0.7854 
2 • 8 1.4142 1.2599 0.J0103 500.000 6.283 3.14 16 
3 • 27 1.7321 1.4422 a.4m2 333.333 9.425 7.0686 
4 16 64 '.0000 1.5874 0.60206 250.000 12.566 12.5664 , ,. 

12' 2.2361 1.7100 0.69897 200.000 15.708 19.6350 • " '16 2.4495 1.8171 0.77815 166.667 18.850 28.2743 
7 49 343 2.6458 1.9129 0.84510 142.851 21.991 38.4845 

• 64 512 2.8284 '.0000 0.90309 125.000 25.133 50.2655 

• 81 no 3.0000 2.0801 0.95424 11 1.11 1 28.274 63.6173 

I. 100 1000 3.1623 2.1544 1.00000 100.000 31.418 78.5398 
11 121 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 
U 16' 2197 3.6056 2.3513 1.11394 76.9231 40.841 132.732 
14 196 2744 3.7417 2.4101 1.14613 71.4286 43.982 153.938 

15 ", 3375 3.8730 2.4662 1.11609 66.6667 47.124 176.715 
16 '58 4096 '.0000 2.5198 1.20412 62._ 50.265 201.062 
17 , .. 4913 4.1231 2.5713 1.23045 58.8235 53.407 226.980 
19 324 5932 4.2426 2.6207 1.25527 55.5556 56.549 254.469 
19 361 6859 4.3589 '.6684 1.27875 52.6316 59.690 283.529 

20 .00 .000 4.4121 2.7144 1.30103 50.0000 62.832 314.159 
21 441 '261 4.5826 2.7589 1.32222 47.6190 65.973 346.361 
22 '84 1064' 4.6904 2.8020 1.34242 45.4545 69.11 5 380.133 
23 529 12167 4.7958 2.8439 1.36173 43.4783 12.257 415.476 
24 576 13824 4.8990 2.8845 1.38021 41.6667 75.398 452.389 

2S 6,. 15625 5.0000 2.9240 1.39794 40.0000 78.540 490.874 
26 6,. 17578 ;099. 2.9625 1.41497 38.4615 81.681 530.929 
27 no 19583 5.1962 3.0000 1.43138 37.1l370 84.823 512.555 
28 764 21952 5.2915 3.0366 1.44716 35.7143 87.965 615.752 
29 841 24389 5.3852 3.0123 1.46240 34.4828 91.106 660.520 

30 900 27000 5.4m 3.1012 1.4n12 33.3333 94.248 706.858 
31 '51 29791 5.5678 3.1414 1.49136 32.2581 97.389 754.768 
32 102. 32768 5.6569 3.1748 1.50515 31.2500 100.53 804.248 
33 " .. 35937 5.7446 3.2075 1.51851 30.3030 103.67 855.299 
34 11 56 39304 5.8310 3.2396 1.53148 29.4118 106.81 907.920 

35 122' 42875 5.9161 3.2711 1.54407 28.5714 109.96 962.113 
3G 1299 .66 .. '.0000 3.3019 1.55630 27.m8 113.10 1017.88 
37 1369 50653 6.0828 3.3322 1.56820 27.0270 116.24 1075.21 
38 1444 ".n 6.1644 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 1681 88921 6.4031 3.4482 1.61278 24.3902 128.81 1320.25 
42 1764 74088 6.4807 3.4760 1.62325 23.8095 131.95 1385.44 
43 1849 79507 6.5574 3.5034 1.63347 23.2558 135.09 1452.20 
44 1936 85184 6.6332 3.5303 1.64345 22.n73 138.23 . 1520.53 

45 2025 911 25 6.7082 3.5569 1.65321 22.2222 141.37 1590.43 
46 211 6 97336 6.7823 

I 
3.5830 1.66276 21.7391 144.51 1661.90 

47 220' 103923 ."" 3.6088 1.61210 21.2766 147.65 1734.94 
48 2304 110592 6.9282 3.6342 1.68124 20.8333 150.80 1809.56 
49 2401 117649 7.0000 3.6593 1.69020 20.4082 153.94 1885.74 



.. , 
FUNCTIONS OF NUMBERS, 50 to 99 

- -
~ ....... CO~ I "" No, _ DI ..... tcr 

No. Sq .. . ... COM R~. R~' 
Lognlth... x --

R..,lp ...... r CI,..,,,,,,. A_ 
. 

SO 2500 125000 7.0m 3.6840 1.69897 20.0000 157.08 1963.50 
51 2601 132651 7.1414 3.7084 1.7'0757 19.6078 160.22 2042.82 
52 270' 140608 7.2111 3.7325 1.71600 19.2308 163.36 2123.72 
53 260' 1488n 7.2801 3.7563 1.72428 18.8619 166.50 2206.18 
54 2916 157464 7.3485 3.7798 1.13239 16.5185 169.65 2290.22 

55 3025 166375 7.4162 3.8030 1.74036 18.1818 lTZ.79 2375.83 
56 3136 175618 7.4833 3.8259 1.74819 17.8571 175.93 2463.01 
57 3249 185193 7.5498 3.8485 1.75587 17.5439 179.07 2551.76 

'" "64 195112 7.6158 3.8709 1.76343 17.2414 182.21 2642.08 
59 3481 205379 7.6811 3.8930 1.77085 16.9492 185.35 2733.97 

GO 3600 216000 7.7460 3.9149 1.77815 16.6667 188.50 2827.43 
61 3721 226S81 7.8102 3.9365 1.78533 16.3934 191.64 2922.47 
62 ,.., 238328 7.8740 3.9579 1.79239 16.1290 194.78 3019.07 
51 3969 . 250047 7.9373 3.9791 1.79934 15.8730 197.92 3117.25 

" - 262144 8.DODO '.0000 1.80618 15.6250 201.06 3216.99 

" '225 274625 8.0623 4.0207 1.81291 15.3846 204.20 3318.31 .. "56 287496 8.1240 4.0412 1.81954 15.1515 2tI7.35 3421.19 
fi1 448' 300763 8.1854 4.0615 1.82607 14.9254 210.49 3525.65 
tiS 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 

7' '900 34300. 8.3666 4.1213 1.84510 14.2857 219.91 3848.45 
71 5041 357911 8.4261 4.1408 1.85126 14.0845 223.05 3959.19 
72 "" 373248 a4853 4.1602 1.85733 13.8889 226.19 4071.50 
73 5329 389017 8.5440 4.1793 1.86332 13.6986 229.34 4185.39 
7' 5476 405224 8.6023 4.1983 1.66923 13.5135 232.48 4300.84 

75 5625 421875 8.6603 4.2112 1.87506 13.3333 235.62 4417.66 
76 5n6 438916 8.7178 4.2358 1.88081 13.1579 236.76 4536.46 
n 5929 '56533 8.7750 4.2543 1.88649 12.9870 241.90 4656.63 
78 60" 474552 8.8318 4.2127 1.89209 12.8205 245.04 4778.36 
7' 6241 '9303, 8."" 4.2908 1.89763 12.6582 248.19 4901.61 

80 64" 512000 8.9443 4.3089 1.90309 12.5000 251.33 5026.55 
81 6561 531441 ' .0000 4.3267 1.90849 12.3457 254.47 5153.00 
82 672' 551368 9.0554 4.3445 1.91381 12.1951 257.61 5281.02 
83 688' 5n787 9.1104 4.3621 1.91908 12.0482 260.75 5410.61 
84 7056 592704 9.1652 4.3795 1.92428 11.9048 263.89 5541.77 

85 7225 614125 9.21 95 4.3968 1.92942 11.7647 267.04 5674.50 .. 7396 636056 9.2736 4.4140 1.93450 11.6219 270.18 560a80 
87 7569 658503 9.3274 4.4310 1.93952 11.4943 273.32 5944.68 
88 n44 681412 9.3808 4.4480 1.94448 11.3636 276.46 6082.12 

" ml 70496' 9.4340 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 

" I 8281 753571 9.5394 4.4979 1.95904 10.9890 285.88 6503.88 
92 "64 . 778688 9.5917 4.5144 1.96379 10.8696 289.03 6647.61 
91 8&4, 804357 9.6431 4.5307 1.96848 10.7527 292.17 6792.91 
94 8836 830584 9.6954 4.5468 1.97313 10.6383 295.31 6939.78 

9S 9025 857375 9.7468 '.5629 1.97712 10.5263 298.45 71l88.22 
96 9216 884736 9.7980 4.5789 1.98227 

I 

10.4167 301.59 

I 
1238.23 

'7 94" 912673 9.8489 4.5947 1.98677 10.3093 304.73 7389.81 .. 9604 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 

Squ .... c"~ 
, ... No. _ Dlameur 

No. Sci ...... C"~ R_' R_ Lovarlthm • 
R...,lp_1 CI..,um. .-

100 10000 1000000 10.0000 4.6416 2.00000 10.00000 314.16 7853.98 
101 10201 1030301 10.0499 4.6570 2.00432 9.90099 317.30 8011.85 
102 10404 1061208 10.0995 4.an3 2.00860 9.80392 320.44 8171.28 
103 10609 1092n7 10.1489 4.6875 2.01284 9.70874 323.58 8332.29 
104 10816 1124864 10.1980 4.7027 2.01703 9.61538 326.73 8494.87 

105 11025 1151625 10.2470 4.7177 2.02119 9.52381 329.87 8659.01 
106 11236 1191016 10.2956 4.7326 2.02531 9.43396 333.01 8824.73 
101 11449 1225043 10.3441 4.7475 2.02938 9.3451'9 33S.15 8992.02 
1 .. 11664 1259nz 10.3923 4.7622 2.03342 9.25926 339.29 9160.88 
109 11881 1295029 10.4403 4.7769 2.03743 9.17431 342.43 9331.32 

UO 12100 1331000 10.4881 4.7914 2.04139 9.09091 345.58 9503.32 
ttl 12321 1367631 10.5357 4.8059 2.04532 9.00901 348.72 9616.89 
U2 12544 1404928 10.5830 4.8203 2.04922 8.92857 351.86 9852.03 
113 12769 1442897 10.6301 4.8346 2.05308 .... ,,, 355.00 10028.7 
114 12996 1481544 la.am '.8488 2.05690 8.77193 358.14 102£l7.0 

115 13225 1520875 10.7'238 4.8629 .... " 8.69565 361.28 10386.9 
U' 13450 

"' .. 96 
10.7703 4.8770 2.06446 8.62069 364A2 10568.3 

Ul 13689 1601613 10.8167 4.8910 2.06819 8.54701 361.57 10751.3 
US 1392. 1643032 10.8628 4.9049 2.07188 8.47458 370.71 10935.9 

"" 14161 1685159 10.90B7 4.9187 2.07555 8.40336 373.85 11122.0 

120 14400 1n8llOO 10.9545 4.9324 2.07918 8.33333 376.99 11309.7 
121 14641 1771561 11.0000 4.9461 2.08279 8.26446 380.13 11499.0 
122 14884 1815848 11.0454 4.9597 2.08636 8.19672 383.27 11689.9 
123 15129 , ..... , ",0905 4.9732 2.G8991 8.13008 386.42 11882.3 
124 15376 1906624 11.1355 4.9866 2.og342 8.06452 389.56 12076.3 

125 15625 1953125 11.1803 5.0000 2.09691 .00000 392.70 12271.8 
12G 15876 20003" 11 .2250 5.0133 2.10037 7.93851 395.84 12469.0 
lZ1 16129 2048383 11.2694 ,02" 2.10380 7.87402 398.98 12667.7 
128 16384 2097152 11.3137 5.0391 2.tOn1 7.81250 402.12 12868.0 
129 16641 2146689 11.3578 5.0528 2.11059 7.75194 405.27 13069.8 

130 16900 2197000 11.4018 5.0658 2.11394 7.69231 408.41 13273.2 
ttl ln61 2248091 11.4455 5.0788 2.11727 7.63359 411.55 13478.2 
U2 17424 22999G8 11.4891 5.0916 2.12057 7.57576 414.69 13684.8 
133 "689 2352537 11.S326 5.1045 2.12385 7.51880 417.83 13892.9 
134 179" 2406104 11.5758 5.1172 2.12no 7.46269 420.97 14102.6 

135 18225 246G375 11.6190 5.1299 2.13033 7.40741 424.12 14313.9 
13, 184" 2515456 11.6619 5.1426 2.13354 7.35294 427.26 14526.7 
131 18769 2571353 11.7047 5.1551 2.13672 7.29927 430.40 14741.1 
138 19044 26290n 11.7473 5.1676 2.13988 7.24638 433.54 14957.1 
139 19321 2685619 11.7898 5.1801 2.1 4301 7.19424 436.68 15174.7 

140 19GOO 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 
lA2 20164 2'6"" 11.9164 5.2171 2.15229 7.04225 446.11 15836.8 
143 2044' 2924207 11.9583 5.2293 2.15534 6.99301 449.25 16060.6 
144 2013G 2905984 12.0000 5.2415 2.15836 6.94444 452.39 16286.0 

145 21025 3048625 12.0416 5.2536 2.16137 6.89655 455.53 16513.0 
lA, 21316 3112136 12.0830 5.2656 2.16435 6.84932 458.67 16741.5 
lAl "'09 3176523 12.1244 5.2n6 2.16732 6.80272 451.81 16971.7 
lAS 21904 3241792 12.1655 5.2896 2.17026 6.75676 464.96 17203.4 
lA, 222" 330194' 12.2066 5.3015 2.17319 6.71141 468.10 17436.6 
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FUNCTIONS OF NUMBERS, 150 to 199 

Sq" .... c"~ ''''' ND, _ Diameter 

• 0. Squa ... c"~ R_ R_, l..o!Iarlthm • -

Reclp""eal Circum, A_ 

15<) 22500 3375000 12.2474 5.3133 2.17609 ..... 7 471.24 17671.5 
151 22801 3442951 12.2882 5.3251 2.17898 8.62252 474.38 17907.9 
152 23104 3511808 12.3288 5.3368 2.18184 6.57895 477.52 18145.8 
153 23409 3581577 12.3693 5.3485 2.18469 6.53595 480.66 18385.4 
154 23716 3652264 12.4097 5.3601 2.18752 6.49351 483.81 18626.5 

155 24025 3723875 12.4499 5.3717 2.19033 6.45161 486.95 18869.2 
156 24336 3796416 12.4900 5.3832 2.19312 6.41026 490.09 19113.4 
1S7 24649 3869893 12.5300 5.3947 2.19590 6.36943 493.23 19359.3 
158 24964 3944312 12.5698 5.4061 2.19866 6.32911 496.37 19606.7 
15. 25281 4019679 12.6095 5.4175 2.2Q140 6.28931 499.51 19855.7 

160 25600 4096000 12.6491 5.4288 2.20412 6.25000 502.65 20106.2 
161 25921 4173281 12.6886 5.4401 2.2Q683 6.21118 505.80 20358.3 
162 26244 4251528 12.7279 5.4514 2.20952 6.1n84 508.94 20612.0 
163 21;56. 4330747 12.7671 5.4626 2.21219 6.13497 512.08 20867.2 
164 26896 4410944 12.8062 5.4737 2.21484 6.09756 515.22 21124.1 

165 27225 4492125 12.8452 5.4848 2.21748 6.06061 518.36 21382.5 
166 27556 4574296 12.8841 5.4959 2.22011 6.02410 521.50 21642.4 ,., 27989 4657463 12.9228 5.5069 2.222n 5.98802 524.65 21904.0 
168 28224 4741632 12.9615 5.5178 2.22531 5.95238 527.79 22167.1 
189 26561 4826809 13.0000 5.5288 2.22789 5.9m6 530.93 22431.8 

170 28900 4913000 13.0384 5.5397 2.23045 5.88235 534.07 22698.0 
in 29241 5000211 13.0767 5.5505 2.23300 I 5.84795 537.21 22965.8 
in ,.584 ..... 46 13.1149 5.5613 2.23553 5.81395 540.35 23235.2 
in ,.". 51m17 13.1529 5.5nl 2.23805 5.78035 543." 23506.2 
174 30276 5266024 13.1909 5.58211 2.24055 5.74713 546.64 23n8.7 

175 30625 5359375 13.2288 5.5934 2.24304 5.71429 549.78 2~052.8 

176 ,.." 5451n6 13.2665 5.6041 2.24551 5.68182 552.'" 24328.5 
177 31329 5545233 13.3041 5.6147 2.24797 5.649n 556.06 24605.7 
178 31684 5639752 13.3417 5.6252 2.25042 5.61798 55!1.211 24884.6 
179 32041 5735339 13.3791 5.6357 2.25285 5.58659 562.35 25164.9 

180 32400 56321lOO 13.4164 5.6462 2.25527 5.55556 565.49 2M46.9 
181 32761 5929741 13.4536 5.6567 2.25768 5.52486 56&63 25730.4 
182 33124 6028568 13.4907 5.6671 2.26007 5.49451 571.n 26015.5 
183 33489 6128487 13.52n 5.6n4 2.26245 5.46448 574.91 26302.2 
1M 33856 6229504 13.5647 5.68n 2.211482 5.43478 578.05 25590.4 

185 34225 6331625 13.6015 5.6980 2.26717 5.40541 581.19 26680.3 
186 34596 6434856 13.8382 5.7083 2.26951 5.37634 584.34 27171.6 
187 3496. 65392Q3 13.6748 5.7185 2.27184 5.34759 567.46 27464.6 
188 35344 66446n 13.7113 5.n87 2.27416 5.31915 .... 62 2n59.1 
185 35nl 6751269 13.74n 5.7388 2.27646 5.29101 593.76 28055.2 

190 36100 6859000 13.7840 5.7489 2.27875 5.26316 596.90 28352.9 
191 304" 6967871 13.8203 5.7590 2.28103 5.23560 600.04 28652.1 
19. 36864 7077888 13.8564 5.7690 2.28330 5.20833 603.19 28952.9 
193 3n49 7189057 13.8924 5.7780 2.28556 5.18135 606.33 29255.3 
194 37636 7301384 13.9284 5.7890 2.28780 5.15464 609.47 29559.2 

195 36025 7414875 13.9642 5.7989 2.29003 5.12821 812.61 29664.6 
196 38416 7529536 14.0000 5 ..... 2.29226 5.10204 615.75 3Om.9 
197 """ 7645373 14.0357 5.8186 2.29447 5.07614 618.89 30480~ 

198 39204 n62392 14.0712 5.8285 2.29667 5.05051 622.04 307llO.7 
199 3"01 7880599 14.1067 5.8383 ~29685 5.02513 8'25.18 31102.6 
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FUNCTIONS OF NUMBERS, 200 to 249 

~· I Sq ..... I Squ .... 

I C"~ 
1000 I No. - Dl .rn~ ... 

C"~ Logarlthm .. -R_ -- R..,lp..-a1 Clrta'In , A ... -
200 '0000 800000O 14.1421 5.8480 2.30103 5.00000 I 628.32 31415.9 
201 40401 8120601 14.1n4 5.8578 2.30320 4.97512 631A6 31730.9 

"" .- 8242408 14.2127 5.8015 2.30535 4.95050 634.60 32047A 
203 41209 8365427 14.2478 s.arn 2.30750 4.92611 637.74 32365.5 
204 41616 ....... 14.2829 5.8868 2.30963 4.90196 640.88 32685.' 
205 '2025 8615125 14.3178 5 ..... 2..31175 .. - 844.03 33006A 
20G 42438 8741816 14.3527 5.9059 2.31387 4.85437 647.17 33329.2 
207 "64' 8869743 14.3875 5.9155 2.31597 '.83092 650.31 33653.5 
208 43264 ..... 12 14.4222 5.9250 ~.31806 4.80789 653.45 33979.5 
209 '368' 9129329 14.4568 5.9345 2.32tJ15 4.78469 656.59 34307.0 
210 44'00 9261000 14.4914 5.9439 2"222 4.76100 659.73 34836.1 
211 4452' 9393931 14.5258 5.8m 2.32428 4.73934 662.88 34966.7 
212 44'" 9528128 14.5602 5.9627 2.32634 4.71698 666.02 35298.9 
213 45369 9663591 14.5945 5.9721 2.32838 4.69484 669.16 35632.7 
2lA 45796 9800344 14.6287 5.9814 2.33041 4.87290 a72.30 35968.1 
215 46225 9938375 14.6629 5.9907 2.33244 4.65116 615.44 36305.0 
216 ..... l00n696 14.6969 .0000 2.33445 4.62963 616.58 36643.5 217 47089 10218313 14.1309 6.0092 2.33646 4.60829 681.73 36983.6 
211 47524 10360232 14.7648 6.0185 2.33846 4.58116 684.87 31325.3 
219 41961 10503459 14.7986 .,277 2.3404;4 4.56821 688.01 37668.5 
220 .6400 '0646000 14.8324 6.0368 2.34242 4.54545 691 .1 5 38013.3 
221 "64' 10793861 14.8661 6.0459 2.34439 4.52489 884.29 38359.6 
222 '9294 10941048 14.8997 6.0SSO 2.34635 4.50450 697.43 38701.6 m 49729 11089561 14.9332 6.0641 2.34830 4.48430 700.58 39057.1 
224 50'76 11239424 14.9668 6.0132 2.35025 4.46429 703.72 39408.1 
2Z5 50625 11390625 15.0000 <0822 2.35218 'A4444 706. .. 39760.8 
226 51016 1154317S 15.0333 6.0912 2.35411 4.42418 710.00 40115.0 
227 51529 11697083 15.0665 6.1002 2.35603 4.40529 713.14 '041M 228 51964 11852352 15.0991 6.1091 2.35793 4.38596 716.28 '()828.' 22S 52441 '20089811 15.1327 6.1180 2.35964 ,.3668, 719.42 41187.1 
230 52900 12167000 15.1658 6.1269 2.36113 4.34183 722.57 41547.6 
231 5338, 12326391 15.1987 6.1358 2.36361 • .32900 72~71 41909.6 
232 53824 12487168 15.2315 6.1446 2.36549 4.31034 728'" 42273.3 
213 54299 12649337 15.2643 6.1534 2.36136 4.29185 731.99 42638.5 
214 54756 12812904 15.2971 6.1622 2.36922 4.27350 135.13 43005.3 
215 5522' 12977875 15.3297 6.1110 2.371C7 4.25532 738.27 43313.6 
216 55896 13144256 15.3623 6.1797 2.37291 4.23729 741.42 43743.5 
217 56169 13312053 15.3948 6.1885 2.31475 4.21941 144.56 44115.0 
218 56'" 13481272 15.4212 6.1912 2.37658 4.20168 747.70 44488.1 
219 57121 13651919 15A596 6.2058 2.37840 4.18410 7SO.64 44862.7 
24. 57600 13824000 15.4919 6.2145 2.38021 4.16667 753.98 45238.9 
241 5808' 13997521 15.5242 6.2231 2.38202 4.14938 751.12 45616.7 
U2 ..... 14172488 '5.5563 6.2317 2.38382 4.13223 760.27 45996.1 
243 59049 14348907 15.5885 6.2403 2.3856' 4.11523 763.41 46377.0 ,.. 59538 14526784 15.6205 6"" 2.38739 4.09836 766.55 46759.5 
245 60025 14706125 15.6525 6.2573 2.38917 4.08163 769.69 47143.5 
24G 60516 , .... '" 15.6644 6.2658 2.39094 • .os504 ro.83 41529.2 
747 61009 '5069223 15.1162 6.2743 2.39270 4.04858 175.97 47916.4 ... 61504 15252992 15.7480 6.2828 2.39445 4.03226 179.12 48305.1 :us 9200' 15438249 15.7791 6.2912 2~9620 4.01606 782.26 48695.5 

, 
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FUNCTIONS OF NUMBERS, 250 to 299 

Squ . .... c"~ "" No. _ Dlamua. 

••• $qu ..... C"~ R~. R~. 
Logulthrn • 

R ... I" ....... I CI...,,,m. A_ 

". 62500 15625000 15.8114 6.2996 2.39794 4.00000 785.40 49087.4 
2S1 6300. 15813251 15.8430 6.lOBO 2.39967 3.98406 788.54 49480.9 
252 63504 16003008 15.8745 6.3164 2.40140 3.96825 791.68 49875.9 
253 6400' 161942n 15.9060 6.3247 2.40312 3.95257 794.82 50272.6 
254 64516 16387064 15.9374 6.3330 2.400183 3.93701 797.96 50670.1 

255 65025 16581375 15.9687 6.3413 2.40654 3.92157 801.11 51070.5 
256 65536 16m216 16.0000 6.3496 2.40824 3.90625 roU5 51471.9 
257 66011S 16974593 16.0312 6.3579 2.40993 3.89105 807.39 51874.8 
258 66564 17173512 16.0624 8.3661 2.41162 3.87597 810.53 52279.2 

"" 67081 17373979 16.0935 6.3743 2.41330 3.86100 813.67 52685.3 

260 67600 17576000 16.1245 6.3825 2.41497 3.84615 816.81 53092.9 
2S1 68121 lm958t 16.1555 6.3907 2.41664 3.83142 819.96 53502.1 
2G2 68644 17984728 16.1864 6.3988 2.41830 3.81679 823.10 53912.9 
203 69169 18191447 16.2173 8A070 2.41996 3.80228 826.24 54325.2 
264 69696 18399744 16.2481 6.4151 2.42160 3.78788 829.38 54739.1 

26S 70225 18609625 16.2788 6.4232 2A2325 3.m58 832.52 55154.6 ... 70756 18821096 16.3095 6.4312 2.42488 3.75940 835.66 55571.6 . .., 71289 19034163 16.3401 6.4393 2.42651 3.74532 838.81 55990.2 
268 71824 19248832 16.3707 6.4473 2A2813 3.73134 841.95 56410.4 
26' 72361 19465109 16.4012 6.4553 2A2975 3.71747 845.09 56832.2 

27. 72900 19683000 16.4317 6.4633 2.43136 3.70370 848.23 57255.5 
on 7344. 19902511 16.4621 6.4713 2A3297 3.69004 851.37 57680.4 
272 73964 20123648 16.4924 6.4792 2A3457 3.67647 854.51 58106.9 
273 74529 20346417 16.5227 6.4872 2A3616 3.66300 857.65 58534.9 
27' 75076 211570824 lM529 6.4951 2A3775 3.64964 860.80 58964.6 

275 75625 20796875 16.5831 6.5030 2.43933 3.63636 863.94 59395.7 
276 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 
278 m84 21484952 16.6733 6.5265 2.44404 3.59712 873.36 60698.7 

"" n84. 21717639 16.7033 6.5343 2.44560 3.58423 876.50 61136.2 ,.. 78400 21952000 16.7332 6.5421 2.44716 3.57143 879.65 61575.2 
281 78961 22188041 16.7631 6.5499 2.44871 3.55872 882.79 621115.8 
282 79524 22425768 16.7929 6.5577 2A5025 3.54610 885.93 62458.0 
28l .0089 22665187 16.8226 <5654 2.45179 3.53357 889.07 62901.8 
284 '0656 22906304 16.8523 6.5731 2A5332 3.52113 892.21 63347.1 

285 81225 23149125 16.8819 6.5808 2.45484 3.50877 895.35 63794.0 
286 81796 23393656 16.9115 6."" 2.45637 3.49650 898.50 64242.4 
2JI1 82369 23639903 16.9411 6.5962 2.45788 3.48432 901.64 64692.5 
288 .2944 23887872 16.9706 6.6039 2.45939 3.47222 904.78 65144.1 
289 83521 24137569 17.0000 6.6115 2.46090 3.46021 907.92 65597.2 

290 84.00 24389000 17.0294 6.6191 2.46240 3.44828 911.06 66052.0 
291 8468. 24642171 17.0587 6.6267 2.46389 3.43643 914.211 66508.3 
292 85264 24897088 17.0880 .. '" 2A6538 3.42466 917.35 66966.2 
293 85849 25153757 17.1172 6.6419 2.46667 3.41297 92M9 67425.6 
294 86436 25412184 17.1464 6.6494 2.46835 3.40136 923.63 67886.7 

29' 87025 25672375 17.1756 6.6569 2.46982 3.38983 "an 68349.3 
29G 67616 25934336 17.2047 6.6644 2.47129 3.37838 929.91 68813.4 
297 88209 28198073 17.2337 6.6719 2.47276 3.36700 933.05 69279.2 
298 .. 804 26463592 17.2627 6.6794 2.47422 3.35570 936.19 69746.5 
290 89401 26730899 17.2918 8.6869 2.47567 3.34448 939.34 70215.4 
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FUNCTIONS OF NUMBERS, 300 to 349 

Sq" .... C ON '"'" 
N o. _ Ol . ..... te. 

No. Sq ..... C ON A_. A_. Logarithm • 
Reclp ........ 1 CI .... .. m. A_ 

--- -
300 00000 27000000 17.3205 6.6943 2.4n12 3.33333 942.48 70685.8 
301 _ 1 27270901 17.3494 6.7018 2.47857 ~32226 945.62 71157.9 
302 91204 27543608 17.3781 6.7092 2.48001 3.31126 94&" 71631.5 
303 91809 27818127 17.4069 6.7166 2.48144 3.30033 951.90 72106.6 
304 92416 28094464 17.4356 6.724ll 2.48287 3.28947 955.04 72583.4 

305 93025 28372625 17.4642 6.7313 2.48430 3.27869 958.19 73061.7 
30G 93636 28652616 17.4929 6.7387 2.48572 3.26797 961.33 73S41.S 
307 94249 28934443 17.5214 6.7460 2.48714 3.25733 964.47 74023.0 
30S 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 

3lD 96100 29791000 11.6068 6.7679 2.49136 3.22581 973.89 75476.8 
311 96n1 30080231 17.6352 6.n52 2.49278 3.21543 9n.04 75964.5 
312 97344 30371328 17.6635 6.7824 2.49415 3.20513 980.18 76453.8 
313 97969 30664297 17.6918 6.7897 2.49554 3.19489 983.32 76944.7 
314 98596 30959144 17.7200 6.7969 2.49693 3.18471 986.46 77437.1 

315 99225 31255875 17.7482 6.8041 2.49831 3.17460 989.60 77931.1 
n6 99856 31554496 17.7764 6.81 13 2.49969 3.18456 992.74 78426.7 
n7 100499 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 
31> 101761 32461759 17.8606 6.8328 2.50379 3.13480 1002.2 79922.9 

32D 102400 32768000 17.8885 6.8399 2.50515 3.12500 1005.3 80424.8 
321 103041 33076161 17.9165 68470 2.50651 3.11526 1008.5 80928.2 
322 103684 33386248 17.9444 6.8541 2.50786 3.10559 1011.6 81433.2 
323 104329 33698267 17.9m 6.8612 2.50920 3.09598 1014.7 81939.8 
32A 104976 34012224 18.0000 6.8683 2.51055 3.08642 1017.9 82448.0 

325 105625 34328125 18.0278 6.8753 2.51188 3.07692 1021 .0 82957.7 
326 106276 34645976 18.0555 6.8824 2.51322 3.06749 1024.2 83469.0 
327 lOG ... 34965783 18.0831 6.6694 2.51455 3.05810 1027.3 83981.8 
". 107584 35287552 18.1108 6.8964 2.51587 3.04878 103M 84496.3 
329 108241 35611289 16.1384 6.9034 2.51720 3.03951 1033.6 85012.3 

". 108900 35937000 18.1659 6.9104 2.51851 3.03030 1036.7 85529.9 
331 109581 36264691 18.1 934 6.9174 2.51983 3.02115 1039.9 86049.0 
332 11 0224 36594368 16.2209 6.9244 2.52114 3.01205 1043.0 86569.7 
333 11 0889 36926037 16.2483 6.9313 2.52244 3.00300 1046.2 81092.0 
334 111556 37259704 18.2757 6.9382 2.52375 2.99401 1049.3 87615.9 

" 5 11 2225 37595375 18.3030 6.9451 2.52504 2.98507 1052.4 88141.3 

'" 11 2896 37933056 18.3303 6.9521 2.52634 2.97619 1055.6 88668.3 
337 11 3569 38272753 18.3576 6.9589 2.52763 2.96736 1058.7 89196.9 
338 114244 38614472 18.3848 6.9658 2.52892 2.95858 1061.9 89727.0 ". 114921 38958219 18.4120 6.9727 2.53020 2.94985 1065.0 90258.7 

340 115600 39304000 18.4391 6.9795 2.53148 2.94118 1068.1 90792.0 
341 116281 39651921 18.4662 6.9864 2.53275 2.93255 1071.3 91326.9 
342 11 6964 40001688 18.4932 6.9932 2.53403 2.92398 1074.4 91863.3 
343 11 7649 40353607 18.5203 7.0000 2.53529 2.91545 1071.6 92401.3 
344 11 8336 40707584 18.5472 7.0068 2.53656 2.90698 1080.7 92940.9 

345 11 9025 41063625 18.5742 7.0136 2.53782 2.89855 1083.8 93482.0 
346 11 9716 41421736 18.6011 7.0203 <53908 2.89017 1087.0 94024.7 
347 120409 41781923 16.6279 7.0271 < 54033 2.88184 1090.1 94569.!t 
348 121104 42144192 18.6548 7.0338 2.54158 2.87356 1093.3 95114.9 
349 121801 42508549 18.6815 7.0406 2.54283 2.86533 1096.4 95662.3 
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FUNCTIONS OF NUMBERS. 350 to 399 

Squ ..... Co'" 
... No. _ Dlame-ter 

• 0. Sq ..... Co ... "-, "-, Loga.lthm • , 
RKlp.....,a' Cl ...... m. A_ 

lSO 122500 42875000 18.7083 7.0473 2.54401 2.85714 1099.6 96211 .3 
351 123201 43243551 18.7350 7.0540 2.54531 2.84900 1102.7 96761.8 
352 123904 43614208 18.7617 7.0601 2.54654 2.84091 1105.8 97314.0 
15l 124609 43986977 18.7883 7.0674 2.54777 2.83286 1109.0 97867.7 
1S4 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 
3S6 126738 45118016 18.8680 7.0873 2.55145 2.80899 1118.4 99538.2 
357 127449 45499293 18.8944 7.0940 2.55297 2.80112 1121.5 1O()Q98 

'58 128164 45882712 18.9209 7.1006 2.55388 2.79330 1124.7 100660 
3S9 128881 46268279 18.9473 7.1072 2.55509 2.78552 1127.8 101223 

,GO 129600 46656000 18.9737 7.1138 2.55630 2.77778 1131.0 101788 
3G1 130321 47045881 19.0000 7.1204 2.55751 2.77008 1134.1 102354 

36' 131044 47437928 19.0263 7.1269 2.55871 2.76243 1137.3 102922 ,., 131769 47832147 19.0529 7.1335 2.55991 2.75482 1140.4 103491 .... 132496 48228544 19.0788 7.1400 2.56110 2.74725 1143.5 104062 

365 133225 48627125 19.1050 7.1466 2.56229 2.73973 1146.7 104635 . ... 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 , .. 135424 49836032 19.1833 7.1661 2.56585 2.71739 1156.1 106362 ... 136161 50243409 19.2094 7.1726 2.56703 2.71003 1159.2 105941 

37. 136900 50653000 19.2354 7.1791 2.56821l 2.70270 1162.4 107521 
In 137641 51064811 19.2614 7.1855 2.56937 2.69542 1165.5 108103 

37' 138384 51478848 19.2873 7.1920 2.57054 2.68817 1168.7 108687 
373 139129 51895117 19.3132 7.1984 2.5n71 2.68097 1171.8 109272 
374 139876 52313624 19.3391 7.2048 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 7.2177 2.57519 2.65957 1181.2 111036 
m 142129 53582633 lBA165 7.2240 2.57634 2.65252 1184.4 111628 

'78 142884 54010152 19.4422 7.2304 2.57749 2.64550 1187.5 112221 
". 143641 54439939 19.4679 7.2368 2.57864 2.63852 1190.7 112815 

380 144400 54'72000 19.4936 7.2432 2.57978 2.63158 1193.8 113411 
381 145161 55306341 19.5192 7.2495 2.58093 2.62467 1196.9 114009 
382 145924 55742968 19.5448 7.2558 2.58206 2.61780 1200.1 114608 
383 146689 56181887 19.5704 7.2622 2.58320 2.61097 1203.2 115209 
384 147456 56623104 19.5959 7.2685 2.58433 2.60417 1206.4 115812 

385 148225 57066625 19.6214 7.2748 2.58546 2.59740 1209.5 116416 
386 148996 57512456 19.6469 7.2811 2.58659 2.59067 1212.7 117021 
387 149769 57960803 19.6723 7.2874 2.58771 2.58398 1215.8 117628 
388 150544 56411072 19.6977 7.2936 2.58883 2.57732 1218.9 118237 ... 151321 58863869 19.7231 ,.2999 2.58995 2.57069 lm.l 118847 

'90 152100 59319000 19.7484 7.3061 2.59106 2.56410 1225.2 116459 

"'- 152881 59776471 19.7737 7.3124 2.59218 2.55754 1228.4 120072 
39' 153664 60236288 19.7990 7.3186 2.59329 2.55102 1231.5 120687 
39' 154449 60698457 19.8242 7.3248 2.59439 2.54453 1234.6 121304 

'94 155236 61162984 19.8494 7.3310 2.59550 2.53807 1237.8 121922 

39' 156025 61629875 19.8746 7.3372 2.59660 2.53165 124D.9 122542 

/! 
'96 156816 62099136 19.8997 7.3434 2.59770 2.52525 1244.1 123163 
39' 157609 62570m 19.9249 7.3496 2.59879 2.51889 1247.2 123786 
39' 158404 63044792 19.9499 7.3558 2.59988 2.51256 1250A 124410 

'" 159201 63521199 19.9750 7.3619 2.60097 2.50627 1253.5 125036 
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FUNCTIONS OF NUMBERS, 400 to 449 

No Squ... CulM 

... 
401 
402 
403 
404 

4')5 ... 
4<17 
40S 
409 

41' 
411 
412 
413 
414 

415 
416 
417 
418 
419 

420 
421 
422 
423 
424 

425 
426 
4Z1 
428 
425 

43. 
431 
432 
433 
434 

43, 
436 

· 437 
438 
43. 

44' 
441 
442 
443 
444 

44' 
446 
447 
448 
449 

160000 
160801 
161604 
162409 
163216 

164025 
164836 
165649 
166464 
167281 

168100 
168921 
169744 
170569 
171396 

17222' 
173056 
173889 
174724 
175561 

176400 
177241 
1700" 
178929 
179m 

180625 
181476 
182329 
183184 
184041 

184900 
185761 
186624 
187489 
188356 

189225 
190096 
190969 
191844 
192721 

193600 
194481 
195364 
196249 
197136 

198025 
198916 
199809 
20071>1 
201601 

64000000 
64481201 
64984808 
65450827 
65939264 

66430125 
66923416 
'"419143 
67917312 
68417929 

68921000 
69426531 
69934528 
70444997 
70957944 

71473375 
71991296 
72511713 
73034632 
73560059 

74088000 
74618461 
75151448 
15686967 
76225024 

76765625 
moans 
m54483 
78402752 
78953589 

79507000 
80062991 
80621568 
81182737 
81746504 

82312875 
82881856 
83453453 
84027672 
84604519 

85184000 
85766121 
86350888 
86938307 
87528384 

88121125 
asn6536 
89314623 
89915392 
90518849 

20.0000 
20.0250 
20.0499 
20.0749 
20.0998 

20.1246 
20.1494 
20.1742 
20.1990 
20.2237 

20.2485 
20.2731 
20.2978 
20.3224 
20.3470 

20.3715 
20.3961 
20.4200 
2O.445D 
20.4695 

20.4939 
20.5183 
20.5426 
20.5670 
20.5913 

20.6155 
20.6398 
20.6640 
20.6882 
20.712'3 

20.7364 
20.7605 
20.7846 
20.8087 
20.8327 

20.8567 
20._ 
20.9045 
20.9284 
20.9523 

20.9762 
21.0000 
21.0238 
21.0476 
21.0713 

21.0950 
21.1187 
21.1424 
21.1660 
21.1896 

~ T "" 1 No. - Di a m<tte r Cube _ 
Root Logarithm - . • 

Roe lprocal Cll'<:"m. Are,. 

7.3681 
7.3742 
7-3803 
7.3864 
7.3925 

7.3986 
7A047 
7Al08 
7A1S9 
7A229 

7.4290 
7A350 
7.4410 
7.4470 
7A53D 

7A590 
7A650 
7A71D 
7.4nO 
7.4829 

7.4889 
7.4948 
7.5007 
7.5067 
7.5126 

7.5185 
7.5244 
7.5302 
7.5361 
7.5420 

7.5478 
7.5537 
7.5595 
7.5654 
7.5712 

7.5nO 
7.5828 
7.5886 
7.5944 
7.6001 

7.6059 
7.6117 
7.6174 
7.6232 
7.6289 

7.6346 
7.6403 
7.6460 
7.651 7 
7.6574 

2.60206 
2.60314 
2.60423 
2.60531 
2.60638 

2.60746 
2.60853 
2.60959 
2.61066 
2.61172 

2.61278 
2.61384 
2.61490 
2.61595 
2.61700 

2.61805 
2.61909 
2.62014 
2.62118 
2.62221 

2.62325 
2.62428 
2.62531 
2.62634 
2.62737 

2.62839 
2.62941 
2.63043 
2.63144 
2.63246 

2.63347 
2.63448 
2.63548 
2.63649 
2.63749 

2.63849 
2.63949 
2.64048 
2.84147 
2.84246 

2.84345 
2.54444 
2.64542 
2.64640 
2.64738 

2.64836 
2.64933 
2.65031 
2.65128 
2.65225 

2.50000 
2.4!l3n 
2A8756 
2.48139 
2.47525 

2.46914 
2.46305 
2A5700 
2A5098 
2.44499 

2.43902 
2.43309 
2.42718 
2.42131 
2AI546 

2A0964 
2.40385 
2.39806 
2.39234 
2.38663 

2.38095 
2.37530 
2.36967 
2.36407 
2.35849 

2.35294 
2.34742 
2.34192 
2.33845 
2.33100 

2.32558 
2.32019 
2.31481 
2.30947 
2.30415 

2.29885 
2.29358 
2.28833 
2.28311 
2.2n90 

2.27273 
2.26757 
2.26244 
2.25734 
2.25225 

2.24719 
2.24215 
2.23714 
2.23214 
2.22717 

1256.6 
1259.8 
1262.9 
1266.1 
1269.2 

1272.3 
1275.5 
1278.6 
1281.8 
1284.9 

1288.1 
1291.2 
1294.3 
1297.5 
1300.6 

1303.8 
1306.9 
1310.0 
1313.2 
1316.3 

1319.5 
1322.6 
1325.8 
1328.9 
1332.0 

1335.2 
1338.3 
1341.5 
1344.6 
1347.7 

1350.9 
1354.0 
1357.2 
1360.3 
1383.5 

1366.6 
1369.7 
1372.9 
1376.0 
1379.2 

1382.3 
1385.4 
1388.6 
1391.7 
1394.9 

1398.0 
1401.2 
141>13 
1407A 
141o.s 

125664 
126293 
126923 
127556 
1281 90 

128825 
129462 
130100 
130741 
131382 

132025 
132670 
133317 
133965 
134614 

135265 
135918 
136572 
13m8 
137885 

138544 
139205 
139867 

. 140531 
141196 

141863 
142531 
143201 
143872 
144545 

145220 
145896 
146574 
147254 
147934 

148617 
149301 
149987 
150674 
151363 

152053 
152745 
153439 
154134 
154830 

155528 
156228 
156930 
157633 
158337 
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FUNCTIONS OF NUMBERS, 450 to 499 

Squ ... c"~ 
,~ No. _ Dlam-t •• 

No. Squa .. C"~ R_. R_. LOgarltchm , --
FI..,lp~1 CI...,um . .... 

450 202500 91125000 21..2132 7.6631 2.65321 2.22222 1413.7 159043 
451 203401 91733851 21.2368 7.6688 2.65418 2.21n9 1416.9 159751 
452 204304 92345408 21.2603 7.6744 2.65514 2.21239 1420.0 160460 
45' 205209 929596n 21.2838 7.6801 2.65610 2.20751 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 ... 207936 94818816 21.3542 7.6970 2.65896 2.19298 1432.6 163313 
457 208849 95443993 21.3nS 7.7026 2.65992 2.18818 1435.7 164030 
458 209764 960n912 21AOO9 7.7082 2.66087 2.18341 1438.8 164748 
459 210681 96702579 21A243 7.7138 2.66181 2.17865 1442.0 165468 

'60 211600 97336000 21A478 7.1194 2.66276 2.17391 1445.1 166190 
4G1 212521 97972181 21A709 7.7250 2.66370 2.1692il 1448.3 166914 
4G2 213444 98611128 21A942 7.7306 2.6&164 2.16450 1451.4 167639 

'" 214369 99252847 21.5174 7.7362 2.66558 2.15983 1454.6 168365 
464 215296 ,.,,- 21.5407 7.7418 2.66652 2.15517 1457.7 169093 

46S 216225 100544625 21.5639 7.7473 2.66745 2.15054 1460.8 169823 ... 217156 101194696 21.5870 7.7529 2.66839 2.14592 1464.0 170554 .., 218089 101847563 21.6102 7.7584 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 7.7750 2.67210 2.12766 1476.5 173494 
,n 221841 104487111 21.7025 7.7805 2.67302 2.12314 1479.7 174234 
472 222". 1051540<18 21.7256 7.7860 2.67394 2.11864 1482.8 174974 
'73 223729 105823817 21.7486 7.7915 2.67486 2.11416 1486.0 175716 
47' 224676 106496424 21.7715 7.7970 2.67578 2.10970 1489.1 176460 

47S 225625 107171875 21.7945 7.8025 2.67669 2.10526 1492.3 1mos 
'76 226576 107850176 21.8174 7.8079 2.67761 2.10084 1495.4 177952 
4n 227529 108531333 21.8403 7.8134 2.67852 2.09644 1498.5 178701 
'78 228484 109215352 21.8632 7.8188 2.67943 2.09205 1501.7 179451 
'79 229441 109902239 21.8861 7.8243 2.68034 2.08768 1504.8 180203 

480 230400 110592000 21.9089 7.8297 2.68124 2.08333 1508.0 180956 
481 231361 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 
483 233,.. 112678587 21.9m 7.8460 2.68395 2.07039 1517.4 183225 
484 234256 11337990<1 22.0000 7.8514 2.68485 2.06612 1520.5 183984 

485 235225 114084125 22.0227 7.8568 2.68574 2.06186 1523.7 184745 ... 236196 114791256 22.0<154 7.8622 2.68664 2.05761 1526.8 185508 
487 237169 115501303 22.0681 7.8676 2.68753 2.05339 1530.0 186272 ... 238144 116214272 22.0907 7.8730 2.68842 2.0<1918 1533.1 187038 ... 239121 116930169 22.1 133 7~'" 2.68931 2.04499 1536.2 187805 

'90 240100 117649000 22.1359 7.8837 2.69020 2.04082 1539A 188574 
491 241081 118370771 22.1585 7.8891 2.69108 2.03666 1542.5 189345 
492 2421164 119095488 22.1811 7.8944 2.69197 2.03252 1545.7 190117 .., 2430<19 119823157 22.2036 7.8998 2.69285 2.02840 1548.8 190890 
494 244038 120553784 22.2261 7.9051 2.69373 2.02429 1551.9 191665 

495 245025 121287375 22.2486 7.9105 2.69461 2.02020 1555.1 192442 
496 246016 122023936 22.2711 7.9158 2.69548 2.01613 1558.2 193221 
497 247009 l m63473 22.2935 7.9211 2.69636 2.01207 1561.4 194000 , .. 248004 123505992 22.3159 7.9264 2.69723 2.00803 1564.5 194782 ... 249001 124251499 22.3383 7.9317 2.69810 2.00401 1567.7 19556a 
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00. Sciu .... 

--
500 2 ..... 
501 251001 
502 252004 
SOl 253009 
504 254016 

505 255025 ... 256036 
50' 257049 
508 258064 ... 259081 

51' 260100 
S11 261121 
512 262144 
Sll 263169 
S14 264196 

515 265225 
51. 266256 
517 26n89 
518 268324 
519 269361 

520 270400 
521 211441 
522 2n484 
523 273529 
524 274576 

525 "5625 
526 2"'" S27 277729 
528 m784 

"" 2711841 

53. 2809IlO 
531 281961 
532 28302. 
5ll 284089 
534 285156 

515 298225 
516 287296 
537 288369 
538 289444 
53. 290521 
,,0 261600 
541 "' .. , 
542 293764 
541 29484. 
544 295936 

545 297025 ". 29811& 
54' 299209 
548 3IlO304 
549 301401 

FUNCTIONS OF NUMBERS, 500 to 549 

$q ...... COM 
COM "_. "_ Logarithm 

125000000 22.3607 7.9370 2.69897 
125751501 22.3830 7.9423 2.69984 
126506008 22.4054 7.9476 2.70070 
121263527 22.42n '.9528 2.70157 
128024064 22.4499 7.9581 2.70243 
128787625 22.4n2 '.9634 2.70329 
129554216 22.4944 , ..... 2.70415 
130323843 22.5167 7.9739 2.70501 
131096512 22.5389 7.9791 2.70586 
131872229 22.5610 7.9843 2.706n 
132651000 22.5832 7.9896 2.70757 
133432831 22.6053 7.9948 2.70842 
134217728 22.6274 '.1lOIlO 2.70927 
135005697 22.6495 8.0052 2.71012 
135196744 22.8716 8.0104 2.71096 

136590875 22.6938 8.0156 2.71181 
137388096 22.7156 8.0208 2.71265 
138188413 22.7376 8.0260 2.n349 
138991832 22.7596 8.0311 2.71433 
139798359 22.7816 8.0363 2.71517 

14060S000 22.8035 8.0415 2.n600 
141420761 22..,54 6.0466 2.11684 
142238648 22.8473 8.0511 2.n761 
143055661 22 ... " 8.0569 2.n&50 
143811824 22.8910 '.0620 2.n933 

144103125 22.9129 a06n 2.72016 
145531578 22.9341 Mm 2.72099 
146363183 22.9565 8.0n4 2.n181 
14n91952 22.9183 M825 2.72283 
148035889 23._ M.76 2.12346 
1488771lOO 23.0211 am, 2.n428 
149nl291 23.0434 M.76 2.n509 
150568768 23.0651 al028 2.n591 
151419431 23.0868 8.1019 2.72673 
152273304 23.1084 8.1130 2.n754 

153130375 23.1301 8.11SO 2.72835 
153990656 23.1511 8.1231 2.72916 
154854153 23.1733 8.1281 2.72991 
1557208n 23.1948 8.1332 2.73078 
156590819 23.2164 8.1382 2.73159 

157484000 23.2319 8.1433 2.73239 
158340421 23.2594 8.1483 2.7332Q 
158221lO88 23.2809 al533 2.73400 
160103007 23.3024 a 1583 2.73430 
160989184 23.3238 8.1633 2.73560 
161878625 23.3452 al683 2.73&40 
162m338 23 ..... am, 2.73n9 
183867323 23.3880 al783 2.73799 
184566592 23 ..... al833 2.73878 
165469149 23.4307 al882 2.73957 

"" • 
R..,lprocal 

-
2.00l00 
1.99601 
1.99203 
1.98807 
1.98413 

1.9.020 
1.97628 
1.97239 
1.96850 
1.96464 

1.96018 
1.95695 
1.95312 
1.94932 
1.94553 

1.94175 
1.93798 
1.93424 
1.93050 
1.92678 

1.92308 
1.91939 
1.915n 
1.91205 
1.90840 

1.90476 
1.90114 
1.89153 
1.89394 
1.890J6 

1.88679 
1.88324 
1.81910 
1.87617 
1.81266 

1.86916 
1.86561 
1.86220 
1.85814 
1.85529 

1.85185 
1.84843 
1.84502 
1.84162 
1.83824 

1.83486 
1.83150 
1.82815 
1.82482 
1.82149 

No. _ DI.m_ • 
cr ... .,m. 

157t1.8 
1573.9 
lSn.l 
1580.2 
1583.4 

1586.5 
1589.8 
1592.8 
1595.9 
1599.1 

1802.2 
1605.4 
1608.5 
1611.6 
1614.S 

1617.9 
1621.1 
1624.2 
1627.3 
1630.5 

18318 
1638.8 
1639.9 
1643.1 
1646.2 

1649.3 
1652.5 
1655.6 
1658-. 
1861 .9 

1865.0 

''''~ 1671.3 
1674.5 
1671.8 

1660.8 
1683.9 
1687.0 
1690.2 
1693.3 

1696.5 
1699.6 
1702.1 
1105.9 
1709.0 

1112.2 
1715.3 
ln8.5 
ln1.6 
ln4.7 

• 
1 
1971 

" 
963SO 

36 
7923 

13 
504 

200286 

198' 
199 

201 
201 "" ... 
202583 

82 2034 

204 '" 5084 20 
20 
2066 

588' 
92 
89 

07 
17 

2074 

2083 
2091 

2107 
20992. 

41 
556 
n 

2" 
2123 
2131 " 4IlO8 21 
21 
21 

4829 
5651 

2164 75 
21 7301 
2181 
2189 " 56 
2" 787 

2206 
2214 

18 
52 

22" 
223 
22. 
22 

22228' 
23 

981 

.." 
5642 

2264 
2273 
2281 

84 
26 
75 

2298 
230 
2315 

229022 
n 

722 
74 

2324 " 283 233 
2341 .. ... 234 
23 "" 720 236 



N •. 

550 
S51 
552 
553 
554 

555 
556 
557 
558 
55' 
560 
"'-
562 
563 
564 ... ... 
567 
568 
56. 

570 
5n 
572 
573 
574 

575 
57. 
on 
578 
579 

580 

• 

581 
582 
583 
584 

585 
586 
587 
588 .. 
5 90 
91 5 

5 92 
5 93 
5 94 

5 95 
5 " 5 97 

58 5 
599 

Sq ...... 

302500 
303601 
304704 
305809 
306916 

308025 
309136 
310249 
311364 
312481 

313600 
314721 
315844 
316969 
318096 

319225 
320356 
321489 
322624 
323761 

324900 
326041 
327184 
328329 
329476 

330625 
33Tns 
332929 
334084 
335241 

336400 
331561 
338n4 
339689 
341056 

34m5 
343396 
344569 
345144 
346921 

348100 
349281 
350464 
351649 
352836 

354025 
355216 
356409 
351604 
358801 

•• 1 

rUNCTIONS or NUMBERS, 550 to 599 

Sq ...... c"~ 
, .. No. _ DI.met.r 

c"~ ..... ,- Log .. lthm • 
Aeclproca l CIr"Cum. A_ 

-
166375000 23.4521 8.1932 2.14036 1.81818 tnT.9 237583 
167284151· 23.4734 8.1982 2.74115 1.81488 1731.0 238448 
168196608 23.4947 8.2{)31 2.74194 1.811 59 1734.2 239314 
169112377 23.5160 8.2Q81 2.74273 1.80832 1737.3 240182 
170031464 23.5372 8.2130 2.74351 1.80505 1740.4 241051 

170953875 23.5584 8.2180 2.74429 1.80180 1743.6 241922 
1n879616 23.5797 &2229 2.74507 1.79856 1746.7 242195 
172808693 23.6008 8.2218 2.74686 1.79533 1749.9 243669 
173741112 23.6220 8.2327 2.74663 1.79211 1753.0 244545 
174676879 23.6432 8.2377 2.14741 1.78891 1756.2 245422 

175616000 23.6643 8.2426 2.74819 1.78571 1759.3 246301 
176558481 23.6854 8.2475 2.74896 1.78253 1762.4 241181 
177504328 23.7065 8.2524 2.74914 1.77938 1765.6 248063 
178453547 23.7276 8.2573 2.75051 1.n620 1768.7 248947 
179406144 23.7487 8.2621 2.75128 1.77305 1771.9 249832 

180362125 23.7697 8.2670 2.75205 1.76991 l nS.O 25071 9 
181321496 23.7908 8.2719 2.75282 1.76678 1m.l 251607 
182284263 23.8118 8.2768 2.75358 1.76367 1181.3 252497 
183250432 23.8328 8.2816 2.75435 1.76056 1784.4 253388 
184220009 23.8537 ., ... 2.75511 1.75747 1787.6 254281 

185193000 23.8747 8.2913 2.75587 1.75439 1790.7 255176 
186169411 23.8956 8.2962 2.75664 1.75131 1793.S 256072 
187149248 23.9165 8.3010 2.75740 1.74825 1797.0 256970 
188132517 23.9374 8.3059 2..75815 1.74520 1800.1 257869 
189119224 23.9583 8.3107 2.75891 1.74216 1803.3 258710 

190109375 23.9792 8.3155 2.75967 1.73913 1806.4 259672 
191102976 24.0000 8.3203 2.76042 1.73611 1809.6 260576 
192100033 24.0208 8.3251 2.76118 1.73310 1812.7 261482 
193100552 24.0416 8.3300 2.76193 1.73010 1815.8 262389 
194104539 24.0624 8.3348 2.16268 1.12112 1819.0 263298 

195112000 24.0832 8.3396 2.16343 1.12414 1822.1 264208 
196122941 24.1039 .,443 2.16416 1.12111 1825.3 265120 
197131368 24.1241 8.3491 2.16492 1.71821 1828.4 256033 
198155281 24.1454 8.3539 2.16561 1.11521 1831.6 266'" 
199116104 24.1661 8.3587 2.18641 1.11233 1834.1 267865 

200201625 24.1868 8.3634 2.16116 1.10940 1831.8 268183 
2il1230056 24.2014 8.3S82 2.16190 1.10648 1841.0 269703 
2112262003 24.2281 &3730 2.16664 1.10358 1844.1 270624 
2032914n 24.2481 .,m 2.76938 1.10068 1841.3 271541 
204336469 24.2693 &3025 2.no12 1.69n9 1850.4 212471 

205379000 24.2899 8.3812 ~n085 1.69492 1853.5 213391 
206425071 24.3105 8.3919 2.nt59 1.69205 1856.1 214325 
207414688 24.3311 8.3967 2.maz 1.68919 1859.8 215254 
208527857 24.3516 8.4014 2.rn05 1.68634 1863.0 216184 
209584584 24.3121 8.4061 2.m79 1.68350 1866.1 2nt 17 

210644875 24.3926 8.4108 2.11452 1.68067 1869.2 218051 
211108736 24.4131 8.4155 2.n525 1.61185 18n.4 278986 
212116173 24.4336 8.4202 2.11591 1.61504 1875.5 279923 
213847192 24.4540 8.4249 2.11670 1.61224 1878.7 280862 
214921799 24.4145 8.4296 2.m43 1.66945 1881.8 281802 



492 

FUNCTIONS OF" NUMBERS, 600 to 649 

Square C"~ m I , .. No. _ DI_m"" • • 
No. Squ . ... c.o,. 

R~' R~' 
Log .. lthm x 

Reelp ...... al Circum. AN. 

GOO 360000 216000000 24.4949 8.4343 2.na15 1.66667 1885.0 282743 
601 361201 217081801 24.5153 8.4390 2.n887 1.66389 1888.1 283687 
602 362404 218167208 24.5357 8.4437 2.rnl60 1.66113 1891.2 284631 
603 363609 219256227 24.5561 8.4484 2.78032 1.65837 1894.4 285578 
G04 364816 22Q348864 24.5764 8.4530 2.78104 1.65563 1897.5 286526 

"S 366025 221445125 24.5967 8.4Sn 2.78176 1.65289 1900.7 287475 
GOG 36m. 2225<15016 24.6171 8.4623 2.78247 1.65017 1903.8 288426 
607 368449 223648543 24.6374 8.4870 2.78319 1.64745 1906.9 289379 
60S 369664 224755712 24.65n 8.4716 2.78390 1.64474 1910.1 290333 
609 370881 22 .... 529 24.Sm 8.4763 2.78462 1.642Q4 1913.2 291289 

"0 372100 226981000 24.6982 &4809 2.78533 1.63934 1916.4 292247 
Gl1 373321 228099131 24.n84 8.4856 2.78604 1.63666 1919.5 293206 
G12 374544 229220928 24.7386 8.4902 2.78675 1.83399 1922.7 294166 
G1l 375769 230346397 24.7588 8.4948 2.78746 1.63132 1925.8 295128 

'" 376996 231475544 24.7790 8.4994 2.78817 1.62866 1928.9 2.6('" 

6lS 378225 232608375 24.7992 8.5040 2.76866 1.62602 1932.1 291057 
616 379456 233744896 24.8193 8 ..... 2.78958 1.62338 1935.2 298024 
"7 3811689 234885113 24.8395 8.5132 2.79029 1.62075 1938.4 2989112 

"" 381924 236029032 24.8596 8.5178 2.79099 1.61812 1941.5 299962 

"" 383161 237176659 24.8797 8.5224 2.79169 1.61551 1944.6 3OO1l34 

62() 384400 238328000 24.8998 8.5270 2.79239 1.61290 1947.8 301907 
G21 385641 239483061 24.9199 8.5316 2.79309 1.61031 1950.9 302882 
622 386884 240641848 24.9399 8.5362 2.79379 1.8Om 1954.1 303858 
G23 388129 241804367 24.9600 8.5408 2.19449 1.60514 1957.2 304836 
624 389376 242970624 24.9800 8.5453 2.79518 1.60256 196M 305816 

'" 390625 244140625 25.0000 8.5499 2.79588 1.60000 1963.6 306796 
626 391876 245314376 25.0200 8.5544 2.79657 1.59744 1966.6 307771! 
6Z7 ""'28 246491883 25.0400 8.5590 2.79727 1.59490 1969.8 308763 
628 394384 247673152 25.0599 <- 2.79796 1.59236 1972.9 ,..'" 
G29 '''641 248858189 25.0799 <5681 2.79865 1.58983 1976.1 310736 

630 .-. 250047000 25.0998 8.5726 2.79934 1.58730 1979.2 311725 
631 398161 251239591 25.1197 .. m 2.80003 1.58479 1982.3 31mS 
632 399424 252435968 25. 1396 8.5817 2.80072 1.58228 1985.5 313707 
633 400889 253636137 25.1695 <- 2.80140 1.57978 1988.6 314100 
634 401956 254840104 25.1794 8.5907 2.80209 1.57729 1991.8 315696 

63S 403225 256047875 25.1992 8.5952 2.802n 1.57480 1994.9 316692 
G36 404496 257259456 25.2190 8.5997 2.80346 1.57233 1998.1 317690 
637 4057ti9 258474853 252389 <6043 2.80414 1.56986 2OOt.2 318690 
638 40_ 259694072 25.2587 8._ 2.80482 1.56740 2004.3 319692 

'" 408321 2tI091n 19 252784 8.6132 2.80560 1.56495 2007.6 320695 

640 ...... 262144000 25.2982 8.61n 2.80618 1.58250 2010.6 321699 
641 410881 263374721 25.3180 8.6222 2.80686 1 ...... 2013.8 322105 
642 412164 264609288 25.33n 8.6267 2.80754 1.55763 2016.9 323n3 
643 413449 2658477117 25.3574 8.6312 2.80821 1.55521 2020.0 324722 
644 414736 267 ...... 25.3m 8.6M7 2.80889 1.55280 2023.2 325733 

64S 416025 268336125 25.3969 8.6401 2.80956 1.55039 . 20'26.3 326745 
646 417316 26958&138 25.4165 <"'. 2.81023 1.54799 2029.S 32n69 
647 410609 270840023 25.4362 <"00 2.81090 1.54560 2032.6 328m ... 419904 272097792 25.4558 <6'" 2.81158 1.54321 2035.8 329m ... 421201 273359449 25.4755 8.6579 2.81224 1.54083 2038.9 " ... 0 
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FUNCTIONS OF NUMBERS, 650 to 699 

$q ..... Cube "'" No. - Dlamete. 
00. Squ .... C"~ .~. .~. Logarithm • 

Rooclp.....,.,1 Cl .... um. A_ 

... 422500 274625000 25.4951 8.6624 2.81291 1.53846 2042.0 331831 
651 423801 275894451 25.5147 8 ..... 2.81358 1.53610 2045.2 332853 
65' 425104 Zn167808 25.5343 8.6713 2.81425 1.53374 204&3 333876 
6S3 426409 278445077 25.5539 8.6757 2.81491 1.53139 2051.5 334901 
6S4 427716 279726264 25.5734 8.6801 2.81558 1.52905 2054.S 335927 

65' 429025 281011375 25.5930 8.6845 2.81624 1.52an 2057.7 336955 

'" 430336 282300416 25.6125 8.6890 2.81690 1.52439 2060.9 337985 
m 431649 283593393 25.6320 8.6934 2.81757 1.52207 2064.0 339016 ." ,,29<4 284890312 25.6515 8.6918 2.81823 1.51976 2067.2 340049 
659 434261 286191179 25.6710 .7022 2.81889 1.51745 2070.3 341084-... 435600 287496000 25.6905 .7066 2.81954 1.51515 2073.5 342119 
661 430921 288804781 25.7099 8.7110 2.82020 1.51286 2076.6 343157 

." 438244 290117528 25.7294 .n54 2.82086 1.51057 2079.7 344196 

'" 439569 291434247 25.7488 8.7198 2.82151 1.50830 2tl82.9 345237 

'" 440896 292754944 25.7682 8.7241 2.82217 1.50602 2088.0 346279 

66' 442225 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 

'" 444889 296740963 25.8263 8.7373 2.82413 1.49925 2095.4 349415 

'" 446224 298077632 25.8457 8.7416 2.82478 1.49701 " .... 350464 ... 447561 299418309 25.8650 8.7460 2.82543 1.49477 2101.7 351514 

'" 448900 300763000 25.8844 8.1503 2.82607 1.49254 2104.9 35'565 
Ii7l 450241 302111711 25.9037 8.7547 2.82672 1.49031 2108.0 353618 
672 451584 303464448 25.9230 8.7590 2.82737 1.48810 2111.2 354673 
673 452929 304821217 25.9422 8.7634 2.82802 1.48588 2114.3 355730 ." 454276 306182024 25.9615 8.7877 2.82866 1.48388 2117.4 "6788 

'" 455625 307546875 25.9806 8.ml 2.82930 1.48148 2120.6 357847 ". 456976 308915776 2<.0000 8.7764 2.82995 1.47929 2123.7 358908 
rm 453329 310288733 26.0192 8.7807 2.83059 1.47710 2126.9 359971 

'" 45_ 311665752 26.0384 8.7850 2.83123 1.47493 2130.0 361Cl35 

'" 461041 313046839 29.0576 .7893 2.83187 1.47275 2133.1 362101 

680 462400 314432000 29.0768 8.7937 2.83251 1.47059 2136.3 363168 
681 463761 315821241 29.0960 8.7980 2.83315 1.46843 2139.4 364237 

68' 465124 317214568 28.1151 8.8023 2.83378 1.46628 2142.6 .. 5308 
683 4"''' 318611987 28.1343 8.8066 2.83442 1.46413 2145.7 366380 ... 467856 320013504 26.1!134 8.8109 2.83506 1.46199 2148.8 367453 

'" 469225 321419125 26.1725 8.8152 2.83569 1.45935 2152.0 368528 ... 470596 32282 .... 26.1 916 8.8194 2.83632 1.45m 2155.1 369605 

'" 471969 324242703 26.2107 8.8237 2.83696 1.45560 2158.3 370664 ... 473344 325660672 26.2298 8.8280 2.83759 1.45349 2161.4 371764 ... 474721 327082789 28.2488 .8323 2.83822 1.45138 2164.6 372845 

.90 476100 32850_ 28.2679 .8366 2.83885 1.44928 2167.7 373928 
691 477481 329939371 26.2889 8.8408 2.83948 1.44718 2110.8 375013 

69' 478864 331373888 26.3059 8.8451 2.84011 1.44509 2174.0 376099 ." 480249 332812557 26.3249 .8493 2.84073 1.44300 2171.1 377187 

'" 481636 334255384 26.3439 8.8536 2.84136 1.44092 2180.3 378278 

69' 48302. 335702375 26.3629 8.8578 2.84198 1.43885 2183.4 379367 

'" 484416 337153536 26.3818 8.8621 2.84261 1.43678 2186.5 _59 
697 485809 338608873 28.4008 8.8663 2.84323 1.43472 2189.7 . 381553 ... 487204 340068392 28.4197 8.8706 2.84386 1.43268 2192.8 38264. ... 488601 341532099 29.4386 8.8748 2.84448 1.43062 2196.0 , 383148 



r 
••• 

FUNCTIONS OF NUMBERS, 700 to 749 

Squ ... c"~ 
I 

"" 
ND. _ Dleme te. 

N •• 5'1" ... c"~ ,-, ,-, Log • • lthm • 
Reclp""c.1 CI~um. A_ 

700 .00000 343000000 26.4575 8.8790 2.84510 1.42857 

I 
2199.1 384845 

701 491401 344472101 26.4764 8.8833 2.84572 1.42653 2202.3 385945 
702 .92804 345948408 26.4953 8.8875 2.84634 1.42450 2205.4 387047 
703 484209 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 

70S 491025 350402625 26.5518 8.9001 2.84819 1.41844 2214.8 390363 
706 498438 351895818 26.5707 8.9043 2.84880 1.41643 2218.0 391471 
707 499849 353393243 26.5895 .- 2.84942 1.41443 2221.1 392580 
708 501264 354894912 26.6083 8.9127 2.85003 1.41243 2224.2 393692 
709 502681 356400829 26.6271 8.9169 2.85065 1.41044 2227.4 394805 

no 504100 357911000 26.6458 8.9211 2.85126 1.40845 2230.5 395919 
7U 505521 359425431 26.6646 8.9253 2.85181 1.40647 2233.7 397035 
m 506'" 360944128 26.6833 8.9295 2.85248 1.40449 2236.8 398153 
713 508369 362467097 26.7021 8.9337 2.85309 1.40252 2240.0 399272 
no 509796 "'994344 26.7208 8.9378 2.85370 1.40056 2243.1 .00393 

ns 511225 365525875 26.7395 8.9420 2.85431 1.39860 2246.2 401515 
no 512656 367061696 26.7582 8.9462 2.85491 1.39665 2249.4 .02639 
n7 514689 368601813 26.m9 8.9503 2.85552 1.39470 2252.5 403765 
ns 515524 370146232 26.7955 8.9545 2.85612 1.39276 2255.7 404892 
no 516961 3716~959 26.8142 8.9587 2.85673 1.39082 2258.8 .... '" 
726 518400 373248000 26.8328 8.9628 2.85733 1.38889 2261.9 40n50 
721 519841 374805361 26.8514 8.9670 2.85794 1.38696 2265.1 .08282 
722 521284 376367048 26.8701 8.9711 2.85854 1.38504 2268.2 409415 
723 .22729 377933067 26.8887 8.9752 2.85914 1.38313 2271.4 410550 
724 524176 379503424 26.9072 .9794 2.85974 1.38122 2274.5 411687 

725 525625 381078125 26'.9258 .9835 2.86034 1.37931 22n.7 412825 
726 527076 382657178 26.9444 8.9876 2.86094 1.3n41 2269.' 413965 
7XI 526529 384240583 26.9629 8.9918 2.86153 1.37552 2283.9 415106 
728 529984 385828352 2&.9815 8.9959 2.86213 1.37363 2287.1 416248 
729 531441 387420489 27.0000 9.0000 2.86273 1.37174 2290.2 417393 

730 532900 389017D09 27.0185 9.0041 2.86332 1.36986 2293.4 418539 
7n 534361 390617891 27.0370 '.0082 2.8&392 1.36799 2296.' "9686 
732 53582' 392223168 27.0555 9.0123 2.86451 1.36612 2299.6 .2983. 
733 537289 393832837 27.0740 9.0164 2.86510 1.3642& 2302.8 421986 
no 538756 395446904 27.0924 9.0205 2.86570 1.38240 2305.9 423138 

735 54022S 397065375 21.1109 9.0246 2.86629 1.36054 2309.1 424293 
736 541696 398688256 27.1293 9.0287 2.86688 1.35870 2312.2 425441 
m 543169 400315553 27.14n 9.0328 2.86747 1.35685 2315.4 .26604 
738 54 .... 401947272 27.1662 9.0369 2.86806 1.35501 2318.5 427762 
739 546121 403583419 27.1846 9.0410 2.8&864 1.35318 2321.6 428922 

749 547600 405224000 27.2029 9.0450 2.86923 1.35135 2324.8 .30084 
741 549681 406869021 27.2213 9.0491 2.86982 1.34953 2327.9 431247 
742 550564 408518488 27.2397 9.0532 2.87040 1.34m 2331.1 432412 
743 552049 410172407 21.2580 9.05n 2.87099 1.34590 2334.2 433578 
744 .53536 411830784 21.2764 9.0613 2.8nS7 1.34409 2331.3 434746 

74S 555025 413493825 27.2947 9.0654 2.87216 1.34228 2340.5 435916 
746 556516 415160936 27.3130 9.0694 2.87274 1.34048 2343.6 437681 
747 558009 416832723 27.3313 9.0735 2.87332 1.33869 "' .. 438259 
748 559504 418508992 27.3496 9.0ns 2.67390 1.33690 2349.9 439433 
74. 561001 420189749 27.3679 9.0816 2.87448 1.33511 2353.1 440609 



4., 

FUNCTIONS OF NUMBERS, 750 to 799 

Sq ..... c . ... '''' No. _ DI . mMer 
No. Sq ....... C .... "- "-, Log ... lthm • --

RltClp....,..' Cll·" ..... . .... 
750 562500 421875000 27.3861 9.0856 2.87506 1.33333 2356.2 441786 
ru 564001 423564751 27.4044 9.0896 2.87564 1.33156 2359.3 442965 
752 565504 425259008 27.4226 9.0937 2.87622 1.32979 2362.5 444146 
753 567009 426957777 27.4408 9.09n 2.87680 1.32802 2365.& 44532. 
754 568516 428661064 27.4591 9.1017 2.am7 1.32626 23sa. 446511 

755 570025 430368875 27.4n3 9.1057 2.87795 1.32450 2371.9 447697 
756 571536 432081216 21.4955 9.1098 2.87852 1.32215 2375.0 448883 
757 573049 433798093 27.5136 9.1138 2.81910 1.32100 2378.2 '50072 
758 574564 435519512 27.5318 9.1178 2.87961 1.31926 2381.3 451262 
759 576081 43n45479 27.5500 9.1218 2.88024 1.31752 2384.5 452453 

760 5n ... 438976000 27.5681 9.1258 2.88081 1.31579 2387.6 453646 
701 5711121 440711081 27.5862 9.1298 2.88138 1.31406 2390.8 454841 
76' 58"44 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 45"" 
764 583696 445943744 27.6405 9.1418 2.88309 1.30890 2400.2 45.'" 
765 585225 447697125 27.6586 9.1458 2.88366 1.&1719 2403.3 459635 
766 586756 449455096 27.6767 9.1498 2.88423 1.30548 2406.5 '60837 
m 588289 451217663 27.6948 9.1537 2.68480 1.30378 2409.6 462041 
76. ...." 452964832 27.7128 9.1577 2.88536 1.3021l8 2412.7 463247 
769 591361 454756&09 27.7308 9.1617 2.88593 1.30039 2415.9 '''''' no 5""'0 456533000 27.7489 9.1657 2.88649 1.29870 2419.0 '65663 
m 594441 458314011 27.7669 9.1696 2.88705 1.29702 2422.2 '66873 
m 595984 460099648 27.7849 9.1736 2.88762 1.29534 2425.3 '68085 
m 597529 461889917 27.8029 9.1775 2.88818 1.29366 2428.5 46_ 
n4 599076 463684824 27.8209 9.1815 2.88874 1.29199 2431.6 47'0513 

no 600625 465484375 27.8388 9.1855 2.88930 1.29032 2434.7 4n730 
ns 602176 467288576 27.8568 9.1894 2 ...... 1.28866 2437.9 '7294' 777 603729 469097433 27.8747 9.1933 2.89042 1.28100 2441.0 474168 
ns 605284 470910952 27.8927 9.1973 ,."""" 1.28535 2444.2 475389 
m 605641 472729139 27.9106 9.2012 2.89154 1.28370 2447.3 476612 I 110 608400 474552000 27.9285 9.2052 2.89209 1.28205 245M '77836 
7S1 60"" 476379541 27.9464 9.2091 2.89265 1.28041 2453.6 '79062 
782 611524 478211768 27.9643 9.21&1 2.89321 1.27877 2456.7 '80290 
183 613089 480048687 27.9821 9.217'0 2.89376 1.27714 2459.9 481519 
784 614656 481890304 280000 9.2209 2.89432 1.27551 2463.0 482750 

785 616225 483738625 28.0179 9.2248 2.89487 1.27389 2466.2 '83982 
786 617796 485587656 28.0357 9.2287 2.89542 1.27226 2469.3 485216 
m 619369 487443403 28.0535 9.2326 2.69597 1.27065 2472.4 486451 
788 ""'" ,893Q38n 28.0713 9.2365 2.89653 1.26904 2475.6 '87688 
789 622521 491169069 28.0891 9.2404 2.89708 1.26743 2478.7 488927 ,.. 624100 493039000 28.1089 9.2443 2.89763 1.""" 2481.9 490167 
m 625681 494913671 28.1247 9.2482 2.89818 1.26422 2485.0 491409 
m 627254 496793088 28.1425 9.2521 2.89873 1.26263 2488.1 492652 ,., 626849 49ssm57 28.1603 92,.. 2.89927 1.26103 2491.3 493897 ,.. 630436 500566184 28.1780 9.2599 2.89982 1.25945 2494.4 485143 

795 832025 602459875 28.1957 9.2638 2.90037 1.25786 2497.6 496391 
796 633616 504358336 28.2135 9.2677 2.90091 1.25628 2500.7 497641 

j 
797 835209 506261573 23.2312 9.2716 2.90146 1.25471 2603.8 ,,,.., 
798 636804 508169592 28.2489 9.2754 2.90200 1.25313 2507.0 500145 ,.. 638401 510082399 28.2666 9.2793 2.90255 1.25156 2510.1 501399 



• •• 

FUNCTIONS OF NUMBERS, 800 to 849 

Square c ... , .. No. _ DI . ... _ r 
• 0. Sq ..... C ... ..... A_. Logar ithm • 

AKlp1'Oe.01 Circum. A_ 

800 640000 51 2000000 28.2843 9.2832 2.90309 1.25000 2513.3 502655 
801 641601 513922401 28.3019 9.2870 2.90363 1.24844 2516.4 5<13912 
802 643204 515849608 28.3196 9.2909 2.90417 1.24688 2519.6 505171 
803 644809 517781627 28.3373 9.2948 2.90472 1.24533 2522.7 506432 ... 646416 51971 8464 28.3549 9.2986 2.90526 1.24378 2525.8 507694 

805 648025 521660125 28.3725 9.3025 2.90580 1.24224 2529.0 508958 
806 649636 523606618 28.3901 9.3063 2.90634 1.24069 2532.1 510223 
807 651249 525557943 28.4077 9.3102 2.90687 1.23916 2535.3 511490 
80S 652864 527514112 28.4253 9.3140 2.90741 1.23762 2538.4 512758 
809 654481 529475129 28.4429 9.3179 2.90795 1.23609 2541.5 514028 

810 656100 531441000 28.4605 9.3217 2.90849 1.23457 2544.7 515300 
811 6517'21 533411731 28.4781 9.3255 2.90902 1.23305 2547.8 516573 
812 659344 535387328 28.4956 9.3294 2.90956 1.23153 2551.0 517848 
813 660969 537367797 28.5132 9.3332 2.91009 1.23001 2554.1 519124 
814 662596 539353144 28.5307 9.3370 2.91062 1.22850 2551.3 520402 

81S 664225 541343375 28.5482 9.34GB 2.91116 1.22699 2560.4 521681 
816 .. 5856 643338496 28.5657 9.3447 2.91169 1.22549 2563.5 522962 
817 .. 7489 545338513 28.5832 9.3485 2.91m 1.22399 2566.7 524245 
818 669124 547343432 28.6007 9.3523 2.91275 1.22249 2569.8 525529 
8llI 670761 549353259 28.6182 9.3561 2.91328 1.22100 2573.0 526814 

820 Sn400 551368000 28.6356 9.3599 2.91381 1.21951 2576.1 528102 
821 674041 553387681 28.6531 9.3637 '2.91434 1.21803 2579.2 529391 
822 675684 555412248 28.6705 9.3675 2.91487 1.21655 2582.4 S306S1 
823 677329 557441767 28.6880 S.3n3 2.91540 1.21507 2585.5 531973 
824 678976 559476224 28.7054 9.3751 2.91593 1.21359 2588.7 533261 
825 680625 561515625 28.ma 9.3789 2.91645 1.21212 2591.8 "'562 .,. 682276 563559976 28.7402 9.3821 2.91698 1.21065 2595.0 S3S6S8 
827 683929 56S609283 28.7576 9.3865 2.91751 1.20919 2598.1 537157 
828 685584 567663552 28.nso 9.3902 2.91803 1.2On3 2601.2 538456 
829 san41 569722789 28.7924 9.3940 2.91855 1.20627 2004.' 539758 

830 688000 571787000 28.8097 9.3978 2.91908 1.20482 2tI07.5 541061 
831 690561 573856191 28.8271 9.4016 2.91960 1.20337 2610.7 542365 
832 69m4 575930368 28.8444 9.4053 2.92012 1.20192 2613.8 543671 
833 693889 578009537 28.8617 9.4091 2.92<165 1.20048 2616.9 544979 
834 695556 580093704 28.8791 9.4129 2.92117 1.19904 2620.1 546288 

835 697225 582182875 28.8964 9.4166 2.92169 1.19760 2623.2 547599 
836 698896 564277056 28.9137 9.4204 2.92221 1.19617 2626.4 548912 
837 700569 586376253 28.9310 9.4241 2.92273 1.19474 2629.5 S5022G 
838 702244 .... 804n 28.9482 9.4279 2.92324 1.19332 2632.7 551541 
83. 703921 590589719 28.9655 9.4316 2.92376 1.19190 2635.8 552858 

840 7OS600 592704000 28.9828 9.4354 2.92428 1.19048 2638.9 554177 
841 707281 594823321 29.0000 9.4391 2.92480 1.18906 2642.1 SSS497 
842 708964 596947688 29.0172 9.4429 2.92531 1.18765 2645.2 556819 
84l 710649 5990m07 29.0345 9.4466 2.92583 1.18624 2648.4 558142 
844 712336 601211584 29.0517 9.4503 2.92634 1.18483 2651.5 559467 

845 714025 603351125 29.0689 9.4541 2.92686 1.18343 2654.6 560794 
846 715716 605495736 29.0861 9.4578 2.92737 1.18203 2657.6 5621 22 
847 717409 607645423 29.1033 9.4615 2.92788 1.18064 2G6O.9 563452 
848 719104 609800192 29.1204 9.4652 2.92840 1.17925 2664.1 564783 
84. 720801 611 960049 29.1376 9.4690 2.92691 l.ln86 2667.2 566116 



·97 , 

FUNCTIONS OF NUMBERS, 850 to 899 

Squa .. COM "'" 
No. _ OJameter 

N •• Squ ... COM R_, R_' Logarithm • ~um. R..,lp...,...,1 A~ 

850 722500 614125000 29.1548 9.4727 2.92942 1.17647 2670.4 567450 
8Sl 724201 616295051 29.1719 9.4764 2.92993 1.17509 2673.5 568786 
852 noOO4 618470208 29.1890 9.4801 2.93044 1.17371 2676.6 570124 
8S3 n7609 6206504n 29.2062 9.4838 2.93095 1.17233 2679.8 571463 
854 729316 622835864 29.2233 9.4875 2.93146 1.17096 2682.9 572803 

8S5 731025 625026375 29.2404 9.4912 2.93197 1.16959 2686.1 574146 
8S6 732736 627222016 29.2575 9.4949 2.93247 1.16822 2689.2 575490 
8S7 734449 629422793 29.2746 9.4986 2.93298 1.16686 2692.3 576835 
&58 736164 631628712 29.2916 9.5023 2.93349 1.1 6550 2695.5 578182 
8S9 737881 633839779 29.3087 9.5060 2.93399 1.16414 2698.6 579530 
.60 739600 636056000 29.3258 9.5097 2.93450 1.16279 2701.8 580850 
8G1 741321 6382msl 29.3428 9.5134 2.93500 1.16144 2704.9 582232 
.62 743044 ~0503S28 29.3598 s.sm 2.93551 1.16009 2708.1 583585 
863 744769 642735647 29.3769 9.5207 2.93601 1.15875 2711.2 584940 ... 746490 644972544 29.3939 9.5244 2.93651 1.15741 2714.3 586297 

8&5 748225 64nI4625 29.4109 9.5281 2.93702 1.15607 2n7.5 587655 ... 749956 649461896 29.4279 9.5317 2.93752 1.15473 2720.6 589014 
867 751689 651714363 29.4449 9.5364 2.93802 1.15340 2723.8 590375 ... 753424 653972032 29.4618 9.5391 2.93852 1.15207 2728.9 591738 ... 755161 656234909 29.4788 9.5427 2.93902 1.15075 2730.0 593102 

87. 756900 658503000 29.4958 9.5464 2.93952 1.14943 2733.2 594468 
871 758641 66On6311 29.5127 9.5501 2.94002 1.14811 2736.3 595835 
872 760384 663054848 29.5296 9.5537 2.94052 1.14679 2739.5 597204 
873 762129 665338617 29.5466 9.5574 2.94101 1.14548 2742.6 598575 
874 763876 667627624 29.5635 9.5610 2.94151 1.14416 2745.8 599947 

875 785625 669921875 29.5804 9.5647 2.94201 1.14286 2748.9 601320 
87. 767376 672221376 29.5973 9.5683 2.94250 1.14155 2752.0 602696 
'T7 769129 674526133 29.6142 9.5719 2.94300 1.14025 2755.2 604073 
.78 770884 676836152 1 29.6311 9.5756 2.94349 1.13895 2758.3 605451 
.79 m641 679151439 29.6479 9.5792 2.94399 1.13766 2761.5 606831 ... T74400 6814nQOO 29.6648 9.5828 2.94448 1.13636 2764.6 608212 
881 n6161 683797841 1 29.6816 9.5865 2.94498 1.13507 2767.7 609595 
882 m924 686128968 29.6985 9.5901 2.94547 1.13379 2m.9 610980 
883 "'689 688465387 29.7153 9.5937 2.94596 1.13250 2n4.0 612366 
884 781456 69080n04 29.7321 9.5973 2.94645 1.13122 2m.2 613754 

88S 783225 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 
888 788544 7002270n 29.7993 9.6118 2.94841 1.12613 2789.7 619321 
889 790J21 702595369 29.8161 9.6154 2.94890 1.12486 2792.9 620717 

890 792100 704969000 29.8329 9.6190 2.94939 1.12360 2796.0 622114 
.91 ,.,681 707347971 29.8496 9.6226 2.94988 1.12233 2799.2 623513 
892 ""'" 709732288 29.8664 9.6262 2.95036 1.121G8 2892.' 624913 
89' 797449 712121957 29.8831 9.6298 2.95085 1.11982 2805.4 626315 
.94 799236 n4516984 29._ 9.6334 2.95134 1.11857 2808.6 62nt. 

'95 801025 716917375 1 29.9166 9.6370 2.95182 1.11732 2811.7 629124 
'96 802816 719323136 1 29.9333 9.6406 2.95231 1.11607 2814.9 630530 .., 804609 nl734273 29.9500 9.6442 2.95279 1.11483 2818.0 631938 
858 80£404 7W50792 29.9666 9.64n 2.95328 1.11359 2821.2 633348 ... 808201 726572699 29.9833 9.6513 2.95376 1.11235 2824.3 634760 



• •• 
FUNCTIONS OF NUMBERS, 900 to 949 

Squ ... c . .. ,.,. 
No. $q ..... c . ... R_. R_. L.o9arlthm • 

~p....,. 

No. _ DI.m ....... 

, Cl ..... m . ..... 
900 810000 729000000 30._ 9.6549 2.95424 1.11111 2827A 636173 

"" 811 801 731432101 30.01 67 ...... 2.95472 1.10988 2830.6 637587 
902 813604 733870808 30.0333 '.B82I) 2.95521 1.10865 2833.7 63""" 
SOl 815409 736314327 30.0500 '.6658 2.95569 1.10742 2836.9 840421 ... 817218 738763264 30 ..... 9.6692 2.9561 7 1.10619 2840.0 841840 
90S 819025 741217825 30.0832 9.8727 2.95665 1.10497 2843.. 64326. ... 82<l836 743877418 30.0998 9.6763 2.95713 1.1037S "'.3 844.., 
907 82284. 74&142643 30.1164 as799 2.95761 1.10254 2849.4 646107 ... 824464 748013312 30..330 '.8834 2.95809 1.10132 2852.' 647533 
90S 92628' 751089429 30.1496 ' .6870 2.95856 1.10011 28557 ...... 
"'" 828100 753571000 30.1662 9.8905 2.95904 1.09890 2858.8 G50388 
S11 82992' 756058031 30.1828 9.8941 2.95952 1.09769 2882.0 651818 
912 831744 758S50528 30.1993 9.8976 2.95999 1.09649 2865.1 6532,. 
013 93356' 161()48497 30.2159 9.7012 2.96047 1.09529 2868.3 '54864 
914 935396 783551944 30.2324 9.7047 2.96095 1.09409 2811.4 65611 8 

915 83722. 766060875 30.2490 '.7082 2.96142 '.09290 2874.8 657555 .,. 839056 ,..,75296 30._ 9.7118 2.98190 1.09170 28n.7 658993 
017 ...... m095213 30.2820 9.7163 2.96237 1.09051 2880.8 111lO433 
91B .. 2724 773620632 30.298S 9.7188 2.9G284 '.08932 2884.0 661874 
91J 84456. 776151559 30.3150 9.7224 2.90332 1.08814 2887.' 663317 

920 ...... 778688000 30.3315 9.7259 2.96379 ....... 21l9O.3 86476' 
921 848241 781229961 3O..l4aO ' .72lI4 2.96426 1.08578 2893.' ",2.17 
9Z2 9SOll84 193m ... 30.364' 9.7329 2.96473 '.08400 2896.' ,,-
"" "'929 796330467 30."'" 9.7364 2.96520 1.08342 2899.7 669'03 ... "3m 78888902. 30.3974 9.7400 2.96567 1.08225 2902.8 870554 

925 85662' 791453125 30.4138 9.7435 2.96614 1.08108 2908.0 6"006 
". 867476 794022n6 30.4302 9.7470 2.96661 1.07001 2909.' 673460 
927 80'32' 7965,7983 30.4487 9.7505 2.96708 1.07875 2912.3 674915 .,. 8611 84 7991 78752 3O.4all 9.75110 2.96755 l .anS9 2915.4 676372 
929 96304' 801785089 30.4795 9.7575 2.""" 1.07643 2918.5 6n831 

930 864900 804357000 30.4959 1l.7610 ~ ..... 1.07527 2921.7 .7929. 
' 31 "'76' 806954491 30.5123 ~7646 2.98895 1.01411 2924.8 680752 
932 .... " 809557568 30.5287 .75lIO 2.96S42 1.01296 29290 682216 

'" _89 812186237 30.5450 9.7715 2 ...... 1.07181 2931.1 ...... 
934 872356 814180604 30..5614 ~m. ~'7035 1.07068 2934.2 685147 

035 814226 817400375 30.5778 '.7765 2.97081 1.06952 2937.4 , .. ,,' 
'K ...... 82002585' 30.5941 1l.7B19 2.97128 1.06838 2940.5 688084 
93' .""'. 822656953 30.6106 9.7854 2.97174 1.06724 2943.7 69'555 , .. .79844 825293672 30.6268 ' .7889 2.97220 1.06810 2946.8 691028 

'39 881721 827936019 30.8431 9.7924 2.97261 1.08496 2950.0 '92502 
941) 883600 930584000 30.6594 9.7959 2.97313 '.08383 2953.1 693978 
941 88548. 833237821 30.6767 '.7993 2.97359 1.06270 2956.2 695455 
942 887364 835896888 30.G92D • .802lI 2.974D5 1.08151 2959.4 .96934 
943 ""49 838561807 30._ ..... 2.97451 •. 0<045 2902.' 0984" ... 891136 ... 232384 30.7246 .... 7 2.97497 1.05932 2985.7 .99697 ... ....,. 

"''''''''' 30.7409 9.8132 2.97543 1.05820 2968.6 70.380 ... 894916 9465 ..... ... 7>" 9.3161 2.97589 1.05708 2911 .9 7029 .. 
94' 896809 849278123 30.7734 ~920' ", ... 1.05597 2975.1 704352 ... 898704 851971392 30.7698 9.8236 ~1I1B8' • .05485 2978.2 705840 

'" 1I1l1l<iO. 854670349 30.8058 9.8270 2.9m7 1.06374 2981A 707330 



• •• 

FUNCTIONS OF NUMBERS, 950 to 999 

-
Squ ..... c"~ ",,, No. _ DI.mu.~ 

••• Sq ...... C"~ R_. R_ l.os!arlthm • 
Reclpl"OCal Cl..., ...... A_ 

950 902500 857375000 30.8221 9.8305 2.97772 1.05263 2984.S 708822 
9S1 9(14401 860085351 a0.8183 9.8339 2.97818 1.05152 2987.7 710315 
.52 906304 862801408 30.8545 9.8374 2.97864 1.05042 mo.8 moos 
.53 908209 8655231n 30.8707 9.8408 2.97909 1.04932 2993.9 713306 
954 910116 868250664 30.8869 9.8443 2.97955 1.04822 2991.1 714803 

.55 912025 870983875 30.9031 9.84n 2.98000 1.04712 3000.2 716303 

'SG 913936 873722816 30.9192 9.8511 2.98046 1.1)11603 3003.4 717804 
.57 915849 876467493 30.9354 9.8546 2.98091 1.04493 _.S 7193D6 
.58 91n64 87921791 2 30.9516 9.8580 2.98137 1.04384 3009.6 720810 
95. 919681 881974079 3O.96n 9.8614 2.98182 1.04275 3012.8 722316 

960 921600 884736000 30.9839 9.8648 2.98227 1.04167 3015.9 723823 
961 923521 887503681 31.0000 '~683 2.98272 1.04058 3019.1 72533' 
962 92544' 890277128 31.0161 9.8717 2.98318 1.03950 3022.2 72884' 
9G3 92736. 893{)56347 31.0322 9.8751 2.98363 1.03842 3025.4 728354 .... 929226 895841344 31.0483 9.8785 2.98408 1.03734 3028.5 729867 ... 931225 898632125 31.0644 9.8819 2.98453 1.03627 3031.6 731382 ... 933156 901428696 31.0805 '.8854 2.98498 1.03520 3034.8 732899 
967 !l35089 904Z31063 31.0966 ...... 2,98543 1,03413 3037,9 734417 
968 937024 907039232 31.1127 9.8922 2.98588 1.03306 3041.1 735937 

'" 938961 90985l20. 31.1288 9.8956 2.98632 1.03199 3044.2 737458 

97. 940900 912673000 31.1448 9.8990 2.986n 1.03093 3047.3 738981 
971 94284 1 915498611 31.1609 9.9024 2.98722 1.02987 3050.5 740506 
97' 944784 918330048 31.1769 9.9058 2.98767 1.02881 3053.6 742032 
.73 946729 921167317 31.1929 9.9092 2.98811 1.02n5 3056.8 743559 
97. 948676 924010424 31 .2090 9.9126 ~ ..... 1.02669 3059.9 745088 

97' 950625 926859375 31.2250 9.9160 2.98900 1.02564 3063.1 746619 
.76 952576 929714176 31.2410 9.9194 2.98945 1.02459 3066.2 748151 
.77 954529 932574833 31.2570 9.9221 2.98989 1.02354 3069.3 749685 
978 '5<4" 935441352 31.2730 9.9261 2.99034 1.02249 3On.5 751221 
97. 958441 938313739 31.2890 9.9295 2.99078 1.02145 3075.6 752758 

980 960400 941192000 31.3050 9.9329 2.991Z3 1.02041 3078.8 754296 
981 962361 944076141 31.3209 9.9363 2.99161 1.01937 3081.9 755837 
982 964324 946966168 31.3369 9.9396 2.99211 1.01833 31l85.0 757378 
983 966289 949862087 31.3528 9.9430 2.99255 1.01129 3088.' 758922 
984 968256 952763904 31.3688 9.9464 2.99300 1.01626 3091.3 760466 

985 910225 955671625 31.3847 9.9491 2.99344 1.01523 3094.5 762013 ... 972196 958585256 31AOO6 9.9531 2.99388 1.01420 3097.6 763561 
987 974169 961504803 31.4166 9.9565 2.99432 1.01317 3100.8 765111 ... 976144 964430272 31.4325 9.9598 2.99476 1.01215 3103.9 766662 
.89 978121 967361669 31.4484 9.9832 2.99520 1.01112 3107.0 768214 

990 980100 .70299000 31.4843 9.9666 2.99564 1.01010 3110.2 769769 ... 982081 973242271 31.4802 9.9699 2.99607 1.00908 3113.3 n1325 
99' 984064 976191488 31.4960 9.9733 2.99651 1.00806 311 6.5 772882 
993 986049 979146657 31.5119 9.9766 2.99695 1.00705 3119.6 774441 

'94 988036 98210n84 31.5278 9.9800 2.99739 1.00604 3122.7 776002 

99S 990025 985074875 31.5436 9.9833 2.99782 1.00503 3125.9 m564 
99G 992016 988041936 31.5595 ...... 2.99828 1.00402 3129.0 779128 
997 99400. 991026973 31.5153 9.9900 2.99870 1.00301 3132.2 780693 
998 ", ... 994011992 31.5911 9.9933 2.99913 1.00200 3135.3 782260 
999 998001 997002999 31.6070 9.9967 2.99\157 1.00100 3138.5 783828 



r 
.00 

! 
X 
o 
1 
2 
3 

• 
5 

• 7 
8 • 

10 
U 
12 
13 
1. 

15 
10 
17 
18 
19 

20 
21 
22 
21 
24 

25 
26 
27 
28 
29 

30 
11 
32 
II 
14 

1S 
lG 
37 
l8 
30 

40 
41 
42 
41 .. 
i • 

.' 
0.00000 
0.01745 
0.03490 
0.05234 
0.06976 

0.08716 
0.10453 
0.12187 
0.13917 
0.15643 

0.17365 
0.19081 
0.20791 
0.22495 
0.24192 

0.25882 
0.27564 
0.29237 0>_ 
0.32557 

0.34202 
0.35837 
0.37461 
0.39073 
OA0674 

OA22S2 
OA3837 
OA5399 
OA6947 
OA8481 

O~OOOO 
0.51504 
0.52992 
0.54464 
0.55919 

0.57358 
0.58779 
0.60182 
0.61566 
0.62932 

0.64279 
0.65606 
0.66913 
0.68200 
0.69466 

GO' 

NATURAL TRIGONOMETRIC FUNCTIONS 

10' 

0.00291 
0.02036 
0.03781 
0.05524 
0.Q72ti6 

0.09005 
0.10742 
0.12476 
0.14205 
0.15931 

0.17651 
0.19366 
0.21016 
0.22778 
0.24474 

0.26163 
0.27843 
0.29515 
0.31178 
0.32332 

0.34475 
0.36108 
Oolma 
0.39341 
0.40939 

0.42525 
0.44098 
0.45658 
o.4n04 
0.48735 

0.50252 
0.51753 
0.53238 
0.54708 
0.56160 

0.57596 
0.59014 
0.60414 
0.61795 
0.63158 

0.64501 
0.6582. 
0.67129 
0.68412 
0.69675 

SO' 

20' 

0.00582 
0.02327 
0.04071 
0.05814 
0.07556 

0.09295 
0.11031 
0.12764 
0.14493 
0.16218 

0.17937 
0.19652 
0.21360 
0.23062 
0.24758 

0.2G44l 
0.28123 
0.29793 
0.31454 
0.33106 

0.34746 
0.36379 
0.37999 
0.39608 
0.41204 

0.42788 
0.44359 
OA5917 
0.47460 
OA89a9 

0.50503 
0.52002 
0.53484 
0.54951 
0.56401 

0.57833 
0.59248 
0.60645 
0.62024 
0.63383 

0.64723 
0.66044 
0.61344 
0.68624 
0.69883 

SINES 

30' 

0.00873 
0.02618 
0.04362 
0.06105 
0.07846 

0.09585 
0.11320 
0.13053 
0.14781 
0.16505 

0.1 8224 
0.19937 
0.21644 
0.23345 
0~5Ol8 

0.26724 
0.28402 
0.30071 
0.31730 
0.33381 

0.35021 
0.36650 
0~82G8 
0.39875 
0.41469 

0.43051 
0.44620 
0.46175 
0.4m6 
0.49242 

0.50754 
0.52250 
0.53730 
0.55194 
0.56641 

0.58070 
0.5~82 
0.60876 
0.62251 
0.63608 

0.64945 
0.66262 
0.67559 
0.G881S 
0.70091 

30' 

COSINES 

40' 

0.01164 
0.02908 
0.04653 
0.0&395 
0.08136 

0.09874 
0.11609 
0.13341 
0.15069 
0.16792 

0.18509 
0.20222 
0.21928 
0.23827 
0.25320 

0.27004 
0.28680 
O.3Ol48 
O>21lO6 
0~l1l55 

0.35293 
0.36921 
0.38537 
OA0142 
OAI734 

0.43313 
0.44880 
0.46433 
0.47971 
OA9495 

0.51004 
0.52498 
0.53975 
0.55438 
0.56880 

0.58307 
0.59716 
0.61107 
0.62479 
0.G38l.2 

0.65166 
0.66480 
D.6m3 
0.69046 
0.70298 

20' 

SO' 

0.01454 
0.03199 
0.04943 
0.06685 
0.08428 

0.10164 
0.11898 
0.13629 
0.15356 
0.17078 

0.18795 
0.20507 
0.22212 
0.23910 
0.25601 

o.m .. 
0.28959 
0.30625 
0.32282 
0.33929 

0.35565 
0.37191 
0.3880. 
0.40408 
0.41998 

0.43515 
OA5140 
0.46690 
0.48226 
OA9748 

0.51254 
0.52745 
0,54220 
0.55618 
0.57119 

' .58543 
0.59~9 
0.61337 
0.62706 
0.64056 

0.65386 
0.68697 
0.67987 
0.69256 
0.70505 

10' 

GO ' 

0.01145 
0.03490 
0.05234 
0.06916 
0.08716 

0.10453 
0.12181 
0.13917 
0.1.5643 
0.17365 

0.19081 
0.20791 
0.22495 
0.24192 
0~5B82 

0.27564 
0.29237 
0.30902 
0.32557 
0.34202 

0.35837 
0.37461 
0.39073 
OA0674 
OA2262 

OA3837 
OA5399 
OA6947 
OA8481 
0.5OllOO 

0.51504 
0.52992 
0.54464 
0.55919 
0.57358 

0.58179 
0.S0182 
0.61566 
0.62932 
0.64279 

0.65606 
0.66913 
0.68200 
0.69466 
0.70111 

.' 

! 
; 
u 

" 88 
87 .. 
85 .. 
8l 
82 
81 
80 

7' 
78 
77 
7G 
75 

7. 
13 
72 
n 
7' .. .. ., 
GO 
OS .. .. 
G2 
G1 
GO 

59 
58 
57 
50 
55 .. 
53 
52 
51 
SO .. .. 
.7 .. 
45 

! • o 

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



001 

NATURAL TRIGONOMETRIC FUNCTIONS -
! COSINES • E 

, 
0' 10' 20' 30' .. ' SO' GO' 0 

-
0 I.COOOO 1.00000 0.99998 0.99996 0.99993 0.99989 0.99985 .. 
1 0.99985 0.99979 0.99973 0.99966, 0.99958 0.99949 0.99939 .. 
2 0.99939 0.99929 0.99917 0.99905 0.99892 0.99878 0.99863 fr1 
3 0.99863 0.99847 0.99831 0.99813 0.99795 0.99776 0.99756 .. • 0.99756 0.99736 0.99714 0.99692 0.99668 0.99644 0.99619 8S 

5 0.99619 0.99594 0.99567 0.99540 0.99511 0.99482 0.99452 .. • 0.99452 0.99421 0.99390 0.99357 0.99324 0.99290 0.99255 83 
7 0.99255 0.99219 0.99182 0.99144 0.99106 0.99067 0.99027 82 • 0.99027 0.98986 0.98944 0.98902 0.98858 0.98814 0.98769 81 • 0.98769 0.98723 0.98676 0.98629 0.98580 0.98531 0.98481 SO 

10 0.98481 0.98430 0.98378 0.98325 0.98272 0.98218 0.98163 79 
n 0.98163 0.98107 0.98050 0.97992 0.97934 0.97875 0.97815 7. 
12 0.97815 0.9n54 0.97692 0.97630 0.97566 0.97502 0.97437 77 
13 0.97437 0.97371 0.97304 0.97237 0.97169 0.97100 0.97030 7G 
14 0.97030 0.96959 0.96887 0.96815 0.96742 0.96667 0.96593 75 

15 0.96593 0.00517 0.96440 0.96363 0.98285 0.98208 0.96126 7. .. 0.96126 0.96046 0.95964 0.95882 0.95799 0.95715 0.95630 n 
17 0.95630 0.95545 0.95459 O.953n · 0.95284 0.95195 0.95106 n 
18 0.95106 0.95015 0.94924 0.94832 0.94740 0.94646 0.94552 71 
19 0.94552 0.94457 0.94361 0.94264 0.94167 0.94068 0.93969 70 

20 0.93969 0.93869 0.93769 0.93667 0.93565 0.93462 0.93358 •• 21 0.93358 0.93253 0.93148 0.93042 0.92935 0.92827 0.92718 .. 
22 0.92718 0.92609 0.92499 0.92388 0.92276 0.92184 0.92050 G7 
23 0.92050 0.91936 0.91822 0.91706 0.91590 0.914n 0.91355 .. 
24 0.91355 0.91236 0.91116 0.90996 0.90875 0.90753 0.90631 .. 
2S 0.90631 0.90507 0.90383 0.90259 0.90133 0.90007 0.89879 .. 
28 0.89879 0.89752 0.89623 0.89493 0.89363 0.89232 0.89101 .. 
27 0.89101 0.88968 0.8883. 0.88701 0.88566 0.88431 0.88295 G2 
28 0.88295 0.88158 0.88020 0.87882 0.87743 M71!1l3 0.87462 .. 
29 0.87462 0.81321 0.87178 M7031l 0.86892 0.86748 0.86603 GO 

30 0.861l1l3 0.88457 0.86310 0.86163 0.86015 0.85866 0.85717 59 
31 0.85717 0.85567 0.85416 0.85284 0.85112 0.84959 0.84805 58 
32 0.84805 0.84650 0.84495 0.84339 0.84182 0.84025 0.83867 57 
33 0.83867 0.83708 0.83549 0.83389 0.83228 0.83066 0.82904 56 
34 0.82904 0.82741 0.82577 0.82413 0.82248 0.82082 0.81915 55 

3S 0.81915 0.81748 0.81580 0.81412 0.81242 0.810n 0.80902 54 .. 0.80902 0.80130 0.80558 0.81J386 0.80212 0.80038 0.79864 53 
37 0.79864 0.79688 0.79512 0.79335 0.79158 0.78980 0.78801 52 
38 0.78801 0.78622 0.78442 0.78261 0.78079 0.77897 0.m15 51 
39 0.m15 0.77531 0.77347 0.77162 0.76977 0.76791 0.76604 50 

40 0.76604 0.76417 0.76229 0.76041 0.75851 0.75681 0.75471 .. 
41 0.75471 0.75280 0.75088 0.74896 0.74703 0.74509 0.74314 .. 
42 0.74314 0.74120 0.73924 0.13728 0.13531 0.13333 0.13135 47 
43 0.13135 0.n937 0.n137 0.n537 0.72337 0.72136 0.71934 .. 
44 0.71934 0.71732 0.71529 0.71325 0.71121 0.70916 0.70711 4S 

• GO' SO' 40' 30' 20' 10' 0' ! , 
3 SINES • 0 



.02 

NATURAL TRIGONOMETRIC FUNCTIONS 

! I r 
TANGENTS • • r 

E .' lD' 20' 30' .. ' SO' GO' .~ - • '.00000 0.00291 0.00582 0.00873 0.01164 0.01455 0.01746 .. 
1 0.01746 0.02036 0.02328 0.02619 0,02910 0.03201 0.03492 .. 
2 0.03492 0.03783 0.0<1075 0.04366 0.04658 0.04949 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 0.08749 as 
5 0.08749 0.09042 0.09335 0.09629 '.09923 0.10216 0.10510 84 , 0.10510 0.10805 0.11099 0.11394 0.11688 0.11983 0.12278 83 
7 0.12218 0.12574 0.12869 0.13165 0.13481 0.13758 0.14054 82 

• 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 

I. 0.17633 0.17933 0.18233 0.18534 0.18835 0.19136 0.19438 79 
11 0.19438 0.19740 • .20042 0.20345 0.20648 0.20952 0.21256 7. 
13 0.21256 0.21560 0.21864 0.22189 0.22475 0.22781 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 0.26483 0.26795 75 

15 0.26795 0.27107 0.27419 0.2m2 • .28046 0.28360 0.28675 74 
10 0.28675 0.28990 0.29305 0.29621 • .29938 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 0.33460 • .33783 0.34108 0.34433 n 
19 ' .34433 0.34758 0.35085 0.35412 0.35740 0.36068 0.36397 7' 

20 0.38397 0.30727 0.37057 0.37388 •• 7720 0.38053 0.38386 ." 21 '.38366 0.38721 0.39055 0.39391 0.39727 0.0065 OA0403 G8 
22 OA0403 OA0741 OA1081 0.41421 OAI763 0.42105 OA2447 G7 
23 OA2447 OA2791 OA313S 0.43481 0A3828 0.44175 0.44523 GO 
24 0.44523 0.44872 OA5222 0.45573 0A5924 OA62n OA6631 " 25 0.46631 OA6985 OA7341 0.47698 OA8055 0.48414 0.48m G4 
2G .ABm OA9134 OA9495 0.49858 '.50222 0.50587 0.50953 G3 
27 0.50953 0.51320 0.51688 0.52057 0.52427 0.52798 0.53171 G2 ,. 0.53171 • .53545 0.53920 0.54296 0.54674 0.55051 0.55431 G1 

" 0.55431 0.55812 0.56194 O.565n 0.56962 0.57348 0.5m5 GO 

3. 0.5m5 0.58124 0.58513 0.58905 0.59297 0.59691 0.60086 " 31 ....... 0.60483 0.60881 0.61280 0.61681 0.62083 0.62487 .. 
32 0.62487 0.62892 0.83299 0.83707 0.64117 0.64528 0.64941 57 
33 0.64941 0.65355 0.65n1 0.66189 '.G6608 0.67028 0.67451 56 
34 0.67451 0.67875 0.68301 0.68728 0.69157 0.69588 0.70021 55 

35 0.70021 0.70455 0.70891 0.71329 0.71769 O.mll 0.72654 54 
3G 0.72654 0.73100 0.73547 0.73996 0.74447 0.74900 0.75355 53 
37 0.75355 0.75812 0.76272 0.76733 0.n196 0.n661 0.78129 52 
31 0.78129 0.78598 0.79070 0.79544 • .80020 0.80498 0.60978 51 
3. '.B0978 0.81461 0.81946 • .82434 '~2923 0.83415 0.83910 SO .. 0.83910 0.84407 0.84906 ....... 0.85912 0.86419 0.86929 49 
41 0.86929 0.87441 0.87955 '.88<On '.8899:1 0.89515 '.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 '.96008 0.96569 .. 
44 0.96569 0.97133 0.9noo 0.98270 0.98843 0.99420 1.00000 .. 
• GO' SO' .. ' "" 20' 10' 0' . ! • . • • • • COTANGENTS • 0 >- -



003 

NATURAL TRIGONOMETRIC FUNCTIONS 

! COTANGENTS • , 
• 

l • , .' 1.' 20' ,.' 4<J' SO' GO' ~ 

• = 343.mn 171.88540 114.58865 85.93979 68.75009 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 22.00m 21.47040 20.20555 19.08114 87 , 19.08114 18.07498 17.16934 16.34986 15.60418 14.92442 14.30067 86 
4 14.30067 13.72674 13.1 9688 12.70621 12.25051 11 .82617 11.43005 8S 

S 11.43005 11.05943 lo.n191 10.38540 10.07803 9.78817 9.51436 84 

• 9.51436 9.25530 9.00983 a77689 8.SSSSS 8.34495 8.14435 83 
7 8.14435 7.95302 7.77035 7.59575 7.42871 7.26873 7.11537 82 
8 7.11537 ,9682' 6.82694 6.69116 656055 6.43484 6.31375 81 

• 6.31375 6.19703 6.08444 5.97576 5.87080 5.76937 5.67128 80 

1. 5.67128 5.57S38 5.48451 5.39552 5.30928 5.22566 5.14455 7. 
11 5.14455 5.08584 4.98940 4.91516 4.84300 4.n286 4.70463 78 
12 4.70463 4.63825 4.57363 4.51071 4.44942 4.38969 4.33148 n 
13 4.33148 4.27471 4.21933 4.16530 4.11256 4.06107 4.01078 7. 
14 4.01078 3.96165 3.91364 3.86671 '.82083 3.77595 3.73205 7S 

15 3.73205 3 ...... 3.647'05 3.60588 3.56551 '.52609 3.48141 74 
16 3.48141 3.44951 3.41236 3.31594 3.34023 3.30521 3.21085 73 
17 3.27085 3.23114 3.204D6 3.1n59 3.13972 3.10842 3.0nsa 72 .. "7760 3.04149 3.01183 2.98869 ~96004 2.93189 2.90421 71 
19 2.90421 2.8noo 2.85023 2.82391 2.19802 2.m54 2.74748 70 

20 2.74748 2.72281 2.69853 2.67462 2.65109 2.62791 2.60509 •• 21 2.60509 2.58261 2.56046 2.53865 2.51715 2.49597 2.41509 .. 
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 2.28161 2.25314 2.24604 .. 
24 2.24604 2.22851 2.21132 2.19430 2.1n49 2.16090 2.14451 65 

25 2.14451 ~12832 2.11 233 2 ...... 2.08094 2.06553 2.05030 64 
26 2.05030 2.G3526 2.02039 2.00569 1.99116 1.97680 1.96261 53 
27 1.96261 1.94858 1.93410 1.92098 1.90741 1.89400 1.88013 62 
28 1.88073 1.86760 1.85462 1.841n 1.82907 1.81649 1.80405 61 
29 1.80405 1.79174 l.ns55 1.76749 1.75556 1.74375 1.73205 .. 
30 1.73205 1.72047 1.70901 1.69766 1.68643 t.6753O 1.66428 59 
31 1.66428 1.65337 1.64256 1.63185 1.62125 1.61074 1.60033 58 
32 1.60033 1.59002 1.57981 1.56969 1.55966 1.54972 1.53987 51 
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 " 37 1.32704 1.31904 1.31110 1.30323 1.29541 1.28764 1.27994 52 
38 1.27994 1.27230 1.26471 1.25717 1.24969 1.24227 1.23490 51 

" 1.23400 1.22758 1.22031 1.21310 1.20593 1.1 9882 1.19175 50 

4<J 1.19175 1.18474 1.17771 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 1.09no 1.09131 1·08496 1.07664 1.07237 47 
43 1.07237 1.06613 1.05994 1.05378 1.04766 1.04158 1.03553 46 
44 1.03553 1.02952 1.02355 1.01761 1.01170 1.00583 1.CCOOO 45 , 

GO' SO' 40' I 30' 20' 1.' .' • • ! • , 
l • TANGENTS 

~ - - -



004 

NATURAL TRIGONOMETRIC FUNCTIONS 

! 
l 
o 
1 
2 
3 

• 
5 • 7 

• • 
10 
II 
12 
12 
14 

15 ,. 
17 
18 
19 

20 
21 
22 
23 
24 

25 
2G 
Xl 
28 
29 

0' 

1.00000 
1.00015 
1.00061 
1.00137 
1.00244 

1.00382 
1.00551 
1.00751 
1.00983 
1.01247 

1,01543 
1.01872 
1.02234 
1.02630 
1.03061 

1.03528 
1.04030 
1.04569 
1.05146 
1.05762 

1.06418 
1.07115 
1.07853 
1.08636 
1.09464 

1.10338 
1.11260 
1.12233 
1.13257 
1.14335 

30 1.15410 
31 1.166&3 
12 1.11918 
13 1.19236 
34 1.20622 

15 ,. 
37 
3. 

" 40 
41 
42 
43 .. , , 
j 

1.22077 
1.23607 
1.25214 
1.26902 
1.28676 

1.30541 
1.32501 
1.34563 
1.36133 
1.39016 

GO' 

10' 

1.00000 
1.00021 
1.00072 
1.00153 
1.00265 

1.00408 
1.00582 
1.00787 
1.01024 
1.01294 

1.01595 
1.01930 
1.02298 
1.02700 
1.03137 

1.03609 
1.04117 
1.04663 
1.05246 
1.05869 

1.06531 
1.07235 
1.07981 
1.08m 
1.09606 

1.10488 
1.11419 
1.12400 
1.13433 
1.14521 

1.15665 
1.16868 
1.18133 
1.19463 
1.2085. 

1.22327 
1.23869 
1.25489 
1.27191 
1.28980 

1.30861 
1.32838 
1.34917 
1.37105 
1.39409 

SO' 

20' 

U)OOO2 
1.00027 
1.00083 
1.£10169 
1.00287 

1.00435 
1.(10614 
1.00825 
1.01067 
1.01342 

1.01649 
1.01989 
1.02362 
1.02770 
1.03213 

1.03691 
1.04206 
1.04757 
1.05347 
1.05976 

1.06645 
1.07356 
1.08109 
1.08907 
1.09750 

1.10640 
1.11579 
1.12568 
1.13610 
1.14707 

1.15861 
1.17075 
1.18350 
1.19691 
1.21099 

1.22579 
1.24134 
1.25767 
1.27483 
1.29287 

1.31183 
1.331n 
1.35274 
1.37481 
1.39804 .. ' 

SECANTS 

30' 

1.00004 
1.00034 
1.00095 
UK1187 
1.00309 

1.00463 
1.00647 
1.00863 
1.01111 
1.01391 

1.01703 
1.02049 
1.02428 
1.02842 
1.03290 

1.03n4 
1.04295 
1.04853 
1.05449 
1.06085 

1.06761 
1.07479 
1.08239 
1.09044 
1.09895 

1.10793 
1.11740 
1.12738 
1.13789 
1.14896 

1.16059 
l.ln83 
1.18569 
1.19920 
1.21341 

1.22833 
1.24400 
1.26047 
1.27778 
1.29597 

1.31509 
1.33519 
1.35634 
1.37860 
1.40203 

30' 

COSECANTS 

.. ' 
1.00007 
1.00042 
1.00108 
1.00205 
1.00333 

1.00491 
1.00681 
1.IK)902 
1.01155 
1.01440 

1.01758 
1.02110 
1.02494 
1.02914 
1.03368 

1.03858 
1.04385 
1.04950 
1.05552 
1.06195 

1.06878 
1.07602 
1.08370 
1.09183 
1.10041 

1.10947 
1.11903 
1.12910 
1.13970 
1.15085 

1.18259 
1.17493 
1.18790 
1.20152 
1.21584 

1.23089 
1.24669 
1.26330 
1.28075 
1.29909 

1.31837 
1.338&1 
1.35997 
1.38242 
lA .... 

20' 

SO' 

1.00011 
1.00051 
1.00122 
1.00224 
1.00357 

1.00521 
1.00715 
1.00942 
1.01200 
1.01491 

1.01815 
1.021n 
1.02562 
1.02987 
1.03447 

1.03944 
1.044n 
1.05047 
1.05657 
1.06306 

1.06995 
1.07727 
1.08503 
1.09323 
1.10189 

1.11103 
1.12067 
1.13083 
1.14152 
1.152n 

1.16460 
1.17704 
1.19012 
1.20386 
1.21830 

1.23347 
1.24940 
1.26815 
1.28374 
1.30223 

1.32168 
1.34212 
1.36363 
1.38628 
1.41012 

10' 

GO' 

1.00015 
1.00061 
1.00137 
1.00244 
1.00382 

1.00551 
1.00751 
1.00983 
1.01247 
1.01543 

1.018n 
1.02234 
1.02630 
1.03061 
1.03528 

1.04030 
1.04569 
1.05146 
1.05762 
1.06418 

1.07115 
1.07853 
1.08&38 
1.09464 
1.10338 

1.11260 
1.12233 
1.13257 
1.14335 
1.15470 

.. .. 
87 .. 
8S .. 
83 
82 
81 
SO 

79 
7. 
77 
7G 
75 

7. 
73 
72 
n 
7. .. .. 
G7 .. .. .. 
G3 ., 
G1 
GO 

1.16663 59 
1.17918 58 
1.19236 57 
1.20622 56 
1.220n · 55 

1.23607 
1.25214 
1.26902 
1.28676 
1.3(1541 

1.32501 
1.34563 
1.36733 
1.39016 
1.41421 

0' 

54 
53 
52 
51 
SO .. .. 
47 .. 
45 

i 
l 



.0. 
NATURAL TRIGONOMETRIC FUNCTIONS 

! COSECANTS • , 
g 0' lD' 20' :ro' 40' 50' GO' .! 
0 m 343.77516 171.88831 114.59301 85.94561 68.75736 57.29869 8. 
1 ~7.29869 49.11406 42.97571 38.20155 34.38232 31.25758 28.65371 .. 
2 28.65371 26.45051 24.56212 22.92559 21.49368 20.23028 19.10732 tf1 
3 19.10732 18.10262 17.19843 16.38041 15.63679 14.95788 14.33559 .. 
4 14.33559 13.76312 13.23472 12.74550 12.29125 11.86837 11.47371 8S 

5 11.47371 11.10455 10.75849 10.43343 10.12752 9.83912 9.56677 84 
& 9.56677 9.30917 9.06515 8.83367 8.61379 8.40466 8.20551 83 
7 8.20551 8.01565 7.83443 7.66130 7.49571 7.33719 7.18530 82 
8 7.18530 7.03962 6.89979 6.76547 6.63633 6.51208 6.39245 81 • 6.39245 6.2ms 6.16607 6.05886 5.95536 5.85539 5.75877 SO 

10 5.75877 5.6&533 5.57493 5.48740 5.40263 5.32049 5.24084 7S 
11 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 4.50218 4.44541 n 
13 4.44541 4.39012 4.33622 4.28366 4.23239 4.18238 4.13357 7& 
14 4.13357 4.08591 4.03938 3.99393 3.94952 3.90613 3.86370 75 

15 3.86370 3.82223 3.78166 3.74198 3.70315 3.66515 3.62796 74 
1& 3.62796 3.59154 3.55587 3.52{l94 3.48671 3.45317 3.42030 73 
17 3.42030 3.38808 3.35649 3.32551 3.29512 3.26531 3.23607 72 
18 3.23601 3.20737 3.17920 3.15155 3.12440 3.09n4 3.07155 n 
19 3.01155 3.04584 3.02051 2.99574 2.97135 2.94737 2.92380 70 

20 2.92380 2.90063 2.8nas 2.85545 2.83342 2.81175 2.79043 &. 
21 2.79043 2.76945 2.74881 2.72&50 2.70851 2.68884 2.66947 .. 
22 2.66947 2.65040 2.63162 2.61313 2.59491 2.57698 2.55930 &7 
23 2.55930 2.54190 2.52474 2.50784 2.49119 2.474n 2.45859 .. 
24 2.45859 2.44264 2.42692 2.41142 2.39614 2.38107 2.36620 .. 
25 2.3&620 2.35154 2.33708 2.32282 2.30875 2.29487 2.28117 .. 
2& 2.28117 2.26766 2.25432 2.24116 2.22817 2.21535 2.202fi9 .. 
27 2.20269 2.19019 2.17786 2.16568 2.15366 2.14178 2.13005 62 
28 2.13005 2.11847 2.10704 2.09574 2.08458 2.07356 2.06267 &1 
2S 2.06267 2.05191 2.04128 2.030n 2.02039 2.01014 2.00000 GO 

30 2.00000 1.98998 1. ..... 1.97029 1.96062 1.95106 1.94160 59 
n 1.94160 1.93226 1.92302 1.91388 1.90485 1.89591 1.88709 58 
32 1.88708 U7834 1.86970 1.86116 1.85271 1.84435 1.83608 57 
33 1.83808 1.82790 1.81981 1.81180 1.80388 1.79604 1.78829 56 .. 1.78829 1.78062 l.mOl 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 .. 1.70130 1.69452 1.68782 1.68117 1.67460 1 ...... 1.66164 53 
37 1.66164 1.65526 1.64894 1.64268 1.63&48 1.63035 1.62427 52 
38 1.62427 1.61825 1.61229 1.60639 1.60054 1.59475 1.58902 51 .. 1.58902 U8333 1.5ml 1.57213 1.56681 1.56114 1.55572 50 .. 1.55572 1.55036 1.54504 1.539n 1.53455 1.52938 1.52425 .. 
41 1.52425 1.51918 1.51415 1.50916 1.50422 1A9933 1.49448 .. 
42 1A9448 1.48967 1.48491 lA8019 lA7551 1A7087 1A6628 47 
43 1A6628 1A6173 U5721 1.45274 1.44831 1.44391 1.43956 .. .. 1.43956 1.43524 1.43096 1.42672 1.42251 lAI835 1.41421 45 

• GO' 50' .. ' 30' 20' 10' 0' ! , 
• 
I SECANTS E • u 



006 

DECIMALS OF ONE DEGREE 

0" 10" J 20" 30" 40" SO" 

0 .00278 .00556 .1lO833 .01111 .01389 0 
1 .01667 .01944 .02222 .02500 .02778 .03006 1 
2 .03333 .03611 .04167 ,(14444 .04722 2 
3 .05000 .05278 .• 5833 .06111 .06389 3 
4 .06667 .06944 .07500 .• 7778 .08056 , 
5 .08333 .08611 .09167 .""44 .09722 5 • .10000 .10278 .10833 .11111 .11389 • 7 .11667 .11944 .12500 .12778 .13056 7 • .13333 .13611 .13889 .14167 .1_ .14m • , .1501X1 . 15278 .15556 .15833 .16111 .1"" , ,. .16667 .1 6944 .17222 .11500 .17778 .18056 , . 

n .18333 . 18611 .18889 .19167 .19444 .19722 n 
12 .20000 .21l278 .20556 .20833 .21111 12 
13 .21667 ~1944 .= .22506 .22778 13 
1A = .23611 ~ .24167 ~- 1A 
15 ~ .25278 .25556 ~5833 .26111 .( 15 
is .2<667 .26944 = ~7506 ~ , . 
17 = .26611 .211880 .29167 .29444 ~722 17 
11 .30000 .30278 .30556 .30833 .31111 .31389 11 

" .31667 ~1944 .32222 ~2500 .32m ~ " 20 = .33611 .33889 .34167 ~ ~722 20 
21 .35060 .35270 .35556 ~ .36111 ~ 21 
22 ..... 7 .36944 ~7222 ~7506 ~7778 .38056 22 
23 .38333 .38611 ...... .39167 .39444 .39722 23 , ..,.,. 
24 .40000 A0278 .'0556 •• 0833 .41111 .41389 " 2S .41667 .41944 .• 2222 .42500 .4zm .43056 25 , 000'" 
26 A3333 .4361t .43889 . 44167 ...... .44722 26 
27 •• 501XI .45278 .'5556 .45833 .46111 ."'" 27 • 000" 
21 ..... 7 .46944 .• 7222 A7500 .• 7778 .48056 21 , 00111 

" .48333 A8611 ...... .49167 .49444 .49722 " 30 .5OOO1l .50278 .50556 .51l833 .51111 .51389 30 
, .. ," 

31 .51667 ~1944 .52222 .52500 .52nS .53056 31 , 001 67 

" .53333 .53611 .53889 .M1 67 .54'" .54722 " " .SSOOO .55278 .55556 .55933 .56111 .5638' " , 00194 
U .56667 .56'" .57222 .57500 .57778 .53056 U 
35 .58333 .58611 ."'" .59167 ~9444 .59722 15 8 OOZZ2 ,. .60000 .60278 .60556 .51l833 .61111 .61389 " 37 .81667 .61944 .62222 .62500 .62778 .63056 37 • ""oo 

" .63333 .6361 T .83889 .64167 .S- ."722 31 
39 .65000 .65278 .65556 .65833 .66111 .66389 39 

40 ..... 7 .66944 .• 7222 .67500 .6777' .68056 " 41 .68333 .68611 .68889 .69167 .69444 .69722 41 
U .70000 .70278 .70556 .70833 .n111 .713.9 u 

" .n667 .n944 .72222 .72500 .72778 .73056 " .. .73333 . 73611 .73889 .741 67 .7_ .74722 ... 
" .7SOOO .75278 .75556 .75833 .76111 ."'" " .. .76667 .7_ .77222 .n500 .7T778 .78056 .. 
" .78333 .78611 .7 .... .79167 .711444 .19m " .. .80000 . 110278 .• 0556 .80833 .81111 ~"., .. .. .81667 . 81944 .82222 .82500 .82778 .8J()56 .. 
SO .83333 .83611 .83689 .84167 ...... .84722 50 
51 .85000 .85278 .85556 .85833 .86111 ...... 51 
52 ..... 7 ... 944 .,500 .87778 .88056 52 

" .88333 .88611 .89167 .89444 .89m " 54 .00000 .90270 .81l833 .91111 .91389 54 
55 .91667 .91944 .92506 .92778 .93056 55 

" .83333 .93611 .94167 .94444 .84722 " 57 .95000 .95278 .95556 .95833 .96111 ."'" 57 

" ..... 7 ...... .97222 .97500 .97778 .88056 " 59 .88333 .98611 .88889 .99167 .89444 .99722 59 
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DECIMAL OF AN INCH AND OF A FOOT 

Htl r l !il !~ J ,- FrKtIoM !.! ,.- •• ,-
• , .. :,. dl • ,: s! • " 

Ird ... f tol ~j ... lnell. '..t H· Ira ... f Mt H< 
- I .0052 ~ ."'52 ~~ 1.5052 :~ .7552 :~ .0104 .2fi04 .5104 .7604 

J« .Ol562S I} '1« .265625 ,., '" .515625 ." .'" .765625 :~ .D208 .271l8 ' )( .5"'" 6~ .n", 
.D2tiO " ~"" '" .5260 I' .mo ." 

'" .03125 " " .28125 '" % .53125 6~ % .78125 '" .0365 ~ .2985 l~ .5365 :~ .796' :~ .0417 .2917 .5417 .7917 

" .046875 I: .'" .296875 '" '" .546875 ." ." .796875 ." .952' .302' '" .5521 ." .802 • ." .0573 " • 3073 '" .5573 6" ... 73 ." 
liO .0625 " " .3125 '" 

,. .5625 6~ % .8125 9l( 
.1I6n ~ 

.31n "., .56n :~ ~m :~ .On9 .3229 ' )i , .sm m' 

" . 078125 
1" ." .328125 '" ... .578125 6" '" .828. 25 ." .0633 .3333 4 .563' 7 .8333 10 

.088S l Ji .3385 4" .588S 7" .6385 I 10" 

" .09375 l )i % .34375 4" ." .59315 7" % .84375 10}i 
.0990 ," .3400 :1} .5990 ;~ .8490 10 ~iii 
.1042 1)( .3542 .6042 ~2 10~ 

1« I .10937' 
1l: '" .359375 

: l: 
... .609375 ;~ '" .859315 1Ol: .11 46 .3846 .6148 .... 6 10 

.1198 ,,. .3696 4,. .6198 7,. .96" 10,. 

" .1250 

~a " .3750 4" " .6250 7" )i .8750 10" 
.1302 .3602 :1: .6302 7" .8602 10" 
.1354 .38S4 .6354 7" .8854 10li 

'" .140625 Hl '" 39062. ::: ." .640625 ;J! '" .890625 .:;: 
.1458 .'''' .6456 ~ ... 1 • 
.1510 ," .4010 4" .6510 '" .9010 10" 

" .15625 l )i '" .400.. 4)i % .6562' 7)i '" .9062' 1O)i 
.1615 ." .4115 4" .6815 '" .9115 10" 
.1667 2 Al67 5 .... 7 • .9187 " 'J« .mS7S l~ ... . 421875 l~ '" .SnS75 :~ ... .921875 "~ .1m Am .6771 .9271 

I " .1823 2" .4323 ." .6823 ." .'323 "" ,. .1875 2)( 11O .4375 5)( 'liO .667' m ." .9375 " )( 
.1927 l~ .4427 

l l: 
.6927 .9427 "~ .1979 .4419 .6979 .9479 " ." . 203125 ~~ ... .453125 l~ ." .703125 :~ 'J« .953125 "~ .2<l83 .4563 .71l83 .'563 11 

.2135 2" .4635 5" .7135 ." .963' "" U; .21875 2~ .!t> .46875 ." '" .71875 . ~ ... .96875 "" .2240 ll£ .4740 '" .7240 :1£ .9740 "1£ .2292 .4792 5)( .n92 .9792 ll
s
" 

." .234375 l~ ." .484375 ." """ 
.734375 :~ '" .984375 "n .2396 .4896 5)i .7396 .98" 11' 

.2448 '" .4948 ." .7448 ." .9948 "" )( .2500 , )i .5000 • )( .7500 , 1 1.0000 12 

I 
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_-:BIRMINGHAM WIRE AND U. S. STANDARD GAGES 

__ -'.~lrR~M~IN~G=H~A~Mi;;iW",,' R~E=--__ I!---,-U~N.'-.ITED STATES STANDARD 
THICkNESS 0... W_tht '* ~. TloIcIut-. lnell ... ..... 

110IIII 
000 

DO 
o , 
2 
3 

• , 
• 7 

• 9 
10 

11 
12 
13 

" 15 

" 17 

" 19 
20 

21 
22 
23 

" 25 

26 
27 
29 
29 
30 

31 
32 
33 
34 
35 

36 

""' .. ,-.... 
A25 , .. 
.340 

.00 

.284 
~59 

= = 
.203 
.'00 
.'65 
.148 
.'34 

.'20 

.1" 

."5 

.093 

. on 

.065 

.058 

.04' 

.042 

.035 

.032 

.029 

.025 

.022 

.020 

.018 

.016 

.014 

.013 

.012 

.010 

.009 

.008 

.007 

.005 

.004 

-"' , ... 
'%< 
' J>. 

" 'I" 
' %. 

'" ' J<. 
' ... 
~¥I 

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

" J<. 
%"i ... ... 
1<, 
1<, 
%. ... ", 
", ", ", %. ", 
%. 
%. 

11.532 
10.795 
9.652 
8.636 

7.620 
7.214 
6.579 
~04' , .... 
.. 56 
.~n 
4.191 
3.759 
3.404 

3.048 
2,769 
2A13 
2.108 
1.112 • 

1.651 
1A73 
1.24' 
U167 .... 
~13 
.711 
.63' 
M' 
.508 

A57 .• '" ... 
= 
.305 

~ .. 
= 
.203 
.178 
.127 

.102 

Blnnlnlf"-m W ire Gagel, • dimension &&Ie. 

N"...... SquaN FIIOI StMl "_'" 
Poundt, " .. , ~ Indl 

1 
2 
3 

• 5 , 
7 

• • 10 

11 
12 
13 
14 
15 

16 
17 
19 
19 
20 

21 
22 
23 

" 25 

26 
27 

" 29 
30 

31 

" 33 
34 
35 

36 
37 
38 
3. 

" " " " " 

IUS 
10.625 
10.00 
9.375 
8.75 

8.125 
7.5 
6.875 
625 
~625 

~OO 
4.375 
3.75 
3.125 
2.8125 

2.SO 
225 
2.00 
1.75 
UO 
1.375 
U5 
1.125 
1.00 
~75 

.75 

.6875 

.625 

.5625 
~ 

"75 
A0625 
." 
.34375 
.3125 

.28125 

.265625 

.25 

.234375 

.21875 

.2109375 

.203125 

.195312 

. 1875 

.2757 

.2604 

.2451 =. 

.2145 

.1991 

.1 '" 

.1685 

.1532 
• 1379 

.1225 

.1072 

.0919 

.0766 

.068' 

.0613 

.0551 

.0490 

.0429 

.0369 

.0337 

.0306 

.0276 

.0245 

.0214 

.0184 

.0169 

.0153 

.0138 

.0123 

.0107 
~100 
.0092 
.0054 
.oon 
.006 • 
.0065 
.0061 
.0051 
.0054 

.0052 

.OOSO I .0049 
~O .. 

II, 
' %. 

¥, 
' 0/" 
%, 

' %. 
1\, 

' %. 

'" ... 

The United Staw.St.andard Oa~ I ... """'t!:!:f&l'llll bued upon the weight.. pet' lIquanl loot. In 0UD0IlII 
• .,o1rd.upou. and appl(lximate t~ upon 489.6 pound.I per cubic foo$ lor ~I aDd 480 
~ per cubic roo~ for Iron. . 

H k dMlrablo that decimal or tracUooai tblckn_ be qleClftOO on ord_ for Ilat rolled producte. 
Whm Pf!O numben are specilled, orden are produced u follow.: 

I'late and Strlp----Binnlnllham W ire Oa«e deoclmal equivalent: 
SI".!Ilte-U. S. Standa.rd P laW! 0 &(18 docfru.al equh-alent l or steel . 



G age 
Num ber 

00000o 
00000 
0000 
000 

00 
o 
1 
2 
3 
4 , 
• 7 
8 , 

10 
12 
12 
13 
14 

I' 
10 
17 
18 
19 
20 
21 
22 
23 
24 
2' 
2G 
27 
28 
29 
30 
31 
32 
33 
34 
3S 
3G 
37 
38 .. 
40 

COMPARATIVE TABLE OF STANDARD GAGES 

.454 

.425 

.380 

.340 .... 

.284 

.259 

.238 

.220 

.20' 

.180 

.165 

.148 

.134 

.120 

.109 

.095 .... 

.072 

.065 

.058 

.04' 

.042 

.035 

.032 

.028 

.025 

.022 

.020 

.018 

.016 

.014 

.013 

.012 

.010 

.009 

.008 

.007 

.005 

.004 

I .In ,tan 

. . . . . .4900 . . .. .500 
.580000 .4615 .. .. .464 
.51 6500 .4305 .450 .432 
.460000 .3938 .400 AOO 
.409642 .3625 .360 .3n 
.364796 .3310 .330 .348 
.324861 .3065 .305 .324 
.289297 .2830 .285 .300 
.257627 .2S25 .265 .276 
.229423 .2437 .245 .252 
.204307 ... .2253 .225 .232 
.181940 ..2070 .205 .212 
.162023 .1920 .190 .192 
.144285 .1770 .175 .176 
.128490 .1620 .160 .160 
.114423 .1 483 .145 .144 
.101 897 .1350 .130 .128 
.090742 .1205 .1175 .116 
.080808 .1055 .105 .104 
.071962 .0915 .0925 .092 
.064084 .0800 .0806 .080 
.057068 .0720 .070 .072 
.050821 .0625 .061 .064 
.045257 .0540 .0525 .056 
.040303 .0475 .045 .048 
.035890 .0410 .040 .040 
.031961 .0348 .035 .036 
.028462 .03175 .031 .032 
.025346 .028a .028 .028 
.022572 .0258 .025 .024 
.020101 .0230 .0225 .022 
.017900 .0204 .020 .020 
.015941 .0181 ,018 .018 
.014195 .0173 .017 .0164 
.012641 .0162 .016 .0148 
.011257 .0150 .015 .0136 
.010025 .0140 .014 .0124 
.008928 .0132 .013 .0116 
.007950 .0128 .012 .0108 
.007080 .0118 .011 .0100 
.006305 .0104 .Oto .0092 
.005615 .0095 .0095 .0084 
.005000 .0090 .009 .0076 
.004453 .0085 .0085 .0068 

009 

.5000 

.4452 

.3964 

.3532 

.3147 
~804 
.2500 
.222' 
.1981 
.1764 
.1570 
.1398 
.1250 
.1 113 
.0991 
.0882 
.0785 
.0699 
.0625 
.0556 
.0495 
.0440 
.0392 
.0349 
.031 25 
.02782 
.02476 
.02204 
.01961 
.01745 
.015625 
.0139 
.0123 
.0110 
.0098 
.0087 
.oon 
.0069 
.0061 
.0054 
.0048 .003965 :!i~ .008 .0060 

.003531 ~.0075 .0052 

.~1~ ~~""~~OC 
, ~ " . "ro'~' 

u. , PloW' • ,~""" , ,,, ."",. 
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U. S. Standard G.... . . .. eQulvalent thlckneelleB In Inch.,., w eights .. 
Unit 51....... . ......... fo r various materlalll...... . .....••.•. 
Unl n r •• l MlIl Pl. t ....... . .. extreme abes •.••••.•.... 
Up"",,, 8t:.e ... E nd • •.••...••• .llQuar e and round bars. 

V. t tlcal D.tloetlon •..•••.••• fonnula and table of coemclonU! .. •• . •.... " .... . ........ . 
notee 

VertIcal Shu t • . .••..•• . .•• tormula~ 
Volume . nd Surface.. . .• .sollds 

W Side Pla te ~eetlon. .. proi'ijle and elemenUl .. 
Web R ... i_teneH . • CB sec tions, standard beams and channels .... 
War . hOA... ...•. .. weighh of various material •. 
Web Spike •..•••.••....•..• plate glrder8 •.••... 
W elr hu ... . ................ tlat rolled IIteei. .•............ 

ilCctione ....•. 

435-439 
11S-121 , 

m 
HO,Hl 
601)....505 
4Z0-4Z4 
376-379 

". 
H2-444 

98,99 
3H,345 

182, 183 
>0. 
m 

418, 479 

" 185-191 
358, 359 
271, 21~ 
lOS-Wi , 

We!a-hU a nd Meuu..,. 
Weldod Fabric. 

method of Increasing tor rolled 
r ectangula r sec tions . 
~qUare and round bars . 
"arlou8 ~ubatances ....... . 

.Metrle and U. S. equl\·alents •..•... 

. ...•• 108, 110, 112, 114 
116,117 
HO.Hl 
446-4.67 

W ind Load •. . 
Wlu Ga .. e •... 
Wooden Bam •• 

... SIZM Bnd weights.. . ..•..•.. •• .•. 
... ... bulldlng code requlremenh. formula. .. " . .... 
. . . . • various standard gagOB . . •••••...••.• , .......••.• 

Colamno .. . see timber, s tructuraL... . .....•..••.••• " .•••...•. 

z.. .......... .......... . .. allowable uniform loade. 
proHloe, elements and dlmen&ions ....•• • .••.• . •...•••••••• 

416,417 
357,418 
508, 509 
426-4.39 

'" 10,71 
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PRINCIPAL SUBSIDIARY MANUFACTURING COMPANIES OF 

UNITED STATES STEEL CORPORATION 

CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittaburgb, Pa. Chieaa:n, III 

C B Seetione 
Structural Shapee 
Plsu. 

ROLLED, FORGED. AND CAST STEEL PRODUCTS 

GEO Track Material 
Splice B~rll 

B~ 
Concrete Reinforcelll(!Dt Bare 
Hats 
Slack Barrel Hoop 
Strip 
Column BUll Plates 
Floor Plate!! 
1-8eam-Lok Floor Construction 
1'-Tri-Lok f.-loor Construction 
Steel Sheet Piling 
CBP Dearing Pile. 
Steel Mine Timbera 
Rll.illl, Heavy and Light 

Tie Plate. 
Track Bolla 
Track Spikee 
CrOllS TiCli 
Axles and Forginp 
Wheels, Cu IlDd Locomotive 
Pig Iron 
Billeta 
Ferro-Manganeee 
Cok, 
Coke Dy-Produete 
Alloy Steek 
US S Bulinl_ IUld 

lIeat-Rcsiating Steds 
US S High Tensilo Steelll 

8 11EE'J' AND TIN MILL PRODUCTS 

Black Sheete
Box Anoealed 
Blue Annealed 
Cold Rolled 

Strip Steel 
Hot Rolled 
Cold Rolled 

Special Sheet. 
E1eetrieal Sheeta 
Automobile Sheela 
Metal Furniture 
Vitreou. Enameling 
U S S St.&inIC88 and 

Heat Resisting Sted Sheet. 
US S High TeIl3ile Steel Sheet. 
BluedSh~ 

Keystone-Wellsville Poliehed 
Blued Swve Pipe Stock 

Long Terne Sheeta 
American GlIlvannealed Sbeetl 
Gal\"aniled Sheeta-

American ZiDe Coated 
Apollo BHt Bloom 
Apollo-Key8tone 

Corrugated Sheets 
Formed Roofing and Siding Producta 

Bright Tin Pla~ 
Ameriean Cokes 
Amcrican Charcoals 

Terne Plate.
American TernH 
Ameriean Old Style Terne. 
U, S. Eagle Ternes 
Fire Door Ternee 
Keystone Long and Short Ternes 

Tin Mill Black 

LORAIN DIVISION 
JolimtoWll, Pa. 

Special Track Work and ACCl'MOrit'. 
Girder Raila 
Induatrial and Mine CaJ1l 
Coal CoD.\'eyolli 
Mine Jacks 

Forged Steel Grinding Ballll 
Carbon Stool Castings 
ManganC116 Steel Clilltinga 
Alloy Steel CaWngs 
Grey Iron Ca.sting~ 
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PRINCIPAL SUBSIDIARY MANUFACTURING COMPANIES OF 

UNITED STATES STEEL CORPORATION-CoNTINUED 

COLUMBIA STEEL COMPANY 

General OfIicee: nUll Building, San FrlUlcillOO, Cal. 

HOLum AND CAST STEEL PRODUCTS 

Structural Shapes 

BAnI and Small Shapea 

Coll~te Reinforcement Bu. 

Banda under M" 
Tie Plates 

Sheeta-

Black 

Blue Annealed 

Gah'aniwd 

Cold Rolleu 

eool eo .. 

Wire-

Manufaeturefll Wi"", 

Plain or G&lvanised 

_~b<d 

Spring 

Wire Naila 

Wire Felloo 

Wire Rope 

Wire Rode 

Swe! CMtinga 

Coke By-Producu 

AIIIO distributon for Pacific Coast territory of productl of 
all ~bllid.iary manufacturing companiell of United Statcl Steel Corporalioo 

TE:s'NESSEE COAL, IRON AND RAILROAD COMPANY 

GenoralOffices: Dro,,'n· l\!arx Building, Birmingham, ,\\11. 

ROI.u:n. FORGF.D AND DRAWN ST E1:L PRODUCTS 

Structural Shapes 

Platee 

D~ 

Small Shapes 

lIot Rolled Strip 

Cotton TifJI 

Bridges 

Buildings 

Viaducta 

Sub~.y Structures 

Ferry Aproru 

Ore Docb 

A.-dell Sheet_ 

Forginp 1I0t Rolled 

""'" lIot Rolled Annealed 

RaiJ Aeoeeeoriee Galvanized 

Semi-Finished Material Wire and Wire Producta 

Pig Iron 

AMER ICAN BRIDGE COMPANY 

General Office.: Frick Building, Pittsburgh, I'll.. 

STEEL STRUCTU RES OF ALL CLASSF.8 

D.~ Towers 

Cnwl!! Runway. Polee 

Buckle Platal SutrStationa 

_"IS T~b 

"0", Eyebar'. 

Turntablllll Electric FurIlaCell (HerouIt) 



PRINCIPAL SUBSIDIARY MANUFACTURI NG COMPANIES OF 

UNITED STATES STEEL CORPORATION-CONTlNUED 

AMERICAN STEEL AND WIRE COMPANY 

GenenJ Offioea: 208 South La Salle Street, Chicago, Dl. 

WIRE AND WlRE I'RODUCTS 

Aeria l Tr&m"aYI Nettin, TKb 
Bale TiN Piano Wire Telegraph Wire 

Barbed Wire Plain Wire Telephone Wire 

Cold Rolled Strip Steel Rail Bond. Trolley Wire 

Concrete Reinforcement Sere. Stock Welding Wire 

Electrical WirN Spikf:. Wire Fabrio 

F1at Wire Spriop Wire Fence 

Roo,. Steel Gatel Wire Rope 

Manwaeturing Wirea Steel Poetl Wire ror Manwaeturing Purpoeta 
Nait. S .... d U S S St&inlea. and 

Heat Resiating Steet. 

THE CANADIAN BRIDGE COMPANY, LTD. 

GeneralOffieea: Walkerville, Ontuio, c...n.ada 
STEEL STRUCTURES OP ALL CLASSES 

Railway Bridgee 

Highway Brid~ 

Ferry Aprona 

Mill Buildingll 

Office Buildinga 

Oil Storace Taokl 

PoIM, Galvaniud 
Radio Maste, Galvanised 

Towel1l, Galvanised 

Turntablee 

CYCLONE FENCE COltIPANY 
General Offices: Waukegan, 111. 

ORNAMENTAL AND PROTECTIVE PENCE 

Chain Link IToteeth"tl Fence 

Chain Link Road Guard 

Omamentallron Fence 

Ornamental Lawn Fenoe 

Chain Link Conveyor Belting 

Screen Cloth 
Hardware Cloth 

WO\'en Wire Part.il.iooa 

Wire 8118kete (Ruhbish Burnett) 

FEDERAL SHIPBUILDING AND DRY DOCK COMPANY 

GeneralOfficea: Lincoln Highway, Kearny, N. J. 

S IUPS AND STEEL PABRICATION 

Buildera aDd Repairel1l of
Merchant Ship!! 

Barges, Dredges, Lightel1l 

Heavy Machine Work 

Steel Fabrication 
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PRINCIPAL SUBSIDIARY MANUFACTURING COMPANIES OF 

UNITED STATES STEEL CORPORATION-CONCLUDED 

NATIONAL TUBE COMPANY 

General Offices: Frick Building, Pittsburgh, Pa. 

WELDED AND SEAMLESS STEEL TUBULAR PRODUCTS 

Standard Pipe 

Copper Steel Pipe 

Line Pipe, Camug 

Oil Well Tubing 

Drive Pipe 

Rotary Drill Pipe 

Galvanbed Pipe 

Special Dipped And Coated Pipe 

Durolioe (cement lined) Pipe 

Boiler TubeB 
Seamlelll },Ieeha.n.ieal Tubing 

Airerart Tubing 

SeamleM Alloy Tubing 

Trolley Poles, Line Polet 

Cylindefll, Seamless Couplings 

US S Stainless and 

Heat Resiating Pipes and Tubes 

OIL WELL SUPPLY COMPANY 

General Oftices: Dallllll, Texaa 

OIL FIELD DRILLING AND PUMPING MACmNERl AND AUXILIARY EQUIPMENT 

"OrLWELL", "IIiPERIAL", "WIl.80N-SNYDEK" A."O "EIll£ BALL" PRODUCTS 

General Machine Products 

Drop and Light Hammer Forgings 

Steel and Iron Clllltinga 

Erie Ball Steam Enginee 

Loc<Jmotive Type Boiler" 

Swaged Nipples and Bull Plugs 

Special Fittings 

Wil&on-Snyder Pumping Machinery 

UNIVERSAL ATLAS CEMENT COMPANY 

General Offices: 208 South La Salle St., Chicago, Ill. 

Atlllll Portland Cement 

Univeraa1 Portland Cement 

Atlas Whi~ Portland Cement 

Atlas Lumnite 

AtilUl Waterproofed White Portland Cement 
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CARNEGIE·ILLINOIS STEEL CORPORATION 
Ganenl 0.,... PlltlIbu ' lI:h, P .o ..•...••..•......••••.•....•••.•.... Carnesl. Bulldln; 

TENNESSEE COAL. IRON AND RAILROAD COMPANY 
C.nual om.: ... , Dl rml~h.m, AI •. . .... . . .. .... ...•.. Brown-Ma,.,. Duildlllll' 

DISTRICT AND SUB·OFFICES: 
Bl.m'n, ha m. .. . . .•. . .•... Brown_Man Buildin", 2000 F int Avenu~ Nortb 

New Orleans. La.. . . . • . ••• . •• . • . . . . . ... Maison Ulanche, 921 Cana l Stre.t 

il<NIton.. .. _,_ .............. Slatler om~" Uuiidin". 20 Providence 81..-
lIattford, Conn ..••••.•..••..•.•. .. .... 31 Fairmont- Str""~ (Wethen6eld) 

Chl .......................... . ................... . ...... . . 208 South L:> Sail .. Street 

Clnelnnatl. ....•. _, ..•••.••.•..••.... Union TruAt Building. Fourth and Walnut Stret'tll 
Columbus, Ohio •.....•••.••.. American IMuran.e Union Citlldel, 50 West Dread St. 
Lcxin!!'ton, Ky... ..... . .••.. . ... 4CO NO)rth Bn)3dway 
Louiavllle, Ky..... ..••••.•.... . .•.•• (528 W .. t Droadwa, 

Cluel. nd. . ...••••••..••.••••.• Rockefdler Bundinlr. 614 SuperiO)r Avenue. N. W. 
Iluffalo. N. Y .•......••....• , ..•. Liberty Bank Buildin!!" 42( Main Street 

Den v" •. ..•.. , . 

Det ... it. 
Toledo, Ohio. 

., ••• . , .••.. Fint National Bank Buildin!!" 17th and Stout Slreet. 

.., ..• , ..• ,..... . ..• .. ...•.. General Moto .. Buildin" 
. .• " •••• , • . •. ,. Toledo Club, 14th Street and Mad;"'n Avenue 

H"llIlon .•... , ..• " .................. ,' •.. , .. . . ...... .. Petrel""m Buildih!!, 
Dan" • • Tex ... " ••••.. " ..... . . .. .. .... 703 Praetorian Buildin" 

India napo li •. 

.Iolil .... uku ..•.. 

.. . ,.' .Cha",ber of Comm"",e BId" .• 320 NO). M .... ldlan St. 

. ... Danke .. Building. 208 Ea.t Wiscon.!n Avenue 

Se ... y ork .•...•.•••..• , •. ,', •• ,.,. . .... ,...... . ............. 71 Broadwa y 
Albany. N. Y •..••.• ,.,... ." ••• , •• , •••.•••• , •• , •••• .. • 90 Stale Str~t 

Phnaddph ia .•...•..• " ••..• ,. ,Broad Street Station Buildinsr, 1611 Penn.,I"ania Blvd. 

Pitt. barICh . . ..• , •••.••.• ,' •••.•.•.••... Carnet'le BulldlnlC, dl Fifth Avenue 
Blueftdd. W. Va., . ..... .., .•• ,.. .2129 Jeff",.,..,n Street 
Park<'r.burIC, W. Va,., .. ,.... . ... 181.5 Wa. MngIDn Avenue 
Wa r",h, Pa. 
YounplOwn, O. 

81, LoaJ.. .... . MlulNlppl 

.. 208 Conewango A ... enue 
.. Union Nationa! Rank Buildin&" 

Vell..,. Troll Buildin&" 506 Olive Str..,t 
.. ' . 1410 Fidelity Bank Buildin&' 

.. ,. 1905 Philtower Buildin&" 
Kan ... City, Mo .•.. , ... , •• ,., 
Tulsa. Okla.. . .• , ••. , •.. . 

SI. P a ul. .E Ja08 First National Dank BulldlnlC, Ul Robert Street 
Duluth, Minn....... .. . ... ..•.. .. W"lvin BuildinlC. 227 West First Street 
Minn, .. polia, Minn, . . .•.•. Security lluildinr, 401"""11 Second A."nue South 

W .. hlnrto n ... .(05 Ameri.an Security Bld&". 15th St. " Pen,..yl"nia A.e. 

LORAIN DIVISION 
AII.nt. .... . , ... , .• "., ... . . . ......... . 
Chlu .. o . . 
Clu.t.nd . .•. , •.•.•. • • . •. 

., .• ,Tm.t Company of G«>rsria Bulldlhl" 
.208 South La Salle Str~ 

. •. Rocker~ller lJuildinr. 614 Superior A?enue, N. W. 
PhlJadelpbia, •.•••. • • " •• , ••... Broad Street. Station Ilulldinll:. 1611 P.nn.yl~.ni,. Blvd . 
P tU . b" r .. h. .....•... • Frlck Buildinr 
S .... york ..•...• , . . . .. .... , . Empi", State Build in!!,. 3M Firth A .... nu" 

COLUMBIA STEEL COMPANY 
San Franc i""o.,. 
Lo. Anre le •.• ... 
P orlland .. , ............... . , •.. 
S.II Lake Cit,.,., ........ , .. 

Ru .. BuildinlC, 235 Montll:Omery Street 
.2087 F",.t Slauson Avenue 

...... " .••.. 2346 N. W. NiC(llai Street 
. ..•.. Walker Rank lluildinr 

Suttle." •.••••••.•.•••.• ,." •.••••• , •..• Fourth Avenue South and Connectieut Street 

EX PORTERS OF THEIR PRODUCTS 

UNITED STATES STEEL PRODUCTS COMPANY 
Se ... York. .lIudaon Termin.l BuiM;n::. 31 Chu""h Street 
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