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PREFACE. 

Two years have elapsed since the Ninth Ed'ition of 

this book was issued. During this time the contents 

have been thoroughly revised and much new matter 

added. A number of new sections will be found in the 

lists, especially large beams and angles. 

The text and tables have, as in former editions, been 

very carefully prepared under the supervision of }\fr. 

James Christie, and we trust may be of value to all 

who have occasion to use the products of the Pencoyd 

Iron Works. 

A. & P. ROBERTS COMPANY. 

PENCOYD, P A., February 16, 1898. 
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Rolled Shapes of Steel. 

PART 1. 

TABLES OF DIMENSIONS . 

TilE lithographs and following tables give the principal 

dimensions of the standard shapes of structural steel rolled 

at rencoyd. 

Beams and channels are rolled of the sizes and weights 

gil'en in the lithographs and tables. The weights vary for 

the larger sizes uy 5 pounds per lineal foot and 2~ pounds 
for the smaller sizes as low as 4 inches. The standard sec

lions of beams and channels have a uniform fiallge bevel of 

2 inches to thc foot. 

Angles can be rolled of any thickness between minimum 

and maximum. 'Weights corresponding to the principal 

intermediate thicknesses arc given in tables on pages 8, to 

11 and 13. The legs of angles may increase slightly in length 

as the thickness increases. This sometimes causes angles of 

heavy sections to vary from the calculated weights. There

fore orders should specify either the desired thickness or 

weight pel' foot, but not both. 

Tee sections cannot be altered from the standards as given 

in tables and lithographs. 

The weights ofal! rolled sections are for steel only, which 

is now the exclusive product of these works, The tables are 

all calculated on a basis of 48D.6 pounds per cubic foot, or 

3.4 timps the sectional area in square inches equals the 

weight of rolled material in pounds pel' lineal foot. 



Section Si::e 1I'eig/tt 
]{um,- oj Pounds 
ber. Beam. Io~~. 
-- -- --
240B 24 SO.O 
241B 24 85.0 
242B 24 90.0 
243B 24 95.0 
244B 24 100.0 

200B 20 65.0 
2018 20 70.0 
202B 20 75.0 
203B 20 SO.O 

204B 20 85.0 
2058 20 90.0 
206B 20 95.0 
207B 20 100.0 

ISO 8 18 55.0 
181B 18 60.0 
182B 18 65.0 
183B 18 70.0 

184B 18 75.0 
185B 18 SO.O 
186B 18 85.0 
187B 18 90.0 

150B 15 42.0 
151B 15 45.0 
152B 15 SO.O 
153B 15 55.0 

154B 15 60.0 
155B 15 65.0 
156B 15 70.0 
157B 15 75.0 
1588 15 SO.O 

PENCOYD BEAMS. 

Bevel of flange 2 inches 
per foot. 

I 
k-----

Dimensions in incbes. 

IE. Area 
oj TV. F. Co 

Section. 
O. 

- - - -- - - ----
23.53 .SO 7.00 1.14 , .60 4.SO 
25.00 .56 7.06 1.14 .60 4.SO 
26.47 .56 7.42 11.21 1.64 4.SO 
27.92 .62 7.48 1.21 .64 4.SO 
29.42 .68 7.54

1

1.21 .64 4.SO 

19.12 .SO 6.25 1.03 .55 4.00 
20.59 .56 6.31 1.03 .55 4.00 
22.06 .64 6.39 

1.
03

1.
55 4.00 

23.53 .63 6.75 1.12 .61 4.25 

25.00 .70 6.82 1.12 .61 4.25 
26.47 .78 6.90 1.12 .61 4.25 
27.94 .74 7.24 

1.
25

1.
68 4.SO 

29.41 .81 7.31 1.25 .68 4.SO 

16.18 .46 6.00 .92 .46 3.75 
17.65 .54 6.08 .92 .46 3.75 
19.12 .63 6.17 .92 .46 3.75 
20.59 .63 6.SO 1.01 .52 4.00 

22.06 .71 6.58 1.01 .52 4.00 
23.53 .79 6.66 1.01 .52 4.00 
25.00 .74 7.00 1.16 .61 4.SO 
26.47 .82 7.08 1.16 .61 4.SO 

12.35 .41 5.50 .83 .41 3.25 
13.23 .45 5.54 .83 .41 3.25 
14.70 .48 5.82 .90 .46 3.SO 
16.18 .58 5.92 .90 .46 3.SO 

17.65 .55 6.17 1.04 .57 3.75 
19.12 .65 6.27 1.04 .57 3.75 
20.58 .63 6.43 1.17 .69 4.00 
22.06 ~73 6.53 1.17 .69 4.00 
23.53 .83 6.63 1.17 .69 4.00 

2 

-

R. flL I T. 

- ---
.81 20.70 
.81 20.70 
.88 . 20.48 
.89 2D.48 
.89 2D.48 

.74 16.92 

.74 16.92 

.75 16.92 

.82 16.52 

.82 16.52 

.83 16.52 

.92 15.86 

.93 15.86 

3f4 .65 15.19 
.65 15.19 

to .66 15.19 
.73 14.76 

~8 .74 14.76 
.74 14.76 
.83 14.04 
.84 14.04 

.60 12.47 

.60 12.47 

.65 12.21 

.66 12.21 

.77 11.82 

.78 11.82 

.89 11.41 

.90 11.41 

.91 11.41 
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Section Size 

Weighl 

ltll/1i,· of Pounds 
per 

ber. Beam . Foot. 
- - ----

> 
120B 12 31.5 
121B 12 35.0 
122B 12 40.0 
123B 12 45.0 
124B 12 50.0 
125B 12 55.0 
126B 12 60.0 
127B 12 65.0 

100B 10 25.0 
101B 10 30.0 
102B 10 35.0 
103B 10 40.0 

90B 9 21.0 
91B 9 25.0 
92B 9 30.0 
93B 9 35.0 

SOB 8 18.0 
81B 8 20.5 
82B 8 23.0 
83B 8 25.5 

PENCOYD BEAMS. 

Bevel of flange 2 inches 
per fuot. 

~J-"i 
.. " .\1' .. - .......... - ... - " " "'cj) 

: : 
i ;lx : 

~'-""""--""l' ............. . ---)(. ", v •••••• ..Y. 

Dimensions in inches. 

-

~I E. A,'ea 
of IV, F. O. R. M. 

Section 

-- - --

9.26 .35 5.00 .74 .35 3.00 34 to ~8 .52 
10.29 .42 5.07 .74 .35 3.00 34 tO~8 .52 
11.76 .42 5.25 . 88 .48 3.25 '%, to 7/8 .65 
13.23 .54 5.37 .88 .48 3.25 34 to 7/8 .66 
14.70 .55 5.68 . 98 .56 3.50 34 tO~8 .74 
16.18 .56 5.75 1.10 .67 3.50 34 to 7/8 .86 
17.65 .68 5.87 1.10 .67 3.50 34 tO~8 .87 
19.12 .80 5.99 1.10 .67 3.50 a4 to ~8 .88 

7.35 .31 4.66 .67 .31 2.75 ~ .47 
8.82 .44 4.79 .67 .31 2.75 3'4 .48 

10.29 .44 5.00 .81 .43 3.00 '4 .60 
11.76 .59 5.15 .81 .43 3.00 34 .61 

6.18 .29 4.33 .63 .29 2.50 34 .44 
7.35 .39 4 .. 43 .63 .29 2.50 '-'14 .45 
8.82 .56 4.60 .63 .29 2.75 34 .45 

10.29 .72 4.76 .63 .29 2.75 a4 .46 

5.29 .27 4.00 .58 .27 2.25 34 .42 
6.03 .34 4.07 .58 .27 2.25 '-'14 .42 
6.76 .41 4.17 .58 .27 2.50 34 .41 
7.50 .53 4.26 .58 .27 2.50 :.14 .42 

I 
3 

-
T. 

9.7 6 
6 

35 
9.7 
9 . 
9.35 
9 . 04 
8.68 
8.68 
8.68 

7.96 
7.96 
7.47 
7.47 

7.09 
7.09 
7.09 
7.09 

6.21 
6.21 
6.21 
6.21 
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PENCOYD BEAMS. 

It-~ 

r
ilj 

-"'----
jE! 

Bevel of flange 2 inches 
I per fuot_ 
I ' -"~ -~J---f ! 

.P j----- ____ ___ ___ ____ . ___ . _____ =-t.~r----- ------------- -------<1> 
I k----------------l'-------------J-· .~,;, ____ oj I 
! 
),:--_ ... 

Dimensions in inches. 

--= 
8pc1i01' 8i=e nei.?hl

l 
A1'1-' -,- / E. , 

1 

-

1 fl~ ' Nil 11/- of Pounds of ll, F. C. O. R. T. 
be,.. I Beam.! J>'::;I. Section. 
---- ------ -- -- -

708 I 7 15.0 

1 

4.41 .25 3.66 .53 .25 2.00 3~ .39 5.34 
7113 7 17.5 5.15 .34 3.75 .53 .25 <l.00 :3 .39 5.34 '4 
7213 7 20.0 5.88 .45 3.86 .53 .25 2.25 3 TM '4 

608 6 12.25 3.60
1

.23 3'.33 .49 .23 / 1.75 °ls .36 4.46 
6113 6 14.75 4.34 .34 3.44 .49 .23 1.75 o/s .37 4.46 
6213 6 17.25 5.07

1

.46 3.56 .49 .23 2.00 98 .36 4.46 

508 5 9.75 2.87 .21 3.00 .44 .21 11.75 5/S .31 1 3.59 
5113 5 12.25 3.60 .34 3.13 .44 .21 1.75 5fs .32 3.59 
5213 5 14.75 4.34 .49 3.28 .44 .21 2.00 518 .32 3.59 

408 4 

I 
7.50 2.20 / .19 2.66 .40 .19 11.50 l,{2 .29 1 2.72 

418 4 8.50 2.50 .24 2.71 .40 .19 1.50 ]2 .29 2.72 
428 4 9.50 2.79 .32 2.79 .40 .19 1.75 1" .28 2.72 
4313 4 10.50 3.09 _39 12.86 .40 .19

1

1.75 1~ .28

1

2.72 

308 3 5.50 1.62 .17 2.33 .35 .17 1.25 ~ .26 1.85 
318 3 6_50 1.91 .24 2.40 .35 .17 1.25 .27 1.85 
3213 3 7.50 2.20 .34 2.50 .35 .17

1

1.50 I 1~2 .25 1 1.85 

6313 6 32.3 9.49 _50 4.88 .87 .50 3.00

1

% to 341.66 1 3.00 
to to 

37.4 10.99 

678 6 41.0 1~~6 1 ·63 1 5.25 1.06 _62 13.25 134 to ~8 1 .81 1 2.60 to 
46.1 13.56 



PENCOYD CHANNELS. 

!E.\ I l 
1Ii--.}I Bevel of flange 2 inches : MI 

r--~! : per foot. ~r--1 
f! ! j. ' '''R F I C·_-'-r, --!---" 15 ~_ .. ______ m_;:' ____________ j ~_~j 

I , 

~c.1 
Dimensions in inches. 

Section Size Weight Area 
Num- oj Pounds oj 11': F. C. E. O. R. lJL T. 

beT. Chan- p er Section. net. Foot. 
- - - - -- --- ---- - -- -- - --

150C 15 33.0 9.70 .40 3.40 .90 .40 2.00 34 to % .63 12.35 
15lC 15 35 •. 0 10.29 .42 3.42 .90 .4t! 2.00 34 to 7;8 .64 12.35 
152C 15 40.0 11.76 .52 3.52 .90 .40 2.13 34 to 7;8 .63 12.35 
153C 15 45.0 13.23 .62 3.62 .90 .40 2.25 34 to 7/8 .63 12.35 
154C 15 ,50.0 14.70 .63 4.00 1.05 .49 2.50 34 to 7;8 .74 11.89 
155C 15 55.0 16.18 .72 4.09 1.05 .49 2.63 34 to 7;8 .73 11.89 

120C 12 20.5 6.03 .28 2.94 .72 .28 1.75 34 .48 9.91 
121C 12 25.0 7.35 .39 3.05 .72 .28 1.88 "4 .47 9.91 
122C 12 30.0 8.82 .51 3.17 .72 .28 2.00 34 .47 9.91 
123C 12 35 .0 10.29 .50 3.50 .95 .45 2.00 "4 to 7/8 .70 9.17 
124C 12 40.0 11.76 .62 3.62 .95 .45 2.13 "4 to 7/8 .70 9.17 

100C 10 15.0 4.41 .24 2.60 .63 .24 1.50 34 .42 8.16 
101C 10 20.0 5.88 .38 2.74 .63 .24 1.63 34 .42 8.16 
102C JO 25.0 7.35 .45 2.91 .76 .36 1.75 34 to 7;8 .55 7.68 
103C 10 30.0 8.82 .60 3.06 .76 .36 1.88 %t0 7/8 .55 7.68 
104C 10 35.0 10.29 .75 3.21 .76 .36 2.00 "4 to 7;8 .56 7.68 

90C 9 13.25 3.90 .23 2.43 .60 .23 1.38 34 .41 7.25 
91C 9 15.00 4.41 .28 2.48 .60 .23 1.38 % .42 7.25 
92C 9 20.00 5.88 .38 2.72 .71 .32 1.50 "4 .52 6.87 
93C 9 25.00 7.35 .54 2.88 .71 .32 1.63 "4 .53 6.87 

128C 12 20.5 6.03 .28 2.61 .73 .34 1.50 34 .53 9.49 
(0 to to to 

12 32.0 9.41 .56 2.89 .73 .34 1.75 "4 .53 9.49 



PENCOYD CHANNELS. 

ill.l 
l'-", I Bevel of flange 2 inches ! Ml 

per foot. t---, 

J-h 
I L--'(~" 

I
, k ~-.. -- -------p, -----------fF -"--; 
i.w. . __ J 

"'--}C~ 
Dimensions in inches. 

S. Size Weight I I ;.(,;~~' of Pounds A;r w: F. 0. E. O. R. M. T. 
bel". C~~t p~":t. &ction.· . 

--- ----- --- ----
80C 8 
81C 8 
82C 8 
83C 8 
84C 8 

70C 7 
71C 7 
72C 7 
73C 7 
74C 7 

60C 6 
61C 6 
62C 6 
63C 6 

50C 5 
51C 5 
52C 5 

40C 4 
41C 4 
42C 4 

30C 3 
31C 3 
32C 3 

11.25 3.31 .22 2.26 .56 .22 1.25 
13.75 4.04 .30 2.34 .56 .22 1.38 
16.25 4.78 .33 2.55 .65 .28 1.50 
18.75 5.51 .42 2.64 .65 .28 1.50 
21.25 6.25 .52 2.74 .65 .28 1.56 

.38 6.34 

.38 6.34 

.46 6.06 

.47 6.06 

.48 6.06 

9.75 2.87 .21 2.09 .52 .21 1.13 543 .37 5.43 
12.25 3.80 · .31 2.19 .52 .21 1.25 543 .37 5.43 
14.75 4.34 .36 2.46 .60 .25 1.50 543 to 34.41 5.21 
17.25 5.07 .46 2.56 .60 .25 1.50 543 to 34.43 5.21 
19.75 5.81 .57 2.67 .60 .25 1.63 5fs to act .42 5.21 

8.00 2.35 .20 1.92 .49 .20 1.06 ~ .35 4.52 
10.50 3.09 .27 2.14 .53 .22 1.25 ~ to 5fs .37 4.39 
13.00 3.82 .40 2.27 .53 .22 1.38 ~ to 5/S .37 4.39 
15.50 4.56 .52 2.39 .53 .22 1.50 ~ to 6;s .37 4.39 

6.50 1.91 .19 1.75 .45 .19 1.06 
9.00 2.65 .32 1.88 .45 .19 1.19 

11.50 3.38 .47 2.03 .45 .19 1.31 

5.25 1.54 .18 1.58 .41 .18 0.94 
6.25 1.84 .24 1.64 .41 .18 1.00 
7.25 2.13 .32 1.72 .41 .18 1.06 

4.00 1.18 .17 1.41 .38 .17 0.81 
5.00 1.47 .25 1.49 .38 .17 0.88 
6.00 1.76 .35 1.59 .38 .17 1.00 

For 2X", 2" and 1%" channels, see plate 18. 

.31 3.61 

.31 3.61 

.31 3.61 

.29 2.70 

.29 2.70 

.29 2.70 

.27 1.79 

.27 1.79 

.27 1.79 



PENCOYD Z BARS . 

.:; ti Actual Size in Inches jor a ~ " ~ ~~ ~ 
~ .c ~..j 
~ 

" VariaUo1l> of l & Inch in " ~~"Ij"lj 
il5 ~ 'Thickness. ~ti ~"g ';"i§...; 

" ,,-'" "" "Ij ~cc 

.~ " .~~ ;;;,~ ~ .~ ~~~ 
~ 

~ ~.~ b ~t..~ " Flange. lVeb. Flange. Thick- ~ 
tl5 ness . "1 ~~~~ 

- ----- --------._--
3 30Z 2.62 3.00 2.62 .25 1.94 6.60 } 3 31Z 2.69 3.06 2.69 .31 2.44 8.29 .037 
3 32Z 2.75 3.12 2.75 .37 2.94 10.00 

3 33Z 2.66 3.00 2.66 .44 3.25 11.15 } 3 34Z 2.69 3.03 2.69 .47 3.51 11.93 .039 
3 35Z 2.72 3.06 2.72 .50 3.75 12.75 

4 40Z 2.87 4.00 2.87 .25 2.32 7.88 } 4 41Z 2.94 4.06 2.94 .31 2.91 9.89 .031 
4 42Z 3.00 4.12 3.00 .37 3.52 11.90 

4 43Z 2.97 4.00 2.97 .44 3.96 13.46 } 4 44Z 3.03 4.06 3.03 .50 4.56 15.50 .031 
4 45Z 3.09 4.12 3.09 .56 5.16 17.54 

4 46Z 3.06 4.00 3.06 .62 5.55 18.80 } 4 47Z 3.12 4.06 3.12 .68 6.14 20.87 .030 
4 

1 
48Z 3.19 4.12 3.19 .75 6.75 22.95 

5 50Z 8.19 5.00 3.19 .31 3.36 11.42 } 5 51Z 3.25 5.06 3.25 .37 4.05 13.77 .026 
5 52Z 3.31 5.12 3.31 .44 4.75 16.15 

5 53Z 3.22 5.00 3.22 .50 5.23 17.78 } 5 54Z 3.28 5.06 3.28 .56 5.91 20.09 .027 
5 55Z 3.34 5.12 3.34 .62 6.60 22.44 

5 56Z 3.25 5.00 3.25 .68 6.96 23.66 } .027 5 57Z 3.31 5.06 3.31 .75 7.64 25.97 

6 60Z 3.50 6.00 3.50 .37 4.59 15.61 } 6 61Z 3.56 6.06 3.56 .44 5.39 18.32 .023 
6 62Z 3.62 6.12 3.62 .50 6.19 21.05 

6 63Z 3.50 6.00 3.50 .56 6.68 22.71 } 6 64Z 3.56 6.06 3.56 .62 7.46 25.36 .023 
6 65Z 3.62 6.12 3.62 .69 8.25 28.05 

6 66Z 3.50 6.00 3.50 .75 8.64 29.37 
} .025 6 67Z 3.56 6.06 3.56 .81 9.38 31.89 

6 68Z 3.62 6.12 3.62 .87 10.16 34.54 
-~--

(For Rivet Spacing, see page 200.) 



PENCOYD ANGLES. 
EVEN LEGS. 

Dimensions in inches. Weight in pounds. 

~ :i 
~ ... ~ "c--~ s~ ~ ~t; .; ~ ] 1;3.'2 ~~ " She. .~~ Size. "" ~ 8 
~ e ,, -

r}j ~ .. " r}j~ 
.)l ~~ -.:r}j 
~ 

-- ---- - --

880A 8x8 ~ 26.4 7.76 553A 5 x5 -ih 18.2 

881A 8x8 th 29.8 8.76 554A 5 x5 li's 20.1 

882A 8x8 Gis 33.2 9.76 555A 5 x5 ~~ 22.0 

883A 8x8 H 36.6 10.76 556A 5 x5 34 23.8 

884A 8x8 34 39.0 11.47 557A 5 x5 tit 25.6 

885A 8x8 til 42.4 12.47 558A 5 x5 '7fs 27.4 

886A 8x8 '7fs 45.8 13.47 559A 5 x5 lff 29.4 

887A 8x8 H 49.3 14.50 

888A 8x8 1 52.8 15.53 

440A 4 x4 " 8.2 16 

660A 6x6 3/S 14.8 4.35 441A 4 x4 % 9.8 

661A 6x6 iIIT 17.3 5.09 442,\ 4 I4 II; 11.3 

662A 6I6 1>2 19.7 5.79 
443,\ 4 x4 1>2 12.8 

663A 6x6 th 22.0 6.47 444.\ 4 I4 l~h 14.5 

664A 6x6 5· 24.4 7.18 445.-\ 4 x4 li's 15.8 
i\i 

446A 4 x4 11 17.2 665A 6x6 H 26.5 7.79 16 

666A 6I6 :.l4 28.8 8.47 447A 4 x4 a4 18.6 

667A 6x6 til 31.0 9.12 

668A 6x6 7/s 33.4 9.82 
350A 31,(2 x 31,(2 fi 7.1 669A 6x6 H 35.9 10.56 It:) 

351A 31,(2 x 31<.! a 8.5 '" 352A 3 2 x 3~ 1
7rr 9.8 

550A 5x5 als 12.3 3.62 353:\ 31,<2 I 3~ 1>2 11.1 

551A 5x5 l~ 14.3 4.21 354A 31,(2 x 3'2 l1r 12.4 

552A 5x5 ]'2 16.3 4.79 355A 3'2 x 3'2 5J" 13.7 

The length 0 r leg is nominal, and correct only for least thickness. 

5.35 

5.91 

6.47 

7.00 

7.53 

8.06 

8.65 

2.41 

2.88 

3.32 

3.76 

4.21 

4.65 

5.06 

5.47 

2.09 

2·50 

2.88 

3.26 

3.65 

4.03 



PENCOYD ANGLES. 
EVEN LEGS. 

Dimensions in inches. Weight in poUIlds. 

Size. Size. 

------1·--- - -- - - -1----1------

330A 3 x 3 

331A 3 x 3 
332A 3 x3 

333A 3 x 3 

334A 3 x 3 

335A \ 3 x 3 
336A 3 x 3 

~ 4.9 1.44 220A 2 x 2 f~ 2.5 0.74 
l£! 3.2 0.94 

19 4.0 1.18 
% 4.8 1.41 

-fg 6.1 1.79 221A 2 x 2 

3,13 7.2 2.12 222A 2 x 2 

1~ 8.3 2.44 223A 2 x 2 

~ 9.4 

199 10.4 

5/s 11.5 

275A 2314 x 23.1 l£! 4.5 

276A 2314 x 2314 l'ir 5.5 
277 A 234 x 2:}4. alB 6.6 

278A 234. x 2:J4 l~ 7.7 

279A 2314 x 2:1-1 lt2 8.6 

250A 21,{2 x 21
2 ,'g 3.1 

251A 2l,2 x 2'2:1f1 4.1 

252A 2lt2 x 2·''.! 'tl: 5.0 

253A 2"2 x 2' \l 3/1:1 

254A 2~ x 212 t'rr 
255A 2~ x 2'2 ~ 

5.9 

6.9 

7.8 

2.76 

3.06 

3.38 

1.32 

1.62 

1.94 

2.26 
2.53 

0.91 

1.21 

1.47 

1.74 

2.03 
2.29 

2.7 0.79 

175A 134 x 134 i\r 
176A 13i! x 13i! 14 
177A 13~ x 13i! -h 
178A 1314 x 1% % 

150A 1~ x 1~ :lf8 
151A 1-';2 x 1~ jig 
152A llt2 x 1~ l£! 
153A 1~ x 1~ -fif 

154A llt2 x 1~ % 

125A 1l£! x 1:Iq :lf8 
126A 1l£! x P4 h 
127A 1:Iq x1~ :Iq 

2.1 0.62 

2.8 0.82 

3.5 1.03 

4.1 1.21 

1.2 0.35 

1.8 0.53 

2.4 0.71 

2.9 0.85 

3.5 1.03 

1.0 0.29 

1.5 0.44 

2.0 0.59 

225A 21ft x 2'(1 pg 
226A 2'4 x 21/1 14 
227 A 2\t x 2]1 19 
228A 2'<1 x 2] -1 3/8 

3.6 1.06 110A 1 x 1 

4.5 1.32 111A 1 x 1 

5.4 1.59 112A 1 x 1 

:lf8 0.8 0.24 
f g 1.2 0.35 

'4. 1.5 0.44 

I I 
The length of leg is nominal, and correct only for least thickness. 
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-------------,--------- -

PENCOYD ANGLES. 
UNEVEN LEGS. 

Dimensions in inches. Weight in pounds. 

s~ ~ "" -' 
~~ " ~ ~Io.~ 

'ci'~ 
"'''c t::'·s c " ,,>1 ~~ 'N .0 

Size. 0'< 

~~ ,,- <S ~ Size. ~~ ,, -
~ .. " .. " 

"5~ ~":l ":l~ ,,}J 

[- -- -

860A 8 :<6 ~ 23.0 6.76 647A 6 :<4 

S 
25.6 7.53 

861A 8 :<6 ~ 
258 7.59 648A 6 :<4 27.4 8.06 

862A 8 :<6 28.7 8.44 649A 6 :<4 29.4 8.65 
863A 8 :<6 Ii 31.7 9.32 
864A 8 :<6 i'4 33.8 9.94 630A 6 :<3~ 3,s 11.6 3.41 
865A 8 :<6 i~ 36.6 10.76 
866A 8 :<6 39.5 11.62 631A 6 x34.! ~ 

13.6 4.00 
I~ 632A 6 x3~ 15.5 4.56 867A 8 x6 

t1 
42.5 12.50 

868A 8 x6 45.6 13.41 633A 6 x3~ 

S 
17. }. 5.03 

634A 6 x3~ 19.0 5.59 
635A 6 x3~ 20.8 6.12 

730A 7 x3~ ~ 17.0 5.00 636A 6 x3~ 341, 22.6 6.65 
731A 7 x3~ ~ 19.0 5.59 637A 6 x3~ !if 24.5 7.21 
732A 7 x3'4.! 21.0 6.18 638A 6 x3'4.! ~ 26.5 7.79 
733A 7 x3~ !t 23.0 6.76 639A 6 x3-4.! 28.6 8.41 
734A 7 x3'4.! 24.8 7.29 
735 A 7 x3~ It 26.7 7.85 500A 5~x3~ 3/S 11.0 3.24 
736A 7 x3'4.! 1/~ 28.6 8.41 501A 5~x3'4.! ~ 

12.8 3.76 737A 7 :<3'4.! to 30.5 8.97 502A 5'4.!x3~ 14.6 4.29 738A 7 :<3~ 1 32.5 9.56 503A 5~x3'4.! i'r; 16.2 4.76 
504A 5~:<3~ :a 17.9 5.26 

650A 6~x4 3fs 12.9 3.79 
651A 6~x4 ~ 15.0 4.41 
652A 6~x4 17.0 5.00 540A 5 x4 3,s 11.0 3.24 
653A 6~x4 ~ 19.0 5.59 541A 5 x4 

~ 
12.8 3.76 

654A 6~x4 21.2 6.24 542A 5 x4 14.6 4.29 
655A 6~x4 it 23.4 6.88 543A 5 x4 16.2 4.76 
656A 6~:<4 25.6 7.53 544A 5 x4 17.9 5.26 
657A 6~x4 S 27.8 8.18 545A 5 x4 t~ 19.6 5.76 
658A 6~:<4 29.8 8.77 546A 5 x4 341, 21.3 6.26 
659A 6~:<4 31.9 9.38 

510A 5 x3~ ~ 8.7 2.56 
640A 6 x4 3fs 12.2 3.59 51lA 5 x3-4.! 10.3 3.03 
641A 6 x4 

~ 
14.3 4.21 512A 5 x3'4.! ~ 

12.0 3.53 
642A 6 x4 16.3 4.79 513A 5 x3'4.! 13.6 4.00 
643A 6 x4 

~ 
18.1 5.32 514A 5 x3-4.! ~ 

15.2 4.47 
644A 6 x4 20.1 5.91 515A 5 x3~ 16.8 4.94 
645 A 6 x4 

~ 
22.0 6.47 516A 5 x3~ ~ 18.4 5.41 

646A 6 x4 23.8 7.00 517A 5 x3~ 20.0 5.88 

The length of leg is nominal, and correct only for least thickness. 
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PENCOYD ANGLES. 
UNEVEN LEGS. 

Dimensions in inches. Weight in pounds. 

Size. Size. 

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

530A 5 x 3 
531A 5 x 3 
532A 5 x3 
533A 5 x3 
534A 5 x 3 
535A 5 x 3 
536A 5 x 3 
537A 5 x 3 

450A 4'>2 x 3 
451A 4'>2 x 3 
452A 4~ x 3 
453A 4~ x 3 
454A 4~ x 3 
455A 4~ x 3 
45M 4'>2 x 3 
457A 4~ x 3 

f!! 8.2 
Vs 9.7 

!1r 11.2 
"'*' 12.8 
{r; 14.2 

Vs 15.7 
~ 17.2 
~ 18.7 

f!! 7.7 
Is 9.1 

1'r; 10.5 
~ 11.9 fE 13.3 

Vs 14.7 ik 16.0 
~ 17.4 

410A 
411A 
412A 
413A 
414A 
415A 
416A 
417A 

4 x 3'>2 -A 
4 x3'>2 % 
4 x3'>2 Tn-
4 x3'>2 ~ 
4 x3~ i\r 
4 x3'>2 % 
4 x3~ l-! 
4 x3~ 34 

7.7 
9.1 

10.5 
11.9 
13.3 
14.7 
16.0 
17.4 

430A 4 x 3 
431A 4 x 3 
432A 4 x 3 
433A 4 x3 
434A 4 x 3 
435A 4 x 3 

300A 3~ x 3 
30lA 3'>2 x 3 
302A 3'>2 x 3 
303A 3'>2 x 3 
304A 3'>2 x 3 
305A 3'>2 x 3 

~sr; 7.1 
/I 8.5 

J1r; 9.8 
"*.! 11.1 fE 12.4 
Vs 13.8 

f!! 6.6 
Is 7.8 

Tn- 9.1 
'>2 10.3 tr; 11.6 

Vs 12.9 

2.41 
2.85 
3.29 
3.76 
4.18 
4.62 
5.06 
5.50 

2.26 
2.68 
3.09 
3.50 
3.91 
4.32 
4.71 
5.12 

2.26 
2.68 
3.09 
3.50 
3.91 
4.32 
4.71 
5.12 

2.09 
2.50 
2.88 
3.26 
3.65 
4.06 

1.94 
2.29 
2.68 
3.03 
3.41 
3.79 

310A 
311A 
312A 
313A 
314A 

31M 
317A 
31M 

325A 
32M 
327A 
328A 
329A 

3~ x 2'>2 "14 
3~x2~ -A 
3'>2 x 2~ % 
3'>2 x 2~ Tn-
3~x2~ ~ 

3~x 2 
3'>2 x 2 
3'>2 x 2 

3 x2~ ~ 
3 x2'>2 
3 x 2'>2 Vs 
3 x 2'>2 Tn-
3 x 2'>2 ~ 

320A 3 x 2 
321A 3 x 2 
322A 3 x2 
323A 3 x 2 
324A 3 x 2 

200A 
201A 
202A 
203A 
204A 
205A 

20M 
207A 
208A 
209A 

215A 
216A 
217A 
21M 

210A 
211A 
212A 
213A 

2'>2 x 2 
2-';2 x 2 
2~x2 
2~x2 
2'>2 x 2 
2~x2 

x 1~ -Ar 
x 1'>2 :If4 
x 1~ -A 
x 1'>2 3/~ 

4.9 1.44 
6.1 1.79 
7.2 2.12 
8.3 2.44 
9.4 2.76 

4.5 1.32 
5.5 1.62 
6.6 1.94 

4.5 1.32 
5.5 1.62 
6.6 1.94 
7.7 2.26 
8.7 2.56 

4.1 1.21 
5.0 1.47 
5.9 1.74 
6.9 2.03 
7.9 2.32 

2.7 0.79 
3.6 1.06 
4.5 1.32 
5.4 1.59 
6.2 1.82 
7.0 2.06 

2.3 0.68 
3.0 0.88 
3.7 1.09 
4.4 1.29 

2.1 0.62 
2.9 0.85 
3.6 1.06 
4.3 1.26 

1.9 0.56 
2.6 0.76 
3.3 0.97 
3.9 1.15 

The length of leg is nominal, and correct only for least thickness. 
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PENCOYD ANGLES. 
SQUARE ROOT ANGLES . 

. ~ Approximate Weight in Pounds per Footfor Various 
- Size Thickne .. es in Inches. 

~ _In_~h_" .,~ .~!~I ':+~{! :~~ I~J ;5 }" 
40A 4 I4 9.8 11.413.0 14.6 16.2 
35A 3~ I 3! 7.1 8.51 9.911.4 
30A 3 I3 4.9 6.1 7.2 8.3 9.4 
28A 2! I 2~ 4.5 5.6 6.7 7.8 8.9 
25A 2~ I 2~ 4.1 5.1 6.1 7.1 8.2 
24A 2! I 21 3.6 4.5 5.4 
20A 2 I2 3.3 4.1 4.9 

15A 1 I 1~ 1.80 2.4 3.0 
18A It I 1~ '2.9 3.6 4.4 

12A 1, I It 1.53 2.04 2.55 
lOA 1 I 1 0.82 1.16 1.53 

. ~ 

ANGLE COVERS . 

Approximate Weight in Pounds per Foot for Various 
Thicknesses in 1ncltes. 

~ Size 

~ In~hes. 1 1 r~ t .fi I i \ n: I ~ I ',Orr I i i u 1 4 
~ .125 .1875 .25 .3125 .375 .4375 .50 .5625

1

.625 .6875 .75 .875 

33A 3;3 . - - 4.8 5.9 17.118:219:3' 1D.4 u:s - - -
27 A 2~ I 2~ 4.4 5.5 6.6 7.7 8.8/ I 
26A 2! I 2~ 3.0 4.0 5.0 6.0 7.0 8.1 
23A 2! I21 2.6 3.5 4.4 5.3 
22A 2 I 2 2.4 .3.2 4.0 4.8 

SPECIAL ANGLES. 

. I -S Approximate H'e(ql't in Pounds f,er Foot for T'arious 
~ Size Tllicknp,ssps in. nches. 

~ I In~he". 1 I Prr 1 T'. I ~ I n: ~ iIr 1 i 1 H t 
::; .125 .1875 .25 .3125 .375 .4375 .50 .5625 .625 .6875 .75 .875 
- 1- I --I 

278A 2i I 21 4.2 5.3 6.4 .- - -

415A14~ I l~ 3.6 4.9 I I 

1~ 



PENCOYD DECK BEAMS. 

~ 5 ~~.o~ ~~ ~~~ 
l ~ ~ l ~ ~ i ~ A jt:·~~~~a;~!i~:~~:~t ~n t~bl,'~f,: Y~~h~~.ot ]: ~ i 
f! ~ ~ ~ ~.~ ~.~ &.j ~~ ~ 
.~ ~ ~.:;:; .§ ~ ~..... ~::?6;.. 
< 0 *"5 ~~ ~g ~~:::!~ 

.. ~ l ~~ I ~~~l l "- % " " 'H" ! % I 1! I ,,,l~~ 
1Pf2 115D 5.25

1

.406; 32.2

1 

33.4 35.8

1

38.2
1
40.7

1

43.145.6 .026 

10 100D 5.25 .375
1
28.0 28.0

1

30.2 32.3
1

34.4 36.538.6 .029 
1 1 < 

9 90D 5.00
1

.375
1
25.0

1 

125.0126.9128.8130.7132.61 .033 

8 80D 4.62
1 
.343

1 
21.0

1 
21.8 23.5 25.2 26.9 28.6 .037 

7 70D 4.25
1 

.343
1
18.0

1 
118.5120.0121.5123.0124.5 .042 

6 60D 3.75

1

·312
1

14,Y4,Y5.8 17.1
1

18.3

1

19.6
1 

.049 

5 50D
1

3.25 .312 11.511.512.5
1

13.6
1
14.7 15.8 .059 

I I I I 

PENCOYD BULB ANGLES . 
.,..==:=------.-=-- - --

1 1 1 1 10 100A 3.62 .500 25.6

1 

25.6
1

28.6 31.5 

9 90A 3.50: .484: 22.5

1 

23.2 26.0 

8 80A 3.37
1

.453
1
19.5

1 

21.3123.7 

7 70.'1. 3.19
1

.406

1

16.0
1 

17.1

1

19.2 

6 60A 3.00 .359

1

12.71 13.2 15.1

1

17.1 19.0 

5 50A 2.75: .312
1 

9.719.7 111.4113.0 I 

13 

.022 

.023 

.026 

.030 

.033 

.038 



Section 
J.Vu1JLber. 

440T 
441T 
335T 
336T 
3371' 
3301' 
3311' 
2251' 
2261' 
2271' 
2221' 
2231' 
2201' 
117T 
1151' 
112T 
1101' 

-

Section 
J{umber. 

217M 

210M 
260M 

PENCOYD TEES. 
For details see lithographs-Plates Nos. 23,24,25 and 26. 

EVEN TEES. UNEVEN T EES. 

Size in Inches. We('1ht Section Size in Inches. Weight 
per Foot. Number. per FoOL. 

4 x4 10.9 64T 6 x4 17.4 
4 x4 13.7 65T 6 X 51(4 39.0 
3~x3~ 7.0 531' 5 x 3">~ 17.0 
3~x3~ 9.0 541' 5 x4 15.3 
3~x3~ 11.0 421' 4 x2 6.5 
3 x3 6.5 431' 4 x3 9.0 
3 x3 7.7 441' 4 x3 10.2 
2">3 x 2~ 5.0 45T 4 x4~ 13.5 
2~x2~ 5.8 38T 3~x 3 7.0 
2~x2~ 6.6 39T 3~x3 8.5 
2:Jq x 2'14 4.0 30T 3 X 1~ 4.0 
2~ x 2]4 4.0 31T 3 x2~ 5.0 
2 x2 3.5 32T 3 X 21\:1 6.0 
134 x13lt 2.4 33T 3 X 2~ 7.0 
1~x 1~ 2.0 341' 3 X 2~ 8.0 
1:Jq X 1'4 1.5 35T 3 x 3">3 8.3 
1 x l 1.0 361' 3 x 3"2 9.5 

28T 2a4 x 134 6.6 
291" 2:j /4 X 2 7.2 
25T 21/.;! x 1lf4 3.3 
26T 2'/.;! x 2~4 5.7 
27T 2~ x3 6.0 
24T 21,14 x itr 2.2 
20T 2 x itr 2.0 
22T 2 x 1ft 2.0 
211' 2 xl 2.5 
23T 2 X 11~ 3.0 
17T l:lit x 1S 1.9 
18T }14 x 1 3.5 
151' 11\:1 x t", 1.4 
121' g4 x H 1.2 

--

MISCELLA NE OU S SHAPES. 

Seelion. 

Heavy Rail. 

F loor Bars. 

Size in, Inches. 

6 

3Y1rx4x3,t.,x~to~ 
2~ x 6 x 21,{.2 x 14 to ~8 

H 

Weigh! per Foot 
in Pounds. 

so.o 
7.1 to 14.3 
9.8 to 14.7 



SIZES OF PENCOYD BARS. 

FLATS . 

7,ts x 3/S inches to 3tt inches. 
1 x 1ti " 7,ts " 
1:& x ~ 1 
1~ x ~ 1 
P is x '4 1 
I -(\, x 5fs 1 
1,j1z x ~ 1 
11ti x '4 1 
I t\;- x 0.\3 1 
1% x 1ti 11ti 
1H x % 1 

In x it 114; 
1~ x 1ti 11ti 
1H x 34 1'4 
15.\3 X '4 1~ 
134 x 1ti 1'4 
1H x % 1'-14 
2 x 1ti " 1~ 

ROUNDS. 

• ~, -h, %. it,3tt. N, 7,ts, H. I . 
In" l 1(s, 1.(\;. 11ti. It\;-, 13.\3, I n, 
1~ , 1-h, 1%, 134. 17,ts , 2, 21(s, 21ti. 
2%, 2~, 2%. 23tt, 27,ts, 3, 31(s. 31ti, 
3~s . 3~. 3~,3~4, 37,ts, 4 , 4~, 4'4, 
4% , ~, 4%, 434, 47,ts , 5 , ~, 5~, 
53tt, 6, 6~, 7 inches. 

HALF ROU NOS. -~, -h, %, H, ~, ii. 7,ts, H, 1, 
1~, 1'4, 13.\3, 1~, 1% , 134. 2, 2'4, 
2~ , 3, 3~, 4, 4~ inches. 

15 

2~ x 13.\3 inches to 2 inches. 
21ti x 1ti 17,ts 
2t\;- x 1~ 2 
2% x 54; 1%. 
2~ x .l.f.t 1% 
234 x '4 7,ts 
3 x 1(4 2 
31ti x 1ti 7,ts 
3~ x 1ti 7,t8 
4 x 1(4 2~ 
4~ x '4 7,t8 
5 x '4 2~ 
6 x 1(4 2~ 
7 x '4 2~ 
8 x 1(4 2~ 
9 x '4 2'%, 

10 x 1ti 2~ 
12 x .l.f.t 2~ 

S QUA R E S . 

RIVET SIZES. 

i~, ii, %!, it, i~, it, *t, t t, 
H, H , H , H, it, it, H, H , H, 
1-1., 1-(., II., IH, l it inches. 

BOLT SIZES -trrH FU LL. 

! , 1-,;, t, ft, ! , H, i, H, 1, 
1ft , I t , 1/-,;, It inches. 



OPEN-HEAR~H STEEL AXLES . 

Axles for locomotive and car service arc made at Pencoyrl 
of open-hearth steel, to conform to either the drop or me
chanical test, as may be required. 

The results below, taken as an average of a number of tests, 
represent the quality of material used for this purpose. 

.J..rumber of 

A:cles. 

14 

26 

-

I Diame/er oj 

Hub Sea/. 

----

5~ 

5i'" 

. 
Elastic 

Limit. 

--

45320 

TRANS\'ERSE TEST. 

- ----

Diameter of "'eight oj Height oj J\"umbcl' oj 

Cen/re. Ram. Fa/!. Blolt'S. 

4" 8 1(HO 2!J 36 

4 ~ 1640 '1-_a 37 

TENSILE TEST • 

Ultimate R eduction oj 

Streng/h. 
Elongation. 

Area. 

In 2". 

7n230 22.7 :' 38 ~ 

The blooms are worked at a single uniform heat, under 
heavy hammers, to the finished forging . Locomotive and 
pa~sen"cr car-axles are furnished rough-turned throughout; 
those for freight service, with journals forged and rough
turned. . 

The process of manufacture thus indicated produces axles 
of the highest standard of excellence. ' 

16 



STRUCTURAL STEEL. 

The strength of structural steel depends largely on the 
amount of the constituent elements that are associated with 
the iron, and each of which affect more or less the hardne~s 
and strength of the metal. 

The principal of these are carbon, manganese, silicon, 
phosphorns and sulphm, the first-named Leing purposely 
retained as useful or necessary, the others being rejected, as 
far as practicable, as objectionable when in excess of certain 
minute proportions. 

The grade and character of the steel is llsually known by 
the percentage of contained carbon. Steel lIsed in struc
tures usually varies in tensile strength from 55,000 to 70,000 
Ibs. per square inch of section, or from .10 to .25 per cent. of 
carbon. 

The following table exhibits the physical characteristics 
of Open-Hearth Basic Steel of the various grades, the results 
derived from an extensiye series of tests indicating the ten
dency of a total average of the composition hereafter de
scribed to approximate to the figures given in table. 

The predominant elements other than carbon averaged 
~i throughout the series as follows: manganese, .40; phos

phorus, .0,1; sulphur, .05 per ('pnt. Any increase of these 
elements is attended with an increase of tensile strength 
and reduced ductility, and vice versa. The tensile strength 
of the steel is also affected to some extent by the tempera
ture at which it is finished, and the rate of cooling, these 
influences being more apparent in the grades containing 
highest carbon. Therefore the values given have only a 
general significance, and individual tests may vary widely 
above or below the figures in the table. 

For Bessemer or open-hearth acid process steel, the ten
si le strength will ordinarily be greater for the same per
centage. of carbon given in this table, for the reason that 
the proportions of phosphorus ·and sulphur, and sometimes 
manganese, are usually higher than in open-hearth basic 
steel, each of these elements contributing to strength and 
hardness in the steel. 
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. 08 

.09 

.10 

.11 

.12 

.13 

.14 

.15 

.16 

.17 

.18 

.19 

.20 

.21 

.22 

.23 

.24 

.25 

OPEN- HEARTH BASIC STEEL. 

Tensile trength in Pounds 
per Square jnch. 

Ultimate 
Strength. 

54000 
54800 
55700 
56500 
57400 
58200 

59100 
60000 
60800 
61600 
62500 
63300 

64200 
65000 
65800 
66600 
67400 
68200 

Elastic 
LimU. 

32500 
33000 
33500 
34000 
34500 
35000 

35500 
36000 
36500 
37000 
37500 
36000 

36500 
39000 
39500 
40000 
40500 
41000 

Ductility. 

Sirelch in 
SInches. 

32 per cent. 
31 .. 
31 .. 
30 .. 
30 .. 
29 .. 

29 
28 
28 
27 
27 
26 

26 
25 
25 
24 
24 
23 

.. .. .. .. 
" .. 
.. .. .. .. .. 
It 

Reduction oj 
Fractured A rea. 

60 per cent . 
58 It 

57 " 
56 " 
55 It 

54 It 

53 
52 
51 
50 
49 
48 

47 
46 
45 
44 
43 
42 

It 

It 

It 

It 

It .. 
It 

It 

" .. 
It 

It 

For convenient distiJlgui~hing terms, it is customary to 
classify steel in three grades: "mild or soft," " medium" 
and" hard," and although the difl'erent grades blend into 
each other, so that no line of distinction exists, in a general 
sense the grades below .15 carbon may be considered as 
" soft" steel, from .15 to .30 carbon as "medium," and above 
that" hard" steel. Each grade has its own ad vantages for 
the particular purpose to which it is adapted. The soft steel 
is well adapted for boiler plate and similar uses, where its 
high ductility is advantageous. The medium grades are 
used for general structural purposes, while harder steel is 
especially adapted for axles and shafts, and any service 
where good wcm'ing surfaces arc desired. Mild steel has 
superior welding property as compared to hard steel, and 
will endure higher heat without injury. Steel below .10 car
bon should be capable of doubling flat without fracture, 
after being chilled from a red heat in cold water. Steel of 
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.15 carbon will occasionally submit to the same treatment, 
but will usually bend around a curve whose radius is equal 
to the thickness of the specimen; about gO pel' cent. of 
specimens stand thc latter bending test without fracture . 
.As the steel becomes hardcr, its ability to endure this bend
ing test becomes more exceptional, and whcn the carbon 
ratio hecomes .20, little over twcnty-five pel' cent. of speci
mens will stand the last-described bending test. Steel hav
in~ about.40 pel' cent. carbon willllsualJy harden sufficiently 
to cut soft iron and maintain an edge. 

ELASTICITY. 
As the material elongates or shortens under stress, the 

changc of length is directly proportionate to the strcss, and 
thc material recovers its originallcngth after removal of the 
stress, until the elastic limit is reached, when changes of 
length are no longer regular and permancnt set takes place, 
or the destruction of the material has begun. 

In good material the stress at elastic limit, for either ten
sion 01' compression, is usually about six-tenths of the ulti
mate tenacity. 

The ductility, under tensile stress, is usually measured by 
the total elongation in a given length, or by the percentage 
of reduction of the fractured area, or by both. 

The elasticity is measured by the change of length under 
stress below the elastic limit of the matcrial. The elasticity 
of the various grades of steel are practically uniform, that 
is, each material will exhibit a uniform change of length 
under uniform stress below the elastic limit; but, as the 
elastic limit of the higher grades is greater than that of the 
lower or softer grades, the former will elongate or shorten to 
a greater extent than the latter before its elasticity is injured. 
This property is expressed by a modulus, which for either 
material will average about 29,000,000 Ibs. That is, if the 
change of length could be extended sufficiently, it would re
quire 29,000,000 lbs. per square inch of section to double the 
original length under tensile strain, 01' to Rhorten the length 
one-half under compression. Thercfore, stcel will cxtend or 
shorten "2"1llf1)'rr1)1)1) part of its normal length, for cvery pound 
pel' sectional inch in change of load. 
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RESILIENCE OF STEEL. 

Resilience is the amount of work !lone to produce a cer
tain deforlllation in material. It is usually measured in 
inch-pounds. The total resilience is the work done in caus
ing rupture or maximulll deformation. The elastic resil
ience is the work done when the material is strained to the 
elastic limit. The work done by a load applied gradually, 
up to the elastic limit, is equal to one-half the product of 
the final stress, by the extension, or other deformation. 
Above the elastic limit the extensions increasing in a 
greater ratio than the loads, the work is approximately 
equal to two thirds of the product of the maximum stress 
uy the extension. 'Vhen a load is applied instantaneously 
the momentary elastic deformation is twice that resulting 
from the same load applied gradually. If the load is 
applied with percussion, the work is denoted by the product 
of the weight into the total fall. 

The modulus of elastic resilience, is the work done on one 
cubic inch of material by a load gradually applied to the 
elastic limit. 

,< d I fl' '1' - 1 square of elastic limit, lho u us 0 e ashc reSl lence - 't M d- l --C-El--'- '-t o u us 0 asllCl y, 

1fT modulus of elastic resilience X vol-
or e as lC reSI lence = ume of material in cubic inches. 

Taking 3 grades of steel-mild, medium and hard-and 
ascertaining their respective elastic limits to be 35,000, 
45,000 and 55,000 Ibs. per square inch of section, and each 
grade having equal moduli of elasticity, say 29,000,000 Ibs. 

The modulus of elastic resilience 

For Mild Steel = 21.1 inch-pounds. 
For Medium Steel = 34.9" " 
For Hard Steel '-- 52.2" " 

Similarly the elastic resilience per cubic inch, or modulus 
of resilience of a rectangular beam supported at both ends 
and loaded at the middle, is 

1 square of stress on extreme fibres at clastic limit. 
n MOdufus of Elasticity. 
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EXPANSION BY HEA~ 
Soft steel or iron will extend about T~~~OO part of its I 

length for each degree F. of elevation of temperature. For I 
a variation in temperatnre of 100 degrees F., the change in I length will be about one inch in 125 feet. 

SPECIFIC GRAVITY. 

The specific gravity of steel varies according to the purity 
of the metal, and also according to the degree of condensa
tion imparted by the process of rolling or forging. 

As a rule, mild steel has a higher specific gravity than 
hard steel, and both are lower than perfectly pure iron, but 

, about two pel' cent. higher than ordinary commercial iron. 
Structural steel in comparatively small sections having the 
composition denoted in the previous table of tensile strength, 
has the following specific gravity, corresponding to given 
carbon ratio: 

Carbon, Pe1' cent. 

.10 

.20 

.30 

Specific Gravity. 

7.860 
7.858 
7.856 

Weight pel' Oubic Foot 
in Pounds. 

489.92 
489.80 
489.67 

In the form of rolled beams and largest commercial sec
tions the weight will be slightly less than this. 

The tables in this book are all calculated on a basis of 
489.6Ibs. per cubic foot, or the sectional area in square inches 
multiplied by 3.4 equals the weight in pounds per foot. 
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Tables for Pencoyd Beams. 

THE following tables for beams gi ve the greatest safe loads 
in net tons, evenly distributed, including the weight of the 
beam. The results are obtained by the methods described 
on pages 182 to 187, and correspond to an extreme fibre 
stress of 16,000 lbs. per square inch of section, or approxi
mately about one.half the elastic limit of the material, pre
suming that steel of the milder grades is used. 

LIMITS FOR THE SAFE LOAD. 

These loads are given as the greatest safe loads, and the 
beams are entirely reliable for them under ordinary condi
tions. 

For the loads given in italics in the beam tables, the web 
of the beam should be stiffened at the end to prevent crip
pling, or the load should not exceed that calculated by the 
formula for Maximum Load in Tons given on page 187, and 
in the Tables of Elements of the several sections, pages 188 
to 203. 

If, however, the conditions of the service involve the 
introduction of forces not considered in the tables, the 
character of the load must be considered, and the mode of 
application of the same. If the load is suddenly applied, 
especially if accompan ied by impact, the resulting dynamic 
stresses will not be expresed by formulre which are derived 
from static consideration alone. Freedom from vibration , 
or excessive deflection has usually to be provided for, or 
the beam may be of considerable length without lateral sup
port. In many such cases it may be necessary to take 
smaller loads for beams than those given in tables. I n 
general, the following limitations of the tabulated safe loads 
will b@ proper for the specified conditions: 
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Character of &roice. Greatest SoJe LoaM. 

Quiescent load, subject to little vibration, As in tables. 
as in ordinary fioors, etc., especially 
where beams are short. 

Fluctuating loads, causing vibration, espe· One-fifth (~) less 
cially if the beams are long as com- than the tables. 
pared to their depth. 

When loads are suddenly applied with One third (i' le~s 
slight impact, or exposed to vibration than the tables. 
from machinery or rapidly moving 
loads. 

The beams, if of considerable length, are supposed to be 
braced horizontally, and it is safest to limit the application 
of the tabular loads to beams whose lengths between lateral 
supports do not exceed twenty times the flange width. 

Our experience has been that a beam without lateral sup
port is more stable than is commonly supposed. In an 
open· webbed beam, the top flange acts as a simple strut, 
and is liable to lateral flexure when the unsupported length 
is considerable. But in a solid beam the parts in tension 
sustain the parts in compression, and prevent the buckling 
which would otherwise occur. 

Experiments have shown a reduction of about one-third of 
the normal modulus of rupture when the length of the beam 
becomes 80 times its flange width. But as the long beam may 
suffer if exposed to accidental cross strains, we recommend 
the greatest safe load to be reduced in such a ratio for long 
beams that when the length is seventy times the flange width 
the greatest safe loads will be reduced one-half. This will 
give safe loads, corresponding to given lengths, as follows: 

llEAlI.IS WITHOU1.' LATERAL SUPPORT. 

Length of Beam. 

20 times flange width. 
30" " " 
40 " 
50 " 
60 
70 " 

" 
" 

Proportion of Tabular Load j ibrming 
Greatest Saf e Load. 
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Whole tabular load. 
Yo " " 
$: 
" T 1f 
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DEFLECTION. 

The tabular deflections are derived from the coefficients 
on pages 188 to 191, as described on page 187. If the load 
on the beam is reduced below that of the tables, the deflec
tion will be less than that given in the tables, in the direct 
ratio of the loads. . 

The greatest safe load in the middle of the beam is exactly 
one-half (!) of the distributed load, and the deflection for 
the former will he eight-tenths (I8U) of the deflection corre
sponding to the distributed load as given in the tables. If 
the load is placed out of centre on the beam, it will bear the 
same ratio to the load at the centre that the square of half 
the span bears to the product of the segments of the beam 
formed by the position of the load. 

Example.-A 15·inch No. 150B I beam, 16 feet between 
supports, will safely carry an evenly distributed load (by the 
tables) of 19.7 tons, and deflect under same .29 inches. The 
greatest safe load in the middle will be one-half the above, 
vi?., 9.8 tons, and the resulting defiection !(J of the former, 
or .23 inches. 

If the weight is concentrated 3 feet outof centre, or 5 feet 
and 11 feet from the ends, then the square of half the span 
being 64, and the product of the segments being 55, the 

greatest safe load will be 9.8 5~ G4 = 11.4 tons. 

If a heam of above size and length is used without any 
lateral support, reduce the safe load in the ratio aforesaid. 
'rhus the flange is 6.4 inches wide, and the length 30 times 
this; therefore the greatest safe load will be .(('; of the results 
in the example. 

If beams are supported as described hereafter, the greatest 
safe loads and corresponding defiections will bear the given 
ratios to the tabulated loads and deflections, for the same 
length and section of beams. 
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Character of Beam. Grealest Safe Load. Deflection. 

Fixed at one end, with One-eighth (l) part Three and one
the load concentrated of the tabular fifth (3i) times 
at the other end. load. the tabular de

flection. 

Fixed at one end, with One-fourth (t) part Two and two
the load uniformly dis- of the tabular fifths (2!) times 
tributed. load. the tabular de

flection. 

Rigidly fixed at both Same as the tabu- Four-tenths h\-) 
ends, with a load in lar load. of the tahular 
the middle of beam. deflection. 

Rigidly fixed at both One and one-half T h r e e - tenths 
ends, with the load uni- (l~) times the (!1I) of the 
fonnly distributed. tabular load. tabular deflec

tion. 

Continuous beam loaded Same as the tabu- Four-tenths (T\-) 
in middle. lar load. of the tabular 

deflection. 

Continuous beam load One and one-half T h r e e - tenths 
uniformly distributed. (l~) times the (.,B,r) of the 

tabular load. tabular deflec
tion. 

BEAMS WITH PIXED ENDS. 
By beams" rigidly fixed," as denoted in the previous 

table, we mean that the beam must ue so securely fastened 
at both ends, by being built into solid masonry, or so firmly 
attached to an adjacent structure, that the connection would 
not be severed if the beam was exposed to its ultimate load. 
In this case the beam is of the same character as if con
tinuous over several supports, or as if consisting of two 
cantilevers, the space between whose ends was spanned by 
a separate beam. 

CONTINUOUS BEAMS . 
If a beam is continuous over several supports, and is 

equally loaded on each span, the greatest safe loads and the 
resulting deflections on any intermediate span will be as 
given in the preceding table. But the end spans of such 
a beam, being only semi· continuous, mURt be either of a 
shorter span than the intermediates, or, if of the same 
length, the load must be diminished. 
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HORIZONTAL SHEARING or BEAMS. 

In beams of very short spans or beams with heavy loads 
concentrated near supports, when the bending moments will 
be small in comparison with the reactions at the supports, 
the beams may fail by longitudinal shearing. 

The intensity of the longitudinal shear at any section is 
the product of the vertical shear for that section and tIle 
statical moment of the section included between the plane 
of shear and the extreme fibres, divided by the product of 
the moment of inertia of the beam section and the thick
ness of the beam at the section where the shear is considered. 
The liability to horizontal shearing will not occur in beams 
for the lengths and loads given in the tables. 

The following table gives the lengths under which beams 
should be designed to resist longitudinal shear wlien uni
formly loaded to produce a fibre strain of 16,000 pounds per 
square inch, and are based on a working shearing stress of 
12,000 pounds per square inch. 

Size of Beam i n Length oj Span S ize oj Beam in L ength oj Span 
Inches. in Feet. I nches. in Feet. 

24 9.0 8 4.3 

20 7.3 7 3.9 

18 6.9 6 3.7 

15 6.0 5 3.0 

12 5.6 4 2.6 

10 5.0 3 2.1 

9 4.8 

- - --
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SPACING AND DEFLECTION OF BEAMS. 

TilE proper spacing of beams depends on the amount and 
character of load and the length of span. Permissible de 
flection as well as positive strength must be considered. If 
the load is motionless, and especially if the span is small 
in comparison with the depth of beam, it will be safe to 
proportion the beams for the" greatest safe loads," as ill 
preceding tables. 

If, on the contrary, the floors are subjeetto vibration, or 
the action of moving loads, and especially if the span is 
great in proportion to depth of beam, it becomes necessary 
to consider the deflection, which may become so great as to 
be a source of injury to the structure. It is considered 
good practice to limit the deflection to rio of an inch per 
foot of span, 01' the total deflection not to exceed -s-h part of 
the span. For I beams subjected to the loads given in the 
tables, this deflection occurs when the depth of the beam is 
about '};\ of the span, or, approximately, twice the depth of 
the beam in inches gives the span in feet, having a deflection 
of-s-h· 

The following tables indicate for each beam this limita
t ion for deflection. Those in heavy type above the dark 
line deflect less, and those in fine type below the same line 
deflect more than -s-to of the span. If the spans are un
usually long, it is best to reduce the deflection below this 
limit, and maintain the depth of the beam not less than io 
of the span. It has been demonstrated that the greatest 
mass of people that can be packed on any floor will not 
exceed in weight 80 Ibs. per square foot. The weight of 
the beams will depend on the span, for which see a general 
rnle farther on. 

Within the limits of practical spans for rolled I beams, 
it will be found that a floor is safe for a packed mass of 
people when the beams are not strained above the" great
est safe load" of the tables, under the following rating: 

I beam joists with wooden floor = 100 lbs. per sq. foot. 
Wooden floor and plastered ceilings = 110" " 
4/1 brick arches and concrete filling = 150" " " 
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These figures represent the total weight of floor itself and 
the imposed load. 

Floors proportioned as follows for gi ven purposes will be 
satisfactory. The weight of the material may be included 
in the figures. 

Oharacter oj Floor. 

Lightest floors, plank covering,. . . 
Lightest floors. brick arches, . . . . 
Light warehouse floors,. . . . . . . 
Halls of audience, . . . . . . . . . . 
Warehouses in which heavy pieces are moved, .. 
Shop floors for light maclnnery, . . . . . . .. 
Shop floors for heavy machinery,. . . . . . .. 

IAad per Square Foot. 

100 Ibs. 
150 " 
200 .. 
200 " 
250 .. 
250 II 

300 to 500 Ibs. 

RULE FOR THE WEIGHT OF FLOOR BEAMS. 

The following rule gives a close approximation to the 
actual weight of floor beams, when the beams are propor
tioned according to the tables. 
Load per sq. ft. in Ills. X square of span in ft. Ibs. of beams per sq. ft. of 

1000 X depth of beams in lUS. - lloor. 

Example.-A floor of 16 feet span bears 200 Ibs. per sq. ft., 
required the weight of floor beams if 12" beams are used. 

200 X 256 
1000 X 12 - 4.3 Ibs. per sq. ft. of beams. 

To the foregoing must be added the weight of the ends of 
the beams built into the supports, or a length at each end 
about the same as at the depth of the beam. The following 
table gi ves the weights of beams per square foot of floor, for 
a load of 100 Ibs. per square foot, the beams, as in the pre
ceding tables, subject to a stress of 16,000 Ibs. per square 
inch. For greater floor loads the weigh t of beams increases 
ill direct proportion. Thus, for a floor to carry 200 Ibs. per 
square foot, the weight of floor beams will be twice that of 
the table. Also, if the floor beams are proportioned for a 
lower fibre stress, the weight of beams will increase in inverse 
ratio. 

Thus, if the fibre strain allowed is 12,000 Ibs. per square 
inch, the weight of beams will be increased as 12 to 16, or 
one-third heavil'r than the table. 
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PENCOYD I: BEAMS. 
LEAST WEIGHT OF FLOOR BEMIS IN POUNDS. 

For each square foot of floor, including ends at supports, based on a load of 
100 pounds per square foot of Hoor. 

For heavier loads, the weights of beams are proportionately increased. 

Size oj 
I 

Beam 
Inches. 

-- -

24 

20 

18 

15 

12 

10 

9 

8 

7 

6 

5 

I 
Clear Span oj Beams in Feet. 

8 11oll2f14 I 16 I 18120 I-;-L24 1_26 28 

Lenst Weight oj Floor Beams in Pounds. 
- - -- -

I 
0.6 0.8

1

Ll 1.4 1.7 2.0 2.4 2.9 3.3 3.8 

I 0.7 0.9 1.3 1.6 2.0 2.4 2.9 3.4 3.9 4.5 

I 0.7 1.0 1.4 1.7 2.2 2.7 3.2 3.7 4.3 5.0 

I 1 0.8 1.2 1.5 2.0 2.5 3.0 3.6 4.2 4.9 5.7 

I 
I 0.6 1 1.0 1.4 1.8 2.3 2.9 3.6 4.3 5.1 5.9 6.8 

0.7 1.1 1.6 2.1 2.7 1 3.4 4.1 5.0 5.8 6.8 

r-
0.8 1.2 1.7 2.3 2.9 3.7 4.5 5.3 6.4 

r--
0.9 1.3 1.9 2.5 3.2 4.1 5.1 6.0 7.0 

I--

1.0 1.5 2.1 2.9 3.7 4.7 5.7 6.9 

~ 

1.1 1.7 2.4 3.3 4.2 5.4 6.4 

-
1.3 2.0 2.9 4.0 5.1 6.4 

I 
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24" l: BEAll I-No. 240 B. 

80 POUNDS PER )l'OOT. 

Flange width. . .. . . . . . 7.00 I Area in square iuches. ... 23.53 
Web thickness .... . . . . . .50 Resistance.. . . . . . .. . 175.95 

Greatest safe load in net tons uniformly distributed. l"ibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of tbe tahular load. 

DeHection for centre load will be 1'6 of the tabular deflection. 
For figures iu small type deflection is excessive. 

Grealesl Dislallce in Feel Belween Omtres of 

Greatest 
B eams fOT j)islributed Load"" B elow. 

Span Safe Load DeflecIion 
in in in Inche&. 100 125 150 li5 

Feel. Net TOils. Pounds Poullds Poullds Pounds 
perSquarp, pel' Square ])e,. Square per Square 

Fool. Fool. Fuot. FOOl. 

10 9.1.81 .07 187.7 150.1 125.1 107.2 
11 85,1I .09 155.1 124.1 103.4 88.6 
12 78.20 .10 130.3 104.3 86.9 74.5 

13 72.I8 .12 111.0 88.8 74.0 63.5 
14 67·0.1 .14 95.8 76.6 63.8 54.7 
15 62.56 .16 83.4 66.7 55.6 47.7 

16 58.65 .18 73.3 58.7 48.9 41.9 
17 55.20 .21 64.9 52.0 43.3 37.1 
18 5 2.I.3 .23 57.9 46.3 38.6 33.1 

19 49-39 .26 52.0 41.6 34.7 29.7 
20 46.92 .29 46.9 37.5 31.3 26.8 
21 4+·69 .31 42.6 34.0 28.4 24.3 

22 42.~ .35 38.8 31.0 25.8 22.2 
23 40. .38 35.5 28.4 23.7 20.3 
24 19·£0 .41 32.6 26.1 21.7 18.6 

25 37.54 .45 30.0 24.0 20.0 17.2 
26 3609 .48 27.8 22.2 18.5 15.9 
27 34.76 .52 25.7 20.6 17.2 14.7 

28 33.51 .56 23.9 19.1 16.0 13.7 
29 32.36 .60 22.3 17.9 14.9 12.8 
30 31.28 .64 20.9 16.7 13.9 11.9 

31 30.27 .69 19.5 15.6 13.0 11.2 
32 29.33 .73 18.3 14.7 12.2 10.5 
33 28.44 .78 17.2 13.8 11.5 9.8 

N. B.-For loads given in Italics webs Illust be stiffened, or loads must nft 
exceed maximum loads given in column XV, pages 188 to WI. 

.- I-
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24" 1: BEAM-No. 241 B. 

85 POUNDS PER FOOT. 

Flange width.. ..•... 7.06 I Area in square incbes . . .. 25.00 
Web thickness . . . . . . .. .56 Resistance . . . . .• . • . . 181.81 

Greatest safe load in net tons uniformly distrihuted. Fibre stress 16,OOOlbs. 
For a load in middle of beam, allow one·balf of the tabular load. 

Deflection for centre load will be T80 of the tabular deflection. 
For figures in small type deflection is excessive. 

Span I Greatest 

Greatest Dulance in Feet Between CentTes of 
Beams jor Distributed Load (U Below. 

in Saje Load Dpjlection 
100 125 150 I 175 Feet. w in Inchea. 

Net Tons. Pounds Pounds Pounds Pounds 
per Square per Square per Square per Square 

Foot. Foot. Foot. Foot. 
--

10 l}6·96 .07 193.9 155.1 129.3 110.8 
11 88.f5 .09 160.3 128.2 106.8 91.6 
12 80.80 .10 134.7 107.7 89.8 77.0 

13 74-58 .12 114.7 91.8 76.5 65.6 
14 69.26 .14 98.9 79.2 66.0 56.5 
15 64.64 .16 , 86.2 68.9 57.5 49.2 

16 60.60 .18 75.8 60.6 50.5 43.3 
17 57.03 .21 67.1 53.7 44.7 38.3 
18 53.87 .23 59.9 47.9 39.9 34.2 

19 5 f .03 .26 53.7 43.0 35.8 30.7 
20 48.48 .29 48.5 38.8 32.3 27.7 
21 46.17 .31 44.0 35.2 29.3 25.1 

22 44.07 .35 40.1 32.1 26.7 22.9 
23 42.16 .38 36.7 29.3 24.4 21.0 
24 40.40 .41 33.7 26.9 22.4 19.2 

25 38.79 .45 31.0 24.8 20.7 17.7 
26 37.29 .48 28.7 22.9 19.1 16.4 
'£1 35.91 .52 26.6 21.3 17.7 15.2 

28 34.63 .56 24.7 19.8 16.5 14.1 
29 33.44 .60 23.1 18.5 15.4 13.2 
30 32.32 .64 21.5 17.2 14.4 12.3 

31 31.28 .69 20.2 16.1 13.5 11.5 
32 30.30 • . 73 18.9 15.2 12.6 10.8 
33 29.38 .78 17.8 14.3 11.9 10.2 

N. B.-For loads given 10 Italics webs must be stiffened, or loads must not 
exceed maximum loads given in column XV, pages 188 to 191. 
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24" ::I: BEAM-No. 242 B. 

90 POUNDS PER FOOT. 

Fl.nge width. . . . . . . . . 7.42 I Area in square inches . 26.47 
Web thickness . . ....... 0.56 Resistance.. •... Ig6.4 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one·half of the tabular load. 

Deflection for centre load will be..f7f of the tabular deflection . 
For figures in small type dellection is excessive. 

--
Greatest Distance in Feet Bettoeen Centres oj 

Greatest 
Beams jor Distributed Load as Below. 

Span Saje Load Deflection in in in Inches. 100 125 150 li5 
Ftet. Net Tons. Pounds Pound~ Pound-s Pounds 

per Square per Square per Sqllll1"e per Square 
FOOl. Fool. Fuol. Foot. 

--
10 I04·74 .07 209.5 167.6 139.7 119.7 
11 95.22 .09 173.1 138.5 115.4 98.9 
12 87. 29 .10 145.5 116.4 97.0 83.1 

13 8o·'i7 .12 124.0 99.2 82.6 70.8 
14 74·82 .14 106.9 85.5 71.3 61.1 
15 6<;.83 .16 93.1 74.5 62.1 53.2 

16 6547 .18 81.8 65.5 54.6 46.8 
17 6I.6I .21 12.5 58.0 48.3 41.4 
18 5 8.I 9 .23 64.7 51.7 43.1 36.9 

19 55·13 .26 58.0 46.4 38.7 33.2 
20 52 :17 .29 52.4 41.9 34.9 29.9 
21 49·88 .31 47.5 38.0 31.7 27.1 

22 47.61 .35 43.3 34.6 28.8 24.7 
23 45.54 .38 39.6 31.7 26.4 22.6 
2! 43.64 .41 36.4 29.1 24.2 20.8 

25 41.90 .45 33.5 26.8 22.3 19.1 
26 40.29 .48 31.0 24.8 20.7 17.7 
27 38.79 .52 28.7 23.0 19.2 16.4 

28 37.41 .56 26.7 21.4 17.8 15.3 
29 36.12 .60 24.9 19.9 16.6 14.2 
30 34.92 .64 23.3 18.6 15.5 13.3 

31 33.79 .69 21.8 17.4 14.5 12.5 
32 32.73 .73 20.5 16.4 , 13.6 11.7 
33 31.74 .78 19.2 15.4 12.8 11.0 

N. B.-For loads given 10 Italics webs must be stiffened, or loads must not 
exceed maximum loads given in columns XV, pages 188 to 191. 



24" :I BEAM-No. 243 B. 

95 POUNDS PER FOOT . 

Flange width .. 
Web thickness .. 

. . . . . 7.48 I Are:> in square inches . .. 27.92 

. . ... 0.62 ResIStance . . .... . . . . 202.3 

Greatest safe load in net tons unirormly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflectiou for centre load will be {'-r; oftbe tabular deflection. 
For figures in small type deflection is excessive. 

--
Greatest Dislm,ce in Feet B elween Centres of 

Greatest 
Beams for Distributed Load as Below. 

SJXIn Safe Load Dejleclion 
100 125 175 1°n in in Inches. 150 

Feel. Ket Tons. Pounds Pounds Pounds Pounds 
per Square pe" Square p er Square per Squme 

Foot. Foot. Foot. Foot. 
- ----

10 I07·87 .07 215.7 172.6 143.8 123.3 
11 98.06 .09 178.3 142.6 118.9 101.9 
12 89.89 .10 149.8 119.9 99.9 85.6 

13 82.98 .12 1'Z7.7 102.1 85.1 73.0 
14 77.05 .14 110.1 88.1 73.4 62.9 
15 7£·9£ .16 95.9 76.7 63.9 54.8 

16 6742 .18 84.3 67.4 56.2 48.2 
17 6.1-45 .21 74.6 59.7 49.8 42.7 
18 59·9.1 .23 66.6 53.3 44.4 38.1 

19 56.77 .26 59.8 47.8 39.8 34.3 
20 53.93 .29 53.9 43.1 36.0 30.8 
21 51.37 .31 48.9 39.2 32.6 28.0 

22 49.03 .35 44.6 35.7 29.7 25.5 
23 46.90 .38 40.8 32.6 27.2 23.3 
24 44.94 .41 37.5 30.0 25.0 21.4 

25 43.15 .45 34.5 27.6 23.0 19.7 
26 41.49 .48 31.9 25.5 21.3 18.2 
27 39.95 .52 29.6 23.7 19.7 16.9 

28 38.52 .56 27.5 22.0 18.3 15.7 
29 37.20 .60 25.7 20.5 17.1 14.7 
30 35.96 .64 24.0 19.2 16.0 13.7 

31 34.80 .69 22.5 18.0 15.0 12.8 
32 33.71 .73 21.1 16.9 14.0 12.0 
33 32.69 .78 19.8 15.9 13.2 11.3 

N. B.-For loads given in Italics webs must be stiffened, or loads must not 
exceed maximllm loads given ill column XV, pages 188 to 191. 
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24" 1: BEAn-I-No. 244 B. 

100 POUNDS PEI~ FOOT. 

Flange width. • . . . . . . . 7.54 I Area in square inches . 
Web thickness . .. ...... 0.68 Resistance . .. ... . 

29.42 
208.1 

Greatest safe load in net tons uniformly distributed. F ibre stress 16,000 lbs. 
j<'or a load in middle of beam, allow one-half of the tabular load. 

Deflection for ccn tre load will he T"ri of the tabular dellection. 
For figures in small type deflection is excessive. 

Gl'eate-3t ]Ji,t;tance in Ff'et Betll.:een Centres of 
Greatest B eams jor Distributed LQad as Below. 

Span !Safe Load DejlecUon 

I in in in. Inches. 100 125 150 175 
Feet. Net Ton •. Pou,u1s Pounds Pounds Pounds 

per Square per Square per Square per Square 
Foot. Foot. Foot. Foot. 

--
10 110·99 .07 222.0 177.6 148.0 126.8 
11 100.')0 .09 183.5 146.8 122.3 104.8 
12 92 49 .10 154.2 123.3 102.8 88.1 

13 85-38 .12 131.4 105.1 87.6 75.1 
14 79.28 .14 113.3 90.6 75.5 64.7 
15 73·99 .16 98.7 78.9 65.8 56.4 

16 69.37 .18 86.7 69.4 57.8 49.6 
17 65.29 .21 76.8 61.5 51.2 43.9 
18 61.66 .23 68.5 54.8 45.7 39.1 

19 58.42 .26 61.5 49.2 41.0 35.1 
20 55.50 .29 55.5 44.4 37.0 31.7 
21 52.85 .31 50.3 40.3 33.6 28.8 

22 50.45 .35 45.9 36.7 30.6 26.2 
23 48.26 .38 42.0 33.6 28.0 24.0 
24 46.25 .41 38.5 30.8 25.7 22.0 

25 44.40 .45 35.5 28.4 23.7 20.3 
26 42.69 .48 32.8 26.3 21.9 18.8 
27 41.11 .52 30.5 24.4 20.3 17.4 

28 39.64 .56 28.3 22.7 18.9 16.2 
29 38.27 .60 26.4 21.1 17.6 15.1 
30 37.00 .64 24.7 19.7 16.5 14.1 

31 35.80 .69 23.1 18.5 15.4 13.2 
32 34.68 .73 21.7 17.3 14.5 12.4 
33 33.63 .78 20.4 16.3 13.6 11.6 

N. B.-For loads given in Italics webs must be stiffened, or loads must not 
exceed maximum loads given in column XV, pages 188 to 191. 
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20" ::t BEAM-No. 200 B. 

65 POUNDS PER FOOT. 

Flange width. .. . . . ••. 6.25 I Are!, in square inches . .. .. 19.12 
Web thickness. . . .. .... 50 ReStstan ce . .. ... . ... 117.97 

Greatest safe load in net tons uniformly distributed. Fihre st ress 16,000 lbs. 
For a loa,l ill middle of beam, allow onc·half of the tabular load. 

Defiection for centre load will be lu of the tabular deflection. 
For figures in small type dellection is excessive 

Greatest Distance in Feet B etwee'll Ce1J tre3 of 

Greatest 
B eams for Distl'ibuted Load as B elow, 

Span Safe Loa(t Deflection ,in 
in in InclLes. 100 125 150 175 

.Feet. Nel Tons. Pounds Pounds Pounds Pounds 
per Square peT Square p er Square p er SquUl'e 

Fool. FOOl. FOOl. Foot. 

10 62.92 .09 125.8 100.7 83.9 71.9 
11 57.20 .10 104.0 83.2 69.3 59.4 
12 5 2.43 .12 87.4 69.9 58.3 49.9 

13 #40 .14 74.5 59.6 49.6 42.6 
14 #·94 .17 64.2 51.3 42.8 36.7 
15 4£ 95 .19 55.9 44.7 37.3 32.0 

16 39·33 .22 49.2 39.3 32.8 28.1 
17 37.01 .25 43.5 34.8 29.0 24.9 
18 34.95 .28 38.8 31.1 25.9 22.2 

19 33.11 .31 34.9 27.9 23.2 19.9 
20 31.46 .34 31.5 25.2 21.0 18.0 
21 29.95 .38 28.5 22.8 19.0 16.3 

22 28.60 .41 26.0 20.8 17.3 14.9 
2'3 27.36 .45 23.8 19.0 15.9 13.6 
24 26.22 .49 21.9 17.5 14.6 12.5 

25 25.17 ,54 20.1 16.1 13.4 11.5 
26 24.20 .58 18.6 14.9 12.4 10.6 
27 23.30 .62 17.3 13.8 11.5 9.9 

28 22.47 .67 16.1 12.8 10.7 9.2 
29 21.70 .72 15.0 12.0 10.0 8.6 
30 20.97 .77 14.0 11.2 9.3 8.0 

31 20.30 .82 13.1 10.5 8.7 7.5 
32 19.66 .88 12.3 9.8 8.2 7.0 
33 19.07 .93 11.6 9.2 7.7 6.6 

N. B.-For loads given 10 Hallcs webs must be s bffened, or loads must not 
exceed maximum loads given in column XV, pages 188 to 191. 



20" :I B EAM-No. 201 B. 

70 POUNDS PER F OOT. 

Fhnge width ...... ... 6. 31 I Are~ in square inches. 
Web thickness ......... 0.56 Reslstance.. • .. . 

20.59 
122.90 

Greatest safe load ill net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a loau in middle of beam, allow onc·half of the tabular load. 

Span 
in 

Ft:et. 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
21 

25 
26 
27 

28 
29 
30 

31 
32 
33 

Defl ection for centre load will be 10 of the tabular deRection . 
For figures in small type deflection is excessive. 

- -
Greatest Distance in Feet B etu:een Centres oj 

Greatest 
Beams for Distributed Loml as Below. 

Sa/e L oad Deflection 
100 125 150 175 

'" '1:nlnches. 
Net Tons. Pounds Pounds Pounds Pounds 

per SquaTe per Square per Square pet SqUl.l1'e 
Foot. Foot. Fuot. Foot. 

65..55 .09 131.1 104.9 87.4 74.9 
59·59 .10 108.3 86.7 72.2 61.9 
54,6., .12 91.1 72.8 60.7 52.0 

50 4 2 .14 77.6 62.1 51.7 44.3 
46.82 .17 66.9 53.5 44.6 38.2 
43.70 .19 58.3 46.6 38.8 33.3 

40.97 .22 51.2 41.0 34.1 29.3 
38.56 .25 45.4 36.3 30.2 25.9 
36.42 .28 40.5 32.4 27.0 23.1 

34.50 .31 36.3 29.1 24.2 20.8 
32.78 .34 32.8 26.2 21.9 18.7 
31.21 .38 29.7 23.8 19.8 17.0 

29.80 .41 27.1 21.7 18.1 15.5 
28.50 .45 24.8 19.8 16.5 14.2 
27.31 .49 22.8 18.2 15.2 13.0 

26.22 .54 21.0 16.8 , 14.0 12.0 
25.21 .58 19.4 15.5 12.9 11.1 
24.28 .62 18.0 14.4 12.0 10.3 

23.41 .67 16.7 13.4 11.1 9.6 
22.60 .72 15.6 12.5 10.4 8.9 
21.85 .77 14.6 11.7 9.7 8.3 

21.14 .82 13.6 

I 

10.9 9.1 

I 
7.8 

20.48 .88 12.8 10.2 8.5 7.3 
19.86 .93 12.0 9.6 8.0 6.9 

I 
N. B.-For loans given in Italics webs must be stiffened, or loads must not 

exceed maximum loads giYen in columns XV, pages 188 to 191. 
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20" % BEAM-No. 202 B. 

75 POUNDS PER FOOT. 

Flange width. . . . . . . . . 6.39 I Area in square inches . .. 22.06 
Web thickness ....•.... 0.64 Resistance .......... 127.77 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ·lo of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Distnnce in Feet Between CeniTCS oj 

G-reatest 
Beams for Distributed Load as Below. 

Span Safe L oad Deflection 
in in 'in Inches. 100 125 150 175 

Feet. Net Tons. Pounds Pounds Pounds Pounds 
pe:r Square per Square pc'!' Square per Squa're 

Foot. Foot. Foot. Foot. 
--

10 68·£5 .09 136.3 109.0 90.9 77.9 
11 6£.95 .10 112.6 90.1 75.1 64.4 
12 56.79 .12 94.7 75.7 63.1 54.1 

13 52.42 .14 80.7 64.5 53.8 46.1 
14 48.68 .17 69.5 55.6 46.4 39.7 
15 45.43 .19 60.6 48.5 40.4 34.6 

16 42.59 .22 53.2 42.6 35.5 30.4 
17 40.08 .25 47.2 37.7 31.4 26.9 
18 37.86 .28 42.1 33.7 28.0 24.0 

19 35.87 .31 37.7 30.2 25.2 21.6 
20 34.07 .34 34.1 27.3 22.7 19.5 
21 32.45 .38 30.9 24.7 20.6 17.7 

22 30.98 .41 28.2 22.5 18.8 16.1 
23 29.63 .45 25.8 20.6 17.2 14.7 
24 28.39 .49 23.7 18.9 15.8 13.5 

25 27.26 .54 21.8 17.4 14.5 12.5 
26 26.21 .58 20.2 16.1 13.4 11.5 
27 25.24 .62 18.7 15.0 12.5 10.7 

28 24.33 .67 17.4 13.9 11.6 9.9 
29 23.50 .72 16.2 13.0 10.8 9.3 
30 22.72 .77 15.1 12.1 10.1 8.7 

31 21.98 .82 i4.2 11.3 9.5 8.1 
32 21.30 .88 13.3 10.7 8.9 7.6 
33 20.65 .93 12.5 10.0 8.3 7.2 

N. B.-For loads given in Italics webs mmt be stiffened, or loads must not 
exceed maximum loads given in column XV, pages 188 to 191. 
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20" I BEAM-No. 203 B. 

80 POUNDS PER FOOT. 

Flange width. . . . . . . . . 6.75 I Area in square inches. . .. 23.53 
Web thickness ......... 0.63 Resistance. . . . . . . . . . 140.44 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
1"or a load in middle of beam, allow olle·half of the tabular load. 

Deflection for centre load will be -115 of the tabular deflection. 
For figures in small type deflection is excessive. 

Greal""l Dislance in Feel B etICec" Centres oj 

Greal""t Beams jor D islribut«l Load as Below. 
Span Safe Load Defleclion 
in in in IncItes. 100 125 150 175 

Feel. Nel Tons. Pounds Pounds Pound~ Pounds 
per Square per Square per Square per Square 

FoOL. Fool. Foot. Fool. 
--

10 74·90 .09 149.8 119.8 99.9 85.6 
11 68.0<) .10 123.8 99.0 82.5 70.7 
12 62·42 .12 104.0 83.2 69.4 59.4 

13 57.62 .14 88.6 70.9 59.1 50.7 
14 53.50 .17 76.4 61.1 51.0 43.7 
15 49.93 .19 66.6 53.3 44.4 38.0 

16 46.81 .22 58.5 46.8 39.0 33.4 
17 44.06 .25 51.8 41.5 34.6 29.6 
18 41.61 .28 46.2 37.0 30.8 26.4 

19 39.42 .31 41.5 33.2 27.7 23.7 
20 37.45 .34 37.5 30.0 25.0 21.4 
21 35.67 .38 34.0 27.2 22.6 19.4 

22 34.05 .41 31.0 24.8 20.6 17.7 
23 32.57 .45 28.3 22.7 18.9 16.2 
24 31.21 .49 26.0 20.8 17.3 14.9 

25 29.96 .54 24.0 19.2 16.0 13.7 
26 28.81 .58 22.2 17.7 14.8 12.7 
27 27.74 .62 20.5 16.4 13.7 11.7 

28 26.75 .67 19.1 15.3 12.7 10.9 
29 25.83 .72 17.8 14.3 11.9 10.2 
30 24.97 .77 16.6 13.3 11.1 9.5 

31 24.16 .82 15.6 12.5 10.4 8.9 
32 23.41 .88 14.6 11.7 9.8 8.4 
33 22.70 .93 13.8 11.0 9.2 7.9 

N. B.-For loads glven III ltahcs webs must be stIffened, or loads must not 
exceed maximum loads given in column XV, pages 188 to 191. 
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20" 1: BEAM-No. 204 D. 

85 POUNDS PER FOOT. 

Flange width. .. . ..• •• 6.82 I Area in square inches. . . . . 25.00 
Web thickness.. ... ••. 0.70 Resistance.......... 145.31 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one·half of tbe tabular load. 

Deflection for centre load will be r\ of the tabular deflection. 
For figures in small type deflection is excessive 

Greatest Distance in Feet Between Centres of 

(h'eatest 
Beams for Dist1'ibuted Load as Below. 

SI?an Safe Loa<l Deflection 175 '" in in-Inches. 100 125 150 
Feet. Net Tons. Pounds Pounds Pounds Pounds 

IJer Square per Square p",.Square pe'r Square 
Foot. Foot. Foot. Foot. 

10 77·5° .09 155.0 124.0 103.3 88.6 
11 70.45 .10 128.1 102.5 85.4 73.2 
12 64.58 .12 107.6 86.1 71.8 61.5 

13 59.61 .14 91.7 73.4 61.1 52.4 
14 55.36 .17 79.1 63.3 52.7 45.2 
15 51.67 .19 68.9 55.1 45.9 39.4 

16 48.44 .22 60.6 48.4 40.4 34.6 
17 45.59 .25 53.6 42.9 35.8 30.6 
18 43.06 .28 47.8 38.3 31.9 27.3 

19 40.79 .31 42.9 34.4 28.6 24.5 
20 38.75 .34 38.8 31.0 25.8 22.1 
21 36.90 .38 35.1 28.1 23.4 20.1 

22 35.23 .41 32.0 25.6 21.4 18.3 
23 33.69 .45 29.3 23.4 19.5 16.7 
24 32.29 .49 26.9 21.5 17.9 15.4 

25 31.00 .54 24.8 19.8 16.5 14.2 
26 29.81 .58 22.9 18.3 15.3 13.1 
27 28.70 .62 21.3 17.0 14.2 12.2 

28 27.68 .67 19.8 15.8 13.2 11.3 
29 26.72 .72 18.4 14.7 12.3 10.5 
30 25.83 .77 17.2 13.8 11.5 9.8 

31 25.00 .82 16.1 12.9 10.8 9.2 
32 24.22 .88 15.1 12.1 10.1 8.7 
33 23.48 .93 14.2 11.4 9.5 8.1 

N. B.-For load g Lven In ItalICS web lllust be sfltfcllOO, or load must not 
exceed maximum load given in colnmn XV, pages 188 to HH. 
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20" X BEAM-No. 205 B. 

90 POUNDS PER FOOT. 

Flange width... . ..... 6.90 I Area in square inches.. . . . 26.47 
Web thickness.. ...... 0.78 Resistapce.... : ..... 150.17 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one·half of the tabular load. 

Deflection for centre load will be lo of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Distance in Feet Between Centres oj 

(h'eatest 
Beams for Dist"ibuted Load as Below. 

Span 
in Safe Load DeftecUon 

100 125 150 175 
Feet. in in Inches. 

Net Tons. Pounds Pounds Pounds Pounds 
perSquaTe per SquaTe perSqua1'e per Square 

Foot. Foot. Foot. Foot. 

10 80.09 .09 160.2 128.1 106.8 91.5 
11 72.81 .10 132.4 105.9 88.3 75.7 
12 66.74 .12 111.2 89.0 74.2 63.6 

13 61.61 .14 94.8 75.8 63.2 54.2 
14 57.21 .17 81.7 65.4 54.5 46.7 
15 53.39 .19 71.2 57.0 47.5 40.7 

16 50.06 .22 62.6 50.1 41.7 35.8 
17 47.11 .25 55.4 44.3 37.0 31.7 
18 44.50 .28 49.4 39.6 33.0 28.3 

19 42.15 .31 44.4 35.5 29.6 25.4 
20 40.05 .34 40.1 32.0 26.7 22.9 
21 38.14 .38 36.3 29.1 24.2 20.8 

22 36.41 .41 33.1 26 .5 22.1 18.9 
23 34.82 .45 30.3 24.2 20.2 17.3 
24 33.37 .49 27.8 22.2 18.5 15.9 

25 32.04 .54 25.6 20.5 17.1 14.6 
26 30.80 .58 23.7 19.0 15.8 13.5 
27 29.66 .62 22.0 17.6 14.6 12.6 

28 28.60 .67 

I 

20.4 16.3 13.6 11.7 
29 27.62 .72 19.0 15.2 12.7 10.9 
30 26.70 .77 17.8 14.2 11.9 10.2 

31 25.84 .82 16.7 13.3 ILl 9.5 
32 25.03 

I 
.88 

I 
15.6 12.5 10.4 8.9 

33 24.27 .93 14.7 11.8 9.8 8.4 
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20" 1: BEAM-No. 206 B. 

95 POUNDS PER FOOT. 

Flange width. .. ... . . 7.24 I Area in square inches. . " 27.94 
Web tbickness .. . .. . .. 0.74 Resistance ... . " . . . . 160.19 

Greatest safe load in net ton s uniformly distributed. Fibre stress 16,000Ibs. 
For a load in middle of beam, allow onc-half of tbe tabular load. 

Deflection for centre load will be T"lf of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Distance in Feet Between Ce",ltes 0 if 
Great .. t 

Bean", Jor Distributed Mad as Below. 
Span Safe Mad D'jlection 
in in in-Inches. 100 125 150 175 

Feet. Net Ton •. Pounds Pounds Pound.. Pounds 
per Square per Sq1wre per Square per Square 

Foot. Foot. Foot. Foot. 

I 
10 86-4£ .09 I 172.8 138.3 115.2 98.8 
11 78.55 .10 142.8 114.3 95.2 81.6 
12 72.00 .12 120.0 96.0 80.0 68.6 

13 66.47 .14 I 102.3 81.8 68.2 58.4 
14 61.72 .17 88.2 70.5 58.8 50.4 
15 57.60 .19 76.8 61.4 51.2 43.9 

16 54.00 .22 67.5 54.0 45.0' 38.6 
17 50.83 .25 59.8 47.8 39.9 34.2 
18 48.00 .28 53.3 42.7 35.6 , 30.5 

19 45.48 .31 47.9 38.3 31.9 27.4 
20 43.20 .34 43.2 34.6 28.8 24.7 
21 41.15 .38 39.2 31.4 26.1 22.4 

22 39.28 .41 35.7 28.6 23.8 20.4 
23 37.57 .45 32.7 26.1 21.8 18.7 
24 36.00 .49 30.0 24.0 20.0 17.1 

25 34.56 .54 27.6 22.1 18.4 15.8 
26 33.23 .58 25.6 20.5 17.0 14.6 
27 32.00 .62 23.7 19.0 15.8 13.5 

28 30.86 .67 22.0 17.6 14.7 12.6 
29 29.79 .72 20.5 16.4 13.7 11.7 
30 28.80 .77 19.2 15.4 12.8 11.0 

31 27.87 .82 18.0 14.4 12.0 10.3 
32 27.00 .88 16.9 13.5 11.3 9.6 
33 26.18 .93 15.9 12.7 10.6 9.1 

N. B.-For load glVen in Itahcs web must be stiffened, or load must not 
exceed maximum load given in column XV, page 189. . 

41 



20" :r BEAM-No. 207 B. 

100 POU1\'DS PER FOOT. 

Hange width . . . . • • . . . 7.31 I Area in square inches. . .. 29.41 
Web thickness .... . .... 0.81 Resistance .. . " ...•• 164.96 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one·half of the tabular load. 

Deflection for centre load will be y815 of tbe tabular deflection . 
For figures in small type deflection is excessive. 

Greate8t Distance in Feet Between Centres of 

O,'eale8t 
Beams f or Distributed Load as B elow. 

Span Safe Load Deflection in. in 'in Inches. 100 125 150 175 
Feel. Net Tons. Pounds Pounds Pounds Pounds 

per Square p er Square per Square per Square 
Foot. Fool. Foot . Foot. 

--
10 88.98 .09 178.0 142.4 118.6 101.7 
11 80.89 .10 147.1 117.7 98.0 84.1 
12 74.15 .12 123.6 98.9 82.4 70.6 

13 68.44 .14 105.3 84.2 70.2 60.2 
14 63.56 .17 90.8 72.6 60.5 51.9 
15 59.32 .19 79.1 63.3 52.7 45.2 

16 55.61 .22 69.5 55.6 46.3 39.7 
17 52.34 .25 61.6 49.3 41.1 35.2 
18 49.43 .28 54.9 43.9 36.6 31.4 

19 46.63 .31 49.3 39.4 32.9 28.2 
20 44.49 .34 44.5 35.6 29.7 25.4 
21 42.37 .38 40.4 32.3 26.9 23.1 

22 40.44 .41 36.8 29.4 24.5 21.0 
23 38.69 .45 33.6 26.9 22.4 19.2 
24 37.07 .49 30.9 24.7 20.6 17.7 

25 35.59 .54 28.5 22.8 19.0 16.3 
26 34.22 .58 26.3 21.1 17.6 15.0 
27 32.95 .62 24.4 19.5 16.3 13.9 

28 31.78 .67 22.7 18.2 15.1 13.0 
29 30.68 .72 21.2 16.9 14.1 12.1 
30 29.66 :n 19.8 15.8 13.2 11.3 

31 28.70 .82 18.5 14.8 12.3 10.6 
32 27.81 .88 17.4 13.9 11.6 9.9 
33 26.96 .93 16.3 13.1 10.9 9.3 

- , 
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18" X BEAM-No. 180 B. 

55 POUNDS PER FOOT. 

Flange width. . . . . . . . . 6.00 I Area in square inches. • • • 16.18 
Web thickness ......... 0.46 Resistance..... ..•.. 89.89 

Greatest safc load in net tons nniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be T80 of the tabular dellection. 
For figures in small type dellection is excessive. 

Greatest 
Span Safe Load Deflection 

in in in Inches. 
Feet. Net Tons. 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 

47·94 
43.58 
39·95 

36.88 
34.2 4 
31.96 

29.97 
28.20 
26.64 

25.23 
23.97 
22.83 

21.79 
20.85 
19.98 

19.18 
18.44 
17.76 

17.12 
16.53 
15.98 

15.41 
14.98 
14.53 

. 10 

.12 

.14 

.16 

.19 

.21 

.24 

.28 

.31 

.34 

.38 

.42 

.46 

.50 

.55 

.60 

.64 

.69 

.75 

.80 

.86 

.92 

.98 
1.04 

Greatest Distance in Feet Between amtres of 
Beams for Distributed Laad as Below. 

100 125 150 175 
POlmds Pounds Pounds Pounds 

per Square per Square per Square per Square 
Foot. Foot. Foot. Foot . 

95.9 
79.2 
66.6 

56.7 
48.9 
42.6 

37.5 
33.2 
29.6 

26.6 
24.0 
21.7 

19.8 
18.1 
16.7 

15.3 
14.2 
13.2 

12.2 
11.4 
10.7 

10.0 
9.4 
8.8 

76.7 
63.4 
53.3 

45.4 
39.1 
34.1 

30.0 
26.5 
23.7 

21.2 
19.2 
17.4 

15.8 
14.5 
13.3 

12.3 
11.3 
10.5 

9.8 
9.1 
8.5 

8.0 
7.5 
7.0 

63.9 
52.8 
44.4 

37.8 
32.6 
28.4 

25.0 
22.1 
19.7 

17.7 
16.0 
14.5 

13.2 
12.1 
11.1 

10.2 
9.5 
8.8 

8.2 
7.6 
7.1 

6.7 
6.2 
5.9 

54.8 
45.3 
38.0 

32.4 
28.0 
24.4 

21.4 
19.0 
16.9 

15.2 
13.7 
12.4 

11.3 
10.4 

9.5 

8.8 
8.1 
7.5 

7.0 
6.5 
6.1 

5.7 
5.4 
5.0 

N. B.-For loads given in Italics webs must be stiffened, or loads must not 
exceed maximum loads given in column XV, pages 188 to 191. 
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18" l: BEAM-No. 181 B. 

60 POUNDS PER FOOT. 

Flange width .. ... ... . 6.08 I Area in square inches .. . . 17.65 
Web thickness .. ... . . . . 0.54 Resistance...... . . .. 94.43 

Greatest safe load in net tons uniformly dis tributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of tbe tabular load. 

Span 
in 

Feet. 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 

Deflection for centre load will be T"r; oftbe tabular deflection. 
]<' or Jigures in small type deflection is excessive. 

Greatest Distance in F eet B etween Centres oj 

G"eatest 
B eamsjor Distributed L oad as Below. 

Safe L oad Deflection 
in i'1lIncltes. 100 125 150 175 

Net Tons. Pounds Pound.! Pounds Pounds 
per SquU1'e per Square p er Square per Squa,.. 

Foot. Foot. Foot. Foot. 

50 .36 .10 100.7 80.6 67.1 57.6 
45.78 .12 83.2 66.6 55.5 47.6 
41.97 .14 70.0 56.0 46.6 40.0 

38.74 .16 59.6 47.7 39.7 34.1 
35.98 .19 51.4 41.1 34.3 29.4 
33.58 .21 44.8 35.8 29.8 25.6 

31.48 .24 39.4 31.5 26.2 22.5 
29.63 .28 34.9 27.9 23.2 19.9 
27.98 .31 31.1 24.9 20.7 17.8 

26.51 .34 27.9 22.3 18.6 15.9 
25.18 .38 25.2 20.1 16.8 14.4 
23.98 .42 22.8 18.3 15.2 13.1 

22.89 .46 20.8 16.6 13.9 11.9 
21.90 .50 19.0 15.2 12.7 10.9 
20.99 .55 17.5 14.0 11.7 10.0 

20.15 .60 16.1 12.9 10.7 9.2 
19.37 .64 14.9 11.9 9.9 8.5 
18.65 .69 13.8 11.1 9.2 7.9 

17.99 .75 12.8 10.3 8.6 7.3 
17.37 .80 12.0 9.6 8.0 6.8 
16.79 .86 11.2 9.0 7.5 6.4 

16.25 .92 10.5 8.4 7.0 6.0 
15.74 .98 9.8 7.9 6.6 5.6 
15.26 1.04 9.2 7.4 6.2 5.3 

N. B.- For loads gIven 10 Itahes webs mU8t be stiffened, or loads must not 
exceell maximulU loads gh-en in coluwn X V J pages 188 t.o 191. 
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18" ::I BEAM-No. 182 B. 

65 POUNDS PER FOOT . 

Flange width .. . . . . . 6.17 I Area in sq uare inches . . . 19.12 
Web thickness .. . . . . . 0.63 Resistnnce .. . . . .. . . 98.86 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for ecntre load will be -to of the tabular deflection. 
For fignres in small type deflection is excessive. 

--
Grealesl 

G1"ealest Distance in Feet Between Centres 0/ 
Beamsjor Distributed Load as Below. 

Span oafe Load Deflection 
100 125 150 in in in Inchcs. 175 

Feel. Nel Tons. Pounds Pounds Pounds Pounds 
per Square per Square per Square per Square 

flbot. Fbot. Fbot. FOOl. 

10 52.73 .10 105.5 84.4 70.3 60.3 
11 47.93 .12 87.1 69.7 58.1 49.8 
12 43.94 .14 73.2 58.6 48.8 41.9 

13 40.56 .16 62.4 49.9 41.6 35.7 
14 37.66 .19 53.8 43.0 35.9 30.8 
15 35.15 .21 46.9 37.5 31.2 26.8 

16 32.95 .24 41.2 33.0 27.5 23.5 
17 31.01 .28 36.5 29.2 24.3 20.8 
18 29.29 .31 32.5 26.0 21.7 18.6 

19 27.75 .34 29.2 23.4 19.5 16.7 
20 26.36 .38 26.4 21.1 17.6 15.1 
21 25.11 .42 23.9 19.1 15.9 13.7 

22 23.97 .46 21.8 17.4 14.5 12.5 
23 22.92 .50 19.9 15.9 13.3 11.4 
24 21.97 .55 18.3 14.6 12.2 10.5 

25 21.09 .60 16.9 13.5 11.2 9.6 
26 20.28 .64 15.6 12.5 10.4 8.9 
27 19.53 .69 14.5 l1.6 9.6 8.3 

28 18.83 .75 13.5 10.8 9.0 7.7 
29 18.18 .80 12.5 10.0 8.4 7.2 
30 17.58 .86 l1.7 9.4 7.8 6.7 

31 17.01 .92 l1.0 8.8 7.3 6.3 
32 16.48 .98 10.3 8.2 6.9 5.9 
33 15.98 1.04 9.7 7.7 6.5 5.5 
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18" :I BEAM-No. 183 B. 

70 POUNDS PER FOOT. 

Flange width. • . . . . . . . 6.50 I Area ill square inches. 
Web thickness . . ...... . 0.63 Resistance ...... . 

20.59 
lU9 .08 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be T80 of the tabular deflection. 
For figures in small type denection is excessive. 

Greale,sl Diiilance in Feet Betlveen Centres of 

Greatest Bean .. for J)istributed LfJad as Below. 
Span &f. LfJad J)eflection 

in in in-Incltes. 100 125 150 175 
Feet. Net Tons. Pounds Pounds Pounds Pounds 

per Squarl3 per Square per Square per Square 
Foot. Foot. Foot. Foot. 

---

10 ,8.18 .10 116.4 93.1 77.6 66.5 
11 52.89 .12 96.2 76.9 64.1 55.0 
12 48.48 .14 SO.8 64.6 53.9 46.2 

13 44.75 .16 68.8 55.1 45.9 39.3 
14 41.55 .19 59.4 47.5 39.6 33.9 
15 38.78 .21 51.7 41.4 34.5 29.6 

16 36.36 .24 45.4 36.4 30.3 26.0 
17 34.22 .28 40.3 32.2 26.8 23.0 
18 32.32 .31 35.9 28.7 23.9 20.5 

19 30.62 .34 32.2 25.8 21.5 18.4 
20 29.09 .38 29.1 23.3 19.4 16.6 
21 27.70 .42 26.4 21.1 17.6 15.1 

22 26.44 .46 24.0 19.2 16.0 13.7 
23 25.29 .50 22.0 17.6 l4.7 12.6 
24 24.24 .55 20.2 16.2 13.5 11.5 

25 23.27 .60 18.6 14.9 12.4 10.6 
26 22.38 .64 17.2 13.8 11.5 9.8 
27 21.55 .69 16.0 12.8 10.6 9.1 

28 20.78 .75 14.8 11.9 9.9 8.5 
29 20.06 .SO 13.8 ILl 9.2 7.9 
30 19.39 .86 12.9 10.3 8.6 7.4 

31 18.77 .92 12.1 9.7 8.1 6.9 
32 18.18 .98 11.4 9.1 7.6 6.5 
33 17.63 1.04 10.7 8.5 7.1 6.1 

N. Jl.-For load given in Italics web must be stiffened, or load must not 
exceed maximum load given in column XV, page 189. 
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18/1 X BEAM-No. 184 B. 

75 POUNDS PER FOOT. 

Flange width ..... . . . . 6.58 I Area in square inches. . . 22.06 

Web lbickness . . . . . . . . 0.71 Resistance . .. , . . . . 113.72 

Greatest safe load in Ilet tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam , allow one·balf of tbe tabula r load. 

Deflection for centre load will be -to oftbe tabular d efl ection. 
For figures in small type deflection is excessive. 

G,"ealest Distance in Feet Between, Centres oj 

G" eatest 
B ean .. f or j)istl-ibuted Load as B elow. 

Spa" Safe .Load D;>jlection 
in. m in, I ncites. 100 125 150 175 

Peet. .lVet Tons. Pounds Pounds Pounds Pounds 
per Square per Square per Square IJC1' Square 

1"00/. Foot. Poot. Foot. 

10 60.65 .10 121.3 97.0 SO.9 69.3 
11 55.14 .12 100.3 SO.2 66.8 57.3 
12 SO.54 .14 84.2 67.4 56.2 48.1 

13 46.66 .16 71.8 57.4 47.9 41.0 
14 43.32 .19 61.9 49.5 41.3 35.4 
15 40.44 .21 53.9 43.1 35.9 30.8 

16 37.91 .24 47.4 37.9 31.6 27.1 
17 35.68 .28 42.0 33.6 28.0 24.0 
18 33.70 .31 37.4 30.0 25.0 21.4 

19 31.92 .34 33.6 26.9 22.4 19.2 
20 30.33 .38 30.3 24.3 20.2 17.3 
21 28.88 .42 27.5 22.0 18.3 15.7 

22 27,57 .46 25.1 20.1 16.7 14.3 
23 26.37 .SO .22.9 18.3 15.3 13.1 
24 25.27 .55 21.1 16.9 14.0 12.0 

25 24.26 .60 19.4 15.5 12.9 11.1 
26 23.33 .64 17.9 14.4 12.0 10.3 
27 22.46 .69 16.6 13.3 11.1 9.5 

28 21.66 .75 15.5 12.4 10.3 8.8 
29 20.91 .SO 14.4 11.5 9.6 8.2 
30 20.22 .86 13.5 10.8 9.0 7.7 

31 19.57 .92 12.6 10.1 8.4 7.2 
32 18.95 .98 11.8 9.5 7.9 6.8 
33 18.38 1.04 11.1 8.9 7.4 6.4 
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18" :t BEAM-No. 185 B. 

80 POUNDS PER FOOT. 

Flange width . . .. . . . . . 6.66 I Area in square iuches .. .. 23.53 
Web thickness .... ..... 0.79 Resistance.. . . . . . . . . 118.15 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, a llow one-balf of lbe lahular load. 

DeHection for cenlre load will be lif of the tabular defleclion. 
For figures in small lype deflection is excessive. 

Grealest Dislance in Feet Belwem amtres of 

Greatest 
Beams for D istributed L()ad as Below. 

Span Safe Load Deflection 
in in in Inches. 100 125 150 175 

Feet. Net Tons. Pounds Pounds Pounds Pounds 
per/)quarp. per Square per Square per Square 

Fool. Foot. Foot. FOOl. 

10 63.02 .10 126.0 100.8 84.0 72.0 
11 57.29 .12 104.2 83.3 69.4 59.5 
12 52.51 .14 87.5 70.0 58.3 50.0 

13 48.47 .16 74.6 59.7 49.7 42.6 
14 45.01 .19 64.3 51.4 42.9 36.7 
15 42.01 .21 56.0 44.8 37.3 32.0 

16 39.38 .24 49.2 39.4 32.8 28.1 r 17 37.07 .28 43.6 34.9 29.1 24.9 ( 
18 35.01 .31 38.9 31.1 25.9 22.:> 

19 33.17 .34 34.9 27.9 23.3 20.0 
20 31.51 .38 31.5 25.2 21.0 18.0 
21 30.01 .42 28.6 22.9 19.1 16.3 

22 28.64 .46 26.0 20.8 17.4 14.9 
23 27.40 • . 50 23.8 19.1 15.9 13.6 
24 26.26 .55 21.9 17.5 14.6 12.5 

25 25.21 .60 20.2 16.1 13.4 11.5 
26 24.24 .64 18.6 14.9 12.4 10.7 
27 23.34 .69 17.3 13.8 11.5 9.9 

28 22.51 .75 16.1 12.9 10.7 9.2 
29 21.73 .80 15.0 12.0 10.0 8.6 
30 21.01 .86 14.0 11.2 9.3 8.0 

31 20.33 .92 13.1 10.5 8.7 7.5 
32 19.69 .98 12.3 9.8 8.2 7.0 
33 19.10 1.04 11.6 9.3 7.7 6.6 
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18" :I BEAM-No. 186 B. 

85 POUNDS PER FOOT. 

Flange width . . . . . ... . 7.00 I Area in square inches .. .. 25.00 
Web thickness . . .. . . . . . 0.74 ResistaDce.. . . . . . . . . 127.74 

Greatest safe load in net Ions uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of lbe tabular load. 

Defleclion for centre load will be -{'7J of the tabular cleOection. 
l' or figures in small type deflection is excessive. 

=- ---
Greate3 t Distan,ce in Feet B etween Centres of 

Orealesl 
B eams Jor D istribuled Load as B elow. 

8J>!Ln So,fe L oa<! Deflection 
100 125 150 175 m i n 'in I ncites. 

Feel. ftet Tons. P OlLnd.r Pouna.. Pounds Pounds 
per Square pe" Square pe>' Square per Squa.·. 

Fool. Foot. Fool. Foot. 

--
10 68.99 .10 138.0 110.4 92.0 78.9 
11 62.72 .12 114.0 91.2 76.0 65.2 
12 57.49 .14 95.8 76.7 63.9 54.8 

13 53.07 .16 81.6 65.3 54.4 46.7 
14 49.28 .19 70.4 56.3 46.9 40.2 
15 45.99 .21 61.3 49.1 40.9 35.0 

16 43.12 .24 53.9 43.1 35.9 30.8 
17 40.58 .28 47.7 38.2 31..8 27.3 
18 38.33 .31 42.6 34.1 28.4 24.3 

19 36.31 .34 38.2 30.6 25.5 21.8 
20 34.49 .38 34.5 27.6 23.0 19.7 
21 32.85 .42 31.3 25.0 20.9 17.9 

22 31.36 .46 28.5 22.8 19.0 16.3 
23 29.99 .50 26.1 20.9 17.4 14.9 
24 28.75 .55 24.0 19.2 16.0 13.7 

I 

25 27.60 .60 22.1 17.7 14.7 12.6 
26 26.53 .64 20.4 16.3 13.6 11.7 
27 25.55 .69 18.9 15.1 12.6 10.8 

28 24.64 .75 17.6 14.1 11.7 10.1 
29 23.79 .80 16.4 13.1 10.9 9.4 
30 23.00 .86 15.3 12.3 10.2 8.8 

31 22.25 .92 14.4 11.5 9.6 8.2 
32 21.56 .98 13.5 10.8 9.0 7.7 
33 20.91 1.04 12.7 10.1 8.4 7.2 
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18" ::t BEAM-No. 187 B. 

90 POUNDS PER FOOT. 

Flange width.. . . . . . . . 7.08 I Area in square inches . . 26.47 
Web thickness. . . . . . . . 0.82 Resistance. . . . . . . ..• 132.00 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of the t abular load. 

Deflection for centre load will be l(j of the tabular deflection. 
For figures in small type deflection i::; excessive. 

Greatest Distance 'in Feet Between Centres of 

Greatest 
Beams jar Distributed Load as Below. 

Span 
'in &1e Load Deflection 

100 125 150 175 
Feel. in in-Inches. 

~"et Tons. Pounds Pounds Pounds Pounds 
per Squa1'e per Square per Sqllare per Square 

Fool. Foot. FOOL. FOOL. 

10 71.29 .10 142.6 114.1 95.1 81.5 
11 64.81 .12 117.8 94.3 78.6 67.3 
12 59.41 .14 99.0 79.2 66.0 56.6 

13 54.84 .16 84.4 67.5 56.2 48.2 
14 50.92 .19 72.7 58.2 48.5 41.6 
15 47.53 .21 63.4 50.7 42.2 36.2 

16 44.56 .24 55.7 44.6 37.1 31.8 
17 41.94 .28 49.3 39.5 32.9 28.2 
18 39.61 .31 44.0 35.2 29.3 25.2 

19 37.52 .34 39.5 31.6 26.3 22.6 
20 35.65 .38 35.7 28.5 23.8 20.4 
21 33.95 .42 32.3 25.9 21.6 18.5 

22 32.41 .46 29.5 23.6 19.6 16.8 
2-3 31.00 .50 27.0 21.6 18.0 15.4 
24 29.70 .55 24.8 19.8 16.5 14.1 

25 28.52 .60 22.8 18.3 15.2 13.0 
26 27.42 .64 21.1 16.9 14.1 12.1 
27 26.40 .69 19.6 15.6 13.0 11.2 

28 25.46 .75 18.2 14.5 12.1 10.4 
29 24.58 .flO 17.0 13.6 11.3 9.7 
30 23.76 .86 15.8 12.7 10.6 9.1 

31 23.00 .92 

I 
14.8 11.9 9.9 8.5 

32 22.28 .98 13.9 11.1 9.3 8.0 
33 21.60 1.04 13.1 10.5 8.7 7.5 
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15" 1: BEAM-No. 150 B . 

42 POUNDS PER FOOT. 

Flange wid th .. .... .. . 5.50 I Ar ea in square inches .... 12. 35 
Web thickness . . ..... . . 0. 41 Resis tance .. . ....... 59.16 

Greatest safe load in net t ons uniformly distr ibuted. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be 115 of the tabul ar deflection. 
For figures in small type d eflection is excessive. 

Greatest D istance in Feet B etween Centres oj' 

Greatest 
B eams jor Distributed L oad as Below. 

S1!an Saf e L oad Dejlection 
100 125 150 1;5 1,n i n ,in I nches. 

Feet. Net Tons. PO'ltnds P ounds P ounds P ounds 
peT Square per Squa're p er Squa" e per Square 

Foo/. Foot. 1<00/. Foot. 
--

10 3£·55 .11 63.1 50.5 42.1 36.1 
11 28.68 .14 52.1 41.7 34.8 29.8 
12 26.29 .16 43.8 35.1 29.2 25.0 

13 24.27 .19 37.3 29.9 24.9 21.3 
14 22.54 .22 32.2 25.8 21.5 18.4 
15 21.04 .26 28.1 22.4 18.7 16.0 

16 19.72 .29 24.7 19.7 16.4 14.1 
17 18.56 .33 21.8 17.5 14.6 12.5 
18 17.53 .37 19.5 15.6 13.0 11.1 

19 16.61 .41 17.5 14.0 11.7 10.0 
20 15.78 .46 15.8 12.6 10.5 9.0 
21 15.03 .50 14.3 11.5 9.5 8.2 

22 14.34 .55 13.0 10.4 8.7 7.5 
23 13.72 .60 11.9 9.5 8.0 6.8 
24 13.15 .66 11.0 8.8 7.3 6.3 

25 12.62 .71 10.1 8.1 6.7 5.8 
26 12.14 .77 9.3 7.5 6.2 5.3 
27 11.69 .83 8.7 6.9 5.8 4.9 

28 11.27 .90 8.1 6.4 5.4 4.6 
29 10.88 .96 7.5 6.0 5.0 4.3 
30 10.52 1.03 7.0 5.6 4.7 4.0 

31 10.18 1.10 6.6 5.3 4.4 3. 8 
32 9.86 1.17 6.2 4.9 4.1 3.5 
33 9.56 1.24 5.8 4.6 3.9 3.3 

N. B.-For loads glVen In Itah cs webs mu st be stiffened , or loads must not 
exceed maximum loads give n in column XV, pages 188 to 191. 
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15" 1: BEAM-No. 151 B. 

45 POUNDS PER FOOT. 

Flange width ......... 5.54 f Area in square inches .... 13.23 
Web thickness ......... 0.45 Resistance • ......... 61.37 

Greatest m fe load in net t ODS uDiformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Dcflection for centre load will be!IT of the tabular defledion. 
For figures in small type deflection is excessive. 

Q-7'eatesi Distance in Feet Between Cenl1'es oj 

Greatest 
Beams jor .Distributed LolUl as Below. 

Span Sa!e Load Deflection 
100 125 in in in Inches. 150 175 

Feet. Net Tons. Pounds Pounds Pounds Pmmds 
per Square pel' SquU1'e per Square pel' Square 

Foot. Foot. Foot. Foot. 
--

10 3 2 .77 .11 65.5 52.4 43.6 37.4 
11 . 29.76 .14 54.1 43.3 36.1 30.9 
12 27.28 .16 45.5 36.4 30.3 26.0 

13 25.18 .19 38.7 31.0 25.8 22.1 
14 23.38 .22 33.4 26.7 22.3 19.1 
15 21.82 .26 29.1 23.3 19.4 16.6 

16 20.46 .29 25.6 20.5 17.0 14.6 
17 19.25 .33 22.6 18.1 15.1 12.9 
18 18.18 .37 20.2 16.2 13.5 11.5 

19 17.23 .41 18.1 14.5 12.1 10.4 
20 16.37 .46 16.4 13.1 10.9 9.4 
21 15.59 .50 14.8 11.9 9.9 8.5 

22 14.88 .55 13.5 10.8 9.0 7.7 
23 14.23 .60 12.4 9.9 8.2 7.1 
24 13.64 .66 11.4 9.1 7.6 6.5 

25 13.09 .71 10.5 8.4 7.0 6.0 
26 12.59 .77 9.7 7.7 6.5 5.5 
27 12.12 .83 9.0 7.2 6.0 5.1 

28 11.69 .90 8.3 6.7 5.6 4.8 
29 11.29 .96 7.8 6.2 5.2 4.4 
30 10.n 1.03 7.8 5.8 4.8 4.2 

31 10.56 1.10 6.8 5.5 4.5 3.9 
32 10.23 1.17 6.4 5. 1 4.3 3.7 

33 9.92 1.24 6.0 4.8 4.0 3.4 

N. B.-For load given in Italics web must be stIffen ed, or load must not 
exceed maximum load given in column XV, page 189. 
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15" X BEAM-No. 152 B. 

1)0 POUNDS PER FOOT. 

Flange width. . . . . . . . . 5.82 I Area in square inches . 
Web thickness.. . . . . . . . 0.48 Resistance.. . " .. 

14.70 
68.70 

Grentest snfe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one·balf of the tabula r load. 

::. 

Spa" 
in· 

Feet. 

]0 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
21, 

25 
26 
27 

28 
29 
30 

31 
32 
33 

Deflection for centre load will be T"1i of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest 
Safe Lrxul Deflection 

in in [nelLes. 
Net Tons. 

36.64 
33.31 
30.53 

28.18 
26.17 
24.43 

22.90 
21.55 
20.35 

19.28 
18.32 
17.45 

16.65 
15.93 
15.27 

14.66 
14.09 
13.57 

13.09 
12.63 
12.21 

11.82 
11.45 
11.10 

.11 

.14 

.16 

.19 

.22 

.26 

.29 

.33 

.37 

.41 

.46 

.50 

.55 

.60 

.66 

.71 

.77 

.83 

.90 

.96 
1.03 

1.10 
1.17 
1.24 

Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 

100 125 150 175 
Pounds Pounds P ounds Pounds 

per Square per Square per Square per Square 
Foot. Foot. Foot. Foot. 

73.3 
60.6 
50.9 

43.4 
37.4 
32.6 

28.6 
25.4 
22.6 

20.3 
18.3 
16.6 

15.1 
13.9 
12.7 

11.7 
10.8 
10.1 

9.4 
8.7 
8.1 

7.6 
7.2 
6.7 

58.6 
48.5 
40.7 

34.7 
29.9 
26.1 

22.9 
20.3 
18.1 

16.2 
14.7 
13.3 

12.1 
11.1 
10.2 

9.4 
8.7 
8.0 

7.5 
7.0 
6.5 

G.l 
5.7 
5.4 

48.9 
40.4 
33.9 

28.9 
24.9 
21.7 

19.1 
16.9 
15.1 

13.5 
12.2 
11.1 

10.1 
9.2 
8.5 

7.8 
7.2 
6.7 

6.2 
5.8 
5.4 

5.1 
4.8 
4.5 

41.9 
34.6 
29.1 

24.8 
21.4 
18.6 

16.4 
14.5 
12.9 

11.6 
10.5 
9.5 

8.7 
7.9 
7.3 

6.7 
6.2 
5.7 

5.3 
5.0 
4.7 

4.4 
4.1 
3.8 

N. B.-For load given iu Italics web must be stiffened, or load must not 
exceed maximum load given in column XV, page 189. 

53 



15" 1: BEAM-No. 153 B. 

55 POUNDS PER FOOT. 

Flange width. . . . . • . . . 5.92 I Area in square inches. . . . 16.18 
Web thickness ......... 0.58 Resistance .......... 72.38 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -10 of the tabular deflection. 
For figures in small type deflection is excessive. 

oreatest Distance in Feet B etween Centres of 

Greatest 
Bearns for Distributed Load as Below. 

Span Safe Load Defteclion 
in in in inches. 100 125 150 175 

Feet. Net'l'ons. Pounds Pounds Pounds Pounds 
per Square per SquU1'e per Square pel' Square 

Foot. Foot. Foot. Foot. 

10 38.60 .11 77.2 61.8 51.5 44.1 
11 35.09 .14 63.8 51.0 42.5 36.5 
12 32.17 .16 53.6 42.9 35.7 30.6 

13 29.69 .19 45.7 36.5 30.5 26.1 
14 27.57 .22 39.4 31.5 26.3 22.5 
15 25.74 .26 34.3 27.5 22.9 19.6 

16 24.13 .29 30.2 24.1 20.1 17.2 
17 22.71 .33 26.7 21.4 17.8 15.3 
18 21.45 .37 23.8 19.1 15.9 13.6 

19 20.32 .41 21.4 17.1 14.3 12.2 
20 19.30 .46 19.3 15.4 12.9 11.0 
21 18.38 .50 17.5 14.0 11.7 10.0 

22 17.55 .55 16.0 12.8 10.6 9.1 
23 16.78 .60 14.6 11.7 9.7 8.3 
24 16.08 .66 13.4 10.7 8.9 7.7 

25 15.44 .71 12.4 9.9 8.2 7.1 
26 14.85 .77 11.4 9.1 7.6 6.5 
27 14.30 .83 10.6 8.5 7.1 6.1 

28 13.79 .90 9.9 7.9 6.6 5.6 
29 13.31 .96 9.2 7.3 6.1 5.2 
30 12.87 1.03 8.6 6.9 5.7 4.9 

31 12.45 1.10 8.0 6.4 5.4 4.6 
32 12.06 1.17 7.5 6.0 5.0 4.3 
33 11.70 1.24 7.1 5.7 4.7 4.1 
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15" X BEAM-No. 154 B . 

60 POUNDS PER F OOT. 

Flange width ......... 6.17 I Area in square iuche •...• 17.65 
Web thickness ......... 0.55 Resistance .......... 82.54 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of the tahular load. 

Deflection for centre load wiII be T80 of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Distance in Feet B etween Centres of 

Greatest 
B eams for D;.,tributed Load as B elo/c. 

Span Safe Load Deflection 
in, in in Inches. 100 125 150 175 

Feet. Net Tons. Pounds Pounds Pounds Pou,nds 
pe?' Square perSguare per Square perSguare 

Foot. Foot. Foot. Foot. 
--

10 44.02 .11 88.0 70.4 58.7 50.3 
11 40.02 .14 72.7 58.2 48.5 41.6 
12 36.68 .16 61.1 48.9 40.8 34.9 

13 33.86 .19 52.1 41.7 34.7 29.8 
14 31.44 .22 44.9 35.9 29.9 25.7 
15 29.35 .26 39.1 31.3 26.1 22.4 

16 27.51 .29 34.4 27.5 22.9 19.7 
17 25.89 .33 30.5 24.4 20.3 17.4 
18 24.46 .37 27.2 21.7 18.1 15.5 

19 2317 .41 24.4 19.5 16.3 13.9 
20 22.01 .46 ~ 22.0 17.6 14.7 12.6 
21 20.96 .50 20.0 16.0 13.3 11.4 

22 20.01 .55 18.2 14.6 12.1 10.4 
23 19.14 .60 16.6 13.3 11.1 9.5 
24 18.34 .66 15.3 12.2 10.2 8.7 

25 17.61 .71 14.1 11.3 9.4 8.1 
26 16.93 .77 13.0 10.4 8.7 7.4 
27 16.'30 .83 12.1 9.7 8.0 6.9 

28 15.72 .90 11.2 9.0 7.5 6.4 
29 15.18 .96 10.5 8.4 7.0 6.0 
30 14.67 1.03 9.8 7.8 6.5 5.6 

31 14.20 1.10 9.2 7.3 6.1 5.2 
32 13.76 1.17 8.6 6.9 5.7 49 
33 13.34 1.24 8.1 6.5 5.4 4.6 
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15" X BEAM-No. 155 B. 

65 POUNDS PER FOOT. 

Flange width ....••... 6.27 I Area in square inches. 
Web t~ic~nes~.. '. '. . . . . . 0.65 Resistance.. .•. . ' . 

19.12 
86.21 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one·half of the tabular load. 

Deflection for centre load will be lo of the tabular deflection. 
For figures in small type deflection is excessive. 

GTeatest Distance in Feet Between Centres of 

Greatest 
B eams for Distributed Load as B elow. 

Span Safe L oad DeftecUon in in in Inches. 100 125 150 175 
~Ji'eet. Net Tons. Pounds Pounds Pounds Pounds 

per Sq'aare per Square p er SquU1'e per Square 
Foot. Foot. Foot. Foot. 

--
10 45.98 .11 92.0 73.6 61.3 52.6 
11 41.80 .14 76.0 60.8 SO.7 43.4 
12 38.32 .16 63.9 51.1 42.6 36.5 

13 35.37 .19 54.4 43.5 36.3 31.1 
14 32.84 .22 46.9 37.5 31.3 26.8 
15 30.65 .26 40.9 32.7 27.2 23.4 

16 28.74 .29 35.9 28.7 23.9 20.5 
17 27.05 .33 31.8 25.5 21.2 18.2 
18 25.54 .37 28.4 22.7 18.9 16.2 

19 24.20 .41 25.5 20.4 17.0 14.6 
20 22.99 .46 23.0 18.4 15.3 13.1 
21 21.89 .SO 20.8 16.7 13.9 11.9 

22 20.90 .55 19.0 15.2 12.7 10.9 
23 19.99 .60 17.4 13.9 11.6 9.9 
24 Hi.16 .66 16.0 12.8 10.6 9.1 

25 18.39 .71 14.7 11.8 9.8 8.4 
26 17.68 .77 13.6 10.9 9.1 7.8 
27 17.03 .83 12.6 10.1 8.4 7.2 

28 16.42 .90 11.7 9.4 7.8 6.7 
29 15.85 .96 10.9 8.7 7.3 6.2 
30 15.33 1.03 10.2 8.2 6.8 5.8 

31 14.83 1.10 9.6 7.7 6.4 5.5 
32 14.37 1.17 9.0 7.2 6.0 5.1 
33 13.93 1.24 8.4 6.8 5.6 4.8 

-
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-
15" J: BEAM-No. 156 B. 

70 POUNDS PER FOOT. 

Flange width ••.• • . . . . 6.43 I Area in square inches . . .. 20.58 
Web thickness.. . • . • • • . 0.63 Resistance ... ... . . . . 95.83 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for cenlre load wiJI be r"7i of the labular deflection. 
For figures in small type deflection is excessive. 

Greatest Distance in Feet Between Centres of 

Greatest Beams for Distributed Load as Below. 
Span Safe Load Dejlection 

100 125 150 175 in in in Inche&. 
Feet. Net Tons. Pounds Pounds Pounds Pounds 

per Square per Square per Square per Square 
Foot. Foot. Foot. Foot. 

10 51.11 .11 102.2 81.8 68.1 58.4 
11 46.46 .14 84.5 67.6 56.3 48.3 
12 42.59 .16 71.0 56.8 47.3 40.6 

13 39.31 .19 60.5 48.4 40.3 34.6 
14 36.51 .22 52.2 41.7 34.8 29.8 
15 34.07 .26 45.4 36.3 30.3 26.0 

16 31.94 .29 39.9 31.9 26.6 22.8 
17 30.06 .33 35.4 28.3 23.6 20.2 
18 28.39 .37 31.5 25.2 21.0 18.0 

19 26.90 .41 28.3 22.7 18.9 16.2 
20 25.55 .46 25.6 20.4 17.0 14.6 
21 24.34 .50 23.2 18.5 15.5 13.2 

22 23.23 .55 21.1 16.9 14.1 12.1 
23 22.22 .60 19.3 15.5 12.9 11.0 
24 21.30 .66 17.8 14.2 11.8 10.1 

25 20.44 .71 16.4 13.1 10.9 9.3 
26 19.66 .77 15.1 12.1 10.1 8.6 
27 18.93 .83 14.0 11.2 9.3 8.0 

28 18.25 .90 13.0 10.4 8.7 7.5 
29 17.62 .96 12.2 9.7 8.1 6.9 
30 17.04 1.03 H.4 9.1 7.6 6.5 

31 16.49 1.10 10.6 8.5 7.1 6.1 
32 15.97 1.17 10.0 8.0 6.7 5.7 
33 15.49 1.24 9.4 7.5 6.3 5.4 
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15/1 r BEAM-No. 157 B. 

75 POUNDS PER FOOT. 

Flange width. . . . • • • . . 6.53 I Area in square inches. • .• 22.06 
Web thickness . .......• 0.i3 Resistance.. •...... 99.47 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, aIlow one·balf of tbe tabular load. 

Deflection for centre load will be r\ of tbe tabular deflection. 
For figures in smaIl type deflection is excessive. 

Greatest Distance in Feet Between Centres of 

Greatest Beams for Distributed Load as Below. 
Span Safe Load Deflection in 100 125 150 175 
Feet. in in Inches. 

Net Tons. Pounds Pounds Pounds Pounds 
per Square per Square per Square pe>' Squate 

Foot. Foot. Foot. Foot. 
--

10 53.05 .11 106.1 84.9 70.7 60.6 
11 48.23 .14 87.7 70.2 58.5 50.1 
12 44.21 .16 73.7 58.9 49.1 42.1 

13 40.81 .19 62.8 50.2 41.9 35.9 
14 37.89 .22 54.1 43.3 36.1 30.9 
15 35.37 .26 47.2 37.7 31.4 27.0 

16 33.16 .29 41.5 33.2 27.6 . 23.7 
17 31.20 .33 36.7 29.4 24.5 21.0 
18 29.47 .37 32.7 26.2 21.8 18.7 

19 27.92 .41 29.4 23.5 19.6 16.8 
20 26.52 .46 26.5 21.2 17.7 15.2 
21 25.26 .50 24.1 19.2 16.0 13.7 

22 24.11 .55 21.9 17.5 14.6 12.5 
23 23.06 .60 20.1 16.0 13.4 11.5 
24 22.10 .66 18.4 14.7 12.3 10.5 

25 21.22 .71 17.0 13.6 11.3 9.7 
26 20.40 .77 15.7 12.6 10.5 9.0 
27 19.65 .83 14.6 11.6 9.7 8.3 

28 18.95 .90 13.5 10.8 9.0 7.7 
29 18.29 .96 12.6 10.1 8.4 7.2 
30 17.68 1.03 11.8 9.4 7.9 6.7 

31 17.11 1.10 11.0 8.8 7.4 6.3 
32 16.58 1.17 10.4 8.3 6.9 5.9 
33 16.08 1.24 9.7 7.8 6.5 5.6 

-- - --------
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15" X BEAM-No. 158 B. 

80 POUNDS PER FOOT. 

Flange width. . . . . . . . . 6.63 I Area in square inches. ... 23.53 
Web tbickness .... . . . . . 0.83 Resistance...... . . . . 103.18 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-balf of the tabular load. 

Deflection for centre load will be l?i of tbe tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Dilltane. in Feet Between Centres oj 

G"eatest 
B eams jor Distributeel Load as Below. 

l~pan &ife LoUII Deflection 
100 125 150 175 in. in 'inI'Ilches. 

Feet. Net Tons. Pounds Pounds Pounds Pounds 
per SquU1'e per Square per Square per Square 

Foot. Foot. Foot. Foot. 

10 55.03 .11 110.1 88.1 73.4 62.9 
11 SO.03 .14 91.0 72.8 60.6 52.0 
12 45.86 .16 76.4 61.1 51.0 43.7 

13 42.33 .19 65.1 52.1 43.4 37.2 
14 39.31 .22 56.2 44.9 37.4 32.1 
15 36.69 .26 48.9 39.1 32.6 28.0 

16 34.39 .29 43.0 34.4 28.7 24.6 
17 32.37 .33 38.1 30.5 25.4 21.8 
18 30.57 .37 34.0 27.2 22.6 19.4 

19 28.96 .41 30.5 24.4 20.3 17.4 
20 27.51 .46 27.5 22.0 18.3 15.7 
21 26.20 .SO 25.0 20.0 16.6 14.3 

22 25.01 .55 22.7 18.2 15.2 13.0 
23 23.93 .60 20.8 16.6 13.9 11.9 
24 22.93 .66 19.1 15.3 12.7 10.9 

25 22.01 .71 17.6 14.1 11.7 10.1 
26 21.17 .77 16.3 13.0 10.9 9.3 
27 20.38 .83 15.1 12.1 10.1 8.6 

28 19.65 .90 14.0 11.2 9.4 8.0 
29 18.98 .96 13.1 10.5 8.7 7.5 
30 18.34 1.03 12.2 9.8 8.2 7.0 

31 17.75 1.10 11.5 9.2 7.6 6.5 
32 17.20 1.17 10.8 8.6 7.2 6.1 
33 16.68 1.24 10.1 8.1 6.7 5.8 
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12" X BEAM- No. 120 B. 

31.5 POUNDS PER FOOT. 

Flange width. • . . . . . . . 5.00 I Area in sqnare inches .. 
Web tWckness . . . '" ... 0.35 Resistance ..•• . ... 

.. 9.26 
• • 36.45 

Greatest safe load in net ton8 uniformly distributed. Fibre stress 16,000 lhs. 
For a load in middle of beam, allolV one-balf of the tabular load. 

Deflection for centre load will be r""(i of the tabular deflection. 
For figures in small type deflection i. excessive. 

Greatest Dislance in Feet B etween Centres oj 

Grealest Beam. Jor Distributiug Load as .Below. 
Span SaJe Load Deflection in 125 150 
Feet. in in inches. 100 175 

Net Ton •. Pounds Pounds Pounds Pounds 
per SquU1'e per Square per Square per Square 

Foot. FooL. Foot. Foot. 

8 24.30 .09 60.8 48.6 40.5 34.7 
9 2I.60 .12 48.0 38.4 32.0 27.4 

10 I944 .14 38.9 31.1 25.9 22.2 

11 17.67 .17 32.1 25.7 21.4 18.4 
12 16.20 .21 27.0 21.6 18.0 15.4 
13 14.95 .24 23.0 18.4 15.3 13.1 

14 13.89 .28 19.8 15.9 13.2 11.3 
15 12.96 .32 17.3 13.8 11.5 9.9 
16 12.15 .37 15.2 12.2 10.1 8.7 

17 11.44 .41 13.5 10.8 9.0 7.7 
18 10.80 .46 12.0 9.6 8.0 6.9 
19 10.23 .52 10.8 8.6 7.2 6.2 

20 9.72 .57 9.7 7.8 6.5 5.6 
21 9.26 .63 8.8 7.1 5.9 5.0 
22 8.84 .69 8.0 6.4 5.4 4.6 

23 8.45 .76 7.3 5.9 4.9 4.2 
24 8. 10 .82 6.8 5.4 4.5 8.9 

25 7.78 .89 6.2 5.0 4.1 3.6 

26 7.48 .97 5.8 4.6 3.8 3.3 

27 7.20 1.04 5.3 4.3 3.6 3.0 
28 6.94 1.12 5.0 4.0 3.3 28 

29 6.70 1.20 46 3.7 31 2.6 

30 6.48 1.29 4.3 35 2.9 2.5 
31 6.27 1.37 4.0 3.2 2.7 2.3 

N. B.-For loads gIven 10 Italics webs !!lust be shlfened, or loads must not 
exceed maximum loads given in column XV, pages 188 to 191. 
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12" 1: BEAll'I-No. 121 B. 

35 POUNDS PER FOOT. 

Flange width. . . . . . . . . 5.08 I Area in square inches . . .. 10.29 
Web tWckness . .. . . .... 0.43 Resistance.. . . . .. . ... 38.49 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-llalf of the tabular load. 

Deflection for centre load will be If; of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Distance in Feet B etween Centres of 
Greatest Beams for Distributed Load as Below. 

SI?an Safe Load Deflection 
'" in in lnches. 100 125 150 175 Feet. Net Ton ... Pounds Pounds Pounds Pounds 

per Square per Square per Square p er Square 
Foot. Foot. Foot. Foot. 

8 25.66 .09 64.2 51.3 42.8 36.7 
9 22.81 .12 50.7 40.6 33.8 29.0 

10 20.53 .14 41.1 32.8 27.4 23.5 

11 18.66 .17 33.9 27.1 22.6 19.4 
12 17.11 .21 28.5 22.8 19.0 16.3 
13 15.79 .24 24.3 19.4 16.2 13.9 

14 14.66 .28 20.9 16.8 14.0 12.0 
15 13.69 .32 18.3 14.6 12.2 10.4 
16 12.83 .37 16.0 12.8 10.7 9.2 

17 12.08 .41 14.2 11.4 9.5 8.1 
18 11.41 .46 12.7 10.1 8.5 7.2 
19 10.80 .52 11.4 9.1 7.6 6.5 

20 10.26 .57 10.3 8.2 6.8 5.9 
21 9.78 .63 9.3 7.5 6.2 5.3 
22 9.33 .69 8.5 6.8 5.7 4.8 

23 8.93 .76 7.8 6.2 5.2 4.4 
24 8.55 .82 7.1 5.7 4.8 4.1 
25 8.21 .89 6.6 5.3 4.4 3.8 

26 7.90 .97 6.1 4.9 4.1 3.5 
27 7.60 1.04 5.6 4.5 3.8 3.2 
28 7.83 1.12 5.2 4.2 3.5 3.0 

29 7.08 1.20 4.9 3.9 3.3 2.8 
30 6.84 1.29 4.6 3.6 3.0 2.6 
31 6.62 1.37 4.3 3.4 2.8 2.4 
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12" X B EAM-No. 122 B. 

4 0 POUNDS PEB FOOT. 

Flange width. .. . ....• 5.25 I Area iu square inches. . . . . 11.76 
Web thickness.. . .••.. 0.42 Resistance.......... 45.78 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow oue·half of the tabular load. 

Deflection for centre load will be lr; of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Di3tance in Feet B etween Centres of 

Greatest 
Beams f07' Dist1'ibuted Load as Below. 

Sl?an Safe Load Deflection tn 100 125 150 175 
Feet. in in Inches. 

Net Tons. Pounds Pounds Pounds Pounds 
perSguaTe per Square perSquw'e per Square 

Foot. Foot. Foot. Foot. 

8 30 -53 .09 76.3 61.1 50.9 43.6 
9 27· I .1 .12 60.3 48.2 40.2 34.5 

10 24.42 .14 48.8 39.1 32.6 27.9 

11 22.20 .17 40.4 32.3 26.9 23.1 
12 20.35 .21 33.9 27.1 22.6 19.4 
13 18.78 .24 28.9 23.1 19.3 16.5 

14 17.44 .28 24.9 19.9 16.6 14.2 
15 16.28 .32 21.7 17.4 14.5 12.4 
16 15.26 .37 19.1 15.3 12.7 10.9 

17 14.36 .41 16.9 13.5 11.3 9.7 
18 13.56 .46 15.1 12.1 10.0 8.6 
19 12.85 .52 13.5 10.8 9.0 7.7 

20 12.21 .57 12.2 9.8 8.1 7.0 
21 11.63 .63 11.1 8.9 7.4 6.3 
22 11.10 .69 10.1 8.1 6.7 5.8 

23 10.62 .76 9.2 7.4 6.2 5.3 
24 10.17 .82 8.5 6.8 5.7 4.8 
25 9.77 .89 7.8 6.3 5.2 4.5 

26 9.39 .97 7.2 5.8 4.8 4.1 
27 9.0! 1.04 6.7 5.4 45 3.8 
28 8.72 1.12 6.2 5.0 4.2 3.6 

29 8.42 1.20 5.8 4.6 39 3.3 
30 8.14 1.29 5.4 4.3 3.6 3.1 
31 7.88 1.37 5.1 4.1 3.4 2.9 

N. B.-For loads given in Italics webs must be stiffened, or loads must not 
exceed maximum loads giYcn in columns XV, page 189. 
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12" J: BEAM-No. 123 B. 

45 POUNDS PER FOOT. 

Flange width . ....•• .. 5.37 I Area in square in ches . 13.23 
Web thickness . . . . . . .. 0.54 Resistance . . . '" . • . . 48.71 

Greatest safe load in net toos uniformly distributed. Fibre stress 16,000Ibs. 
For a load in middle of beam, allow one·half of the tabular load. 

DeHection for centre load will be -l7J of the tabular deflection. 
For figures in small type deflection is excessive. 

Grea/est Distance in Feet B etween Centres oj 

a.·eatest 
B eam .• Jar D istributed Load as B elow. 

SRan Safe .Load V Pjiection , 
'" m 'in Inches. 100 125 150 175 

Feet. Net Tons. Pounds Pounds P ounds Pounds 
pel' Square p er Square p el' Square per Squm'e 

FOOL. Foot. Poot. Foot . 

8 32.47 . 09 81.2 64.9 54.1 46.4 
9 28.86 .12 64.1 51.3 42.8 36.7 

10 25.98 .14 52.0 41.6 34.6 29.7 

11 23.62 .17 42.9 34.4 28.6 24.5 
12 21.65 .21 36.1 28.9 24.1 20.6 
13 19.98 .24 30.7 24.6 20.5 17.6 

14 18.56 .28 26.5 21.2 17.7 15.2 
15 17.32 .32 23.1 18.5 15.4 13.2 
16 16.24 .37 20.3 16.2 13.5 11.6 

17 15.28 .41 18.0 14.4 12.0 10.3 
18 14.43 .46 16.0 12.8 10.7 9.2 
19 13.67 .52 14.4 11.5 9.6 8.2 

20 12.99 .57 13.0 10.4 8.7 7.4 
21 12.37 .63 11.8 9.4 7.9 6.7 
22 11.81 .69 10.7 8.6 7.2 6.1 

23 11.29 .76 9.8 7.9 6.5 5.6 
24 10.82 .82 9.0 7.2 6.0 5.2 
25 10.39 .89 8.3 6.7 55 4.8 

26 9.99 .97 7.7 6.1 5.1 4.4 
?:7 9.62 1.04 7.1 5.7 4.8 4.1 
28 9.28 1.12 6.6 5.3 4.4 3.8 

29 8.90 1.20 62 4.9 41 3.5 
30 866 1.29 5.8 1.6 3.8 3.3 
31 8.38 1.37 54 4.3 3.6 3.1 
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12" X BEAM-No. 124 B. 

50 POUNDS PER FOOT. 

Flange width. . . . . . . • . 5.68 I Area in square inches.. . . . 14.70 
Web thickness . •.. , .... 0.55 Resistance ..•. . .. . ... 55.35 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for cen tre load will be tu of the tabular deflection. 
For figures in small type deflection is excessive. 

----
Greatest Distance in Feet Between Centres of 

Greatest Beams for Distributed Load as Below. 
Span &'fe Load Deflection in 100 125 150 175 
Ful. in inlnches. 

Net Tons. Pounds Pounds Pound. Pounds 
per Square per Square per Square per Square 

Foot. Foot. Fool. Foot. 
- -

8 36.90 .09 92.3 73.8 61.5 52.7 
9 32.80 .12 72.9 58.3 48.6 41.7 

10 29.52 .14 59.0 47.2 39.4 33.7 

11 26.83 .17 48.8 39.0 32.5 27.9 
12· 24.60 .21 41.0 32.8 27.3 23.4 
13 22.71 .24 34.9 28.0 23.3 20.0 

14 21.08 .28 30.1 24.1 20.1 17.2 
15 19.68 .32 26.2 21.0 17.5 15.0 
16 18.45 .37 23.1 18.5 15.4 13.2 

17 17.36 .41 20.4 16.3 13.6 11.7 
18 16.40 .46 18.2 14.6 12.1 10.4 
19 15.54 .52 16.4 13.1 10.9 9.3 

20 14.76 .57 14.8 11.8 9.8 8.4 
21 14.06 .63 13.4 10.7 8.9 7.7 
22 13.42 .69 12.2 9.8 8.1 7.0 

23 12.83 .76 11.2 8.9 7.4 6.4 
24 12.30 .82 10.3 8.2 6.8 5.9 
25 11.81 .89 9.4 7.6 6.3 5.4 

26 11.35 .97 8.7 7.0 5.8 5.0 
27 10.93 1.04 8.1 6.5 5.4 4.6 
28 10.54 1.12 7.5 6.0 5.0 4.3 

29 10.18 1.20 7.0 5.6 4.7 4.0 
30 9.84 1.29 6.6 5.2 4.4 3. 7 
31 I 9.52 1.37 6.1 4.9 4.1 3.5 
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12" X B EMI-No. 125 B . 

55 P OUNDS PER FOOT. 

F lange width. 5.71; I Area in square incbes. . .. 16.18 
Web tbickness.. . . . 0.56 Heststance.... .. .., 61.34 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-balf of tbe tabular load. 

Deflection for centre load will be f8r; of the tabular deflcction. 
For ligures in small type deflection is excessive. 

Creates! 
Sf,~n &lfe Load Dejfection 

Feel. Net i'Tons. in inches. 

11 
12 
13 

14 
15 
16 

17 
18 
19 

20 
21 
22 

23 
24 
25 

26 
27 
28 

29 
30 
31 

40.90 
36.35 
32.72 

29.74 
27.26 
25.17 

23.37 
21.81 
20.45 

19.24 
18.17 
17.22 

16.36 
15.58 
14.87 

14.22 
13.63 
13.09 

12.58 
12.12 
11.68 

11.28 
10.91 
10.55 

.09 

.12 

.14 

.17 

.21 

.24 

.28 

.32 

.37 

.41 

.46 

.52 

.57 

.63 

.69 

.76 
.82 
.89 

.97 
1.0t 
1.12 

1.20 
1.29 
1.37 

Greale.rrt Distance in Feet Between Centres oj 
Beams for Dist1~ibuted Loml as Below. 

100 I 125 Pounds Pounds 
1,er Square per Square 

Foot. FOOL. 

102.3 
80.8 
65.4 

54.1 
45.4 
38.7 

33.4 
29.1 
25.6 

22.6 
20.2 
18.1 

16.4 
14.8 
13.5 

12.4 
11.4 
10.5 

9.7 
9.0 
8.3 

78 
7.3 
6.8 

65 

81.8 
64.6 
52.4 

43.3 
36.4 
31.0 

26.7 
23.3 
20.5 

18.1 
16.2 
14.5 

13.1 
11.9 
10.8 

9.9 
U.l 
8.4 

7.7 
7.2 
6.7 

6.2 
58 
5.4 

150 175 
Pounds Pound.s 

per Square per Square 
Foot. Foot. 

68.2 
53.8 
43.6 

36.0 
30.3 
25.8 

22.3 
19.4 
17.0 

15.1 
13.5 
12.1 

10.9 
9.9 
9.0 

8.2 
7.6 
7.0 

6.5 
6.0 
5.6 

5.2 
4.8 
4.5 

58.4 
46.2 
37.4 

30.9 
26.0 
22.1 

19.1 
16.6 
14.6 

12.9 
11.5 
10.4 

9.4 
8.5 
7.7 

7.1 
6.5 
6.0 

0.5 
5.1 
4.8 

4.4 
4.2 
3.9 



12" :I BEAM-No. 12 6 B. 

6 0 POUNDS PER F OOT . 

Flange width. . . . . . . . . 5.87 I Area in square inches .. .. 17.65 
Web thickness. . ...... 0.68 Resistance. . . . . . . .. 64.30 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs 
For a load in middle of beam, allow one·half of the tabular load. 

Deflection for centre load will be -hi of the tabular deflectIOn. 
For figures in small type deflection is excessive. 

I Greatest Distance in Feet Betu'een Centres of 

Gre~lesl 
Beams jar Dislribuled Load as Belou:. 

S]>an SajeLood f,.e1:.~~;:'~ 100 125 I 150 
m 175 

Feel. in 
lYe:f.Tons. Pounds Pounds Pounds Pounds I per Square pe'. Square per Square per Square 

Foal. FOOl. Fool. Foot. 
----_. 

8 

I 
42.86 .09 

I 
107.2 85.7 71.4 61.2 

9 38.10 .12 84.7 67.7 56.4 48.4 
10 34.29 .14 68.6 54.9 45.7 39.2 

11 31.17 .17 56.7 45.3 37.8 32.4 
12 28.58 .21 

I 
47.6 38.1 31.8 27.2 

13 26.38 .24 40.6 32.5 27.1 23.2 

14 

I 
24.49 .28 35.0 28.0 23.3 20.0 

15 22.86 .32 I 30.5 24.4 20.3 17.4 
16 21.43 .37 26.8 21.4 17.9 15.3 

17 20.17 .41 23.7 19.0 15.8 13.6 
18 19.05 .46 21.2 16.9 14.1 12.1 
19 18.05 .52 19.0 15.2 12.7 10.9 

20 17.15 .57 17.2 13.7 11.4 9.8 
21 16.33 .63 15.6 12.4 10.4 8.9 
22 15.59 .69 14.2 11.3 9.4 8.1 

23 14.91 .76 I 13.0 10.4 8.6 7.4 
24 14.29 .82 11.9 9.5 7.9 6.8 
25 13.72 .89 11.0 8.8 7.3 6.3 

26 13.19 .97 10.1 8.1 6.8 5.8 
27 12.70 1.04 9.4 7.5 6.3 5.4 
28 12.25 1.12 8.7 7.0 5.8 5.0 

29 

I 
11.82 

I 
1.20 8.2 6.5 54 4.7 

30 11.43 1.29 7.6 6.1 5.1 I 4.4 
31 11.06 1.37 7.1 5.7 4.8 4.1 

, 
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12/1 X BEAM-No. 127 B. 

6:> POUNDS PER FOOT. 

Flange width.. .. . . 5.99 I Area in square inches. 
Weu lhickness. .... 0.80 Resistance. . .•. 

19.12 
67.25 

Grcatestsafe load in net tons uniformly distributed . Fibre stres. 16,000Ibs. 

8 
9 

10 

11 
12 
13 

14 
15 
16 

17 
18 
19 

20 
21 
22 

23 
24 
25 

26 
'Z7 
28 

29 
30 
31 

For a load in middle of beam, allow one·half of the tabular load. 
Deflection for centre load will be r"o of the tabular deflection. 

For figures in small type deflection is cxcessive. 

Greatest I 
Grea/est Distance in Feet B etween Centres oj 

Beam~ jor Distributed Load as Below. 

Safe L oad I Dpflection I I in 'in i ncites. 100 125 150 
• .Yet Tons. Pounds Pounds PfJ1.tnds 

pe>' Square per Square per Square 
Foot. Foot. Foot. 

44.83 .09 
39.85 .12 
35.87 .14 

32.61 .17 
29.89 .21 
27.59 .24 

25.62 -I .28 
23.91 .32 
22.42 .37 

21.10 .41 
19.93 .46 
18.88 .52 

17.93 .57 
17.08 .63 
16.30 .69 

15.59 .76 
14.94 .82 
14.35 .89 

13.79 .97 
13.28 1.04 
12.81 1.12 

12.37 1 20 
1196 129 
11 .57 1.37 

'

- 112.1 89.7 74.7 
88.6 70.8 59.0 
71.7 57.4 47.8 

59.3 
49.8 
42.4 

36.6 I 

31.9 
28.0 

24.8 
22.1 
19.9 

17.9 
16.3 
14.8 

13.6 
12.5 
11.5 

10.6 
9.8 
9.2 

8 .'; 
80 
75 

G7 

47.4 
39.9 
34.0 

29.3 
25.5 
22.4 

19.9 
17.7 
15.9 

14.3 
13.0 
11.9 

10.8 
lU.O 
9.2 

8.5 
7.9 
7.3 

6.8 
6. 1 
6.0 

39.5 
33.2 
28 .3 

24.4 
21.3 
18.7 

16.5 
14.8 
13.2 

12.0 
10.8 
9.9 

9.0 
~.a 

7.7 

7.1 
6.6 
6.1 

57 
5.3 
5.0 

175 
Pounds 

pcrSqum·e 
Foot. 

64.1 
50.6 
41.0 

33.9 
28.5 
24.3 

20.9 
18.2 
16.0 

14.2 
12.7 
11.4 

10.2 
9.3 
8.5 

7.7 
7.1 
6.6 

6.1 
5.6 
5.2 

4.9 
4.6 
4.3 



lO" X BEAM-No. 100 B. 

:l5 POUNDS PER FOOT. 

Flange width. . . . . . .. 4.66 I Arpa in square inches . 7.35 
Web thickness.. . . .. 0.31 Resistance. . . . . . . 24.61 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be lo of the tabular deflection. 
For figures in smnll type deflection is excessive. 

Greatest Distance in Feet Between Centres oj 

G"ealesl 
Beam8jo,. Di81ribuled Load a8 Below. 

Span oaje Load Deflection 
in in in Inches. 100 I 125 150 175 

Feel. Nel Ton8. Pounds Pound8 Pound8 Pound8 

"""~ I P" ""~ 
per Square per Squm'e 

Jooot. Foot. Fool. Fuot. 

8 I64I .1l 41.0 32.8 27.4 23.4 
9 I4·60 .14 32.4 25.9 21.6 18.5 

10 13.13 .17 26.3 21.0 17.5 15.0 

1l 11.93 .21 21.7 17.4 14.5 12.4 
12 10.94 .25 18.2 14.6 12.2 10.4 
13 10.10 .29 15.5 I 12.4 10.4 8.9 

14 9.38 .34 13.4 10.7 8.9 7.7 
15 8.75 .39 11.7 9.3 1.8 6.7 
16 8.20 .44 10.3 8.2 6.8 5.9 

17 7.72 .50 9.1 7.3 6.1 5.2 
18 7.29 .56 8.1 6.5 5.4 4.6 
19 6.91 .62 7.3 5.8 4.8 4.2 

20 6.56 .69 6.6 5.2 4.4 3.7 
21 6.25 .76 6.0 4.8 4.0 3.4 
22 5.97 .83 5.4 4.3 3.6 3.1 

23 571 .91 50 4.0 3.3 2.8 
24 5.47 .99 4.6 3.6 3.0 2.6 
25 5.25 1.07 4.2 3.4 2.8 2.4 

26 5.05 1.16 3.9 3.1 2.6 2.2 
27 4.86 1.25 3.6 2.9 2.4 2.1 
28 4.69 1.34 3.4 2.7 2.2 1.9 

29 4.53 1.44 3.1 2.5 2.1 1.8 
30 4.38 1.54 2.9 2.3 1.9 1.7 
31 4.23 1.65 2.7 2.2 1.8 1.6 

N. B.-For loads given in Italics webs !Dust be stiffened, or loads must not 
exceed maximum loads given in column XV, page 191. 
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10" :r BEAM-No. 101 B. 

30 POUNDS PER FOOT. 

Flange width .... 4.80 I ArE'a in square inches . . 8.82 
Web thick"ess .... .. 0.45 Resistance ... . . . . 27.n8 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be T87J of the tabular deflection. 
For figures in small type deflection is excessive. 

Greale.st Distance in Feet Between Centres of 

G"eatest 
B eamsfor Distributed I AJad as Below. 

Span /Safe Load D pjlection 
'in in in i nches. 100 125 150 175 

Feet. Net Ton s. Pounds Pounds Pound .. Pounds 
per Square pe:r Square per Square per Square 

Foo/. Foot. Foot. Foot. 
--

8 18.06 .11 45.2 36.1 30.1 25.8 
9 16.05 .14 35.7 28.5 23.8 20.4 

10 14.44 .17 28.9 23.1 19.3 16.5 

11 13.13 .21 23.9 19.1 15.9 13.6 
12 12.04 .25 20.1 

I 
16.1 13.4 11.5 

13 11.11 .29 17.1 13.7 11.4 9.8 

14 10.32 .34 14.7 11.8 9.8 8.4 
15 9.63 .39 12.8 10.3 8.6 7.3 
16 9.03 .44 11.3 9.0 7.5 6.5 

17 8.50 .50 10.0 8.0 6.7 5.7 
18 8.02 .56 8.9 7.1 5.9 5.1 
19 7.60 .62 8.0 6.4 5.3 4.6 

20 7.22 .69 7.2 5.8 4.8 4.1 
21 6.88 .76 6.6 5.2 4.4 3.7 
22 6.,7 .83 6.0 4.8 4.0 3.4 

• 
23 6.28 .91 55 4.4 3.6 3.1 
24 6.02 .99 5.0 4.0 3.3 2.9 
25 5.78 1.07 4.6 3.7 3.1 2.6 

26 5.56 1.16 4 3 3.4 2.9 2.4 
27 5.35 1.25 4.0 3.2 2.6 2.3 
28 5.14 1.34 3:;- 2.9 2.4 2.1 

29 4.98 1.44 3.4 2.7 2.3 2.0 
30 4.81 154 3.2 2.6 2.1 1.8 
31 4.66 1.65 3.0 2. 4 2.0 1.7 
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10" X BEAM-No. 102 B. 

35 POUNDS PER l!'OOT. 

Flange widt h. . 5.00 I Area in ~qllnre inches . 10.29 
Web thickness .. 0.44 Resistance. . . . . . . 32.63 

Greatest safe load in net tons uniformly distrihuted. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of tho tabular load. 

Deflection for centre load will be!o of the tahular deflection. 
For figures in small type del1ection is excessive. 

Gl'ealpst Distance in Feet Betu:een C'enlres oj 
Greatest Beam.s for j)istributed Load as BelOli'. 

Span 80je Load Deflection in in in Inches. 100 125 I 150 I 175 FePt. Net Tons. Pounds Pomuls Pounds Pounds 
per Square per Square per Square per' Square 

Fool. Foot. Foot. F{JQ/. 

8 21.75 .11 54.4 43.5 36.2 31.1 
9 19.34 .14 43.0 34.4 28.7 24.6 

10 17.40 .17 34.8 27.8 23.2 19.9 

11 15.82 .21 28.8 23.0 19.2 16.4 
12 14.50 .25 24.2 19.3 16.1 13.8 
13 13.39 .29 20.6 16.5 13.7 11.8 

14 12.43 .34 17.8 14.2 11.8 10.1 
15 11.60 .39 15.5 12.4 10.3 8.8 
16 10.88 .44 13.6 10.9 9.1 7.8 

17 10.24 .50 12.0 9.6 8.0 6.9 
18 9.67 .56 10.7 8.6 7.2 6.1 
19 U.J6 .02 9.6 ';.i 6.4 5.5 

20 8.70 .69 8.7 7.0 58 5.0 
21 8.29 .76 7.9 6.3 5.3 4.5 
22 7.91 .83 7.2 5.8 4.8 4.1 

23 7.57 .91 66 5.3 4.~ 3.8 
24 7.25 .99 6.0 4.8 4.0 ~.5 

25 6.96 1.07 5.6 4.5 3.7 3.2 

26 6.69 1.16 51 4.1 3.4 2.9 
27 6.45 1.25 4.8 3.8 3.2 2.7 
28 6.22 1.34 4.4 3.6 3.0 2.5 

29 6.00 1.44 4.1 33 2.~ 2.4 
30 5.80 1.54 3.9 :l.l 2." 2.2 
31 5.61 1.65 3.6 2.!l 2.4 2.1 

------- ------
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10" 1: BEAM-No. 103 B. 

40 POUNDS PER FOOT. 

Flange width .. .. . . 5.15 I Area in square inches. 11.76 
Web thickness. . . . . 0.59 Resistance. . . . . . . .. 35.10 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-balf of the tabular load. 

Deflection for centre load will be T"o of the tabular deflection. 
For figures in small type deflection is excessive. 

Greate.'lt Distance in Feet Between Centres of 

G"eatest 
Beams for Distributed Load as Betow. 

Span Safe Load Deflection 
in in in Incites. 100 125 150 I 175 

Feet. p.Tet Tons. Pounds Pounds Pounds Pounds 
per Square per Square per Square per Squa"e 

Foot. Foot. Foot. Foot. 

8 23.40 .11 58.5 46.8 39.0 33.4 
9 20.80 .14 46.2 37.0 30.8 26.4 

10 18.72 .17 37.4 30.0 25.0 21.4 

11 17.02 .21 30.9 24.8 20.6 17.7 
12 15.60 .25 26.0 20.8 17.3 14.9 
13 14.40 .29 22.2 17.7 14.8 12.7 

14 13.37 .34 19.1 15.3 12.7 10.9 
15 12.48 .39 16.6 13.3 ILl 9.5 
16 11.70 .44 14.6 11.7 9.7 8.4 

17 11.01 .50 13.0 10.4 8.6 7.4 
18 10.40 .56 11.6 9.2 7.7 6.6 
19 9.85 .62 10.4 8.3 6.9 5.9 

20 9.36 .69 9.4 7.5 6.2 5.3 
21 8.91 .76 8.5 6.8 5.7 4.8 
22 8.51 .83 7.7 6.2 5.2 4.4 

23 8.14 .91 7.1 5.7 4.7 4.0 
24 7.80 .99 6.5 5.2 4.3 3.7 
25 7.49 1.07 6.0 4.8 4.0 3.4 

26 7.20 1.16 5.5 4.4 3.7 3.2 
27 6.93 1.25 5. 1 4.1 3.4 2.9 

28 6.69 1.34 4.8 3.8 3.2 2.7 

29 6.45 1.44 4.4 3.6 3.0 2.5 
30 6.24 1.54 4.2 3.3 2.8 2.4 
31 6.04 1.65 3.9 3.1 2.6 2.2 
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9 /1 l: B EAM-No. 90 B. 

21 POUNDS P ER FOOT . 

Flange width ......... 4.33 I Area in square inchcs .. 
Web thickness ......... 0.29 Resistance........ 

6.18 
18.88 

Greatest safe load ill net tons uniformly distributed. Fibre stress 16,000 lb •. 
For a load in middle of beam, allow one-half of the tabular load. 

DeBecliou for centre load will be T"rJ of the tabular deflection. 
For figures in small type deflection is excessi vc. 

--
Grentest Di,'ftnnce in Feet B etween Centres oj 

Greates t Beamsjor J)istributed Load as Belou', 
Span So,fe Load Deflection in in in In ches. 100 125 150 175 
Feel. Net Tons. Pounds Pounds Pounds Pounds 

per Square per Square per Square per Squa,e 
FOOl. FOOl. FOOl. Foot. 

- ---
6 16,78 .07 55.9 44.7 37.3 32.0 
7 14·17 .09 41.1 32.8 27.4 23.5 
8 I2·59 .12 31.5 25.2 21.0 18.0 

9 II.I9 .15 24.9 19.9 16.6 l4.2 
10 10.07 .19 20.1 16.1 13.4 11.5 
11 9.15 .23 16.6 13.3 11.1 9.5 

12 8.39 .27 14.0 11.2 9.3 8.0 
13 7.74 .32 11.9 9.5 7.9 6.8 
14 7.19 .37 10.3 8.2 6.9 5.9 

15 6.71 .43 

I 
8.9 7.2 6.0 5.1 

16 6.29 .49 7.9 6.3 5.2 4.5 
17 5.92 .55 7.0 5.6 4.6 4.0 

18 5.5V .62 62 5.0 4.1 36 
19 5.30 .69 5.6 4.5 3.7 3.2 
20 5.03 .76 5.0 4.0 3.4 2.9 

21 4.79 .84 4.6 3.6 3.0 2.6 
22 4.58 .92 4.2 3.3 2.8 2.4 
23 4.38 1.01 3.8 3.0 2.5 2.2 

24 4.1V 1.10 3.5 2.8 2.3 2.0 
25 4.03 ] ]9 R.2 2.6 2.1 1.8 
26 3.87 1.29 3.0 2.4 2.0 1.7 

27 3.73 1.39 2.8 2.2 1.8 1.6 
28 3.60 149 2.6 2.1 1.7 1.5 
29 3.47 1.60 2.4 1.9 1.6 1.4 

, 
N. B.-Ii or loads glven In Itahcs Wtb3 must be stJffencd, or loads must not 

exceed maximum loads given in column XV, page ]91. 
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9" X BEAM-No. 91 B . 

25 POUNDS PER FOOT. 

Flange width. . .. . . . . 4.43 I Arta in square inches . 7.35 
\I' eb thickness . . . . . , . . . 0.09 Resistance . . . . . . . 20.63 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ib,. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for cen tre load will be T87j of the tabular deflection. 
For fi gures in small type defl ection is excessive. 

Grenlesl Distance in Feel Belween Cenlres of 

G1"eatest 
B eams for J)istribuled Load as B elow. 

Span Safe L oad Deflecl ion 
'In 100 125 150 175 

Feel. in in Inches. 

_ _ I Ket Tons. 
Pounds Pounds Pounds Pounds 

per Square per Square per Squw'e per Square 
Fool. Fool. Foot. Foot. 

6 18.34 .07 61.1 48.9 40.8 34.9 
7 15.72 .09 44.9 35.9 29.9 25.7 
8 13.75 .12 34.4 27.5 22.9 19.7 

9 12.22 .15 27.2 21.7 18.1 15.5 
10 11.00 .19 22.0 17.6 14.7 12.6 
11 10.00 .23 18.2 14.5 12.1 10.4 

12 9.17 .27 15.3 12.2 10.2 8.7 
13 8.46 .32 13.0 10.4 8.7 7.4 
14 7.86 .37 11.2 9.0 7.5 6.4 

15 7.33 .43 9.8 7.8 6.5 5.6 
16 6.88 .49 8.6 6.9 5.7 4.9 
17 6.47 .55 7.6 6.1 , 5.1 4.4 

18 6.11 .62 6.8 5.4 4.5 3.9 

19 5.79 .69 6.1 4.9 4.1 3.5 

20 5.50 .76 5.5 4.4 3.7 3.1 

21 5.24 .84 5.0 4.0 3.3 2.9 

22 5.00 .92 4.5 3.6 3. 0 2.6 

23 4.78 1.01 4.2 3.3 2.8 2.4 

24 4.58 1.10 3.8 3.1 2.5 2.2 

25 4.40 1.19 3.5 2.8 2.3 2.0 

26 4.23 1.29 3.3 2.6 2.2 1.9 

2" 4.'18 1.39 3.0 2.4 2.0 1.7 

28 3.93 1.49 2.8 2.2 1.9 1.6 

29 3.79 1.60 2.6 2.1 1.7 1.5 

~ 
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9 " X BEAM-No. 92 B. 

30 POlTh'DS PER FOOT. 

F!ange width ......... 4.60 I Are!, in square inches. 
" eb th Ickness. . . ... . . . 0.56 Resistance....... 

8.82 
22.84 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000Ibs. 
l'or a load in middle of bea:n, allow one-balf of the tabular load. 

Deflection for centre load will be T\ of the tabular deflection. 
For figures in small type deOection is excessh·e. 

(ken/e.,t Di.,tance in Feet Between Centres oj 

Greatest Beams Jor J)istributed Load as Below. 
Span 

SoJe Load Deflection --

'" 100 125 150 175 Feet. in in incites. 
Net Tons. Pounds Pounds Pounds Prmnds 

per Square per Square per Square per Square 
Foot. Foot. Foot. Foot. 

- - --- --~ 

6 20.31 .07 67.7 54.2 45.1 38.7 
7 17.41 .09 49.7 39.8 33.2 28.4 
8 15.23 .12 38.1 30.5 25.4 21.8 

9 13.54 .15 30.1 24.1 20.1 17.2 
10 12.18 .19 24.4 19.5 16.2 13.9 
11 11.08 .23 20.1 16.1 13.4 11.5 

12 10.15 .27 16.9 13.5 11.3 9.7 
13 9.37 .32 14.4 11.5 9.6 8.2 
14 8.70 .37 12.4 9.9 8 .3 7.1 

15 8.12 .43 10.8 8.7 

I 
7.2 6.2 

16 7.62 .49 9.5 7.6 6.4 5.4 
17 7.17 .55 8.4 6.7 5.6 4.8 

18 6.77 .62 7.5 6.0 5.0 4.3 
19 6.41 .69 6.7 5.4 4.5 3.9 
20 6.09 .76 6.1 4.9 4.1 3.5 

21 5.80 .84 5.5 4.4 3.7 3.2 
22 5.54 .92 5.0 4.0 3.4 2.9 
23 5.30 1.01 4.6 3.7 3.1 2.6 

24 5.08 1.10 4.2 3.4 2.8 2.4 
25 4.87 1.19 39 3.1 2.6 2.2 
26 4.69 1.29 3.6 2.9 2.4 2.1 

2" 4.51 1.39 3.3 2.7 2.2 1.9 
28 4.35 1.49 3.1 2.5 2.1 1.8 
29 4.20 1.60 2.9 2.3 1.9 1.7 

-- ~ - -
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9" X BEAM-No. 93 B. 

35 POUNDS PER FOOT. 

Flange width. 4. i6 I Are~ in square jncbes. 
Weu thickness. . O. 72 l{eslst"nc~ ..... . 

. . . 10.29 
. ~b.06 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For" load in middle of beam, a\low one-balf of tbe tabular load. 

Span 
in 

Feel. 

6 
7 
8 

9 
]0 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 

21 
22 
23 

24 
25 
26 

27 1 
28 

~ 

Deflection for cent l'e load will be to of tbe tabu lar deflection. 
For figures in small type deflection is excessive. 

Grealpsl 

Great~t Dislancp in Feet Between Centres of 
Beam~ for Dislribul«l Load as BeloU'. 

Safe Load Dejf'clion 
100 I 125 I 150 li5 in in Inches. 

Pounds Pounds Pounds Pounds lYel Tons. 

22.27 
19.09 
16.71 

14.85 
13.36 
12.15 

11.14 
10.28 
9.55 

8.91 
8.35 
7.86 

7.42 
7.03 
6.68 

6.36 
6.07 
5.81 

5.57 
5.35 
5.14 

4.95 
4.77 
4.61 

per Square per Square per Square per Square 
~ Fool. I Fool. ---.!'001 __ 

.07 

.09 

.12 

.15 

.19 

.23 

.27 

.32 

.37 

.43 

.49 

.55 

.62 

.69 

.i6 

.84 

.92 
1.01 

1.10 
1.19 
1.29 

74.2 
54.5 
41.8 

33.0 
26.7 
22.1 

18.6 
15.8 
13.6 

11.9 
10.4 

9.2 

8.2 
7.4 
6.7 

6.1 
5.5 
5. 1 

4.6 
4.3 
4.0 

1.39 3.7 
1.49 3.4 

1.=-~ l 

75 

59.4 
43.6 
33.4 

26.4 
21.4 
17.7 

14.9 
12.7 
10.9 

9.5 
8.4 
7.4 

6.6 
5.9 
53 

4.8 
4.4 
4.0 

3.7 
3.4 
3.2 

29 
2.7 
2.5 

49.5 
36.4 
27.9 

22.0 
17.8 
14.7 

12.4 
10.5 
9.1 

7.9 
7.0 
6.2 

5.5 
4.9 
4.5 

4.0 
3.7 
3.4 

3. 1 
2.9 
2.6 

2.4 
2.3 
2.1 

42.4 
31.2 
23.9 

18.9 
15.3 
12.6 

10.6 
9.0 
7.8 

6.8 
6.0 
5.3 

4.7 
-::.2 
3.8 

3.5 
3.2 
2.9 

2.7 
2.4 
2.3 

2.1 
1.9 
1.8 



8" % B EAM-No. 80 B. 

18 POUNDS PER FOOT. 

Flange width. . . . 4.00 I Area in square inches. 
Web thickness . . . . . 0.27 Resistance... .. 

5.29 
H. 34 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one·half of the tabular load. 

Span 
'in 

Feel. 

6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 

21 
22 
23 

24 
25 
26 

27 
28 
29 

Deflection for centre load will be "1\ of the tabular deflection. 
For figures in small type deflection is excessive. 

Grootest I 
Sale Load Deflection 

Net Tons. 
in I in Inches. 

I2·75 I .08 
IO.93 .10 
9.56 .14 

8.50 
7.65 
6.95 

6.38 
5.88 
5.46 

5.10 
4.78 
4.50 

4.25 
4.03 
3.82 

3.64 
3.48 
3.33 

3.19 
3.06 
2.94 

2.83 
2.73 
2.64 

.17 

.21 

.26 

.31 

.36 

.42 

.48 
.55 
.62 

.69 

.77 

.86 

.94 
1.()4 
1.13 

1.23 
1.34 
1.45 

1.56 
1.68 
1.80 

Greatest Distance in Feet Between Cfnlres of 
BeautS jor Dislribule(l Load as Below. 

100 125 
Pounds Pounds 

per Square per Square 
Foot. Foot. 

1----

42.5 34.0 
31.2 25.0 
23.9 19.1 

18.9 
15.3 
12.6 

10.6 
9.0 
7.8 

6.8 
6.0 
5.3 

4.7 
4.2 
3.8 

3.5 
3.2 
2.9 

2.7 
2.4 
2.3 

2. 1 
2.0 
1.8 

15.1 
12.2 
10.1 

8.5 
7.2 
6.2 

5.4 
4.8 
4.2 

3.8 
3.4 
3.1 

2.8 
2.5 
2.3 

2.1 
2.0 
1.8 

1.7 
1.6 
1.5 

150 I 1\5 Pounds Pounils 
perSquare per Square 

Foot. Foot. 

28.3 I 
20.8 
15.9 

12.6 
lO.2 
8.4 

7.1 
6.0 
5.2 

4.5 
4.U 
3.5 

3. 1 
2.8 
2.5 

2.3 
21 
1.9 

1.8 
1.6 
1.5 

1.4 
1.3 
1.2 

24.3 
17.8 
13.7 

10.8 
8.7 
7.2 

6.1 
5.2 
4.4 

3.9 
a.4 
30 

2.7 
2.4 
2.2 

z.o 
1.8 
1.7 

1.5 
1.4 
1. 3 

1.2 
1.1 
1.0 

N. B.-For loads given in Italics webs IllUSt be stiffened , or loads must nut 
exceed maximum loads given in column XV, page 191. 

76 



8 " :t: B E AM-No. 81 B. 

2 0.5 P OUND S PER F OOT. 

Flange width . . . . . . . . . 4.08 I Area in square inches. . . . . 6.0~ 
Web thickness . .... ... . 0. 35 Resistance ..... . .... 15.32 

Greates t safe load in n et tons uniformly dis tribu ted. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be r80 of the t abular deflection. 
For figures in small type deflection is excessive. 

-
G1"eatest D istal1cA in Feet B etween CentTes oj 

G,'ea lp,sl 
B earns for D'i8tributed Load as B elow. 

Span Safe L oad 

_~m' II l -in 'in in Inches. 100 12.J 150 1,5 
Feet. Net Tons. Pounds Pounds Pounds Pounds 

I pe,' SquaTe per Sg,iare per Square per Square 
Foot. Fool. .Foot. Foot. 

- -
6 

I 

13.62 .08 45.4 36.3 30.3 26.0 
7 11.67 .lD 33.3 26.7 22.2 19.1 
8 lD.22 .14 25.6 20.4 17.0 14.6 

9 9.08 .17 20.2 16.1 13.5 11.5 
.10 8.17 .21 16.3 13.1 lD.9 9.3 
11 7.43 .26 13.5 11.8 9.0 7.7 

12 6.81 .31 11.4 9.1 7.6 6.5 
13 6.29 .36 9.7 7.7 6.5 5.5 
14 5.84 .42 8.3 6.7 5.6 4.8 

"\ 

15 5.45 .48 7.3 5.8 4.8 4.2 
16 5.11 .55 6.4 5.1 4.3 3.7 
17 4.81 .62 5.7 4.5 3.8 3.2 

18 4.54 .69 5.0 4.0 3.4 2.9 
19 4. 30 . 77 4.5 3.6 3.0 2.6 
20 4.09 .86 4.1 3.3 2.7 2.3 

21 3.89 .94 3.7 3.0 2.5 2.1 
22 3.71 1.04 3.4 2.7 2.2 1.9 
23 3.55 1.13 3.1 2.5 2.1 1.8 

24 3.41 1.23 2.8 2. 3 1.9 1.6 
25 3.27 1.34 2.6 2.1 1.7 1.5 
26 3.14 1.45 2.4 1.9 1.6 1.4 

27 3.03 1.56 2.2 1.8 1.5 1.3 
28 2.92 1.68 2.1 1.7 1.4 1.2 
29 2.82 1.80 1.9 1.6 1.3 1.1 
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8 " l: B EAM-No. 8 2 B. 

2 3 POUNDS PER FOOT. 

Flange width .... 4.17 I .Are~ in square inches. 6.76 
Web thickness.. . . 0.44 Reslstance . . . . . . .16.30 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
Fur" load in middle of beam, allow one-half of the tabular load. 

Deftection for centre load will be lIT of the tubular deftection. 
For figures in sllIall type deflection is excessive. 

I 
Greatest Distance in Feet Between Centres oj 

Grea.lp-sl Beams for Distributed liJud as Below. 
Spro/' Safe IAJad Deflection -- _ I -in '" in Inches. 100 120 150 1,5 Feet. Net Tons. Pounds Pounds Pounds Pounds I I per Square per Square per Square per &Juure 

Foot. Foot. Foot. Foot. 
-----

6 14.49 .08 48.3 38.6 32.2 27.6 
7 12.42 .10 35.5 28.4 23.7 20.3 
8 10.87 .14 27.2 21.7 18.1 15.5 

9 9.66 .17 21.5 17.2 14.3 12.3 
10 8.70 .21 17.4 13.9 11.6 9.9 
11 7.90 .26 14.4 11.5 9.6 8.2 

12 7.25 .31 12.1 9.7 8.1 6.9 
13 6.69 .36 10.3 8.2 6.9 5.9 
14 6.21 .42 8.9 7.1 5.9 5.1 

15 5.80 .48 7.7 6.2 5.2 4.4 
16 5.43 .55 6.8 5.4 4.5 3.U 
17 5.11 .62 6.0 4.8 4.0 3.4 

18 4.83 .6~ 5.4 4.!l 3.6 3.1 
19 4.58 .77 48 3.~ 3.2 28 
20 4.35 .86 4.4 3.5 2.~ 2.5 

21 4.14 .94 3.9 3.2 2.6 2.3 
22 3.~5 1.04 3.6 2.9 2.4 2.1 
23 3.78 1.13 3.3 2.G 2.2 1.9 

24 3.62 1.23 3.0 2..1 2.0 1.7 
25 3.48 1.34 2.8 2.2 1.9 1.6 
26 3.34 1.45 2.6 2. 1 1.7 1.0 

27 3.22 1.56 2.4 1 ~ 1.6 1A 
28 3.11 1.68 2.2 1.8 1.5 1.3 
29 3.00 1.80 2.1 1.7 1.4 1.2 
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8 " X BEAM- No. 83 B. 

25.5 POUND S P E R FOOT. 

Fla nge width . . . .. 4.26 I Area in square inches. 7.50 
Web thickness .. 0.53 Resistance. . .... 17.2a 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lb •. 
For a load in middle of bealll, allow one·half of the tahular load. 

Deflection for centre load will be I80 of the tabular deflection. 
For figures in small type deflection is excessive. 

--
Greatest Distance in Feet Between Cent'res oj 

GTeatesl 
Beams jar Distributed Load as B elow. 

Span Saje Load ])eflection 

I '" in in Inclws. 100 125 150 175 
Feet. Net Tons. Pounds Pounds Pounds Pounds 

per Sq1.wre per Square lie1' Square per Square 
Foot. I Foot. Foot. Foot. 

6 15.37 .08 51.2 41.0 34.1 29.3 
7 13.17 .lO 37.6 30.1 25.1 21.5 
8 11.52 .14 28.8 23.0 19.2 16.5 

9 lO.24 .17 22.8 18.2 15.2 13.0 
10 9.22 .21 18.4 14.8 12.3 lO.5 
11 8.38 .26 15.2 12.2 10.2 8.7 

12 7.68 .31 12.8 lO.2 8.5 7.3 
13 7.09 .36 10.9 8.7 7.3 6.2 
14 6.58 .42 9.4 7.5 6.3 5.4 

15 6.15 .48 8.2 6.6 5.5 4.7 
16 5.76 .55 7 2 5.8 4.8 4.1 
17 5.42 .62 6.4 5.1 4.3 3.6 

18 5.12 .69 5.7 4.6 3.8 3.3 

19 4.85 .77 5.1. 4.1 3.4 2.9 

20 4.61 .86 4.6 3.7 3. 1 2.6 

21 4. 39 .94 4.2 3.3 2.8 2.4 

22 4.1 a 1.04 3.8 3.0 2.5 2.2 

23 4.01 1.13 3.5 2.8 2.3 2.0 

24 3.84 1.23 3. 2 2.6 2. 1 1.8 

25 3.69 1.34 3.0 2.4 2.0 1. 7 

26 3.55 1.45 2.7 2.2 1. 8 1.6 

27 3.41 1.56 2.5 2.0 1.7 1.4 

28 3.29 1.68 2.4 1.9 1.6 1.3 

29 3.18 1.80 2.2 1.8 1.5 1.3 
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7 /1 1: B EAM-No. 70 B. 

15 P OU])o,])S PER F O OT. 

Flange width. . . . .. . . 3.66 I Area in square inches. 4.41 
Web thickness. . . ...... 0.25 Resistance. . . .. . . 10.46 

Greatest safe load i n net tons uniformly distributed. Fibre stress 16,000 lb •. 
}'or a load in middle of beam, allow one-half of tbe tabular load. 

Deflection for cenlre load will be l7J of the tabular deflection. 
For figures in small type deflection is excessive. II 

Greatest Distance in Feet Between Centres oj 

Greatest 
Bearn. jor Distributed Loads as Below. 

Span Saje Load Deflection m in in Inches. 100 I 125 150 li5 
Feet. Net Tons. Pouuds Pounds Pounds Pounds 

per Square per Square per Square per Square 
Foot. Foot. Foot. Foot. 

6 9,70 .09 31.0 24.8 20.7 17.7 
7 7.97 .12 22.8 18.2 15.2 13.0 
8 6.97 .16 17.4 13.9 11.6 10.0 

9 6.20 .20 13.8 11.0 9.2 7.9 
10 5.58 .24 11.2 8.9 7.4 6.4 
11 5.07 .30 9.2 7.4 6.1 5.3 

12 4.65 .35 7.8 6.2 5.2 4.4 
13 4.29 .41 6.6 5.3 4.4 3.8 
14 3.99 048 5.7 4.6 a.8 a.a 

15 3.72 .55 5.0 4.0 3.3 2.8 
16 3.49 .63 4.4 3.5 2.9 2.5 
17 3.28 .71 3.9 3.1 2.6 2.2 

18 3.10 .79 3.4 2.8 2.3 2.0 
19 2.94 .88 3.1 2.5 2.1 1.8 
20 2.79 .98 2.8 2.2 1.9 1.6 

21 2.66 1.08 2.5 2.0 1.7 1.4 
22 2.54 1.19 2.3 1.8 1.5 1.3 
23 2.43 1.30 2.1 1.7 1.4 1.2 

24 2.32 1.41 1.9 1.5 1.3 1.1 
25 2.23 1.53 1.8 1.4 1.2 1.0 
26 2.15 1.66 1.7 1.3 1.1 .9 

27 2.07 1.79 1.5 1.2 1.0 .9 
28 1.99 1.92 1.4 1.1 .9 .8 
29 1.92 2.06 1.3 1.1 .9 .8 

N. B.-For load given in Italics web must be stiffened, or load must not 
exceed maximum load given in column XV, page 19l. 
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7 /1 I B EAM-No. 71 B. 

17.5 POUNDS PER FOOT. 

Flange width.. ... . .. 3.76 I Area in square inches. 
Web thickness. . •. , ... 0.35 Resistance .. .. . . . 

5.15 
11.31 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000Ib;, 
For a load in middle of beam, allow one-balf of the tabular load. 

Deflection for centre load will be r'o of tbe tabular deflection. 
For figures in small type defiection is excessive. 

Greatest Distance in Feet B etween Centres of 

areatest 
Beams f01' j)istributed Loads as Below. 

Span SajeLoad DeftecUon 
m tn 'in Inches. 100 125 150 175 

Feet. Nel Tons. Pounds Pounds Pounds Pounds 
per SquaTe per Square per Squa1'e per Square 

Fool. Foot. Foot. Foot. 
--

6 10.05 .09 33,5 26.8 22.3 19.1 
7 8.62 .12 24.6 19,7 16.4 14.1 
8 7.54 .16 18.9 15.1 12.6 10.8 

9 6.70 .20 14.9 11.9 9.9 8.5 
10 6,03 .24 12.1 9.6 8.0 6.9 
11 5.48 .30 10.0 8.0 6.6 5.7 

12 5.03 .35 8.4 6.7 5.6 4.8 
13 4.64 .41 7.1 5.7 4.8 4,1 
14 4.31 .48 6.2 4.9 4.1 3,5 

15 4.02 .55 5.4 4,3 3.6 3.1 
16 3,77 ,63 4.7 3.8 3.1 2.7 
17 3.55 .71 4.2 ~,3 2.8 2.4 

18 3.35 .79 3.7 3.0 2.5 2.1 
19 3,17 .88 3,3 2,7 2,2 1.9 
20 3.02 .98 3.0 2.4 2.0 1.7 

21 2.87 1.08 2.7 2.2 1.8 1.6 
22 2,74 U9 2,5 2.0 1.7 1.4 
23 2.62 1.30 2.3 1.8 1.5 1.3 

24 2.51 1.41 2,1 1.7 1.4 1.2 
25 2.41 1.53 1.9 1.5 l.3 1.1 
26 2.32 1.66 1.8 1.4 1.2 1.0 

27 2,23 1.79 1.7 1.3 ],1 .9 
28 2,15 1.92 1.5 1.2 1.0 .9 
29 2,08 2.06 1.4 l.l 1.0 .8 

- - ----
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7/1 J: BEAM-No. 72 B. 

20 POUNDS PElt FOOT. 

Flange width ... . . . . . 3.86 I Area in square inches . 5.88 
Web thickness .. .. , ... 0.45 Resistance. . . . . . . 12.16 

Greatest safe load in net tons uniforruly distributed. Fibre stress 16,000 Ibs. 
l~or a load in middle of beam, allow one-half of the tabula r load . 

Deflection for ce ntre load will be T"o of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Dis/ance in Feet Between Centres of 

Greatest 
Beams for Distributed Load as Below. , 

Span Safe Load Deflection on 100 125 150 175 
Feet. in in- Inches. 

Net Tons. Pounds Pounds Pounds Pounds 
per Square per Square per Square per SqUa1'fJ 

Foot. Foot. Foot. Foot. 

6 10.81 .09 36.0 28.8 24.0 20.6 
, 

7 9.26 .12 26.5 21.2 17.6 15.1 
8 8.11 .16 20.3 16.2 13.5 11.6 

9 7.20 .20 16.0 12.8 10.7 9.1 
10 6.48 .24 13.0 10.4 8.6 7.4 
11 5.89 .30 10.7 8.6 7.1 6.1 

12 5.40 .35 9.0 7.2 6.0 5.1 
13 4.99 .41 7.7 6.1 5.1 4.4 
14 4.63 .48 6.6 5.3 4.4 a.8 

15 4.32 .55 5.8 4.6 3.8 3.3 
16 4.06 .63 5.1 4.1 3. 4 2.9 
17 3.81 .71 4.5 3.6 3.0 2.6 

18 3.60 .79 4.0 3.2 2.7 2.3 
19 3.4l .88 3.6 2.9 2.4 2.1 
20 3.24 .98 3.2 2.6 2.2 1.9 

21 3.09 1.08 2.9 2.4 2.0 1.7 
22 2.95 1.19 2.7 2.1 1.8 1.5 
23 2.82 1. 30 2.5 2.0 1.6 1.4 

24 2.70 1.41 2.3 1.8 1.5 1.3 
25 2.59 1.53 2.1 1.7 1.4 1.2 
26 2.49 1.66 1.9 1.5 1.3 1.1 

2:l 2.41) 1.79 1.8 1.4 1.2 1.0 
28 2. 32 1.92 1.7 1.3 1.1 .9 
29 2.24 2.06 1.5 1.2 1.0 .9 
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6" X BEAll'I-No. 60 B. 

12.25 POUNDS PER FOOT. 

Flange width .. 3.33 I Area in square inches .. 3.60 
Web thickness .. . 23 Resistance .. . 7.36 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For" load in middle of beam, allow one-balf of the tabular load. 

Deflection for cen tre load w ill be T'O of the tabu lar deflection. 
For figures in sruall type detlection is excessive. 

areatest Distance in Feet Between Cent1'es of 

Greatest 
Beams Jor lJistribulecl LQad as Below. 

Span Safe Load Deflection 
in in in Incites. 100 125 I 150 175 

Feet. lVel Tons. Pounds Pounds Pounds Pounds 
per Square per Sq!tU1'e per Squm'e per Square 

Foot. Foot. Foot. Foot. 

6 6.55 .10 21.8 17.5 14.6 12.5 
7 5.61 .14 16.0 12.8 10.7 9.2 
8 4.91 .18 12.3 9.8 8.2 7.0 

9 4.36 .23 9.7 7.8 6.5 5.5 
10 3.93 .29 7.9 6.3 5.2 4.5 
11 3.57 .35 6.5 5.2 4.3 3.7 

12 3.27 .41 5.5 44 3.6 3.1 
13 3.02 .48 4.6 3.7 3.1 2.7 
14 2.81 .56 4.0 3.2 2.7 2.3 

15 2.62 .64 3.5 2.8 2.3 2.0 
16 2.45 . 73 3.1 2.5 2.0 . 1.8 
17 2.31 .83 2.7 2.2 1.8 1.6 

18 2.18 .93 2.4 1.9 1.6 1.4 
19 2.07 1.03 2.2 1.7 1.5 1.2 
20 1.96 1.14 2.0 1.6 1.3 1.1 

21 1.87 1.26 1.8 1.4 1.2 1.0 
22 1. 79 1.38 1.6 1.3 1.1 .9 
23 1.71 1.51 1.5 1.2 1.0 .8 

24 1.64 1.65 1.4 1.1 .9 .8 
25 1.57 1.79 1.3 1.0 .8 .7 
26 1.51 1.93 1.2 .9 .8 .7 

27 1.45 2.08 1.1 .9 .7 .6 
28 1.40 2.24 1.0 .8 .7 .6 
29 1.35 2.40 .9 .7 .6 .5 

I 
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6" % BEAM-No. 61 B. 

14.75 POUNDS PER FOOT. 

Flange width . . . . . . .. 3.44 I Area in square inches .... 4.34 
Web thickness. . . . . . .. 0.34 Resistance.... . ..... 8.09 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lb •. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be T"O of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Distance ,in Feet Between Centres oj 

Greatest 
Beams for Distributed Load as Below. 

Span Safe Load Deflection in in in Inches. 100 125 150 175 
Feet. Net Tons. Pounds Pounds Pounds Pounds 

per Square per Square per Squa1"e per Squa1"e 
Foot. Foot. Foot. Foot. 

----
6 7.19 .10 24.0 19.2 16.0 13.7 
7 6.17 .14 17.6 14.1 11.8 10.1 
8 5.40 .18 13.5 10.8 9.0 7.7 

D 4.80 .23 10.7 8.5 7.1 6.1 
10 4.32 .29 8.6 6.9 5.8 4.9 
11 3.92 .35 7.1 5.7 4.8 4.1 

12 3.60 .41 6.0 4.8 4.0 3.4 
13 3.32 .48 5.1 4.1 3.4 2.9 
14 3.08 .56 4.4 3.5 2.9 2.5 

15 2.88 .64 38 3.1 2.6 2.2 
16 2.70 .73 3.4 2.7 2.3 1.9 
17 2.54 .83 3.0 2.4 2.0 1.7 

18 2.40 .93 2.7 2.1 1.8 1.5 
19 2.27 1.03 2.4 1.9 1.6 1.4 
20 2.16 1.14 2.2 1.7 1.4 1.2 

21 2.06 1.26 20 1.6 1.3 1.1 

22 1.96 1.38 1.8 1.4 1.2 1.0 

23 1.88 1.51 1.6 1.3 1.1 .9 

24 1.80 1.65 1.5 1.2 1.0 .9 

25 1.73 1.79 1.4 1.1 .9 .8 
26 1.66 1.93 1.3 1.0 .9 .7 

27 1.60 2.08 1.2 .9 .8 .7 

28 1.54 2.24 1.1 .9 .7 .6 
29 1.49 2.40 1.0 .8 .7 .6 
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6/1 X BEAM-No. 62 B. 

17.25 POUNDS PER FOOT. 

Flange width . . . . . . . . . a.56 I Area in square inches.. . . . 5.07 
Web thickness . . . . . . . . 0.46 Resistance......... .. 8.83 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be A of the (abular deflection. 
For figures in small type deflection is excessive. 

Greatest Distance in Feet Between Cent-res oj 

Greatest 
Beams Jor Distribute,l Load as Below. 

Span Safe .Load Deflection 
in m in Incites. 100 125 150 175 

Feet. Net Tons. Pounds Pounds Pounds Pounds 
per Square per Square per Square per Square 

Jibot. Foot. Foot. Jibot. 

--
6 7.85 .10 26.2 20.9 

I 
17.4 15.0 

7 6.73 .14 19.2 15.4 12.8 11.0 
8 5.89 .18 14.7 11.8 9.8 8.4 

i 
9 5.23 .23 11.6 9.3 

I 
7.7 6.6 

10 4.71 .29 9.4 7.5 6.3 5.4 
11 4.28 .35 7.8 6.2 5.2 4.4 

I I 

12 3.93 .41 6.6 52 I 4.4 3.7 

13 3.62 .48 5.6 4.5 3.7 3.2 

14 3.37 .56 4.8 3.9 3.2 2.8 

15 3.14 .64 4.2 3.3 2.8 2.4 

16 ~.94 .73 3.7 2.9 2.5 2.1 

17 2.77 .83 3.3 2.6 2.2 1.9 

18 2.62 .93 2.9 2.3 1.9 1.7 

19 2.48 1.03 2.6 2.1 1.7 1.5 

20 2.36 1.14 2.4 1.9 1.6 1.3 

21 2.24 1.26 2.1 1.7 1.4 1.2 

22 2.14 1.38 1.9 1.6 1.3 1.1 

23 2.05 1.51 1.8 1.4 1.2 1.0 

24 1.96 1.115 1.6 1.3 1.1 .9 

25 1.88 1.79 1.5 1.2 1.0 .9 
26 LSI 1.93 1.4 1.1 .9 .8 

27 1.74 2.08 

I 
1.3 1.0 .9 .7 

28 1.68 2.24 1.2 10 .8 .7 
29 1.62 2.40 1.1 .9 .7 .6 

I I 
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6 " X B EAM.- No. 6 3 B. 

L EAST SECTION. 

32. 3 POUNDS PER F O OT. 

Flange width . 4.87 I Area in square inches 9.49 
Web thickness. .50 Resistance. . . . . . 17.26 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be rSo of the tabular deflection. 
For figures in small type deflection is excessive. 

'!:l 

~~~ Greatest Distance in Feet Between t;S...:~~ 
" ~.~ R,~ -.l ~;:i ~o<::! ~ .~ Centres oj Beams jor DisMbuted "g"'~1l~ 

~ ~~ ;~~ ,,0; Load as B elow. o~ ~~~ 
" "" ~~~~~ .;: '<>- ~~ 

§ -::;~ .~ 1;'0 """ 100 125 150 175 ..c C'j 0..:;:: ~ 

~ .~ ~~~ ~ .... Pounds Pounds Pounds Pounds ~ ,..; ~~ ~ 
~ "l::I1:;j;... ~ p er Sq. p eT Sq. pel· Sq. per Sq. ]"':::~.!; 

tE -.,:""" ~~.§,~ "" Foot. Foot. Foot. Foot. 
-- ------------------------

6 15.35 .26 .10 51.2 40.9 34.1 29.2 87.11 
7 13.15 .23 .14 37.6 30.1 25.0 21.5 64.00 
8 11.51 .20 .18 28.8 23.0 19.2 16.4 49.00 

9 10.23 .17 .23 22.7 18.2 15.2 13.0 38.72 
10 9.21 .16 .29 18.4 14.7 12.3 10.5 31.36 
11 8.37 .14 .35 15.2 12.2 10.1 8.7 25.92 

12 7.67 .13 .41 12.8 10.2 8.5 7.3 21.78 
13 7.08 .12 .48 10.9 8.7 7.3 6.2 18.56 
14 6.58 .11 .56 9.4 7.5 6.3 5.4 16.00 

15 614 .10 .64 8.2 6.6 5.5 4.7 13.94 
16 5.75 .10 .73 7.2 5.8 4.8 4.1 12.25 
17 5.42 .09 .83 6.4 5.1 4.3 3.6 10.85 

18 5.12 .09 .93 5.7 4.6 3.8 3.3 9.68 
19 4.85 .08 1.03 5.1 4.1 3.4 2.9 8.69 
20 4.60 .08 1.14 4.6 3.7 3.1 2.6 7.84 

21 4.38 .08 1.26 4.2 3.3 2.8 2.4 7.11 
22 4.19 .07 1.38 3.8 3.0 2.5 2.2 648 
Z3 4.00 .07 1.51 3.5 2. 8 2.3 2.0 5.93 

24 3.84 .06 1.65 3.2 2.6 2.1 1.8 5.44 
25 3.68 .06 1.79 2.9 2.4 2.0 1.7 5.02 
26 3.54 .06 1.93 2.7 2.2 1.8 1.6 4.64 

27 3.41 .06 2.08 2.5 2.0 1.7 1.4 4.30 
28 3.29 .05 2.24 2.4 1.9 1.G 1.3 4.00 
29 3.17 .05 2.40 2.2 1.7 1.5 1.2 3.73 
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6" 1: BEAM-No. 63 B. 

GREATEST SECTION. 

37.4 POUNDS PER FOOT. 

Flange width. . 0.13 I Area in square inches . .. 10.99 
Web thickness. ... , .. .75 Resistance. . . 18.76 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lb •. 
For a load in middle of beam, allow one·half of the tabular load. 

Deflection for centre load will be T'r; of the tabular deflection. 
For figures in small type deflection is excessive. 

" ~~~ Greatest Distance in Feet Between t;.g...;t;~ 

" ...".!l"''' -' ~.; .~ Centres oj Beams jar J)istributed ""~~~ ~ ~S ~'5 ~ ".; Load. as Below. ~ .... ~""'" "E'i ;rii..:; ~~ ~~~~ .;: "l_ 
.;2 .... 0 "" 100 125 150 175 ~~S~ g 

" 
-," 

~.q " ~"< ~~~ Pounds Pounds Pounds Pound. ~~~~~ ~ ~.S " " ... per Sq. per Sq. per Sq. per Sq. ? • s.. ~ 

tS ~~~ Foot. Foot. Foot. Foot. i:.ic8'(l~~ -- --------------------

6 16.68 .26 .lD 55.6 44.5 37.1 31.8 87.11 
7 14.30 .23 .14 40.9 32.7 27.2 23.4 54.00 
8 12.51 .20 .18 31.3 25.0 20.8 17.9 49.00 

9 11.12 .17 .23 24.7 19.8 16.5 14.1 38.72 
10 lD.01 .16 .29 20.0 16.0 13.3 11.4 31.36 
11 9.lD .14 .35 16.5 13.2 11.0 9.5 25.92 

12 8.34 .13 .41 13.9 11.1 9.3 7.9 21.78 
13 7.70 .12 .48 U8 9.5 7.9 6.8 18.56 
14 7.15 .11 .56 10.2 8.2 6.8 5.8 16.00 

15 6.67 .10 .64 8.9 7.1 5.9 5.1 13.94 
16 6.25 .10 .73 7.8 6.3 5.2 4.5 12.25 
17 0.89 .09 .83 6.9 5.5 4.6 4.0 10.85 

18 5.56 .09 .93 6.2 4.9 4.1 3.5 9.68 
19 5.27 .08 1.03 5.5 4.4 3.7 3.2 8.69 
20 5.00 .08 1.14 5.0 4.0 3.3 2.9 7.84 

21 4.77 .08 1.26 4.5 3.6 3.0 2.6 7.11 
22 4.55 .07 1.38 4.1 3.3 2.8 2.4 6.48 
23 4.35 .07 1.51 3.8 3.0 2.5 2.2 5.93 

24 4.17 .06 1.65 3.5 2.8 2.3 2.0 5.44 
25 4.00 .06 1.79 3.2 2.6 2.1 1.8 5.02 
26 3.85 .06 1.93 3.0 2.4 2.0 1.7 4.64 

27 3.71 .06 2.08 2.7 2.2 1.8 1.6 4.30 
28 3.57 .05 2.24 2.6 2.0 1.7 1.5 4.00 
29 3.45 .05 2.40 2.4 1.9 1.6 1.4 3.73 

-81 



6" r BEAM.-No. 67 B. 

LEAST SECTION. 

4.1.0 POUNDS PER FOOT. 

Flange width . . . . . .. 5.25 I Area In square inches . . . . 12.06 
Web thickness. . . . . . . . 0.63 Resistance . .. ... .. . 21.29 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-balf of the tabular load. 

Deflection for centre load will be!7J of the tabular deHection. 
For figures in small type deflection is excessive. 

'" ~~~ Great"t D istance in Feet Between tiS~t;~ 

~:i .$ Centres of B eamJ for Distributed ~.~Q.,~ 

&: "< ... "''''~';!I:q 
~6 "' ...... s:i LlJad as Below. g~~~ ... ~ 
r5J~ ;;~.; ~"t!"e~o .$ ~"S ~g§~~ _." "' ... - ~~ 100 125 150 175 " 3i~ '5~.8 'U s:;, u ~ '" Pound. Pounds Pounds Pounds 

~ "'f ~ ~~t~~ ~.~ '" .. per Sq. per Sq. per Sq. per Sq. 
~ ~ Foot. Foot. Foot. Foot. ~~~~ ----------------------

6 18.93 .26 .10 63.1 50.5 42.1 36.1 87.11 
7 16.22 .22 .14 46.3 37.1 30.9 26.5 64.00 
8 14.19 .20 .18 35.5 28.4 23.7 20.3 49.00 

9 12.62 .17 .23 28.0 22.4 18.7 16.0 38.72 
10 11.36 .16 .29 22.7 18.2 15.1 13.0 31.36 
11 10.32 .14 .35 18.8 15.0 12.5 10.7 25.92 

12 9.46 .13 .41 15.8 12.6 10.5 9.0 21.78 
13 8.73 .12 .48 13.4 10.7 9.0 7.7 18.56 
14 8.11 .11 .56 11.6 9.3 7.7 G.6 16.00 

15 7.57 .10 .64 10.1 8.1 6.7 5.8 13.94 
16 7.10 .10 .73 8.9 7.1 5.9 5.1 12.25 
17 6.68 .09 .83 7.9 6.3 5.2 4.5 10.85 

13 6.31 .09 .93 7.0 5.6 4.7 40 968 
19 5.98 .08 1.03 6.3 5.0 4.2 3.6 8.69 
20 5.68 .08 1.14 5.7 4.5 3.8 3.2 7.84 

21 5.41 .07 1.26 5.2 4.1 3.4 2.9 7.11 
22 5.16 .07 1.38 4.7 3.8 3.1 2.7 648 
23 4.94 .07 1.51 4.3 3.4 2.9 2.5 5.93 

24 4.73 .06 1.65 3.9 3.2 2.6 2.3 5.44 
25 4.54 .06 1.79 3.6 2.9 2.4 2.1 5.02 
28 4.37 .06 1.93 3.4 2.7 2.2 1.9 4.64 

27 4.21 .06 2.08 3.1 2.5 2.1 1. 8 4.30 
28 4.06 .05 2.24 2.9 2.3 1.9 1.7 4.00 
29 3.92 .05 2.40 2.7 2.2 1.8 1.5 3.73 
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6" X BEAM-No. 67 B. 

GREATEST SECTION. 

46.1 POUNDS PER FOOT. 

Flange width . 
Web thickness . 

. . . .. 5.50 I Area in square inches . . . • 13.56 
. . . " 0.88 Resistance... . ...... 22.79 

Grentest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one·balf of the tabular load. 

Deflection for centre load will be lr; oCtbe tabular deflection. 
For figures i n small type deflection is excessive. 

" ~~~ Greatest Distance in Feel Between t;.s,t;~ 

'" "",.~ ~~ 

~ 
~.; r55~'U .; Cenlr .. of B eams for DiJIribuled ""'~~<q 
~~ ;~~ ,..; Load as Below. :s~~ .... ~ 

~-5 '"''']~ ~ ·10 ">- ~g .;::g - .~ ·9 s~ ~~ 100 125 150 175 ,. 
~'" '" 

.";l~ Pound. Pounds Pounds Pound.! 'U,..,. t}Q ~ 
~.5 "''' ~ ~~~~~ r2' "'~ .. per Sq. p er Sq. per Sq. per Sq. 
C!> ~ ~ Foot. Foot. FOOl. Foo~ ~~~~ - --- ---------------------

6 20.26 .26 .10 67.5 54.0 45.0 38.6 87.11 
7 17.36 .22 .14 49.6 39.7 33.1 28.3 64.00 
8 15.19 .20 .18 38.0 30.4 25.3 21.7 49.00 

9 13.51 .17 .23 30.0 24.0 20.0 17.2 38.72 
10 12.16 .16 .29 24.3 19.5 16.2 13.9 31.36 
11 11.05 .14 .35 20.1 16.1 13.4 11.5 25.92 

12 10.13 .13 .41 16.9 13.5 11.3 9.6 21.78 
13 9.35 .1 2 .48 14.4 11.5 9.6 8.2 18.56 
14 8.68 .11 .56 12.4 9.9 8.3 7.1 16.00 

15 8.10 .10 .64 10.8 B.6 7.2 6.2 13.94 
16 7.60 .10 .73 9.5 7.6 6.3 5.4 12.25 
17 7.15 .09 .83 8.4 6.7 5.6 4.8 10.85 

18 6.75 .09 .93 7.5 6.0 5.0 4.3 9.68 
19 6.40 .08 1.03 6.7 5.4 4.5 3.9 8.69 
20 6.08 .08 1.14 6.1 4.9 4.1 3.5 7.84 

21 5.79 .07 1.26 5.5 4.4 3.7 3.2 7.11 
22 5.53 .07 1.38 5.0 4.0 3.4 2.9 648 
23 5.28 .07 1.51 4.6 3.7 3.1 2.6 5.93 

24 5.06 .06 1.65 4.2 3.4 2.8 2.4 5.44 
25 4.86 .06 1.79 3.9 3.1 2.6 2.2 5.02 
26 4.68 .06 1.93 3.6 2.9 2. 4 2.1 4.64 

27 4.50 .06 2.08 3.3 2.7 2.2 1.9 4.30 
28 4.34 .05 2.24 3.1 25 2.1 1.8 4.00 
29 4.19 .05 2.40 2.9 2.3 1.9 1.7 3.73 
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5" :r B EAM-No. 5 0 B . 

9.75 P OUNDS PER FOOT. 

Flange width. . . . . . . . . 3.00 I Area in square inches. . • • . 2.R7 
Web thickness.. . . . . . .. .21 Resistance .. .. •..... 4.85 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be!l'f of the tabular deflection. 
For figu r es in small type deflection is excessive. 

Greatest Distance in Feet B etween Cent,. .. of 
Beams for Distributed L()ad as Below. Greatpst 

Span Safe Load Deflection 1-----;----.-------;----
in in in Inches. 100 125 150 1i5 

Feet. Net To".. Pound. Pound. Pounds PoundJ 
per Square per Square per Square per Square 

Foot. Foot. Foot. Foot. 

4 648 .05 32.4 25.9 21.6 18.5 
5 5.17 .09 20.7 16.5 13.8 11.8 
6 4.31 .12 14.4 11.5 9.6 8.2 

7 3.69 .17 10.5 8.4 7.0 6.0 
8 3.23 .22 8.1 6.5 5.4 4.6 
9 2.87 .28 6.4 5.1 4.3 3.6 

10 2.59 .34 5.2 4.1 3.5 3.0 
11 2.35 .41 4.3 3.4 2.8 2.4 
12 2.16 .49 3.6 2.9 2.4 2.1 

13 1.99 .58 3.1 2.4 2.0 1.8 
14 1.85 .67 2.6 2.1 1.8 1.5 
15 1.72 .77 2.3 1.8 1.5 1.3 

5" :r B EAJ)1-No. 5 1 B . 
1 2.25 POUNDS PER FOOT. 

Flange width .. 3.14 I Area in square inches. 3.60 
Web thickness .. .85 Res istance 5.46 

4 7.29 .05 36.5 29.2 24.3 20.8 
5 5.83 .09 23.3 18.7 15.5 13.3 
6 4.86 .12 16.2 13.0 10.8 9.3 

7 4.16 .17 11.9 9.5 7.9 6.8 
8 3.64 .22 9.1 7.3 6.1 5.2 
9 3.24 .28 7.2 5.8 4.8 4.1 

10 2.91 .34 5.8 4.7 3.9 3.3 
11 2.65 .41 4.8 3.9 3.2 2.8 
12 2.43 .49 4.1 3.2 2.7 2.3 

13 2.24 .58 3.4 2.8 2.3 2.0 
14 2.08 .67 3.0 2.4 2.0 1.7 
15 1.94 .77 2.6 2.1 1.'l 15 

N. B.-For loads given in Italics webs must be s tiffened, or loads must not 
exceed maximum loads given in column XV, page 191. 
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5 " 1: BEAM-No. 52 B. 

14.75 POUNDS PER FOOT. 

Flange width . . . . . . .. 3.28 I Area in square inches . . . . 4.34 
Web thickness ... . .. " 0.49 Resistance.... ..... . 6.07 

Greatest safe load in net tons uniformly distributed. Fibre str ess 16,000 lbs. 
For a load in middle of beam, allow one-balf of the tabular load. 

Deflection for centre load will be lr; of the tabular deflection. 
For figures in small type deflection is excessive. 

Greate.I Dislance in Feel Bellt'een Cenlr .. oj 

G,·eale.,t BeaTWI Jor Dislribuled Load as Below. 
Span Safe Load Defleclion 

in in inIliChes. 100 125 150 175 
Feet. Net Tons. Pounds Pounds Pounds Pound. 

per Square per Square per Square per Square 
FOOL. Foot. Foot. Foot. 

- - --- ----
4 8.10 .05 40.5 32.4 no 23.1 
5 6.48 .09 25.9 20.7 17.3 14.8 
6 5.40 .12 18.0 14.4 12.0 10.3 

7 4.63 .17 13.2 10.6 8.8 7.6 
8 4.05 .22 10.1 8.1 6.8 5.8 
9 

I 
3.60 .28 8.0 6.4 5.3 4.6 

I 10 3.24 . 3~ 6.5 5.2 4.3 3.7 
11 2.94 .41 5.3 4.3 3.6 3.1 
12 2.70 .49 4.5 3.6 3.0 2.6 

13 2.49 .58 3.8 3.1 2.6 2.2 
14 I 

2.31 .67 3.3 2.6 2.2 l.9 
15 2.16 .77 2.9 2.3 l.9 l. 6 

16 I 
2.02 .88 2.5 2.0 1.7 1.4 

17 1.90 .99 2.2 l.8 1.5 1.3 
18 1.80 1.11 2.0 1.6 1.3 1.1 

19 1.70 1.24 1.8 1.4 1.2 1.0 
20 1.62 1.37 1.6 1.3 1.1 .9 
21 l.54 1.51 1.5 1.2 1.0 .8 

22 1.47 1.66 l.3 1.1 .9 .8 
23 1.41 1.81 1.2 l.0 .8 .7 
24 1.35 1.97 1.1 .9 .8 .6 

25 1.30 

I 
2.14 1.0 .8 .7 .6 

26 1.25 2.32 1.0 .8 .6 .5 
27 l.20 2.50 .9 .7 .6 .5 

-- --- ----
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4 " :r BEAM-No. 40 B . 

7.5 P OUNDS PER FOOT. 

Flange width . . . . . . . . . 2.66 I Area in square inches.. . . . 2.20 
Web thickness. . . . . . .. .19 Resistance........ .. 2.95 

Gleatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-half of the tabular load. 

4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 

Deflection for centre load will be Y"ri of the tabular deflection. 
For figures in small tYJle deflection is excessive. 

(}realest Distance in Feet Between Centres of 
Beams f01· Distribut"l Load as Below. 

Pound. Pound. Pounds Pound. 
100 I 125 150 I 175 

per Square per Square per Square per Square 
________ r __ Foo __ L_I __ F1_oo_t_. _1 __ Fb_ o_t_. _1 Foot. 

3.93 
3.15 
2.62 
2.25 
1.97 
1.75 

1.57 
1.43 
1.31 

1.21 
1.12 
1.05 

.07 19.7 15.7 13.1 

.11 12.6 10.1 8.4 

.15 8.7 7.0 5.8 

.21 6.4 5.1 4.3 

.27 4.9 3.9 3.3 
.35 3.9 3.1 2.6 
.43 3.1 2.5 2.1 
.52 2.6 21 1.7 
.62 2.2 1.7 1.5 

.72 1.9 1.5 1.2 

.84 1.6 1.3 1.1 
.96 1.4 1.1 .9 

4 " I: B EAM-No. 4 1 B. 
8.5 POU~"'DS PER F OOT. 

11.2 
7.2 
5.0 
3.7 
2.8 
2.2 

1.8 
1.5 
1.2 

1.1 
.9 
.8 

Flange width .. 2.72 Area in square inches . .. 2.50 
Web thickness. .25 Resistance ... 3.15 

4 4.19 .07 21.0 16.8 14.0 12.0 
5 3.36 .11 13.4 10.8 9.0 7.7 
6 2.80 .15 9.3 7.5 6.2 5.3 
7 2.40 .21 6.9 5.5 4.6 3.9 
8 2.10 .27 5.3 4.2 3.5 3.0 
9 1.86 .35 4.1 3.3 2.8 2.4 

10 1.68 .43 3.4 2.7 2.2 1.9 
11 1.52 .52 2.8 2.2 1.8 1.6 
12 1.40 .62 2.3 1.9 1.6 1.3 

13 1.29 .72 2.0 1.6 1.3 1.1 
14 1.20 .84 1.7 1.4 1.1 1.0 
15 1.12 .96 1.5 1.2 1.0 .9 
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-
4" :I BEAM-No. 42 B. 

9.5 POUNDS PER FOOT. 

Flange width . . . . . . .. 2.79 I Area in square inches .. . . 2.79 
Web t bickness . . . .32 Resistance... . .... . . 3.34 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-balf of the tabular load. 

Deflection for centre load will be l"rr of the tabular deflection. 
For figures in small type deO,elion is excessive. 

Greale.t Distanc, in Feet Between Centres of 

Greatest 
Beams fur Distribut,,! LQad as Below. 

Span Safe Loltd Deflection in. in in Inches. '"' I '" I '" I no Feet. Net To" •. Pounds Pound. Po""ds Pounds 
per Square per Square per Square per Square 

Foot. Foot. Foot. I Foot. 
-

4 4.45 .07 22.3 17.8 14.8 12.7 
5 3.56 .11 14.2 11.4 9.5 8.1 
6 2.97 .15 9.9 7.9 6.6 5.7 

7 2.55 .21 7.3 5.8 4.9 4.2 
8 2.23 .27 5.6 4.5 3.7 3.2 
9 1.98 .35 4.4 3.5 ~.9 2.5 

10 1.78 .43 3.6 2.8 2.4 2.0 
11 1.62 .52 2.9 2.4 2.0 1.7 
12 1.48 .62 2.5 2.0 1.6 1.4 

13 1.37 .72 2.1 1.7 1.4 1.2 
14 1.27 .84 1.8 1.5 1.2 1.0 
15 1.19 .96 1.6 1.3 1.1 .9 

4" :I BEAM-No. 43 B. 
10.5 POUNDS PER FOOT. 

Flange width .. . . 286 I Area in square inches . 3.09 
Web thickness . . 39 Resistance . .. 3.54 

4 4.71 .07 23.6 18.8 15.7 13.5 
5 3.77 .11 15.1 12.1 10.1 8.6 
6 3.14 .15 10.5 8.4 7.0 6.0 

7 2.69 .21 7.7 6.2 5.1 4.4 
8 2.36 .27 5.9 4.7 3.9 3.4 
9 2.u9 .35 4.6 ~.I 3.1 ~:I 

10 1.89 .43 3.8 8.0 2.5 2.2 
11 1.71 .52 3.1 2.5 2.1 1.8 
12 1.57 .52 2.6 2.1 1.8 1.5 

13 1.45 .72 2.2 1.8 1.5 1.3 
14 1.35 .84 1.9 1.5 1.3 1.1 
15 1.26 .96 1.7 1.3 1.1 1.0 
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3" X BEAM-No. 30 B. 

5.5 POUNDS PER FOOT. 

Flange width. . . . . . . . . 2.33 I Area in square inches. . . . . 1.62 
Web thickness ... . ... . . 0.17 Resistance ... . . ..... 1.62 

Greatest safe load iu net tons uniformly distributed. Fibre stress 16,000 Ibs. 
For a load in middle of beam, allow one-balf of the tabular load. 

Deflection for centre load will be l lJ of the tabular deflection. 
For figures in small type deflection is exce sive. 

Greatest Distance in Feel B etween Centres oj 

r;"enlrst Beams for Distributed Load as B elow. 
Span Sol" Load Dejlecli01' in in in Inches. 100 12., 150 175 
Feet. lYel TOilS. Pounds Pounds POlUul.'l Pounds 

per Square per Square per Square per Square 
Foot. Foot. Foot. Foot. 

4 2.16 .09 10.8 8.6 7.2 6.2 
5 1.73 .14 6.9 5.5 4.6 4.0 
6 1.44 .21 4.8 3.8 a:' .- 2.7 

7 1.23 .28 3.5 2.8 2.3 2.0 
8 1.08 .37 2.7 2.2 1.8 1.5 
9 .96 .46 2.1 1.7 1.4 1.2 

10 .86 .57 1.7 1.4 1.1 1.0 
11 .79 .69 1.4 1.1 1.0 .8 
12 .72 .82 1.2 1.0 .8 .7 

13 .66 .97 1.0 .8 .7 .6 
14 .62 1. 12 .9 .7 .6 .5 
15 .58 1.29 .8 .6 .5 .4 

3 " 1: BEAM-No. 31 B. 
6.5 POUNDS PER FOOT. 

F lange width. . 2.40 I Area in sq uare inches. 1.91 
Web thickn ess .. 0.24 Resistance 1.76 

4 2.35 .09 11.8 9.4 7.8 6.7 
5 1.88 .14 7.5 6.0 5.0 4.3 
6 1.57 .n 5.2 4.2 a.5 3.0 

7 1.34 .28 3.8 3.1 2.6 2.2 
8 1.17 .37 2.9 2.3 2.0 1.7 
9 1.04 .46 2.3 1.8 1.5 1.3 

10 .94 .57 1.9 1. 5 1.3 1.1 
11 .85 .69 1.5 1.2 1.0 .9 
12 .78 .82 1.3 1.0 .9 .7 

13 .72 .97 1.1 .9 .7 .6 
14 .67 1.12 1.0 .8 .6 .5 

15 .63 1.29 .8 .7 .6 .5 
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3" 1: B EAM-No. 32 B. 

'7.5 POUNDS PER FOOT. 

Flange width . . .. 
Web thickness. . . . 

2.50 I Area in square inches . . . . 2.20 
0.34 Resistance.......... 1.91 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 

Deflection for cen tre load will be T8ri of the tabular deflection. 
For figures in small type deflection is excessive. 

Greatest Distance in Feet Between Centres of 

Greatest Beams for Distributed Load as Below. 
Span Sa,je Load Deflection in. 100 125 150 175 
Feet. in in Inches. 

Net Tons. Pounds Pounds Pounds Pounds 
per Square per Square per Square per Square 

Foot. Foot. Foot. Foot. 

4 2.55 .09 12.8 10.2 8.5 7.3 
5 2.04 .14 8.2 6.5 5.4 4.7 
6 1.70 .21 5.7 4.5 a.8 3.2 

7 1.46 .28 4.2 3.3 2.8 2.4 
8 1.28 .37 3.2 2.6 2.1 1.8 
9 1.13 .46 2.5 2.0 1.7 1.4 

10 1.02 .57 2.0 1.6 1.4 1.2 
11 .93 .69 1.7 1.4 1.1 1.0 
12 .85 .82 1.4 1.1 .9 .8 

13 .78 .97 1.2 1.0 .8 .7 
14 .73 1.12 1.0 .8 .7 .6 
15 .68 1.29 .9 .7 .6 .5 

I 
I 

I 
I ' 

---
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PENCOYD CHANNELS. 
Greatest safe loads in n et tons evenly distributed, in cluding b.am itself. 

For concentrated load in middle of beam take one half aDlount ill table. 

I .. L ength of Span in Feet . 
·S ~ ~ ~ ~.~~ 
" -,,, ~~ ~ .... ~ 8 I 9 I 10 I 11 I 12 I 13 I H I 15 
~~ 

"," ~ 

~~ ~~~ Safe L oG/.! in Net Tons. 
- I 

15 1500 33.0 27.66 24·59 22.13 20.12 18.44 17.02 15.81 14.75 

15 1510 35.0 28.66 25.48 22.93 20.85 19.11 17.64 16.38 15.29 

15 1520 40.0 31.11 27.66 24.89 22.63 20.74 19.15 17.78 16.59 

15 1530 45.0 33.56 29.83 26.85 24.41 22.38 20.65 19.18 17.90 

15 1540 50.0 39.32 34.95 31.45 28.59 26.21 24.19 22.47 20.97 

15 1550 55.0 41.76 37.12 33.41 30.37 27.84 25.70 23.87 22.27 
----:07 --:09 --:Tl ---:14 --:-16- --:-19 --:-2 2 -:26 - - - - ------ - - ~- --

12 1200 20.5 I4·36 I2·77 11.49 10.45 9.58 8.84 8.21 7.66 

12 1210 25.0 16.12 14.33 12.90 11.73 10.75 9.92 9.21 8.60 

12 1220 30.0 18.09 16.08 14.47 13.16 12.06 11.13 10.34 9.65 

12 1230 35.0 23.08 20.51 18.45 16.78 15.38 14.20 13.19 12.31 

12 1240 40.0 25.03 22.25 20.02 18.20 16.69 15.40 14.30 13.35 

12 1280 20.5 I3·78 I2.24 11.02 10.02 9.18 8.48 7.87 7.35 

12 1280 32.0 18.26 16.23 14.60 13.28 12.17 11.23 1Q.43 9.74 
--:og -:T2 ---:I4 --:T7 --:2l --:24 --:28 --:s2 

10 1000 15.0 8·94 7.95 7.16 6.51 5.97 5.51 5.11 4 .77 

10 1010 20.0 10.58 9.41 8.47 7.70 7.05 6.51 6.05 5.64 

10 1020 25.0 13.35 11.87 10.68 9.71 8.90 8.21 7.63 7.12 

10 1030 30.0 14.98 13.32 11.99 10.90 9.99 9.22 8.56 7.99 

10 1040 35.0 16.61 14.77 13.29 12.08 11.08 10.22 9.49 8.86 
-:IT --:T4 --:T7 --:2T ~ ---:29 ---:34 ---:-39 -------- ------ --

9 900 13.25 7.10 6.31 5.68 5.16 4.73 4.37 4.05 3.78 

9 910 15.0 7.61 6.76 6.09 5.53 5.07 4 .68 4.35 4.06 

9 920 20.0 9.92 8.82 7.94 7.22 6.61 6.11 5.67 5.29 

9 930 25.0 11.40 10.13 9.12 8.29 7.60 7.01 6.51 6.08 

I --:T2 ----:T5 --:T9 --:23 --:w ---:32 -:s7 ~3 

N. B.-For loads given in italics wehs must be stiffened or loads must not 
exceed maximum loads given col. XVI, page 193. 
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PENCOYD CHANNELS. 
Small figures give deflection in inches for loads above. For ODe half load at 

centre reduce deflection one-fifth. Deflection below black line is excessive. 

-
Length oj Span in Feel. 

I I I I I I I I 
·5 ~ 

16 18 20 22 24 26 28 50 32 ~~ 

Safe Load in Nel Tons. 
ii.;.!; 

13.83 12.29 11.07 lO.06 9.22 8.51 7.90 7.38 6.92 15 
14.33 12.74 11.47 1D.42 9.55 8.82 8.19 7.64 7.17 15 
15.56 13.83 12.45 11.31 lO.37 9.57 8.89 8.30 7.78 15 
16.78 14.92 13.43 12.20 11.19 lO.33 9.59 8.95 8.39 15 
19.66 17.47 15.73 14.30 13.11 12.lO 11.23 1D.48 9.83 15 
20.88 18.56 16.71 15.19 13.92 12.85 11.93 11.14 10.44 15 
:29 -:37 ---:46 --:55 -:ee --:77 -----:ilO -r:o -----r:2 --

7.18 6.38 5.75 5.22 4.79 4.42 4.lO 3.83 3.59 12 
8.06 7.17 6.45 5.86 5.37 4.96 4.61 4.30 4.03 12 
9.05 8.04 7.24 6.58 6.03 5.57 5.17 4.83 4.52 12 

11.54 10.26 9.23 8.39 7.69 7.10 6.59 6.15 5.77 12 
12.51 11.12 lO.Ol 9.lO 8.34 7.70 7.15 6.67 6.26 12 
6.89 6.12 5.51 5.01 4.59 4.24 3.94 3.67 3.44 12 
9.13 8.11 7.30 6.64 6.09 5.62 5.22 4.87 4.56 12 

---:37- -:-46 --:57 -------:69 -----:-B2 - .97- -rr 1:3 1":5 -- --
4.47 3.98 3.58 3.25 2.98 2.75 2.56 2.39 2.24 1.0 
5.29 4.70 4.23 3.85 3.53 3.26 3.02 2.82 2.65 10 
6.67 5.93 5.34 4.85 4.45 4.11 3.81 3.56 3.34 10 
7.49 6.66 5.99 5.45 4.99 4.61 4.28 4.00 3.75 10 
8.31 7.38 6.65 6.04 5.54 5.11 4.75 4.43 4.15 10 

---:44 ~ 
--:69- --:83 -:99 - 1.2- I F - 1.5- - 1.8 

.---- - -
9 3.55 3.15 2.84 2.58 2.37 2.18 2.03 1.89 1.77 

3.80 3.38 3.04 2.77 2.54 2.34 2.17 2.03 1.90 9 
4.96 4.41 3.97 3.61 3.31 3.05 2.83 2.65 2.48 9 
5.70 5.07 4.56 4.14 3.80 3.51 3.26 3.04 2.85 9 

---;4il - .62 .76- .92 
- -

1.1 - 1.3 - 1--:-5 - 1.7-~ 



PENCOYD CHANNELS. 
Greatest safe distriuuted loau in net tOllS inc1uding bealU. Small figures 

gi ve deflection In inches for loads above. For one-half load at centre 
reduce deflection one-fifth. Deflection below black line is excessive. 

~ Length of Span in Feet . 
. .., ~ ~ I~--;----,----,----,----,-----,---,.--
:; ~ ~ 5 1 6 I 7 I 8 I 10 I 12 I 14 I 16 

~l<;~ Safe Load in Net 1'on8. 
- --~----I-----c------,---c--c--------,--'''''''-

11.25 8.6817.23 6.19 1 5.42 4.33 3.61 3.10 2.71 8 
8 
8 
8 
8 

7 
7 
7 
7 
7 

6 
6 
6 
6 

5 
[) 

5 

4 
4 
4 

3 
3 
" .... 

80C 
81C 
82C 
83C 
84C 

70C 
71C 
72C 
73C 
74C 

60C 
610 
62C 
63C 

50C 
51C 
52C 

40C 
41C 
42C 

30C 
310 
32C 

13.75 9.71 1 8.10 6.94 6.07 4.86 4.05 3.47 3.04 

16.25 11.73 9.78 8.38 7.33 5.87 4.89 4.19 3.67 

18.75 12.78

1

10.65 9.13 7.99 6.39 5.33 4.56 3.99 

21.25 13.83 11.52 9.88 8.64 6.91 5.76 4.94 4.32 
05 .08 1 .10 .14 .22., .31 ~ --:55 

9.75 6.51 5.43 4.65 4.07 3.26 2.71 2.33 2.04 

12.25 7.43 6.19 5.31 4.64 3.71 3.09 2.65 2.32 

14.75 
17.25 
19.75 

8.00 
10.50 
13.00 
15.50 

9.10 7.58
1 

6.50 5.69 4.55 3.79 3.25 2.84 

10.01 8.34 7.15 6.26 5.01 4.17 3.58 3.13 

10.92 9.10 7.80 6.83 5.46 4.55 3.90 3.41 
-:D6' -:-09 -:-12 -:-16 --:-24 -:-35 - .48 .63 

4.65 3.87 3.32 2.90 2.32 1:94 1.66 1.45 

5.77 4.81 4.12 3.61 2.89 2.40 2.06 1.80 

6.55 5.46 4.68 4.10 3.28 2.73 2.34 2.05 

7.34 6.12 5.24 4.59 3.67 3.06 2.62 2.29 
----:07- -: 10 -:-14 --: 18 ~ ---:4f --:56 -:73 

6.50 3.14 2.62 2.25 1.97 1.57 1.31 1.12 .98 

9.00 3.80 3.16 2.71 2.37 1.90 1.58 1.36 1.19 

11.50 4.45 3.71 3.18 2.78 2.23 1.85 1.59 1.39 
----:og -:-12 -:17' ~ .34 ---:49 -:-67 ---:as 

5.25 1.99 1.66 1.42 1.25 1.00 .83 .71 .62 

6.25 2.20 1.84 1.57 1.38 1.10 .92 .79 .69 

7.25 2.41 2.01 1.72 1.51 1.21 1.00 .86 .75 

4.00 
5.00 
6.00 

r---:-u:- -:15 --:2 1 --:27 ---:43 ---:62 ----:84 ~ 

1.14 .95 .82 

1.30 1.08 .93 

1.46 1.21 1.04 

.72 

:81 

.91 

.57 

.65 

.73 

.48 

.54 

.61 

.41 

.46 

.52 

.36 

.41 

.46 

N. B.~For loads given in italics webs must be stiffened or loads must not 
exceed maximum loads given col. XVI, page 195. 
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PENCOYD CHANNELS. 
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

When the force acls in tbe direction of tbe flanges or at rigbt angles to tbe web. 
Fibre Stress 16,000 Ibs. per Square Incb. 

m. Length of Span in Feet. 
Size Sec. in 

I I I I 8 1 1 10 I 11 I 12 I ". No. Lb •. 4 5 6 7 9 13 
Ins. I:;~. Safe Load in Net Tons. 
- - -
15 150C 33.0 4.14 \ 3.31 2.76 2.36 2.07 1.84 1.66 1.50 1.38 1.27 
15 15le 35.0 4.28 3.42 2.85 2.45 2.14 1.90 1.71 1.56 1.43 1.32 
15 152C 40.0 4.56 3.65 3.04 2.61 2.28 2.03 1.82 1.66 1.52 1.40 
15 153C 45.0 4.83 3.86 3.22 2.76 2.41 2.15 1.93 1.76 1.61 1.49 
15 154C 50.0 6.92 5.53 4.61 3.95 3.46 3.07 2.77 2.51 2.31 2.13 
15 155CI55.0 7.30 5.84 4.87 4.17 3.65 3.25 2.92 2.66 2.43 2.25 

12 120C 20.5 2.32 1.86 1.55 1.33 1.16 1.03 0.93 0.84 0.77 0.71 
12 121C 25.0 2.53 2.03 1.69 1.45 1.27 1.13 1.01 0.92 0.84 0.78 
12 122C 30.0 2.77 2.22 1.85 1.58 1.39 1.23 1.11 1.01 0.92 0.85 
12 123C 35.0 4.76 3.81 3.17 2.72 2.38 2.12 1.90 1.73 1.59 1.46 
12 124C 40.0 5.12 4.10 3.41 2.93 2.56 2.28 2.05 1.86 1.71 1.58 

10 100C 15.0 1.55 1.24 1.03 0.88 0.77 0.69 0.62 0.56 0.52 0.48 
10 1010 20.0 1.77 1.42 1.18 1.01 0.89 0.79 0.71 0.64 0.59 0.54 
10 102C 25.0 2.66 2.13 1.77 1.52 1.33 1.18 1.06 0.97 0.89 0.82 
10 103C 30.0 2.95 2.36 1.97 1.69 1.47 1.31 1.18 1.07 0.98 0.91 

10 ( 04C 
35.0 3.26 2.61 2.17 1.86 1.63 1.45 1.30 1.19 1.09 1.00 

9 90C 13.25 1.29 1.03 0.86 0.74 0.65 0.57 0.52 0.47 0.43 0.40 
9 91C 15.00 1.37 1.10 0.92 0.79 0.69 0.61 0.55 0.50 0.46 0.42 
9 92C 20.00 2.08 1.67 1.39 1.19 1.04 0.92 0.83 0.76 0.69 0.64 
9 93C 25.00 2.37 1.89 1.58 1.35 1.18 1.05 0.95 0.86 0.79 0.73 

8 SOC 11.25 1.04 0.83 0.70 0.60 0.52 0.46 0.42 0.38 0.35 0.32 
8 81C 13.75 1.16 0.92 0.77 0.66 0.58 0.51 0.46 0.42 0.39 0.36 
8 82C 16.25 1.64 1.31 1.09 0.94 0.82 0.73 0.66 0.59 0.55 0.50 
8 83C 18.75 1.77 1.42 1.18 1.01 0.89 0.79 0.71 0.64 0.59 0.55 
8 84C 21.25 1.90 1.52 1.27 1.09 0.95 0.85 0.76 0.69 0.63 0.59 

7 70C 9.75 0.84 0.67 0.56 0.48 0.42 0.37 0.34 0.31 0.28 0.26 
7 71C 12.25 0.95 0.76 0.63 0.54 0.47 0.42 0.38 0.34 0.32 0.29 
7 72C 14.75 1.37 1.10 0.91 0.78 0.69 0.61 0.55 0.50 0.46 0.42 
7 73C 17.25 1.51 1.20 1.00 0.86 0.75 0.67 0.60 0.55 0.50 0.46 
7 74C 19.75 1.64 1.31 1.10 0.94 0.82 0.73 0.66 0.60 0.55 0.50 

6 60C 8.00 0.65 0.52 0.44 0.37 0.33 0.29 0.26 0.24 0.22 0.20 
6 61C 10.50

1

0.91 0.73 0.61 0.52 0.45 0.41 0.36 0.33 0.30 0.28 
6 62C 13.00 1.04 0.83 0.69 0.59 0.52 0.46 0.41 0.38 0.35 0.32 
6 63C 15.50 1.16 0.93 0.78 0.66 0.58 0.52 0.46 0.42 0.39 0.36 

5 50C 6.50 0.50 0.40 0.33 10.28 0.25 0.22 0.20 0.18 0.16 0.15 
5 5IC 9.00 0.61 0.49 0.41 0.35 0.30 0.27 0.25 0.22 0.20 0.19 
5 I 52C

1

11.50 0.72 0.57 0.48 0.41 0.36 0.32 0.29 0.26 0.24 0.22 



PENCOYD EVEN ANGLES. 
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

One Leg Vertical. 

Fibre Stress 16,000 lbs. per Square Incb. 

Length of Span in Feet. 

Size of Angle. 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 I 13 
Inches. 

Safe Load in Net Tons. 

8 x8 x~ 11.12 8.90 7.41 6.35 5.56 4.94 4.45 4.04 3.71 3.42 

8-'4, ,, 8'£p 1 21.5817.26 14.3812.33 10.79 9.59

1

8.63 7.85 7.19 6.64 

6 x 6 x 3/8 4.71 3.77 3.14 2.69 2.35 1.71 1.57 1.45 2.09

1

1.88 

6'4 x 6l{4 x U 11.24 8.99 7.49 6.42 5.62 5.00

1

4.50 4.09 3.75 3.46 

5 x5 x 3/8 3.23 2.58 2.15 1.84 1.61 ) .17 1.08 1.43 1.29 0.99 

5'4 x 5'4 x U 7.68 6.14 5.12 4.39 3.84 3.41 3.07 2.79 2.56 2.36 

4 x4 xf& 1.71 1.37 1.14 0.98 0.85 0.76 0.68 0.62 0.57 0.53 

4'4x4'4 x%, 4.13 3.31 2.76 2.36 2.07 1.84 1.65 1.50 1.38 1.27 

3'>2 x 3'>2 x f& 1.31 1.05 0.87 0.75 0.65 0.58 0.52 0.48 0.44 0.40 

3% x 3541 x% 2.45 1.96 1.64 1.40 1.23 1.09 0.98 0.89 0.82 0.76 

3 x3 x'4 0.77 0.62 0.55 0.44 0.39 0.34
1 

0.31 0.28 0.26 0.24 

31\; x 31\; x 541 1.85 1.48 1.24 1.06 0.93 0.82 0.74 0.67 0.62 0.57 

23£1" 234 x '4 0.64 0.51 0.43 0.37 0.32 0.28 0.26 0.23 0.21 0.20 

3 x3 x '>2 1.36 1.09 0.91 0.78

1 

0.68

1 

0.60 0.54 0.49 0.45 0.42 

For angles of intermedIate tbicknesses tbe safe loads can be assumed as 
approximately proportional to tbeir areas or weigbts. 
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PENCOYD EVEN ANGLES. 
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

One Leg Vertical. 

Fibre Stress 16,000 lbs. per Sq. Incb. 

Length of Span in Feet. 
Size of Angle. 

Incites. 
1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 

Safe Load in Net Tons. 

2~x2~xfrr 1.60 0.80 0.53 0.40 0.32 0.27 0.23 0.20 

2543 X 2543 X ~ 4.00 2.00 1.33 1.00 0.80 0.67 0.57 0.50 

21f4 X 21f4 X i\: 1.23 0.64 0.43 0.32 0.26 0.21 0.18 0.16 

2{lr X 2irr X 3/s 2.67 1.34 0.89 0.67 0.53 0.45 0.38 0.33 

2 x2 xi\: 1.01 0.51 0.34 0.25 0.20 0.17 0.14 0.126 

2i\: X 2i\: X 3fs 2.13 1.07 0.71 0.53 0.43 0.36 0.30 0.266 

13£t X 134 xi\: 0.80 0.40 0.27 0.20 0.16 0.13 0.11 0.100 

1H X 1H X 3/s 1.60 0.80 0.53 0.40 0.32 0.27 0.23 0.200 

1~x1~xl/s 0.37 0.17 0.12 0.09 0.07 0.06 0.05 0.046 

134 X 134 x 3fs 1.33 0.67 0.44 0.33 0.27 0.22 0.19 0.166 

11f4 x l 1it X 1fs 0.32 0.16 0.11 0.08 0.06 0.05 0.046 0.040 

I3is x 1% X 1it 0.59 0.30 0.20 0.15 0.12 0.10 0.084 0.074 

1 xl x 1fs 0.16 0.08 0.05 0.04 0.03 0.027 0.023 0.020 

llfs X 11fs X 1it 0.37 0.19 0.12 0.09 0.07 0.062 0.053 0.046 

For angles of intermerliate thicknesses the safe loads can be assumed as 
approximately proportional to their areas or weights. 
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PENCOYD UNEVEN ANG]~ES. 
SAFE LOAD IN NET TONS UNIFORM ,LV DISTRIBUTED. 

Long Leg Vertical. 

Fibre Stress 16,000 lbs. per Square Inch . 

-
Length oj Span ,in Feet, 

Size oj Angle. 4 I 5 I 6 I 7 I 8 I 9 
1

10 I 11 I 12 i 13 
Incites . 

Safe L oad in .Net Tons. 
---

8 >. x~ 10.71 8.57 7.14 6,12 5.35 4.76 4,28 3.89 3.57 3.29 
8l£t x 6l£t x 1 20.57 16,46 13,72 11.76 10.29 9,14 8.23 7,48 6.86 6.33 

7 x3~x~ 7,55 6,04 5_03 4.31 3.77 3,35 3.02 2,74 2.52 2.32 
7:1f4 x3'-'4 x1 14.47 11.57 9.65 8.27 7.23 6.43 5.79 5,26 4.82 4.45 

6~x4 x 3/s 5.16 4.13 3.44 2_95 2_58 2,29 2,06 1.88 1.72 1.59 
6'7,1s x 4% x U 12.78 10.23 8.52 7.30 6.39 5.68 5.11 4.65 4.26 3.93 

6 x4 x% 4.43 3.54 2.95 2.53 2.21 1.97 1.77 1.61 1.48 1.36 
6% x 4% x H 10.95 8.76 7.30 6.26 5.47 4_87 4,38 3.98 3.65 3,37 

6 X3~X3/S 4.32 3.46 2.88 2.47 2.16 1.92 1.73 1.57 1.44 1.33 
6%x3'7,18 x H 10.73 8.59 7.16 6.13 5,37 4,77 4.29 3.90 3,58 3,30 

5~x3~X3/S 3.68 2.94 2.45 2.10 1.84 1.64 1.47 1.34 1.23 1.13 
534 x 3'-'4 x 5/8 6.21 4.97 4.14 3.55 3.11 2.76 2.49 2,26 2_07 1.91 

5 x4 x% 3,12 2.50 2.08 1.78 1.56 1.39 1.25 1.13 1.04 0,96 
5-i1;-x4-i1;- x 34 6,00 4_80 4.00 3.43 3.00 2_67 2.40 2,18 2.00 1.85 

5 x3~x -fir 2.57 2.06 1.72 1.47 1.29 1.14 1.03 0,94 086 0_79 
5:1f4 x 334 x 34 6.01 4.81 4.01 3.44 3.01 2,67 2.41 2.19 2,00 1.85 

5 x3 x -h 2.52 2,02 1.68 1.44 1.26 1.12 1.01 0.92 0_84 0.78 
5l£t x 3:1f4 x 34 5.87 4_69 3.91 3.35 2.93 2,61 2,~5 2.13 1.96 1.81 

41-2 x 3 x -fir 2.07 1.65 1.38 1.18 1.03 0.92 0_83 0.75 0.69 0.64 
4'-'4 x 3l£t x 34 4.81 3.85 3.21 2.75 2.41 2.14 1.93 1.75 1.60 1.48 

4 x3~x!tr 1.69 1.35 1.13 0.97 0_85 0,75 0.68 0_62 0.56 0.52 
4:lf4 x 3a4 x %t 3.93 3.15 2.62 2.26 1.97 1.75 1.57 1.43 1.31 1.21 

I 
For angles ' of intermediate thicknesses the safe loads can be assumetl as 

approximately proportional to their areas or weights. 
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PENCOYD UNEVEN ANGLES. 
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED . 

Long Leg Vertico I. 
Fibre Stress 16,000 Ibs. per Square Inch. 

Lellyth of Span in Feet. 
Size of Angle. 

j I 2 I 3 I 4 I 5 I 6 I 7 I 8 
Inches. 

Safe Load in Net Tons. 

4 x3 xfE 6.56 3.28 2.19 1.64 1.31 1.09 0.94 0.82 
41fs x 31/s x is 12.43 6.22 4.14 3.11 2.49 2.07 1.78 1.55 

3~x3 x~ 5.07 2.54 1.69 1.27 1.01 0.85 0.72 0.63 
3H x 3t\; x 10.67 5.34 3.56 2.67 2.13 1.78 1.52 1.33 

3~x2~xIt! 4.05 2.03 1.35 1.01 0.81 0.68 0.58 0.51 
3a~x2~x~ 8.43 4.22 2.81 2.11 1.69 1.41 1.20 1.05 

3~x2 x1f4 3.84 1.92 1.28 0.96 0.77 0.64 0.56 0.48 
3"18 x 21fs x 3fs 5.81 2.91 1.94 1.45 1.16 0.97 0.83 0.73 

3 x2~x1f4 2.93 1.47 0.98 0.73 0.59 0.49 0.42 0.37 
3It! x 234, x ~ 6.40 3.20 2.13 1.60 1.28 1.07 0.91 0.80 

3 x2 xIt! 2.88 1.44 0.96 0.72 0.58 0.48 0.41 0.36 
31f4 x 2It! x ~ 6.08 3.04 2.03 1.52 1.22 1.01 0.87 0.76 

2~x2 x~ 1.::i5 0.78 0.52 0.39 0.31 0.26 0.22 0.19 
2}~ X 2t\: x 4.69 2.35 1.56 1.17 0.94 0.78 0.67 0.59 

21f4x1~X~ 1.23 0.62 0.41 0.31 0.25 0.21 0.18 0.15 
2lG x 1H x 2.45 1.23 0.82 0.61 0.49 0.41 0.35 0.31 

2 x 11,<, x ~ 0.96 0.48 0.32 0.24 0.19 0.16 0.14 0.12 
2f"x 1Hx Ys 1.92 0.96 0.64 0.48 0.38 0.32 0.27 0.24 

2 x1It!x~ 0.96 0.48 0.32 0.24 0.19 0.16 0.14 0.12 
2i\rx 1Jlrrx s 1.92 0.96 0.64 0.48 0.36 0.32 0.27 0.24 

-
For angles of IntermedIate thl('kne~ses the safe loads caD be asslimed as 

opproximately proportional to their areas or weights. 
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PENCOYD UNEVEN ANGLES. 
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED . 

Short Leg Vertical. 
Fibre Stress 16,000 lbs. pcr Square Incb. 

I.engt" of Span in Feet. 

Size of Angle. 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 1 12 I 13 
Inch ... 

Saf e Ecad in Net 'Tons. 

8 x6 x~ 6.40 5.12 4.Z7 3.66 I 3.20 2.84 2.561 2.331 2.13 1.97 
8l£!x6~x 1 12.Z7 9.81 8.18 7.01 6.13

1

5.46 4.91 4.46 4.09 3.78 

7 x3~x~ 2.15 1.72 1.43 1.23 1.07

1 

0.95 0.86 0.78 0.72 0.66 
~x3:.114x 1 4.13 3.31 2.76 2.36 2.07 1.84 1.65 1.50 1.38 1.Z7 

6~,,4 x% 2.16 1.73 1.44 1.23 1.081 0.96 0.86 0.78 0.72 0.66 
6'18 x 4:.14; x it 5.43 4.34 3.62 3.10 2.71 2.41 2.17 1.97 1.81 1.67 

6 x4 x31 2.13 1.71 1.42 1.22 1.07 0.95 0.85 0.78 0.71 0.66 
6'-'1s x 431s x t 5.31 4.25 3.54 3.03 2.65 2.36 2.12 1.93 1.77 1.63 

6 x3~x % 1.64 1.31 1.09 0.94 0.82 0.73 0.66 0.60 0.55 0.50 
631s x 3'18 x it 3.69 2.95 2.47 2.ll 1.85 1.64 1.48 1.34 1.23 1.14 

5~x3~ x% 1.63 1.30 1.09 0.93 0.81 0.72 0.65 0.59 0.54 0.50 
5%x3%x% 2.80 2.24 1.87 1.60 1.40 1.24 1.12 1.02 0.93 0.86 

5 x4 x 3/8 2.09 1.67 1.40 1.20 1.05 0.93 0.84 0.76 0.70 0.64 
5i\: x 4-h x % 3.91 3.13 2.61 2.23 1.95 1.74 1.56 142 1.30 1.20 

5 X3~ X ~ 1.36 1.09 0.91 0.78 0.68 0.60 0.54 0.49 0.45 0.42 
5~x3~x 3.1rr 2.54 2.12 1.81 1.591 1.41 1.Z7 1.15 1.06 0.98 

5 x3 x f,c 1.00 0.80 0.67 0.57 0.50 0.44 0.40 0.36 0.33 0.31 
~x3lf4x ~ 2.37 1.90 1.56 1.36 1.19 1.05 0.95 0.86 0.79 0.73 

4~x3 xfr; 1.00 0.80 0.67 0.57 0.50 0.44 0.40 0.36 0.34 0.31 
4314 x 3lf4 x ~ 2.35 1.88 1.57 1.34 1.17 1.04 0.94 0.85 0.78 0.72 

4 X3~X~ 1.33 1.07 0.89 0.76 0.67 0.59 0.53 0.48 0.44 0.41 
4lf4 x 3% x 3.ll 2.49 2.07 1.78 1.55 1.38 1.2411.13

1

1.04 0.96 

For angles of intermedIate thicknesses the safe loads can be assumed as 
approximately proportional to their areas or weights. 
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PENCOYD UNEVEN ANGLES. 
SA F E LOAD I N NET T ON S U N I FO R MLY DI ST R IBUT E D . 

Short Leg Vertical. 
Fibre Stress 16,000 Ibs. per Square Inch. 

Length oj Span in Feet. 
Size oj Angle. 

Inches. 
1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 

Safe Load in Net 'Ibm. 

4 x3 xft 3.89 1.95 1.30 0.97 0.78 0.65 0.56 0.49 
4lfs X 3lfs x :Is 6.19 3.10 2.06 1.55 1.24 1.03 0.88 0.77 

3~x3 xft 3.89 1.95 1.30 0.97 0.78 0.65 0.56 0.49 
3lit x 3frr x :Is 8.16 4.08 2.72 2.04 1.63 1.36 1.17 1.02 

3~x2~x~ 2.19 1.10 0.73 0.55 0.44 0.37 0.31 0.27 
33tt x 23tt x ~ 4.69 2.35 1.56 1.17 0.94 0.78 0.67 0.59 

-
3~x2 x~ 1.44 0.72 0.48 0.36 0.29 0.24 0.21 0.18 
3% x 2'1s x % 2.19 1.10 0.73 0.55 0.44 0.37 0.31 0.27 

3 x2~x~ 2.13 1.07 0.71 0.53 0.43 0.36 0.30 0.27 
~x23ttx~ 4.69 2.35 1.56 J.l7 0.94 0.78 0.67 0.59 

3 x2 x~ 1.39 0.70 0.46 0.35 0.28 0.23 0.20 0.17 
3~x2~x~ 3.04 1.52 1.01 0.76 0.61 0.51 0.43 0.38 

2~x2 x~ 1.01 0.51 0.34 0.25 0.20 0.17 0.14 0.13 
2til x 2h x 3.20 1.60 1.07 0.60 0.64 0.53 0.46 0.40 

2'14 x 1~ x fE 0.59 0.30 0.20 0.15 0.12 0.10 0.08 0.07 
2iG- x 1H; x Ys 1.28 0.64 0.43 0.32 0.26 0.21 0.18 0.16 

2 x 1~ x fE 0.59 0.30 0.20 0.15 0.12 0.10 0.08 0.Q7 
2-i\; x lUx 1s 1.28 0.64 0.43 0.32 0.26 0.21 0.18 0.16 

2 x1'l4XfE 0.37 0.19 0.12 I 0.09 0.Q7 0.06 0.05 0.05 
2-i\; x1iG-x Ys 0.91 0.46 0.30 I 0.23 0.18 0.15 0.13 0.11 

For angles of int ermediate thickne~ses the safe loads can be assumed as 
approximately proportional to their areas or weights. 
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PENCOYD Z BARS. 
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED . 

Fihre Stress 16,000 lbs. per Square Incb. 

Size Thiel 
&c. ness 
No. in of Ins. Mela 

c- Length of Span in Feet. 

4 I 5 I 6 I 8 I 10 I 12 I 14 I 16 I 18 

t. Safe Load in Net Tons. 
- -
60Z 6 3fs 
61Z ~Vs Jl 62Z 

63Z 6 (,1I 
64Z ~Vs t~ 65Z 

66Z 6 34 
67Z 6~~ ¥S 68Z 6 8 

50Z 5 ~ 51Z ~Vs 52Z -ir; 

11.25 1 9.00 7.50 5.63 4.50 3.75 3.21 2.81 12.50 
13.11 10.48 8.74 6.55 5.24 4.37 3.74 3.28 2.91 
14.96 111.97 9.97 7.48 5.98 4.99 4.27 3.74 13.32 

15.39 12.32 10.26 7.70 6.16 5.13 4.40 3.85 3.42 
17.09 13.67 11.39 8.55 6.84 5.70 4.88 4.27 3.80 
18.80 115.04 112.53 1 9.40 7.52 6.27 5.37 4.70

1

4.18 

18.72 14.98 12.48 9.36 7.49 6.24 5.35 4.68 4.16 
20.29 16.23 13.53 10.14 8.12 6.76 5.80 5.07 4.51 
21.86 17.49 14.58 10.93 8.75 7.29 6.25 5.47 14.86 

7.01 5.61 4.67 3.50 2.80 2.33 2.00 1.75 1.56 
8.39 6.71 5.59 4.19 3.36 2.80 2.40 2.10 1.86 
9.76 7.81 6.51 4.88 3.90 3.25 2.79 2.44 2.17 

53Z 5 l,2 
54Z ~Vs i'" 55Z is 

56Z 5 ii 57Z 5!'a ~ 

1
10

.
15 8.12 6.77 5.07 4.06 3.38 2.90 2.54 2.26 

11.40 9.12 7.61 5.70 4.56 3.80 3.26 2.85 2.53 
12.66 10.13 8.44 6.33 5.06 4.22 3.62 13.16 2.81 

112.63 10.10 8.42 6.31 5.05 4.21 3.61 3.15 2.81 
13.78 11.02 9.19 6.89 5.51 4.59 3.94 3.44 3.06 

40Z 4 lf4 
41Z »s ~r 42Z VB 

3.97 3.17 2.64 1.98 1.59 1.32 1.13 0.99 0.88 
4.93 3.95 3.29 2.47 1.97 1.64 1.41 1.23 1.10 
5.91 4.73 3.94 2.95 2.36 1.97 1.69 1.48 1.31 

43Z 4 14 44Z !Vs 45Z frr 

6.27 5.01 4.18 3.13 2.51 2.09 1.79 1.57 1.39 
7.17 5.73 4.78 3.58 2.87 2.39 2.05 1.79 1.59 
8.01 6.41 5.34 4.01 3.21 2.67 2.29 2.00 1.78 

467, 4 54; 
417, »s i~ 48Z ~ 

8.07 6.46 5.38 4.04 3.23 2.69 2.31 202 1.79 
8.87 7.10 5.92 4.44 3.55 2.96 2.53 2.22 1.97 
9.68 7.74 6.45 4.84 3.87 3.22 2.76 2.42 2.15 

30Z 3 lft 
31Z 3f ilr 
32Z 3 8 is 

2.50 2.00 1.66 1.25 1.00 0.83 0.71 0.62 0.56 
306 2.45 2.04 1.53 1.23 1.02 0.87 0.77 0.68 
3.70 2.96 2.47 1.85 1.48 1.23 1.06 0.93 0.82 

337, 3 irr 
34Z 3-:h 1! 35Z 3!'a 

3.73 2.99 2.49 1.87 1.49 1.24 1.07 0.93 0.82 
3.99 3.20 2.66 2.00 1.60 1.33 1.14 1.00 0.89 
4.25 3.40 2.83 2.12 1.70 11.42 1.21 1.06 0.94 

--- --

106 



P
E

N
C

O
Y

D
 D

E
C

K
 B

E
A

M
S

. 

G
re

at
es

t 
sa

fe
 d

is
tr

ib
u

te
d

 l
oa

d 
in

 n
et

 t
o

n
s 

fo
r 

le
as

t s
ec

ti
on

. 
F

ig
u

re
s 

in
 f

in
e 

ty
p

e 
u

n
d

er
 l

oa
ds

 d
en

o
te

 c
o

rr
es

p
o

n
d

in
g

 
F

or
 in

cr
ea

se
d

 s
ec

ti
on

s 
u

se
 c

oe
ff

ic
ie

n
t 

o
f 

fi
ft

b 
co

lu
m

n
. 

de
fl

ec
ti

on
s 

in
 i

nc
he

s.
 

F
o

r 
h

al
f 

th
e 

lo
ad

 i
n

 c
en

tr
e 

th
is

 d
et

le
c·

 
F

o
r 

ce
n

tr
e 

lo
ad

s 
ta

k
e 

o
n

e-
h

al
f 

o
f 

ta
b

u
la

r 
lo

ad
. 

ti
o

n
 w

il
l 

be
 r

ed
u

ce
d

 o
ne

-f
if

th
. 

F
o

r 
sp

an
s 

be
lo

w
 b

la
ck

 l
in

e 
th

e 
d

ef
le

ct
io

n 
is

 e
xc

es
si

ve
. 

A
d

d
 to

 

C
be

ffi
ci

en
t 

C
oe

ffi
· 

L
en

g
th

 0
/ S

pa
n 

in
 F

ee
t. 

S
iz

e 
IV

ei
gh

t 
/0

>' 
So

le
 

ci
en

t j
o

r 
S

iz
e 

S
u

ti
on

 
in

 
ea

ch
 I

n
-
-6

-1
 

1 1
0 

1 
12

 
~
 1

 16 
I 1

8 
I 

20
 
1 2

2 
1 2

4 
I 2

6 
\ 

28
1 3

0
 

N
o.

 
in

 
P

ou
nd

s 
L

o
ad

 
cr

ea
se

 
8 

in
 

In
 ...

 
pe

rF
oo

t 
D

is
tr

ib
-

0/
 a

 
In

s.
 

ut
ed

. 
P

ou
nd

 
Sa

fe
 L

oa
d 

in
 N

et
 T

on
s.

 
pe

rF
oo

t. 
-
-

-
-
-
-
-

-
-

-

n
O

D
 1

1
i 

32
.2

 1
48

.7
4 

3.
22

 
24

.3
3 

18
.5

9 
14

.8
7 

12
.4

0 
10

.6
2 

9.
30

 
8.

26
 

7.
44

 
6.

76
16

.2
0 

I 
.....

 
5.

72
 

5.
31

 
4.

96
 
ll

i 
0 

.0
5

 
.0

9
 

.1
3

 
.1

9
 

.2
6

 
.3

4
 

.4
3

 
.5

3
 

.6
5

 
.7

7
 

.9
0

 
1

.0
5

 
1

.2
0

 
-.. 

i-
--

10
0D

 1
0 

28
.0

 1
10

.5
4 

2.
86

 
18

.4
2 

13
.8

2 
11

.0
5 

9.
21

 
7.

90
 

6.
91

 
6.

14
 

5.
53

 
5.

02
 

4.
61

 
4.

25
 

3.
95

 
3.

68
 

10
 

.0
5

 
.1

0
 

.1
5

 
.2

2
 

.2
9

 
.3

8
 

.4
9

 
.6

0 
,..

.2
! 

.8
6

 
1

.0
1

 
1

.1
7

 
1

.3
5

 

90
D

 
9 

25
.0

 
88

.8
8 

2.
55

 
14

.8
1 

11
.1

1 
8.

89
 

7.
41

 
6.

35
 

5.
56

 
4

9
4

 
4.

44
 

4
.0

4 
3.

70
 

3.
41

 
3.

17
 

2.
96

 
9 

.0
6

 
.1

1
 

.1
7

 
.2

4
 

.3
3

 
.4

3
 

.5
4

 
.6

7
 

.8
1

 
.9

7
 

1
.1

4
 
1

.3
1

 
1

.5
1

 

80
D

 
8 

21
.0

 
68

.1
4 

2.
28

 1
1.

36
 

8.
52

 
6.

81
 

5.
68

 
4

.8
7 

4.
26

 
3.

79
 

3.
41

 
3.

10
 

2.
84

 
2.

62
 

2.
43

 
2.

27
 

8 
.0

7
 

.1
2

 
.1

9
 

.2
7

 
.3

7
 

.4
9

 
.6

1
 

.7
6 

.9
2

 
1

.0
9

 
1

.2
8

 
1

.4
9

 
1

.7
1

 

70
D

 
7 

18
.0

 
49

.8
2 

2
0

2
 

8.
30

 
6

2
3

 
4.

98
 

4.
15

 
3.

56
 7.

ii 
2.

77
 

2.
49

 
2.

26
 

2.
08

 
1.

92
 

1.
78

 
1.

66
 

7 
.0

8
 

.1
4

 
.2

2
 

.3
1

 
.4

2
 

.5
5

 
.7

0
 

.8
7

 
1

.0
5

 
1

.2
5

 
1

.4
6

 
1

.7
0

 
1

.9
5

 

60
D

 
6 

14
.5

 
34

.3
4 

1.
69

 
5.

72
 

4.
29

 
3.

43
 

2
.8

6
'2

.4
5

 2
.1

5 
1.

91
 

1.
72

 
1.

56

11.
43

 
1.

32
 

1.
23

 
1.

14
 

6 
.0

9
 

.1
6

 
.2

5
 r-

2!
 

.5
0

 
.6

5
 

.8
2

 
1

.0
1

 
1

.2
2

 
1

.4
6

 
1

.7
1

 
1

.9
8

 
2

.2
8

 

50
D

 
5 

11
.5

 
22

.9
4 

1.
39

 
3.

82
 

2.
87

 
2.

29
 

1.
91

 
1.

64
 

1.
43

 
1.

27
 

1.
15

 
1.

04
 

0.
96

 
0.

88
 

0.
82

 
0.

76
 

5 
.1

1
 

.2
0

 
.3

1
 

.4
4

 
.6

0
 

.8
0

 
1

.0
0

 1
.2

3
 

1
.4

9
 

1
.7

8
 
2

.0
8

 
2

.4
2

 
2

.7
7

 
I 

I 



PENCOYD TEES. 
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED . 

Fibre Stress 16,000 lbs. per Square Inch. 

Size 
Wt. Length of Span in Feet. 

& c. Flange by 
per 

I I I 7 I 8 I I 10 I 11 I 12 1 13 Jibot 4 5 6 9 
No. Stem. in 

inches. Lbs. Safe Load in Net Tons. 
- ---

64T 6 x4 17.4 2.92 2.34 1.95 1.67 1.46 1.30 1.17 1.06 0.97 0.90 
65T 6 x5"Lt, 39.0 10.92 8.74 7.28 6.24 5.46 4.85 4.37 3.97 3.64 3.36 
53T 5 x3~ 17.0 2.8ft 2.31 1.93 1.65 1.45 1.28 1.16 1.05 0.96 0.89 
54T 5 x4 15.3 2.81 2.25 1.87 1.61 1.41 1.25 1.12 1.02 0.94 0.86 

42T 4 x2 6.5 0.45 0.36 0.30 0.26 0.23 0.20 0.18 0.16 0.15 0.14 
43T 4 x3 9.0 1.20 0.96 0.80 0.68 0.60 0.53 0.48 0.44 0.40 0.37 
44T 4 x3 10.2 1.36 1.09 0.91 0.78 0.68 0.60 0.54 0.49 0.45 0.42 

440T 4 x4 10.9 2.19 1.75 1.46 1.25 1.09 0.97 0.87 0.79 0.73 0.67 

441T 4 x4 13.7 2.69 2.15 1.79 1.53 1.34 1.19 1.07 0.98 0.89 0.83 
45T 4 x4~ 13.5 3.11 2.49 2.07 1.77 1.55 1.38 1.24 1.13 1.03 0.96 
38T 3~x3 7.0 1.00 0.80 0.67 0.57 0.50 0.44 0.40 0.36 0.33 0.31 
39T 3~x3 8.5 1.17 0.94 0.78 0.67 0.59 0.52 0.47 0.43 0.39 0.36 

335T 3~x3~ ·7.0 1.19 0.95 0.79 0.68 0.59 0.53 0.47 0.43 0.39 0.36 
336'£ 3~ x 31f2 9.0 1.54 1.24 1.03 0.88 0.77 0.69 0.62 0.56 0.51 0.47 
337T 3~x3~ 11.0 1.99 1.59 1.32 1.13 0.99 0.88 0.79 0.72 0.66 0.61 
30T 3 x1~ 4.0 0.21 0.17 0.14 0.12 0.11 0.09 0.08 0.08 0.07 o.oe 

31T 3 x 21f2 5.0 0.56 0.45 0.37 0.32 0.28 0.25 0.22 0.20 0.19 0.17 
32T 3 x2~ 6.0 0.68 0.54 0.45 0.39 0.34 0.30 0.27 0.25 0.23 0.21 
33T 3 x 21f2 7.0 0.80 0.64 0.53 0.46 0.40 0.35 0.32 0.29 0.27 0.25 
34T 3 x2~ 8.0 1.04 0.83 0.69 0.59 0.52 0.46 0.42 0.38 0.35 0.32 

330T 3 x3 6.5 0.99 0.79 0.66 0.56 0.49 0.44 0.39 0.36 0.33 0.30 
331T 3 x3 7.7 1.15 0.92 0.76 0.65 0.57 0.51 0.46 0.42 0.38 0.35 
35T 3 x3~ 8.3 1.56 1.25 1.04 0.89 0.78 0.69 0.62 0.57 0.52 0.48 
36'£ 3 x3~ 9.5 1.77 1.42 1.18 1.01 0.89 0.79 0.71 0.64 0.59 0.54 
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PENCOYD TEE 
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

Fibre Stress 16,000 Ibs. per Sq. In. 

Size lVl. Lenglh of Span in Feel. 

&cli07 , Flange by per 
2 I 3 4 I 5 I 6 7 I 8 

No. Lem. FooL 
Inches. in 

Lbs. Safe Load in Nel T07!3. 

28T 2314 x 134 6.6 2.67 1.33 0.89 0.67 0.53 0.44 I 0.38 0.33 
29T 2:~4 x 2 7.2 3.52 1.76 1.17 0.88 0.70 0.59 0.50 0.44 
251' 21>.2 x 1~ 3.3 0.59 0.29 0.20 0.15 0.12 0.10 0.08 0.07 

2251' 21>.2 x 21>.2 5.0 2.35 1.17 0.78 0.59 0.47 0.39 0.33 0.29 

226T 21>.2 X 21>.2 5.8 2.93 1.46 0.98 0.73 0.59 0.49 0.42 0.37 
227T 21>.2 x 2'2 6.6 3.36 1.68 1.12 0.84 0.67 0.56 0.48 0.42 

261' 21>.2 x 2% 5.7 3.20 1.60 1.07 0.80 0.64 0.53 0.46 0.40 
271' 21>.2 x 3 6.0 3.79 1.89 1.26 0.94 0.76 0.63 0.54 0.47 

24T 2~x ~ 2.2 0.16 0.08 0.05 0.04 0.03 0.03 0.02 0.02 
222T 21£t% 2 'I 4.0 1.65 0.82 0.55 0.41 0.33 0.27 0.23 0.21 
2231' 214 x 214 4.0 1.76 0.88 0.59 0.44 0.35 0.29 0.25 0.22 

20T 2 x n 2.0 0.16 0.08 0.05 0.04 0.03 0.03 0.02 0.02 

211' 2 xl 2.5 0.37 0.18 0.12 0.09 0.07 0.06 0.05 0.05 
22T 2 X1~ 2.0 0.27 0.13 0.09 0.07 0.05 0.04 0.04 0.03 
23T 2 x 1 ~ 3.0 0.80 0.40 0.27 0.20 0.16 0.13 0.11 0.10 

2201' 2 x2 3.5 1.39 0.69 0.46 0.35 0.28 0.23 0.20 10.17 

17T 1%x1~ 1.9 0.32 0.16 0.11 0.08 0.06 0.05 0.05 0.04 
18'1' Plot x 14 3.5 0.75 0.37 0.25 0.19 0.15 0.12 0.11 0.09 

117£ }3'4 x PI4 2.4 0.80 0.40 0.27 0.20 0.16 0.13 0.11 0.10 

II 
15T l1>.2x H 1.4 0.16 0.08 0.05 0.04 0.03 0.03 0.02 0.02 

11'2 x 1~ 115T 2.0 0.64 0.32 0.21 0.16 0.13 0.11 0.09 0.08 
12T l~x ij 1.2 0.16 0.08 0.05

1

0.04 0.03 0.03 0.02 0.02 

l! 11Zr 1~x14 1.5 0.48 0.24 0.16 0.12 0.10 0.08 0.07 0.06 
1101' 1 xl 1.0 0.27 0.13 0.09 0.07 0.05 0.04 0.04 0.03 

I I 
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SUPPORTS AND CONNECTIONS FOR BEAMS 
AND GIRDERS. 

When the span becomes too great, or the loads excessive 
for rolled beams, refer to the tables on pages 127 to 137 for the 
strength of ri veted girders of the several sections described. 

When the support of the beam or girder is formed on 
masonry, a bearing plate should be provided for the ends of 
the beams to distri bute the pressure over a sufficient a rea. 
The permissible pressure per unit of area varies widely 
according to the building laws of the locality. The figures 
given are the mean of the various extremes. Ordinary 
brick, lime mortar, 5 tons per square foot; hard brick, 
cement mortar, 10 tons per square foot; rubble masonry in 
cement, or cement concrete not less than one month old, 10 
tOilS per square foot; first-class masonry, parallel layers, 
natural bed, sandstone, 18 tons per square foot; limestone, 
20 tons per square foot; granite, 30 tons per square foot. 
The followillg table has been calculated with these pennissi
ble loads. 

Tons. Plates on 

I 
Plates. Safe Bear·ing Valu(3.<; in l{et 

Depth oj Beam B earing l-----.,.---I-
Gb

-
lI
-
m
-' -on--,-Fi-ir-s-t.-,----

or Chnnnel. on lVall. Thick- B1'ick JJ~i~Sk First-
Inches. Inches. f:;~~:. ness in . TVork, IVorko1' Cla8$ 

Inches. 1o~~-:" Cement lUuson1·Y· 
Concretp. 

-----1---1----- --- - - - ------
*24, 20,18 16 16 x 16 1 8.0 17.8 35.6 

15 12 12 x lti K 6.7 13.3 26.7 
12 12 12 X 12 K 5.0 10.0 20.0 

10 and 0 ]0 10 x 10 ~ 3.5 6.9 13.9 
8 and 7 8 8 x 10 31l 2.8 5.6 n.I 
6 and 5 6 6x6 ~ 1.3 2.5 5.0 
4 und 3 6 6x6 Yz 1.3 2.5 5.0 

*1<'or short spans of 24" and 20" I beams special plates must be calculated. 

vVhen two or more beams are used together, they should 
he tied at intervals with fit.ted separators between them as 
de~cribed on page 257. These separators should be spaced 
near the supports, and at intervals of 5 or ti feet . 

The standard angle connections for framing " I " beams 
are described on pages 254 to 260. These connections have 
been designed to provide for beams of the sizes and length 
of spans given in the table on page 260. If the beams are 
much shorter, and the total load snpported greater than 
described, it may become necessary to design special con
nections, to provide for the increased end shear. 
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APPROXIMATE FORMULlE FOR ROLLED 
BEAMS. 

The following rules for the strength and stiffness of rolled 
beams of various sections are intended for convenient appli
cation in cases where strict accuracy is not required. 

The rules for rectangular and circular sections are correct, 
while those for the flanged sections are approximate and 
limited in their application to the standard shapes as given 
in our tables. They will be found to give results which 
have been proved by experiment to be sufficiently accurate 
for practical purposes. When the section of any beam is 
increased above the standard minimum dimensions, the 
flanges remaining unaltered, and the '" eb alone being 
thickened, the tendency will be for the load as found by the 
rules to be in excess of the actual, but within the limits that 
it is possible to vary any section in the rolling, the rules will 
apply without any serious inaccuracy. 

The loads are the same as in the beam tables, producing a 
fibre stress of 16,000 Ibs. pel' square inch, on the assumption 
that the steel referred to has a tenacity about 20 per cent. in 
excess of iron. These loads will be approximately one-balf 
of loads that would injure the elasticity of the material. 

The rules for deflection apply to any load below the 
elastic limit, or less than double the greatest safe load by 
the rules. 

If t.he ber,ms arc long without lateral support, reduce the 
loads for the ratios of width to span, as uescribed on page 
23. 

Example.-A 12·inch No. 120 B I beam, area 9.27 square 
inches, 15 feet span, by the tables, will support a dis
tributed load of 13 tons, and by the approximate rule 

3390 X ~527 X 12 = 25,140 pounds. 

The deflection by the rule will also be found nearly as in 
the tables. 
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The preceding rules apply to beams supported at each 
end. For beams supported otherwise alter the coefficients 
of the table as described below, referring to the respective 
columns indicated by number. 

CHANGES OF COEFFICIENTS FOR SPECIAL 
FORMS OF BEAMS. 

Kind of Beam. GoeJicient for Safe Coeffieip.ntfor 
Load. Defteelian. 

-
Fixed at one end, loaded One-fourth (t) One - sixteenth 

at the other. of the coeffi- (-g) of the co-
cient of col. II e . cien t of col. 
or III. VI. 

Fixed at one end, load One-fourth (t) Five-forty-
evenly distributed. of the coeffi- eighths (4""8") of 

cient of col. the coefficient 
IV or V. of col. VII. 

Both ends rigidly fixed, Twice the coell- Four times the 
or a continuous beam, cient of col. II coefficient of 
with a load in middle. or III. col. VI. 

Both ends rigidly fixed, One and one- Five times the 
or a continuous beam half (J ~) times coeffi ci en t of 
with load evenly dis- the coefficien t coL VII. 
tributed. of col. IV orV. 

It will be observed that these rules apply only to the in
termediate spans of continuous beams; when continuity 
does not occur at the ends, the conditions are altered. If, 
however, the outer ends of a continuous beam overhang the 
end-supports from one-fifth to one-fourth of a span, and 
bear the same proportion of load as the parts between 
supports, then the outer spans may be of same length as 
the intermediate spans, subject to the same load, and the 
strength and stiffness are determined by the same rules; 
otherwise the outer spans ought to be only four-fifths of the 
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length of the intermediate spans when the load is dis
tributed, or three-fourth~ of the same when the load is con
centrated in the middle; or, if the lengths of spans are all 
alike, the loaus on outer spans ought to be reduced in the 
samll proportion. 

The following table exhibits the relative proportion of 
Rtrength and stiffhess existing between various classes of 
beams when they have the same lengths and uniform eross
section; the deflections being comparative figures for the 
same loads on any beam. 

Kind oj Beam. Load as as 
I 
Maximum Deflection 

---------------------------: 
Fixed at one end-loaded at the other. 
Fixed at one end-load evenly distributed 
Supported at both ends-load in middle. 
Supported at both ends-load evenly dis-

tributed . . . . . . . .. _... 
Continuous beam-load in middle _ 
Continuous beam-load evenly distributed 

t 
1-
1 

2 
2 
3 

]6 
6 
1 

The load and deflection of a beam supported at both ends 
and loaded in the middle have been taken as the units for 
comparison. Beams of uniform length and section will be 
equally strained when loaded in the ratio described in the 
first column, or if the heams are loaded equally, within 
their elastic limits, the respecti ve deflections will he in the 
ratio described in second column. 
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BEAMS· FOR SUPP ORTING I RREGULAR 
LOADS. 

"'hen a beam has its load unequally distributed, the 
proper size of the beam can be determined by finding the 
maximum bending moment and proportioning the beam 
at:cordingly. Equilibrium is obtaineu when the bending 
moment is equal to the moment of resistance. That is, 
when the external force multiplied by the leverage with 
which it acts is equal to the strength of the rnaterial in the 
cross-~ection of the beam multiplied by the leverage with 
whieh it acts. 

The resis:ance of a beam is found by di viding the moment 
of inertia of the section by the distance from neutral axis to 
ext :"eme fibres, and this value for any rolled section will be 
found in the i.'1blcs, pages 188 to 211. This tabulated resist
ance, multiplied by the limiting fibre stress on the beam, is 
tbe measure of strength of tbe section. 

RULE FOR BEAMS BEARI NG IRREGULAR 
LOADS. 

Finding by the methods described on pages 220 to 226 the 
maximum bending moment on the beam, divide the bend
ing moment by the limiting ftbre stress, and select from the 
tables, pages 188 to 211 a beam whose resiEtance is not less 
than this quotient. The greatest safe fibre stress in our 
tables· is 16,000 Ius. The stress should be modified for 
various considerations, as described on pages 22 and 23. 

Example.-An I beam 8 feet 10llg is to be fixed at one enu 
and loaded at the other with 5,000 lbs. and carrying also an 
evenly distributed load of 8,000 lbs. What size of beam 
should be used so as not to be strained over 16,000 lbs.? 

Moment for end load = 5,000 X 96 = 480,000 inch-Ibs. 
" "distributed load = 8,0(l0 X 96 = 384,000 " " 2 __ 

Total = 864,000 " " 

Divide this bending moment by the fibre stress afore-



said, and select from column XI, page 189, beams whose 
resistances are nearest the quotients, as follows: 

15 inch. No. 153 B. 55.0 pounds per foot. 

In some instances the maximum bending moment can be 
most readily fonnd by the use of diagrams, as described on 
pages 220 to 226. Whcn this is done use any convenient 
scale, making all loads and all distances respectively of the 
same denominations. The maximum bending moment can 
then be measured to scale. 

Example.-A beam 20 feet long between supports will 
carry three loads, which we will call A, Band e. 
A = 4,000 lbs. and is 4 feet from one end of the beam. 
e = 6,000 Ills. and is 3 feet from the other end of thc beam. 
B = 5,000 Ibs. and is 5 feet from Cand 8 feet from A. 

Required a suitable beam, not strained over 12,000 Ibs. 
Describe a diagram as in Fig. 2, page 226, when the follow

ing bending moments will be obtained: 

At point A. At point B. At point e. 
For load A, 12,800 For load B, 24,000 For load e, 15,300 

" B 8,000 " A 10800 " B, 9,000 
" e; 3,600 " e,' 6;400 A, 2,400 

Total, 24,400 Total, 41,200 Total, 26,700 

The maximum moment at B = 41 ,200 foot-pounds or 494,400 
inch-pounds. Dividing by 10,000 and 12,000, select from 
column XI, page 189, the following beams, whose resistances 
are nearest these quotients, and use the lighter beam. 

15-inch beam, No. 150 B, 42.0 lbs. per foot. 
12-inch No. 122 B, 40.0" " " 

NOTE.-The tables of elements, except where ot.herwise 
specified, are calculated for dimensions in inches and 
weights in pounds, consequently in examples of above 
character it is necessary to obtain bending moments in 
inch-pounds. 
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BEAMS SUBJECTED TO COMPOU ND 
STRESSES . 

When the bending stresses on a beam are compounded by 
extraneous forces, producing additional stresses of tension, 
compression or torsion, then the longitudinal stresses result
ing from bending stresses are modified in extent or 
direction. 

No general rules can be given for such conditions, as every 
particular case requires its own proper determination. The 
followi,ng methods, though not strictly correct, will give safe 
practical results for ordinary cases. 

WHEN THE BEAM IS SUBJEC'r TO EXTERNAL FORCES PRODUCING 
EITHER TENSION OR COMPRESSION, BUT IS SUPPORTED 

TO RESIST LATERAL FLEXURE. 

Rule.- Find by methods previously described, the section 
of beam required to resist bending, then allowing from 10,-
000 to 16,000 pounds pel' square inch for the compression or 
tension according to the material or factor of safety used, 
add the two sectional areas together, which will give the 
section of beam required. 

Example.-A beam having a clear span of 15 feet, bearing 
a uniform load of 500 pou nds per lineal foot., is sllbjected to 
compression if it forms half a 30-foot truss as in Fig. 6, page 
229, 01' to tension if forming a member in a roof chord in 
either case, say 18,000 pounds. Required a suitable beam 
strained about 12,000 pounds per square inch. 

The total uniform load is 15 X 500 = 7500 pounds. 

. .~OOxWXH The bendmg moment due to same IS 8 = 168,-

750 inch-pounds. This divided by 12,000 gives a resistance 
of 14.1. From the tables, column XI, page 191, we find that 
the I beam having a resistance nearest to this 14.1 is an 
8-inch I beam No. 80 B, area 5.29 square inches. Now the 
increase in area to be made for the tension or compression is 

i~~~~ = 1.5 square inches, making the total area 6.79 square 

inches. 
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WHEN THE BEAM IS SUBJEGr TO COMPRESSION AND IS LIABLE 
TO FAIL LIKE A HORIZONTAL STRUT BY 

LATERAL FLEXURE. 

Rule.-Consider first the resistance as a strut and then 
make the necessary increment of section to resist the bend
ing stress, remembering that if the addition is made to the 
flanges then only flange stresses have to be considered, but 
if the increased area is obtained by thickening the web of 
I beam or channel section, then the additional area so ob
tained should be treated as a rectangular section whose 
thickness is the amount added to the web, and whose depth 
is the depth of the beam. 

Exarnple.-A trussed girder of the form exhibited in Fig. 
6, page 229, is a box section made up of two channels sep
at'ated with flanges outward, and plated top and bottom. 
The whole girder is 30 feet long and is loaded 1,000 pounds 
per lineal foot. The compression resulting from the truss
ing is 25,000 pounds. The structure has no lateral bracing. 
'What will be safe proportions for it, the stresses not to 
exceeed one-fifth of the ultimate, or 10,000 pounds per 
square inch? 

It is evident that we have to consider it as a flat-ended 
strut 30 feet long, liable to fail horizontally, and also as a 
series of three beams each 10 feet long and loaded with 
10,000 pounds evenly distributed. Trying two light Ii-inch 
channels, each 3.09 square inches section, separated 4! inches 
so as to be covered by g-inch plates, we have (omitting the 
plates in this calculation) the radius of gyration around rH vertical axis (see page 194) = 2.29 inches, 

1 i = 157, one-fifth of ultimate (by Table 3, 
, r 
~ r . ! <-'400-·, page 162)= 4,500 pounds per square mch, 01' 

i 4,500X 6.18 = 27,810 pounds safe resistance, 
"!". which is ample. Now proportioning the 

~------9=---->f plates to resist the bending strain, we have 

maximum bending moments (see page 222), 120 X
8
10,000 

= 150,000 inch·pounds. 
The plates act with a leverage equal to the depth of the 
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channel, viz., 6 inches; 15°6°00 =' 25,000 pounds tension on 

top or compression on bottom plate, which, allowing for 
10,000 pounds per square inch, anJ allowing for loss by 
rivets, will require a plate t inch t.hick. 

Taking the last example, ifit was desired to form the sec
tion from a pair of channels, latticed top and bottom, with 
no cover plates, we would have to consider the section added 
tothe channels (being on the web alone) as a simple rectan
gular section. 

Trying two lO-inch channels, separated 6t inches, flanges 
outward, and having least radius of gyration, for the pair = 

3.90,1= 92.3. Safe load = 9,060 pounds per square inch. 
7· 

As the compression is 25,000 pounds, there are required 2.7 
square inches for this purpose. 

By the formula paCfe 112 ] ,100 X area X ] 0 - 10 000 
'b' 10 - " 

from which the area to resist bending is found to be 9.1 
square inches. 

Giving a total area for two channels of 11.8 square inches, 
or two 10-inch channels No. 101 C, weight 20 pounds per 
lineal foot will be required. 

In cases where the load is concentrated at the truss points, 
there being no bending stress, the resistance as a strut has 
only to be considered, and when braced laterally the strut 
length is reduced to the distances between bracing. 

FLEXURE AND TENSION. 

When the tension forces are larger in comparison with 
the flexural forces, and where greater refinement is required, 
the resulting stresses on the beam can be closely approxi
mated by the following formulre. 

s - Me 
- I + a Fl' 

bE 

Here S = the extreme fibre stress as affected by the tension 
forces, M = bending moment, due to load, e = distance from 
neutral axis to extreme fibres, I = moment of inertia of sec-
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tioll of beam, J! = tension force, I = length of beam, E = 
modulus of elasticity of material of beam, a and bare 
constants depending on the method of supporting beam 
and nature of load. For a beam supported at the ends, 

and loaded at the middle, !!. = 12, while for the same 
a 

beam uniformly loaded, ~ = 9.B. Having found S, add 
a 

it to I where F= tension force and A = area of beam 

section. Then S + f{ give~ the maximum fibre stress on the 

extreme fibres. 
Example.-An eye-bar, 20 feet long, 8 inches deep, and 

2 inches thick, is strained 10,000 pounds per square inch of 
section, and carries besides its weight a concentrated cen· 
tralload of 1,000 pounds. What is the extreme fibre stress? 

Bar weighs 1,100 pounds. 

Bending moment, due to concentrated load = 5,000ft.-Ibs. 
" " " uniform = 2,750 " 

7,750 

~= 10.8 F= 160,000 lbs. 7,750ft.-Ibs. = 93,000 in.-lbs. 
a 
S - ~__ 93,000 X 4 =3?43 

- I + a F,,' - 85.3 X 1 X 160,000 X 57,600 ,-
b Jt 10.8 X 29,000,000 

F S + A = 3,243 + 10,000 = 13,243 lbs. extreme fibre stress. 

COMPRESSION AND FLEXURE. 

'When the compressi ve forces are large as compared with 
the flexural forces, and the beam is confined laterally, so that 
it cannot fail in that direction as a strut, a close approxi
mation to the extreme fibre stress is given by the following 
[ormulre. 

S= Me 
I_a FC' 

b E 

and the maximum unit stress is as before, S + ~ 
For combined flexure and torsion, see page 234. 
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STRESSES ON BEAMS RESULTING FROM LOADS SUDDENLY APPLIED 
AND FROM PERCUSSION OR nIPACT. 

'When the force acting on a beam is rapidly applied the 
momentary resulting stresses are greater than the perma
nent static eftect due to the same load without motion. 

This live load effect will depend on the rapidity of its 
application, until extreme rapidity or instantaneous applica
tion occurs, when the momentary stresses become double in 
amount as compared with the static effcct of the same load. 

If this instantaneously applied load is accompanied with 
percussion or impact the resulting stresses depend on the 
energy of the body in motion. The following formulre have 
been proposed to ascertain the fibre stress and deflection 
resulting from impactive forces: 

D=d+v2mhd+a' 

T= S (1 + ~2 ~ h + 1 ) 

35 P 
m=35 P+ 17 J{' 

D = dynamic deflection due to fall of.load P. 
d = static " " static load P. 
T = extreme fibre stress due to faJI of load P. 
8= " " static load P. 
W= weight of beam. 
P= " load. 
h = height of fall. 

These formulre apply to beams supported at both ends 
and the load falling on the middle of the beam. 

The percussion due to the action of a swiftly moving 
body, will cause local concentrated stresses or distortion at 
the area of contact, the effects of which are not embraced 
in this consideration. 



BEAMS OF ANGLE AND TEE SECTION. 

It is frequcntly convenient to use angle or tee sections for 
roof plll'lines and similar purposes. 

The length of span may be so great as compared to depth 
in these cases, that deflection instead of excessive fibre 
stress is the measure of utility. 

An even-flanged angle or tee will deflect slightly less than 
an equally loaded rectangular section of the same depth and 
sectional arca; but the extreme fibre stress of the former 
will be greater than in the rectangUlar section. 

Therefore, for long beams, where deflection reaches the 
permissible limit before fibre stress becomes excessive, the 
rule for beams of angle and tee section given on page 113 will 
~afely apply. 

If, however, the fibre stress must be kept lower than this 
rule indicates, refer to the columns" resistancc," pages 204 
to 211, and apply as described on page 116. 

E:cample.-A 4-inch X 4-inch tee, 3.98 square inches area, 
has a resistance of 2.02 (see column VII, page 204). Re
quired its greatest safe load distributed over a beam of 
10 feet span. 

. 120 TIT 
By the method on page 222 bendmg moment = -8- = 

2.02 X 16,000 pounds, or TIT = 2,155 pounds nearly. 
By the rule on page 113, column V, the safe load would be 

],770 X
1
g·89 X 4 = 2,i50 pounds, and the deflection by 

I VII 113 ' ld b 1.375 X 1,000 42' h co umn , page ,,,ou e 52 X 3.98 X 16 =. mc, 

01' only a little over sh of the span, while the extreme fib re 
stress at the outer edge of the stem would be about 17,000 
pounds, or sufficiently below the elastic limit to justify its 
use for light purlines, etc. 
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RIVETED GIRDERS. 

The tables, pages 127 to 137, represent a few of the sections 
of riveted girders most frequently used in structures. The 
single-webbed girders are the most economical in material, 
and most accessible for painting and inspection. But where 
great width and la~eral stifiiless are required, the double 
web or box girder is the best. If the length of the girder 
exceeds twenty times the width of the flange, the girder 
should either be given some lateral support, or else the sec
tion of the top flange should be increased. It is usual to 
allow flange strains of 15,000 Ibs. per square inch of net 
section for steel girders for buildings. The safe loads for 
the girders in the accompanying tables are calculated on this 
assumption, the entire sectional area of the girder being 
considered. 

The web of the girder should be made of such thickness 
that the vertical shearing strain will not exceed three
fourths of the horizontal strains, or 11 ,000 Ibs. per square 
inch of section in the case of girders for buildings. The 
shearing strain is greatest at the snpports, and is found by 
dividing half the load on the girder by the web section. 

If the thickness of the web is less than 0"0 of its depth, it 
should be stiffened to resist buckling, by the addition of 
vertical angles riveted to the web at invervals of not more 
than the depth of the girder. These stiffeners shollld always 
be used at the supports and at points where concentrated 
loading occurs. 

The rivets should be from! to t inch in diameter, spaced 
not closer than three diameters, nor farther apart than six
teen times the thickness of plate connected. 

It is good practice to limit the least depth of the girder 
to io of the span, on account of deflection. 

The following tables are calculated by the moments of 
inertia of the girder sections, for a fibre strain of 15,000 
Ibs. per squa,-e inch, and for a uniformly distributed load . 

. Inertia X 10 
CoefficlCnt = extrelIHcldepth ot g-irder The numbers in the 



first columns of the tables correspond to those of the variOlls 
sections of girders on the plates. 

The tables give coefficients of stren~th, also weights per 
lineal foot, including stiacner~ for cuch section, excepting 
girders without cover plates in fi;'st table, where stiffeners 
are omitted. 

TO FIND THE SAFE DISTRIllUTlm LOAD FOR ANY GIRDER. 

Divide the coefficient of strength by the length of span in 
feet between centres of supports. The quotient will be the 
load in tons of 2,000 lbs. 

TO FIXD TilE COEFFICIENT OF STIl"X(:TH NECESSARY TO CARRY 
A CERTAIN LOAD ON A Gn'EX SI'.\N. 

Multiply the load in tons of 2,000 lbs. by the kngth of span 
in feet between centres of supports. If the load is concen
b'ated at the centre of the girder, it must not exceed one-half 
the weight of the permissible uniformly distributed load. 

If the load is concentrated at some point not in the middle 
of the girder, the safe load for any such position is to the 
safe central load as the square of ~ the ~pan is to the product 
of the segments of the span formed by the position of the load. 

EXA)fPLES ~'OR APPLICATIOX OF TABLES. 

1. What is the carrying capacity of the single-web plate 
girder No. 16, with ~ -in ch cover or flange plates, the girder 
being 20 feet long between centres of ~upports? 

III the column of coefficient~, and opposite the girder re
fen'ed to, find proper coefficient for strength, which in this 
case is 2,678. 

Answer. 2~b8 = 134 tons equally distributed, 

or 67 tons in middle of girder. 
II. A box girder is required 24 feet long between supports 

to carry a 20-inch brick wall weighing 66 tons. What is the 
requi site coefficient of strength? 

Answer. 6G X 24 = 1584. 
Referring to the table of box girders If> inches wide, we 

find that girder No.2, 18 inches deep, with a ~ -inch cover 
plate, has a coefficient of strength of 1587, or a little in 
exeeES of that required. 
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--
r- · ··A · · · · --~ STRENGTH AND WEIGHT OF 

'f'~ RlVETED PLATE GIUDERS. 
, 

.. ··0 To find lbe distributed sa re load in llet tons, divide the 
B coefficient in right-haud. column by the length of span in 
: feet. 
, To find the coefficients of strength for a given loael anu 
I span, multiply the uniformly distributed load ill net tons 
I by the span in feet betwpell centres of support s. I y 

~-.-. Weigbts do not include sllfleners. 

[ w eb I Size oj Angles. 
I I Flange . Weight in . Depth. Thick- Width. Re.Hst- Pounds per ~eJ!iment 

B. ness. A. ance. Lineal Foot. oJ Strength. 
C. 

----- --
18 .f« lOr 5x3ixr 92.9 57 464 
18 J 10 5 x 3! x 110.0 67 550 
18 -?rr 10-?rr 5x3!x -?rr 126.9 77 634 
18 ! 10! 5x3!x ! 14.3.7 88 718 
20 ~ 1O ~ 5x3!x J 126.8 69 634 
20 J'rr 1O-?rr 5X3!Xr 146.4 80 731 
20 ! 10! 5 x 3! x 165.8 91 829 
22 J lOt 5x3!xJ 144.1 72 720 
22 -?rr 10-?rr 5 x 3~ x is" 166.5 83 832 
22 ! 1O} 5 x 3~ x ~ 188.7 94 943 
24 J 11 ~ 5t x 3! x i 170.7 77 853 
24 -?rr 11-?rr 5~ x 3J,x r 198.1 89 990 
24 ! 11! 5!x3; x . 225.4 102 1127 
26 Jr 11i 5! x 3! x t 189.7 80 948 
26 11-?rr 5t x3! x -?rr 220.4 92 1101 
26 ! 11! 5 x 3! x! 250.9 105 1254 
28 J 12i 6x3.\-x i 218.0 84 1090 
28 -?rr 12r 6x3;x-?rr 255.5 98 1277 
28 ! 12 6 x 3! x! 292.8 113 1464 
30 i 13i 6t x4x i 256.3 92 1281 
30 -?rr 13-?rr 6 x4xr 298.5 107 1492 
30 ! 13! 6!x4x 340.4 122 1701 
32 i 13i 6!x4 x i 279.2 95 1396 
32 -?rr 13r 6t x 4 x -?rr 325.1 110 1625 
32 ! 13. 6!x4x! 370.6 125 1853 
34 J 13i 61x4 x i 302.5 97 1512 
34 -?rr 13T\r 6! X4X r 352.3 113 1761 
34 ! 13! 6! x 4x 401.8 129 2009 
36 J 13J 

I 
6!x4x i 326.3 100 1631 

36 -?rr 13r 6.\- x4X r 380.1 116 1900 
36 ! 13 6t x 4x 433.5 132 2167 
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STRENGTH AND WElGHT OF RIVETED 
PLATE GIRDERS. 

I 

.· ·· ··-A·-·····~ 
To find the distributed safe loa~ in net tons, divide the 

coefficient on opposite page corresponding to the number 

below hy the length of span in feet. 

) C B 
To finll the coemcient of strength for a given load and 

span, multiply the uniformly distributed load in net 

tons by the span in feet between centres of supports. 

Number 
of 

&ction. 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

mdthof 
awer (Al 

in. Inches. 

12 
12 
12 

12 
12 
12 

12 
12 
12 

12 
12 
12 

12 
12 
12 

12 
12 
12 

12 
12 
12 

See opposite page for coefficients. 

Weights indude stiffeners. 

Depth of 
Web (Bl 

in Inches. 

18 
18 
18 

21 
21 
21 

24 
24 
24 

27 
27 
27 

30 
30 
30 

33 
33 
33 

36 
36 
36 

T1Lickness 
oj Web (el 
in, Inches. 
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Size of 
Corner Angles 

in. Inches. 

5x3~x34l 
5x3~x~ 
5x3~x% 

5x3~x% 
5x3~x~ 
5x3~x% 
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STRENGTH AND WEIGHT OF RIVETED 
PLA TE GIRDERS. 

r ·······A . .. . --i To find the distributed safe load in net tons, divide the 

coefficient on opposite page corresponding to the number 

below by the length of spall ill feet. 

c· 
-D·· 

Kumber 
oj 

Section. 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

17 
18 

To fUld the coefficient of strength for a given load and 
B span, Illultiply the uniformly distriuuted load in net 

tons loy the span in feet between centres of supports. 

IT"idlh oj 
Glve,. (A) 

in Incites. 

16 
16 

16 
16 

16 
16 

16 
16 

16 
16 

16 
16 

16 
16 

20 
20 

20 
20 

See opposite page for coellicients. 

~ ~==~======~~~==~=========== 

Deplh oj 
If~b (B) 

in Inches. 

18 
18 

21 
21 

24 
24 

27 
27 

30 
30 

33 
33 

36 
36 

21 
21 

24 
24 

Thickness 
oj Web (C) 
in Inches. 

Widlh oj 
(D) 

in lnches. 

8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

8 
8 

11 
11 

11 
11 

Size oj 
Corner Angles 

in Incites . 

3~x3~X3/8 
3~ x 3~ x ~ 

4 x3~x3fs 
4 x3~x~ 

-----'-----'-------''-----'-----~----
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STRENGTH A ND W E IGHT OF RIVETED 
PLA TE GIR D E R S. 

~-----.-A- .-.--~ To find the distributed safe load in Det tons, divide the 

c-
D·-

Numbc1' 
of 

"" coefficient on opposite page corresponding to the Dumber 

below by the length of span in feet. 

To find the coefficient of strength for a given load and 

B span, multiply the uniformly distrihuted load in net 

tons by the span in feet between centres of supports. 

See opposite page for coefficients. 

Width oj Depth oj Th-ickness lVidth oj Size oj 
arver (A) lVel> (B) oj Web (C) Cornel' Angles 

Section . in Incite:; . in inches. in Inches. 
jD) 

in neltes. in Inches. 

. _--

19 20 27 3fs 11 4x3~x3fs 
20 20 27 ~ 11 4x3~x~ 

21 20 30 3;, 11 4x3~x3fs 
22 20 30 ~ 11 4x3~x~ 

23 20 33 % 11 4 x 3~ x 3fs 
24 20 33 1>2 11 4 x 31>2 x ~ 

25 20 36 3Js 11 4x3~xals 
26 20 36 ~ 11 4x31>2x~ 

'Z7 24 24 3Js 13 5 x 4 x 31s 
28 24 24 ~ 13 5 x 4 x~ 

29 24 27 3fs 13 5 x 4 x 3/S 
30 24 27 ~ 13 5 x 4 x ",2 

31 24 30 a;, 13 5 x 4 x sis 
32 24 30 ~ 13 5 x 4 x~ 

33 24 33 3fs 13 5 x 4 x sis 
34 24 33 ~ 13 5 x 4 x~ 

35 24 36 3Js 13 5 x 4 x3fs 
36 24 36 ~ 13 5 x 4 x~ 
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STRENGTH AND WEIGHT OF RIVETED 
PLATE GIRDERS. 

r·······A ...... ~ To find tbc distributed safc load in net tons, divide tbe 

coefficient on opposite page corresponding to the number 

below by tbc length of spall ill feet. 

o 
·D·· 

j 

Number 
aJ 

To find tbe coefficient of strength for a given load and 

~ span, mu ltiply the uniformly distributetl load in net tons 

by tbe span in feet between centres of supports. 

See opposite page for coefficients. 

lI'idll. aJ De!!th aJ Thick"". WidthaJ Size aJ 
Cbver (Al aJ Web (el Cbrntr Angles 

Section. in inches. 
II tb ){{1 

in Inc . in Inches. in }'~le3. in Inches. 

37 30 30 ~ 18 5x4x3fs 
38 30 30 18 5 X 4 x ~ 

39 30 33 3,g 18 5x4x3fs 
40 30 33 ~ 18 5 X 4 X ~ 

41 30 36 ~ 18 5 X 4 X % 
42 30 36 18 5x4x 1,(2 

43 30 39 ~ 18 5 X 4 X % 
44 30 39 18 5 X 4 X ~ 

45 30 42 ~ 18 5 X 4 X % 
46 30 42 18 5 X 4 X ~ 

47 36 36 ~ 24 5x4x3fs 
48 36 36 24 5 X 4 X ~ 

49 36 39 a;, 24 5x4x 3fs 
50 36 39 ~ 24 5 X 4 X ~ 

51 36 42 ala 24 5 X 4 X % 
52 36 42 ~ 24 5 X 4 X ~ 



1.1'-- --IA--r-1 STRENGTH AND WEIGHT OF 
E ~'l.-- I IUVETED PLATE GIRDERS. 

I-j-
To find the distributed safe load in net tons, divide the 

I coefficient of distributed load by length of span in feet. I 

I 
To fi nd the coefficient of strength for a given load and 

span, multiply the uniformly distributed load in net 

i 
tons by the span in feet between centres of supports. 

Fibre stress 15,000 lbs. per .quare inch. 

·5 ~ 'ti-.; .~ .~ "S·5 "'''' Section Nu'mbel' .~ 
,,-.: ~~q;)~ ~ ~&' 

§ . and Weight. .. . ~~ :i~ ~'" . .~~ ~~ .~~~~ 
~~ .." .. 

~J ';'~ §:~ ~~ 
~O~ ~~h~ 'U;..."'s:; 

a" ,,"'~ ~:.~ .. 
" ".: I -~~ 'c>~ j.~ ~~ ~"..;~ ~.; ~ .. .~~~ o;;!lo.OU 

.~..8 "'"" -'" :;'~~a 
~ 

<lo; .~;:!~ ~.; ~~ ~ 
.g§ ~]~ :;;.~~~ 

"J~ 
~o~ ~~ 6f "''§.~~ ~~~ ~ '-oO "16~ c '", -------- ~ 

10 100B 25.0 12 ~ 61f4 94 452 2.62 33.04 

10 102B 35.0 12 ~ 6 114 518 2.62 33.04 

12 120B 31.5 12 ~ 6 107 606 3.12 39.44 

12 122B 40.5 12 ~ 534 124 682 3.12 39.44 

12 124B 50.0 14 ~ ~ 151 824 47.04 

12 125B 55.0 14 ~ ~ 161 871 3.15 47.04 

15 150B 42.0 14 Gis 73(4 147 1065 3.93 58.53 

15 152B 50.0 14 5/S ~ 163 1148 3.92 58.53 

15 154B 60.0 14 Gis 71f4 183 1265 3.92 58.53 

15 156B 70.0 14 Gis 7 203 1377 3.92 58.53 

18 180B 55.0 16 34 81f4 195 1721 4.79 81.37 

18 183B 70.0 16 3ft 8 225 1889 4.79 81.37 

18 186B 85.0 16 34 ~ 255 2049 4.79 81.37 

20 200B 65.0 16 34 8 215 2074 5.23 90.32 

20 203B 80.0 16 34 73ft 245 2272 5.23 90.32 

20 206B 95.0 16 %, ~ 275 2443 5.23 123.28 

24 240B 80.0 18 a4 9~ 255 2993 6.25 123.28 
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STRENGTH AND WEIGHT OF ~k---·-IA-. 
RIVETED PLATE GIRDERS. '--!;':= 
To find the distributed safe load iu net tons, divide ~~ the coefficient of distributed load by the length of 

span in feet. 

I 
To find the coefficient of strength for a given load 

and span, multiply the uniformly distributed load in 
net tons by the span in reet between centres of sup-

i ports. .-- '-----, Fibre stress 15,000 lbs. per square inch. 

t Section Number 5: ~c.:i "" ~.5 ~§.~ g 
~i .~ 

.~ c 
and Weight. ~..; .;;;~ ~ ~..; .~~ ~c:; 

"-'" a~ 'i'~ ~~ .~t; ?~~ ~~~; ~~ ~~~"4 ~"'" ~'" ,,>= ~~ ~.~ ~~ ~~ Q3"l:3..., .2.~~~ ~.~ ~~ ~~]~ 'S.~ t;~ .~~~ ,," ~ ~.i5 ~~§.~ " .... ~ 0 ~ 
"'" ~.s -" iii ~~ ~Cj~ '<.) ~ ~~ ~ .. t 

"i"~~ 
~ '" a- a -.... -- ---------- - -- - -----

15 1500 33.0 14 ~ 7 117 788 3.93 
15 1S00 33.0 14 Sis 7 129 899 3.93 
15 1S00 33.0 14 34 7 141 1011 3.93 

/ 

15 1540 so.o 14 Sis 6 163 1050 3.92 
15 1540 50.0 14 34 6 175 1160 3.92 
15 1540 so.o 14 7)8 6 187 1270 3.92 

12 1200 20.5 12 3/8 5~ 75 396 3.14 
12 1200 20.5 12 ~ 5~ 85 471 3.14 
12 1200 20.5 12 Sis 5~ 96 546 3.14 

12 1230 35.0 12 ~ 5 114 575 3.12 
12 1230 35.0 12 Sis 5 125 649 3.12 
12 1230 35.0 12 34 5 135 723 3.12 

10 1000 15.0 10 3/8 4 59 253 2.62 
10 1000 15.0 10 ~ 4 68 304 2.62 
10 1000 15.0 10 4 76 354 2.62 

10 1020 25.0 10 31s 3~ 79 306 2.61 
10 1020 25.0 10 ~ 3~ 88 356 2.61 
10 1020 25.0 10 51s 3~ 96 405 2.61 
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REACTIONS FOR CONTINUOUS GIRDERS. 

A, = +P(1-A)-~ A(1-A') 

A, = PA + ~A (1-A') 

A3 = -~A(1-A') 

_ 6 _Pan_el •. /_# I_i I_i I_t I_i I~ __ _ 
A, + 0.7928 0.5926 0.4062 0.2407 0.1030 
A, + 0.24760.48150.68750.85191°.9606 
A , 1°.0405,°.07410.0938 0.0926 0.0637/ 

_--!"_--'---

_ 7 pa_neIS. 1~I_f 1_' I_t I~I~ A ~= 
A, + 1°.82210.64870.48390.3324 0.1982 0.0860 
A 2 + 0.2129 0.4169 0.6036 0.7639 0.8893 0.9708 
A. 0.0350 0.0656 0.0875 0.0962 0.0875 0.0569 

" " 

_ B _pan_el·· _
I
_ ! 1_' I_i 1_* I~/~I_i\ _ A 1_ 
0.18650.3672 0.5362 0.6875 0.8155 0.9141 0.9776 I A, + 

A, + 
A, 

0.84420.69140.5444 0.40620.27980.16790.0737 
0.03080.05860.08061°.09370.0953,°.0820,°.05131 

_10 Panel •. I~I~'I~I~I~I~I~I~I~ 
A, + 1°.14950.29801°.43650.568010.68751°.79201°.8785 0.9440 0.9855 
A , t- 0.87520.7520 0.63171° .5160 0.4062 0.3040 0.2107 0.1280 0.0572 
A, 0.0248 0.0480 0.06831°.0840 0.0938 0.0960 0.08931°.07201°.0572 
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r 
FIRE-PROOF FLOORING. 

NO.1. 

ORDINARY BRICK. 

No.2. 

HOLLOW TILE, SIDE METHOD. 

NO.3. 

HOLLOW TILE, SIDE AND END METHOD. 

NO. 4. 

HOLLOW TILE, END METHOD . 
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FU{E-PROOF FLOORING. 

No. 5 . 

HOLLOW TILE FOR LIGHT FLOORS . 

NO.6. 

FAWCETT FLOOR. 

NO.7. 

EXPANDED METAL . 

NO.8. 

ROEBLING WIRE CLOTH . 
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FIRE-PROOF FLOORING. 

NO.9 . 

COLUMBIAN SYSTEM . 

No. 10. , 

M ETR OPOLITAN SYSTEM . 

No. II. 

CORRU GATED IRON ARCH. 

No. 12. 

LON G SPAN SEGM ENTAL ARCH . 

141 



FIRE-PROOFING AND BASES OF 
COLUMNS. 
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FIRE-PROOFING AND BASES OF 
COLUMNS. 
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FIRE-PROOF FLOORS. 

Fire-proof floors, hitherto made by filling the spaces be
tween the floor beams with segmental arches of ordinary 
brick, and leveled with concrete, are now usually either flat 
arches constructed of special tiles that encase the flanges of 
the beams, or composite flooring made by various methods 
of incorporating metallic constructions within a mass of 
concrete. 

The hollow tiles are either of a dense or porous structure, 
and in different systems have the webs of the tile either 
parallel with or at right angles to the floor beams, termed 
the" side" or "end construction" respectively. The illus
trations show some of the general types of floor construc
tion, and the weights and usual spans are given in the fol
lowing table. The concrete used in fire-proofing will vary 
from 120 to 164 pounds per cubic foot, according to the kind 
of cement and stone used. Ordinary natural cement and 
light furnace slag will weigh as low as 120, whereas heavy 
Portland cement and limestone or trap rock will weigh 164 
pounds per cubic foot. (See page 290.) 

The segmental arch of ordinary brick, Fig. I. is used for 
spacing of 4 to 6 feet, or even much greater if sufficient 
rise can be allowed and the arch stiffened with a suitable 
backing of concrete, the rise of the arch being preferably 
not less than one tenth of the span. The weight of flool· 
for 4~-inch brick will be about 45 pounds per square foot of 
surface, and an addition for concrete backing equivalent to 
from 120 to 164 pounds per cubic foot. 

For special cases, segment.al arches of hollow tile, as in 
Fig. 12, with a rise not leRs than one-eighth of the span, the 
fol lowing dimensions will apply for loads of 150 pounds per 
square foot: 

Arches4"thiek. Safe span, 8' Wt.ofbrick, 20 lbs. per sq. ft. 
"61/" "" 14' " "30" " " 
"811

" "" 20' " "40"" " 

adding to the weight as before for concrete backing. 
The composite floors, Nos. 7 to 11, are formed by in

corporating special metallic constructions in a mass of 
concrete. Floors of this class are now successfully used; 
definite particulars can be procured from the manufac
turers. 

On account of the strength obtained from the incorporated 
metal work, these floors are usually much lighter than the 
brick arches. 

The following table gives the usual spans and weights 01 
flat arches for flooring: 
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TIE RODS FOR BEAMS SUPPORTING BRICK 
ARCHES. 

The horizontal thrust of brick arches is as follows: 

P . lb I' I • f h 1.5 W S' ressure m s. per mea <oat a arc = -~ 

W = load in lbs. per square foot. 
S = span of arch in feet. 
R = rise in inches. 

Place the tie rods as low as possible through the webs of 
the beams, and so spaced that the pressure of arches as ob
tained above will not produce a greater stress than 15,000 
pounds per square inch of the least section of the bolt. 

Ordinarily it will be found necessary to limit the spacing 
of the tie rods to avoid excessive bending stress on the outer 
beams of the floor, or to prevent this bending stress being 
transferred to the walls of the building. The ability of the 
outer beams to resist the horizontal bending action can sed 
by the pressure of the arches is determined as follows: 

From theformulre given in table, page 112 to 113, for the 
safe load on a beam acting at right angles to the web, or in 
the direction of the flanges, which is based on a fibre stress 
of 16,000 pounds per square inch, we have for semi-con
tinuous beams: 

11300 A F 
L - "\j w for I beams. 

/1650 A F 
L =" w for channels. 

/2650 A F 
L =\1 w for angles. 

where w is the lateral pressure in pounds per lineal foot, 

A = sectional area of beam in square inches, 
F = width of flange in inches, 
L = distance between supports in feet. 

In practice this spacing L is not imperative, but cau be 
used as a guide, since concrete or flooring material will dis
tribute the pressure to some extent over the length of the 
beam. 
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BUCKLED PLATES. 

Buckled plates are usually made three feet square and 
from one-qnarter inch to one-half inch thiclc They can be 
made of any desired size or thickness, or extended length, 
having several buckles in a single plate. 

They are usually Ii veted to the supporting beams and the 
transverse joint supported by a J. or other suitable section, 
as indicated on the cut. 

Experiment shows considerable advantage by having the 
edges properly secured. 

Buckled plates, if m;ed inverted-that is, with the buckle 
suspended-dm'elop from three to four times as much 
strength as if used as shown in sketch . 

00 00 

-------------l------
00 00 

--- ---- --f 
r::.:.==-=-- I 

i 
~-
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I 
! 
I 

F=~==i~=~=~~=~==~=9i=:§=~-1---- __ 1 

r--------------------- __ J_~fl_· _____ . ______________ ~ 
i t 1 

--..........J................- X --................L....-....--_ 
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The strength of buckled plates may be given by the fol
lowing formula:-" 

D ] 00 k h t - 0 .175 g 12 
= - - -6 'L --F15- t- - X t 

D = totaI concentrated load in pounds. 
g = uniform load in pounds per square foot. 
h = depth of buckle in inches. 
I = length of buckle in inches. 
t = thickness in inches. 
Ie = permissible stress in pounds per square inch. 
If we assume g = 120 lbs. per square foot, and Ie = 6,000 

lbs. per square inch, we get the following values for D, for 
various dimensions of plates: 

TOTAL CONCENTRATED LOAD IN POUNDS, ALLOWING FOR A 
DISTRIBUTED LOAD OF 120 POUNDS PER SQUARE FOOT. 

Size oj Plate. 36 Inches I 42 Inches I 48 Inches I 54 Inches I 60 Inches 
Square. Squa1"e. SqIUl1·e. Square. Square. 

11dckness 2 Inches Depth oj Bnckle. 
in Inches. , 

I 4350 4200 4000 3800 3550 .-
16 6500 6350 6100 5900 5600 

3 9000 8800 8550 8300 8000 -g-

-t6 11700 11500 11200 10900 10600 
1 14700 14400 14100 13800 13400 z 

2~ Inches Depth oj Buckle. 

I 4600 4500 I 4350 4200 4000 .. 
16 7000 6850 6650 6450 6250 

3 9750 '9550 9350 9100 8850 8 
-?-r; 12750 12550 12350 12050 11750 

1 16050 15850 15600 15300 15000 z 

3 Inches Depth oj Buckle. 

I 4850 4750 4600 
I 

4450 4300 .-
'It 7350 7250 7050 6900 6700 

A 10250 10150 9950 

I 
9750 9500 

13550 13350 13150 12950 12700 
1 17100 16900 16700 16450 16150 z 

* Winkler, "Querconstrnct.ionen," Vienna, 1884. 
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The formula shows that the concentrated load and the 
total uniform load are independent of l. This, of course, is 
only correct as long as the buckled plate is not subject to local 
deformations, say within the limits given in the previous 
table. The total uniform load a buckled plate can carry, 
follows from the above formula as : 

P=4kht. 
If we assume k = 6,000 lbs. per square inch, we get the 

following: 

TOTAL UNIFOR~1LY DISTRIBUTED LOAD ON ANY SIZE PLATE OF 
GIVE~ THICKNESS AND DEPTIT OF BUCKLE. 

Deplh of Buckle. I 2 Inches. 2! Inches. 3 Inches. 

Tltickne .. of Plale I 
in InclLes. TOlal Loads in Pounds. 

t 12000 15000 18000 
!~ 15000 18750 22500 

8 18000 22500 27000 8 

~ 21000 26250 31500 
So 24000 30000 36000 

WEraTTT OF BUCKLED PLATES TTTREE FEET SQUARE. 

-
Tldckness Weight of Weigh/ in 
of Plale in One Plate in Si=e and Weight of T. p(fUnd~per 

Inches. Pounds. Square Foot 
of Floor. 

• 68 4x2 T = 20 lbs. 9! T1r 

? 92 4x2 T =20 " 12 
..fir 114 4x3 T =25 " 15 
s 139 4 X 3~ T = 30 " 18 8 
7 

I i)" 160 4x4 T =35 " 22 
1 184 4 x4t T =40 " 25 
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PENCOYD Z BAR FLOORING. 

No.1. 
" i+"---15----- -1 

£tf\A 
i "1 
~----9--- --~ 

No.2. 

j4-~-- l~r--------~ 

ift\ !l4l 
I , 
I "I 
~--lO---~ 

No.3. 

!+-------21~'-----~ 
-i-9-" , ~ " 

£11+---- i ,--1 ~-19'==---4j 
r-~i1, ,[Ii 

I -I 
i i 

~----12~------J 

Divide the coefficient in last column, on the opposite page, by the span of 
the floor in feet. The quotient will he the safe load in net tons, evenly dis
tributed, for each foot of width of floor. 
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PENCOYD Z BAR FJ~OORING. 

Thicknes I Weight in .Resistance 
OJejJicientjor 

Section Thickness 
DistTibuted 

Number . oj Z Bars. 
S I Pounds per per Foot oj Load in Net 

oj Plates. I Square Foot. lVidth. Tons, per Foot 
of Width. 

1 1(4 1(4 25.9 9.3 46.7 

1 1(4 % 31.0 12.0 60.0 

1 1(4 ~ 36.1 14.7 73.7 

1 i\;- 1(4 29.1 10.4 52.0 

1 i\;- 3/S 34.2 12.9 64.5 

1 i\;- ~ 39.3 15.7 78.5 

1 31s 1Lt 32.3 11.4 57.2 

1 3Js 3fs 37.4 14.0 70.0 

1 als ~ 42.5 16.7 83.5 

2 ·h -h 32.1 14.3 71.5 

2 -h ir; 37.3 17.6 88.0 

2 -h it- 42.3 20.9 104.7 

2 3fs -h 35.2 15.5 77.5 

2 lIJs ir; 40.3 18.8 94.0 

2 3/S it- 45.4 22.1 110.7 

2 ir; -h 38.4 16.6 83.2 

2 ir; ir; 43.5 20.0 100.0 

2 n- it- 48.6 23.3 116.5 

3 3/S 3Js 39.3 20.3 101.7 

3 31s ~ 44.3 24.1 120.7 

3 3fs 5fs 49.5 28.1 140.5 

3 ir; 3/S 42.4 21.7 108.7 

3 ir; ~ 47.5 25.4 127.0 

3 ir; 5/S 52.6 29.4 147.0 

3 ~ 31s 45.5 23.1 115.5 

3 ~ ~ 50.6 26.7 133.5 

3 ~ 5fs 55.7 30.7 
I 

153.6 
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PENCOYD CORRUGATED FLOORING. 
~, ___ .4~ ___ ~ 
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PENCOYD CORRUGATED FLOORING. 
Sections Nos. 210 M and 260M are extensively used for floors of bridges and 

buildings. No. 210 M is generally used in buildings ; No. 260111 is used for 
bridge·lloors. 

The following table gives tbe weigbts and strengtbs of each section for 
different thicknesses: 

WEIGHT AND STRENGTH OF CORRUGATED FLOORING. 

Flange Web Weight Resistance (Joefficient for 
Distributed Section Thickness Thickness in Pounds per Laad in Number. in in per Square Foot of Net Tons, per Inches. Inches. Jibot. Width. Foot of Width. 

210M ~ U 14.8 4.4 22.0 
210M: 18.4 5.5 ?:l.5 

210M % f.z 21.9 6.6 33.0 
210M: iI> H 25.5 7.7 38.7 

210M: ~2 31\3 29.1 8.9 44.4 

260M ]4, 1(4 20.0 10.5 52.5 
260M % ~ 23.6 13.2 66.0 

260M: ~ ~ ?:l.1 15.9 79.5 
260J{ 5;8 30.7 18.6 93.0 

260M % 1\r 26.5 14.3 71.5 
260M ' ~.l .1\r 30.1 17.0 85.0 

260~I 51\3 15
t) 33.7 19.7 98.5 

260M ~'4 f" 37.2 22.4 112.0 

260M % % 29.4 15.3 76.5 
260M ~ :31\3 32.9 18.1 90.5 

260M 51\3 % 36.5 20.9 104.5 
260M ~ :31\3 40.1 23.7 118.5 

The resistances and coefficients for distributed loads in net tons are for each 
foot in width; the latter for fibre streEs of 15,000 pounds per square inch. 
To find the load for any span, divide the coefficient by the length of span in 
feet; the quotient is the distributed load in net t.ons, which produces fibre 
stress on the material, as aforesaid. 

The following tables give safe loads for varying thickness of each section, 
based on the fi bre stress aforesaid. 
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PENCOYD CORRUGATED FLOORING. 
Loads in pounds per square foot of floor for a fiLre stress of 15,000 pound. 

per square inch. 
The f~ures in small t.ype under the load in bounds are t he corresponding 

centre e fl ections in incbes. Those to the rig I t of the dark line are where 
the centre deflection exceeds ~ttr part of the span. 

Section No. 210 M. 

Weight SPAN IN FEET. 
oj Mate-
rial per 

Sq. Foot. 6 7 8 9 10 11 12 13 14 15 16 

- -- - - - - -- - - - - - - - - - - -- - - --
14.8 1222 898 688 543 440 364 306 260 224 196 172 

.15 .21 .28 .35 .43 .52 .62 .73 .84 .97 1.10 

18.4 1528 1122 859 679 550 455 382 325 281 244 215 
.15 .21 .28 .35 .43 .52 .62 .73 .84 .97 1.10 

21.9 1833 1347 1031 815 660 545 458 391 337 293 258 
.15 .21 .28 .35 .43 .52 .62 .73 .84 .97 1.10 

25.5 2150 1579 1209 956 774 640 533 458 395 344 302 
.15 .21 .28 .35 .43 .52 .62 .73 .84 .97 1.10 

29.1 2467 1812 1388 1096 888 734 617 525 453 395 347 
.15 .21 .28 .35 .43 .52 .62 .73 .84 .97 1.10 

Section No. 260M. 

8 9 10 
11 1 12 

13 14 15 16 17 18 

20.0 1641 1309 1050 8~~ 72~ 621 536 467 410 363 324 
.17 .22 .27 .45 .52 60 .68 .77 .86 

23.6 2063 1630 1320 1091 917 781 693 587 516 457 407 
.16 .21 .26 .31 .37 

~ 
.51 .58 .65 .74 .83 

27.1 2484 1963 1590 1314 1104 9 1 811 707 620 550 491 
.16 .20 .25 .30 .35 .41 .48 .55 .62 .71 .80 

30.7 2906 2296 1860 1537 1292 11~J 949 827 727 644 574 
.15 .19 .24 .29 .84 .47 .54 .61 .69 .77 

26.5 2234 1765 1430 1182 993 846 730 638 559 495 441 
.16 .20 .25 .30 .36 10~~ .50 .57 .65 .73 .82 

30.1 2656 2099 1700 1405 1181 867 756 664 588 525 
.16 .20 .24 .29 .35 ~ .55 .63 .71 .79 

33.7 3078 2432 1970 1628 1368 1166 1O~~ 876 770 682 608 
.15 .19 .24 .29 .34 .40 .4 .53 .60 .68 .76 

37,2 3500 2765 2240 1851 1556 1325 1143 996 875 775 691 
.15 .20 .23 .28 .33 .39 .45 .51 .58 .66 .74 

29.4 2391 1889 1530 1264 1063 905 781 1 680 598 529 472 
.16 .20 .24 .29 .35. .48.55 .83 .71 .79 

32.9 28282235 1810 1496 1284 10~l 923 804 707 626 559 
.16 .20 .24 .29 

.~~ 
.62 .70 .39 

36.5 326625802090 1727 1451 12371066 929 816 723 645 
.15 .19 .24 .29 .34 .40 .46 .53 .61 .69 .77 

40.1 370329262370 1959 164614021120910531 926 820 731 
.14 .18 .23 ,28 .33 .38 .4 .51 .58

1 

.65 .73 
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PENCOYD CORRUGATED FLOORING. 

Loads ill pounds per square foot which cause a deflection equal to .h of 
the span. 

Section No. 210 M. 

i3~ 

~~ SPAN IN FEET. 
~.~ ~ 

;E~~ 
5 6 7 8 9 10 11 12 13 14 15 -~c3" 

------ ---- - - ------------
14.8 2460 1400 900 600 420 300 230 180 140 110 90 

18.4 3000 1750 1100 740, 520 380 290 220 170 140 110 

21.9 3600 2120 1300 900 630 460 340 250 210 170 130 

25.5 4200

1 

2500 1570 1050 740 540 400 310 240 200 160 

29.1 4800
1 

2850 1800 1200 850 620 460 360 280 220 180 

Section No. 260 M. 

SPAN IN FEET. 

8 9 10 11 12 13 14 15 16 17 18 
------------------------
20.0 2420 1650 1200 880 680 540 430 350 290 240 200 

23.6 3050 2200 1580 1200 910 710 570 460 380 310 260 

27.1 3670 2650 1910 1450 1140 890 720 580 470 390 330 

30.7 4650 3310 2350

1

1760 1380 1040 860 690 570 480 400 

26.5 3300 2240 1630, 1250 990 780, 636 500 420 350 290 

30.1 3920 2670 1940 1480 1170 950, 770 620 510 430 360 

33.7 4920 3280 2360 1790 1410 11401 910 750 620 510 430 

37.2 5600 3980 2830 2220 1720 13301070 870 730 610 510 

29.4 3830 2550 1840 1390 1090 860 690 550 460 390 320 

32.9 4530 3220 2290 1720 1290 1010 810 660 540 460 380 

36.5 5230 3720 2640 1990 1550 1210 970 780 640 540 450 

40.1 5930 4210 3160 2350 18201 1410 1130 930 770 640 530 
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BEAMS SUPPORTING BRICK WALLS. 

When the masonry alone, without any floor attachment, 
is supported, the load on the girder will vary according to 
several conditions. If the masonry is not thoroughly 
bonded throughout, or if great inflexibility is desired, it 
may be necessary to consider the whole mass of wall as sus
tained by the girder. 

If the wall has no openings, and the brick is laid with the 
usual bond, the material incumbent on the girder would be 
indicated by the dark line-height, one-fourth of the span. It 
is best to consider this as a triangle, whose height equals one
third of span, as in lower dotted line; and as the weight of 
brick walls is nearly 10 lbs. per square foot for each inch of 
thickness, from these data we find the bending stress on the 
beam to be the same as that caused by a distributed load, in 
pounds equal to 
25 X square of span in feet X thickness of wall in inches. 

9 
And from the table of distributed loads suitable beams can 
be selected, with proper limitations, for deflection, if the 
spans are long, to avoid cracking of wall. If the wall has 
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openings as illustrated, it is necessary to consider the mass 
of brickwork, indicated by the upper course of dotted lille~, 
as snpported by the beams, which can be selected accord
ingly. 

It is usually best to use two or more beams bolted to
gether to give a better bearing or to insure lateral rigidity, 
and the following tables give suitable beams for solid brick 
walls properly bonded, selected to deflect less than 3%-0- of 
spans up to 10 feet, and "h of spans 15 to 20 feet. 

Particulars for separators for these beams can be found 
on page 257. 

-

SPANS IN FEET. 
Thickness 
of Walt 

in Incites. 
8 or 9 10 or 11 12 or 13 14 or 15 16 or 17 18 or 20 
feet. f eet. feet. feet. feet. feet. 

------ ------

9 
2-4/1 2-5/1 2-7/1 2-8/1 2-9/1 2-12/1 

NO.40B No.50B No.70B No.80B No.90B NO.120B 
--- ---------

13 
2-4/1 2-6/1 2-7/1 2-8/1 2-9/1 2-12/1 

NO.40B No.60B No.70B No.80B No.90B NO.120B 
--- --- ------

2-5/1 2-7/1 2-8/1 2-9/1 2-10/1 2-12/1 

18 No. 50 B No. 'OBINO.BOB No.90B No.100B No. 120B 
--- ---- --------

22 2-5/1 2-7/1 2-8/1 2-9/1 2-10/1 2-12/1 

No.50B No. 70BINo.80B No.90B NO.I00B No. 120B 

If beams are used to support the whole length of a wall, 
and the span exceeds 16 feet, the entire weight of the wall 
should be calculated as resting on the beam, as excessive 
deflection might push out the supports frOID nnder the beam 
and destroy the structure. 

If beams support flooring as well as weight of wall, the 
beam sections must be selected to take the additional load 
with deflection, as before stated. 
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STRUTS OF ROLLED SECTIONS. 

In the following consideration of struts of various sec
tions the least radius of gyration of the cross-section, 
around an axis through the centre of gravity, is assumed as 
the effective radius of the strut. The tables on pages 160 to 
165 are the classified averages of an extensive series of ex· 
periments. 

The tables for destructive pressures represent the ultimate 
load at the point of failure. 

The greatest safe loads are the aforesaid crippling loads, 
divided by the factors of safety hereafter described. 

As is well known, the method of securing the ends of the 
struts exercises an important influence on their resistance 
to bending, as the member is held more or less rigidly in 
the direct line of thrust. 

In the general tables, struts are classified in four di vision~, 
viz.: "Fixed Ended," "Flat Ended," "Hinged Ended," 
and" Round Ended." 

In the class of "fixed ends" the struts are supposed to he 
so rigidly attached at both ends to the contiguolls parts of 
the structure that the attachment would not be severed if 
the member was subjected to the ultimate load. "Flat
ended" struts are supposed to have their ends flat ami 
normal to the axis of length, but not rigidly attached to the 
adjoining parts. "Hinged ends" embrace the class which 
have both ends properly fitted with pins, or ball and socket 
joints, of substantial dimensions as compared with the 
section of the strut; the centres of theEe end joints being 
practically coincident with an axis passing through the 
centre of gravity of the section of the strut. "Round
ended" struts are those which have only central points of 
contact, such as balls or pins resting on flat plates, but still 
the centres of the balls or pins coincident with the propel' 
axis of the strut. 

If in hinged-ended struts the balls or pins are of com
paratively insignificant diameter, it will be safest in such 
cases to consider the struts as round-ended. 

If there should be any serious deviation of the centres of 
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round or hinged ends from the proper axis of the strut, 
there will be a reduction of resistance that cannot be esti
mated without knowing the exact conditions. 

When the pins of hinged-end struts are of substantial 
diameter, well fitted, and exactly centered, experiment 
shows that the hinged-ended will be equally as strong as 
flat-ended struts. But a very slight inaccuracy of the center
ing rapidly reduces the resistance to lateral bending, and 
as it is almost impossible in practice to uniformly maintain 
th e rigid ac.curacy required, it is considered best to allow for 
such inaccuracies to the extent given in the tables, which 
are the average of many experiments. 

It is considered good practice to increase the factors of 
safety as the length of the strut is increased, owing to the 
greater inability of the long struts to resist cross strains, etc. 
For similar reasons we consider it advisable to increase the 
factor of safety for hinged and round ends in a greater ratio 
than for fixed or fiat ends. 

Presuming that one-third of the ultimate load would con
stitute the greatest safe load for the shortest struts, the 
following progressive- factors of safety are adopted for the 
increasing lengths. 

3. +.01 !:. for fiat and fixed ends. 
r 

3 + .015 .i for hinged and round ends. 
r 

l = length of strut. j' = least radius of gyration. 
From the above we deri ve the following factors of safety : 

I Ji'ixed Hinged 
I Ji'ixed Hinged 

t Ji'ixed Hinged 
and Flat and and Ftat and and Ftat and 

r- Ends. Round r Ends. R ound r Ends. Round 
Ends. Ends. Ends. --------- - ----- ----- - --

20 3.2 3.3 no 4.1 4.65 200 5.0 6.0 
30 3.3 3.45 120 4.2 4.8 210 5.1 6.15 
40 3.4 3.6 130 4.3 4.95 220 5.2 6.3 
50 3.5 3.75 140 44 5.1 230 5.3 6.45 
60 3.6 3.9 150 4.5 5.25 240 5.4 6.6 
70 3.7 4.05 160 4.6 5.4 250 5.5 6.75 
80 3.8 4.2 170 4.7 5.55 260 5.6 6.9 
90 3.9 4.35 180 4.8 5.7 270 5.7 7.05 

100 4.0 4.5 190 4.9 5.85 280 5.8 7.2 
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STRUTS OF WROUGHT IRON OR EXTREME 
SOFT STEEL.-No. 1. 

Destructive pressure in pounds per square inch. 

L ength. 

Least R adius Fixed Ends. Flat Ends. H inged Ends. R ound Ends. 
oj Gymtion. 

20 46000 46000 46000 44000 
30 43000 43000 43000 40250 
-10 40000 40000 40000 36500 
50 38000 38000 38000 33500 

60 36000 36000 36000 30500 
70 34000 34000 33750 ?:1750 
80 32000 32000 31500 25000 
90 _ 31000 30900 29750 2?:150 

100 30000 29806 28000 20500 
110 29000 28050 26150 18500 
120 28000 26300 24300 16500 
130 26750 24900 22650 14650 

140 25500 23500 21000 12800 
150 24250 21750 18750 11150 
160 23000 20000 16500 9500 
170 21500 18400 14650 8500 

180 20000 16800 12800 7500 
190 18750 15650 11800 6750 
200 17500 14500 10800 6000 
210 16250 13600 9800 5500 

220 15000 12700 8800 5000 
230 14000 11950 8150 4650 
240 13000 11200 7500 4300 
250 12000 10500 7000 4050 

260 11000 9800 6500 3800 
ZlO 10500 9150 6100 3500 
280 10000 8500 5700 3200 
290 9500 7850 5350 3000 

300 9000 7200 5000 2800 
310 8500 6600 4750 2650 
320 8000 6000 4500 2500 
330 7500 5550 4250 2300 

340 7000 5100 4000 2100 
350 6750 4700 3750 2000 
360 6500 4300 3500 1900 
370 6150 3900 3250 1800 

380 5600 3500 3000 1700 
390 5500 3250 ?:150 1600 
400 5200 3000 2500 1500 

I 
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STRUTS OF WROUGHT [RON OR EXTREIUE 
SOFT STEEL.-No. 2. 

Greatest safe load in pouudsper square inch of cross-section for vertiralstruts. 
Both ends are supposed to he secured as indicated at the head of each column. 

If hoth ends are not lSecured alike, take n. menn proportional between the 
vHlues given for the classes to which each end belongs. 

1 f the strut is hinged hy anr uncertain Inethod . so that the cf'ntres of rins 
and axis of strut may not coi ncide, or tilE" pins may be relatively small and 
loosely fitted, it is best ill such cases to consider the strut as II round ended." 

L en!Jth. 
1 H inged Ends. 1 Round Ends. Least Radius Fixed Ends. Flat Ends. 

oj Gyration. 

20 14380 14380 13940 13330 
30 13030 13030 12460 11670 
40 11760 11760 11110 10140 
50 10860 10860 10130 8930 
60 10000 10000 9230 7820 
70 9190 9190 8330 6850 
80 8420 8420 7500 5950 
90 7950 7920 6840 5230 

100 7500 7450 6220 4560 
110 7070 6840 5620 3980 
120 6670 6260 5060 3440 
130 6220 5790 4580 2960 
140 5800 5340 4120 2510 
150 5390 4830 3570 2120 
160 5000 4350 3060 1760 
170 4570 3920 2640 1530 

180 4170 3500 2250 1310 
190 3830 3190 2020 1150 
200 3500 2900 1800 1000 
210 3190 2670 1590 890 
220 2880 2440 1400 790 
230 2640 2250 1260 720 
240 2410 2070 1140 650 
230 2180 1910 1040 600 

260 1960 1750 940 550 
ZlO 1840 1610 870 500 
280 1720 1460 790 440 
290 1610 1330 730 410 

300 1500 1200 670 370 
310 1390 1080 620 350 
320 1290 970 580 320 
330 1190 880 540 290 

340 1090 800 490 260 
350 1040 720 450 240 
360 980 650 420 230 
370 920 580 380 210 

380 850 510 340 200 
390 800 470 310 80 
400 740 430 280 70 

- ~ 
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STRUTS OF MEDIUM STEEL.-No. 3. 

Destructive pressure in ponnus per square inch, for steel of lllediuDl grade, 
tensile strength, about 70,000 Ibs. per square inch. 

For extreme soft steel, use table No. 1. 

L ength. 

L east R adius 
Fixed Ends. Flat Ends. Hinged Ends. Round Ends. 

oj Gyration. 

20 70000 70000 70000 66900 
30 51000 51000 51000 47700 
40 46000 46000 46000 41900 
50 44000 44000 44000 38800 

60 42000 42000 42000 35600 
70 40000 40000 39700 32600 
80 38000 38000 37400 29700 
90 36100 36000 34700 26500 

100 34200 34000 31900 23400 
110 33100 32000 29800 21100 
120 31900 30000 27700 18800 
130 30100 28000 25500 16500 

140 28200 26000 23200 14200 
150 26800 24000 20700 12300 
160 25300 22000 18100 10400 
170 23400 20000 15900 9240 

180 21400 18000 13700 8030 
190 19400 16200 12200 6990 
200 17900 14800 11000 6120 
210 16200 13600 9800 5500 

220 15000 12700 8800 5000 
230 14000 11950 8100 4650 
240 13000 11200 7500 4300 
250 12000 10500 7000 4050 

260 11000 9800 6500 3800 

-t---~lli2 -----+-1 
270 10500 9150 6100 3500 
280 10000 8500 5700 3200 
290 9500 7850 5330 3000 
300 9000 7200 5000 2800 



STRUTS OF MEDIUM STEEL.-No. 4. 

Greatest safe load for steel of medium grade, tensile strength about 70,000 lbs. 
For extreme soft steel, use table No.2. , 

rIhe figures are the working loads in pounds per square inch for 'Vertical struts. 
Both ends are supposed to be secured as indicated at the head of each 

column. 
If Iooth ends are not .ecured alike, take a mean proportional between the 

values given for tbe classes to which each end belongs. 
If the strut is hinged hy any uncertain method so that the centres of pins 

nnd axis of strnt may not coincide, or the pins may be relatively small and 
loosely fitted, it is best in such cases to consider the strut as" round ended.17 

L ength. 

Least R adius 
Fixed Ends. Flat Ends. Hinged Ends. Round Ends. 

of Gyration. 

20 21900 21900 21200 20300 
30 15400 15400 14800 13800 
40 13500 13500 12800 11600 
50 12600 12600 11700 10300 

60 11700 11700 10800 9130 
70 10800 10800 9800 8050 
80 10000 10000 8900 7070 
90 9260 9230 7980 6090 

100 8550 8500 7090 5200 
110 8070 7800 6410 4540 
120 7590 7140 5770 3920 
130 7000 6510 5150 3330 

140 6410 5910 4550 2780 
150 5950 5330 3940 2340 
160 5500 4780 3350 1920 
170 4980 4250 2860 1660 

180 4460 3750 2400 1410 
190 3960 3310 2080 1190 
200 3580 2960 1830 1020 
210 3180 2670 1590 890 

220 2880 2440 1400 790 
230 2640 2250 1250 720 
240 2410 2070 1140 650 
250 2180 1910 1040 600 

260 1960 1750 940 550 
270 1840 1610 860 ~g 280 1720 1460 790 
290 1610 1330 720 410 
300 1500 1200 670 370 
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STRUTS OF HARD STEEL.-No. 5. 

Destructive pressure in pounds per square iL ch for hard steel, tensile 
strength about 100,000 Ills. 

For softcr steel, see (ollie No.3. 

- - - -. 

Length . 
I 

L ea.r;t Radius 
Fi.red Ends. Plal l~-'1Hls. 1fiufI('il E'nds. R Ollnd Ends. 

oj Gyration. 
- - -

20 100000 100000 100000 95600 
30 74000 74000 74000 69300 
40 62000 62000 62000 56600 
50 60000 60000 60000 52900 

60 58000 58000 58000 49100 
70 55500 55500 55100 45300 
80 53000 53000 52200 41400 
90 49900 49700 47800 36800 

100 46800 46500 43700 32000 
110 44700 43200 40400 28500 
120 42600 40000 36900 25100 
130 39400 36700 33500 21800 

140 36300 33500 29900 18200 
150 34200 30700 26500 15700 
160 32200 28000 23100 13300 
170 29800 25500 20300 11800 

180 27400 23000 17500 10300 
190 25100 21000 15800 9060 
200 22900 19000 14100 7860 
210 20300 17200 12400 6950 

220 18300 15500 10700 6100 
230 16900 14400 9820 5600 
240 15500 13400 8960 5140 
250 14200 12400 8270 4780 

260 12900 11500 7630 4460 
270 12200 10600 7060 4050 
280 11400 9700 6500 3650 
290 10900 9000 6130 3440 
300 10600 8500 5890 3300 

I 
-
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STRUTS OF H A.R D STEEL.-No. 6. 
Grentest Rafe load for hard steel, tensile strength about 100,000 Ibs. 
For soft foteel, see table No.4. 
The 1i.gurCR arc the working' loads in pounds per square inch for verticnl struts. 
lloth euds are supposed to Ue secured as indicated at the head of each 

column. 
If hoth ends are not secured alike, take a mzan proportional between the 

vn lucs given ftlr the classes to which each end belongs. 
If the strut is hinged hy any uncertain method, so that the centres of pins 

find axis of strut may not coincide, or tbe J)illS may be relatively smull and 
loosely fitted, it is best in such cases to coosi er the strut as II round ended." 

----
Length. 

Least Radius 
Fixed Ends. Fla/Ends. Ilinged Ends. Round EIUls. 

o! Gyration. 

20 31200 31200 30300 29000 
30 22400 22400 21400 20100 
40 18200 18200 17200 15700 
50 17100 17100 16000 14100 

60 16100 16100 14900 12600 
70 15000 15000 13600 11200 
80 13900 13900 12400 9860 
90 12800 12700 11000 8410 

100 11700 11600 9710 7110 
110 10900 10500 8670 6130 
120 10100 9520 7690 5230 
130 9160 8530 6770 4360 

140 8250 7610 5860 3570 
150 7600 6820 5050 2990 
160 7000 6090 4280 2460 
170 6340 5420 3660 2130 

180 5710 4790 3070 1810 
190 5120 4280 2700 1550 
200 4580 3800 2350 1310 
210 3980 3370 2020 113O 

220 3520 2980 1700 970 
230 3190 2720 1500 870 
240 2870 2480 1360 780 
~ 2580 2250 1220 710 

260 2300 2050 1100 650 
270 2240 1860 1000 570 
280 1960 1670 900 510 
290 1850 1520 830 470 
300 1800 1420 780 440 
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ROLLED STRUCTURAL SHAPES AS STRUTS. 

The following tables of safe lo:tds for rolled struts are 
derived from previous table No.4, and from the columns 
given for flat-ended bearings_ 

When steel of medium grade is used, say 65,000 pounds 
tensile strength or greater, the tables derived from No. 4 
can be used, descriued as applicable to steel of medium 
grade. 

In all cases the strut is supposed to be vertical. In short 
struts this distinction is immaterial, but in long horizontal 
struts some allowance is necessary for the deflection due to 
weight. 

H the struts are rigidly connected at the ends to con
tiguous parts of a structure, the increase of resistance be
comes considerable in extremely long struts, and proper 
allowance can be made by using the columns for" Fixed 
Ends" in table No.4. On the contrary, if the end bearing 
of the strut is to be of uncertain character or fit, it will 
be best to reduce the I'afe load to that in the columns for 
"Round Ends," in the same table. In these working 
tables the calculations are made to apply to the mean thick
nesses of each shape. 'Where more exact results are rp
quired for thicknesses above or below the mean, the true 
rallius of gyration of the section will be found on pages 188 
to 216. But within the range of variation of thickness 
possible for any shape, the tables may be accepted as prac
ticall y correct. 

For I beams, table No. 7 applies to cases where the 
strut is braced in the direction of the flanges, so that 
failure could occur in the direction of the web only. For 
unbraced I struts use table No.8. Likewise for channel 
bars used as struts, and braced to resist failure in the 
directions of the flanges, use table No, 9 same as for latticed 
channels. 

For a pair of latticed channels, which form a more perfect 
colnmn than single rolled sections, the safe loads are given 
for various conditions of the end bearings, as described on 
pages 158 and 159. On the table No.9 the distances D or d 
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for flanges inward or outlYard, respectively, make the radii 
of gyration equal for either direction of axis, parallel to web 
or to the flanges. 

Under each length of struts in the table, l represents the 
greatest distance apart in feet that centres of lateral bracing 
can be spaced, without allowing weakness in the individual 
channels. The distance l is obtained as shown in last ex-

ample, that is, by making + = i-
l = length between bracing. 

L = total length of strut. 
r = least radius of gyration for a single channel. 

R = least radius of gyration for the whole section. 

<----l------> 

~~o~ tj ~ 

~ 0 ~ 
WHO .. u"'""L-----------

It is customary to make l much shorter than given in the 
tables, the figures given being useful as a guide. If a 
column is composed of four angles, forming the corners of 
a square, and properly latticed as explained above, find the 
radius of gyration of the combined section, as described on 
page 186, and then the working resistance from tables Nos. 
2 to 6, or the safe load can be ascertained approximately 
from table No. 16 on page 180 for square columns. 

When a pair of angles are tied together forming a single 
strut 

~--------~ 

take the greatest radius of gyration, around axis A B, in 
column No. IX, page 207, for a single angle as the least radius 
of gyration of the pail', and proceed as before described. 
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PENCOYD X BEAMS AS STRUTS-No.7. 

GREATEST SAFE LOAD IN POUNDS PER SQUARE INCH OF S ECTION FOR 

STEEL or MEDIUM GRADE. 

For siruts secured against failure in the direction of tbe flanges and liable to 
hend only in the direction of tbe web. 

Size oj 
I 

Beam 
in Inches. 

LENGTH IN FEET. 

6 1 8 I 10 1 12 1 14 I 16 I 18 1 20 I 22 1 24 

Greatest saJe load in pounds p er square inch oj section. 

24 r = 9.35 21430119500
1
17780

1

16280
1
15240 

20 r = 7.64 20330 18120116270!15080 14330
1
13810 

18 r = 6.85 2101018520 16390 15040
1
14240 13690

1

13260 

15 r = 5.87 2151018520 16000 14720 13960'13400 12960
1
12670 

12 r = 4.74 21680 18000 15320 14180 13440 1291) 12570 12190
1
11630 

I 0 r~ 3.., '87001'5350 14il5O 1= 12710 '=:11"" 1114O!,_ 

9 r = 3.50 2140T671O 14370 13370 12730 12260 11550 10970 10370 9820 

8 r~ 3.16 197301",.,1137701291012300 1163) ,0990
1
,,,,,,, 9730 9150 

7 r ~ 2.78 17640 ''''''' 13"" 12510 11600 10920 10 lllOi 9510 8870 ,." 

6 r = 2.33 15220
1
13360

1
12520 11540 10630 9810 9030 8290 7580 6910 

6 r~ 1.95 13930112800tl1560 10400 9530 8610 "sol 6950 61001_ 
4 r = 1.58 12910( 630.10320 9150 8060 7040 6100 5220 4400

1

3650 

3 r = 1.18 11610

1 

98901 8380 7010 5770 4640 3620

1 

2860 2370

1 

2000 
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PENCOYD I: BEAMS AS STRUTS.-No. 8. 

GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION F'OR 

STEEL OF MEDIUM GRADE. 

When struts are unsupported, or free to bend in the direction of the flanges. 
r - least radius of gyration for mean thickness of each shape. 

LENGTH IN FEET. gt 
._ .0 Size Of Beam 
~ ;: in Inches. 
~~ 

4 I 6 1 8 110 112 114 r 16 ~ 1 20 1 22_ 

Grea/e./ safe load in pounds per square inch of sectton. 

240.13 24 r = 1.33 14080 123201 1063019210179201674015660i4650137~1301O 
200.13 20 r = 1.18 13420 11590 98901838017010577014640 3620 2860 2370 
203.13 r = 1.27 13800 12080 10350 890017580 6370 5260 4250 335012730 
206.13 r = 1.38 14290 12480110870 94601819017030159601497014060 3260 

180.13 18 r = 1.12 13150 11340 9560 8000 6600 5330 4180 3210 2570 2150 
183.13 r = 1.20 1350011700100008500171401591047803750129602440 
186.13 r = 1.32 1404012290 10580 9160 7870 6680 5590 4590 367012960 

150B r = 1.07 12970 11080 9250 7660 6230 4940 3780 2900 2360 1960 
152B 11: ,. = 1.13 13210 11390 96108070 6670154104260 3270 2610 2190 
154B V r = 1.24 13670 11940 10210 8730 7390

1

6180 5060 4040 3180 2600 
156.13 r = 1.32 1403012290 10580 9160 7870 6680 5590 4590 3670 2960 

120B r = 1.00 12730 10640 8790 7140 5680 4360 3240 2530 2070 1690 
122B 12 r = 1.09 13050 11180 9380 7800 6380 5100 3940 3020 2440 2030 
124B r = 1.19 1346011650 99508440 708015840 4710 3680 2910 2410 
125B r = 1.24 13670 11940 10210 8730 7390

1

6180 5060 4040 3180 2600 

100B 10 r = 0.94 12550 10270 8350 6660 5150 38102830 2260 1820 1450 
102.13 r = 1.03 12830 10820 8990737059204620 3460 2680 2200 1810 

90.13 9 r = 0.87 12230 9780 7780 6030 44903200 2430 1940 1520 

80.13 8 r = 0.81 11770 9310 7240 5440 38602740 2130 1650 1250 

70.13 7 r = 0.76 11430 8880 67404900 3330 2420 1870 1410 

60.13 r = 0.69 10870 8210 596014060 2710 2020 1490 
6313 6 r = 1.11 13130 11290 9500 7930 6530 5250 4100 3150 2530 2110 
67.13 r = 1.24 13670 11940 1021018730 7390 6180 5060 4040 3180 2600 

50B 5 r = 0.63 10seO 7520 5200 3290 2280 1650 

40.13 4 r = 0.57 9670 6740 12660 1870 1270 
30.13 3 r = 0.52 9060 6000 3550 2240

1

1510 
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TA BLE OF STRU TS.-No. 9. 
LATTICED CHANNEL STRUTS. 

GREATE 8 T s" ra: LOA DS I N P OUND S PEA S Q UA R E IN CH 0 " SECT I ON ro .. 
ME D I U M S TE EL. 

For a pair of braced channels, or for a single cbannel secured 
from flexure in the direction of flanges and liable to fail only in 
the direction of the web CD. 

T in tho marginal columns gives the radius of gyration for axis 
A B, or for either axis of the combined pair of channels. See 
description, page 167. 

LENGTH IN FEET. 

Size oj 
Channels. 

Omdi-
lion oj 6 I 8 I 10 I 12 I 14 I 16 I 18 I 20 
Ends. 1---'------'---'---'----'----'---

15 ins. Fixed. 
T = 5.49 }' Iat. 

D= 12.48 Hinged. 
d= 9.14 Round. 

1 2 ins. Fixed. 
T = 4.42 Flat. 

D = 10.18 Hinged. 
d= 7.25 Round . 

10 i!ls. Fixed. 
T = 3.66 Flat. 

D = 8.55 Hinged. 
d= 5.80 Round. 

9 ins. Fixed. 
T= 3.38 Flat. 

D = 7.90 Hinged. 
d = 5.34 Round. 

8 ins. Fixed. 
r = 3.00 Flat. 

D = 7.08 Hinged. 
d = 4.62 Round. 

'1 ins. Fixed. 
T = 2.60 Flat. 

D = 6.22 Hinged. 
d= 3.85 Round. 

6 ins. Fixed. 
T = 2.24 Flat. 

D = 5.44 Hinged. 
d = 3.21 Round. 

Greatest soje load in poun!l.r per square inch oj section. 

22000 22000 20420 17430 15280114250113590 13080 
22000 22000 20420 17430 15280 14250 13590 13080 
22000 22000 19720 16740 14630113600 12900112300 
22000 22000 18670 15460 13630 12580 11720 11020 

Loa 1.381 1.721 2.06 2.41 2.761 3.10 3.45 
22000

1

20520 16870 14760 13770 13110 12690 12310 
22000 20520 16870 14760 13770 13110 12690 12310 
22000 19810 16180 14090 13100 12330 11790 11390 
220001 18790 149401 13130 11970 11060 10400 9810 

1.10 1.47 [ 1.84 2.20 2.571 2.9.1 3.301 3.~7 
22000 17440 14700 13590 12890 12450 11810 11220 
22000 17440 14700 13590 12890 12450 11810 11220 
22000 16740 14040 12900 12060 11520 10920 10280 
22000 15460 13070 11720 10730 10010 9270/ 8540 

1.22 l.6a 2.03 2.44 2.85 3.25 3.66 4.07 
208101162001141701 13190 12620112070 11380 10720 
20810 16200 14170 13190 12620 12070 11380 10720 
20100 15540 13500 12430 11720111160 104401 9770 
19130 14390 12470 11180 10330 9530 8730 7950 

1.2.'; 1.671 2.08 ) 250

1 

2.92 3.33 3.75 4.17 
18880 14900 13500 12730 12160 11370 10640 10000 
18880 14900 113500 12730 12160 111370 110640 10000 
18170 14240 12800 11870 11240 10430 9680 8900 
16950 13270 11600 10490 9630 8720 7850 7070 

1.33 1.78 2.22 2.66 3.11 3.55 4.00 4.44 
16570 13930 12870 12220 11320 10490 9770 9100 
16570 13930 12870 12220 11320 10490 9763 9060 
15900 13260 12040 11300 10370 9500 8620 7780 
14700 12180 10700 9690 8650 7670 6770 5890 

1.45 1.94 2.42 2.91 3.39 3.88 4.36 4.85 
14860 13170 12360 11340 10400 9580 8800 8210 
14860 13170 12360 11340 10400 9560 8760 8000 
14200 12400 11440110380 9390 8380 7410 6610 
13240 11140 9900 8690 7550 &:i10 5520 4730 

1.55 2.06 2.58 3.09 3.61 4.12 4.64 5.16 
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TABLE OF STRUTS.-No. 9. 
LATTICED CHANNEL STRUTS. 

GAEAT~aT SAFE LOADS IN POUNDS PEA SQUARE INCH 0,. SECTION FOR 
STEEL 0" MEDIUM GRADE. 

Tbe cbannels must be connected 80 as 

to insure unity of action, and separated [ -"D .] -- < 

J [
not less tban the distances D or a re-

d 
spectively given in inches in the margi
nal column. Figures in smaller type 
under eacb length represent tbe greatest 
distance apart in feet on eacb chRnnel 
tbat centres oflateral bracing should be 
placed 

LENGTH IN FEET. 

I I I I I I I 
CXJndi- Size of 22 24 26 28 30 32 34 36 tion of 
Ends. Channell, 

Greatest safe load in pounds per square inch of section. 
--- - --

1Z720 12450 12070 1 11590 111220 110830 '10450 110100 Fixed. US ins. 
lZ720 12450 12070 11590 11220 10830 10450 10100 Flat. r = 5.49 
11860 11520 11160 10690 10280 9810 9450 9040 Hinged. D= 12.48 
10480 10010 9530 9030 8540 8060

1

7620 7200 Round. d= 9.14 
3.79 4.14 4.48 4.83 5.17 5.52 5.86 6.19 

11730 11260 10760 10320 9890 9490 9100 8710 Fixed. 12 ins. 
11730 11260 10760 10320 9890 9470 9060 8660 Flat. r = 4.42 
10830 10320 9780 1}300 8770 8Z70 7780 7290 Hinged. D= 10.13 
9170 8590 7990 7470 6930 6400 5880 5400 Round . d= 7.25 
4.04 4.41 4.77 5.14 5.61 5.87 6.24 6.61 

10630 10110 9610 9130 8670 8310 8000 7690 Fixed. 10 i!ls. 
10630 10110 9590 9100 8620 8160 7700 7Z70 Flut. r= 3.66 
9670 9040 8420 7820 7240 6750 6320 5900 Hinged. D= 8.55 
7840 7200 6560 5930 5350 4880 4450 4040 Round. d= 5.80 
4.47 4.88 5.29 5.69 6.10 6. 50 6.91 7.32 

10150 9610 9100 8590 8240 7900 7550 7130 Fixed. 9 ins. 
10150 9600 9060 8540 8040 7560 7090 6650 Flat. r = 3.38 
9100 8420 7780 7140 6650 6180 5730 5290 Hinged. D= 7.90 
7260 6560 5890 5250 4770 4320 3880 3460 Round. a= 5.34 
4.58 5.00 5.42 5.85 6.25 6.67 7.09 7.50 

9410 8830 8360 7970 7590 7120 6650 6230 Fixed. 8 ins. 
9380 8790 8220 7670 7140 6630 6150 5880 Flat. r= 3.00 
8160 7450 6820 6280 5770 5Z70 4790 4310 Hinged. D= 7.08 
6290 5560 4940 4420 3920 3450 3000 2600 Round. d= 4.62 
4.88 5.33 5.77 6.22 6.66 7.10 7.55 7.99 

8480 8030 7590 7050 6500 6060 5640 5180 Fixed. 7 ins. 
8390 7750 7140 6560 6000 5460 4950 4450 Flat. r= 2.60 
6990 6360 5770 5200 4640 4080 3530 3050 Hinged. D= 6.22 
5100 4490 3920 3380 2870 2440 2050 1760 Round. d= 3.85 

5.33 5.81 6.30 6.78 7.27 7.75 8.23 8.72 
7690 7090 6450 5950 5460 4910 4350 3850 Fixed. 6 ins. 
7280 6600 5950 5330 4740 4180 3660 3210 Flat. r = 224 
5910 5240 4590 3940 3320 2800 2330 2010 Hinged. D= 5.44 
4050 3420 2820 2340 1900 1820 1360 1140 Round. a= 3.21 

5.67 6.19 6.70 7.22 7.73 8.25 8.77 9.28 
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PENCOYD CHANNELS AS STRUTS-No. 10. 

GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION FOR 

STEEL OF MEDIUM GRADE. 

When struts are unsupported, or free to bend in the direction of the flanges. 
r = least radius of gyration for mean thickness of each size. 

Size oj 
LENGTH IN FEET. 

Section Chan· .2 I 4 I 6 I 8 110 112 114 I~~ Number. nels 
in 

Inches. Greatest safe load in pounds p er sq. in. of section. 

15 
89901737015920 154C-155C 1"'=1.031936012830 10820 4620 3470 2680 2200 

150C-153C r= .90 17160 12380 10000 803T31014780 3460 2590 2070 1660 

12 
123C-124C r= .9518040

1

12570 10340 8430 6740 5240 3910 2900 2300 1870 
120C-122C r= .791532011630 9150 704052203650 2610 2020 1560 

128C 1"'= .7014370

1

10970 8300 608041802790 2070 1540 

10 
102C-104C r= .771515011490 8970 684050103440 2480 1920 1450 
100C-lOlC r= .71 14470 11050 8400 6200 4300 2880 2130 1600 

9 
92C- 93C r= .73 14680 11200 8600 6420 4550 3060 2250 1710 1250 
90C- 91C 1"'= .67 14130 10670 7980 5720 3790 2560 1900 1370 

8 
82C- 84C r= .69 14290 10870 8210 5960 4060 2710 2020 1490 
8OC- 8lC 1"'= .62 13670 10210 7400 5060 3190 2210 1590 

7 
72C- 74C "= .6614030 10580 7860 5590 3670 2480 1840 1320 
70C- 71C r= .58 13340 9790 6880 4490 2760 1940 1330 

6 
6lC-63C 1"'= .59 13420 9890 7010 4640 2860 2000 1400 

60C 1"'= .54 13010 9310 6310 3860 2400 1660 

5 
50C- 52C 1"'= .49 12680 8650 5500 3100 2020 1280 

4 
40C- 42C 1"'= .45 12380 8030 4780 2590 1660 I 

3 
30C- 32C 1"'= .4212040 ~20~8l280 1390

1 

I 
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PENCOYD Z B ARS AS STRUTS.-No. 11. 

GREATEST S AF E LOAD S I N POUND S PER S QUARE I N CH Of' SECT I ON FOR 

STEEL OF MEDIU M GRADE. 

1Vben struts are uusupported, or free to bend in the direction of the flanges. 

Sec. 
No. 

677-
r = .81 

64Z 
r = .81 

617-
r = .83 

56Z 
r = .72 

547-
r = .74 

51Z 
r = .75 

47Z 
r = .66 

44Z 
r = .65 

41Z 
r= .65 

34Z 
r= .54 

317-
r = .55 

T = least radius of gyration for mean thickness of each size. 

Size 
in inches. 

LENGTH IN FEET. 

3 ",6ft<3"" I 155001117001931J240I-I-I
"4il 2,,,,1'650 

3 .,<6ft<3,'.,'<; ""''1''700

1

,,"0 724il54'Tooi"1O 2,30
1
,650 

3f.rx6,\-x3foxft 1595011970948074305540407028902230 1750 

31f4x5 x31f4xH 146801120086006420455030602250171011250 

3:J'~x5,\-x3i'~xfo 147901129087006530467031502310 1760

1

1300 

31f4X5,\-x31f4X3/S 14900 11370 8790 664047803240 2360 1810

1

1360 

31fsx4,\-x31fsx}i 14030105807860 5590 3670

1

2480 1840

1

1320
1 

3{,x4,\-x3i:J-x~ 140801049077505460 3550 2410 1770 1260 

2U<""<2j;<" 14000 11400 7750 5400 3550
1

2410 17J1260 

2H-x3{,x2UxH 13010 9310 6310 3860 2400 1660 

2ll""''''!!''' 13090 - 1"""1402'1"8+20 
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PENCOYD ANGLES AS STRUTS.- No. 12. 

GREATEST SAFE LOAD IN POUNDS PER SQUAR E IN C H or S ECTION FOR 

STEEL OF MEDIUM GRADE . 

r = least radius of gyration for mean thickness of each size. 

Size oj 
Angie 

in Inches. 

8 x8 
r = 1.59 

6 x6 
r=1.19 

5 x5 
r = .99 

4 x4 
r = .79 

3~x3~ 
r = .69 

3 x3 
r= .59 

234 x 234 
r = .55 

2~x2~ 
r = .49' 

21£t x 21(4 
r = .44 

2 x2 
r = .39 

134 x 134 
r= .36 

1~x 1~ 
r = .28 

11£t x 11(4 
r= .26 

I x l 
r= .21 

LENGTH IN FEET. 

2 I 4 I 6 I 8 I 10 I 12 I 14 I 16 I 18 I 20 

Greatest safe load in pounds per square inch oj section. 

15360
1
12940 

I I 
11670 10360 9190 8100 7090 6160 5280 

217501"""111560 36801 2910 9950 8440 7080 5840 4710 
I 

24801 2030 18710

1

1270010580 8720 7060 5590 42701 3170 

::1::1:: 7040 5220 3650 15601 2610, 2020 

201Oi'480 
I 

5980 4080 2700 

I '1 98°°i 7010 4640 2860 2000 1400' I 

13090: 94401 6450 4020 2480 1720 

126801 8650 5500 3100 1990 1280 

I 1 

12290i 7860

1

4590 2480 1570 

1970 11560, 6950

1

3550 

11130 63101 2960 1660 

9560 41801 1800 

oo+~ 1510 

75201 22801 
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PENCOYD TEES AS STRUTS- No. 13. 

GREATEST SAFE LOAD IN POUNDS PER SQUARE INCH OF SECTION FOR 

STEEL OF MEDIUM GRADE. 

r = least radius of gyration of each size. 

LENGTH IN FEET. 
Size of 

2 I I 6 I I I 12 I 14 I 16 I 18 I 20 Tee in 4 8 10 
inches. 

G1"eatest safe load in pounds pm" square inch of sect'ion. 

4x4 16280 12110 9640 7610 5840 4280 3040 2330 18401 1430 
r = ~5 

3~x3~ 
r = .73 14680 11200 8600 6420 4550 3060 2250 1710 1250 

3x 3 13670 10210 7390 5060 3190 2210 1590 r = .62 

2~x2~ 13010 9310 6310 3860 2400 1660 r = .54 

2lf4 x 2lf4 12600 8500 5330 2960 1910 1200 r = .48 

2x2 11870 7330 3970 2170 1290 r = .41 

Pit x Flit 11130 6310 2960 1660 r=.36 

1~x1~ 10400 5330 2340 1200 r = .32 

1~ x llf4 10000 4780 2070 
r = .30 

1 x 1 9060 3540 1510 r=.26 
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COLUMNS OF ROUND AND SQUARE SECTION. 

Experiments on columns of this class arc not very com
plete, especially as denoting the comparative values for the 
various end conditions. The following tables, Nos. 14 to Hi, 
are derived partly from experiment on actual columns, ex
tended and completed by comparison with the experiments 
on rolled struts from which all our previous tables of strut 
resistances are derived. 

Table No.4, page 163, is taken as the basis [or the working 
values. On account of the more perfect symmetry of form 
possessed uy round and square sections than the shapes for 
which this table was especially calculated, the safe loads 
pel' square inch of section are increased ten (10) per cent. 
for round columns,and five (5) per cent. for square columns. 
That is, the factors of safety previously given remain the 
same, the ultimate strength is supposed to be 10 and 5 per 
cent. respectively greater than the rolled struts. 

The tables are calculated for certain thicknesses, varying 
from i inch for 2-inch diameter up to ~ inch for 12·inch 
diameter, as marked in the margins. At the same place 
R represents the radius of gyration for the diameter and 
thickness gi\'en. When the thickness varies but a little 
from that given, the strength per square inch of section can 
be accepted as practically unchanged. But when the varia
tion becomes of importance, the radius of gyration corre
sponding to the altered thickness will have to be obtained, 
and the strength of the column then ascertained from table 
No.4, as heretofore described. 

The following table gives the values of the radius of 
gyration for round and square columns from 2 to 12 inches 
diameter, and from T'o of an inch to 1 inch thick. 

Example for Round Column: 
'Yhat is the greatest safe load for a flat-ended round 

column 6 inches outer diameter, t inch thick, 8.64 square 
l 

inches area, and 18 feet long, l' = 1.95 r = Ill? By table 

"0. 4, the corresponding safe load = 7,730 Ibs. + 10 per 
cent. = 8,500 Ibs. per square inch of section, or 73,440 Ibs. 
for the column. 
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No. 14. 
RADII OF GYRATION FOR ROUND 

COLUMNS . 

Thickness in Inch .. J"arying by Tenths. 

- --
I I I~I-=- I I I I I .1 .2 .3 .6 .7 .8 .9 1.0 

--
Correspond ing Radius of G!lration, in I nches. 

- - -- - - - --
.67 .64 .61 .58 .56 .54 .52 .51 .50 .50 

1.03 .99 .96 .93 .90 .88 .85 .83 .81 .79 
1.38 1.35 1.31 1.28 1.25 1.22 1.19 1.16 1.14 1.12 
1.73 1.70 1.66 1.63 1.60 1.57 1.54 1.51 1.48 1.46 
2.08 2.05 2.02 1.98 1.95 1.92 1.89 1.86 1.83 1.80 
2.43 2.40 2.36 2.33 2.30 2.27 2.24 2.21 2.18 2.15 
2.79 2.76 2.72 2.69 2.66 2.62 2.59 2.56 2.53 2.50 
3.15 3.11 3.08 3.04 3.01 2.m 2.94 2.91 2.88 2.85 
3.51 3.47 3.44 3.40 3.37 3.33 3.30 3.27 3.23 3.20 
3.86 3.82 3.79 3.75 3.72 3.68 3.65 3.62 3.58 3.55 
4.21 4.18 4.15 4.11 4.08 4.04 4.01 3.m 3.94 3.90 

I~ADII OF GYRATION FOR SQUARE 
COLUMNS. 

- -
Thickness i " Inches Varying by Tenths. 

-
.1 I .2 I .3 I .4 I .5 I .6 I .7 I .8 I .9 I 1.0 

ClJrresponcling Radius oj Gyration, 'in Incites. 
--

2 :78 .74 .71 .68 .65 .63 .61 .59 .58 .58 
3 1.18 1.14 1.11 1.08 1.04 1.01 .98 .96 .93 .91 
4 1.59 1.55 1.51 1.47 1.44 1.41 1.38 1.35 1.32 1.29 
5 2.00 1.96 1.92 1.89 1.85 1.81 1.78 1.75 1.71 1.68 
6 2.41 2.37 2.33 2.29 2.25 2.21 2.18 2.15 2.11 2.08 
7 2.82 2.78 2.74 2.70 2.66 2.62 2.58 2.55 2.51 2.48 
8 3.23 3.19 3.15 3.11 3.07 3.03 2.99 2.96 2.92 2.89 
9 3.63 3.59 3.55 3.51 3.48 3.44 3.40 3.36 3.32 3.29 

10 4.04 4.00 3.96 3.92 3.88 3.84 3.80 3.77 3.73 3.70 
11 4.45 4.41 4.37 4.33 4.29 4.25 4.21 4.17 4.13 4.10 
12 4.86 4.82 4.78 4.74 4.70 4.66 4.62 4.58 4.54 4.51 

177 



STEEL COLUMNS.-No. 15. 
ROUND SECTION. 

GREATEST SAFE LOADS IN POUNDS FOR SQUARE INCH OF SECTION. 
MEDIUM STEEL. 

By this table for the same ratios of -$:- the safe loalis are increased 10 per 
cent. over the results obtained for previous tables, as given in table No.4. 

Size of 
Colwnn. 

Condi· 
tion of 
Ends. 

LENGTH IN FEET. 
-,-----;--; 

2 I 4 1 6 I 8 1 10 I 12 T 14 1 16-1-1-8 

Greatest Safe Load in Pounds 1'''' Square Inch of Section. 

~ Fixed. 23000 23000 230001z0920'17050'15570 14630114030 13590 
Dian.eter. Flat. 23000 23000 23000 20920'17050 15570 14630 14030 13590 
~"thick. Hinged. 23000 23000,23000 20140116390 14810 13810 13090 12580 
R = 4.03 Round. 23000 23000

1
23000

1

18760 15260113670112450111590 10880 

10 ins. Fixed. 23000 23000 22810 17780 15570 14500 13870 13260 12500 
Diame.ter. Flat. 23000 23000 22810 17780 15570 14500 13870113260 13500 
~" til ick. Hinged. 23000 23000 22030 17040 14830 13660 12880 12260 11460 
R = 3.37 Round. 23000 23000120950 15780 13690

1
12280

1
11340 10470 9580 

8 ins. Fixecl. 23000 23000 18600 15490 14250 13550 12570 11690 10900 
Diameter. Flat. 23000 23000 18600 15490 14250 13550 12570 11690 109\)() 
f'th ick. Hinged. 2300023000 17850 14740 13350

1

12540 11560 10630 9670 
R = 2.66. Rounu. 2300023000 16480 13590 11910 10820

1 

9690 8620

1 

7650 

6 ius. Fixed. 230002077015510 14000 12870 11700 10670 9720 8980 
Diameter. Flal. 230002077015510 14000 12870 11700 10660 9670

1
1 8730 

ii' thick. Hinged . 23000 19990 14760 13060
1

11880

1

10650 9390 8190 7200 
R = 2.00 Round. 23000 18650 13610 11540 10040 86401 7350 6110 5140 

IS ins. Fixed. 23000 17350114370 13060111600 10360 9280 8500 7590 
Diamete,·. Flat. 23000 17350 14370

1

13060 11600 10340 9180 8070 7050 
~"thick. Hinged . 23000 16630 13500 12080 10520

1

9000, 7620 6550 5550 
R = 1.64 Round. 12300015430 12090 10270 8500 69401 5550 4510

1 

3560 

4 ins. Fixed. 23000 15490 13550 11690 10170 8970 7940 6830 5910 
Diamete r. Flat. 23000 15490 13550 11690

1

10140 87101 7420 6220 5120 
t n thick. lIiuged. 23000 14740 12540 10630 8760 7180 5920 4710 3560 
R = 1.33 Rouud. 230001359010820 8610 6680 5120 3900 2850

1 

2040 

3 ins. Fixed. 207701400011700 97201 8350 68501 5590 4280 3300 
Diameter .. F lat. 2077014000

1

11700 9670 7850 6250 4790 3560 2790 
l~" thick. l£in geu. 1999013060 10650 8190 6350

1

4740 3250 2230 1620 
R = 1.00 Round. 18650 11540 8640 6110

1 

4310 2860

1

1880 1270 910 

2 ins. Fi)(ed. ]5450 11640

1

8920 67801 4810 3230, 2290 1760 
Diameter. Flat. 15450 11640 8650 6150 4040

1

2730 2020 1450, 
1/' thi ck. Hinged. 14700 10570 7120 4640 2580 1580

1

1090 790 
R = 0.66 Round. 135301 8560 5060 2790 1510 890 630 450

1 
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STEEL COLUMNS.-No. 15. 
ROUND SECTION. 

GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION FOR 
MED I UM STE E L . 

Tbe calculations are based on the thicknesses and radii of gyration marked 
under the diameters on marginal columns. See description. 

L EN G Til IN FE ET. 

20 122 1 24 126 1 28 1 30 1 32 1 34 1 36 

Grealest Sofe Load in Pounds pel' Square Inc" oj Section . 

Cond i
l ion oj 
B'nds. 

Size oj 
Column. 

12930112350
1
11750111230 10730 110240! 9770 9340 902O IF~e~ 1~ 

1:2930 12350 11750 11230 10710 10220 9730 9260 8800 Flat. Diameter 
11940 /11310 10700 10080 9450 8850 18260 77107260 Hinged. % "thick. 
10110 9400 8690 8070 7410 6770 6180 56305200 Round. R = 4.03 

11770 11150 10550 9980 9430 9040 18670 82807820 Fixed. 10 ins. 
11770 11150 10540 9950 9370 8830 18290 7780 7290 Flat. Diameter. 
10730 9990 9230 8520 7830 7300 6770 6270 5790 Hinged. y. " thick. 
8720 7960 7180 6450 5750 5230 4730 4240137801 Round. R = 3.B7 

10170 9460 8970 8490 7940 7350 8830 63805910 Fixed. 8 ins. 
10130 9410 8710 8050 7420 6810 6220 5660 5120 Flat. Diameter. 
8760 7870 7180 6540 5920 5310 4710 4110 3560 Hinged. y." thick. 
6680 5790 5120 4500 3900 3340 2850 242020401 Round. R = 2.66 

8350 1 7570 6850 6250 5590 4910 4280 3760
1

3300 Fixed. 6 in s. 
7850 7030 6250 5500 4790 4120 3560 3130 27tlO Flat. Diameter. 
6350

1

5530 4740 3940 3250 2640 2230 1910 1620 Hinged. %" thick. 
4310 3540 2860 2300 1880 1550 1270 1060 910

1 

Round. R = 2.00 

6730 5990 5160 4350 3720 3180 2800 2430 12110 Fixed. 5 in s. 
6100 5200 4370 3630 3100 2700 2390 2120 1870 Flat. Diameter. 
4580 3630 2860 2280 1880 1550 1320 1160 1000 Hinged. %" thick. 
2750 2080 1670 1300 1050 870 760 670 590 Round. R = 1.64 

4880 4000 3280 2790 2330 2010 1790 Fixed. 4 in s. 
4100 3310 2760 2380 2050 1760 1480 Flat. Diameter. 
2620 2050 1610 1320 1110 940 800 Hinged. X "thick. 
1540 1150 910 760 650 550 460 Round. R = 1.33 

2650 2100 1800 Fixed. 3 ins. 
2280 1860 1490 Flat. Diameter. 
1250 1000 810 Hinged. 19" tbi ck. 
720 580 460 Round. R = 1.00 

.Fixed. 2 ins. 
Flat. Diameter. 
Hinged. Ys" lhick. 
Round. R = 0.66 
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STEEL COLUMNS.-No. 16. 
SQUARE SECTION. 

GREATEST SAFE LOADS IN POUNDS FOR SQUARE IN CH OF SECTION FOR 
MEDIUM STEEL. 

By this tahle for the same ratios of + lhe safe loads are increased 5 per 
cent. over the results obtained for previous tables, as given in t.able No.4. 

LENGTH IN FEET. 

Size oj Condi-
Column. tion of 

End8. 
2 1 4 1 6 1 8 I 10 1 12 1 14 1 16 I"J;-

12 ius. 
Side. 

~" thick. 
R = 4.65 

10 ins. 
Side. 

!" thick. 
R = 3.87 

8 ins. 
Side. 

!" thick. 
R = 3.07 

6 ins. 
Side. 

~' thick. 
R = 2.30 

5 ins. 
Side. 

i" thick. 
R = 1.89 

4 ins. 
Side. 

i" thick. 
R = 1.53 

3 ins. 
Side. 

T1;"thick. 
R = 1.15 

2 ins. 
Side. 

~" thick. 
R = 0.77 

Greatest safe load in pounds per square inch oj section. 

Fixed. 230001230001230002240011858011596011478011402013490 
Flat. 2300012300012300022400118580'15960 14780' 14020 13490 
Hinged. 2300023000 23000 21650'17850 15240 14070'13240 12610 
Round. 230002300023000 20680i1651Oi14190 12960111950 11200 

Fixed. 230002300023000 19240115960 14580 13760,13260 12790 
Flat. 23000 23000 23000192401596014580137601326012790 
Hinged. 2300023000

1

2300018510
1
15240

1
138801295011232011820 

Round. 23000230002300017180141901127301162011085010130 

Fixed. 2300023000 20220 15870 14300 13450 12890112050
1
11320 

Flat. 23000230002022015870143001134501128901205011320 
Hinged. 23000230001948015160135801257011930'1 1109010280 
Round. 230002300018120141201235011115010250 9320 8410 

Fixed. 230002219015870139601131101204011108010230 9390 
Flat. 230002219015870139601131101204011080:10220 9390 
Hin ged. 230002144015150 13170 12120 11090 10050 9010 8010 
Round. 2300020460141101187010550 9320 8130 7060 6030 

Fixed. 23000 18850 14440 13190 11980 10820 9810 8900 8260 
Flat. 23000 18850 14440 13190 11980 10820 9780 8810 7890 
Hinged. 23000 18110 13740 12220 11000 9740 8490 7330 6440 
Round. 23000 16770 12550 10720 9210 7830 6510 5350 4490 

Fixed. 23000 15840 13440 12030 10630 9420 8480 7630 6670 
Flat. 23000 15840 13440 12030 10630 9380 8200 7130 6130 
Hinged. 23000 15130 12550 11070 9520 7990 6740 5700 4700 
Round. 23000 14090 11130 9300 7590 6020 4780 3780 2860 

Fixed. 22190 13960 12040 10230 8760 7650 6440 5390 4270 
Flat. 22190 1396012040 10220 8610 7150 5840 4630 3580 
Hinged . 21440 1317011090 9010 7140 5720 4390 3150 2260 
Round. 20470 10870 9320 7060 5160 3790 2640 1830 1300 

Fixed. 15910 12060 9460 7680 5970 4320 3080 2300 1800 
Flat. 15910 12060 9420 7190 5260 3610 2600 2020 1530 
Hinged. 15190 11110 8050 5750 3780 2290 1510 1100 830 
Round. 14140 9350 6070 3830 2200 1320 850 630 460 
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STEEL COLUMNS.-No. 16. 
SQUARE SECTION. 

GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION FOR 
MEDIUM STEEL. 

The calculations are hased on the thicknesses and radii of gyration marked 
under the diameters in marginal columns. See previous description. 

LENGTH IN FEET. 

20 I 22 I ~4 I I I I 32 I 34 I 36 
Condi- Size oj 26 28 30 lion of Col~'rnn. 
Ends. 

G" eatest safe load in pounds pe,. squm'e inch oj section. 
----

12680
1
12110 1164011115011072010300 13150 9900 9510 Fixed. 12 ins. 

13150 1268T2110 11640 11150 10720 10290 9880 9470 Flat. Side. 
12160 11720 11160 

1066"['0140 """ 9100 "'" 
8110 Hinged. i" thick. 

10610 10010 9400 8780 8220 7700 7160 6630 6120 Round. R = 4.65 

12090 11550
1

10970 10450 9970 9500 9040 8700 8390 Fixed. 10 ins. 
12090 11550 10970 10450 9950 9460 8980 8530 8080 Flat. Side. 
11150 10530 9920 9300 8690 8100 7520 7060 6620 Hinged. !" thick. 
9380 8660 7990 7360 6720 6110 5530 5080 4660 Round. R = 3.87 

10650 10030 9440 8900 8500 8110 7650 7170 6690 Fixed. 8 ins. 
10650 10020 9400 8810 8230 7690 7160 6660 6160 Flat. Side. 
9550 8770 8020 7330 6770 6240 5730 5220 4730 Hinged. !" thick.' 
7610 6810 6040 5350 4800 4290 3800 3330 2890 Round. R = 3.07 

8760 8230 7650 7000 6440 5940 5390 4830 4270 Fixed. 6 ins. 
8610 7860 7150 6480 5830 5220 4630 4070 3580 Flat. Side. 
7140 6410 5720 5050 4390 3730 3160 2650 2260 Hinged. j/ thick. 
5160 4450 3790 3170 2640 2170 1830 1550 1300 Round. R = 2.30 

7540 6750 6130 5500 4800 4140 3620 3150 2810 Fixed. 5 ins. 
7030 6220 5460 4740 4050 3460 3010 2660 2390 Flat. Side. 
5600 4800 3990 3260 2630 2170 1640 1550 1330 Hinged. i" thick. 
3680 2940 2350 1880 1540 1240 1030 870 770 Round. R = 1.89 

5920 5090 4250 3590 3040 2640 2270 1970 1780 Fixed. 4 ins. 
5200 4330 3560 2990 2570 2260 1990 1740 1500 Flat. Side. 
3710 2880 2240 1820 1480 1250 1080 930 810 Hinged. til thick. 
2150 1680 1290 1020 830 720 620 540 450 Round. R = 1.53 

3390 2780 2280 1920 1660 Fixed. 3 ins. 
2840 2370 2000 1670 1370 Flat. Side. 
1700 1320 1090 890 740 Hinged. N'thick. 
950 760 630 520 420 Round. R=1.15 

Fixed. 2 ins. 
Flat. Side. 
Hinged. i" thick. 
Rouud. R = 0.77 

- ----- --- - - -
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MOMENTS OF INERTIA OF STANDARD 
SECTIONS. 

When not otherwise specified, the inertia is the greatest 
around centre of gravity, or for horizontal axis in figures . 

., A = total area of section. 
: 

I, axis x y = 

I BEAll{ SECTION. 

CHANNEL SEGrION. 

8 = taper of flange. 
r - _8_ . 

- b-t 

- In bh3 
- 8~ ( k4 - l4 ) 

II I = 12 

2mb3 + ltB +.r: (b4 _ t<) 
I, axis xy = 32 - -Ad~. 

mb2 + ~2+.~ (b _ t) (b +2t) 
d = A . 

DECK BEAll{ SECTION. 

8 = taper of flange. a = area of bulb. 
8 

I o = m- S ' 
r:';L, _____ -. I = 4 7r k4 + (w - k)k8 + al' + Jc:.B+ bd3 
k + --" 1 64 12 3 3 
t I r i h _ mB (b - t) + (b - tls3 + 8 (b - t) 0

2 

:' :) I 3 36 2' 
~ . 0---" ! ( 8)'3 ... - ~ILI p+ u 

<---iJ:-" . I . _ ak' + ntB + "4 
• ) aXIS xy - 12.4 12 12 

a (2 h- k) + t (h- k)2+ (b- t) p2+ 8 (b-t) (p +~) 
d = 2A 
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,J:L' 10 ' h 
tGJJ + bds - (b - t) a3 

I = 3 . 
r . , 

f"~~ --l- ~ +---
d 

a , 
I , 

. ib8 + (h - f) tB• 
I, aXIS xy = 12 

~----t----~ d bi2 + t (h2 
- J2) 

2A 

ANGLE SECTION. 

xy passes through centre of gravity parallel to ee. 

. 2d4 -2 (d-t)'+ t [b-(2d-~) r 
I aXIS xy = 3 . For 

even angles. 
A close approximation for the latter is the following: 
~ , Ab2 

'" \ !U I, axis xy = 25' For even angles. 

~\~' +1 AJ>2b2 
1 '\, I.' 'F 1 f \ ;''1. ' aXIs xy 13 (h2+b2 )' 01' uneven ang es. 
t ~ t~f';:-- A close approximation for I, axis xy is 

1 "tf'ki1\ . o. + c2 
<--+-b·-¥ \ : I. aXIs xy = X A , 

'v 'Y ' B (02 + c2) 

in which 0 = long leg; c = short leg; A = area of angle; 
B is a constant which will vary with the ratio of length of 
legs as follows: 

Even Legs B = 12.75. 
Ratio of Legs 1: I} B = ]2.9. Ratio of Legs 1: I j B=13.4 
Ratio of Legs 1 : 1~ B = 13.1. Ratio of Legs 1 : 2 B=13.7 

bt2 + t (h2 _t2) 
d = - - 2A--' . For even and uneven angles. 
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d' = hL2 + t (b2 
- t

2
) For uneven angles. 

2A 
In uneven angles the distance from centre of gravity in 

direction of the long leg exceeds that in the direction of the 
short leg by half the difference in the length of the two legs. 

In angles and tees of equal legs and thickness 

d = t (b + % t ) nearly. 

INERTIA OF COMPOUND SUAPES. 

"The moment of inertia of any section about any axis is 
equaJ to the I about a parallel axis passing through its cen
tre I)f gravity + the area of the section multiplied by the 
square of the distance between the axes." 

By use of this rule, the moments of inertia or radii of gyra
tion of any single sections being known, corresponding val
ues can readily be obtained for any combination of these 
sections. 

A 

E -~il--i--",,--f-- ~-"- Example No. I.-A combination of 
~ i ~! ',f.;p two 9" channels of 3.89 square inches 

c--- -t----l- L_. --0 section, and two 12 X t plates as 
• I 

E'T/'i-- i- -r---E shown. 
Ll_:C. I \ 

~·--4:f:~~ 
B AXIS A B OF SECTION. 

I for two channels, col. V, page 192, 

12X253 
} I for two plates = 12' X 2 = .03125 

6 (area of plates) X 4P = 128.34375 

95.78 

= 128.375 

I for combined section = 224.155 
which divided by area (13.78) gives 16.27 = R2 or 4.03 radius 
of combined section. 

AXIS C D. 
Find distance d = (.60) from page 193, then obtaining the 

distance (4.17) between axes CD and E F. 
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I 

l 

I for two channels around axis EFfrom col. VI, 3.54 
Area of channels X sq. of dist. = 7.78 X 4.17' = 135.286 

5 X 193 

I for two plates = ~ = 72. 

Ifor combined section = 210.826 

Radius of gyration = 210.826 = 3 91 
13.'18 . 

By similar methods, inertia or radius of gyration for any 
combination of shapes can readily be obtained. 

!<--8-,,9_-->u.-

,! · .... 1IIr- -r Example No. 2.-A "built-up beam" com-
posed of: 4 angles 3/1 X 3/1 X til. ' 

l¥ \ I~ 'i:l 
I I I 

1;;--- - T-l:-
I I t B 

: ~~:~-
:L4, ;!f:D~ 

2 plates 8" X Y'. 
1 plate 15" X i". 

AXIs A B. 

Iof two 8/1 X ~ plates = 8 ~} 3 X 2 = .167 

+ 8 (area) X 7~2 (sq. of distance d) = 480.5 
480.667 

I of one 15" X ,q plate = 15
3 

X f 105.469 
8 12 

Iof four 3 X 3 X tangles = 4 X 1.% = 500 } 
+ 5.76 (area) X 6.662 (sq. of distance d1

) = 255.488 
260.488 

Inertia of combined section around A B = 846.624 

Radius of gyration = 846.624 _ 6 61 
19.385- , 

RADIUS OF GYRATION OF COMPOUND SHAPES. 

In the case of a pair of any shape without a web the value 
of R can always be readily found without considering the 
moment of inertia. 

The radius of gyration for any section around an axis 
parallel to another axis passing through its centre of gravity 
is found as follows: 
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Let r = radius of gyration around axis through centre of 
gravity. R = radius of gyration around another axis paral
lel to above. d = distance between axis. 

R = Vd' + r'. 
When r is small, R may be taken as equal to d without 

material error. Thus, in the case of a pail' of channels lat
ticed together, or a similar construction. 

Example No. I.-Two 9/1 channels of 3.89 square inches sec-
E E tion placed 5.68/1 apart, required the radius of 
i60"? I gyration around axis CD for combined section. 

I Find in col. X, page 192, r = .67 and r2 = 0.45. 
: :: Find distance from base of channel to neutral 

A --~ - -'- -+-B 
, I 

2. ~ 
axis, same page, = .60, this added to one half 
the distance between the two bars, 2.84/1 = 
3.44/1 d, and d2 = 11.8336. 

Radius of gyration of the pair as placed = 
V11.8336 + 0.45 = 3.505 

The value of R for the whole section in relation to the 
axis A B is the same as for the single channel, to be found 
in the tables. 

Example No. 2.-Four 3/1 X 3/1 X t/l angles placed as 
shown, form a column of 10 inches 
square; required the radius of gyra
tion. 

Find in column VIII, page 207, r = 
.93 and r' = .8649. 

Find distance from side of angle to 
neutral axis, same page, = .84. Sub
tract this from half the width of col
umn = 5. - .84 = 4.16 = d or dis· 

tance between two axes. d' = 17.3056. 
Radius of gyration of foUl' angles as placed = 

V17.3056 + .8649 = 4.26. 
When the angles are large as compared with the outer 

dimensions of the combined section, the radius of gyration 
can be taken without serious error from the table of radii 
cf gyration for square columns, on page 177. 
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ELEMENTS OF PENCOYD STRUCTURAL 
S H A PES . 

In the following tables various fundamental properties of 
rolled sections are given, whereby the strength or stiffness 
of each can be readily determined. 

The' calculations are made for all sections of I beams and 
channels, and for the least and greatest thickness of other 
shapes; intermediate thicknesses of these can be approxi. 
mated by interpolation. 

MOMENTS OF INERTIA for the sections are obtained as here
after described. 

IInertia . d ~ d RADIUS OF GYRATION equals , ! - - - , IS use lor eter
~ area 

mining the resistance of struts or columns. 

M 0 R s s I Inertia 
O~IENT F E I TANCE equa S distance from axis to extr~me fibres 

is used for determining transverse strength in beams, etc., 
as described on page 116. 

COEFFICENT FOR SAFE LOAD is the calculated load in net 
tons, on a beam one foot between supports, that produces 
fibre strains of 16,000 lbs. per square inch. A corresponding 
load for any beam is found by dividing this coefficient by 
the length of span in feet. 

COEFFICIENTS FOR DEFLECTION are found by the formuJ::e 
on page 220, based on a modulus of elasticity of 28,000,000 
lbs. They apply to beams one foot long, bearing one ton 
(2,000 Ibs.) The deflection of any beam in inches is found 
by multiplying its coefficient by the load in net tons and by 
the cube of the length in feet. 

MAXIMUM LOAD IN N E'r TONS indicates the greatest load 
that a beam, however short, should carry, unless its web is 
reinforced, to prevent crippling. This load is obtained by 
the formula: 

x = 8 tons. 

W -- xdt 
12 

1 + 300012 

d = depth of beam. 
t = thickness of web. 
1= d X secant 45° (12 = 2d2). 
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ELEMENTS OF PENCOYD BEMIS. 

I. II. III. TV. V. I VI. VII. I VIII. 
~~ --------

Weight 
Jlfoments oj Square oj Radius 

Size A 'rea in Inertia. oj Gymtion. 
in Section SquaTe pel' Foot 

Inches: Number. Inches. i n 
Pounds. Axis A. B. Axis 0. D. AxisA. B. A xis 

C.D. 
~~ -------------------

24 240B 23.53 80 2111.40 42.84 89.73 1.82 
24 24lB 24.99 85 2181.67 44.14 87.30 1.77 
24 24213 26.47 90 2356.76 54.38 89.07 2.06 
24 243B 27.92 95 2427.03 55.93 86.93 2.00 
24 244B 29.42 100 2497.30 57.53 84.88 1.96 
20 200B 19.10 65 1179.71 27.72 61.76 1.45 
20 20lB 20.58 70 1229.04 28.87 59.72 1.40 
20 202B 22.04 75 1277.71 30.05 57.97 1.36 
20 203B 23.53 80 1404.39 38.84 59.69 1.65 
20 204B 25.01 85 1453.06 40.33 58.10 1.61 
20 205B 26.47 90 1501.73 41.88 56.73 1.58 
20 206B 27.95 95 1601.86 53.63 57.31 1.92 
20 207B 29.42 100 1649.55 55.57 56.07 1.89 
18 180B 16.13 55 809.05 21.17 50.16 1.31 
18 181B 17.64 60 849.88 22.22 48.18 1.26 
18 182B 19.12 65 889.73 23.30 46.53 1.22 
18 183B 20.59 70 981.72 30.23 4768 1.47 
18 184B 22.05 75 1023.52 31.67 46.42 1.44 
18 185B 23.53 80 1063.37 33.12 45.19 1.41 
18 186B 25.00 85 1149.62 44.18 45.98 1.77 
18 18713 26.46 90 1187.99 46.03 44.90 1.74 
15 150B 12.35 42 _ 443.71 14.43 35.93 i* 15 151B 13.23 45 460.30 14.97 34.79 1. 
15 152B 14.70 50 515.22 19.20 35.05 1.31 
15 153B 16.17 55 542.84 20.34 33.57 1.26 
15 15413 17.64 60 619.02 27.60 35.09 1.56 
15 155B 19.11 65 646.58 29.13 33.83 1.52 
15 156B 20.60 70 718.71 36.73 34.89 1.78 
15 15713 22.05 75 745.99 38.64 33.83 1.75 
15 158B 23.54 80 773.84 40.69 32.87 1.73 
12 12013 9.27 31.5 218.71 9.45 23.59 1.02 
12 121B 10.29 35.0 230.95 10.01 22.44 0.97 
12 122B 11.77 40.0 274.68 14.26 23.34 1.21 
12 123B 13.23 45.0 292.25 15.41 22.09 1.16 
12 124B 14.70 50.0 332.08 20.79 22.59 1.41 
12 12513 16.17 55.0 368.06 25.12 22.76 1.55 
12 12613 17.64 60.0 385.77 26.96 21.87 1.53 
12 127B 19.12 65.0 403.48 28.93 21.10 1.51 

188 



ELEMENTS OF PENCOYD BEAMS. 

IX. I X. XI. XII. XIII. I XIV. XV. IV. I. 
---- -

Radiu. ~f Resist- Coef.Jor 
Coefficient for Deflection. JIax. Weight 

Gymtion. ance. Greatest Load J.:;t Size 
SafeLoad in Net in 

Axis Axis Axis in Net Distributed Center Tons. in In. 
A.B. O.D. A.B. Tons. Load. Load. Lvs. 
--------- ---
9.47 1.35 176.0 938.4 .00000076 .00000122 37.9 80.0 124 
9.34 1.33 181.8 969.6 .00000073 .00000117 48.5 85.0 24 
9.44 1.44 196.4 1047.4 .00000068 .00000109 48.3 90.0 24 
9.32 1.41 202.3 1078.7 .00000066 .00000106 59.7 95.0 24 
9.21 1,40 208.1 1109.9 .00000064 .00000103 71.7 100.0 24 
7.86 1.20 118.0 629.2 .00000137 .00000217 37.1 65.0 20 
7.73 1.18 122.9 655.5 .00000130 .00000209 49.1 70.0 20 
7.61 1.17 127.8 681.5 .00000125 .00000200 61.5 75.0 20 
7.73 1.28 140.4 749.0 .00000114 .00000183 60.3 80.0 20 
7.62 1.27 145.3 775.0 .00000110 .00000176 73.1 85.0 20 
7.53 1.26 150.2 800.9 .00000106 .00000171 86.8 90.0 20 
7.57 1.39 160.2 864.1 .00000100 .00000160 79.3 95.0 20 
7,49 1.37 165.0 889.8 .00000097 .00000155 92.4 1000 20 
7.08 1.14 89.9 479.4 .00000198 .00000317 32.8 55.0 18 
6.94 1.12 94.4 503.6 .00000188 .00000302 45.3 60.0 18 
6.82 1.10 98.9 527.3 .00000180 .00000288 58.1 65.0 18 
6.91 1.21 109.1 581.8 .00000162 .00000261 57.2 70.0 18 
6.81 1.20 113.7 606.5 .00000156 .00000250 70.9 75.0 18 
6.72 1.19 118.2 630.2 .00000150 .00000241 84.2 80.0 18 
6.78 1.33 127.7 689.9 .00000139 .00000223 76.0 85.0 18 
6.70 1.32 132.0 712.9 .00000135 .00000216 89.1 90.0 18 
5.99 1.08 59.2 315.5 .00000357 .00000578 23.8 42.0 15 
5.90 1.06 61.4 327.3 .00000348 .00000557 31.2 45.0 15 
5.92 1.14 68.7 366.4 .00000311 .00000498 35.1 50.0 15 
5.79 1.12 72.4 386.0 .00000295 .00000472 48.1 55.0 15 
5.92 125 82.5 440.2 .00000258 .00000414 44.7 60.0 15 
5.82 1.23 86.2 459.8 .00000247 .00000397 57.8 65.0 15 
5.91 1.33 95.8 511.1 .00000223 .00000357 54.9 70.0 15 
5.82 1.32 99.5 530.5 .00000214 .00000344 68.0 75.0 1 15 
5.73 1.32 103.2 550.3 .00000207 .00000331 81.3 80.0 15 
4.86 1.01 36.5 194.4 .00000727 .00001172 17.8 31.5 12 
4.74 0.99 38.5 205.3 .00000693 .00001110 26.6 35.0 1 12 
4.83 1.10 45.8 244.2 .00000582 .00000933 26.1 40.0 12 
4.70 108 48.7 259.8 .00000547 .00000877 39.2 45.0 12 
4.75 1.19 55.4 295.2 .00000482 .00000772 40.1 50.0 12 
4.77 1.25 61.3 327.2 .00000435 .00000697 40.9 55.0 12 
4.68 1.24 64.3 342.9 .00000415 .00000665 54.2 60.0 12 
4.59 1.23 67.3 358.7 .00000397 .00000635 67.2 65.0 12 
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E LEMENTS OF PENCOYD BEMIS. 

I. II. III. IV. V. I VI. VII. I VIII. 
-------- -----

Area Weight JJ.foments oj Sq"aTe oj Rad'ius 
Size per Inertia. oj Gyml'ion. 
in Section in Foot 

Inches. Numbe1'o Squa're in Ax,ts Axis Axis Axis 
Inches. Lb •. A.B. e. D. A.B. e.D. 

----------------------
10 100B 7.34 25.00 123.07 6.81 16,77 0.93 
10 lOlB 8.82 30.00 135.41 7.58 15.35 0.86 
10 102B 10.27 35,00 163.14 11.19 15.89 1.09 
10 103B 11.75 40.00 175.48 12.36 14.93 1.05 

9 90B 6.17 21.00 84.94 5.06 13.77 0.82 
9 91B 7.34 25.00 92.83 5.60 12.65 0.76 
9 92B 8.82 30.00 102.80 6.37 11.66 0.72 
9 93B 10.30 35.00 112.76, 7.25 10.95 0.70 

8 80B 5.29 18.00 57.36 3,72 10.84 0.70 
8 8lB 6.03 20.50 61.29 4.02 10.16 0.67 
8 82B 6.77 23.00 65,21 4.35 9.63 0.64 
8 83B 7.50 25.50 69.14 4.70 9.22 0.63 

7 70B 4.42 15.00 36.61 2.64 8.28 0.60 
7 71B 5.15 17.50 39.58 2.90 7.69 0.56 
7 72B 5.88 20.00 42.55 3.20 7.24 0.54 

6 60B 3.60 12.25 22,09 1.83 6.14 0.51 
6 61B 4.34 14.75 24.28 2.06 5.59 0.48 
6 62B 5.07 17.25 26.50 2.34 5.23 0.46 
6 63B 9.49 32.30 51.79 11 .66 5.46 1.23 

to (0 

6 63B 10.99 37.40 56.29 13.78 5,12 1.25 
6 67B 12.06 41.00 63.87 18.23 5.30 1.51 

to to 
6 67B 13.56 46.10 68.37 21.22 5.04 1.56 

5 50B 2,87 9.75 12.12 1.21 4.22 0.42 
5 5lB 3.60 12.25 13,66 1.42 3.79 0.40 
5 52B 4.34 14.75 15.18 1.67 3.50 0.39 

4 40B 2.20 7.50 5.90 0.76 2.68 0.34 
4 4lB 2.50 8.50 6.29 0.83 2.52 0.33 
4 42B 2.79 9.50 6.68 0.91 2.39 0.33 
4 43B 3.08 10.50 7.07 1.00 2.30 0.32 

3 30B 1.62 5.50 2.43 0.45 1.50 0.28 
3 31B 1.91 6.50 2.64 0,51 1.38 0.27 
3 32B 2.20 7.50 2.87 0.59 1.30 0.27 
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ELEMENTS OF PENCOYD BEAl\IS. 

IX. I X. XI. XII. XIII. I XIV. I XV. IV. I. 
----- --

Radius Qf Resist . Coej.jo)· Coefficient jO)' Deflection. Alax. Weight 
Gyration. ance. Greatest Load per Biz 

-- SajeLoad in Net Foot in 

Axis Axis Ax'is in Net Distributed Center Tons. in Los. Ins. 

A.B. C.D. A.B. Tons. Load. toad. 
.----- ----- --

4.10 0.96 24.6 131.3 .0000129 .0000208 13.5 25.00 10 
3.92 0.93 27.1 144.4 .0000118 .0000189 26.6 30.00 10 
3.99 1.04 32.6 174.0 .0000098 .0000158 26.2 35.00 10 
3.86 1.03 35.1 187.2 .0000091 .0000146 39.4 40.00 10 

3.71 0.91 18.9 100.7 ' .0000185 .0000302 10.6 21.00 9 
3.56 0.87 20.6 110.0 .0000172 .0000276 20.9 25.00 9 
3.41 0.85 22.8 121.8 .0000156 .0000249 34.1 30.00 9 
3.31 0.84 25.1 133.6 .0000142 .0000227 46.9 35.00 9 

3.29 0.8~ 14.3 76.5 .0000275 .0000447 9.7 18.00 8 
3.19 0.82 15.3 81.7 .0000261 .0000418 16.3 20.50 8 
3.10 0.80 16.3 87.0 .0000245 .0000393 22.9 23.00 8 
3.04 0.79 17.3 92.2 .0000231 .0000371 29.4 25.50 8 

2.88 0.78 10.5 55.8 .0000433 .0000700 8.6 15.00 7 
2.77 0.75 11.3 60.3 .0000404 .0000648 15.1 17.50 7 
2.69 0.74 12.2 64.8 .0000376 .0000603 21.6 20.00 7 

2.48 0.71 7.4 39.3 .0000717 .0001161 6.9 12.25 6 
2.36 0.69 8.1 43.2 .0000659 .0001056 13.5 14.75 6 
2.29 0.68 8.8 47.1 .0000604 .0000968 19.9 17.25 6 
2.34 1.11 17.3 92.1 .0000310 .0000495 21.9 32.30 6 

to 
2.26 1.12 18.8 100.1 .0000286 .0000456 34.6 37.40 6 
2.30 1.23 21.3 113.6 .0000251 .0000401 28.5 41.00 6 

to 
2.25 1.25 22.8 121.6 .0000235 .0000375 40.7 46.10 6 

2.05 0.65 4.9 25.9 .0001305 .0002115 5.5 9.75 5 
1.95 0.63 5.5 29.1 .0001171 .0001877 12.1 12.25 5 
1.87 0.62 6.1 32.4 .0001054 .0001689 18.4 14.75 5 

1.64 0.58 3.0 15.7 .0002671 .0004346 4.1 7.50 4 
1.59 0.57 3.2 16.8 .0002544 .0004076 6.7 8.50 4 
1.55 0 .57 3.3 17.8 .0002395 .0003838 9.2 9.50 4 
1.52 0.57 3.5 18.9 .0002263 .0003627 11.7 10.50 4 

1.23 0.53 1.6 8.6 .0006452 .0010552 2.7 5.50 3 
1.17 0.52 1.8 9.4 .0006061 .0009713 5.3 6.50 I 3 
1.14 0.52 1.9 10.2 .0005575 .0008934 7.8 7.50 3 
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ELEMENTS OF PENCOYD CHANNELS. 

C---~------l------~" ~ - D t __ .It...£{. 

I 
B ---

VIr. I. VIII. I . IT. UI. TV. V. I VI. I X. I X 
- ----

A1'ea lVeight Moments oj Square oj Rad. Radius oj 
Size Section in per Inertia. oj Gyration. Gyration. 
u, No. S!quo,re Foot 

In •. Inches. in Axis Axis Axis Axis Axis Axis 
Lbs. A.B. O. D. A.B. C. D. A.B. C. D. 

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

15 1500 9.69 33.0 311.21 8.10 32.12 0.84 5.67 0.91 
15 151(1 10.29 35.0 322.46 8.48 31.34 0.82 5.60 0.91 
15 1520 11.76 40.0 350.02 9.38 29.76 0.80 5.46 0.89 
15 153C 13.23 45.0 377.59 10.29 28.54 0.78 5.34 0.88 
15 1540 14.70 50.0 442.29 15.87 30.09 1.08 5.49 1.04 
15 1550 16.17 55.0 469.85 17.20 29.06 1.06 5.39 1.03 

12 1200 6.02 20.5 129.27 3.90 21.47 0.65 4.63 0.81 
12 1210 7.34 25.0 145.11 4.53 19.77 0.62 4.45 0.79 
12 1220 8.82 30.0 162.83 5.20 18.46 0.59 4.30 0.77 
12 1230 10.30 35.0 207.68 9.32 20.16 0.91 4.49 0.95 
12 1240 11.76 40.0 225.25 10.49 19.15 0.89 4.38 0.95 
12 1280 6.01 20.5 123.98 3.10 20.63 0.52 4.54 0.72 

to to 
12 1280 9.40 32.0 164.30 4.42 17.48 0.47 4.18 0.69 

10 100e 4.41 15.0 67.11 2.28 15.22 0.52 3.90 0.72 
10 lOW 5.88 20.0 79.36 2.84 13.50 0.48 3.67 0.70 
10 1020 7.36 25.0 100.11 4.39 13.60 0.60 3.69 0.77 
10 1030 8.83 30.0 112.36 5.16 12.72 0.58 3.57 0.77 
10 1040 10.29 35.0 124.61 5.99 12.11 0.58 3.48 0.76 

9 900 3.89 13.25 47.89 1.77 12.31 0.45 3.51 0.6" 
9 9W 4.41 15.00 51.35 1.95 11.64 0.44 3.41 0.67 
9 920 5.88 20.00 66.97 3.19 11.39 0.54 3.38 0.74 
9 930 7.35 25.00 76.93 3.89 10.47 0.53 3.24 0.73 

8 800 3.31 11.25 32.51 1.32 9.82 0.40 3.13 0.63 
8 810 4.04 13.75 36.43 1.55 9.02 0.38 3.00 0.62 
8 820 4.78 16.25 44.00 2.33 9.21 0.49 3.03 0.70 
8 830 5.51 12.75 47.93 2.65 8.70 0.48 2.95 0.69 
8 840 6.25 21.25 51.85 2'97 8.30 0.48 2.88 0.69 
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ELE1UENTS OF PENCOYD CHANNELS. 

XI. I 
Di.'1tlLfl ce 

"d" 
from 

Base to 
"Yel/tral 

A xi,'!. 

0.79 
0.78 
0.78 
0.78 
0.94 
0,95 

0,70 
0,67 
0.67 
0,89 
0.89 
0.62 
0.62 

0.64 I 0,60 
0.71 
0,73 
0,76 

0,60 I 0.59 
0.68 
0,69 

0,57 
0,55 
0,65 
0.65 
0.66 

A 

c---~-- -- --+ - ----~::~i:D 
XU. XIII. 
--

R esist- COff . fol' 
ance. Greatest 
--- Safe Load 

A xis in ~"'et 
A,B, Tons. 

-

41.5 221.3 
43.0 229.3 
46,7 248.9 
50.4 268,5 
59.0 314.5 
62.7 334,1 

21.6 114.9 
24,2 129,0 
27.1 144.7 
34.6 184,6 
37.5 200,2 
20,7 110.2 
27.4 146.0 

13.4 71.6 
15,9 84,7 
20,0 106.8 
22.5 119.9 
24,9 132.9 

10.6 56.8 
11.4 60.9 
14.9 79.4 
17,1 91.2 

8.1 43.4 
9,1 48.6 

11.0 58.7 
12.0 63.9 
13,0 69.1 

I 
I 
B 

XIV. 
--I XV. XVT. 

- -

Coc.oieient for Dejleetion. Nax. 
- --- - , Lead 'in 

Distributed Center Net 
L oad, iAmd. 1'0Wi . 

--

,00000514 ,00000826 22,5 
.00000496 ,00000796 27.4 
.00000457 ,00000734 40,0 
,00000424 .00000681 53,1 
,00000362 ,00000581 54,5 
.00000340 ,00000546 67.7 

,00001237 ,00001986 11.7 
,00001103 ,00001771 225 
,00000983 ,00001578 35.7 
.00000770 .00001236 34,7 
,00000710 ,00001140 47,8 
.00001290 .00002072 . 12.1 
.00000974 ,00001564 41.2 

.00002384 .00003838 8,2 

.00002016 ,00003246 20,6 

.00001598 ,00002573 27.4 
,00001424 ,00002293 40.5 
,00001284 .00002067 53.4 

.00003341 ,00005379 7,8 
,00003116 ,00005017 12,1 
,00002389 ,00003846 19.8 
,00002080 ,00003349 33.1 

.00004921 ,00007923 6,8 

.00004392 ,00007071 13,2 
,00003636 .00005854 15.4 
,00003338 ,00005374 22.0 
,00003086 ,00004968 28.5 

1. 

Size 
in 

Ius. 

15 
15 
15 
15 
15 
15 

12 
12 
12 
12 
12 
12 
12 

10 
10 
10 
10 
10 

9 
9 
9 
9 

8 
8 
8 
8 
8 

I 





ELEMENTS OF PENCOYD CHANNELS. 

C--~------L---- n -~- D i _ .. :alit 
I 
I 
B --- --

XI. I~I-=--I XIII. XIV. I XV_·_I ~Vr. I I. 

Distance R esi<- (Joej.for 
Co'.Dieie"t for n'lleetion. I JIa xim. "el" lance. Greutest "howl Size 

fr o1rt Sf/fe 
Bas6lo --- Lom/ --

I 

- in. in. 

),Yeutrol A xis in. Distributed Centre Net Incites. 

. l.ri.<r. .A. E. S f i Ton.f(. Load . Load. Tons. 
-- ----

0.54 6.1 

I 

326 .00007487 .00012054 6.6 7 
0.52 7.0 37.1 .00006565 

I 
.00010570 13.2 

I 
7 

0.62 8.5 45.5 .00005360 .00008630 16.0 7 
0.63 9.4 50.1 .00004870 .00007841 22.6 7 
0.65 10.2 54.6 .00004463 .00001185 28.9 7 

051 

I 
4.4 I 23.2 .00012242 

I 
.00019709 5.4 I 6 

0.56 5.4 28.9 .00009858 .00015871 10.0 6 
0.57 6.1 32.8 .00008681 .00013976 16.5 6 
0.59 6.9 36.7 .00007752 .00012481 22.9 6 

0.49 
I 

3.0 I 15.7 .00021710 .00034953 4.6 I 5 
0.48 3.6 19.0 .00017977 .00028943 11.1 5 
0.50 4.2 22.3 .00015340 .00024697 10.7 5 

0.46 

I 
1.9 

I 
10.0 .00042781 .00068877 

I 
4.1 

I 
4 

0.45 2.1 11.0 .00038741 .00062373 6.7 4 
0.46 2.3 12.1 .00035398 .00056991 9.2 4 

0.43 1.1 

I 
5.7 .00099377 .00159997 

I 
3.0 

I 
3 

0.43 1.2 6.5 .00087432 .00140765 5.5 3 
0.45 1.4 7.3 .00078050 .00125660 8.0 3 

0.47 0.7 3.8 .00200000 .00322000 4.3 

I 
21[.1 

0.36 0.5 2.6 .00333333 .00536666 3.3 2 
0.37 0.5 2.9 .00296980 .00478138 4.8 2 

0.18 0.2 0.9 .010666'12 .01717342 
I 

1.0 I 134 
---

195 



SEPARATION OF CHANNELS IN LATTICED 
STl~UTS. 

]{ Tabulated distances II d" and 
" D" make radii of gyration the 
same for both axes. 

FbI' a Single ti 
Channel. ..c: 

~ 
.~ 

I 
150(' 15 33.0 9.69 9.59 12.75 
15H ' 15 35.0 10.29 9.49 12.61 
152( ' 15 40.0 11.76 9.20 12.32 
153(' 15 45.0 13.23 8.98 12.10 
154( ' 15 50.0 14.70 8.89 12.65 
155(' 15 55.0 16.17 8.68

1

12.48 

120(' 12 20.5 1 6.02 7.73 10.52 
12H' 12 25.0 7.34 7.41 10.09 
122(' 12 30.0 8.82 7.11 1 9.79 
123(' 12 35.0 10.30 6.99 10.56 
124<' 12 40.0 11.76 6.76 10.33 
128(' 12 20.5 6.01 7.73 10.21 
128(: 12 32.0 9.40 17.00 I 9.49 

100(' 10 15.0 4.41 6.39 8.95 
lOU' 10 20.0 5.88 6.01 8.42 
102(·' 10 25.0 7.36 5.81 8.65 
1031' 10 30.0 8.83 5.51 8.43 
1040 10 135.0 110.29 5.27 8.31 

90(' 9 13.25 3.89 5.68 8.08 
910 9 15.00 4.41 5.52 7.88 
920 9 20.00 5.88 5.23 7.95 
930 9 125.001 7.35 4.92 7.68 

SOO 8 11.25 3.31 5.00 7.28 
810 8 13.75 4.04 4.78 6.98 
820 8 16.25 4.78 4.60 I 7.20 
830 8 18.75 5.51 4.43 7.03 
840 8 21.25 6.25 4.27 6.91 

I , 

70(' 
71(J 
720 
730 
740 

600 
610 
62C 
630 

50(' 
51(' 
520 

40(' 
41<' 
420 

30(' 
310 
320 

220 

20e 
20e 

170 

196 

~ For (t Single ti ~ 
~ Channel. ~ ~ 

~ ~i 1 1~ ~ ~ 
~ ~~ .~~ 
~ C·S ~~ ; ~ 

~ ,----

7 9.75 1 2.86 4.26 6.42 
7 12.25 3.60 4.03 6.11 
7 14.75 4.34 3.83 6.32 
7 17.25 5.07 366 618 
7 119.75 5.81 3:49 I 6:09 

6 8.00 2.35 3.58 5.62 
6 10.50 3.09 3.31 5.55 
6 13.00 3.82 3.09 5.37 
6 115.50 4.56 2.91 5.27 

5 6.50 1.91 2.82 4.78 
5 9.00 2.64 2.58 4.50 
5 (50 13.38 2.37 4.37 

4 5.25 1.54 2.06 3.90 
4 6.25 1.84 1.96 3.76 
4 7.25 1 2.13 11.85 3.70 

3 4.00 1.18 1.32 3.05 
3 5.00 1.47 1.21 2.93 
3 6.00 1. 76 1.09 2.89 

2!1 3.SO 

2 1 2.90 

2 1 3.60 

If 1.13 

I 

1.12 0.54 2.42 

0.87 0.64 208 
1.06 10.54 2.02 

0.33 I 0.94 1.66 



ELElllENTS OF Z BAR COLUMNS. 
1 

==;- * r;= i'·~<:tf",1. 1 

: ~ -- --y- R - Rad. of Gyration. 

i 
i * C, 

TUE THICKNESSES OF WEB PLATE AND Z BARS ARE THE S-'ME. 

7" IJTeb Plate. 7'U n Face to Face. "lVeb Plate. 8X" Face tf) Fae!!:. 

S' j(, Z B . Area Axis XX. Axis YY. Area Axis XX Axis YY. 

Ize "nc/Les.a>· tn :'~l~ L I R. I. I R. :.~; -:-1 R. I. I R. 
Plale. Plate. 

-----1 - ------ - - - -- - - -
3~ x6 x3t x~ 20.99264.113.55287.85 3.70 21.36337.093.97287.863.67 
31."ax6n:x3/,\;x,); 24.62306.463.53346.983.75 25.06391.453.95346.993.72 
3~ x6} x3g x~ 28.26347.803.51409.27 3.80 28.76444.603.93409.293_77 
3~ x6 x3~ xi' .. 30.66365.193.45426.34 3.73 31.22469.133.88 426.36 3.69 
3i.'Gx6?i;x3!"~ xj 34.22402.963.43489.213.78 34.84 518.08 3.86 489_23 3.75 
3~ x6l x3~ xH 37-81440.313.41555.793_83 38.50 566.52 3.83 555_82 3.80 
3~ x6 x3~ x ~ 39.81448.243_36 562.39 3.76 40_56579.763.78562.433.72 
3i.'\;x6,-\;x3~'l:xti! 43.21481.033.34 628.18 3.81 44.02622.553.76628.233.78 
3§ x6k x3j x i 46.771514.64 3.32 699.113.87 47.64 666.66 3.74 699.17 3.83 

7" Web Plate. 7%"Face to Face. 8" Web Plale.8',{"Face 10 Face. 
3,36x5 x3(\;-x15(, 15.63193.883.521147.4113.07 15.94 248.26 3.95147.413.04 
3} x5t,;x3l x ~ 18-83 231.00 3.50 183.49 3.12 19.20295_963.92183.50 3_09 
3,'crx5k x31\;x,); 22.06267.64 3.48 222.06 3.17 22.50 343.27 3.91222.073.14 
3}zx5 x3}zx,t 24.42287.663.43234.483.10 24.92370.54 3.86 234_50 3.07 
3:iJZX5-t.JX3l2Xt"G 27.58 321.15 3.41273.70 3.15 28_14414.033.83 273.72 3.12 
3Hx5k x3Hx 30.78354.333.39315.673.20 31.40457.203.81315.693.17 
3t x5 x3t x ~ 32.65364.873.34 320.05 3.13 33.34 472.86 3.77 320_08 3.10 
3 t1;x5t,;x2i\rx 35.81395.553.32 363.02 3.~ ~.56 513.07 3.74 383.05 3.15 

6" IVeb Plale.6',4" Face to Face. 7' Web Pia/e. 7',{" Fac" to Face. 
2~ x4 x2k xl 10.78101.903.07-1 65.712.47 n.031134.713.49 65_792.'44 
2}3x4r6x2}ixA 13_52126.143.05 85.802.52 13.83166.94 3.47 85.80 2.49 
3 x4k x3 x J 16.33150.563.04107.872.57 16.71199.423.45107.872.54 
2Ux4 X2HXii., 18.47166.033.00 115.62 2.50 18.90 220 .65 3.42115.63 2.47 
3:t'2X4n:x3:lzx 1 21.24188.60 2.98 138.66 2.55 21.74250 .89 3.40138.67 2.52 
3 i'2X4k X3~\Xl'l: 24.02210.64 2.96163.Q7 2.60 24.58280.453.38163.08 2.58 
30:x4 x3,\x ~ 25.95221.782.92167.28 2.54 26.58296.363.34167.30 2.51 
3~ x4n:x3k xtt, 28.69242.162.911192.772.59 29.37323.88 3.32192.80 2.56 
3t",;x4k_x3,J6X3 31.50 262.65 2.89 22O.512.~ 32.25351.593.30 220.55 2.61 

6" Web Plale.6y""Facp /oFace. 7"Web Plale.7Y.,"Face Face. 

2~ x3 - x2fX 9.261 84.7813.03\ 31.741.85 - 9.51112.6513.44131.7411.83 
21ix3n:x2tkx1~' 11.64105.173.01. 41.89

1

1.90 11.95139.88.3.42 41.891.87 
2·! x3k x2:t x J 14.01125.102.99 53.411.95 14.39166.563.40 53-421.93 
2~h3 x2#xT'Ir 15.63134.64\2.93 55.241.88 16.06180.30 3.35 55.251.85 
2~~x3-t.Jx2Hx t 18.00 153.14 2.92 67.171.93 18.50 205.32 3.33 67.181.90 
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E LEMENTS OF PENCOYD Z BARS. 

en /~ 
I 
I , // 

I ~ 
.... 

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

C - - --- 0 
",-,"/ ; 

, .... I 
...-

, I ~ 

/ 
...- I 

«../ I 
« 

A"ea · lVI. Moments of 
Resistance. 

Sec. in per inertia. 

No. Size in Inches. Sq. Foot 
in. Axis Axis Axis Axis Axis 

1n8. Lbs. A.B. O. D. E.F. A.B O. D. 
-------- ----

30Z 2% x 3 x 2% x l£! 1.94 6.60 2.81 2.61 0.59 1.9 1.0 
31Z 2~X3~X2~X~ 2.44 8.29 3.52 3.38 0.74 2.3 1.3 
32Z 2x3x2xYs 2.94 10.00 4.34 4.22 0.92 2.8 1.7 

33Z 2ij x 3 x 2H x it< 3.25 11.15 4.20 4.24 0.95 2.8 1.7 
34Z 2,x3nx2tiXlt 3.51 11.93 4.54 4.64 1.01 3.0 1.9 
35Z 2H x3ts- x2Hx 3.75 12.75 4.88 5.04 1.11 3.2 2.0 

40Z 2~r 4 x 2~r l£! 2.32 7.88 5.95 3.47 0.95 3.0 1.3 
41Z 2t x4~x2t x~ 2.91 9.89 7.52 4.49 1.23 3.7 1.6 
42Z 3 x4 sx3 x'Ys 3.52 11.90 9.14 5.58 1.53 4.4 2.0 

43Z 23 ~x4 x2Hx~ 3.96 13.46 9.40 6.09 1.63 4.7 2.2 
44Z 3n x4~x3iz x 4.56 15.50 10.92 7.21 1.94 5.4 2.6 
45Z 33\- x4 sx33\-x-i\r 5.16 17.54 12.40 8.40 2.27 6.0 3.0 

46Z 3~x4 x3~x5,g 5.55 18.80 12.11 8.73 2.32 6.1 3.2 
47Z 3 s x4'l;x3 sxt! 6.14 20.87 13.52 9.95 2.67 6.7 3.6 
48Z 3ft; x 4lfs x 3fc- x 6.75 22.95 14.97 11.24 3.03 7.3 4.0 

50Z 3~X5 x3~X~ 3.36 11.42 13.14 5.81 1.86 5.3 1.9 
51Z 3 x 5~x3 x 4.05 13.77 15.93 7.20 2.28 6.3 2.4 
52Z 3fg x 5 x 3fs- x it< 4.75 16.15 18.76 8.67 2.75 7.3 2.8 

53Z 33\- x 5 x 3-:& x ~ 5.23 17.78 19.03 8.77 2.76 7.6 3.0 
54Z 3t.,- x5~X33"" X~ 5.91 20.09 21.65 10.19 3.20 8.6 3.4 
55Z 3 !x5 sx3Hx 6.60 22.44 24.33 11.70 3.73 9.5 3.9 

56Z 3l£!x5 x3l£!x~ 6.96 23.66 23.68 11.37 3.59 9.5 3.9 
57Z 3t\r x 5ts- x 3fs- x 7.64 25.97 26.16 12.83 4.12 10.3 4.4 

60Z 3~x6 X3~x3/s 4.59 15.61 25.32 9.11 3.11 8.4 2.8 
61Z 3iEx6~x3iEX~ 5.39 18.32 29.80 10.95 3.74 9.8 3.3 
62Z 3:gx6 x31sx 6.19 21.05 34.36 12.87 4.37 11.2 3.8 

63Z 3~x6 x3~xiE 6.68 22.71 34.64 12.59 4.37 11.6 3.9 
64Z 3irr x6~x3~X :g 7.46 25.36 38.86 14.42 4.92 12.8 4.4 
65Z 3:gx6 s x3 xH 8.25 28.05 43.18 16.34 5.66 14.1 5.0 

66Z 3~x6 x3~x34, 8.64 29.37 42.12 15.44 5.61 14.0 4.9 
67Z 3~'lr x6~x3~ X+f 9.38 31.89 46.13 17.27 6.16 15.2 5.5 
68Z 3 :g x6 s x3 X IS 10.16 34.54 50.22 19.18 6.85 16.4 6.0 

-
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ELEMENTS OF PENCOYD Z BARS. 

Bad" if G ratio, Coef· in Net Tons for Goff. for Dejtection 
no y ,. Greatest Safe LJad Dis. About Axis A. B. 

Least Pibre Fib"e 
Axis Axis A xi; Str.,s Stress D~~~~. Centre. 

Max. 
Load 

in 
Net 
Tons. 

Sec. 
No. 

A. B. C. D. E. F. 16,000 lbs. 12,000 lb •. 
-- -- ~"-'-I-"-'-'--'-'-'--I --'--~I-- ------
1.20 1.16 0.55 10.0 7.5 
1.20 1.18 0.55 12.3 9.2 
1.21 1.20 0.56 14.8 11.1 
1.13 1.14 0.54 14.9 11.2 
1.14 1.15 0.54 16.0 12.0 
1.14 1.16 0.55 17.0 12.8 
1.60 1.22 0.64 15.9 11.9 
1.61 1.24 0.65 19.7 14.8 
1.62 1.26 0.66 23.6 17.7 
1.54 1.24 0.64 25.1 18.8 
1.55 1.27 0.65 28.7 21.5 
1.55 1.28 0.66 32.1 24.1 
1.48 1.26 0.65 32.3 24.2 
1.48 1.27 0.66 35.5 26.6 
1.49 1.29 0.67 38.7 29.0 
1.98 
1.98 
1.99 
1.91 
1.91 
1.92 
1.84 
1.85 
2.35 
2.35 
2.36 
2.28 
2.28 
2.29 
2.21 
2.22 
2.22 

1.32 
1.33 
1.35 
1.30 
1.31 
1.33 
1.28 
1.30 
1.41 
1.43 
1.44 
1.37 
1.39 
1.41 
1.34 
1.36 
1.37 

0.74 
0.75 
0.76 
0.73 
0.74 
0.75 
0.72 
0.73 
0.82 
0.83 
0.84 
0.81 
0.81 
0.83 
0.81 
0.81 
0.82 

28.0 21.0 
33.6 25.2 
39.1 29.3 
40.6 30.5 
45.6 34.2 
50.6 38.0 
50.5 37.9 
55.1 41.3 
45.0 33.8 
52.4 39.3 
59.8 44.9 
61.6 46.2 
68.4 51.3 
75.2 56.4 
74.9 56.2 
81.2 60.9 
87.5 65.6 
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.0005694 .0009167 

.0004545 .0007317 

.0003687 .0005937 

.0003809 .0006132 

.0003524 .0005674 

.0003279 .0005279 

.0002689 .0004329 

.0002128 .0003426 

.0001'750 .0002817 

.00017021.0002740 

.0001465 .0002359 

.0001290 .0002077 

.0001321j.0002127 

.0001183.0001905 

.0001069 .0001721 

.0001218 .0001961 

.0001005 .0001618 

.0000853 .0001373 

.0000841 .0001354 

.0000739 .0001190 

.0000658 .0001059 

.0000676.0001088 

.0000612 .0000984 

.0000632.0001017 

.0000537 .0000864 

.0000466 .0000750 

.0000462.0000744 

.00004121.0000663 

.0000370.0000596 

.0000380

1

.0000612 
.0000347.0000559 
.0000319 .0000513 

5.5 
7.2 
9.0 

10.2 
11.1 
12.0 
6.8 
9.1 

11.5 
13.3 
156 
17.9 
19.5 
21.8 
24.3 
10.7 
13.5 
16.4 
18.8 
21.6 
24.5 
26.6 
29.5 
15.4 
18.8 
22.3 
25.1 
28.5 
32.0 
34.5 
38.0 
41.5 

30Z 
31Z 
32Z 
33Z 
34Z 
35Z 
40Z 
41Z 
42Z 
43Z 
44Z 
45Z 
46Z 
47Z 
48Z 
50Z 
51Z 
52Z 
53Z 
54Z 
55Z 
56Z 
57Z 
60Z 
6IZ 
62Z 
63Z 
64Z 
65Z 
66Z 
b'7Z 
68Z 



ELEMENTS OF PENCOYD DECI{ BEAMS. 

- 8'-'D 

I. II. III. IV. V. I VI. VII. I VIII. IX. I X. ----- - - -
Square of lV.igltt Jofoments of Rall'ius of Radius<!" 

Size Section Area per Inertia . Gyrution. G/J1·ation. 
in in Sq. Fbot 

Ins. J.lo. Inches. in Axis Axis Axis A xis Axis A xis 
Lbs. A.B. O.D. A.B. O.D. A.B. O.D. 

-------- ------------

11~ 110D 9.51 32.2 179.33 6.36 18.86 0.67 4.34 0.82 
11'>.1 116D 13.41 45.6 224.19 8.14 16.72 0.61 4.09 0.78 

10 100D 8.20 28.0 118.55 6.08 14.46 0.74 3.80 0.86 
10 105D 11.32 38.6 145.77 7.54 12.88 0.67 3.59 0.82 

9 90D 7.35 25.0 84.99 4.85 11.56 0.66 3.40 0.81 
9 94D 9.60 32.6 100.68 5.78 10.49 0.60 3.24 0.77 

8 80D 6.17 21.0 57.75 3.58 9.36 0.58 3.06 0.76 
8 85D 8.43 28.6 70.19 4.44 8.33 0.53 2.89 0.73 

' 7 70D 5.32 18.0 36.99 2.56 6.95 0.48 2.64 0.69 
7 75D 7.29 24.5 45.32 3.26 6.22 0.45 2.49 0.67 

6 60D 4.27 14.5 21.83 1.62 5.11 0.38 2.26 0.62 
6 64D 5.77 19.6 26.50 2.07 4.59 0.36 2.14 0.60 

5 50D 3.39 11.5 11.96 1.01 3.53 0.30 1.88 0.55 
5 55D 4.64 15.8 14.64 1.29 3.16 0.28 1.78 0.53 
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ELEMENTS OF PENCOYD DECR BEAMS. 

& ~ c- l 
~d---.,l 

B 

8 '-'D 

XI. XII. XIII. XIV. xv. I XVI. XVII. XVIII II. I. 
- ------ ---- -
Re- Add/a Coef· Add to Coefficient for De- D ist. 
sist- Resist. Great. Prev's J.fax. "d" Size 
anr,e. jJol'each Safe CoefJor flection. Load from Section in 
AZ1:S 

Add'l Load Add'l 
Distrib'd Cent1'e 

in Net Base 10 No. Ins. Pound in Net Pound 'ibns. Neul. 
A.B. perFt. Tons. perFt. Load. Load. Axis ---------- - --

27.9 0.60 148.7 3.22 .0000089 .0000143 24.3 5.07 110D 11~ 
36.0 0.60 191.9 3.22 .0000071 .0000114 59.7 5.27 110D 11~ 

20.7 0.54 110.5 2.86 .0000135 '0000217 20.4 4.28 100D 10 
26.4 0.54 140.8 2.86 .0000107 .0000172 48.2 4.48 100D 10 

16.7 0.48 88.9 2.55 .0000188 .0000303 19.5 3.90 90D 9 
20.3 0.48 108.3 2.55 .0000159 .0000256 39.5 4.04 90D 9 

12.8 0.43 68.1 2.28 .0000277 .0000446 16.2 3.48 800 8 
16.0 0.43 85.5 2.28 .0000228 .0000367 36.1 3.62 BOD 8 

9.3 0.38 49.8 2.02 .0000432 .0000695 15.1 3.04 700 7 
11.8 0.38 62.9 2.02 .0000352 .0000568 32.3 3.16 70D 7 

6.4 0.32 34.3 1.69 .0000733 .0001180 12.0 2.61 60D 6 
8.1 0.32 43.0 1.69 .0000604 .0000972 25.1 2.71 60!) 6 

4.3 0.26 22.9 1.39 .0001337 .0002147 10.7 2.22 50D 5 
5.4 0.26 28.9 1.39 .0001093 .0001755 21.4 2.30 50D 5 

- -- --
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ELEMENTS OF PENCOY D BULB ANGLE S. 

I. II. m. IV. V. I Vr. 1 VII. Vm. 1 IX. I x. XI. IXII· IXIII ---- - -- . 
Area lVl. Moments of Square of Radius Radius 

Size Sec. in per hwrtia. of Gyraticm. of Gyraticm. 
in. No. Sq. Fool 

Ins. Ins. in A xis Axis Axis Axis Axis Axis Azis Axis A v's 
Lbs. A.B. a. D. E.J·~ A.B. a. D. E.F. A.B. a. D. E.F. 

-----,--- - -- - - - - -

10 i100A 5.17 12.02 0·67 0.68 3.47 0.82 0.82 7.56 25.59 90.90 5.03 
10 100A 9.28, 31.55 111.10 6.81 7.29 11.97 0·73 0.79 3.46 0.86 0.89 

9 90A 4.38 9.85 0.66 0.66 3.14 0.81 0.81 6.65 22.61 65.51 4.40 
9 90A 7.63 25.94 75.00 5.32 5.37 9.83 0.70 0.70 3.14 0.84 0.84 

8 80A 5.71 19.41 44.92 3.59 3.16 7.87 0.63 0.55 2.81 0.79 0.74 
8 80A 7.07 24.04 54.64 4.86 4.67 7.73 0.69 0.66 2.78 0.83 0.81 

7 70A 4.67 15.89 28.68 2.72 2.74 6.14 0.58 0.59 2.48 0.76 0.77 
7 70A 5.64 19.18 34.42 3.53 3.27 6.10 0.63 0.58 2.47 0.79 0.76 

6 60A 3.74 12.73 17.26 1.96 1.92 4.61 0.52 0.51 2.15 0.72 0.72 
6 60A 5.61/ 19.07 25.66 4.03 3.11 4.57 0.72 0.55 2.14 0.85 0.74 

5 SOA 9.20 1.29 1.20 3.23 0.45 0.42 1.80 0.67 0.65 2.85
1 

9.69 
5 SOA 3.79 12.89 12.44 1.95 1.74 3.28 0.51 0.46 1.81 0.72 0.68 

-

I 
-
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ELEMENTS OF PENCOYD BULB ANGLES. 

XIV. XV. XVI. XVII. X VIII. I XIX. XX. XXI. XXII II. I. 
-- --- - -------- -
Ee- Add to Coef· Add to Coeffi cient for Dlst. Dist. 
sisl- Eesist . G,·eat. XVL JJfax. "d" "I" S'ize ance. for Safe for Deflection. Load from from Sec. ,in 

Add'l L oad f,~~~~ Distrib'd Cent"e 
in lVet Base Base No. Ins. A xis Pound in Net Tons. toNeu. to Neu. 

A.B. per Ft. Tons. per Ft. Load. Load. A xis. Axis. -------1--------- - -

16.2 0.58 86.4 3.10 .0000176.0000282 31.6 4.39 0.70 100A 10 
19.7 0.58 104.9 3.10 .00001441.0000231 42.7 4.35 0.77 100A 10 

12.9 0.56 68.8 2.99 .0000244 .0000391 28.3 3.92 0.69 90A 9 
14.8 0.56 78.7 2.99 .00002131.0000342 34.6 3.92 0.74 90A 9 

9.9 0.43 52.7 2.28 24.0 3.45 0.69 80A 8 .0000356 .0000571 
11.9 0.43 63.2 2.28 OOOO"I~ 31.7 3.39 0.74 80A 8 

7.2 0.43 38.5 2.27 .0000558 .0000894 19.0 3.03 0.66 70A 7 
8.6 0.43 46.0 2.27 .0000465 .0000745 24.8 3.01 0.72 70A 7 

5.1 0.38 27.2 2.05 .0000927 .0001486 14.5 2.61 0.64 60A 6 
7.5 0.38 40.1 2.05 .0000624 .0000999 25.1 2.59 0.77 60A 6 

3.2 0.35 17.2 1.89 .0001739 .0002787 10.7 2.15 0.60 50A 5 
4.4 0.35 23.3 1.89 .0001286 .0002061 16.1 2.15 0.69 50A 5 

I 
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ET~EMENTS OF PENCOYD TEES. 

I . IT. 

EVEN LEGS. 
e 

I~ ~ V. j VI. I VIJ. jVIII IX. j X. XI. I. 

Area 1Vt. .l'[omen~3 I Resisl- Rodiu! of H~~~' 
Sec. ~~~e in i-~~l of Inertw. ~ GYl'alwn. from Sec. 

lola. Inches. ~r;. in A.ris Axis .lxis Axis ,Axis -'xis foN~ P/o. 
Lb •. A. B. c.n. ,A.B. c. J). A.B. O. D. Axis. 

440'1' 4 x 4 3.10 10.9 4.70 2.20 ' 1.64 1.1011.23 0.85 1.15 ' 440'[ 
441'1' 4 x 4 3.98 13.71 5.70 2.79 ,2.02 1.40

1

1.20 0.84 1.18 4411 

335T 31,<2 x 3l,l2 2.08 7.0 2.27 1.03 0.89 0.59 1.04 0.71 0.94 335'1 
336'1' 31,.2 x 31

2 2.65 9.0 2.83 1.32 1.16 0.75 1.03 0.71 1.06 336'1 

I' I 337£ 31,<2 x 3 "2 3.24 11.0 3.61 1.75 1.49 1.00 1.05 0.73 1.07 337'1' 
330'1' 3 x 3 1.91 6.5 1.57 0.75 0.74 0.50 0.91 0.62 0.87 330'1' 

331T 3 x3 
225'1' 2~ x 2'2 

222'l' 2:Jq x 2l{1 
223'1' 2'4 x 2\t 

220'1' 2 x2 
1171' 134 x PL. 

:ii
l 

1 1 
7.7 1.82 0.89 0.86 0.60 0.89 0.62 0.88 331'1' 
5.0 0.79 0.38 0.44 0.30 0.73 0.51 0.69 2251' 

0.48
1
0.5510.38

1
0.750.530.76 226'1' 

0.56

1

0.63

1

0.45

1

0.750.54 0.79

1

227'[' 
1.71

1

5.8 0.95 
1.94 6.6 1.08 

1.18 4.0 0.51 
1.18 1 4.0 0.52 

1.03 3.5 0.37 
0.71 2.4 0.19 

0.27 0.31 0.24 0.66 0.48 0.62 222'1' 
0.26

1

0.33 0.23 ,0.66 0470.65 223'[ 

0.18 0.26 0.18 0.60 0.41 0.60 220'1' 
0.09

1

0.15 0.10 0.52 0.36 0.51

1

117'I 

115'1' 11,<2 x 11'.2 0.59 2.0 0.12 0.06 0.12 0.08 0.45 0.32 0.47 115T 
112'r 1'4 x 1',4 0.44 1.5 0.07 0.04

1

0.090.060.400.30 0.43 112'1' 

0.29~0.03 0.02
1

0.050.04 0.32 0.26 0.38 110'1' 110T 1 xl 
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ELEMENTS OF PENCOYD TEES. 
UNEVEN LI'GS. 

C 

,(-mJ!\- -~i' 
, ' , 
D 

-
I. I II. TIT. IV. V. I VT. VII. IVlJI IX. I X. XI. I. 

-I lVl. JJfoments R esist- Radius oj !)isl. 
Area lid'! 

Sec. Size in per oj Inertia. ance. Gyration. from 8fC. ,in Foot Ko. Inches. Sq. in Axis Axis Axis Axis Axis Axis 
Ba;;c No. 

Ins. IoN. Lbs. A.B. G.D. A.B. G.D. A.B. G.D. Axis. - ---I- - - - ---
64'1' 6 x4 5.12 17.4 6.56 9.33 2.19 3.11 1.13 1.35 1.00 64'1' 
65'1' 6 x 51/1 11.58 39.028.68 18.75 8.19 6.25 1.57 1.27 11.75 65'1' 

53'1' 5 x3'k! 4.95 17.0 5.29 5.47 2.17 2.19 1.03 1.05 1.06 53T 
54'1' 5 x4 4.54 15.3 6.16 5.41 2.11 2.16 1.17 1.09 1.08 54'1' 

42T 4 x2 1.93 6.5 0.53 1.75 0.34 0.87 0.52 0.95 0.46 42'1' 
43'1' 4 x3 2.67 9.0 1.99 2.10

1

0.90 1.05 0.87 0.89 0.78 43T 
44'l' 4 x3 3.05 10.2 2.24 2.44 1.02 1.22 0.85 0.89 0.81 441' 
451' 4 X 41~2 3.97 13.5 7.36 2.53 2.33 1.27 1.36 0.80 1.34 45'1' 

38T 3~x 3 2.11 7.0 1.65 1.18 0.75 0.67 0.88 0.75 0.80 38'1' 
39'1' 3'12 x 3 2.46 8.5 1.91 1.41 0.88 0.81 0.88 0.75 0.83 39'1' 

301' 3 x 11-12 1.20 4.0 0.18 0.60 0.16 0.40 0.39 071 0.36 301' 
31'1' 3 x24.J 1.46 5.0 0.78 0.60 0.42 0.40

1
0.73 0.64 0.66 31'1' 

32T 3 x 21,{..) 1.76 6.0 0.93 0.74 0.51 0490.73 0.65 0.68 32'1' 
331' 3 x 2"2 2.06 7.0 1.08 0.89 0.60 059 0.72 0.66 0.71 33'1' 
34'1' 3 x2'k! 2.38 8.0 1.32 0.91 0.78 0 .61 0.74 0.62 0.80 34T 
35T 3 X 3

'
(, 2.46 8.3 2.82 0.89 1.17 0 .59 1.07 0.60 1.08 35'1' 

36'1' 3 x 31~ 2.81 9.5 3.19 1.04 1.33 0.69 1.07 0.61 1.10 36'1' 

281' 234 x 13(1 1.96 6.6 0.56 0.60 0.50 0.44 0.54 0.56 0.64 28T 
29'1' 2:34 x 2 2.14 7.2 0.82 0.61 0.66 0.44 0.62 0.54 0.75 29'1' 
25'[' 2'12 X 11/4 0.97 3.3 0.10 0.33 0.11 0.26 0.32 0.58 0.31 251' 
26'1' 21\;! x 234 1.68 5.7 1.16 0.43 0.60 0.34 0.83 0.51 0.83 26'1' 
271' 2'>2 x 3 1.76 6.0 1.48 0.44 0.71 0.35 0.92 0.50 0.93 271' 
24'1' 2~x ilr 0.66 2.2 om 0.24 0.03 0.21 10.14 0.60

1
0.17 24'1' 

201' 2 x r9rr 0.60 2.0 0.01 0.17 0.03 0.17 0.14 0.53 0.17 20'l' 
22'1' 2 xl,\; 0.62 2.0 0.04 0.16 0.05 0.16 0.24 0.51 0.23 22'1' 
21T 2 xl 0.72 2.5 0.05 0.17 007 0.17 0.26 0.49 0.27 21'1' 
23'1' 2 x 1:tt2 0.91 3.0 0.16 0.170.15 10.17 10.42 10.44 0.45 231' 

171' P4 x H : 0.56 1.9 0.05 0.11 0.06 0.13 0.30 0.45 0.24 17T 
18T 134 x 1~~ 1.04 3.5 0.12 0.21 0.14 0.24 0.35 0.45 0.40 18T 
15'1' 11~ x t. 0.41 1.4 0.02 0.07 003 0.09 0.22 0 41 0.21 15'1' 
121' P4 x H 0.35 1.2 002

1 

0.03 0.03 0.05 0.24
1

0.30 0.22 l2T 
I 
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EI ... EMENTS OF PENCOYD ANGLES. 

~" r-

1. 

880 A. 
888A 

660 A 
669A 

550.\. 
559A 

440A 
447A 

350A 
355A 

330.\. 
33B.\. 
275.\. 
279A 

250 A 
255.\. 

225 A. 
228 A 
220A 
223A 
175A 
178A 

150A 
154A 

125A 
127A 
1l0A 
112A 

, 
" , 

" I 

A------ -~'-~-----·-r-B 
\, ..a 
I ' __ 1 __ 

II. III. IV. V. VI. VII . 

, h"ea'in 1Veia!lt 
.J.lIomenls oj Ltertia. 

8 x 8 
8~ x 81it 
6 x 6 
6]4 x 6~ 

5 x 5 
5Jq x 514 
4 x 4 
4]4 x 41(4 

311.! x 3"2 
35,g x 35,g 
3 x3 
3,,\; x 3?rr 
234 X 2!3,-! 
3 x3 
2] x 21(, 

2~ X 25~ 

2~x2~ 
2J1i; x 2,7rr 
2 x 2 
2A; X 2"\, 
I%, x Pl~ 
1t~ x 118 
1~x1~ 
134 x 1% 

1~x 1~ 
l'l,g X Pis 
1 xl 
l 1(s xllfs 

Thick
ness. 

~ 
1 

3 

. PeI"ftoot -

I
s<). 171ClteS' j in Lb.. A xi. 

A. B. 

7.75 
15.29 

4.36 
10.65 

3.61 
8.77 

2.40 
5.69 

2.09 
4.06 

1.44 
3.51 

1.31 
2.70 

0.90 
2.33 

0.81 
1.66 
0.71 
1.47 

0.62 
1.28 

0.36 
1.14 

0.30 
0.62 

0.23 
0.49 
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26.4 
52.8 

14.8 
35.9 

12.3 
29.4 

8.2 
18.6 

7.1 
13.7 

4.9 
1l.5 

4.5 
8.6 

3.1 
7.8 

2.7 
5.4 

2.5 
4.8 

2.1 
4 .1 

1.2 
3.5 

1.0 
2.0 

0.8 
1.5 

48.47 
94.14 

15.37 
36.69 

8.73 
20.72 

3.69 
8.71 
2.45 
4.60 

1.25 
3.01 

0.95 
2.11 

0.54 
1.33 

0 .39 
0.85 

0.27 
0.61 

0.18 
0.39 

0.08 
0.29 

0.05 
0.10 

0.02 
0.05 

Axis 
B.F. 

19.60 
39.01 

6.20 
15.48 

3.54 
9.09 

1.50 
3.82 

0.99 
1.97 

0.50 
1.32 

0.39 
0.90 

0.22 
0.59 

0.16 
0.37 

0.11 
0.26 

0.08 
0.18 
0.03 
0.13 

0 .02 
0.04 

0.01 
0.02 



ELEMENTS OF PENCOYD ANGLES. 
(', r- I 

" " I , I 
, I 

A------ - ~'-~----- ·t--B 
I " .-a , __ L_ 

'1C' 

VIII. IX. X. XI. I. 

Distance fro m 
Radii oj Gymtion. Resistance. B ase to Neutral 

Axis. Section 
Number. 

A:<is A . B . A xis E. F. A xis A . B. "d." 

2.50 1.59 8.34 2.19 880A 
2.48 1.60 16.18 2.43 888A 

1.88 1.19 3.53 1.64 660A 
1.86 1.21 8.43 1.90 669A 
1.56 0.99 2.42 1.39 550A 
1.54 1.02 5.76 1.65 559A 
1.24 0.79 1.28 1.12 440A 
1.24 0.82 3.10 1.34 44711.. 

1.08 0.69 0.98 0.99 350A 
1.06 0.70 1.84 1.13 35511.. 

0.93 0.59 0.58 0.84 330A 
0.93 0.61 1.39 1.02 336A 

0.85 0.55 0.48 0.78 27511.. 
0.88 0.58 1.02 0.93 279A 

0.77 0.49 0.30 0.70 250A 
0.76 0.50 0.75 0.84 255A 

0.69 0.44 0.24 0.63 225A 
0.72 0.47 0.50 0.75 228A 

0.62 0.39 0.19 0.58 220A 
0.64 0.42 0.40 0.68 223A 

0.54 0.36 0.15 0.51 17511.. 
0.55 0.38 0.30 0.63 17811.. 

0.47 0.28 0.07 0.42 150A 
0.50 0.34 0.25 0.57 154A 

0.41 0.26 0.06 0.35 125A 
0.40 0.25 0.11 0.43 127A 

0.29 0.21 0.03 0.30 110A 
0.32 0.20 0.07 0.37 112A 

207 



ELEME NTS OF PENCOYD ANGLES. 

1. II. III. IV. V. VI. I VI!. I VIII. -- ------
ll 'e ight JJfomenls oj Inertia. p el' Section Size in Tkick- A 'rea ,in FoOl 

lYwnber. Inches. ness. Sq. Ins. in Axis Axis Axis 
Lbs. A. B. C.B. E.l'~ -- -- -----------

860A 8 x6 '02 6.75 23.0 44.38 21.73 12.04 
868A 81(4 X 61(4 1 13.29 45.6 85.34 41.67 24.76 

730A 7 x3~ ~ 5.00 17.0 25.29 4.37 3.64 
738A 7'14 X 3%, 1 9.79 3!l.5 48.59 8.47 7.47 

650A 61-2 X 4 3/8 3.80 12.9 16.83 5.03 3.29 
659A 67/8 X 43/8 tfr 9.48 31.9 42.40 12.91 9.28 

640A 6 x4 3A 3.61 12.2 13.48 4.91 3.04 
649A 63Js X 4% t~ 9.01 29.4 33.95 12.47 8.57 

630A 6 X 3:'.'2 3Js 3.42 11.6 12.82 3.32 2.39 
639A 6% X 3'/8 1.' 8.54 28.6 32.56 7.74 6.50 16 

500A 5
'
'(' X 3]A> 3Js 3.23 11.0 10.15 3.28 2.14 

504A 5:J~ X 3:3~ 5/8 5.47 17.9 17.62 5.85 3.82 

540A 5 x4 3/8 3.23 11.0 8.13 • 4.65 2.50 
.546A 5,,\; X 4;% 34 6.35 21.3 15.65 8.74 4.95 

510A 5 x3~ 

~ 
2.56 8.7 6.58 2.71 1.65 

517A 51(4 X 334 6.07 20.0 15.51 6.41 4.17 

530A 5 x3 frr 2.40 8.2 6.27 1.75 1.20 
537A 51(4 X 31(4 34 5.69 18.7 14.75 4. 18 3.05 

450A 4~x3 frr 2.25 7.7 4.72 1.72 1.10 
457A 434 X 31(4 34 5.32 17.4 11.04 4.07 2.96 

410A 4 x3~ fr 2.25 7.7 3.57 I 2.56 1.18 
417A 41(4 X 334 ':4 5.32 17.4 8.42 I 6.06 3.08 

---- - --
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ELEMENTS OF PENCOYD ANGLES. 

E 

----- -----
IX. I X. I XI. XII. I XIII. XIV. I XV. I. 

---
Radius oj Gyration. R esistance. D,:stance f ront Bas'e 

to Neutral Axis. Section 

A xis A m Axis A xis A7is 
~Number. 

A.B. e. D. E.F. A . B . C. D. d . I. 

------------------ ------
2.56 1.79 1.34 8.03 4.80 2.47 1.47 860A 
2.53 1.77 1.:37 15.43 9.20 2.72 1.72 868A 

2.25 0.93 0.85 5.66 1.61 2.53 0.78 730A 
2.23 0.93 0.87 10.85 3.10 2.77 1.02 738A 

2.10 1.15 0.93 3.87 1.62 2.15 0.90 650A 
2.12 1.17 0.99 9.58 4.07 2.45 1.20 659A 

1.93 1.17 0.92 3.32 1.60 1.94 0.94 640A 
1.94 1.18 0.98 8.21 3.98 2.24 1.24 649A 

1.94 0.99 0.84 3.24 1.23 2.04 0.79 630A 
1.95 0.95 0.87 8.05 2.77 2.33 1.08 639A 

1.77 1.01 0.81 2.76 1.22 1.82 0.82 500A 
1.79 1.03 0.84 4.66 2.10 1.97 0.97 504A 

1.59 1.20 088 2.34 1.57 1.53 1.03 540A 
1.57 1.17 0.88 4.50 2.93 1.71 1.21 546A 

1.60 1.03 0.80 1.93 1.02 1.59 0.84 510A 
1.60 1.03 0.83 4.51 2.38 1.81 1.06 517A 

1.62 0.85 0.71 1.89 0.75 1.68 0.68 530A 
1.61 0.86 0.73 4.40 1.78 1.90 0.90 537A 

1.45 0.ff7 0.70 1.55 0.75 1.46 0.71 450A 
1.44 0.87 0.75 3.6r 1.76 1.69 0.94 457A 

1.26 1.07 0.72 1.27 1.00 1.18 0.93 410A 
1.26 1.07 0.76 2.95 2.33 1.40 1.15 417A 
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ELEMENTS OF PENCOYD ANGLES. 

B 

I. II. III. IV. V. VI. I VII. I VIII. 

Weight Mom.eni3 of Ine:rtia. 
Section Size i n. Thick- Area in. pel' 

Numbe1', Inches. Sq. Ins. Foot ------ -nea", in Axis A xis ArM 
Lbs. A . B. C.D. B.F. 

-----

430 A. 4 x3 iF 2.09 7.1 3.38 1.64 0.93 
435A 4lfs X 3lf8 :s 4.06 13.8 6.36 2.59 1.80 

300A 3~x3 t 1.93 6.6 2.33 1.59 0.80 
305A 3Ux 3h- 3.98 12.9 5.12 3.54 1.88 

310,\ 3~ X 2'42 1q 1.44 4.9 1.81 0.78 ~.45 
314A 3:3;4 X 2).i ">2 2.95 9.4 3.93 1.76 .01 

31M 3~x2 14 1.31 4.5 1.66 0.41 0.30 
318A 3"is X 21J8 ~8 1.99 6.6 2.55 0.65 0.45 

325A 3 x2~ lf4 1.31 4.5 1.15 0.73 0.41 
329 A. 31/4 X 2:l4 Ij.,.! 2.70 8.7 2.64 1.71 0.76 

320 A. 3 x2 14, 1.19 4.1 1.09 0.40 0.24 
324A 3111 X 21£t '>2 2.45 7.9 2.41 0.92 0.57 

200 A. 2'4:, X 2 
~ 

0.81 2.7 0.51 0.29 0.13 
~05A 2H X 2t6' 2.26 7.0 1.64 0.97 0.44 

206 .\. 214 X 111.2 -'\;- 0.67 2.3 0.35 0.12 0.08 
~O')A 2,'. X 11& 3J8 1.38 4.4 0.73 0.29 0.18 

215-\. 2 X 1"2 iF 0.62 2.1 0.25 0.12 0.07 
218,\. 2;'6 X 1 1~ 8 1.28 4.3 0.52 0.29 0.15 

210 .\. 2 X 1l,,\ ;{G 0.57 1.9 0.23 0.07 005 
213. \. 2 1:

i,; X 1\7C- 18 1.19 3.9 0.50 0.17 0.12 
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ELEMENTS OF PENCOYD ANGLES. 

E 

IX. I x. I XI. 
-

Radius of Gyration. 

Axis Axis Axis 
A.B. e. D. E.F. 
------ ---

1.27 0.89 0.67 
1.25 0.80 0.67 

1.10 0.91 0.64 
1.13 0.95 0.69 

1.12 0.74 0.56 
1.15 0.77 0.59 

1.13 0.56 0.48 
1.13 0.57 0.48 

0.94 0.75 0.56 
0.99 0.80 0.53 

0.96 0.58 0.45 
0.99 0.61 0.48 

0.79 0.60 040 
0.85 0.66 0.44 

0.72 0.42 0.35 
0.73 0.46 0.36 

0.63 0.44 0.34 
0.64 0.48 0.34 

0.64 0.35 0.30 
0.65 0.38 0.32 

A , 

XII. 
--

\ , 

I X III. 

Resislanc e. 

Axis 
A.B. 
---

1.23 
2.33 

0.95 
2.00 

0.'76 
1.58 

0.72 
1.09 

0.55 
1.20 

0.54 
1.14 

0.29 
0.88 

0.23 
0.46 

0.18 
0.36 

0.18 
0.36 

A 
C. 

ris 
D. 

O. 
1. 

O. 
1. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

O. 
O. 

73 
16 

73 
53 

41 
88 

27 
41 

40 
88 

26 
57 

19 
60 

11 
24 

11 
24 

07 
17 

----

B 

XIV. I XV. 

D/~slanceJrom, Base 
to l'~eulral Axis. 

d. I. 

1.26 0.76 
1.40 0.90 

1.06 0.81 
1.25 1.00 

1.11 0.61 
1.26 0.76 

1.21 0.46 
1.28 0.53 

0.92 0.67 
1.05 0.80 

0.99 0.49 
1.14 0.64 

0.76 0.51 
0.94 0.69 

0.74 0.37 
0.86 0.48 

0.64 0.39 
0.76 0.50 

0.69 0.31 
0.80 0.42 

I. 

Sectio'/J, 
Number. 

430A 
435A 

300A 
305A 

310A 
314A 

316A 
318A 

325A 
329A 

320A 
324A 

200 A 
205A 

206A 
209A 

215A 
218A 

210A 
213A 



UADII OF GYRATION FOU, 2 Al.~GLES 
WiTH SIDES PAUALLEL. 

The radii of gyration correspond to axes shown. 

,< -----M----- '.; "-----00------'" ,< ----i n ---". 
I ~feK- ~%. 

====;o===:~ 
Weight 

Si=. Tltick· pel'1'00t 
RADII GYRATION. 

d 

r. _1_1'3_ in Inches. 'M8S. i n. 
Pounds. 

8 x8 
81[1 x 8~ 

6 x6 
6]il x 51.! 

5 x5 
5~ x 5-'4. 

4 x4 
4ltt x 4~ 

3]~, x 31.(, 
3~x3~ 
3 x3 
3i\: x3rrr 

2:J4 x 2:Ji! 
3 x3 

2~ x 2]2 
2'-18 x 25'1> 

2'4 x 2]1.( 
21rr x 2j\; 

2 x2 
2;'\; x 21\-

H: x 13~ 
It x II i! 

l:~x Pi2 
l'J,'4 x1:J4t 

Pf4 x Pf4 
13/ax 1'\8 

1 xl 
PI. x Pis 

3 8 
H 

26.4 
52.8 

14.8 
35.9 

12.3 
29.4 

8.2 
18.6 

7.1 
13.7 

4.9 
11.5 

4.5 
8.6 

3.1 
7.8 

2.7 
5.4 

2.5 
4.8 

2.1 
4.1 

1.2 
3.5 

1.0 
2.0 

0.8 
1.5 

2.19 
2.43 

1.64 
1.90 

1.39 
1.65 

1.12 
1.34 

0.99 
1.13 

0.84 
1.02 

0.78 
0.93 

0.70 
0.84 

0.63 
0.75 

0.58 
0.68 

0.51 
0.63 

0.42 
0.57 

0.35 
0.43 

0.30 
0.37 

2.50 
2.48 

1.88 
1.86 

1.56 
1.54 

1.24 
1.24 

1.08 
1.06 

0.93 
0.93 

0.85 
0.88 

0.77 
0.76 

0.69 
0.72 

0.62 
0.64 

6.54 
0.55 

6.47 
0.50 

0.41 
0.40 

0.29 
0.32 

3.32 
3.47 

2.49 
2.86 

2.09 
2.26 

1.67 
1.82 

1.46 
1.55 

1.25 
1.38 

1.15 
1.28 

1.04 
1.13 

0.93 
1.04 

0.85 
0.93 

0.74 
0.84 

0.63 
0.76 

0.54 
0.59 

0.42 
0.49 

3.45 
3.61 

2.62 
2.80 

2.22 
2.40 

1.80 
1.97 

1.60 
1.69 

1.39 
1.52 

1.29 
1.42 

1.17 
1.28 

1.07 
1.18 

0.99 
1.08 

0.88 
0.98 

0.77 
0.91 

0.68 
0.73 

0.57 
0.64 

r1r r 2 and r3 will also be radii of gyration for star columns. 

212 

3.58 
3.74 

2.76 
2.94 

2.35 
2.54 

1.94 
2.12 

1.74 
1.84 

1.53 
1.68 

1.43 
1.57 

1.32 
1.43 

1.21 
1.34 

1.14 
1.23 

1.04 
1.14 

0.92 
1.07 

0.83 
0.90 

0.73 
0.81 



RADII OF GYRATION FOR 2 ANGJ ... ES 
WITH SIDES PARALLEL. 

The radii of gyration correspond to axes shown. 

lVei,qhi RADII OF G YRATION. 
Size Thick· per j i'oo t d 

in Inches . '1&8. in 
PO'lmds. r. ' . r , r . 

----------~---------
( 

8 xu l*.J 23.0 2.47 2.56 2.32 2.44 2.57 
8l£t x 6l£t 1 45.6 2.72 2.53 2.47 2.60 2.74 

7 x3~ l*.J 17.0 2.53 2.25 1.21 1.34 1.48 
7l£t X 3~4 1 32.5 2.77 2.23 1.38 1.51 1.68 

61,(, x4 {~ 12.9 2.15 2.10 1.46 1.58 1.72 
67/; X 43/8 31.9 2.45 2.12 1.68 1.81 1.96 

6 x4 3(, 12.2 1.94 1.93 1.50 1.62 1.76 
63/8 x 43fs t~ 29.4 2.24 1.94 1.71 1.85 2.00 

6 x3~ 3fs 11.6 2.04 1.94 1.27 1.39 1.53 
63;8 X 37/8 {a 28.6 2.33 1.95 1.44 1.58 1.74 

51,(2 x 3~ a/S 11.0 1.82 1.77 1.30 1.43 1.56 
534 X 334 5/8 17.9 1.97 1.79 1.41 1.55 1.69 

5 x4 a/8 11.0 1.53 1.59 1.58 1.71 1.85 
5116 x 4ft % 21.3 1.71 1.57 1.68 1.82 1.97 

"-

5 x 3l*.J ~ 8.7 1.59 1.60 1.33 1.45 ... 1.59 
Sl£t x 3% 20.0 1.81 1.60 1.48 1.62 1.77 

5 x3 ~ 
8.2 1.68 1.62 1.09 1.21 1.35 

51(4 x 31(4 18.7 1.90 1.61 1.24 1.39 . 1.54 

4~x3 ~ 
7.7 1.46 1.45 1.12 1.25 1.39 

4"4 x 31(4 17.4 1.69 1.44 1.28 1.42 1.58 
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UADII OF GYRATION FOR 2 ANGLES 
WITH SIDES PAltALLEL. 

The radii of gyration correspond to axes shown. 

v~ ~----®---ro 
--;<41<-

Weight RADII OF GYRATION. 
Size Tliick- per FoOl d ------in incites. ness. in 

Pounds. "0 r 1 "2 "3 -

4 X 3
'
h ~: 7.7 1.18 1.26 1.42 1.55 1.69 

4~ x 3:l.~ ··1 17.4 1.40 1.26 1.57 1.71 1.86 

4 x3 ).~; 7.1 1.26 1.27 1.17 1.30 1.44 
41/S X 31fs '',8 13.8 1.40 1.25 1.20 1.35 

I 
1.50 

3'.<.:J x 3 ;J;:'G 6.6 1.06 1.10 1.22 1.35 1.49 
3tiJ X 3h .~~ 12.9 1.25 1.13 1.38 1.52 1.67 

31t2 x 21t2 lit 4.9 1.11 1.12 0.97 1.09 1.23 
3"1J, x 231J, 1>2 9.4 1.26 1.15 1.08 1.22 1.37 

3'.<.:J x 2 ~ 
4.5 1.21 1.13 0.72 0.86 1.00 

35/S x 21/8 6.6 1.28 1.13 0.78 0.92 1.07 

3 X 2' " lf4 4.5 0.92 0.94 1.00 1.13 1.29 
3'41, x 2:~4 1>2 8.7 1.05 0.99 1.13 1.27 1.42 

3 x2 lf4 4.1 0.99 0.96 0.76 0.89 1.04 
3~ x 21ft ' t.! 7.9 1.14 0.99 0.88 1.03 1.18 

2'<.J x 2 ~~ 2.7 0.76 0.79 0.79 0.92 1.07 
2l:J X 2t"" 7.0 0.94 0.85 0.95 1.09 1.24 

2'1t x 11,.! l" 2.3 0.74 0.72 0.56 0.70 085 
217~ x Itt 18 4.4 0.86 0.73 0.66 0.81 0.97 

2 x P~2 
, 2.1 0.64 0.63 0.59 0.73 0.88 \6 

21'" X It;; 'is 4.3 0.76 0.64 0.69 0.84 1.00 

2 x 1l£r lir 1.9 0.69 0.64 0.47 0.61 0.77 
2·l6 x 1.'6 18 3.9 0.80 0.65 0.57 0.72 0.88 
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RADII OF GYRATION FOR 2 Al~GLES 
WITH SIDES PARALLEL. 

The radii of gyration correspond to axes sbown. 

!Veight RADII OF GYRATION. 
Size Thick- per Foot d --in Incites . ness. in 

Pounds. ". r , 1". r3 
- -- - - - --- --- --- ------

8 I6 ~.2 23.0 1.47 1.79 3.56 3.69 3.83 
8~ I 6'4 1 45.6 1.72 1.77 3.71 3.85 4.00 

7 I 3]2 ' l}. 17.0 0.78 0.93 3.38 3.53 3.67 
7~I 3:~ 1 32.5 1.02 0.93 3.56 3.70 3.85 

6~ I4 ~1 
12.9 0.90 1.15 3.00 3.14 . 3.28 

6%x4% 31.9 1.20 1.17 3.24 3.38 3.53 

6 I4 ~l 
12.2 0.94 1.17 2.74 2.87 3.01 

6:3fs x 4% 29.4 1.24 1.18 2.96 3.11 3.26 

6 I31k :.I;, 11.6 0.79 0.99 2.81 2.95 3.10 
6% I 3~8 1 28.6 1.08 0.95 3.04 3.18 3.33 1 G 

5~I3~ 'lis 11.0 0.82 1.01 2.54 2.68 2.82 
534 I 3~4 % 1'7.9 0.97 1.03 2.66 2.80 2.95 

5 I4 % 11.0 1.03 1.20 2.21 2.34 2.48 
Sic I 411" % 21.3 1.21 1.17 2.32 2.46 2.61 

5 I3~ ~~ 8.7 0.84 1.03 2.25 2.39 2.53 
5'4 I 3aLl 20.0 1.06 1.03 2.41 2.56 2.71 

5 I3 "tr 8.2 0.68 0.85 2.33 2.47 2.62 
5"'4 I 3]4. 34 18.7 0.90 0.86 2.49 2.64 2.79 

412 I 3 
~ 7.7 0.71 0.87 2.06 2.19 2.34 

4"14 I 3'4. 17.4 0.94 0.87 2.22 2.37 2.52 
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RADII OF GYRATION FOR 2 ANGLES 
WITH SIDES PARALLEL. 

The radii of gyration correspond to axes shown. 

Weight RADII OF GYRATION. 
Size Thick- per Foot d in Inches. ness. in 

Pounds. ". T, T, To 

------------------

4 x3~ ~ 7.7 0.93 1.07 1.73 1.86 2.00 
4l{4 X 334 17.4 1.15 1.07 ,1.88 2.03 2.18 

4 x3 P 7.1 0.76 0.89 1.79 1.92 2.07 
41(8 x 31(8 Ys 13.8 0.90 0.80 1.88 2.02 2.17 

3~x3 ~ 
6.6 0.81 0.91 1.53 1.66 1.81 

3t! X 3tir 12.9 1.00 0.95 1.68 1.82 1.98 

3~x2~ 1(4 4.9 0.61 0.74 1.58 1.71 1.86 
334 X 234 ~ 9.4 0.76 0.77 1.71 1.85 2.00 

3~x2 1(4 4.5 0.46 0.56 1.65 1.80 1.95 
3% X 21(8 ~/8 6.6 0.53 0.57 1.71 1.85 2.00 

3 x2~ 1(4 4.5 0.67 0.75 1.31 1.45 1.60 
31(4 x 234 ~ 8.7 0.80 0.80 1.44 1.58 1.73 

3 x2 ~ 
4.1 0.49 0.58 1.38 1.52 1.67 

31(4 x 21(4 7.9 0.64 0.61 1.51 1.66 1.81 

2~x2 ~ 
2.7 0.51 0.60 1.10 1.23 1.38 

2t! x 2tir 7.0 0.69 0.66 1.27 1.41 1.56 

21(4 x 1~ ~: 2.3 0.37 0.42 1.03 1.17 1.33 
2i'1r x Iii 4.4 0.48 0.46: 1.13 1.28 1.43 

2 x1~ ~ 
2.1 0.39 0.44 0.90 1.04 1.19 

2-i\;-x1H 4.3 0.50 0.48 0.99 1.14 1.30 

2 X1~ ~ 
1.9 0.31 0.35 0.94 

I 
1.09 1.24 

2/6 X 1 3.9 0.42 0.38 1.03 1.18 1.34 
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MOMENT OF INERTIA OF RECTANGLES. 

-------'""tt---------
5~ -- .. ... ------.-- .. . 

" Width oj R ectangle in I nches. 
~~ I-----,--~-.--~-.-----.-----.-----.----g.; _ t_. _~ ___ i _ ___ rtr _ ___ ~_ ~ __ i_ 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

4.50 
7.15 

10.67 
15.19 
20.83 

27.73 
36.00 
45.77 
57.17 
70.31 

16 85.33 
17 102.35 
18 121.50 
19 142.90 
20 166.67 

21 192.94 
22 221.83 
23 253.48 
24 288.00 
25 325.52 

5.63 
8.93 

13.33 
18.98 
26.04 

34.66 
45.00 
57.21 
71.46 
87.89 

106.67 
127.94 
151.88 
178.62 
208.33 

241.17 
277.29 
316.85 
360.00 
406.90 

26 366.17 457.71 
27 410.06 512.58 
28 457.33 571.67 
29 508.10 635.13 
30 562.50 703.13 

31 620.65 775.81 
32 682.67 853.33 
33 748.69 935.86 
34 818.83 1023.54 
35 893.23 1116.54 

6.75 
10.72 
16.00 
22.78 
31.25 

41.59 
54.00 
68.66 
85.75 

105.47 

128.00 
153.53 
182.25 
214.34 
250.00 

289.41 
332.75 
380.22 
432.00 
488.28 

549.25 
615.09 
686.00 
762.16 
843.75 

930.97 
1024.00 
1123.03 
1228.25 
1339.84 

7.88 
12.51 
18.67 
26.58 
36.46 

48.53 
63.00 
80.10 

100.04 
123.05 

149.33 
179.12 
212.63 
250.07 
291.67 

337.64 
388.21 
443.59 
504.00 
569.66 

640.79 
717.61 
800.33 
889.18 
984.38 

1086.13 
1194.67 
1310.20 
1432.96 
1563.15 

9.00 
14.29 
21.33 
30.38 
41.67 

55.46 
72.00 
91.54 

114.33 
140.63 

170.67 
204.71 
243.00 
285.79 
333.33 

385.88 
443.67 
506.96 
576.00 
651.04 

10.13 
16.08 
24.00 
34.17 
46.87 

62.39 
81.00 

102.98 
128.63 
158.20 

192.00 
230.30 
273.38 
321.52 
375.00 

434.11 
499.13 
570.33 
648.00 
732.42 

11.25 
17.86 
26.67 
37.97 
52.08 

69.32 
90.00 

114.43 
142.92 
175.78 

213.33 
255.89 
303.75 
357.24 
416.67 

482.34 
554.58 
633.70 
720.00 
813.80 

732.33 823.88 915.42 
820.13 922.64 1025.16 
914.67 1029.00 1143.33 

1016.21 1 1143.23 1270.26 
1125.00 1265.63 1406.25 

1241.30 1396.46 1551.62 
1365.33 1536.00 1706.67 
1497.38 1684.55 1871.72 
1637 .67 1842.38 2047.08 
1786.46 2009.76 2233.07 

36 972.00 1215.00 1458.00 1701.00 1944.00 2187.00 2430.00 
37 1055.27 1319.09 1582.90 1846.72 2110.54 2374.35 2638.17 
38 1143.17 1428.96 1714.75 2000.54 2286.33 2572.13 2857.92 
39 1235.81 1544.77 1853.72 2162.67 2471.62 2780.58 3089.53 
40 1333.33 1666.67 2000.00 2333.33 2666.67 3000.00 3333.33 
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ELEMENTS OF USUAL SECTIONS. 
Moments refer to horizontal axis as shown. This table is intended for 

convenient application where extreme accuracy is not jmportant. Some of 
tbe terms are only approximate; those ma.rked * are correct. Values for ra
dius of gyration in Hanged beams apply to standard minimum sections only. 
A = area of section . 

S/~je lIfoment Moment Distance oj Least Radiu. 
oj oj BftSejrom oj Centre oj &ction. Inertia. Resistance. Grlwily. Gyration. 

-
0(- b-, G-' - -- --~ 

bh3 * M" h r .. ea~t SiLl6 * 
12 6 2 3.46 

iM; 114 * !t' 
12 0. 1]i8!t' , 3.46 

" ~' 
- - -

~t JJ4 _ 114 * 1 /J4 _ /J 4 * B . '1 lJ2+b'* Ir 6 ' jJ :l 12-
.-B--* 

---

8: The least of 
bit' , 11112 * 2 the two: 

h 
- I 36 2 1 a ~or .!!! .. 

<1.24 4.9 It-b-.. 

-- ---

Li~ . J bit·, 
12 

lc--b_oJ 

1- --

tj' 6iJ'+6bb, + b,' ,,1 1 3b t "'" 
• I . ', .. ,-""" ! 36 (2b + b,) a 2b + b, 

~L-:L - -- - -- --

-® AD" AD' ]) ])* 

IG 8 ~ 4 

---

I n'- d~* -@) n ! I \1fl + dO)* 
0.0491 (D'-d')* r0982 - JJ- 2 

~.-D- ~ 
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ELEMENTS OF USUAL SECTIONS. 
l\foments refer to hodzontal axis as shown. This table is intended for 

cOllvenient application ,\here extreme accuracy is uot important. Some of 
the terms aTe only approximate; those marked * are correct. Values for ra-
dius of gyration in flanged beams apply to standard minimuID sections only. 
A = area of section. 

Shape JJfoment JJfoment Distance oj Leas t Rad-ius Basef1'om oj oj oj ();ntre oj oj 
Section. Inertia. Resistance. Gravity. Gyration. 

8 0.1098,4 * IV, ~ U.190,Q,·" 
0.4241,· o OGn!1 }2 * W, ~ O,2587" 

---- -

B -r , O. 7854 b((~ * 0.7854 ba2 * 
I a 
-~ 

-----

r---~~I Ah' Ah h It 
10.4 7.4 3:5 5 

it- .. h_)II 

----

.![i AT,' All. h hb 
9.~ G.7 3.T 1i.G(h + b) .. 

If.-b JI 

~ All' Ah II. It 
19 9.5 '2 4.74 

~-'h ~_:J 

JS: A1I2 Ait It 
h 10§ 7.6 ;I3 4.66 - ! 

~ ~ b ~ ,. 

It Ah' Ah h 
6.1 3.0 '2 5.2 

....... -:()- .; 
-----

-re} Alt' Ah h 
6.13 3:3 '2 3.56 

"" .. b ... 
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BENDING MOMENTS, DEFLECTIONS, ETC., 

IV ~ Totalloau. L - Length of beam. 
E - Modulus of elasticity. 1 - Moment of inertia. 

Form of Support and Load. Reactions A. B. 
Safe Load IV: 

B = IV 

IV _ ICR 
L 

4 = IVd, 
L 

B - IVd 
L 

IV= KR J
dd, 

A - ~ TJ' 
16 

B _ 11 11' 
10 

IV = 16J.R 
a L 

220 

Bending Moment M. 

M = IVx 

jfmax. _ IVL 

lJf = lVx 
2 

Mmax. = IVI, 
4 

ForBD,lJf = mix, 
L 

For AD, M = f6 IVx. 

For BD, 

JJ[ ~ WI. (5. _ }! X,) 
, 32 16 j , • 

JJ[max. - & 111,. 

Ma ~{WL. 



FOR BEAMS OF UNIFORM SECTION. 

R ~ !. ~ Resisting moment. Ie ~ Fibre stress. 
c 
c = Distance from neutral axis to extreme fibres . 

Equation of Elastic 
Curve. 

1VL3 [ X 4 x3 ] 
Y = 16 El L - 31Jf 

ro ro 
"1<1~ ~l~ 
I" I'" 

~l"l::! HJ~ 
-+- + 
!:ri~ "I " 
'" ~ L-...J 

;-I~ :;; I~ 
~lhI ;:: IhI :='" ~'" 

II II 
;;: 

'" 
ro ro 
~ I~ ~I~ 
lO lc¢ X 

I ~ 1 !;;1 
~Ier,) 

"'hi 
, 

L-...J ~ Ig:j ~,;;'I~ 

~ 1k1 II >O '0'l 

::., .O'l ;;: + .... 1., ,;;'lhI 
II ,.., . .,. 

L-...J 

'" 

Deflection "/." 

I~ 
"" f -i;:~ 
'" .,; 
'" := 

T""I J~ 

II .... 

f~ !£L3 
3 EI 

lil~ 
-+-

i2'lli ,..,1., 
;:. - -+- ~ 

'?:j .... T""I'co ~ 

'" 1\ ";:.. V 
" ~ --d ~ ... 

oS II 
~ ,;;' 

" S .... 

7 WL3 
f~ 768 EI' 

V1 PL'. 
max. ~ 5 X48El 

forx~ LVr-5 
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Graphical lIEet/tOd, 
Ordinates give Bending 

lJloments. 

Draw triangieA ~ ~b. 

Draw triangles 

BE~I6WL, CD ~ 32 WL. [3 5 



BENDING MOMENTS. DEFLECTI ONS. ETC., 

IV _ Total Load. L - Length of beam. 
E - Modulus of elasticity. I - Moment of inertia. 

Fon" of Support an,l Load. Reactions A. B. 
Safe Load IV. 

A H 

A - B 

IV 
"1 

IV 
"2 

II' 2 KR 
P 

JJ _ IV 

IV~ 2 II?!: 
L 

IV= 8 [UI, 
L 

A e ll' 
B ~ IV 

lV_ SKR 
L 

Bendin!} ,11oment ilL 

lJI IV£("_ }) 
2 L 4 

lJImax. _ IVL 
S 

For A and B 
lJI JVp 

2 

I-
il[- IV", 

2£ I 
I lJImax. ~ II'L 

2 

.1[ IVx ( 1 _. " ) 
2 L 

II 'L 
Jl[max. S 

jJ[ _ IV" (~_~) 
2 4 L 

.I[max. _ I~L 
9 

/1[0 - 128 lVL 



FOR BEAMS OF UNIFORM SECTION. 

R ~!. = Resisting moment. 
c 

Ie ~ Fibre stress. 

c = Distance from neutral axis to extreme fibres. 

Equation of Elastic 
Carve. 

Y ~f-p+ 

Deflection "f." 

1V L3 
f = 192 l!,I 

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

5 IVY 
f = 1>84 /!''I 

Inflection at {L 
WL' 

f~ ]92 EI 
Max. Deflect. x = 

0.4215 L 

223 

G1'apkicat life/hod. 
Ordinates give BeruUng 

lIfoUl.ent::; . 

Draw trapezoid DA 4· 

Draw parabola A = .!~L. 

~raw parabola A ~, WL 8 . 

Draw triangle and parabola 
CB ~ DR= lVL' :-8. 



BENDING MOMENTS, DEFLECTIONS, ETC., 

lV - Total load. 
E = Modulus of elasticity. 

L = Length of beam. 
I = Moment of inertia. 

Form of SupjXJrt and Load. 

r-"'-r---D----y-d-; 
I I 'I 

I I I 

Reactions A. B. 
Safe Load lY. 

lV _ 12 KR 
L 

B - lV 

A= lV(2d + h} 
2L 

224 

Wa 
2L' 

Bending lIfo",e,,! M. 

lII= '!yL(~ _ x +~) 
2 6 L L' 

lVL 
lIImax. - 12-

lIfmax.= lVL 
3 

ForA < lV 
A'a 

RK- 2 lV 

ForB < lV, 

RK B'a, 
=2TV, 

For lV- lV, and a = a, 
RK= ~ Wa. 



FOR BEAMS OF UNIFORM SECTION. 

R ~ !. _ Resisting moment. Ie - Fibre stress. 
c 
c = Distance from neutral axis to extreme fibres. 

Equation ~f Ela3tic 
Ourve. Deflection "f." 

JVV 
f-384EI 

Point of Inflection 

Graphical Method. 
Ordinat .. give Bending 

Moment... 

'" = O.2113L. Draw parabola and rectangle, 

WV 
f= 15EI 

225 

A= JVL BO- WL 
8 12· 

A 
I 
j(---- L----

Draw parabola, BO = l~L. 

:t 
"!0 

Draw triangle and parabola, 
IeH _ JVZ ab KE JVZ' 

- L =~8-



BENDING MOMENTS, DEFLECTIONS, ETC., FOR 
BEAMS OF UNIFORM SECTIONS. 

IV _ Total load. 
E _ Modulus of elasticity. 
R -!. _ Resisting moment. 

c 

L - Length of heam. 
I _ Moment of inertia. 

K - Fibre stress. 

c -= Distance from neutral axis to extreme fibres. 

Beam supported at hoth ends, 2 symmetrical loads. 

AC = EB = Distance from support to load. Draw trapezoid having CD = 
EF = ! Wa. Ordinates give bending moments for corresponding positions 
on beam. 

Bending moment het'Veen loads = ! TVa. 

Maximum deflection - 4~lib-(3 L' - 4a2). 

Beam supported at both ends, with concentrated loads at various points: 

R 
FIG. 6 

p 

Draw (by 3, page 221) the triangles having vertices at C, D and E, the verti
cals representing bending moments for loads wI, w2 and '11)1, respectively. 
Extend Fa to P, GD to R, and HE to S, making each long vertical equal to 
the sum of the hending moments corresponding to its position. Thatis, FP= 
FC + FI + FJ, GR - GD + GL+ OK. And lfS - .lIE + .lIN + Hill. 
Ver ticals drawn f rom any point on the polygon, APRSB to AB, will repre
sent the bendi ng moments at the corresponding points on the beam. 

2~6 



STRESSES IN SOME SIMPLE FORMS OF 
FRAMED STRUCTURES. 

Compression indicated by the sign - and by solid lines. 
Tension by the sign + and by dotted lines. 

' Vhcn the prefix" stress" is used, the load borne by the 
member is indicated; otherwise the length of the member 
is meant. 

CRANES. 

Supported at the points A and B, maximum longitudinal 
stresses, due to weight TV, suspended at the end. These 
stresses are modified by the position of the hoisting chain. 

A 
1' ........ 
FIG.2 ........ 

:~ 
D is the point where a line drawn from Cat right angles 

to A B will intersect the latter. 

Stress A C=+ ~ ~ X W StressB C=B C X W 
AB 

" A B=-~ ~ X TVinFig. 2, or=+~~ X Win Fig. 3. 

When point A is supported by inclined back stays as 
shown in Fig. 1, and when the back st.'ty is in the plane of 
A Band W. 

, __ AC AE 
Stress .Ii E - + A B X W X E B' 

and a resulting compression ensues on 

AB=_AC X WXAB 
AB BE· 
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CRANES. 

A 

// .............................. ~IG. 4 
/ ............. 

CD 
Stress C D = - A D X W 

E / D '-, C AC=+AC XW 
AD \ , 

'\\ r/f!) " E D = - stress D C. 

~ Let w = the horizontal reaction at B 

CD 
10 = AB X W 

BE 
Stress B E = + ED X 10 

" 

" 

AE=+ADE X (stress CD-1O) 
E 

BA=-(~~X W +W) 

X··~··-· ·'>!I'; 

~ .::-:' __ r;o -!-::,,"Y~. ______ ~ E and H are points where 
!~--tr--'~'::;~ line.s drawn from D intersect 
~H!--:~~ ® at nght angles A Cand A B. 

'J.... FIG. 5 formed by ext.ending the 
! ". braces CD and B D as indi-

"-+v- X, Y and Z are the angles 

I cated by dotted lines. W = 
W<i------"'" Bi the horizontal reaction at B 

W= 
AC 
ABX W. 

CE CD 
Stress A C = + ED X W. Stress CD = - ED X W 

" BH 
AB=+DH Xw, " 

BD 
BD=-HD XW 

Sine Y 
A D = - stress CD X S'---X lne 

or = - stress B D X S~ne Y 
Sme Z 

2'28 



TRUSSED GIRDERS. 

Weight in .!.fiddle. 

FIG. 6 Stress A Cor 

A 
@ 

B 
BC=+AC X W 

DC 2 

"AB ADXW 
=-DC "2 

" DC = -W o 
-------

Weight out of Centre. 
AC X DB 

FIG. 7 Stress A C=+ AB X D C X W 
@ 

A ~/ B " BC=+BCXAD X W 

""""" D //// ~ ~ : ~ ~ 
_/ S~.AB= ABXDCXW 

C " DC=-W 

Equal Loads W. W, 
FIG. 8 A H 

StressAIIorDE=+BHX W 

A o 
B C 

" A D=-':~;;X W 
H E 

Stress B H or CE=- W 

Unequal Loads Wand w. 
FIG. 9 8 Stress as below on counter 

A @ - J diagonalsB Eor HCaccording 
" ' B... -' C / to position of greatest load. 

"""'" ">~: //' C H ( W 
H/' ""'E'/ StressCII= + BHX 3 W) 
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w 
A 

FIG. 10 

G 

Pink Truss. 

" CG=-2 W 

A E=-l~WX:'i--.9 
CG 

Stress A For H E= + 1~ Wx ~: 

" FGorHG=+ Wx ~g 

F C or C H = + TV X A C 
2 CG 

ROOFS. 

W = load concentrated on each triangular apex. 

G FIG. 11 

@ /1\ @ 
o /' ] \ 

/ : \ , ' \ 
I \ 

I \ ---_ ..... _--
F B G 

Stresses on Ties. 

Strut Stresses. 

Stress D F= - w 

w CH 
w "EF= 2XCB 

H 

Rafter Strfsses. 

Stress F G = + l~ w X ~ ~ Stress C E = - 2 w X C H 
CB 

" EA=-2.twX CH 
- CB 

" C F = + l~ w X C G 
BC 
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ROOFS. 

W = load concentrated on each triangular apex. 

w 
B 

Strut Stres.ges. 

StressHIor K L=-w X DB 
CB 
DB GE=-2wXCB 

Rafter Stresses. 

(
7 w CB ) 

Stress KB = - T X CD 

(
7W CB CD) 

" GK=- T X CD-tv X CB 

(
7 w CB? CD ) 

" H G=- ""2 X CD-~ VJ X CB 

" C J-I - _ (7 w X C B_ 3 7U X CD) 
- 2 CD CB 

Stresses on Ties. 

w DB CB 
Stress G Ior G L = + -2- X C B X CD 

" 
DB CB 

EI=+w X CBX CD 

C I=+3 1v X DB X CB 
2 C B CD " 

FE=+8w X DB 
4 DC " 

" E L = the sum of the stresses on FE and E L 

" L B = the sum of the stresses on ELand G L. 
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ROOFS. 

W = load concentrated on each triangular apex. 

The rafters and horizontal tie being each uniformly sub
divided. 

w 
H G A 

Strut Stresses. 

w FH 
Stress F H = '""'-'2 X F G 

E I =-w X EI 
EH 

" DB _ _ 3w x DB 
- 2 DI 

Vel,tical Ties. 
10 

Stress E H +2' Stress D I = + w. Stress C B = + 3 ·w. 

Rafter Stresses. 

2 
CA 

Stress CD = - w X C B 

CA 
" D E = - 2~ w X C B 

" EF=-3 w X g~ 
CA 

" FA = -- 31 w X C B 

Horizontal Tie, 

BA 
Stress at B = + 2 w X B C 

" B I = + stress at B + ( stress DB X : £) 
" IH = + "BI+ ( " EIX~§ ) 

" HA = + "IH+ ( " FHX ~; ) 
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ROOFS. 

Iron roofs having a slope of 2 to 1, and trusses about 
15 feet apart, will approximate in weight as follows per 
square foot of building area: 

'Weight of material in frame, including truss and purlins, 
but not covering: 

Truss of 75 to ] 00 feet span, 8 to 10 pounds per sq. ft. 
" "50 to 75 " 7 to 8 " " " 
"under 50 " 5 to 7 " " " 

To this must be added the following weights of covering 
material per square foot of building area: 

Tin on I" boards. . . . . . . . . . . . . . 4.5 
Corrugated sheets, No. 20, galvanized .... 2.3 

" "No. 20, "on I" boards 5.7 
Slate T"ll " thick, on It" boards. . 11.0 

" til " "1" 7.5 
Felt and gravel. . . . 9-11 
If plastered below rafters, add. . 10 

pounds. 
" 
" 
" 
" 
" 

The snow load will vary with the latitude from 10 pounds 
per square foot of building area for Baltimore and Cincin
nati to 30 pounds for Northern New England. In roofs 
with inclinations of 45 degrees or over the snow load can 
be neglected if no snow guards or other obstructions are 
attached. On slate roofs with a slope of 2 horizontal to 1 
vertical, the snow will not accumulate to any material 
thickness. 

The normal wind load is usually computed by Hutton's 
formula u' = 1t sin a: 1.84 cos" -1 where u' = pressure due 
to wind normal to roof surface u = horizontal pressure of 
wind in pounds per square foot, oc = inclination of the roof 
to the horizontal in degrees. 

Taking the horizontal pressure at 30 pounds per square 
foot we derive the following normal pressure per square foot 
of roof surface: 

Inclination. Pressure. 
5° 3.91bs. 

10° 7.2" 
15° 10.5" 
20° 13.7" 

Inclination. Pressure. Inclination. Pressure. 
25° 16.9Ibs. 45° 27.1Ibs. 
30° 199" 50° 28.6" 
35° 22.6" 55° 29.7" 
40° 25.1" 60° 30.0" 
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SHAFTING OF STEEL OR WROUGHT IRON. 

The resistance to shearing averages about 18(J of the 
tensile strength, i. e. about 40,000 Ibs. for wrought iron, 
or 50,000 Ibs. for soft steel, per square inch of section. 

The torsional resistance of any shaft can he determined 
when the shearing resistance is known; thus 

T= .196 ass for round shafts, (a) 
T= .28 ass for square shafts. (b) 

d = diameter of the shaft in inches. 
s = shearing I:ltrength in pounds per square inch. 
'1'= the torsional moment in inch-pounds; that is, the force 

in pounds multiplied by the length in inches of the 
lever through which the force acts. 

Taking s at 40,000 and 50,000 Ibs., respectively for iron 
and steel, and assuming that in machinery the working 
value should be between one-fourth and one-fifth of the 
ultimate strength-adopting the mean-makes the working 
resistance to shearing 9,000 Ibs. per square inch for iron, and 
11,200 lbs. per square inch for steel. Putting this in terms 
of the torsional moment and diameter, we deri ve from equa
t ions a and b 

T = 1760 as for round iron shafts, 
T = 2200 as for round steel shafts, 
T = 2520 as for square iron shafts, 
T = 3150 d8 for square steel shafts, 

'/---r . 
d = ~1760 for round ]ron shafts, 

9[1' 
d = ~2200 for round steel shafts, 

'/1' . 
d = ~ "25'20 for square ]ron shafts, 

d = 
, '1' 

;:H50 for square steel shafts, 

(e) 
(el) 
(e) 
(J) 

(g) 

(71) 

(i) 

(k) 

These formulre apply to shafts subject to twisting strains 
alone. III practice, however, such cases seldom occur, as 
shafts are generally subjected to combined bending and 
twisting strains. As there are no experimental data for 
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such It combination of forces, we have to rely on analysis, 
which gives the following: 

Tl = }.[ + v' Jf2 + T' (I) 

J[ = bending moments in inch-pounds. (See page 220.) 
T = twisting" " 
Tl= a new twisting moment which, substituted for T in 

equations g to k, will give the desired proportions 
for the shaft. 

In revolving sltafts the longitudinal stress resulting from 
the bending action is continually changing from tension to 
compression, and vice versa. 

It is therefore advisable, for reasons given on page 22, to 
increase the factor of safety as the bending stress increases 
comparatively to the torsional stress. 

The following changes in factors of safety are recom
mended: 

Diviso1' in Fonnulce. 
Ratio of JJ[ to T. Factor of Safety. 

(g) for Iron.. (h) for Steel. 

M = .3Tor less, 4~ ]760 2200 
M=.6T " 5 1570 1960 
M=T " 5,} 1430 1790 
J[ = greater than T, 6 1310 1640 

HORSE-POWER. 

If it is desired to find the relations between horse-power 
and diameters of shafts, the elements of time and yelocity 
have to b~ considered. Taking the horse-power HP at 

396,000 inch-Ibs. per minute, we have HP = 62~9~ g;; ~ , 
where V = revolutions per minute. 

T= 63,057 HP, (m) 
V 

or in terms of the diameter by equation (d) we get for shafts 
of medium steel 

d _~8/29HP. 
-~ V ( 0) 
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The above will give the proper diameter of a shaft for 
transmitting any desired HP when the shaft is subjected to 
twisting stress alone; but since, as previously stated, such a 
case seldom occurs, we must combine the bending and 
twisting stresses, for which a general rule will be given at 
the close of the subject. 

DEFLECTION OF SHAFTING. 

As the deflection of steel and iron is practically alike 
under similar conditions of dimensions and loads, and as 
shafting is usually determined by its transverse stiffness 
rather than its ultimate strength, it follows that nearly the 
same dimensions should be used for steel that are found 
necessary for iron. 

For continuous line shafting used for transmitting power 
in shops, factories, etc., it is considered good practice to limit 
the deflection to a maximum of Th of an inch per foot of 
length. The weight of bare shafting in pounds= 2.6 dJl= TV, 
or when as fully loaded with pulleys as is customary in 
practice, and allowing 40 lbs. per inch of width for the 
vertical pull of the belts, experience shows the load in 
ponnds to be about 13 il'l = W. Taking the modulus of 
transverse elasticity at 26,000,000 Ibs., we can derive from 
the authoritati ve formulre the following: 

l = -fS73dJ for bare shafts (p) 
1= -f175clJ for shafts carrying pulleys, etc., (1") 

which would be the maximum distance in feet between bear
ings for continuous shafting subjected to bending stress alone. 

If the length is fixed, and we desire the diameter of the 
shaft, we have, 

d=~i;3 for bare shafting. (8) 

d = ~ 1~5 for shafting carryi ng pulleys, etc. (t) 

To apply the above to revolving shafting subjected to both 
twi~ting and bending stress, it is necessary to combine equa
tions (p) and (r) with equation (0). 
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But in 'shafting, with the same transmission of power, the' 
torsional stress is inversely proportional to the velocity of. 
rotation, while the bending stress will not be reduced in the 
same ratio. It is, therefore, impossible to write a formula 
covering the whole problem and sufficiently simple for prac
tical application, but the following rules are correct within 
the range of velocities usual in practice. 

WORKING FORMULlE FOR CONTINUOUS 
SHAFTING. 

For the diameter (d) in inches, and the maximum length 
(l) in feet between bearings of steel or iron shafting so pro
portioned as to deflect not more than Th of an inch per foot 
oflengtb, allowance being made for the weakening effect of 
key seats, 

s/50 HP 
d = ~ ----v for bare sbafts, 

'/70HP . . 
d=~-V for shafts carrymg pulleys, etc., (v) 

l = p-'720d2 for bare shafts, (w) 

l = p-'140 d2 for shafts carrying pulleys, etc., (x) 

The moment of resistance of round shafts for bending is 
one-half of the resistance for twisting strains. 

The resistances are simply and accurately expressed tbus: 

AD AD. 
lIf = 8 and T = 4 for solId sbafts. 

AD2-ad2 AD2-ad2 
]If = -SD- and T = 4D for bollow shafts. 

D being full diameter and A corresponding area, d is the 
internal diameter and a corresponding area. 

BELTING. 

When designing shafting, allow for the tension of belting, 
50 lbs. per inch of width for single leather belt or its equi va
lent, or 80 lbs. per inch of width for double leather belt, or 
its equivalent of other material. 
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WORIUNG PROPORTIONS FOR 
CONTINUOUS SHAFTING. 

~IEDIU~l STEEL. 

Transmitting power, but subject to no bending action except its own weight. 

Maxim!U1n 
Diam- So]e 
ete?' of Torsional ]0) Slw]t in }'Ioment in 
Inches. .FoQt 

Pounds. lIP 
- - - --

1~ 618 7 

1% 786 9 

Pi! 982 11 

His 1208 13 

2 1467 16 

2]ls 1758 19 

2l{1 2088 23 

23/s 2457 27 

2]'2 2865 31 

2%, 3896 42 

3 4950 54 

3~ 6293 69 

3~ 7860 86 

334 9668 105 

4 

I 
11733 128 

R evolutions p er .l.llinute. 

~I~ 250 

lIP lIP lIP 
-- - --

10 14 17 

13 17 21 

16 21 26 

20 26 33 

24 32 40 

29 38 48 

34 46 57 

40 54 67 

47 63 78 

62 83 102 

81 108 134 

103 137 172 

1~9 172 215 

158 211 264 

192 

I 
256 320 

238 

300 
--
liP 

axim'U1n 
Distance 

n Feet 
Between 

earings. 

l1I. 

i 

B 

----

20 11.7 

26 12.4 

32 13.0 

40 13.6 

48 14.2 

58 14.8 

68 15.4 

80 16.0 

94 16.5 

124 17.6 

162 18.6 

206 19.7 

258 

I 
20.7 

316 

I 
384 I 

21.6 

22.6 



WORKING PROpORTIONS FOR 
CONTINUOUS SHAFTING. 

MEDIU~[ STEEL. 

Transmitting power, and subject to bending action of pulleys, belting, etc. 

Maximum, Revolutions p er ~finute. 

Diam- So,fe 1Jfaxi rnum 
Distance eter of Torsional 

100 150 200 250 300 in Feet Shaft in 1Jfoment i n Between Inches. Foot- ----- ----- ----- ----- ----- B cm'ings. 
I Pounds. HP HP HP HP HP 

----- ----- ----- ----- -----

1~ 618 5 7 10 12 14 6.8 

1.5-8 786 6 9 12 15 18 7.2 

134 982 8 11 15 18 22 7.5 

ns 1208 9 14 19 23 28 7.9 

2 1467 11 17 23 28 34 8.2 

2lfs 1758 14 21 27 34 42 8.6 

2~ 2088 16 24 33 41 48 8.9 

2% 2457 19 29 38 48 58 9.2 

2~ 2865 22 33 45 55 66 9.6 

234 3896 24 36 48 60 72 10.2 

3 4950 39 58 77 96 116 10.8 

'i!~ 6293 49 74 98 123 148 11.4 

3~ 7860 61 92 123 153 184 12.0 

334 9668 75 113 151 188 226 12.5 

4 11733 91 137 183 228 274 13.1 
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DIAMETER IN INCHES FOR ROUND STEEL 
SHAFTS. 

PROPORTIO:r.'ED FOR RESISTANCE TO TORSION, WITH 
THE LIMITATIONS DESCRIRED ON OPPOSITE PAGE. 

-i:l ~ 

~~ Diameter in a3~ Diameter in 

I~ 
Inches for ~§ 

~ I~ 
I nches for 

~~ 
~; Conditions Conditions ::~ "'~ ~/; Described. <i- ~~ Described. "'-"c .~~ .~~ I'G I'G 

~ " No.1. No.2. No.S. ... " No.1. No.2. No.3. ~.~ ~ .~ 

------ ---- - -- - -- - - - - - -

500 .095 2.4 2.6 2.9 15000 2.855 5.7 6.2 6.8 

600 .114 2.6 2.8 3.0 18000 3.425 6.0 6.5 7.1 

800 .152 2.8 3.0 3.3 21000 3.996 6.2 6.7 7.4 

1000 .190 2.9 3.2 3.5 25000 4.757 6.5 7.0 7.7 

1200 .228 3.0 3.3 3.6 30000 5.709 6.8 7.4 8.1 

1500 .286 3.2 3.5 3.8 35000 6.660 7.1 7.6 8.4 

1800 .343 3.4 3.6 4.0 40000 7.612 7.3 7.9 8.7 

2100 .400 3.5 3.8 4.2 45000 8.563 7.5 8.1 9.0 

2500 .476 3.7 3.9 4.3 50000 9.515 7.7 8.4 9.2 

3000 .571 3.8 4.1 4.6 60000 11.418 8.1 8.7 9.6 

4000 .761 4.1 4.4 4.9 70000 13.321 8.4 9.1 10.0 

5000 .952 4.4 4.7 5.2 80000 15.224 8.7 9.4 10.3 

6000 1.142 4.6 4.9 5.4 90000 17.127 9.0 9.7 10.6 

8000 1.522 4.9 5.3 5.8 100000 19.029 9.2 9.9 10.9 

10000 1.903 52 5.6 6.1 120000 22.835 9.6 10.4 11.4 

12000 2.284 5.4 5.8 6.4 150000 28.544 10.2 11.0 12.1 

I 

240 



TO R S ION AL STIFFNESS OF SHAFTS 
Tor~ional elasticity is calculated from the following 

forlllul:oc ; 
v Tl 
~~= E'Ip 

X = length of arc of deflection, for a unit of length and 
unit radius. 

T= moment of torsion. 
I = length of shaft subject to torsion. 

I p = polar moment of inertia of cross-section. 
El = mo(lulus of torsional shear = io of the modulus of 

elasticity 01' about 11,600,000 pounds for steel shafts. 
From this is obtained the angle of torsion in degrees Vfor 

each foot of length L for steel shafts of diameter "d" in 
inches; T L , 

17 = 1661 d' for round snafts. 

TL 
V = 2820 d' for square shafts. 

The amount of torsional yield or twist permissible is 
obtained by experience and depends 011 the service to 
which the shaft is subjected. The following is considered 
good practice within the limits of length usual in ordinary 
pnlctice; 

PERI\flSSIBLE 'l'"rIS'f PER li'oo'r OF LENGTII. 

No. 1. .10 degree for ordinary service, no violent fluctua
tions. 

No.2. .075 degree with fluctuating loads, suddenly applied. 
No.3. .050 degree when suddenly reversed under full load . 

These give, when applied to the foregoing mle, for round 
steel shafts diameter d in inches for torsional moments '1' in 
incb pounds or for 

If. P. horse-power in foot pounds per minnte 
B. P . .Af. = number of revolutions per lllinute 

No.1. d = .278 ~T= 4.4 ~ 1{-I:'~I. 
41- 4/ H. P. 

No.2. d = .30 \I T= 4.75 \I R. P. M. 

No.3. d = .33 ~ '1'= 5.23 ~ l{Ij/j,[. 
The table on opposite page gi ves diameters for shafts corre

sponding to given torsion moments or power transmission, 
and for the three cases of limitation of twist described above. 

If the shaft is sulJjected to bending stress in addition to 
twisting, it should be reinforced as previously described. 
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PENCOYD TURNTABLES. 

LONG ITUDINAL SECTION AT CENTER. 

TRANSVERSE SECTION AT CENTER. 

END VIEW WITH TRUCK. 
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PENCOYD TURNTABLES. 

The Pencoyd Standard TU1'lltable is entirely center bear
ing, resting on tbree bardened steel discs of sufficient diam
eter to distribute tbe pressure. The discs arc placed in an 
oil box, a steel casting, which is bolted to a cast-iron base. 

Tbe pivot is made of cast· steel and fits between the 
two upper cross channels, through which pass the two sus· 
pending IJolts. 

The foUl' end truck wheels, which simply steady the table 
in turning, arc made of chilled cast·iron; these wheels 
should always clear the circular track rail ahout one inch 
\"hen the table is level and unloaded, as the engine and 
tender should be carried entirely on the centre discs. 

This turntable can be easily revolved by two men when 
loaded with the beaviest engine and tender. 

DDIENSIONS OF PENCOYD STANDARD TURNTABLES, 
IN FEET AND INCHES. 0 

A I B C 

o --I Depth 
--

Depth 
L e1l gth .f1·om top j)ept/I(if Total Dwm. Dwm. D' from top 

ofghdel . of ~fm. choTel 
chmod Gi1'der 

Size. out of angles to 'incente1 . u;ei!lht 
etTenlar . angles to pit. top of back to in 

to out. track. c3~~~ top of lbs. ciTcular back of center trackTail 
stone. . angles. 

-- -- ------- - - - -- --

.50' 50.0 50.8 47.8~ 7/1 3.9~ 2.l~ 4.6~ 25200 

55' 55.0 5.58 52.7~ 7/1 3.9~ 2.1} 4.6} 26800 

55' heavy 55.0 55.8 52.7:\ 7/1 3.n~ 2.1i 4.6! 28400 

60' 60.0 60.8 57.7 711 3.9i 201~ 4.6~ 34000 

60' beavy 60.0 60.8 57.7 7/1 3.9~ 2.1} 5.0~ 37800 

65' 65.0 65.8 , 62.6} 7/1 3.9} 2.1~ 4.6~ 36000 

65' heavy 65.0 65.8
1
62.6,\ 8/1 :3.9~ 2.1} 5 .0~ 39500 

75' 75.0 75.81 72.6l 9/1 5.7t 3.0} 

I 

5.0 61000 
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DIAXIMU:U BENDING MOMENTS ON PINS, 
W,TH EXTREME FIBRE STRAINS 

Y .\RYIlW FROM 15,OCO 10 25,COO POI:NDS PER SQUARE INCH. 

mom.p/,'" A:'pa OJ I Moments in inch-Poul/dsim' Fibre Strains ~I Diameter 

oj 1'", in i ':" III 15,000 lb.. 20,000Ibs. 1 22,000 lb •. i 25,000 lb •. oj Pin in 
.... 'ltClleB. I ~~. jJfI' per 'per pel' Inches. 
___ ne U'S. Sq. IneTl. Sq. Inch. Sq. Inch. Sq. Inch. ___ 

I 0 .785 1470 1960 2160 2450 1 
l','s 0 .994 2100 2800 3080 3500 Pis 
1'/1 1227 2880 3830 I 4220 4790 P il 
1"/s 1.485 3830 5100 5620 6380 Hs 
1" 1.767 4970 6630 7290 8280 11,<2 
IG/~ 2.074 6320 8430 9270 10500 15/s 
Pit, 2.405 7890 10500 11570 13200 Pit 
178 2.761 9710 12900 14240 16200 ns 
2 3.142 11800 15700 17280 19600 2 
2118 3.547 14100 18800 20730 23600 21fs 
2'11 3976 16800 22400 24600 28000 21f4 
2's 4.430 19700 26300 28900 32900 2% 

2'2 4 .903 23000 30700 33700 38400 2~ 
2"/'3 5412 26600 35500 39000 44400 25/S 
2""1 5940 30600 40800 44900 51000 231t 
2718 6.492 35000 46700 51300 58300 27/S 

3 7039 33800 53000 58300 66300 3 
31'8 7.670 44900 59900 65900 74900 311s 
3l;~ 8.293 50300 67400 74100 84300 3'14 
3"'8 8.946 56600 75500 83000 94400 33/S 

3' :) 9.621 63100 84200 92600 105200 3~ 
3"i/~ 10.321 70100 93500 102900 116900 35/S 
3"i! 11 045 77700 103500 113900 129400 331t 
371

S 11.793 85700 114200 125600 142800 .3\,s 
4 12.566 94200 125700 138200 157100 4 
41!Fj 13364 103400 137800 151600 172300 41fS 
41 4 14186 113000 150700 165800 188400 4'f4 
4'\8 15.033 123300 164400 180800 205500 43fs 
41'2 115.901 134200 178900 196800 223700 4~ 
45/S 16.800 145700 194300 213700 242800 45/S 
Hi 17.721 157800 210400 231500 263000 4%. 
47/8 18.665 170600 227500 250200 284400 41!s 
5 19.635 184100 245400 270000 306800 5 
51/S 20.629 198200 264300 290700 330400 51/S 
5'14 21.648 213100 284100 312500 355200 51f4 
5'" 22.691 228700 304900 335400 381100 53/s IS 

5Y:.! 23758 245000 326700 
I 

359300 408300 5:t;,:! 
5"/S 24850 262100 349500 384400 436800 55/s 
5~~ 25 967 280000 373300 410600 466600 534 
5 'Is 27.103 298600 398200 438000 497700 5\'s 
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MAXIMUM BENDING MOMENTS ON PINS, 
WITH EXTREME FIBRE STRAINS 

VARYING FROM 15,000 TO 25,000 POUNDS pER SQUARE INCH. 

Diameter A,.ea oj jJfoments in Inch-Pounds jar Pibre Strains of 
Diameter 

If Pin 'in Pin in 15,000 lbs. 20,000 lbs. 22,000 lb •. 25,000 lb •. of Pin in 
Inches. Sq. p er per per pc,. Inches. 

Inches. Sq Tnch. ~.Inch . Sq. Inch. Sq. Inch. 
-- ---

6 28.274 318100 424100 466500 530200 6 
61fs 29.465 338400 451200 496300 564000 61/S 
6]Lt 30.680 359500 479400 527300 599200 61f4 
63/S 3L919 381500 508700 559600 635900 63/s 

61-2 33.183 404400 539200 593100 674000 6~ 
65/s 34.472 428200 570900 628000 713700 65/S 
6aLt 35.785 452900 603900 664200 754800 63Lt 
67/S 37.122 478500 638000 701800 797500 6'7;8 

7 38.485 505100 673500 740800 841900 7 
71/8 39.871 532700 710200 781200 887800 71fs 
71f4 4L282 561200 748200 823000 935300 71f4 
7% 42.718 590700 787600 866300 984500 7% 

7~ 44.179 621300 828400 911200 1035400 71f2 
75fs 45.664 652900 870500 957500 1088100 75/S 
76/4 47.173 685500 914000 1005300 1142500 73Lt 
7'//s 48.707 719200 958900 1054800 1198700 77/S 

8 50.265 754000 1005300 1105800 1256600 8 
81/S 5L849 789900 1053200 1158500 1316500 81fs 
81f4 53.456 826900 1102500 1212800 1378200 81f4 
83/S 55.088 865100 1153400 1268800 1441800 8% 

8'h 56.745 904400 1205800 1326400 1507300 81,(, 
85/~ 58.426 944900 1259800 1385800 1574800 85/~ 
8'"4 60.132 986500 1315400 1446900 1644200 83Lt 
8'7;s 61.862 1029400 1372500 1509800 1715700 871S 

9 63.617 1073500 1431400 1574500 1789200 9 
91fs 65.397 1118900 1491900 1641100 1864800 911S 
91f4 67.201 1165500 1554000 1709400 1942500 91f4 
93/s 69.029 1213400 1617900 1779600 2022300 93/s 

9~ 70.882 1262600 1683400 1851800 2104300 91/2 
95/s 72.760 1313100 1750800 1925900 2188500 951s 
93Lt 74.662 1364900 1819900 2001900 2274900 93Lt 
9'7;s 76.590 1418100 1890800 2079900 2363500 97/s 

10 78.54 1472600 1963500 2159900 2454400 10 
101f4 82.52 1585900 2114500 2325900 2643100 101f4 
101f2 86.59 1704700 2273000 2500200 2841200 101f2 
103Lt 90.76 1829400 2439300 2683200 3049100 103Lt 
11 95.03 1960100 2613400 2874800 3266800 11 
111f4 99.40 2096800 2795700 3075400 3494800 111f4 
111f2 103.87 2239700 2986300 3284800 3732800 11~ 
12 113.10 2544700 3392900 3732200 4241200 12 
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STANDARD PINS AND NUTS FROM 
2" TO 9 " DIAMETER. 
1 '" 1-lf 

I ~~ ~~ 

-·@f.it~~I~£~·~~-41 
~-~~ -~'~~~:~~f--- ~ __ GDF __ ~ ___ ~ 

i ';; ' ----f -

, ~: . _ . ...Ei[l~4-~~_1r .5l! 
! --___ t __ l : 4. • ____ i _ 

J.----l..£---i l~t·i3. _ _ (lrlp.JL __ -
, ¥Jl4" 

3~4 3.753.771 0.021 3 1% 2 9{. 5 5 3,( 5;2 Y. 6~ ?~ 3 Y8 
4 4.004.0220.022 3 1% ~~: 5 5 3 / 5;2 % 634' % 4 }1> ,4 
4 ),( 4,25 4.273 0.023 3% 1% 5 7.$ 6% 7 Y. 7>~ Yz 4 % 
4 % 4,50 4,524 0.024 3y' l Ye 3 ?{s 53.1, 6~V 7 Y. 7% %4% ,6 
4 % 4.75 4.775 0.025 3% 1% 8 %6 5% 6 5/ 7 Y. 7% Yz 4 rll ,8 
5 5.005.0260.026 4 1% a lK6 6}~ 7% 8~ Y. 8 }~ 5;iJ 
5 ),( 5,25 5,277 0,027 4 1% ~~: 6 y' 7% 8 % % 8% Yz 5 1;: 
5 y' 5.50 5.528 0,028 4 % 1% 7 8 " 11 Y. 8% % 5 % " 5 %: 5.75 5,779 0,029 4 % lYi, 4 %6 7 8 Y, 11 Y. 9 1 -' Xi 5Ye " 6 6.006.0300,030 4% 1% 4 ;'-;6 7 8% 11 Y. 9}~ % 6>2 

6~ 6,25 6.28 0.0305 2 %: 4'X. 7 '/ 8 17(6 12 

I 9 %1% 
6 %'1 

6Y, 6,50 6,53 0.0305 2 % 413/ 7 g 8~6 2 10;~ % 6" 
5 9,: " 6% 6.75 6.78 0.030 5 Xi 2 % 8 •• 9 2 13 !·~ 10% % 6Ys 

7 7,00 7,03 0.0305% 2% 5 ?'1'6 8 " 9% 3~ IOYs .% 7 ).6 '. 7 % 7,25 17.28 0.0306 2 % 6 17(6 9 10% 1'7 ~ 11% % 7% 
7y' 7.50 7,53 0.0306 2 % 5 'Ke 9 10% 17 l1 Yz % 71iJ 
7%, 7.75 7,78 0.0306% 2 % 6 'XG 9 y' 11 ~ 11% % 7 " ?8 
8 8.00 8.03 O.030

j
6;f 2% 6 Yl6 9 y' 11 12% % 8 " 

~ '" 8 % 8.25 8.28 0.0307 2 y' 6 17(6 101~ 11 1X6 12
5
" % B~ ~ 

8~8.50 8.53 0.030

1

7 2 y' ~~: 1014" 111~{6 !~ 13.M % B% 
8 ?i:

1

8 .75 8.78 10.030 7 Y, 2 y' 11 129{. /'; 13% % BYe 
9 9.00 9.03 0,0307% 2Y. 7 ?i6 11 12,?{. J. 14 % 9Ya 

NOT E.-To obtain !!rip G of pin, add r't extra for each bar packed together 
with the proper additional amount given ,,"ove in the taule. 
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STANDARD COTTER PINS FROM 
1" TO 3f" DIAMETER. 

·············Length over aU 11[· 

·········G'·ip G··· 

....... ·Length unde,' Head L .... . 

~ ~ " " ~ 
~ '" " :l'l :ll ~ " " .. 

" ~ " " ~ i:i:; 
~ 

.", ~ '" '" :::; " Diameter 
~ ~::q ~~ "'..; ~,,~ ~~ 2' ~(j of Pin. 

·S ~ il ~ ~ !l " §< " :ll 1,l 

'" "" ~ 11 .:1 .~ '" .. i;J 

~ ~ ~ S; ~ 

" " --- - - -- - - --- --- -----

1 1.00 1.03 0.03 1114 1f4 l''\; X is- G + 5/S Gi- \Is l; X It 

1~ 1.25 1.28 0.03 11,(2 1f4 iirxis- G + Sis G+ ~s l;x2 

1~ 1.50 1.53 0.03 134 1f4 TITxiz G + % G+l iir X 2~ 

i34 1.75 1.78 0.03 2 ~ TITxiz G + 34 G+l iir X 2i 

2 2.00 2.03 0.03 231s 3/S !xt G + \Is G + l~ i x 3 

21f4 2.25 2.28 0.03 25/S 3/S !xt G+ \Is G + llf4 i x3! 
2~ 2.50 2.53 0.03 2~s % ~ x~\ G + 11fs G+l~ TIT X 3i 

234 2.75 2.78 0.03 31fs 3/8 i X:fu G + 11fS G + l~ TIT X 4 

3 3.00 3.03 0;03 3~ 1/2 i X i\r G + l% G + n S !x5 

31,'4 3.25 3.28 0.03 334 ~ i x-fl~ G + l% G+ns !x5 

3~ 3.50 3.53 0.03 4 1f2 i X i:J G + 15/s G + 21fs ix6 

334 3.75 3.78 0.03 41f4 1f2 i X i:J G + 15/s G + 21fs i x 6 
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134 
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PENCOYD STEEL SLEEVE NUTS. 
U. S. Standard Thread. 

'0- ~ t -.l 

~ ~~ Round Bm·s. Square Bars. '0>. ,~ 

Size of ':Sa ~...: ~ ~ ~~ 
~<; 

" • • ~ ~ ~~ ~.~ "'" 'C>~ 
Upset. .,.;C; 

~ ..... ~ 
~~ '-1 S " "" ~ ~ ..L ~ "'~ 

----- - ~(;j 
Diam. Area. Side. Area. U. T. L. A. B. C. t. 

Lbs. 
---- - - -- - - - --. - ------- -

% :9 ~sx4 1~ 7 15/s 1% P is l£J, 

:.14 1 x4 1~ 7 1% 11s P is lf4 
34 0.5631lfs x 4 1,%, 7lf.2 2 2i\; 1% i\; 31,(2 

% 0.601 ~s 0.766(4 x 4 1'14 ~ 2 2 ,1\, 1% ·h 4 
1 0.785

1 
Pis x 4 2 8 23/s 234 15/S :.lIs 4'/:) 

Bs 0.994 1 1.ooo1~ x4 2 8 ~1/s 234 15/S % 61t2 

llf4 1.227 llfs 1.266

1

15/S x 4~ 2lf4 8~ 2%, 3tll l7!s lr; 8 

1% 1.485 134 x4~ 2'4 8~ 234 3T\r 17Is T~ 8' /2 
B4 1.563

1
171s x 4~ 2'i:J 9 31/S 35/s 2lfs 'i:J 10 

1~ 1.767 1% 1.89Y x5 2'i:J 9 3lfs 35/s 2'1s ~ 11 

15/s 2.074 2lfs x 5 234 9~ 3'~ 4lr; 23/s 1\r 14 
134 2.405 1~ 2.25012lf4 x 5 2a~ 9~ 3~ 4lr; 2'~s 1\r 15 

l7!s 2.761 15/s 2.64112% x 5~ 3 10 3~s 4lf2 2"/s 5/s 18 
2 3.142 134 3.0632~x5~ 3 10 3~s 4~ 2:;/s 51s 19 

2lfs 3.547 12%x5~ 3l£J, 10~ 4:lft 4H 2~s H 22 
17Is 3.5162%, x 6 3l£J, 101,{2 4:lft 4t1} 2~s tk 23 

2'/i 3.976 2 4.000127/s x 6 3'/.! 11 451s 53fs 3]/8 34 27 
23/s 4.430 2lfs 4.5163 x6 3~ 11 45/s 5% 31/S :.14 28 

2'i:J 4.909 13lfs x 6~ 3"4 111t2 5 5H 33/S N 34 
251s 5.412 2lf4 5.06rlf4 x 6~ 3~~! Ill'.! 5 5H 33/s H 35 

234 5.940 33fsx7 4 12 5% 61/s 3% 7/s 39 

2% 5.641 31'.! x 7 4 12 53/S 61/S 3% 7fs 40 

27fs 6.492
1 

2~ 6.250 35/s x 8 ~ 12~ 5:.14 6ft 37/s H 45 
3 7.069

1 

334 x 8 4'14 121t2 5% 6H 3~s H 47 

3lfs 7.6'70

1

'" '.lm'",., 8 4lf2 13 6'1s 7'ls 4lfs 1 52 

3l£J, 8.296 23417.5634 x 8 4~ 13 61/S 7'1s 4'/S 1 55 

3% 8.946 ms 8.26614~ x 9 1:34 131,{2 6]'.! 7-1'0 43/s I f" 65 

351s 10.3201 3 9.000 4~ x 9 14 6718 8 4:j~ Pis 75 



PENCOYD STEEL CLEVISES. 
PROPORTIONED ACCORDING TO PENCOYD SPECIFfCAT fONS. 

iNj ! 
* -·* ·----·· 9"····-·-·>\ 

! i ! i 
~_ I , ' ~ . 

~i~~I~ ~! _t~ ~ 
~ ~--- ----8"~------~ 

Distance Xcan be made to suit connections.-.\ll dimensions in inches. 

Nut. Width. Thick
ness, 

ta4, 
lai.1 
F\4 

2 
2 
2 
2 

21(4 
2 Lit! 
21f4 
21(4 

2~ 
2'-'2 
2' 2 
2''2 

2% 
2:J/4 
2'Jit 
2'14 

3 
3 
3 
3 
31(4 
311.1 
31L1 
314 
31 ~:) 

3 1 ~ 
31~ I 
31~ 

The size of pin given for each combjnat ion of bar ancl clevis is th e max.i· 
mum size allowed, and cannot be increased, but may be decreased. 
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P ENCOY D STEE L EYE B A RS. 
't 
~\ 

\ , - - - - - ----,,:-

r-_~_:~_--_-_'--_-__ .'_.q?-'~:7:' ____ .~....:i' i ___ __ 

r ~ W - Widtll of Bar. D-2. R, Diam, o( Hf4d. 

--=~~! 
, ------ --,1.-
} S R-Radiua of Crown. d-SiJ'lf of Pin HoI •. 

t ." .,. ,,' II ' iii .11, ,,,.;t 

IV t D d L 

flIin-imu?n 
Additional L ength oj 

Width oj Thickness oj Diameter oj Diameter of Bar Beyond CentTf~ of 
BaT. Bar. Head. La1'gest Pin. Eye Required to F01'm 

One Head. 

3" 34" 7" 3" l' 3" 
3" 34" 8" 3'7fs " l' 5~" 
4" 31.t'l g~" 4lfs" l' 7~" 
4" 34" 1O~" 5n" l' 10' 
5" 34" 111/2 " 4t~" l' g.' 
5 ·' 1" 12't2 " 5H" 2' 0%," 
6" 34" 13~" 5~" l' 11" 
6 ·' 1" 14~" 6i\r" 2' 21£J," 
7" '7fs" 16" 6H" 2' 2"4" 
T' H" 17" 71J\l" 2' 734" 
8 ·' 1" 17" 6" 2' 234" 
8" 1n" 18" 7" 2' 6' 
8" l~s" 18~" 7~" 2' g34" 
g" 
g' 
9" 

10·' 
10" 
10" 
12" 
12" 
12" 

NOTE.-Pencoyd eye bars are hydraulic forged, and are guaranteed to 
develop the full strength of the bar, under conditions given in the above 
table, when tested to destruclion. The maximum sizes of pins given in the 
above table allow an excess in sectional area of bead 011 line "58 It over 
that of the body of the bar of 33 per cent. for diameters of pins, not larger 
than the width of tbe bar, and 36 per cent,. for pins of larger diameter than 
the width of the bar; the thickness of eye being the "ame as the thicknees 
of the body of the bar, or not exceeding the same by more than ,.~ of an 
inch. 

The steel manufactured by us for the use of eye bars is open hearth steel, 
and will be furnished of such quality as to satisfy the demands of engineers. 
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ALLOWANCE FOR UPSETS ON SQUARE 
AND ROUND STEEL BARS. 

•• 
Round Ea,·s. Size of Upset. SqUa1'(j Ba'l's. 

i ~~ _ ~ 0 ~ 1 ~. ~ ....; ®"d i ~. b ~ .& ~ ~ ~ _~ ~ ~ c~ ~ -.; a~ ~ ~. ~ ~ ~ ~ ~ 
~ ;::'l<? R,ro Io..l~~;:: ...... ~;;, ~g ~]~'t3.- -O-;).:-~ :::5!,.."'-
~ 0'~ ~~ ..... ~e-.; .~ ~ ~E-; tL~ E-;~ _~ 0' c8'~ ~_ .... ~~ 
~ ~.::; .~~ <2, ~~ ~ L~ .~~ ~~, ~ii5~t ~ ~~ .~~ ~;;~ 
~.;; ~~~ ~ ~...., ~ """'; ~ g ~ ~ . ~ ~ ... ~,; e.'~:g ~o 

'1 '--; ~ ~~ ~ ~ ~ =E-; ~ '1 ~ ~ ~~ 

-;: -- Lbs. In. - ;: In. --;;: Sq. In. -ILbs, In. -- Lbs. In. -

% 0.307 ~4y.l8 Ys

1

;- 0.731 ~2~ ;-12y. - %-
~ 0.442 1.50

1

3Ys24.4 1 4 0.837 0.550 8 3,Y. 
1% 4 0.940 0.694 7 4 % 0.563 1.913,Y. 20.6 

Ys 0.601 2.045 48.317,;4 1.065 0.891 7 5)4 YsO.7662.60 4 16.3 
1 0.785 2.67!4%34.7 1%4 1.160 1.057 6 6 
tYs 0.994 3.383Ys30.3 t;Y,4 1.284 1.295 6 7Y. 1 1.000 3.404 29.5 
17.; 1.227 4.183Ys23.5 1').;:4y'1.389 1.515 5Y, 8,Y. 1Ys1.266 4.30

1

4y.19.7 
1% 1.485 5.0513Y.117.4 1%4y'1.490 1.744 5 10 

1%4y'1.6152.049 5 11y' 17.;1.563 5.314Y.31.1 
1y' 1.767 6.014%30.32 5 1.712 2.302 4Y.13 1%1.891 6.434%21.7 
1% 2.074 7.0541;427.82%5 1.837 2.651 4Y.15 
1% 2.405 8.184 25.727.;5 1.962 3.023 4Y.18 1Y.2.250 7.654%34 
1% 2.761 9.39 4~123. 9 2%5y' 2.087 3 .410 4 120 1% 2.641 8.9814% 29.6 
2 3.14210.6813%18.3 2Y.5Y.2.175 3.716 4 24 1%3.06310.4147.;21.3 
2~ 3.54712.063%17.1 2·y,.5y'2.300 4.155 4 28 I 

2%6 2.4254.619 4 30 1%3.51611 . 955~",31.4 
27.; 3.97613.524%28.52%6 2 .5505.107 3Y.34 2 4.00013.604%27 .7 
2% 4.43015.074%122.63 16 2.629 5 .430 3y' 38 2% 4.516

1

15.35

1

4%20.2 
2Y. 4.90916.6914%21.3 3~16Y.2 . 754 5.957 3,Y.50 
2~ 5.41218.4047420.3 3y'6y'2.879 6.510 3y'50 27.;,5.06317.225%28.6 
2% 5.94020.2047419.33%7 3.004 7.088 37.;165 

3~~1 7 3.100 7.548 37.;65 2%5.64119.186;';33.8 
2% 6.49222.075y'25.9 3%8 3.225 8.170 37.; 2Y.16. 250

1

21. 25

1

67,; 30.7 
3 7.06924.0357.;122 .23%8 3.317 8.641 37.; 
3;'; 7.67026.085\-"21.33%8 3.442 9.305 3 2%6.89123 .436%'35.0 
31;4 8.29628204%20.74 8 3.567 9.9935 3 2%7.56325.716 25.1 
3% 8.94630.426 26.647,;9 3.79811.33 1 2% 2%8.26628.108 37.0 
3% 10.32 !35.09

1

4Y.
1
23.6 4Y.

1
9 4.028

1

12.75 2% 3 !9.000
1
30.60

1

7,Y. 41. 7 
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STANDARD FRAMING OF PENCOYD 
BEAMS AND CHANNEI .. S. 

2" 2" 
I~--· · I 1'-- ,,[ 
, ~ ~ : 

24" 

2 Angles 4" x 31[2" X -itr" X 18", 

2 Angles 4" x 3~" x n" x 15", 

254 

20" 

2 Angles 4" x 3~" x n" x 15", 

15" 

-<$ $ 

--~, . 
-$-$ 

2 Angles 6" x 31[2" X iV' x 101.2", 



STANDARD FRAMING OF PENCOYD 
BEAMS AND CHANNELS. 

2" 2" 
I<--->oJI..,. - -+1 
, :' : 

12" 

9 " 

2 Angles 6" x 3~" x ft" x 5". 

5 " 
2" 2" 2:riily4' 

~][-~UII 
2 Angles 6" x 3~" x ft" X 3". 

10" 

a" 

2 Angles 6" x 3~" x ft" X 5". 

6 " 

2" 2" 2Ye'2~" 

D~lH:+r~ I 
I ,I ~ ___ ~~l ___ I I 

2 Angles 6" x 3~" x ;;"" x 3". 

4 " 

255 



CO~NECTIONS FOIt BE.A~IS OF 
DIFFEItENT DEPTHS. 

(Framing Opposite.) 

15" I and 12" I. 

OOJ~====J 
,-··600 
~ 
t'- ~ L.:0:......:0-'llr~ 

15" I and 10" I. 

.. ···0-0 

;,t: 00 
<0: 

Sefboclr: %-

Ip 0 o~ .. , ... !. ~ 
IPOO "" <:to 

15" I and 8" I. 

, .. _ oo·~Il* .. ov .. f .. L*S=9 

~: 0 0 ~ggJ~~ ~ 
OutL'"fOrIfeuuy. 

15" I anel 7" I. 

12" I and 10" I. 

12" I and 9" I. 

12" I and 8" I. 

12" I and G" I. 

256 

10" I and D" 1. 

10" I and 8" I. 
9" I and S" 1. 

10" I and 7" I. 
9" I and 7" I. 
8" I and 7" I. 

10" I and 6" I. 
9" I and 6" I. 
8" 1 and 6" I. 

7" I and G" I. 



STANDARD SEP ARATOl{S FOU. PENCOYD 
J: BEAMS. 

BE--+, 
~ ~..; 

~.~ 
'd..; 

~..; ~'S$ B olts. ~'5 . ~"§§ 
Size oj ~'" ~.:;~ ~.::;" 

"-;" .",~~ .",_Il.< 
Beam. in 'o>~ 

~d.;o ------ o ,, ~ c,,~ 

~.§~ ~~~ .... ~.:;. 
Incites. ~.~~ 

~" ..... ~ ..... SizfJ in .S>~~ ~~~ .~'~ ~~~ .Number. lnt;hes. ~a 
~ 

.- "'t:::iU -.; - -.;'" -- ---- ------ ----- :---

24 28.0 4.50 2 34 1.42 .124 

20 23.0 3.20 2 34 1.35 .124 

18 21.0 3.20 2 34 1.30 .124 

15 14.75 1.90 2 3 
4 1.20 .124 

12 9.75 1.50 2 3.J. 1.14 .124 

10 6.50 1.20 1 a 
4 1.08 .124 

9 5.75 1.10 1 :34 1.04 .124 

8 4.50 1.00 1 3.J. 1.01 .124 

7 3.75 0.90 1 3.J. 0.95 .124 

6 2.25 0.65 1 34 0.93 .124 

5 2.00 0.55 1 34 0.90 .124 

4 1.75 0.45 1 3.J. 0.80 .124 

- ---

Separators for 18", 20" and 24" Beams nre made of -I" metal. 
Separators for 3" to 15" Beams are made of !" metal. 
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CONNECTIONS OF FLOOR BEMIS 'l'O 
COLUMNS. 

Q! ~ 

~ ~ 

0 (j) 

'I? If;! ~ 
, 11Q) 

~ 
. : '. 
Gl ~~ 
() ~ 
Q! 10 @~ 
Gl ~ ~ 

~: g :~ 
()I IQ 

~ 

- _.,-
~ 
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Ii 
I I 

• • • • 

: I 
II 
II 

ii i 

,. 
0

11 
I' W'> 

0
11 
II II~ 
II II 

0
11 _+' t---lI-- I .1 '. 

@ @ 

@ @ 

@ @ 

<.) @ @ 

~~ <ffi 
~ 0 
0 ~ 
(j) ~ 

0 Q 
~ ' I " 



CONNECTIONS OF FLOOR BEAMS TO 
COLUMNS. 

j: 
" 
" I ~ 

" 
I 

I I I 

}{ 
I 

I I , 
I 

, , , , , 
,~ 

m 
-

• 
• 
~ II- _. 

'I I, 
I, 
I, 
I, 
'I 
" 
: I 
,I V II 

(i) (,)1 :~:I (,) 

~ O:I':) ~ 
a It) f4 0 
Q Ii) Q Q 

0 ~ 0 Q 
0 (it Ii) .. 

II 

" 
. l~ 0: 

W II 
'I 

.1'1· ' 

• • 
(,,11 

@0 • • 
0~ • • · , . 

• I. I 
• I • 

• • 
I~ n , 

I 

: 



STAND A RD ANGLE CONNECTIONS. 

The connections illustrated on pre(,eding pages are propor
tioned, for a loael uniformly distributed over a minimum 
length of span as given below: 

~.~ ~ 
;; 

~~ ~ 
..: 

~...: " '" "" 
~ 

E; ;~ ~ ~~ §.s ~ "" ~ ~ g·S 
·s ~ 'C> " .~.~ 'C> " .:: ~ 
~~ ~ 

·9 
"" " ~ ,," <l ~~ .!:! " ~~ ~ ~ r)J 

~ 
..: 
~ 

" S 
~ ~ 
'C> " 
~ 

·9 
<l 
t}j --- -- ------ --- ---- ---

24 240B 19.0 

20 203B 17.5 12 124B 12.0 8 80B 5.0 
20 200B 16.0 12 122B 9.0 7 70B 40 
18 183B 16.0 12 120B 7.5 6 678 6.0 
18 180B 14.0 10 102B 8.5 5 SOB 4.5 

14.5 10 

I 

100B 7.0 4 40B 3.0 
12.0 9 90B 5.5 3 30B 2.0 
10.0 

15 156B 
15 154B 
15 152B 

All holes U". All )'ivcts l". 

·When beams frame opposite each other into another beam 
or girder with web thickness Jc~s than I~", the above given 
minimum lengths of spans ought to be increased in the pro
portion of the web thickness to la". 

These connections are based on shearing strains of 10,000 
pounds per square inch, and bearing strains of ~O,OOO ponnds 
per sqnare inch, when the length of attached beams corre
spond to the foregoing table, and extreme fibre stress of 
16,000 pounds per square inch at beam flanges. 

STANDARD SPACING of RIVE TS T H R OUGH 
F LAN GES OF Z BAR COLUMNS. 

Size of 
ZBnr. 

6 inch . 
5 .. 
4 .. 
3 .. 

260 

ALL 
R I VETS 

3q. 

INCH. 



RIVET SPACING IN PENCOYD ANGLES. 

Spacing for Flanges. Spacing for Braces, Etc. 

__ .."!7.::~~_)\ 
-~~, "*>..~ 

~~ _____ _ 6 _":...1 ___ ___ -101 

------->--
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TABLE SHOWING LENGTH OF RIVET
SHANK R E QUIRED TO FORM HEAD. 

P L AIN RIVE T S. 

- - "-- --, d········· ··OdP··········o i 
----- -- --1 

t(- ••••••••••• LCugtb ••••.......... ,>: 

Diameter in I nches. 
·S ~ 1---,---.----,--,---1 
.s, ¢,) Yz I '6 I 3~ ! ;/J! 1 

M Length in I nches. 

6 " ., 
5 ;8 
B 
By' 

6'13 6 1/ 
6,1:.1 6 ~~ 
6 5, 6 % 
6~.J: 6Ya 

6 .}s '7 
7 7 ~ 

7
1

' 7
1

4 

COUNTERSUNK RIVETS. 

k ·· ·········Orlp.········· ·· '>! o Ll~~ 
j(- ••••.•••• Length. ·· ··· ··········~t 

.S ti 1 __ ,D_i_a_m_e.te_l"_i_".,..I;_n_c_h-ces_'_-I'~ ~ 
~< % I % I ~.{ I y, I 1 R,'" 
'- " I -:..::.....!.....:..::.-'-...:..:~-...:..=-..!---I ;~ 2 25':; Length in Inches. ~ . , 

For weight of rivets, see page 268. 
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u. S. STANDARD SCREW THREADS. 

I~ \~_-I • i @ @@~ onion' 
;; " ~ ~ ti C.~ ..; £ . ~ . .: . ~ . I 

~~ "C> ~-~ ;;g- . 

1i 
... .~ ~ ~~~ .~~ ~~ ~~ ~~ ""'" .a ~ 'Q>~ 'S ~ 'c-~~ " 0 ~ :g> ~'" ~'"' ." ~ ~ ~ "" ~ ...:.:. '~ ,,'-' ~g; ~ ;;; ~ ~ 

..... ';; g.~ ~~ .;: ~ ~~ ~ :: ~ ~ ~~ "g; . s"'< g; .~'Q> ~ 'Q>~ ~ ~ ~ ~ 
g; Eo; 

-~--
"i 

- -- - - --- - - - - - - - -
I ns. Ins. Ins. I ns. I Ins. I ns. Ins. I ns. Ins . 
- - - -- - - -----
~ 20 .185 .0062 .049 .0Zl t n, 11.1 l1 ~ ft 

t~ 
4_ 

18 .240 .0074 .077 .045 H U ~ to ,L 

16 .294 .0078 .110 .068 tl t~ jj h ~ ~~ 
rt 14 .344 .0089 .150 .093 9 I i. ir; " 1u • 
! 13 .400 .0096 .196 .126 h ij 1 1H ~ ]7c: 2 

l'~ 12 .454 .0104 .249 .162 I i liP. -\ ~ 
11 .507 .0113 .307 .202 I n,. 1~- 1~72 I t ! ~9(j 

t 10 .620 .0125 .442 .302 I t I t" I I'" I tt i tt 
A 9 .731 .0138 .601 .420 1"6 I i 1H 23'2 ~ It 

1 8 .837 .0156 .785 .550 I ? l·ll> 1~ 2V! 1 fa 
1 ~ 7 .940 .0178 .994 .694 I ta Lt 2'?2 2,'\r I t I f., 
I ! 7 1.065 .0178 1.227 .893 2 ItS 2"'')1; 2fr~ Ii 1,,\; 
1 ~ 6 1.160 .0208 1.485 1.057 21" 2k 2~~ 33

3
2 Ig 1ft 

U 6 1.284 .0208 1.767 1.295 2i 2frr 2~ 3H 

H 
1m 

H 5} 1.389 .0227 2.074 1.515 2i\; 2! 211 3i 1,''s 
4 5 1.491 .0250 2.405 1.746 2~ 2H 3 (g 3gl 1H 

I } 5 1.616 .0250 2.761 2.051 2{i 2~ 3H 4j"z 1~ 1}i 

2 4~ 1.712 .OZl7 3.142 2.302 3i 3n,. 3i 4H 2 I N 
2,} 4! 1.962 .0277 3.976 3.023 3~ 3a 4-h- ~ 2l; 2t\; 

2~ 4 2.176 .0312 4.909 3.719 ~i 3, 4~ ~1 ~~ 2' 4 2.426 .0312 5.940 4.620 4 ,,\; 4-H 6 
4 4 

3 3} 2.629 .0357 7.069 5.428 ~ 4i\; 5i 6H 3 2N 
3} 3} 2.879 .0357 8.296 6.510 4H 5H 7-h- 3! 3ii 
3~ 3f 3.100 .0384 9.621 7.548 ~t 5frr 6i4 7* ~t 31's 
33 3 3.317 .0413 11.045 8.641 5}i 6H 8t 3ti 4 

4- 3 3.567 .0413 12.566 9.963 6i 6-h- 73\ 8H 4- 3H 
4.} 2A 3.798 .0435 14.186 11.329 6! 6t1 7(6 9t1;- 4! 4,1r 
4 ,~ ~t 4.028 .0454 15.904 12.753 6i 6 • 7. i 9~ :t 4r" 
4~ 4.256 .0476 17.721 14.226 7! 7* 8~ 10! 4 4}i 

5 2~ 4.480 .0500 19.635 15.7631 7i 7fr; 8HllOH 5 4H 
5t 2} 4.730 .0500 21.648 17.572 8 7H 9i4 11H 5! 5* 

~~ ~~ 4.953 .0526 23.758 19.2671 81 8~ 9f 11i 5 ~ 5n, 
5.203 .0526 25.967 21.262 8 8 "1101"2112i 51 5fl 

6 I 2l; 5.423 .0555 28.274 23.098, 9i 9rtl ,10H 12H 6 5{i 
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WEIGHTS OF BOLTS PER HUNDRED 
SQUARE HEADS AND NUTS. 

Dimensions in Inches. 

lJiameter. 3/8 ~ Sis 34 ~s 1 P iS PI", 13/8 1~ 

--- - - ------------ ----
Length. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

--- - - ------------ -- - -

1~ 9.7 20.4 37.0 58.0 
134 10.5 21.3 37.9 60.8 
2 11.3 22.4 39.9 63.2 97.7 145 

2lf4 12.1 23.6 42.0 66.0 101.6 149 
2~ 12.9 25.0 44.4 69.0 105.6 153 
234 13.7 26.4 46.2 72.1 109.7 158 

3 14.5 27.8 48.3 75.2 113.8 163 240 309 350 480 
3~ 16.1 30.6 52.5 81.4 122.0 174 253 325 370 500 
4 17.7 33.4 56.7 87.6 130.2 185 267 342 390 520 

4~ 19.2 36.2 60.9 93.8 138.4 196 281 359 410 545 
5 20.7 39.0 65.1 100.0 146.4 207 295 376 430 570 
5~ 22.2 41.8 69.2 106.1 154.9 218 309 394 450 595 

6 23.7 44.6 73.4 112.2 163.2 229 323 412 470 620 
6~ 25.2 47.4 77.6 118.3 171.5 240 337 430 490 645 
7 26.7 50.2 81.8 124.4 179.8 251 351 448 510 670 

7~ 28.2 53.1 86.0 130.5 187.1 262 365 466 530 695 
8 29.7 56.0 90.0 136.6 195.4 273 379 484 550 725 
9 33.1 61.5 98.0 148.8 212.0 295 407 518 590 775 

10 36.5 67.0 106.3 161.0 229.0 317 435 552 630 825 
11 40.0 72.5 114.6 173.2 246.0 339 463 586 670 875 
12 43.5 78.0 122.9 184.4 263.0 361 491 620 710 925 

-----------

22.2 128.1 

-- - - --
Aclditionn{ 

]Jer Inch. 3.1 5.5 8.7 12.5 17.0 34.8 42.0 50.0 Increase in 
Length 

A mount to be deducted from weights in table if H exagon lIeads 
and Nuts aTe 1lsed. 

! 1.2 1
3

.
6

! 5.3 ! 12.0 ! 15.0 121.0 ! 31.0 142.0 150.0 [ 64.0 
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WEIGHT OF BRIDGE RIVETS PER 100. 
THIS TABLE ALSO ApPLIES TO BUTTON-HEADED BOI~TS. 

Diameter 
'>J I % 34 7is I 1 I 1~ 1'-4 oj Rivet in 3,a 

Inches. 
~~~- ~~- ~----- --- -~- ~---~- ~--
L ength oj We'ighi Weight Weight Weight Weight WeigM Weight Weight 
Rivet Un- in in in in in in in in 
der Head P ounds. Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. 

in Inches. 
~~-- ~-- ~----- --------- - - - ---

IJ,t 5.7 12,8 22,0 29,3 43,9 66 ,6 93,3 127,1 
1% 6,1 13,5 23,1 30,9 46,1 69.4 96,9 1 31,5 
ly' 6,5 14,2 24,1 32.4 48,2 72,1 100.4 135,8 
1% 6,9 14,8 25,2 34,0 50.3 74,9 103,9 140,2 
1% 7 ,3 15,5 26,3 35,5 52,5 77 ,7 107.4 144,5 
1% 7,7 16,2 27.4 37,1 54,6 80.5 110.9 148 ,9 
2 8,0 16,9 28.5 38,7 56,7 83,3 114,5 1 53,2 
2Ya 8,4 17,6 29,6 40,2 58,8 86,0 118 ,0 157,5 
2~ 8,8 18,3 30.7 41,8 61,0 88,8 121,5 161.9 
2% 9,2 19,0 31,7 43,3 63,1 91.6 125,0 166,2 
2U 9 .6 19,7 32,8 44,9 65,2 94,4 128 .5 170,6 
2% 10,0 20.4 33,9 46,5 67,4 97,2 1 32,1 174,9 
2% 10,4 21.1 35.0 48.0 69,5 99,9 135,6 179, 3 
2% 10,8 21.8 36,1 49.6 71.6 102,7 139,1 183 ,6 
3 11.2 22,5 37,2 51.1 73 ,7 105,5 142,6 188 ,0 
37,;' 11.6 23,2 38,3 52.7 75,9 108,3 146,1 192 ,3 
3M 11.9 23,9 39,3 54.3 78 ,0 111.1 149.7 196,7 
3% 12,3 24,6 40.4 55,8 80,1 113,8 153,1 201.0 
3 y' 12,7 25,3 41.5 57.4 82,3 116,6 156,7 205.4 
3% 13,1 26,0 42,6 58.9 84.4 119,4 160,2 209 ,7 
3% 13,5 26,7 43,7 60,5 86,5 122,2 163,7 214.1 
3% 13,9 27.4 44,8 62,1 88,6 125,0 167.3 218,4 
4 14.3 28.1 45,9 63,6 90,8 127,8 170,8 222,8 
4Ya 14,7 28,7 46,9 65.2 92,9 130,5 174,3 227, 1 
4 ).4 15,1 29,4 48,0 66,7 95,0 133,3 177.8 231.4 
4% 15,5 30,1 49,1 68,3 97,2 136 , 1 181.3 235,8 
4~ 15,8 30,8 50,2 69,9 99,3 138,9 184,9 240,1 
4 % 16,2 31.5 51.3 71.4 101.4 141,7 188,4 244,5 
4 ?{ 16,6 32,2 52,4 73 ,0 103,5 144,4 191.9 248,8 
4% 17.0 32,9 53,5 74,5 105,7 147,2 195.4 253,2 
5 17.4 33,6 54,5 76,1 107,8 150,0 198,9 257 ,5 
5).4 18,2 35.0 56,7 79,2 112,1 155,6 206,0 266.2 
5~ 19,0 36.4 58,9 82,3 116,3 161.1 213,1 274,9 
5% 19,7 37,8 61, 1 85 ,5 120,6 166,7 220,1 283 ,6 
6 20,5 39,2 63,2 88,6 124,8 172 .2 227,1 292,3 
7 23,6 44,7 71.9 101.1 142,0 194,5 255,3 327,1 
8 26,8 50,3 80,6 1 13,7 1 58,9 216 ,7 283.4 361.9 
9 29.9 55,9 89,3 126 ,2 175,9 239,0 311,6 396,6 

10 33,0 61,4 98,0 138,7 193.0 261,2 339,7 431,4 
12 39,3 72,5 115,4 163,7 227,0 305,7 367,9 501,0 

WEIGHT OF TWO (2) RIVET HEADS IN POUNDS. 

-B-e-j'o-r -e-d-ri-.v-in-g-.. I-._:8_37-1-'-~-16-1-'-:-:-2 1-'-;-73-1-·-:-:3-1-'-718-1-11_~-6-1-~~-:-7 
A fter driving.... .032 ,082 .147 .246 .369 ,545 .746 1,02 

WEIGHT OF BODY PER INCH OF LENGTH IN POUNDS. 

-B-eD-o-re- d- r-iV- i-ng-.. I~I~I~I~I~I~I~I~ 
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PENCOYD SPECIFICATIONS FOR RAILROAD 
BRIDGES. 

Material.-I. All structures to be wholly of rolled steel (cast
ings of iron or steel will be permitted only in machinery for 
tll'aw-bridges) . 

Live Load.-2. Thcy shall be designed to carry, in addition to 
their own weight and that of the floor, a moving load for each 
track, consisting of two engines coupled at the head of a uniformly 
distributed train load, p laced so as to give the greatest strain in 
each part of the structure. This load will be such as specified by 
the Railroad Company and represen ted on a diagram accompany
ing the specifications . 

Dead Load.-3. In determining the weight of the structure for 
the purpose of calculating strains, the weight of timber shall be 
assumed at 4! pounds per foot B.M., and the weight of rails, 
spikes. and joints at 100 pounds per lineal foot of traclc 

Wind Pressure.--4. The wind pressure shall he assumed acting 
in either direction 110rizontally: 

Fi,·st. At 30 pounds per square foot on the exposed surface of 
all trusses and the floor as seen in elevation, in addition to a train 
oflO feet average height, beginning 2 feet 6 inches above base of 
rail, moving across the bridge. 

Second. At 50 pounds per square foot on the exposed surface 
of all trusses and the floor system. The greatest result shall be 
assumed in proportioning the parts. 

5. For determining the requisite anchorage for the loaded struc
ture, the train sh all be assumed to weigh SOO pounds per lineal 
foot. 

Momentum of Train.-6. For longitudinal bracing of trestle 
towers and similar structures, the momentum produced by sud
denly stopping the train shall be considered, the coefficient of 
friction of wheels sliding upon the rails heing assumed as 0.2. 

Centrifugal Force of Train.-7. When the structure is on a 
curve, the additional effects due to the centrifugal force of as 
many trains as there are tracks, shall be considered and calculated 
by the following formula: 

C = 0.02 W D for a curvature up to 5 degrees, 
C= centrifugal force in pounds, 

w here ,V = weight of train in pounds, 
D = degree of curvature. 

The coefficient for centrifugal force (0.02) shall be reduced 0.001 
for every degree of curvature above 5 degrees. 

PROPORTION OF PARTS. 

Effect of Impact.-S. In proportioning the members of the 
structures, the effects of impact and vibration shall be considered 
and added to the maximum strains resulting from the ahove 
mentioned engine and train loads. The effect of impact is to be 
determined by the following formula: 

(See Table, page 278.) 
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I=impact to be adlled to the livc-load sLrain. 
S = calculated maximum live-load strain. 

where L=length of loaded distance in fcet which produces the 
maximum strain in member. 

Permissible Tensile Strains.-9. All parts of the structure shall 
be so proportioned that the sum of the maximum loads, together 
with the impact, shall not cause the tensile strain to exceed: 

On soft steel, 15,000 pounds per square inch. 
On medium steel, ]7,000 pounds per square inch. 

10. The same limiting unit strains shall also be used for mem
bers strained by wind pressure, centrifugal force, or momentum 
of train. 

Permissible Compressive Str ains.-11. For compression mem
bers, these permissible strains of 15,000 and 17,000 pounds pel' 
square inch, shall be reduccd in proportion to the ratio of the 
length to the least radius of gyration of the section by the follow
ing formulrn: 

_ 15,000 
]J - [2 

1 + 13,500,.2 

For soft steel, 

For medium steel,]J = 17,000 
• [2 

] -r 11,0001'2 

]J = permissible working strain per square 
inch in compression. 

I = length of piece in inches, centre to 
centre of connection . 

r = least radius of gyration of the section 
in inches. 

(Sec Table.) 

12. No compression member, however, shall have a length 
exceeding 100 times its least radius of gyration, excepting those 
for wind bracing, Which may have a length not exceeding 120 
times the least radius of gyration. 

Alternate Str ains .-13. Members subject to alternate strains of 
tension and compression, shall be so proportioned that the total 
sectional area is equal to the sum of areas required for each strain. 

Combined Str ains .-14. In case the maximum strains in chords 
of bridges, or posts of trestle towers, due to wind and centrifugal 
force, added to the maximum strains due to vertical loading, (in
cluding impact), shall exceed the following limits: 

On soft steel, 19,000 pounds per square inch. 
On medium steel, 21,000 pounds per square inch, properly re

duced for compression, addition must be made to such members 
until these limits are not exceeded. 

]5. Should the strains be reversed in any possible case, proper 
provision must be made for such strains in the opposite direction. 

Transverse Loading of Tension or Compression Members.-
16. When the floor system rests directly on the top or bottom 
chord, the latter must be so proportioned that the algebraic sum 
of the strains per square inch on the outer fibre, resulting from 
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the direct compression or tension, and three-fourths of the maxi
mum bending moment (the chord being considered as a beam of 
one panel length, supported at the ends), shall not exceed the 
before-mentioned limiting strains in tension or compression, the 
proper amount of impact being added to each kind of loading. 

17 . The bending moment at panel points shall be assumed equal 
to that in t he centre, but in opposite direction. 

18. All other members which are subject to dired strain in 
addition to bending moment are to be similarly calculated. 

Shearing and Bearing Strains.-19. The shearing strain on 
rivets, bolts, or pins, per square inch of section, shall not exceed 
11,000 pounds for soft steel, and 12,000 pounds for medium steel ; 
and the pressure upon the bearing surface of the projected semi
intrados (diameter X thickness) of the rivet, bolt, or pin-hole, 
shall not exceed 22,000 pounds per square inch for soft steel, and 
24,000 pounds for medium steel. 

20. I n case of field riveting by hand, the number of rivets thus 
found shall be increased 25 per cent. 

Bending Strains on Pins.-21. The bending strain on the ex
treme fibre of pins shall not exceed 22,000 pounds per square 
inch for soft steel, and 25,000 pounds per square inch for medium 
steel, when the centres of bearings of the strained members are 
taken as the points of application of the strains. 

22. Net sections must be used in all cases in calculating tension 
members, and, in deducting rivet-boles they must be taken lr of 
an inch larger than the size of the rivets. 

Plate Girders .-23. No allowance shall be made for the web in 
calculating the flange sections of plate girders. The compressed 
flange shall have the same sectional area as the tension flange; 
but the unsupported length of flange shall not exceed twelve 
times its width. 

24. In calculating shearing strains and bearing strains on web 
rivets of plate girders, the whole of the shear acting on the side 
of the panel next the abutment is to be considered as being trans
ferred into the flange angles in a distance equal to the depth of 
the girder. 

25. The shearing strain in web plates shall not exceed 9,000 
pounds per square inch for soft steel, and 10,000 pounds per 
square inch for medium steel ; but no web plate shall be less than 
i! of an inch in thickness . 

2G. The web shall have stiffeners riveted on both sides, with a 
close bearing against upper and lower flange angles at the ends 
and inner edges of bearing plates, and at all points of local and 
concentrated loads, and also, when the thickness of the web is 
less than irs of the unsupported distance between flange angles, 
at points throughout th e length of the girder, generally not 
farther apart than the depth of the full web plate, with a maxi
mum limit of 5 fee t . 

GENERAL DESCRIPTION. 

Clearance .-27. On straight line a clear section shall be provided 
to conform to given requirements. The width must be increased 
so as to allow the same minimum clearance on curves and on 
double track. 
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Spacing of Trusses.-28. The width between centres of trusses 
shall in no case be less than fcr of the span between centres of end 
pins. 

Spacing of Stringers.-29. The floor stringers shall be placed 
generally 8 feet between centres for single track, and6~ feet for 
double track bridges, the standard distance between centres of 
tracks being 13 feet. 

Wooden Floor.-30. The floor shall consist of cross-ties 8 inches 
by 8 inches if the stringers are placed 6~ feet between centres, and 
8 inches by 10 inches if the stringers are 8 feet between centres. 
They shall be spaced with openings not exceeding 6 inches, and 
shall be notched down k inch, and have a full and even bearing 
on stringers. 

31. Every fifth Jie shall be fastened to the stringer by a ~-inch 
bolt. 

32. In case of deck bridges, with ties resting on the upper chord, 
when the distance between centres of trusses exceeds R feet, the 
ties are to be proportioned to carry the maximum wheel load 
distributed over three ties, the fibre strain on the timber not to 
exceed 1,000 pounds per square inch. 

Plate Girders.-33. Deck-plate girders shall be spaced generally 
6k feet between centres. 

34. In through-plate girders, the floor stringers shall be spaced 
6! feet between centres. 

Guard Rails .- 35. There shall be guard timbers 6 inches by 8 
inches on each side of each track, with their inner faces not less 
than 3 feet 3 inches from centre of track. They shall be notched 
1 inch over every tie, and shall be fastened to every third tie and 
at each splice by a t-inch bolt. Splices shall be over floor timbers 
with half-and-half j oints of 4 inches lap. 

36. The floor timbers and guards must be continued over piers 
and abutments. 

37. On curves the outer rai ls shall be elevated as may be required. 
Strain Sheets.-38. Complete strain sheets, showing sectional 

areas and dimensions of all the parts, will be submitted with 
every proposal. 

DETAILS OF CONSTRUCTI ON. 

Adjustable Members.-39. Adjustable members in any parts 
of structures shall preferably be avoided. 

Lateral and Sway Bracing.-40. All lateral and sway bracing 
shall be made of shapes which can resist tension as well as com
pression. 

Portals.-41. All through spans with top lateral bracing shall 
have portals at each end of span, connected rigidly to end-posts. 
They sh all be as deep as the specified head room will allow, and 
provision shall be made in the end-posts for the bending strain 
produced by the wind pressure. 

Diagonal Bracing.-42. Deck bridges shall have diagonal braces 
at each panel of sufficient strength to carry half the maximum 
strain-increment due to wind and centrifugal force. 

Pony Trusses.-43. Pony trusses and through plate girders shall 
be stayed by knee braces or gusset plates at the ends, and at each 
floor beam or trans verse strut. 
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Floor Beam Connections.-44. All floor beams in through 
bridges shall be riveted between the posts, above or below the pin. 

Expansion Rollers.--45. All bridges exceeding 100 feet in length 
shall have at one end nests of turned friction rollers, running be
tween planed surfaces. Rollers shall not be less than 3 inches 
in diameter; and the pressure per lineal inch of roller, including 
impact, shall not exceed 1200 Y d for steel rollers between steel 
surfaces (d = diameter of roller in inches). 

Friotion Plates.-46. For bridges less than 100 feet in length, 
one end shall be fi'ee to move upon planed surfaces. 

Truss Bridges.-47. Single-track bridges shall have lower chord 
end panels stiffened, and all through spans stiff and vertical sus
penders. 

'femperature.--48. Provision shall be made for a free expansion 
and contraction of all parts, corresponding to a variation of 150 
degrees Fahrenheit in temperature. 

Bed Plates .-49. Bed plates shall be so l?roportioned that the 
pressure upon masonry (including impact) will not exceed 400 
pounds per square inch. 

Web Splices.---50. ~Web plates of girders must be spliced at all 
j oints by a plate on each side of the web, capable of transmitting 
the full shearing strain through splice rivets. 

Rivets.---5l. The pitch of rivets, in the direction of the straiu, 
shall never exceed 6 inches, nor 16 times the thickness of the 
thinnest outside plate connected, and not more than 30 times that 
thickness at right angles to the strain. 

52, At the ends of compression members the pitch shall not 
exceed four diameters of the rivet, for a length equal to twice the 
width of the member. 

53. The distance from the edge of any piece to the centre of a 
rivet-hole must not be less than 1~ times the diameter of the rivet, 
nor exceed 8 times the thickness of the plate; and the distance 
between centres of rivet-holes shall not be less than 3 diameters 
of the rivet. 

Tie Plates.---54. All segments of compression members con
nected by latticing only, shall have tie plates placed as near the 
ends as practicable. They shall have a length of not less than 
the greatest depth or width of the member, and a thickness not 
less than -F!o of the distance between the rivets connecting them 
to the compressed members. 

Lacing.-55. Single lattice bars shall have a thickness of not 
less than oro, and double bars connected by a rivet at the inter
section of not less than -Jro of the distance between the rivets con
necting them to the melilber; and their width shall be : 

For 15-inch channels, or built sections}. . " 
with 3~- and 4-inch angles. 2! wches (1I-1I1ch llvets). 

sections with 3-inch angles. -4 wc es ,,-1I1C 1'1 ve , 
For 12- and lO-inch channels, or built {')~. h (3' h . ts) 

For 9- and 8-inch channels, or built. . " 
sections with 2~-inch angles. 2 1I1ches (ft-1I1ch llvets). 

56. The distance between connections of the lattice bars shall 
not exceed 8 times the least width of the segments connected. 

Pin Plates.---57 . All pin-holes shall be re-enforced by additional 
material when necessary, so as not to exceed the allowed pressure 
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on the pins. These re-enforcing plates must contain enough rivets 
to transfer the proportion of pressure which comes upon them, 
and at least one plate on each side sllall extend not less than 6 
inches beyond the edge of the tie plate. 

Joints.-58. All joints in riveted work, whether in tension or 
compression members, must be fully spliced. Pin connection, in 
riveted tension members shall have a section through the pin
hole 25 per cent. in excess of the net section of the body of the 
member. The section back of the pin-hole shall be at least 0.75 
of the section through the pin-hole. The sections of compression 
chords shall be connected at the abutting ends by splices sufficient 
to hold them truly in position . 

Leas t Thickness of Material.-59. For main members and their 
connections, no material shall be used less than i\ of an inch thick; 
and for laterals and their connections, not less than rt of an inch 
thick except for lining or filling vacant spaces. 

Eye-bar Heads.-OO. The heads of eye-bars shall not be less in 
strength than the body of the bar. 

Symmetrical Sections.-431. All sections shall preferably be 
made symmetrical, and the pins placed in the line of the neutral 
axis. 
Camber.~2. All truss bridges with parallel chords shall be 

given a camber, by making the panel lengths of the top chord 
longer than those of the bottom chord in the proportion of g of 
an inch to every 10 feet. 

Nu ts.-63. All nuts must be of hexagonal shape. 

WORKMANS HIP. 

Riveted Work.--64. All riveted work shall be punched accu
rately with holes n of an inch larger than the size of the rivet; 
and when the pieces forming one built member are put together, 
the holes must be truly opposite; no drifting to distort the 
metal will be allowed; if the hole must be enlarged to admit the 
rivet, it must be reamed. 

65. All holes for field rivets, excepting those in connections for 
lateral and sway bracing, shall be accurately drilled to an iron 
templet, or reamed while the connecting parts are temporarily 
put together. 

Planing and Reaming.~. In medium steel over ~ of an inch 
thick all sheared edges shall be planed, and all holes shall be 
drilled or reamed to a diameter of It of an inch larger than the 
punched holes, so as to remove all the sheared surface of the 
metal. 

G7. The rivet heads must be of approved hemispherical shape, 
and of a uniform size for the same size rivets throughout the 
work. They must be full and neatly finished throughout the 
work and concentric with the rivet-hole . 

68. All rivets when driven must completely fill the holes, the 
heads be in full contact with the surface, or countersunk when 
so required. 

69. Wherever possible, all rivets shall be machine-driven. 
Power riveters shall be direct-acting maehines, worked by stearn, 
hydraulic pressure, or compressed air, and capable of holding on 
to the rivet when upsetting is completed. 
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70. When members are connected by bolts which transmit 
shearing strains, the holes must be reamed parallel, and the bolts 
turned to a driving fit. 

71. The several pieces forming one built member must fit closely 
together, and when riveted shall be free from twists, bends, or 
open joints .. 

72. All portions of the work exposed to view shall be neatly 
finished. 

73. All surfaces in contact shall be painted before they are put 
together. 

Forged Wor k.-74. The heads of eye-bars shall be made by up
setting, rolling, or forging into shape. Welds in the body of the 
bar will not be allowed. 

Eye-bars.-75. The bars must be perfectly straight before boring. 
76. The holes shall be in the centre of the head and on the 

centre line of the bar. 
77. All eye-bars shall be annealed. 
Machine Wor k . -78. All abutting surfaces in compression 

members shall be truly faced to even bearings, so that they shall be 
in such contact throughout, as may be obtained by such means. 

79. The ends of floor girders shall be faced true and square. 
80. Pin-holes shall be bored truly parallel with one another 

and at right angles to the axis of the member unless otherwise 
shown in drawings; and in pieces not adjustable for length, no 
variation of more than n of an inch will be allowed in the length 
between centres of pin-poles. 

81. Bars which are to be placed side by side in the structure shall 
be bored at the same temperature, and shall be of such equal 
length that, upon being piled on each other, the pins shall pass 
through the holes at both ends at the same time without driving. 

82. All pins shall be accurately turned to a gauge, and shall be 
straight and smooth. 

83. The clearance between pin and pin-hole shall be ~ of an 
inch for all lateral pins; and for truss pins the clearance shall be 
~ of an inch for pins 3~ inches in diameter, which amount shall 
be gradually increased to ~ of an inch for pins 6 inches in 
diameter and over. 

84. All pins shall be supplied with steel pilot nuts, for usc dur
ing erection. 

85. All workmanship shall be first class in every particular. 

STEEL. 

Process of Manufacture.-86. All steel must be made by the 
Open Hearth process, and if by acid process, shall contain not 
more than .08 per cent. of phosphorus, and if by basic process, 
not more than .05 per cent. of phosphorus, and must be uniform 
in character for each specified kind. 

Finish.-87. The finished bars, plates, and shapes must be free 
from injurious seams, flaws, or cracks, and have a clean, smooth 
finish. 

Test Pieces.-88. The tensile strength, limit of elasticity and 
ductility, shall be determined from a standard test-piece cut from 
the finished material, of at least ~ square inch section. All broken 
samples must show a silky fracture of uniform color. 
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89. Every fin ished piece of steel shall be stamped with the blow 
number identifying the melt. 

90. Steel shall be of two grades: soft and rnediWln. 
Soft Steel.-91. Soft steel shall have an ultimate strength of 

50,000 to 60,000 pounds per square incb, elastic limit of one-half 
ultimate strength, and a minimum elongHtion of 26 per eent. in 
8 inches. This steel must bend double to close contact, without 
sign of fracture on the outside. 

Medium Steel.-92. ~fedi"msteel shall have an ultimate strength, 
when tested in samples of the dimensions above stated, of 60,000 
to 70,000 pounds per square inch; an elastic limit of not less thlln 
one-half the ultimate strength, and a minimum elongation of ~2 
per cent. in 8 inches. 

93. This steel must stand bending 180 degrees around a 2-inch 
pin without cracking on the convex surface, either cold, hot, or 
after being heated to a cherry red and cooled in water of 60 de
grees Fahrenheit. 

94. Full-sized eye-bars must elongate 10 per cent. in a gauged 
len~th of 10 feet, and break in the body of the bar. 

Pm Steel.-95. Pins made of either of the above-mentioned 
grades of steel shall, on specimen test-pieces cut from finished 
material, fill the requirements of the grade of steel from which it 
is rolled, excepting the elongation, which shall be decreased 5 per 
cent. from that specified. 

96. Punched rivet-holes, pitched two diameters from a 
sheared edge, must stand drifting until the diameter is one
third larger than the original hole, without cracking the 
metal. 

97. All rivets will be made of soft steel, and the steel for rivets 
must bend double to close contact without cracking. 

98. The slabs for rolling plates shall be hammered or rollcd 
from ingots of at least twice their cross-section. 

99. Pins up to 7 inches diameter shall be rolled. 
100. Pins exceeding 7 inches diameter shall be forged under a 

steel hammer striking a blow of at least 5 tons. The blooms to 
be used for t his purpose shall have at least three times the sec
tional area of the finished pins. 

101. A variation in cross-section or weight of rolled material of 
more than 2~ per cent. from that specified, may be cause for 
rejection. 

Steel Castings. -102. Steel castings shall be made of Open 
Hearth steel containing from -i\i\y to fdlr per cent. carbon and not 
over Tl!1J per cent. of phosphorus, and shall be practically free 
from blow holes. 

Cast Iron.-103. Except where chilled iron is specified, all cast
ings shall he of tough, gray iron; free from injurious cold shuts 
or blow holes, true to pattern, and of workmanlike finish. Test 
bars 1 inch square, loaded in middle hetween supports 12 inches 
apart, shall bear 2,500 pounds or over, and deflect .15 of an inch 
before rupture. 

Timber.-l04. The timber shall be strictly first-class white pine, 
Southern yellow pine, or white oak bridge timber; sawed true 
and out of wind, full size, free from wind shakes, large or loose 
knots, decayed or sapwood, wormholes or other dcfects impair
ing its strength or durability. 
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PAINTING. 

105. All iron work before leaving the shop shall be thoroughly 
cleaned from all loose scale and rust, and be given one good coat
ing of pure boiled linseed oil, well worked into all joints and 
open spaces. 

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

107. Pieces which are not accessible for painting after erection 
shall have two coats of paint. 

108. The paint shall be of a good qnality of iron ore paint, 
mixed with pure linseed oil, or such as may be specified in con
tract. 

109. After the structure is erected, the iron work shall be 
thoroughly and evenly painted with two additional coats of 
paint, mixed with pure linseed oil, of such color as may be 
selected. 

110. Pins, pin holes, screw threads, and other finished surfaces 
shall be coated with white lead and tallow before being shipped 
from the shop. 

Inspection.-11l. All facilities for inspection of material and 
workmanship shall be furnished by the contractor to competent 
inspectors, and the engineer and his inspectors shall be allowed 
free access to any part of the works in which any portion of the 
material is made. 

112. The contractor shall furnish, without charge, such speci
mens (prepared) of the several kinds of material to be used as 
may be required to determine their character. 

113. Full-sized parts of the structure may be tested at the option 
of the purchaser; but, if tested to rlestrnction, such material 
shall be paid for at cost, less its scrap value, if it proves satis
factory. 

114. If it does not stand the specified tests, it will be considered 
rejected material, and be solely at the cost of the contractor, 
unless he is not responsible for the design of the work. 
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COEF F I CIENTS OF IMPACT. 

L. 300 L. 300 L . 300 L. 300 L . 300 
L + 300 L + BOO L + 300 L + 300 L + BOO 

- - - - - - - - - --- - - - - - ---

5 0.984 31 0.906 57 0.840 83 0.783 145 0.674 

6 0.980 32 0.904 58 0.838 84 0.781 150 0.667 

7 0.977 33 0.901 59 0.836 85 0.779 155 0.659 

8 0.974 34 0.898 60 0.833 86 0.77':1 160 0.652 

9 0.971 35 0.896 61 0.831 87 0.775 165 0.645 , 
10 0.968 36 0.893 62 0.829 88 0.773 170 0.638 

11 0.965 37 0.890 63 0.826 89 0.771 175 0.632 

12 0.962 38 0.888 64 0.824 90 0.769 180 0.625 

13 0.958 39 0.885 65 0.822 91 0.767 185 0.619 

14 0.955 40 0.882 66 0.820 92 0.765 190 0.612 

15 0.952 41 0.880 67 0.817 93 0.763 195 0.606 

16 0.949 42 0.877 68 0.815 94 0.761 200 0.600 

17 0.946 43 0.875 69 0.813 95 0.759 210 0.588 

18 0.943 44 0.872 70 0.811 96 0.758 220 0.577 

19 0.940 45 0.870 71 0.809 97 0.756 230 0.566 

20 0.937 46 0.867 72 0.806 98 0.754 240 0.556 

21 0.935 47 0.865 73 0.804 99 0.752 250 0.546 

22 0.932 48 0.862 74 0.802 100 0.750 260 0.536 

23 0.929 49 0.860 75 0.800 105 0.741 270 0.526 

24 0.926 50 0.857 76 0.798 110 0.732 280 0.517 

25 0.923 51 0.855 77 0.796 115 0.725 290 0.508 

26 0.920 52 0.852 78 0.794 120 0.714 300 0.500 

27 0.917 53 0.850 79 0.792 125 0.706 400 0.429 

28 0.915 54 0.847 80 0.789 130 0.698 500 0.375 

29 0.912 55 0.845 81 0.787 135 0.690 600 0.333 

30 0.909 56 0.843 82 0.785 140 0.682 
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PERMISSIBLE COMPRESSIVE STRAINS. 

p = strain allowed in pounds per square inch; I = length; r = least radius of 
gyration (both in incbes). 

FORNULA. FORMULA. FORNULA. , 

I Soft Sleel. Med. Steel. I Soft Sleel. l.!Iled. Sleel. I Soft Sleel. !Ned. Steel. 
,. 15,000 17,000 r 15,000 17,000 r 15,000 17.000 

P=i2 p= 12 1'=-12 P=/2 P= [2 1'=,2 
1+13,500,:2 1+ 11,000,-' 1 + la,bOOr' 1 + lUOOr2 1+ 10,5001'2 1 + I-r;-OUU 2 

--- --- - - -- -- - --- --

10 14900 16850 50 12660 13850 I: 9370 9790 1 

12 14840 16780 152 12500 13650 9220 9610 

14 14780 16710 :1 12340 13440 94 9060 9420 

16
1 

14720 16610 12180 13230 
1

96 
. 

8910 9240 

18
j 

14650 16510 58
1 

12010 13020 8760 9080 

20
1 

14560 16410 11840 12810 

98
1 

8610 8910 60 
1
100

1 22 14480 16290 62
1 

11670 12600 102 8470 8740 

24 14400 16150 164 11500 12390 1041 8320 8570 

I 
11061 26 14280 16020 66 1 11340 12180 8180 8410 

I 

28 14180 15870 68 11140 11970 108 8050 8250 

30 14070 15710 1701 
11010 11760 110 7900 8100 

32

1 

13940 15550 
721 

10840 11550 112 7780 7940 

13810 15380 10670 11350 1141 7640 7790 34 741 
36 13690 15210 76

1 
10500 11150 116 7510 7650 

38 13550 15030 78
1 

10340 10950 118 7380 7500 
1 

40

1 

13420 14840 80 10180 10750 120 7260 7360 

42 13270 14650 82 10010 10550 

44 13120 14460 84
1 

9850 10350 I 

46 12960 14260 

:1 
9690 10160 

I 
48 12820 14060 9530 9970 
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APPENDIX. 

The following pages contain some tables in frequent use 
by Engineers; also the physical properties of materials 
used in construction, not the product of the works. 

These tables have been carefully compiled and corrected 
to conform to the latest knowledge on the respective sub
jects. All the materials described hereafter, offer a wide 
range of resistance to stress in any direction; and the tables 
for strengths indicate averages of reliable data. 

In cases where two values are given, they belong to 
materials that vary considerably in quality; the figures 
applying to averages of the superior and inferior qualities 
respecti vely. 

The tables for timber, see page 284, have been principally 
derived from experiments made under the direction of the 
Division of Forestry, U. S. Government testing machine at 
Watertown, and the Massachusetts Institute of Technology. 
For stones and other minerals, the U. S. Government tests 
are used, supplemented by other authoritative data. For 
the alloys, the results of experiments made at the Stephen's 
Institute for the U. S. Board for testing metals are used. 
The strength and elasticity of the copper alloys are very 
sensitive and subject to rapid fluctuation, due to minute 
changes of proportions and improper treatment in prepara
tion. The figures given indicate a probable average, and 
individual cases may vary widely from them. 

The results of many tests made at Pencoyd have been 
used to complete missing data or check statements that did 
not seem consistent. 

When usual working loads are given, they accord with 
common practice under ordinary conditions, and in all cases 
are sufficiently low to embrace material not obviously unfit 
for use. 
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CAST-IRON. 

FOUNDRY ME'rAT"S . 

The gray irons, ordinarily used for castings, are usually graded 
in this section as Nos. 1 and 2 foundry, and No.3, or gray forge,':' 
these classifications being determined by fracture at the furnace. 
Grades of higher number, which run mottled or white in frac
ture, are too hard for ordinary tool cutting, and are only "sed for 
e:rceptional P"tposes in the fo"ndry. 

By chemical analysis the gray irons are distinguished from the 
white by larger proportions of silicon and graphitic carbon in 
the former, while the latter grades contain more combined carbon. 

There is usually associated with the iron, small proportions of 
manganese, sulphur, phosphorus, and sometimes other elements, 
which vary in amount and influence, according to the ores from 
which the metal is derived. 

CHARACTERISTICS OF FOUNDRY IRONS. 

No. 1. Softest grade, used for small castings, or mixed with 
large proportions of scrap for larger castings. In the pig, it shows 
a dark, open grain and rough fracture, and the free graphite is 
discernible. Tensile strength is low, the iron turns soft, and the 
cuttings separating in coarse fragments. 

No.2. Harder, and higher tensile strength than No.1, and 
better adapted for large castings; bears a less proportion of scrap 
in mixture. The fracture is not as rough as No.1, and shows a 
mixed, large and small dark grain; it turns harder, separating in 
finer fragments than No. 1. 

No 3, or gray forge. Harder, and higher tensile strength, but 
more brittle tban No.2. Adapted for large castings requiring 
hard surfaces. Not adapted for small castings, in which it is apt 
to run white; will not usually bear any admixture of scrap. The 
grain is close, small and light gray, and sometimes shows white 
points, when approaching No.4, or mottled in grade. 

Cast-iron is quite variable in strength, especially in tensile re
sistance. In ordinary foundry iron, the tensile strength per 
square inch of section will vary from 14,000 to 20,000 pounds; 
and refined iron of high grade is known to rnn between 30,000 
and 40,000 pounds tensile strength. 

The elastic limit and modulus of elasticity are not distinctly 
defined, as some permanent set can be observed nnder working 
loads. For practical purposes in ordinary iron the elastic limit 
can be called about 6,000 poullds, and the modulus of elasticity 
15,000,000 pounds per square inch of section. Under compression, 
when not accompanied with bending strains, ordinary cast-iron 
will bear from 90,000 to 130,000 pounds per square inch, usually 
assumed at an average of 100,000 pounds. 

]n test bars, cast 1 inch square of a fair quality of foundry iron 
for machinery castings, the tensile strength should be about 
16,000 pounds per square inch of section, and the same bars tested 
transversely, between supports 12 inches apart, and load in mid
dle should endure 2,500 pounds and deflect 0.15 inches. 

*In some places this is subdivided, giving another grade of No.3 
Foundrv Iron. 
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The shrinkage in casting will vary from .05 to .12 inches per 
foot of length. General average = .08 inches. Specific gravity 
averages 7.2. 'Weightper cubic inch, .26 pounds, or per cubic 
foot = 450 pounds. 

PHYSICAL PROPERTIES OF T IMBER. 

The physical properties of timber, given hereafter, are derived 
largely from the recent experiments of the Forestry Division, 
U. 8. Department of Agriculture, which form the most complde 
and systematic series on record. The following general con
clusions seem to be demonstrated: 

l. That bleeding (the experiments were made on long leaf 
yellow pine) has no material effect on the strength of timber, the 
flexibility is sligh tly increased, but the bled timber will probably 
endure exposure to the weather as well as the other. 

2. That moisture reduces the strength of timber, whether that 
moisture be the sap, or water absorbed after seasoning. In gen
eral, seasoned timber, or with not more than 12 per cent. moisture, 
is from 75 per cent. to 100 per cent. stronger than green timber. 

3. 'When artificially dried, timber contains a uniform percent
age of moisture throughout, a condition requiring months or 
even years to att.ain in air-dried heavy timber. 

vVhen kiln-dried at usual temperatures, wood shows no loss of 
strength compared with air-dried timber of the same percentage 
of moisture. The effect of very high temperatures and pressures 
(as used in vulcanizing) is lower strengths than when air-dried. 

4. Large timbers arc equal in strength per square inch of sec
tion, tested every way, to small timbers, provided they are equally 
sound and contain the same percentage of moisture. 

5. The tests seem to indicate that the strength of woods of uni
form structure increases with the specific gravity irrespective of 
species, i. C., in general, the heaviest wood is the strongest. Oak 
seems not to belong to the list of woods to which this general 
remark applies. 

The data on properties of timbers, given on page 284, must be 
used with considerable judgment and caution. Seasoned wood 
will gain weight, to the extent of 5 to 15 pel' cent., if exposed to 
the weather and this excess will be reduced if the wood is kept a 
week in a warm dry place. 

Some of the individual tests made by the U. S. Forestry Divi
sion varied considerably from the mean values given in the table. 
In the case of tension tests, which varied most from the average, 
a few were as low as 25 per cent., while others reached 190 per 
cent. of the mean. 

The ela.~tic limit given in connection with the data from the 
U. S. Forestry Division, is the relative clastic limit suggested by 
Professor Johnson, as there is no definite "elastic limit" in 
timber similar to that in some metals. This relative elastic limit 
is taken where the rate of deflection is 50 per cent. more than it 
is under ini tial loads. 

Modulus of ultimate bending is extreme fibre stress on beam at 
rupture. The modulus of elastic bending is the fibre stress when 
the rate of deflection is increased 50 per cent. The modulus of 
elasticity is derived from transverse te"ts. 
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WOODEN BEAMS AND PILLARS. 

The table on page 286 gives the safe loads in pounds, uni
formly distributed for rectangular wooden beams 1 inch 
thick, and is based on the experiments of the U. S. Forestry 
Division. As short beams have been found by experiment 
to fail by longitudinal shearing, the shorter lengths, marked 
with a star, have been calculated to resist this action. The 
working values of the shearing resistance per square inch 
being taken for well-seasoned sound timber as follows: 
Hemlock, 80 pounds; spruce, white pine and yellow pine 
(Southern), 120 pounds; oak, 200 pounds. The values in 
the table calculated for cross-bending, are based on the fol
lowing extreme fibre stresses per square inch. 

Hemlock, 750 pounds; white pine or spruce, 900 pounds; 
oak, 1200 pounds; yellow pine, 1500 pounds. 

The table on page 287 gives the concentrated central loads, 
and is also computed from the foregoing data. 

PILLARS. 
The formulre heretofore proposed for resistance of the 

wooden pillars, are not snstained by the results of recent 
experiments, such as those made in 1882 at tbe ·Watertown 
Arsenal. These were on white and yellow pine, partly 
seasoned, and indicate the following average breaking loads 
in pounds per sq. inch of section for the given ratios of 
length to thickness. 

~_R_a_tL_~._t_'Ck_L,,_~~_f_.a_, 0_1_ ~I~I~ 25 1~1~ ~I~I~ ~I~ 
Yellow Pine. . . . . . . 44001427541003875300013275 2aOO

l
2475 213017601480 

White Pille. . . . .. 2450 ~a~10 1 20002190 20',0 1890 1700 1490 1020 109UI 91U 
Hemlock. . , . . • • . . 22002150 2050 1~50 1 18501 1700 1530!1340

1

1190 9~0 82U 

The table gi ven on page 288 for wooden pillars, is based on 
the above, corrected for seasoning, and taking one-eighth of 
the mean breaking loads as the safe working loads. Tests 
made of two or three sticks bolted and keyed together, showed 
that they did not behave like a solid pillar, bnt as if the sev
eral timbers acted independently. Composite wooden pillars 
should be treated as an aggregation of independent members. 
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PHYSICAL PROPERTIES OF WOOD. 
Seasoned timber, moisture 12 per cent. and under. 

Stresses given in pounds per square inch. 

Ultimo Ultimo 
R ll1list. Resist. 

NAME OF MATERIAL. to to Compo Tension. Length. 
----

Ash (American) . 17000 7200 

Birch 15000 8000 
Box 20000 10300 

Cedar (White) ..... 5200 
Cedar (American Red) . 10800 6000 
Chestnut 
Cottonwood·(s~~ Popla"r) 

11500 5300 

Douglas Spruce (Oregon Pine) 13000 5700 

Fir. 13000 

Gum 7100 

Hemlock~; . . . . . . . . . 8700 5700 
Hickory (American) average 19600 9500 

Lignum Vital . 11800 9900 

Mahogany (Spanish) . . . . . 14900 8200 
Maple . . . . . . . . . . . .. 11150 7150 

Oregon Pine (see Douglas Spruce) 
Oak iRed) ............ 10250 7200 
Oak Black or Yellow) . . . . . 10000 7300 
Oak (White) . 13600 8500 
Oak (Live) . . . . . . . 10400 
Pine touthern Yellow, long leafed) . 13000 SOOO 
Pine Cuban) . . . . . . ...... 13000 8700 
Pine Loblolly) . . . . . . . .... 13000 7400 
Pine (White) ..... . ... 10000 5400 
Poplar ............ 7000 5000 
Spruce (Northern) ....... 

States) 
11000 6000 

Spruce Pine (Pinus glabra of So. 12000 7300 

Walnut (Black) 10500 7500 

Weight in Pounds per Cubic Foot of other /Voods. 

Cherry. 
Cork .. 
Ebony. 

Ultim. 
Resist. 

to 
Compo 
Cross. 
--

1900 

700 

800 

1400 

2700 

1800 

2300 
1800 
2200 

1260 
1200 
1150 
700 

1200 

2500 

Ultim. 
Resist. 

to 
Shear 
L'gth. 
--
1100 

400 

500 

1300 

800 

400 
1100 

500 

1100 
1100 
1000 

835 
770 
SOO 
400 

400 
800 

42. 
15.6 
76.1 

* Individual tests of Hemlock seem to indicate a wood equal to White Pine, 
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PHYSICAL PROPERTIES OF WOOD. 
Seasoned timber, moisture 12 per cent. and under. 

Stresses given in pounds per square inch. 

mUm. JJfodul. flfodul. Ordinary Working Weight Resist. JJfodulus Sl1'ess. 
to ElasUc of of oj in Lbs. 

Shear. Limit. Elasticity. Ultim. Elastic per 
Cross. Bend'g. Bend'g. Tens. comp· ITrans. Cu. Ft. 
--

6280 7900 1640000 10800 7900 2000 1000 1200 39 

5600 1645000 11700 2000 1-000 1200 33 
2500 1200 1500 

1370 5800 910000 6300 5800 1200 600 800 23 
7200 1400 700 900 

1530 1140000 8100 1400 600 900 41 
· . 

6400 1680000 7900 6400 1400 700 1000 32 

1530000 

5890 7800 1700000 9500 7800 1200 900 900 37 

2750 7100 750 25 
6000 I 11200 2390000 16000 11000 2000 1200 1800 50 

· . 11700 1500 1200 1500 83 

1255000 9550 1500 1200 1500 53 
6350 · . 10000 49 

920() 1970000 11400 9200 1400 900 1200 45 
8100 1740000 10800 I 8100 1400 900 1200 45 

4400 9600 2090000 13100 I 9600 1700 1000 1500 50 
8480 9040 1851500 11300 . . . 
5600 10000 2070000 12600 9500 1600 1000 1500 38 

11100 2370000 13600 10640 
9200 2050000 11300 9400 1600 900 1200 33 

2500 6400 1390000 7900 6400 1200 700 900 24 
6500 900 600 750 

3250 1400000 8000 1200 700 900 26 
8400 1640000 10000 8400 1200 700 900 30 

4700 5700 1306000 8000 1000 1000 900 38 

We'ight in Pounds per Cubic Foot oj other Woods. 

Elm. . . . . . . . . . . . . . . . . . . . . . . . . 35 
Mahogany (Honduras) . . . . . ... . . . . . . . . 35 
Sycamore. . . . .. ....... 37 

but owing to frequent spiral growthof the wood it is not safe to so consider it. 
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GREATEST SAFE LOAD UNIFORMLY DIS
TRIBUTED FOR RECTANGULAR 
WOODEN REAMS 1 INCH THICK. 

Kind of 
Timber. 

(For explallalion oCtable see page 283.) 

LENGTIl OF SPAN IN FEET. 

- 4-1-6- 1 -8 -'1- 10 1 12 1 14 1 16 1 18 f20 [22 
Safe TAJads in Pounds per Inch of Thickn ... 

II em lock. 520 35d 260'210 17d 150 13()!" 12d 1001 90 
5:5pruceor Pine 620 420 310 250 210 180 160 140 120 110 

Oak. 830 550 420 330 280 240 210 190 170 150 

I
,ellow Pine. ~'800 700 520

1 

420 350 300 260
1 

230 210

1

190 
.Hem lock. '~640 500 380 3001 250 210 1901 170 150 140 

6 Spruce or Pine 900 600 450 360 300 260 220 200 180 160 
Oak. 1200 800 600 480 400 340 300 270 240 220 

1 

Yellow Pine. ~'960 ~'960 750 6001 500 430 3701 330 300

1

270 
Hemlock. '~'750 680 5101 410 340 290 260 230 200 190 

7 SprllceorPine *'1l20 820 610 490 4101 350 3101 270 240 220 
Oak. 11630 1090 820 650

1 

540 470 410 360 330 300 
Yellow Pine. ~'1120 ';'1l20 1020' 820 680 580 510 450 410 370 
Hemlock. "850 ':'8501 670 530 440 380 330 300 2701 240 

8 Spruce or Pine*'12801 1e60 800 640 5301 460 400 3601320 290 
Oak. "'2130 1420 1070 850 710 610 530 470 430 390 
Yellow Pine. 1 ~' 1280*1280*1280 10701 890 760 670 590 530' 480 
Hemlock. "9601*'9601 840 670 5601 4801 420 370 340

1

310 
9 Spruce or Pinet l440 1350 1010 810 670 580 510 450 400 370 

l
oak. ,1'2400 1800 1350 1080 900 770 670 600 540 490 
Yellow Pine. ';'1440"1140*1440 1350 1120 9601 840 750 670 610 
IIclUlock. ':Q070 :;'107011040 8301 690 590 520 460 420 330 

10 spruceorPine '::'1600Iq600 1250 1000 8301 7101 620 560 500 450 

l
oak. 1"2670 2220 1670 1330 1110 950 8301 740 670 610 
Yellow Pine. "1600"1600 Q600 *16001 1390 119011040 930 830 760 
Hemlock. '~I280I'-"l280I':'I280 1200 1000 860 7501 6701 600 540 

12Sprllce or Pine Q920 Q92011800 14401 1200 10301 900 8001 720 650 
Oak. "3200 :;'3200 2400 1920 1600 1370 1200 1070 960 870 
I,Cllow Pine. '::' 1 9ZO"'1920*1920 '~'1920 '*1920 1710 1500 1330 1200 1090 
IIemlock. 1':;'1490Q490';'1490';'1490i I360 1170 1020 900 820 740 

14 ::iprUCeorPine':;'2240:;'2240 ';'2240! 1960 1630 1400 1220 1090 980 890 

l
oak. 1"37301*37301 3270 26lO 2180 1870 1630 1450 1310 1190 
Yellow Pine. ';'2240 ::'2240t2240 '*22401*2240 "2240 20401181016301480 
IIerulock. *1710 :;'1710'.:'17101:;'1710 :'1710 1520 1330 1180 1070 970 

16 SI,ruceor Pine '~:2560 :;'2560';'2560 2550 2130 1830 1600 14201280 1160 

IOak. 1;:'4270 ';'4270 4270 3410 2840 2440 2130 1900 1710 1550 
Yellow Pine. ':'2560 ':;'25601:;'25601';'2560 '-'2560 ';'2560 ':'2560 23702130 1940 
Irremlock. ':"1920IQ920Q920 :;'1920

1
';'1920':;'1920

1 
16901 15001350 1230 

18 SprllceorPine ';'2880';'2880'1'2880:;'2880 2700 2310 2030 180016201470 
~ak. . ::'4800;'4800:'48001...4320 36003090.2100,,2400 2160 1960 
l' ellow Pme. 1'''28801'''2880 '.'28801"'2880 *2880 "2880 "2880,'.'2880 2700 2450 
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GREATEST SAFE CENTRAL LOADS FOR 
RECTANGULAR WOODEN BEAMS 

K ind 0] 
Ti'IJtUeT. 

1 INCH THICK. 
(For explanation of table see page 283.) 

LENGTII OF SPAN IN FEET. 

4 I 6 ! 8 1 10 1 12 I 14 I 16 I 18 I 20 I 22 

Safe Loads 7"n Pounds p er Inch oj Thickness. 

Hemlock. 260 1701 1301 1001 90 75 65 60 501 45 
5 Spruce or Pine 310 210 160 1201 100 90 80 70 60 55 

Oak. 420 280 210 170 140 120 100 95 851 75 
Yellow Pine. 520 3501 260 210 170 150 130 120 100 95 
Hemlock. 380 250 190 150 120 110 95 85 751 70 

6 Spruce or Pine 450 300 220 180 150 130 110 100 90 80 
Oak. 600 400 300 240 200 170 150 130 120

1 
110 

Yellow Pine. 750 500 370 300 250 210 190 170 150 140 
Hemlock. 510 340 260 200 170 150 130 110 100 95 

7 Spruce or Pine 610 410 310 240 200 170 150 140 120 110 
Oak. 820 540 410 330 270 230 200 180 160 150 
Yellow Pine. 1020 680 510 410 340 290 260 230 200 190 
Hemlock. 670 440 330 270 220 190 170 150 130 120 

8 Spruce or Pine 800 530 400 320 270 230 200 180 160 150 
Oak. 1070 710 530 430 360 300 270 240 210 190 
Yellow Pine. 1330 890 670 530 440 380 330 300 270 240 
Hemlock. 840 560 420 340 280 240 210 190 170 150 

9 Spruce or Pine 1010 670 510 400 340 290 250 220 200 190 
Oak. 1350 900 670 540 450 390 340 300 270 250 
Yellow Pine. ~'1440 1120 840 6701 560 480 420 370 340 310 
Hemlock. 10401 690 520 420 350 300 260 230 210 190 

10 Spruce or Pine 1250 830 620 500 410 360 310 280 250 230 

[

Oak. 1670 1110 830 670 550 480 420 370 330 300 
Yellow Pine. ';'1600 1390 1040 830 690 590 520 460 410 380 
Hemlock. ':;'12801 1000 750 600 500 430 370 330 300 270 

12 SpruceorPine 1800
1

1200 900 720 600 510 450 400 360 330 

l
oak. 2400 1600 1200 960 800 690 6CO 530 480 440 
Yellow Pine. Q920

1

<:>I920 1500
1 

1200 1000 860 750 6701600 540 
Hemlock. Q490 1360 1020

1

820' 680 580 510 450 410 370 
14SpruceorPine';'2240 1630 1220 980, 810 700 610 540 490 440 

l
oak. 1 3270 2180 1630 1310 1090 930 820 730 650 590 
Yellow Pine. "'2240t 22401 2040 163011360 1170 1020 910 8101740 
Hemlock. q 710

1

"1710
1 

13301 1070 890 760 660 590 530 480 
16SpruceorPine';'2560 2130

1 
1600 1280 1060 910 800 710 640 580 

[

Oak. 1*4270 2840 2130' 17101 1420 1220 10601 950 850 780 
Yellow Pine. ':;'2560 ';'2560 ';'2560

1 
21301 1780: 1520, 1330 11801060 970 

Hemlock. ,';'1920Q920 1690 1350' 11201 960 840 750 670 610 
18SpruceorPine"'2880 2700 2030 1620 1350 1160 1010 900 810 740 

l
oak. ('4800 3600 27001 2160 1800

1 
15401 1350 12001080 980 

Yellow Pille. ('2880( 2880('2880
1 

2700
1 

2250
1 

1930
1 

1690
1 

1500,1350
1
1230 
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TOTAL SAFE LOAD IN NET TONS FOR 
SQUARE PILLARS. 

Hgt. 
in 

Feel. 

For Hemlock Pillars take ,tr of load for White Pine. 

Kind of 
Ti1nbe1', 

SIDE OF SQUARE PILLAR IN INCHES. 

4 1 5 I 6 1 7 I 8 I 9 I 10 1 12 I 14 I 16 

Totat Safe Load in Net Tons. 

Yellow Pine 7.3 '1 11.81 17.31 23.8 31.3 39.8 49.3 71.3 97.3127.3 
6 White Pine 4.5 7.2 10.5 14.4 18.9 24.0 29.7 42.9 58.51 76.5 

Yellow Pine 7.1 11.6 17.1 23.6 31.1 39.6 49.1 71.1 97.1127.1 
7 White Pine 4.4 7.1 10.3 14.3 18.7 23.6 29.5 42.8 58.41 76.4 

Yellow Pine 6.8 11.3 16.8 23.3 30.8 39.3 48.8 70.8 96.8126.8 
8 White Pine 4.2 6.9 10.2 14.1 18.6 23.7 29.4 42.6 58.2

1 

76.2 

Yellow Pine 6.5 11.0' 16.5 23.0 30.5 39.0 48.5 70.5 96.5126.5 
9 White Pine 4.1 6.8

1

10.1 14.0 18.5 23.6 29.3 42.5 58.1
1 

76.1 

10 Yellow Pille 6.2 10.71 16.2 22.7 30.2 38.7 43.2 70.2 96.2126.2 
White Pine 3.9 6.6

1 

9.9 13.8 18.3 23.4 29.1 42.3 57.9
1 

75.9 

Yellow Pine 5.8 10.3 15.8 22.3 29.8 38.3 47.8 69.8 95.8125.8 
11 White Pine 3.7 6.4 9.7 13.6 18.1 23.2

1 

28.9 42.1 57.71 75.7 

Yellow Pine 5.4 9.9, 15.4 21.9 29.4 37.9

1

' 47.4 69.4 95.4125.4 
12 White Piue 3.5 6.2 9.5 13.4 17.9 23.0 28.7 41.9 57.5

1 

75.5 

Yellow Pine 5.0 9.5 15.0 21.5 29.0 37.5, 47.0 69.0 95.0125.0 
13 White Pine 3.3 6.0 9.3 13.2 17.7 22.81 28.5 41.7 57.3' 75.3 

Yellow Pine 4,5 9.0 14.5 21.0 28.5 37.0
1 

46.5 68.5 94.5124.5 
14 White Pine 3.0 5.7 9.0 12.9 17.4 22.5

1 

28.2 41.4 57.0
1 

75.0 

YellowPiue 3.9 8.4 13.9 20.5 27.9 36.4 45.9 67.9 93.9123.9 
15 White Pine 2.S 5.5 8.8 12,7 17.2 22.3

1 

2S.0 41.2 56.8 74.8 

Yellow Pine 3.4 7.9 13.4 19.9 27.4 35.9 45.4 67.4 93.4123.4 
16 White Pine 2.5 5.2 8.5 12.4 16.9 22.01 27.7 40.9 56.5 74.5 

Yellow Pine 2.5 7.3 12.8 19.3 26,8 35.3 44.8 66.S 92.8122.8 
17 White Pine 1.7 4.9 8.2 12.1 16.6 21.71 27.4 40.6 56.2 74.2 

Yellow Pine 2.3 6.7 12.2 lS.7 26.2 34.7 44.2 66.2 92.2122.2 
IS White Pine 1.5 4.6 7.9 l1.S 16.3 21.4 27.1 40.3 55.9 73.9 

Yellow Pine 2.1 6.0 11.5 lS.0 25.5 34.0 43.5 65.5 91.5121.5 
19 White Pine 1.4 4.2 7.6 11.41 15.9 21.0 26.7 39.9 55.6

1 

73.5 

Yellow Pine 1.9 5.3 10.8 17.3

1

24.8 33.3 42.8 64.8 90.8120.S 
20 White Pine 1.2 3.9 7.2 11.1 15.6

1 

20.7 26.4 39.61 55.21 73.2 

Yellow Pine 1.7 2.6 10.1 16.6 24.1 32.6 42.1 64.0
1 

90.1120.1 
21 White Pine 1.1 1.7 6.8 10.71 15.2

1

20.3

1

26.0 39.2

1

54.8 72.8 

22 Yellow Piue 1.5 2.4 9.3 15.8 23.3 31.8 41.3 63.3 S9.3119.3 
White Fiue 1.0 1.6 6.4 10.3 14.S 19.9 25.6 38.S 54.41 72.4 



TABLE OF PHYSICAL PROPERTIES OF 
lUETALS AND ALLOYS. 

Stresses given in pounds per square inch. 

- ~ - ---- - - - --
Ulti- Ulti- Coe/. male male Resist. Weight 

Resi~t- Resisl- ance ElfLs- of in 
NAME OF MATERiAL. ance ance to tic Elas- Lbs. 

to to Bend- lAm'l. 
ticily per (Ju. Mit-Ten.· Com- ing. lions. Inch. 

sion. press. 

-- - _. - --
Aluminium Bronze. 
10 :' AI. 9O ~ Cu. (rolled) . 100000 . 60000 18.0 .282 

IlLt " " 98::!tt ; " (cast) ... 26800 . 
Brass and Bronze. 

Copper. Tin. Zinc. 
85 15 - 35500 95000 63000 ?1lOOO .319 
90 10 - 33000 75000 52000 . 14.0 .318 
95 5 - 30000 52000 39000 16000 13.7 .317 
90 - 10 30000 48000 24000 . .322 
80 - 20 37000 65000 30000 10000 12.4 .316 
70 - 30 43000 79000 36000 9100 14.0 .310 
60 - 40 49000 75000 42000 16400 12.2 .308 
SO - SO 24000 117400 48000 16900 11.6 .304 
85 12l,{2 2~ 34bOO . 62400 . 12.5 
70 10 20 31760 . 43500 . 14.5 
60 10 30 21500 . 30200 . 15.8 
55 l,{2 44~ 68900 . 22000 

Bronze, Mangane~e (cast). 71200 130000 . . <;'17700 
" .. (rolled) 100000 80000 
" Phosphor .... 47700 21500 

" Tobin (rolled) . 79400

1

175000 41900 55400 .296 

Copper ~ca t) ...... 24800 ... 8000 18.0 
.. sheet) .. '" . 32600 . 
" wire annealed .. 39800 . 25000 18.0 

IrRn Ca.st (See page 281). 
wire annealed.. . 45000 . 

" " hard drawn. 75000 . 27000 26.0 
" wr?'t., rolled bars. . 50000 36000 . 30000 29.0 
" , "plates. 50000 . 30000 29.0 

Lead. I 1100 0.85 
Steel ( ee i)age' 18) : 

2OSO 7350

1

, 

Tin .. ~'~001 : 1670 4.6 
Zine (cast) '. 4OSO 

* This was true clast ic limit, the II yield point" or II apparent elastic limit" 
given by drop of beam was III 38,640 pounds. 
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PHYSICAL PROPERTIES OF MATERIALS 
OF MASONRY, ETC. 

All stresses given in pounds per square inch. For working stresses seep. 291. 

llIA TERIAL. 
{flti11l. Trans- Modulus l V' g ht 

Crush. verse of [p~rcu. 
Strength St" engll, Elast'y. Foot. 

---------- ----1-- -
B . k FI t' p . { max. nc ~, a W lse aVlIlg... . . .. min. 

Paving Brick, Phila. Specifications. 
Red Shale. 

Yellow Fire Clay .• 

Hard Building. . {m~x. mill. 
Soft " ............ . 

Concretes, 1 month old, of following com-
position: J 

Cement mortar, 1 of natural cern., 20fsand 
Natnral Cement Mortar and ]"urnace Siag 

" 'I 'I ., Sandstone .. 
" " " "Limestone* .. 
" " " "Granite.. > 
" " " "Trap ... 

Cement Mortar,l of Portland cem.,20fsandr 
Portland Cement ;\10rtar and Fnrnace Slagl 

" " "" sandstone .. ) 
" H "" Limestone* .. 
" I, 14 H Granite .. . 
" " H" Trap ... . 

Granite. {max. 
min. 

Limestone .. 

Marble. '" 

Sandstone . 
Slate .. 
Trap ... 

i~~~: 
Jmax. 
t min. 

{ m~x. mIll. 

20800 3100 4000000 150 
4880 1350 2000000 

{ 9090 { 
18000 

5000 
6000 
5800 
6200 
1250 
300 

{ 8000 { 
10000 
18400 
3800 

250 
to 

500 

24450 
12000 
22300 

7000 
20000 
4650 

18750 
4100 

22000 

4000000 125 
2000000 

Co~c'rete~aft~r 
6 months will be 
about 4 times, 
and at tbe of 1 
year will be 6 to 
7 times as strong 
as at the end of 
the first month. 

2700 13000000 
900 1620000 

2500 8000000 
150 335000 

2850 13550000 
150 2500000 

2350 2815000 
350 270000 

7000000 

100 

109 
120 
136 
142 
142 
147 
134 
137 
153 
159 
159 
164 
164 

158 

170 

139 
174 
170 

WEIGHT IN POUl'\'DS pER CUBIC FOOT OF SUBSTAN~ES. 

Name oj Subslance. 

Aspbaltum ...... . 
Clay, potter's dry ... . 

" in 1 um p, loose.. . . . 
Earth, com.loaw, dry, loose. 

" " U " J'ammed 
Flint ........... . 
Glass, common window .. 
Gneiss ......... . 
Gypsum ...... . ... . 

" (plaster of Paris gr'd). 
Ivory. 

Pounds. Name oj Subslance. 

87 Lime, quick, of ord. limestone 
119 " " ground, loose 
63 Lime, quick, gro.,well shaken 

72- 80 Mica ......... . 
90-100 Mud, dry, close. . 

162 " wet, fluid. . . . 
157 Quartz, common I pure 
168 Salt, Syracuse, N. Y .. 
142 Isand, dry and loose .. 
60 " perfecUy wet. . 

114 Shales, red or hlack. . 

Pounds. 

95 
53 
75 

183 
80-100 

104-120 
165 

45 
90-106 

118-129 
162 

* It is claimed that the use of limestone for the body of cnncrete is attended 
with corrosion of the imbedded iron and it is obviously unlit for fire-proofing. 
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FOUNDATIONS. 

The bearing power of soils varies widely with their nature 
and condition. Rock may sustain from 18 to 180 tons per 
square foot. Compact gravel and coarse sand well cemented, 
of considerable thickness, not liable to be carried away by 
water, can be loaded with 8 to 10 tons per square foot, 
while the stiff varieties of dry clay will safely support 4 to 6 
tons per square foot. In general, however, the building laws 
of different localiti es will limit the pressure on the diffe rent 
soils. The table below gives the requirements of a few 
cities. 

Bearing Malel'ial. 
PttilapV. 1'.! ettic.! Bu.o: ! flfil. 

Load Net Tons per Sq. Ft. 

Solid natural earth of dry clay . 2} It 3! 4 
Clay moderately dry. . . . . . 2 
Clay soft. (Confined).. . . . . 1 
Gravel and coarse sand well cemented 8 
Gravel and sand. 4 4 
Clay and sand. . . . . l~ 
Dry sand. (Confined). 2 
Dimension stone, beds dressed to} 

uniform surface, cement, mortar 5 7 
joints under 1". , . , , .... 

Concrete. (see page 290) . , . . . 4 
Rubble stone work in cement mortar 5 
Common brick laid in lime mortar. 3 
Common brick laid in cement mortar 5 
IIard burned brick in lime mortar 8 I 8 6~ '6 
Hard burned brick in cement mortar ]5 15 9 9 
First-class brick work in Portland} 

cement mortar. . . . . ., .. 12z 12 

Hard brick in lime and .cem.ent} ]2 11~ mortar mixed . " 

Piles. Load Net Tons per Pile. 

Philadelphia small end 0" head 12"} 
spaced not over 30" centre to 20 
centre, . , . . . . , .. 

New York small end 5/1 spaced not} 
over 30/1 centre to centre '" 20 

Chicago, 25 
Buffalo small end 6" spaced not} 25 over ~6!1 centre to centre. . . . 

For Bearing Plates, see page 110, 
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PILES. 
The driving requirf'ments for piles in municipal work will be 

given in the local building laws, as also are the dimensions, load
ing and spacing as given on the preceding page. Their degree of 
stability under these conditions can be determined from the fol
lowing formulre: 

L = load in net tons, 
lV= weight of hammer in net tons, 
w= weight of hammer in pounds,. 
H = fall of hammer in feet, 
I! = fall of hammer in inches, 
p = penetration in inches, due to last fall. 

L -fllx w X .026 (Trautwine.) 
p + 1 

As a factor, Trautwine recommends that for piles thoroughly 
driven in firm soils, one-half of the above load be taken, in river 
mud or marsh (piles not driven to rock-bottom), the safe load be 
restricted to one-sixth of L. 

L=~~~ (Sanders.) 

This formula applies to a pile driven until its penetration is 
small and nearly equal for successive blows. 

L 2 X w X H (Wellington.) 
p i- 1 

GRILLAGE BEAMS . 
Safe loads on Pencoyd I beams used in a grillage for foundations 

of walls or columns: 
Considering the lower course, 

~--.l:-- -~ the supporting pressure from the 

I' IIII' soil is taken as uniformly dis-
~__ tributed on the beams over the 

.-----" ... """ ...... ------,1 span S, while the load carried by 
, 1 the foundation is taken as uni
!(------S------~ formly distributed on beams over 

the span L. The maximu m bend
ing moment is then i W (S- L) where W is the total load on the 
foundation. 

To find the sate load that a beam will carry as a grillage beam, 
it is on Iy necessary to refer to the tables of sate load on pages 30 
to 95, and take the safe load the beam will carry for aspan (S- L). 

Exa1nple.-Suppose a load of 500 net tons carried on a soil that 
will support safely 2 tons per square foot, the area required for 
the foundation will be 250 square feet. Taking the base of the 
column as 4 feet 6 inches square, 5 beams can be placed side by side 
in this width and permit of concrete being rammed between 
them. Then each beam will be loaded with 83 tons. The soil 
area covered by foundation will be a square of 16 feet side, hence 
(S- L) is 16-41 = lIt feet. Now, on page 31, of safe loads of I 
beams, we find that a 24 inch I beam, 85 pounds, will carry 1:$4 
tons. In the same way the beams in the lower course are found 
to be 16 -15 ineh I beams, 50 pounds. 
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PAINT. 
The covering property of paint depends on the smoothness or ahsorbing 

power of the surface painted; also on the fluidity of the paint. Ordinarily 
one gallon of paint, consisting of finely ground pigment and linseed oil, 
covers about 600 square feet of metallic surface one coat, or 350 square feet 
with two coats. 

If the surface is very smooth and non-absorbent, or tbe paint is tbinned 
with turpentine or naptha, the paint may spread over more surface to the 
extent of 50 per cent. If the contrary eonditions exist, the surface covered 
Dlay be diminished one·balf. Tbe volume of the mixed paint usually ex
ceeds tbe volume of oil used from 20 to 75 per cent., according to tbe kind of 
pigment used. 

AVERAGE SURFACE COVERED PER GALT~ON OF PAINT. 

Paint. 

Iron Oxide (powdered) 
" " (ground in oil) 

Red Lead (powdered) .. 
Wbite Lead (g'rd in oil) . 
Grapbite (ground in oil) . 
Black Aspbalt. . . . .. 
Linseed oil (no pigment) . 

Volume oj 
Oil. " 

1 gal. 
1 " 
1 " 
1 
1 " 
1 " (turp.) 
1 " 

Lbs. 
oj Pip
ment. 

8.00 
24.75 
22.40 
25.00 
12.50 
17.25 

Volume and 
Weight 

oj Paint. 

Gals. Lbs. 
1.2~16.00 
2.6~32.75 
1.4~30.40 
1.7~33.00 
2.0~20.50 
4.0~30.00 

Square Feet. 

1 2 
Coat. C'ts. 

600 
630 
630 
500 
360 
515 
875 

350 
375 
375 
300 
215 
310 

Light structural work will average about 250 square feet, and heavy 
structural work about 150 square feet of surface per net ton of metal. 

The cost of painting with oxide of iron or similar material, based upon 
paint costing 50 cents per gallon, labor at sbops, $1.50 per day, end at erec
tion, $2.00 per day, will average: 

COST PER NET TON. 

Light Work. Heavy Wurk. 

One Coat at Shop: 
Cost of paint per net ton of steel $0.27 $0.18 
Cost of labor per net ton of steel 0.18 0.12 

Total . .. $0.45 $0.30 

Two Goats after Erection: 
Cost of paint per net ton of steel . $0.45 $0.30 
Cost of labor per net ton of steel 0.90 0.60 

Total .... .. . 1.35 0.90 

$1.80 $1.20 

Coating witb tar at 3000 F. requires 1 gallon of tar per 220 square feet of 
surface covered. The average cost, based upon tar at 10 cents per gallon, 

Ii and labor at $1.50 per day, is as follows: 

Cost of tar per net ton of steel . . . . 
Cost of labor, etc., per net ton of steel 

Total ............ . 
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$0.12 
0.68 

$0.80 

$0.07 
0. 38 

$0.45 



CRANE CHAINS. 

ill " , . 1"1 ,-~.,. 
~ . I ; I . . • 

.. ...... J._A._t.-.A.-« 

DIMENSION. CRANE. 

! H i 
Ii 

1932 3864 1288 1680 3360 1120 
n t4 1 2898 5796 1932 2520 5040 1680 
.~ 110- it 4186 8372 2790 3640 7280 2427 
ir; If2- 2 5796 11592 3864 5040 10080 3360 

! IH 2~ Iii 7728 15456 5182 6720 13440 4480 
,,\; IH 3frr Ii 9660 19320 6440 8400 16800 5600 
ii 1*1 4t 2fs- 11914 23828 7942 10360 20720 6907 
ii I H 5 21; 14490 28980 9660 12600 25200 8400 

1 IH 5* 2~ 17388 34776 11592 15120 30240 10080 
tfr 2f2- 6T1r ~r 20286 40572 13524 17640 35280 11760 
i 2~ 8 22484 44968 14989 20440 40880 13627 
tfr 2H 9 3trr 25872 51744 17248 23520 47040 15680 

1 2H 10r"rr 31; 29568 59136 19712 26880 53760 17920 
IT'B 2H 11r ~r 33264 66538 22176 30240 60480 20160 
It 2H 12. 37576 75152 25050 34160 68320 22773 
1ft 3f2- 13T1r 3i 41888 83776 27925 36080 76160 25387 

I! 3~ 16 !l 46200 92400 30800 42000 84000 28000 

it 3H 16~ 50512 101024 33674 45920 91840 30613 
3~ 18i\- 4ft 55748 111496 37165 50680 101360 33787 

I ll> 3 " ~ 19rrr 4t 60368 120736 40245 54880 109760 36587 
1~ 3i; 21;" 5 66528 133056 44352 60480 120960 40320 

The distance from centre of one link to centre of next is equal to the inside 
length of link, but in practice I. inch is allowed for weld. This is approxi-
mate, and where exactness is required, chain should be made so, 

FOR CHAIN SHEAvES.-The diameter, if possible, should be not less than 
twenty times the diameter of chain used. Example-For I-inch chain use 
20-inch sheaves. 
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g 
'g 
~ 
--

lfs 

:tq 

3fs 
~.<l 

3 ' '4 

1 

11ft 

1~.<l 

2 

2~.<l 

3 

3~ 

4 

4~ 

5 

6 

7 

8 

9 

10 

12 

13 

14 

WROUGHT IRON TUBES. 

Ordina,..y GM or Water Pipe. 

:;~ ~ .: '<l. ~g ~~ ~ 
~-l/ Ell .!:IS .~ :s 
"":::: ~e.. " .. 

6~ 
.., '<;.g ~t; ~ '< 

.<;"l ~"l 

'" - - ------- -
.40 .07 .'Z7 .06 .13 .24 

.54 .09 .36 .10 .23 .42 

.67 .09 .49 .19 .36 .56 

.84 .11 .62 .30 .55 .84 

1.05 .11 .82 .53 .87 1.12 

1.31 .13 1.05 .86 1.36 1.67 

1.66 .14 1.38 1.49 2.15 2.24 

1.90 .15 1.61 2.03 2.84 2.68 

2.37 .15 2.07 3.35 4.48 3.61 

2.87 .20 2.47 4.78 6.49 5.74 

3.50 .22 3.07 7.38 9.62 7.54 

4.00 .23 3.55 9.89 12.57 9.00 

4.50 .24 4.03 12.73 ] 5.90 110.66 

S.OO 
.
25

1 
4.51 15.96 19.64 112.34 

5.56 .26 5.05 19.99

1

24.30 14.50 

6.63 .28 6.07 28.88 34.47 18.76 

7.63 .30 7.02 38.73 45.66 23.'Z7 

8.63 .32 7.98 50.03 58.43 28.18 

9.63 .34 8.94 62.73 73.72 33.70 

10.75 .36 10.02 78.84 90.76 40.06 

12.75 .38 12.00 113.09 49.00 

14.00 I 
1
53

.
92 .38 13.25 

15.00 .38 14.25 57.89 1 

~~ 
",'" 

~~ 
e:;~ 

I 
Hydraulic Tv.bi"g~ 

Exira. I DordJle 
Exira 

~ .: ~ ~~ " ~~ "'" "" .~ ~ 

~ ~" ~ ~.g 
~ '< 

--. 20=1 'Z7 .10 

18 .12 

18 .13 

14 .15 

14 .16 

11~ .18 

11~ .19 

11~ .20 

11~ .22 

8 .28 

8 .30 

8 .32 

8 .34 

8 .35 

8 .37 

8 .44 

8 .50 

8 .56 

8 

8 

8 

8 

I 8 

.29 -

.42 .22 

'54 .29 

.73 .31 

.95 .36 

1.27 .38 

1.49 .40 

1.93 .44 

2.31 .56 

2.89 .60 

3.35 .64 

3.81 .68 

4.25 .72 

4.81 .75 

5.75 .87 

6.62 .84 

7.50 .87 

I 

.2 

.4 

1.0 

23 

4 

2 

58 

88 

8 

1.4 

1.7 

9 

5 

2.28 

2.71 

3.13 

3.56 

4.06 

4.87 

6.06 

6.87 

NOTE-Above 15 inches lhe outside diameters are the nominal size. 
All dimensions gi ven in inches, all weights in pounds. 



CORRUGATED IRON 2~/1 PITCH. 

~ 
Weight of 100 Square Feet in Pounds. 

., ~ ~~~ 
"''' 

"<.> r"" ~~ 
Loose Sheets. Galvanized Iron Laid, Adding for Laps-

for Sheet Lengths of : t:i"" ~(!) .~"J 
~ .$ Galvan-Black. ized. 5' 6' 7' 8' 9' 10' 

----------------------
20 .0375 167 184 210 208 207 206 206 205 
22 .0313 139 156 178 176 176 175 174 174 
24 .025 111 128 146 145 144 143 143 143 
26 .0188 83 101 115 114 114 113 113 113 

NOTE.-If material is to be painted add 2 pounds to the above weights of 
100 square feet. 

This table is based on galvanized corrugated sheets 27/1 wide and %" deep, 
2Yo" centre to centre of corrugation. 

Before corrugating, sheets are 30" wide. 

, . 
I I 
i<----L----->l 

TA RLE OF SAFE AND CRIPPLING LOADS IN POUNDS PER 
SQUARE FOOT. 

Safe Load. ... 
r,j~~ Span in Feet. 

t5 " " ~(!) 
3 4 5 

---- ----
20 59 44 36 
22 48 36 29 
24 37 28 22 
26 31 23 18 

FORMULA: 

W = 98000tbd 
--/--

Elastic Limit . Orippling I,(Jad. . 
Span in Feet. Sp an in Feel. 

6 3 4 5 6 3 4 5 

------ -- ------ --
30 89 67 54 45 134 100 80 
24 71 54 43 36 107 80 64 
19 56 42 34 28 84 63 51 
16 44 34 27 23 69 52 41 

W = Crippling load in pounds per square foot. 
I = Thickness of metal in inches. 
b = Centre to centre of corrugation in inches. 
d = Depth of corrugation in inche •. 
I = Length of span in inches. 
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WEIGHT OF ROLLED SHEETS. 

Calculations based on Specific Gravity of 7.85. 

Birmingham Wire American (B. &: S.) New U. S. Standard 
No. 

Ga1lge and FJng/ish 
Wi"e Gauge. Gauge, 1873. Standard Gauge. 

o! 
Gauge. Thickne .. Weight per Thickness Weig"jr.''' Thickness Weight per 

in Inches. Sq. Ft. in Inches. Sq. I. in Inches. Sq. Ft. 

0000 .454 18.52 .460 18.76 .406 16.58 
000 .425 17.34 .410 16.72 .375 15.30 
00 .380 15.50 .365 14.88 .344 14.03 

0 .340 13.87 .325 13.26 .313 12.75 
1 .300 12.24 .289 11.80 .281 11.48 
2 .284 11.59 .258 10.52 .266 10.84 
3 .259 10.56 .229 9.36 .250 10.20 
4 .238 9.71 .204 8.33 .234 9.56 
5 .220 8.98 .182 7.42 .219 8.93 
6 .203 8.28 .162 6.61 .203 8.29 
7 .180 7.34 .144 5.88 .188 7.65 
8 .165 6.73 .129 5.24 .172 7.01 
9 .148 6.04 .114 4.66 .156 6.38 

10 .134 5.47 .102 4.15 .141 5.74 
11 .120 4.89 .091 3.70 .125 5.10 
12 .109 4.44 .081 3.29 .109 4.46 
13 .095 3.87 .072 2.93 .094 3.83 
14 .083 3.38 .064 2.61 .078 3.19 
15 .072 2.94 .057 2.32 .070 2.87 
16 .065 2.65 .051 2.07 .063 2.55 
17 .058 2.37 .045 1.84 .056 2.30 
18 .049 1.99 .040 1.64 .050 2.04 
19 .042 1.71 .036 1.46 .044 1.79 
20 .035 1.42 .032 1.30 .038 1.53 
21 .032 1.30 .028 1.16 .034 1.40 
22 .028 1.14 .025 1.03 .031 1.28 
23 .025 1.02 .023 0.921 .028 1.15 
24 .022 0.898 .020 0.821 .025 1.02 
25 .020 0.816 .018 0.729 .022 0.89 
26 .018 0.734 .016 0.651 .019 0.77 
27 .016 0.653 .014 0.581 .017 0.70 
28 .014 0.571 .013 0.515 .016 0.64 
29 .013 0.531 .011 0.459 .014 0.57 
30 .012 0.489 .010 0.409 .013 0.51 
31 .010 0.408 .009 0.364 .011 0.45 
32 .009 0.367 .008 0.324 .010 0.41 
33 .008 0.326 .007 0.288 .009 0.38 
34 .007 0.286 .006 0.257 .009 0.35 
35 .005 0.204 .006 0.228 .008 0.32 
36 .004 0.162 .005 0.204 .007 0.29 

m 



WEIGHT OF STEEL PLATE. 

Pounds per Lineal Foot. 

Width 
THICKNESS IN INCHES. 

in 
Inches. is 1(s f.r 1(4 'fir 'll/s It." ~ 
------------------

12 2.55 5.10 7.65 10.20 12.75 15.30 17.85 20.40 
13 2.76 5.52 8.29 11.05 13.81 16.57 19.34 22.10 
14 2.98 5.95 8.92 11.90 14.87 17.85 20.83 23.80 
15 3.19 6.37 9.57 12.75 15.94 19.12 22.32 25.50 

16 3.40 6.80 10.20 13.60 17.00 20.40 23.80 27.20 
17 3.61 7.22 10.84 14.45 18.06 21.67 25.28 28.91 
18 3.82 7.65 11.47 15.30 19.12 22.95 26.77 30.60 
19 4.04 8.08 12.11 16.15 20.18 24.22 28.26 32.29 

20 4.25 8.50 12.75 17.00 21.25 25.50 29.75 34.00 
21 4.47 8.92 13.39 17.85 22.32 26.77 31.24 35.70 
22 4.67 9.35 14.02 18.70 23.38 28.05 32.72 37.40 
23 4.88 9.77 14.67 19.55 24.44 29.32 34.21 39.11 

24 5.10 10.20 15.30 20.40 25.50 30.60 35.70 40.80 
25 5.31 10.63 15.93 21.25 26.56 31.87 37.19 42.49 
26 5.53 11.05 16.57 22.10 27.62 33.15 38.68 44.20 
27 5.74 11.47 17.22 22.95 28.69 34.42 40.17 45.90 

28 5.95 11.90 17.85 23.80 29.75 35.70 41.65 47.60 
29 6.16 12.32 18.49 24.65 30.81 36.97 43.13 49.31 
30 6.37 12.75 19.12 25.50 31.87 38.25 44.62 51.00 
32 6.80 13.60 20.40 27.20 34.00 40.80 47.60 54.40 

34 7.22 14.45 21.67 28.90 36.13 43.35 50.57 57.79 
36 7.65 15.30 22.95 30.60 38.25 45.90 53.55 61.20 
38 8.08 16.15 24.22 32.30 40.38 48.45 56.53 64.61 
40 8.50 17.00 25.50 34.00 42.50 51.00 59.50 67.99 

42 8.92 17.85 26.77 35.70 44.62 53.55 62.47 71.40 
44 9.35 18.70 28.05 37.40 46.76 56.10 65.45 74.81 
46 9.77 19.55 29.32 39.10 48.88 58.65 68.42 78.19 
48 10.20 20.40 30.60 40.80 51.00 61.20 71.40 81.60 

50 10.63 21.25 31.87 42.49 53.12 63.75 74.37 85.00 
52 11.05 22.10 33.15 44.20 55.25 66.30 77.35 88.39 
54 11.47 22.95 34.42 45.90 57.37 68.85 80.32 91.80 
56 11.90 23.80 35.70 47.59 59.50 71.40 83.29 95.20 

58 12.32 24.65 36.97 49.30 61.63 73.95 86.27 98.59 
60 12.75 25.50 38.25 51.00 63.75 76.50 89.25 102.00 

--
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WEIGHT OF STEEL PLATE. 

Pounds per Lineal Foot. 

THICKNESS IN INClIES. 
Width 

in 
9 

1« 543 H 34 H 7,'8 H 1 Inches. 

- - ----------------
22.95 25.50 28.05 30.60 33.15 35.70 38.25 40.80 12 
24.87 27.62 30.38 33.15 35.91 38.68 41.44 44.20 13 
26.77 29.75 32.72 35.70 38.68 41.65 44.62 47.60 14 
28.69 31.87 35.07 38.25 41.44 44.62 47.82 51.00 15 

30.60 34.00 37.40 40.80 44.20 47.60 51.00 54.40 16 
32.52 36.13 39.74 43.35 46.97 50.59 54.19 57.80 17 
34.42 38.25 42.07 45.90 49.72 53.55 57.37 61.20 18 
36.34 40.37 44.41 48.45 52.48 56.52 60.56 64.60 19 

38.25 42.50 46.75 51.00 55.25 59.50 63.75 68.00 20 
40.17 44.62 49.09 53.55 58.02 62.47 66.94 71.40 21 
42.07 46.75 51.43 56.10 60.77 65.45 70.12 74.80 22 
43.99 48.88 53.76 58.65 63.55 68.43 73.32 78.20 23 

45.90 51.00 56.10 61.20 66.30 71.40 76.50 81.60 24 
47.81 53.12 58.43" 63.75 69.05 74.37 79.68 85.00 25 
49.72 55.25 60.77 66.30 71.83 77.35 82.87 88.40 26 
51.64 57.37 63.12 66.85 74.59 80.32 86.07 91.80 27 

53.55 59.50 65.45 71.40 77.36 83.29 89.25 95.20 28 
55.47 61.63 67.79 73.95 80.12 86.28 92.44 98.60 29 
57.37 63.75 70.12 76.50 82.87 89.25 95.62 102.00 30 
61.20 68.00 74.80 81.60 88.40 95.20 102.00 108.80 32 

65.02 72.25 79.47 86.70 93.92 101.14 108.38 115.60 34 
68.85 76.50 84.15 91.80 99.45 107.10 114.75 122.40 36 
72.67 80.75 88.83 96.90 104.98 113.02 121.13 129.20 38 
76.50 85.00 93.49 102.00 110.50 119.03 127.50 136.00 40 

80.32 89.25 98.17 107.10 116.03 124.95 133.88 142.80 42 
84.15 93.50 102.85 112.20 121.55 130.90 140.25 149.60 44 
87.97 97.75 107.53 117.30 127.08 136.85 146.63 156.40 46 
91.80 102.00 112.20 122.40 132.60 142.80 153.00 163.20 48 

95.63 106.25 116.88 127.50 138.13 148.75 159.38 170.00 50 
99.45 110.47 121.55 132.60 143.65 154.70 165.75 176.80 52 

103.33 114.75 126.23 137.70 149.18 160.65 172.13 183.60 54 
107.10 119.00 130.90 142.80 154.70 166.60 178.50 190.40 56 

110.93 123.25 135.58 147.90 160.23 172.55 184.88 197.20 58 
114.75 127.50 140.25 153.00 165.75 178.50 191.25 204.00 I 60 
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FLAT B A RS. 
SECTIONAL AREAS A N D WEIGH TS PER L INEAL FOOT. 

I ir:" Thick. lfS" Thick. -h" Thick. 
.~ ~ " 
""~ Lbs.per A 'rea in Lbs.per Area in Lbs.per A 'rea in ~ti -"" -"" 
~~ Foot. Sq. Ins. Foot. Sq. Ins. Foot. Sq. Ins. "" - I_ I - - - ., ~.q 

1 .213 .063 .425 .125 .637 .188 1 
P is .239 .070 .478 .141 .71 7 .211 llfs 
1114 .266 .078 .531 .156 .797 .234 llf4 
l3!8 .292 .086 .584 .172 .87 7 .258 13/8 

1~ .319 .094 .638 .188 .956 .281 1~ 
151s .345 .102 .691 .203 1.04 .305 151s 
1314 .372 .109 .744 .219 1.12 .328 1314 
I7!s .399 .117 .7 9 7 .234 1.20 .352 I7!s 

2 .425 .125 .850 .250 1.28 .375 2 
2lf8 .452 .133 .903 .266 1.35 .398 2lfs 
2lf4 .478 .141 .956 .281 1.43 .422 2lf4 
231s .505 .148 1.01 .297 1.51 .445 2% 

2~ .531 .156 1.06 .313 1.59 .469 2~ 
25/8 .558 .164 1.11 .328 1.67 .492 25/s 
2314 .584 .172 1.17 .344 1.75 .516 2314 
27/s .611 .180 1.22 .359 1.83 .539 27/s 

3 .638 .188 1.28 .375 1.91 .563 3 
3lf4 .691 .203 1.38 .406 2 .07 .609 3lf4 
3~ .744 .219 1.49 .438 2.23 . .656 3~ 
3314 .797 .234 1.59 .469 2 .39 .703 3314 

4 .850 .250 1.70 .500 2.55 .750 4 
4lf4 .903 .266 1.81 .531 2 .71 .797 4lf4 
4~ .956 .281 1.91 .563 2 .87 .844 4~ 
4314 1.01 .297 2 .02 .594 3 .03 .891 4314 

5 1.06 .313 2 .12 .625 3.19 .938 5 
5lf4 1.12 .328 2 .23 .656 3 .35 .984 5lf4 
5~ 1.17 .344 2.34 .688 3 .51 1.03 5~ 
5314 1.22 .359 2 .44 .719 3.6 7 1.08 5314 

6 1.28 .375 2.55 .750 3 .83 1.13 6 
6J;2 1.38 .406 2. 76 .813 4 .14 1.22 6~ 
7 1.49 .438 2 .98 .875 4.46 1.31 7 
8 1.70 .500 3.40 1.00 5.10 1.50 8 

9 1.91 .563 3.83 1.13 5.74 1.69 9 
10 2.13 .625 4.25 1.25 6.38 1.88 10 
11 2 .34 .688 4 .6 7 1.38 7.01 2.06 11 
12 2.55 .750 5 .10 1.50 7.65 2.25 12 
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FLAT BARS. 
SECTIONAL AREAS AND WElGHTS PER LJN]<~AL FOOT. 

- --- --- --

·5 ..; 
~" Ti1ick. -/6" Th·ick. 3/s" Th'ick. 

.~ ..; 
~~ Lb • . per ATea in. Lb • . p er Area in. Lb •. p er Area i n ., ~ -., 
~~ Foot. Sq.1"'" Fool. Sq. Ins. Foot. Sq. In •. ~~ - ~ - W - D 
-- --- --- ~ - - --- -
1 .850 .250 1.06 .313 1 .28 .375 1 
Ills .956 .281 1.20 .352 1.43 .422 1'!s 
lli1 1.06 .313 1.33 .391 1.59 .469 11",-
Hs 1.17 .344 1.46 .430 1.75 .516 1'1Js 
1~ 1.28 .375 1.59 .469 1.91 .563 11k! 
158 1.38 .406 1.73 .508 2 .07 .609 1543 
1'-1 1.49 .438 1.86 .547 2 .23 .656 H4 n; 1.59 .469 1.99 .586 2 .39 .703 1'1s 

2 1.70 .500 2.12 .625 2.55 .750 2 
21fs 1.81 .531 2 .26 .664 2 .71 .797 21fs 
21.- 1.91 .563 2.39 .703 2 .87 .844 2"4 ·1 

:~ I 
2 .02 .594 2.52 .742 3.03 .891 2'~s 

2 .12 .625 2 .66 .781 3 .19 .938 2~ 
25

18 2.23 .656 2.79 .820 3 .35 .984 2543 
2'3 2.34 .688 2 .92 .859 3.51 1.03 234 27i~ 2 .44 .719 3.06 .898 3.67 1.08 ms 

3 2.55 .750 3.19 .938 3.83 1.13 3 
3~ 2.76 .813 3.45 1.02 4.14 1.22 31f4 
31,z 2 .98 .875 3.72 1.09 4 .46 1.31 31,(2 
3"1! 3.19 .938 3.99 1.17 4.78 1.41 3"4 

4 3.40 1.00 4.25 1.25 5 .10 1.50 4 
4'4 3 .61 1.06 4 .52 1.33 5.42 1.59 4]4 
4~ 3.83 1.13 4.78 1.41 5.74 1.69 4">2 
434 4.04 1.19 5.05 1.48 6.06 1.78 4~'Lt 

5 4.25 1.25 5.31 1.56 6.38 1.88 5 
51f4 4.46 1.31 5.58 1.64 6.69 1.97 5"14 
5'i2 4 .67 1.38 5.84 1.72 7 .01 2.06 5'>2 
531! 4 .89 1.44 6.ll 1.80 7.33 2.16 5'~4 

6 5.10 1.50 6.38 1.88 7 .65 2.25 6 
6~ 5.53 1.63 6 .91 2.03 8.29 2.44 6"*.! 
7 5.95 1.75 7.44 2.19 8 .93 2.63 7 
8 6.80 2.00 8 .50 2.50 10.20 3.00 8 

9 7.65 2.25 9.56 2.81 11.48 3.38 9 
10 8.50 2.50 10.63 3.13 12.75 3.75 10 
11 9.35 2.75 11.69 3.44 14.03 4.13 111 12 10.20 3.00 12.75 3.75 15.30 4.50 12 
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FLAT BARS. 
SECTIONAL AREAS AND W E IGHTS PER LINEAL FOOT. 

·5...; 
~" Thick. If;z,'' Thick. "Pi) Thick. I.:; .; -

<'" Lbs. pe,' Area in Lbs.per Area in Lbs. per A,'eain r~ -"'" 
~~ Foot. Sq. Ins. Fool. Sq. Ins. Foot. Sq. Ins. ~~ - ,. - 1 11*.1 - 1 "wi 
- -
1 1.49 .438 1.70 .500 1.92 .563 1 
P IS 1.67 .492 1.91 .563 2 .15 .633 P is 
1114 1.86 .547 2.12 .625 2.39 .703 11/4 
1% 2.05 .602 2.34 .688 2.63 .773 131s 

1~ 2 .23 .656 2.55 .750 2.87 .844 1~ 
1°43 2.42 .711 2.76 .813 3 .11 .914 lOis 
l3i4 2.60 .766 2.98 .875 3.35 .984 l3i4 
Fis 2.79 .820 3.19 .938 3.57 1.05 Fis 

2 2.98 .875 3.40 1.00 3 .83 1.13 2 
21fs 3.16 .930 3.61 1.06 4 .08 1.20 2'1s 
2l£t 3.35 .984 3.83 1.13 4.30 1.27 2'14 
z31s 3 .53 1.04 4 .04 1.19 4.55 1.34 .23/S 

2~ 3.72 1.09 4.25 1.25 4.78 1.41 2~ 
2% 3.91 1.15 4.46 1.31 5 .02 1.48 2°43 
23j4 4.09 1.20 4.68 1.38 5.26 1.55 234 
21s 4.28 1.26 4 .89 1.44 5 .50 1.62 27/S 

3 4 .46 1.31 5.10 1.50 5 .74 1.69 3 
3'14 4.83 1.42 5 .53 1.63 6.22 1.83 3Itt 
3~ 5 .21 1.53 5.95 1.75 6 .7 0 1.97 3~ 
3"4 5.58 1.64 6 .3 8 1.88 7 .17 2.11 3%, 

4 5.95 1.75 6.80 2.00 7.65 2.25 4 

~ 6.32 1.86 7.23 2.13 8 .13 2.39 4'14 
6.69 1.97 7.65 2.25 8.61 2.53 4~ 

434 7 .07 2.08 8 .08 2.38 9.09 2.67 4%, 

5 7 .44 2.19 8.50 2.50 9 .57 2.81 5 
5Itt 7.81 2.30 8 .93 2.63 10.04 2.95 5Itt 
5~ 8 .18 2.41 9.35 2.75 10.52 3.09 ~~ 534 8.55 2.52 9.78 2.88 11.00 3.23 

6 8 .93 2.63 10.20 3.00 11 .48 3.38 6 
6~ 9.67 2.84 11 .05 3.25 12.43 3.66 6~ 
7 10.41 3.06 11 .90 3.50 13.39 3.94 7 
8 11.90 3.50 13.60 4.00 15.30 4.50 8 

9 13.39 3.94 15.30 4.50 17.22 5.06 9 
10 14.88 4.38 17.00 5.00 19.14 5.63 10 
11 16.36 4.81 18.70 5.50 21.05 6.19 11 
12 17.85 5.25 20.40 6.00 22 .95 6.75 12 
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FLAT B A RS. 
SECTIO NAL AREAS A N D W E I G HTS PER LINE AL FOOT. 

" 
6,8" Thicle. tt" Tldek. 

. '~ ..; 

'S~ Lbs. pel' Area in Lb • . per A'rea in 
-"" Foot. Sq. In •. Foot. Sq. I n •. 
~~ - J&~~ - ~~ 

~ 

1 2.12 .625 2.34 .688 
P is 2 .39 .703 2 .63 .773 
11/4 2 .66 .781 2. 9 2 .859 
1% 2 .9 2 .859 3 .21 .945 

1~ 3 .19 .938 3 .51 1.03 
15/s 3 .45 1.02 3 .80 1.12 
13/4 3 .72 1.09 4 .09 1.20 
1\'s 3 .99 1.17 4 .39 1.29 

2 4 .25 1.25 4.6 7 1.38 
21/S 4 .5 2 1.33 4 .97 1.46 
2'14 4. 78 1.41 5 .26 1.55 
23/S 5 .05 1.48 5.55 1.63 

2~ 5.31 1.56 5.8 4 1.72 
25/S 5.58 1.64 6.1 3 1.80 
23/4 5.84 1.72 6.43 1.89 
2~s 6.11 1.80 6.72 1.98 

3 6.38 1.88 7.02 2.06 
31/4 6.91 2.03 7 .60 2.23 
3~ 7. 44 2.19 8.18 2.41 
33/4 7.9 7 2.34 8.76 2.58 

4 8.50 2.50 9.35 2.75 
4'14 9 .03 2.66 9.93 2.92 
4'12 9 .56 2.81 10.52 3.09 
43/4 10.09 2.97 . 11.11 3.27 

5 10.63 3.13 11.69 3.44 
51f4 11.16 3.28 12.2 7 3.61 
51fo.! 11 .69 3.44 12.85 3.78 
5"/4 12.22 3.59 13 .44 3.95 

6 12.7 5 3.75 14.03 4.13 
61f2 13 .81 4.06 15 .20 4.47 
7 14.87 4.38 16.36 4.81 
8 17 .00 5.00 18.70 5.50 

9 19.13 5.63 21.04 6.19 
10 21. 25 6.25 23.38 6.88 
11 23 .38 6.88 25 .71 7.56 
12 25.50 7.50 28 .05 8.25 
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3/4" Thick. 

!~ Lb •. per 
Foot. ---- -
2.55 
2.87 
3.19 
3.51 

3 .83 
4 .14 
4 .47 
4.78 

5 .10 
5 .4 2 
5.74 
6.06 

6.38 
6.69 
7.02 
7 .33 

7.65 
8.29 
8 .93 
9 .57 

10.20 
10.84 
11.48 
12.12 

12.75 
13 .39 
14.03 
14.67 

15.30 
16 .58 
17. 85 
20.40 

22.95 
25.50 
28.05 
30.60 

A1"eain -'" Sq. In •. ~~ ,., 

~1 1 .844 11f, 
.938 1 

1.03 13 

1.13 
1.22 
1.31 
1.41 

1.50 
1.59 
1.69 
1.78 

1.88 
1.97 
2.06 
2.16 

2.25 
2.44 
2.63 
2.81 

3.00 
3.19 
3.38 
3.56 

3.75 
3.94 
4.13 
4.31 

4.50 
4.88 
5.25 
6.00 

6.75 
7.50 
8.25 
9.00 

1 
1%1 
P i 
n 
2 
21f, S 

ii 
S 

2l(, 
2";' 

2 
251g 
23;, ii 

S 27;, 

3 
3'14 
3~ 
33/4 

4 
41f4 
4~ 
43/4 

5 
51f4 
5~ 
53/4 

6 
6~ 
7 
8 

9 
10 
11 
12 



FLAT BARS. 
SECTIONAL AREAS A ND W E I GH TS PER LINEAL F OOT. 

I W' Thick. 7;S" Th'ick. H" Thick. 

!~ ~ ~ LbR. per ATea in Lbs.per ATea in Lbs.per A1'eain --<: 
:;l ~ I Foot. Sq. Ins. Foot. Sq. Ins. Foot. Sq. Ins. ~~ 1:':,,< -~ - I_ I - I_ I _ I 

-
1 2 .76 .813 2 .98 .875 3 .19 .938 1 
P is 3.11 .914 3.35 .984 3 .60 1.06 P is 
P/4 3 .45 1.02 3 .72 1.09 3 .99 1.17 P /4 
Hs 3 .80 1.12 4.09 1.20 4.39 1.29 IBfs 

1~ 4.14 1.22 4.46 1.31 4 .78 1.41 1~ 
15/s 4 .49 1.32 4 .83 1.42 5.18 1.52 151s 
134 4.83 1.42 5 .21 1.53 5.58 1.64 134 
Fis 5 .18 1.52 5 .58 1.64 . 5.98 1.76 17;s 

2 5 .53 1.63 5 .95 1.75 6.38 1.88 2 
21fs 5.88 1.73 6 .32 1.86 6.77 1.99 21fS 
21f4 6.21 1.83 6.69 1.97 7. 17 2.11 21f4 
23/S 6 .56 1.93 7.07 2.08 7. 5 7 2.23 23;s 

2~ 6 .9 1 2.03 7 .44 2.19 7.9 7 2.34 2~ 
251s 7 .25 2.13 7.81 2.30 8.36 2.46 25~ 
2<l4 7.60 2.23 8.18 2.41 8 .7 7 2.58 2% 
27;s 7.95 2.34 8 .55 2.52 9.1 7 2.70 27/S 

3 8.29 2.44 8.93 2.63 9.5 7 2.81 3 
31f4 8.98 2.64 9 .67 2.84 10.36 3.05 31f4 
3~ 9 .6 7 2.84 10.41 3.06 11 .16 3.28 3~ 
3"4 10.36 3.05 11 .16 3.28 11.95 3.52 334 

4 11.05 3.25 11.90 3.50 12.75 3.75 4 
41f4 11.74 3.45 12.64 3.72 13.55 3.98 41f4 
4~ 12.43 3.66 13.39 3.94 14.34 4.22 4~ 

4
3
4 I 13.12 3.86 14.13 4.16 15.14 4.45 434 

~1f4 I 
13.81 4.06 14.87 4.38 15.94 4.69 5 
14.50 4.27 15 .6 2 4.59 16.74 4.92 51f4 

5~ 15 .19 4.47 16.36 4.81 17.53 5.16 5~ 
534 15 .88 4.67 17.11 5.03 18.33 5.39 534 

/ 

6 16.58 4.88 17.8 5 5.25 19.13 5.63 6 
6~ 17.95 5.28 19.34 5.69 20.72 6.09 6~ 
7 19.34 5.69 20.83 6.13 22.32 6.56 7 
8 22 .10 6.50 23 .80 7.00 25.50 7.50 8 

9 24.86 7.31 26 .78 7.88 28 .69 8.44 9 
10 27 .62 8.13 29 .75 8.75 31.88 9.38 10 
11 30.39 8.94 32.72 9.63 35.06 10.31 11 
12 33 .15 9.75 35.70 10.50 38 .25 11.25 12 
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FLAT BAllS. 
SECTIONAL AREA S A ND WEIGHTS PER J.INEAL FOOT. 

--------
1 1'6" Thick. I.~~ I " Thick. I ,\;" Thick . 

~~ Lb •. per Area in Lb • . pcr t Area in Lb •. per I A" cain d 
~~ Fool. S", I n • . Foo~ ~"q. [ 118. Fool. Sq. In.. ~ ~ 
= ..... - 0 - 0 - 0 ="'< 

- ---- -
1 3.40 1.00 3.61 1.06 4.04 1.19 1 
l',,,, 3.83 1.13 4.08 1.20 4.56 1.34 

1
1

1[8 114 4 .25 1.25 4 .52 1.33 5.05 1.48 1'/4. 
1" 4.67 1.38 4.97 1.46 5.55 1.63 Pis 's 

112 5.10 1.50 5.42 1.59 6.06 1.78 11j-, 
1~8 5 .53 1.63 5 .87 1.73 6.56 1.93 1F -

1.14 5.95 1.75 6.32 1.86 7.07 2.08 1~ 
11,8 6.38 1.88 6.77 1.99 7.57 2.23 1'1s 

2 6 .80 2.00 7.22 2.13 8.08 2.38 2 
218 7.23 2.13 7.68 2.26 8 .58 2.52 21fs 
2\1 7.65 2.25 8.13 2.39 9 .09 2.67 2'4 
2~/S 8 .08 2.33 8.58 2.52 9.59 2.82 2'% 

2~2 8.50 2.50 9.03 2.66 10.10 2.97 2~ 
2"8 8.93 2.63 9 .49 2.79 10.60 3.12 i 2c,1s 
2a

4 9.35 2.75 9 .93 2.92 11.11 3.27 2"4 
ms 9 .77 2.88 10.38 3.05 11.61 3.41 2\1s 

3 10.20 3.00 10.84 3.19 12.12 3.56 

I ~'i 31'4 11.05 3.25 11.74 3.45 13.12 3.86 
3 '2 11.90 3.50 12.65 3.72 14.13 4.16 3 1 ~ 
3a

4 12.75 3.75 13.55 3.98 15.14 4.45 3'"4 

4 13.60 4.00 14.4.5 4.25 16.15 4.75 4 
41 4. 14.45 4.25 15 .35 4.52 17.16 5.05 41ft 
41.) 15.30 4.50 16.26 4.78 18.17 5.34 4~) 

43~ 16.15 4.75 17 .16 5.05 19.18 5.64 4'3fi 

5 17.00 5.00 18.06 5.31 20.19 5.94 5 
5\1 17.85 5.25 18.96 5.58 21.20 6.23 5Jq 
5'., 18.70 5.50 19.87 5.84 22.21 6.53 51\! 
5"4 19.55 5.75 20.77 6.11 23.22 6.83 53ft 

6 20.40 6.00 21.68 6.38 24.23 7.13 6 
6~ 22.10 6.50 23 .48 6.91 26 .24 7.72 6~ 
7 23.80 7.00 25.29 7.44 28.26 8.31 7 
S 27.20 8.00 28.90 8.50 32.30 9.50 8 

9 30.60 9.00 32.52 9.56 36.34 10.69 1 9' 
10 34.00 

1

10
.
00 36.13 10.63 40.38 11.88 10 

11 37.40 11.00 39.74 11.69 44 .41 13.06 11 
12 40.80 12.00 43 .35 12.75 48.45 14.25 12 , 

::;03 

l 



ROUND AND SQUARE BARS. 
Sectional area in inches X 3.4 = weight per lineal foot in pounds. 

~~ ..; Weight per IJineal Foot 
.. 

lVeig hi p er Lineal .,,, . 
""" in Pounds. Area 2~] Foot in Pounds. Area 
~§:~ of~in ~I;$~ qf If) in 
.;;.S~ .;: . ..,~ 
~~ ~ Round Square Sq.1.,.. ~~ .~ Round Squm'e Sq. Ins. 

S"~ • • '" • • --- --- - - --- - -- ---
0 2 10.68 13.60 3.1416 

1 .010 .013 .0031 n 11.36 14.46 3.3410 16 

1(s .042 .053 .0123 1/g 12.06 15 .35 3.5466 
1\; .094 .119 .0276 1'\ 12 .78 16.27 3.7583 

1(4 .167 .212 .0491 1(4 13 .51 17.22 3.9761 
f" .261 .332 .0767 i's- 14.2 8 18.19 4.2000 

3/S .375 .478 .1104 3/S 15.06 19.18 4.4301 
-rtr .511 .651 .1503 -rtr 15 .86 20.20 4.6664 

'¥.J .667 .850 .1963 '¥.J 16.69 21.25 4.9087 
-i\, .844 1.076 .2485 i\; 17.53 22 .33 5.1572 

5/S 1.043 1.328 .3068 5fs 18 .40 23 .43 S.4119 
it 1.261 1.607 .3712 U 19.29 24.56 5.6727 

34 1.502 1.912 .4418 34 20.20 25 .71 5.9396 
H 1.762 2 .245 .5185 H 21.12 26.90 6.2126 

rg 2.044 2 .603 .6013 ~s 22.07 28.10 6.4918 
i. 2.347 2.989 .6903 l~ 23.04 29.33 6.7771 

1 2.670 3.400 .7854 3 24.01 30.60 7.0686 
n 3.014 3 .838 .8866 n 25.04 31.88 7.3662 

1,'s 3.379 4.303 .9940 1(s 26.08 33 .20 7.6699 
3 3.766 4.795 1.1075 1'\ 27.13 34.55 7.9798 n 

1(4 4.173 5.312 1.2272 1(4 28.20 35 .91 8.2958 
f" 4.600 5.857 1.3530 f" 29 .30 37.31 8.6179 

3/S 5.049 6.428 1.4849 3/S 30.41 38.73 8.9462 
'is- 5.518 7.026 1.6230 -rtr 31.55 40.18 9.2806 

'¥.J 6.008 7.650 1.7671 '¥.J 32 .71 41.65 9.6211 
1\ 6 .520 8.301 1.9175 -i\, 33.89 43.15 9.9678 

5fs 7.051 8 .978 2.0739 5/S 35.09 44.68 10.321 
H 7.604 9 .682 2.2365 it 36.31 46 .24 10.680 

34 8 .178 10.41 2.4053 34 37 .55 47 .82 11.045 
H 8.773 11.17 2.5802 n 38.81 49.42 11.416 16 

~s 9.388 11 .95 2.7612 ~s 40.10 51.05 11.793 • 
H 10.024 12.76 2.9483 H 41.40 52.71 12.177 

306 



ROUND AND SQUARE BARS. 
Seclional area in inches X 3.4 ~ weight per lineal foot in pounds. 

.. '" ~ . lVe ig ht per Dineal ":l~ r:.; Weigl!t pel' Dineal Foot Area ,,- " A1"ea ~~~ """ in Pounds. 
o/(j)in ~§~ 

Foot in Pounds. 
0/ <i@ 'in ..:.::ej ... --- --'~i::i'::; o:..l''"''~ 

~ s·~ 
R(jun(l Square Sq. Ins. ~~'" Round Square Sq, Ins. 

• • .s .... • • -- --- --- ------ ---
4 42.72 54.39 12.566 6 96.1 122.4 28.274 

{6 44.07 56 .11 12.962 n 98.1 125.0 28.866 

1,'s 45 .44 57.85 13.364 1,'8 100.2 127 .6 29.465 
16 46.83 59.62 13.772 -i\r 102.2 130.2 30.069 

""'- 48.23 61.41 14.186 1,'4 104.3 132.8 30.680 
1'6 49.66 63.23 14.607 i\r 106.4 135.5 31.296 

3fs 51.11 65 .08 15.033 3fs 108.5 138.2 31.919 
,1r 52.58 66 .95 15.466 n 110.7 140.9 32.548 

,,~ 54.07 68.85 15.904 ~ 112.8 143.6 33.183 
n 55.59 70.7 8 16.349 f,;- 115 .0 146.5 33.824 

54l 57.12 72.72 16.800 ';;8 117.2 149.2 34.472 
U 58.67 74.70 17.257 H 119.4 152.1 35.125 

% 60.25 76 .71 17.721 3tt 121.7 154.9 35.785 
t.! 61.84 78 .74 18.190 t.! 123.9 157.8 36.450 

~s 63 .46 80.80 18.665 ~s 126.2 160.7 37.122 
H 65.10 82 .89 19.147 H 128.5 163.6 37.800 

5 66.76 85 .00 19.635 7 130.9 166.6 38.485 
n 68.44 87.14 20.129 n 133 .2 169.6 39.175 

1,'s 70.13 89.30 20.629 1,'s 135.6 172.6 39.871 
16 71.86 91.49 21.135 -i\r 137.9 175.6 40.574 

1,'4 73 .60 93 .72 21.648 ""'- 140.4 178.7 41.282 
1'\r 75 .37 95 .96 22.166 i\r 142.8 181.8 41.997 

3fs 77.15 98 .2 2 22.691 3/S 145.2 184.9 42.718 
n 78.95 100.5 23.221 To 147.7 188.1 43.445 

~ 80.77 102.8 23.758 ~ 150.2 191.3 44.179 
frr 82.62 105.2 24.301 rlr 152.7 194.4 44.918 

543 84.48 107 .6 24.850 5fs 155 .2 197.7 45.664 
trr 86.38 110.0 25.406 H· 157.8 200.9 46.415 

34, 88.29 112.4 25.967 34, 160.3 204.2 47.173 
1:J 90.22 114.9 26.535 )'_3. 163 .0 207.6 47.937 1ll 16 

% 92 .16 117 .4 27.109 ~8 165.6 210.8 48.707 
it 94.14 119 .9 27.688 fi1 168.2 214.2 49.483 
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AREAS OF CIRCLES. 
Diameters increasing by eighths. 

No. No. +0. No. +Ys No .+ X' No. +% No. +:y' No.+% 
-------------- - -

0 0.00000 0.01227 0.04909 0.11045 0.19635 0.30680 
1 0.78540 0.99402 1.2272 1.4849 1.7671 2.0739 
2 3.1416 3 .5466 3.9761 4.4301 4.9087 5.4119 
3 7.0686 7.6699 8.2958 8.9462 9.6211 10.321 
4 12.566 13.364 14.186 15.033 15.904 16.800 
5 19.635 20.629 21.648 22.691 23.758 24.850 
6 28.274 29.465 30.680 31.919 33.183 34.472 
7 38.485 39.871 41.282 42.718 44.179 45.664 
8 50.265 51.849 53.456 55.088 56.745 58.426 
9 63.617 65.397 67.201 69.029 70.882 72.760 

10 78.540 80.516 82.516 84.541 86.590 88.664 
11 95.033 97.205 99.402 101.62 103.87 106.14 
12 113.10 115.47 117.86 120.28 122.72 125.19 
13 132.73 135.30 137.89 140.50 143.14 145.80 
14 153.94 156.70 159.48 162.30 165.13 167.99 
15 176.71 179.67 182.65 185.66 188.69 191.75 
16 201.06 204.22 207.39 210.60 213.82 217.08 
17 226.98 230.33 233.71 237.10 240.53 243.98 
18 254.47 258.02 261.59 265.18 268.80 272.45 
19 283.53 287.27 291.04 294.83 298.65 302.49 

20 314.16 318.10 322.06 326.05 330.06 334.10 
21 346.36 350.50 354.66 358.84 363.05 367.28 
22 380.13 384.46 388.82 393.20 397.61 402.04 
23 415.48 420.00 424.56 429.13 433.74 438.36 
24 452.39 457.11 461.86 466.64 471.44 476.26 
25 490.87 495.79 500.74 505.71 510.71 515.72 
26 530.93 536.05 541.19 546.35 551.55 556.76 
27 572.56 577.87 583.21 588.57 593.96 599.37 
28 615.75 621.26 626.80 632.36 637.94 643.55 
29 660.52 666.23 671.96 677.71 683.49 689.30 

30 706.86 712.76 718.69 724.64 730.62 736.62 
31 754.77 760.87 766.99 773.14 779.31 785.51 
32 804.25 810.54 816.86 823.21 829.58 835.97 
33 855.30 861.79 868.31 874.85 881.41 888.00 
34 907.92 914.61 921.32 928.06 934.82 941.61 
35 962.11 969.00 975.91 982.84 989.80 99678 
36 1017.9 1025.0 1032.1 1039.2 1046.3 1053.5 
37 1075.2 1082.5 1089.8 1097.1 1104.5 1111.8 
38 1134.1 1141.6 1149.1 1156.6 1164.2 1171.7 
39 1194.6 1202.3 1210.0 1217.7 1225.4 1233.2 

40 1256.6 1264.5 1272.4 1280.3 1288.2 1296.2 
41 1320.3 1328.3 1336.4 1344.5 1352.7 1360.8 
42 1385.4 1393.7 1402.0 1410.3 1418.6 1427.0 
43 1452.2 1460.7 1469.1 1477.6 1486.2 1494.7 
44 1520.5 1529.2 1537.9 1546.6 1555.3 1564.0 
45 1590.4 1599.3 1608.2 1617.0 1626.0 1684.9 
46 1661.9 1670.9 1680.0 1689.1 1698.2 1707.4 
47 1734.9 1744.2 1753.5 . 1762.7 1772.1 1781.4 
48 1809.6 1819.0 1828.5 1837.9 1847.5 1857.0 
49 1885.7 1895.4 1905.0 1914.7 1924.4 1934.2 
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Ko. +% 
---
0.44179 
2.4053 
5.9396 
11.045 
17.721 
25.967 
35.785 
47.173 
60.132 
74.662 

90.763 
108.43 
127.68 
148.49 
170.87 
194.83 
220.35 
247.45 
276.12 
306.35 

338.16 
371.54 
406.49 
443.01 
481.11 
520.77 
562.00 
604.81 
649.18 
695.13 

742.64 
791. 73 
842.39 
894.62 
948.42 
1003.8 
1060.7 
1119.2 
1179.3 
1241.0 

1304.2 
1369.0 
1435.4 
1503.3 
1572.8 
1643.9 
1716.5 
1790.8 
1866.5 
1943.9 

No.+Ys 
--

0.60132 
2.7612 
6.4918 
11. 793 
18.665 
27.109 
37.122 
48.707 
61.862 
76.589 

92.886 
110.75 
130.19 
151.2 o 
173.78 
197.93 
223.65 
250.95 
279.81 
310.24 

342.25 
375.83 
410.97 
447.6 9 

8 
4 
7 
7 
4 
8 

485.9 
525.8 
567.2 
610.2 
654.8 
700.9 

748.69 
797.9 8 

6 

8 
o 

848.83 
901.2 
955.25 
1010. 
1068. 
1126.7 
1186.9 
1248.8 

1312.2 
1377.2 
1443. 
1511. 
1581. 
1652. 
1725. 
1800. 
1876. 

8 
9 
6 
9 
7 
1 
1 

1953.7 



AREAS OF CIlWl .. ES. 
Diamclers increasing by eighths. 

No. I So. +0. I Xo.+Ys I No.+X No. +~ NO.+Yo I No. +% No. +% No.+~ 

-I--
50 1963.5 1973.3 1983.2 1993.1 2003.0 2012.9 2022.8 2032.8 
51 2042.8 2052.8 2062.9 2073 .0 2083.1 2093.2 2103.3 2113.5 
52 2123.7 2133.9 2144.2 2154.5 2164.8 2175.1 2185.4 2195.8 
53 2206.2 2216.6 2227 .0 2227.5 2248.0 2258.5 2269.1 2279.6 
54 2290.2 2300.8 2311.5 2322.1 2332.8 2343.5 2354.3 2365.0 
55 2375.8 2386.6 2397.5 2408.3 2419.2 2430.1 2441.1 2452.0 
5, 2463.0 2474.0 2485.0 2496.1 2507.2 2518.3 2529.4 2540.6 
57 2551.8 2563.0 2574.2 2585.4 2596.7 2608.0 2619.4 2630.7 
53 2642.1 2653.5 2664.9 2676.4 2687.8 2699.3 2710.9 2722.4 
59 2734.0 2745.6 2757.2 2768.8 2780.5 2792.2 2803.9 2815.7 

60 2827.4 2839.2 2851.0 2862.9 2874.8 2886.6 2898.6 2910.5 
61 2922.5 2934.5 2946.5 2958.5 2970.6 2982.7 2994.8 3006.9 
62 3019.1 3031.3 3043.5 3055.7 3068.0 3080.3 3092.6 3104.9 
63 3117.2 3129.6 3142.0 3154.5 3166.9 3179.4 3191.9 3204.4 
64 3217.0 3229.6 3242.2 3254.8 3267.5 3280.1 3292.8 3305.6 
65 3318.3 3331.1 3343.9 3356.7 3369.6 3382.4 3395.3 3408.2 
66 3421.2 3434.3 3447.2 3460.2 3473.2 3486.3 3499.4 3512.5 
67 3525.7 3538.8 3552.0 3565.2 3578.5 3591.7 3605.0 3618.3 
68 3631.7 3645.0 3658.4 3671.8 3685.3 3698.7 3712.2 3725.7 
69 3739.3 3752.8 3766.4 3780.0 3793.7 3807.3 3821.0 3834.7 

70 3848.5 3862.2 3876.0 3889.8 3903.6 3917.5 3931.4 3945.3 
71 3959.2 3973.1 3987.1 4001.1 4015.2 4029.2 4043.3 4057.4 
72 4071.5 4085.7 4099.8 4114.0 4128.2 4142.5 4156.8 4171.1 
73 4185.4 4199.7 4214.1 4228.5 4242.9 4257.4 4271.8 4286.3 
74 4300.8 4315.4 4329.9 4344.5 4359.2 4373.8 4388.5 4403.1 
75 4417.9 4432.6 4447.4 4462.2 4477.0 4491.8 4506.7 4521.5 
76 4536.5 4551.4 4566.4 4581.3 4596.3 4611.4 4626.4 4641.5 
77 4656.6 4671.8 4686.9 4702.1 4717.3 4732.5 4747.8 4763.1 
78 4778.4 4793.7 4809.0 4824.4 4839.8 4855.2 4870.7 4886.2 
79 4901.7 4917.2 4932.7 4948.3 4963.9 49'79.5 4995:2 5010.9 

80 5026.5 5042.3 5058.0 5073.8 5089.6 5105.4 5121.2 5137.1 
81 5153.0 5168.9 5184.9 5200.8 5216.8 5232.8 5248.9 5264.9 
82 5281.0 5297.1 5313.3 5329.4 5345.6 5361.8 5378.1 5394.3 
83 5410.6 5426.9 5443.3 5459.6 5476.0 5492.4 5508.8 5525.3 
84 

5541.
8

1 
5558.3 5574.8 5591.4 5607.9 5624.5 5641.2 5657.8 

85 5674.5 5691.2 5707.9 5724.7 5741.5 5758.3 5775.1 5791.9 
86 5808.8 5825.7 5342.6 5859.6 5876.5 5893.5 5910.6 5927.6 
87 5944.7 5961.8 5978.9 5996.0 6013.2 6030.4 6047.6 6064.9 
88 6082.1 6099.4 6116.7 6134.1 6151.4 6168.8 6186.2 6203.7 
89 6221.1 6238.6 6256.1 6273.7 6291.2 6308.8 6326.4 6344.1 

90 6361.7 6379.4 6397.1 6414.9 6432.6 6450.4 6468.2 6486.0 
91 6503.9 6521.8 6539.7 6557.6 6575.5 6593.5 6611.5 6629.6 
92 6647.6 6665.7 6683.8 6701.9 6720.1 6738.2 6756.4 6774.7 
93 6792.9 6811.2 6829.5 6847.8 6866. 1 6884.5 6902.9 6921.3 
94 6939.8 6958.2 6976.7 6995.3 1 7013.8 7032.4 7051.0 7069.6 
95 7088.2 7106.9 7125.6 7144.3 7163.0 7181.8 7200.6 7219.4 
96 7238.2 7257.1 7276.0 7294.9 7313.8 7332.8 7351.8 7370.8 
97 7389.8 7408.9 7428.0 7447.1 7466.2 7485.3 7504.5 7523.7 
98 7543.0 7562.2 7581.5 7600.8 7620.1 7639.5 7658.9 7678.3 
99 7697.7 7717.1 7736.6 7756.1 7775.6 7795.2 7814.8 7834.4 

- ------
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CIRCUi\[FERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND 

ItECIPROCALS OF NOS. FROM 1 TO 1000. 

Ko. ~ Diam. 
Square Oube 1000 X No. Squa'J'6. Oube. Log. 

Oi,'cu1n. Area. Root. Root. Reeip. 
- --------- ------------

I 3 .142 0.7854 1 1 1. 0000 1. 0000 0.00000 1000.000 
2 6 .283 3 .1416 4 8 1.4142 1.2599 0 .30103 500.000 
3 9 .425 7 .0686 9 27 1. 7321 1.4422 0.47712 333 .333 
4 12.566 12.5664 16 64 2.0000 1.5874 0.60206 250.000 
5 15.708 19.6350 25 125 2.2361 1.7100 0.69897 200.000 

6 18.850 28.2743 36 216 2.4495 1.8171 0.77815 166.667 
7 21.991 38.4845 49 343 2.6458 1.9129 0.84510 142.85'1 
8 25.133 50.2655 64 512 2.8284 2.0000 0.90309 125.000 
9 28.274 63.6173 81 729 3.0000 2.0801 0.95424 111.111 

10 31.416 78 .5398 ! 100 1000 3 .1623 2.1544 1.00000 100.000 

11 34.558 95.0332 121 1331 3.3166 2.2240 1.04139 90.9091 
12 37.699 113.097 144 1728 3.4641 2.2894 1.07918 83.3333 
13 40.841 132.732 169 2197 3.6056 2.3513 1.11394 76 .9231 
14 43 .982 153.938 196 2744 3.7417 2.4101 1.14613 71.4286 
15 47.124 176.715 225 3375 3.8730 2.4662 1.17609 66.6667 

16 50.265 201. 062 256 4096 4.0000 2 .5198 1.20412 62.5000 
17 53 .407 226.980 289 4913 4.1231 2.5713 1.23045 58.8235 
18 56.549 254.469 324 5832 4.2426 2 .6207 1.25527 55.5556 
19 59.690 283.529 361 6859 4.3589 2 .6684 1.27875 52.6316 
20 62.832 314.159 400 8000 4.4721 2.7144 1.30103 50.0000 

21 65 .973 3fo6 .361 441 9261 4.5826 2.7589 1.32222 47.6190 
22 69 .115 380.133 484 10648 4.6904 2.8020 1.34242 45.4,045 
23 72.257 415.476 529 12167 4.7958 2 .8439 1.36173 43.4783 
24 75 .398 452.389 576 13824 4.8990 2.8845 1.38021 41.6667 
25 78.540 490.874 625 15625 5.0000 2.9240 1.39794 40.0000 

26 81. 681 530.929 676 17576 5.0990 2.9625 1.41497 38.4615 
27 84.823 572.555 729 19683 5.1962 3.0000 1.43136 37.0370 
28 87.965 615.752 784 21952 5.2915 3.0366 1.44716 35.7143 
29 91.106 660 .520 841 24389 5.3852 3.0723 1.46240 34 .4828 
30 94.248 706.858 900 27000 5.4772 3.1072 1.47712 33.3333 

31 97.389 754.768 961 29791 5.5678 3.1414 1.49136 32.2581 
32 100.531 804.248 1024 32'168 5.6569 3.1748 1.50515 31.2500 
33 103.673 855.299 1089 35937 5.7446 3.2075 1.51851 30.3030 
34 106.814 907.920 1156 39304 5.8310 3.2396 1.53148 29.4118 
35 109.956 962 .113 1225 42875 5.9161 3 .2711 1.54407 28.5714 

36 113.097 1017.88 1296 46656 6.0000 3 .3019 1.55630 27.7778 
37 116.239 1075.21 1369 50653 6.0828 3.3322 1.56820 27.0270 
38 119.381 1134 .11 1444 54872 6 .1644 3.3620 1.57978 26.3158 
39 122.522 1194.59 1521 59319 6.2450 3.3912 1. 59106 25.6410 
40 125.66 1256.64 1600 64000 6.3246 3.4200 1.60206 25.0000 

41 128.81 1320.25 1681 68921 6.4031 3.4482 1.61278 24.3902 
42 131.95 1385.44 1764 74088 6.4807 3.4760 1.62325 23.8095 
43 135.09 1452.20 1849 79507 6.5574 3.5034 1.63347 23.2558 
44 138.23 1520.53 1936 85184 6.6332 3.5303 1.64345 22.7273 
45 141.37 1590 .43 2025 91125 6.7082 3.5569 1.65321 22.2222 

46 144.51 1661.90 2116 97336 6.7823 3.5830 1.66276 21. 7391 
47 147.65 1734.94 2209 103823 6.8557 3.6088 1.67210 21.2766 
48 150 .80 1809.56 2304 110592 6.9282 3.5342 1.68124 20.8333 
49 153.94 1885.74 2401 117649 7.0000 3.6593 1.69020 20.4082 
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITIDIS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 

Nn. = Diam. 
~tlare Cube 1000 X 

No. Square. Cube. oat. Root. Log. Recip. 
Cb·cu1n. A'rea. 

- -------------- --- ----
50 157.08 1963.50 2500 125000 7.0711 3.6840 1.69897 20.0000 
51 160.22 2042.82 2601 132651 7.1414 3.7084 1.70757 19.6078 
52 163.36 2123.72 2704 140608 7.2111 3.7325 1.71600 19.2308 
53 166.50 2206.18 2809 148877 7.2801 3.7563 1.72428 18.8679 
54 169 .65 2290.22 2916 157464 7.3485 3.7798 1.73239 18 .5185 

55 172 .79 2375.83 3025 166375 7.4162 3.8030 1.74036 18.1818 
56 175.93 2463.01 3136 175516 7.4833 3.8259 1.74819 17.8571 
57 179.07 2551.76 3249 185193 7.5498 3.8485 1.75587 17.5439 
58 182.21 2642.08 3364 195112 7.6158 3.8709 1.76343 17.2414 
59 185.35 2733.97 3481 205379 7.6811 3.8930 1.77085 16.9492 

60 188.50 2827.43 3600 216000 7.7460 3.9149 1.77815 16.6667 
61 191.64 2922.47 3721 226981 7.8102 3.9365 1.78533 16.3934 
62 194.78 3019.07 3844 238328 7.8740 3.9579 1.79239 16.1290 
63 197.92 3117.25 3969 250047 7.9373 3.9791 1.79934 15.8730 
64 201.06 3216.99 4096 262144 8.0000 4.0000 1.80618 15.6250 

65 204.20 3318.31 4225 274625 8.0623 4.0207 1.81291 15.3846 
'66 207 .35 3421.19 4355 287496 8.1240 4.0412 1.81954 15.1515 
67 210 .49 3525.65 4489 300763 8.1854 4.0615 1.82607 14.9254 
68 213.63 3631.68 4624 314432 8.2462 4.0817 1.83251 14.7059 
69 216.77 3739.28 4761 328509 8.3066 4.1016 1.83885 14.4928 

70 219.91 3848.45 4900 343000 8.3666 4.1213 1.84510 14.2857 
71 223.05 3959.19 5041 357911 8.4261 4.1408 1.85126 14.0845 
72 226.19 4071.50 5184 373248 8.4853 4.1602 1.85733 13.8889 
73 229.34 4185.39 5329 389017 8.5440 4.1793 1.86332 13.6986 
74 232.48 4300.84 5476 405224 8.6023 4.1983 1.86923 13.5135 

75 235.62 4417.86 5625 421875 8.6603 4.2172 1.87506 13.3333 
76 238.76 4536.46 5776 438976 8.7178 4.2368 1.88081 13.1579 
77 241. 90 4656.63 5929 456533 8 .7750 4.2543 1.88649 12.9870 
78 245.04 4778.36 6084 474552 8.8318 4.2727 1.89209 12.8205 
79 248.19 4901.67 6241 493039 8.8882 4.2908 1.89763 12.6582 

80 251.33 5026.55 6400 512000 8.9443 4.3089 1.90300 12.5000 
81 254.47 5153.00 6561 531441 9.0000 4.3267 1.90849 12.3457 
82 257.61 5281.02 6724 551368 9.0554 4.3445 1.91381 12.1951 
83 260.75 5410.61 6889 571787 9.1104 4.3621 1.91908 12.0482 
84 263.89 5541.77 7056 592704 9.1652 4.3795 1.92428 11.9048 

85 267.04 5674.50 7225 614125 9 .2195 4.3968 1.92942 11.7647 
86 270.18 5808.80 7396 636056 9.2736 4.4140 1.93450 11.6279 
87 273.32 5944.68 7569 658503 9.3274 4.4310 1.93952 11.4943 
88 276.46 6082.12 7744 681472 9, 3808 4.4480 1.94448 11.3636 
89 279.60 6221.14 7921 704969 9.4340 4.4647 1.94939 11.2360 

90 282.74 6361.73 8100 729000 9.4868 4.4814 1.95424 11.1111 
91 285.88 6503.88 8281 753571 9.5394 4.4979 1.95904 10.9890 
92 289.03 6647.61 8464 778688 9.5917 4.5144 1.96379 10.8696 
93 292.17 6792.91 8649 804357 9.6437 4.5307 1.96848 10.7527 
94 295.31 6939 . 78 8836 830584 9.6954 4.5468 1.97313 10.6383 

£5 298.45 7088 22 9025 857375 9 .7468 4.6629 1.97772 10.5263 
S6 301.59 7238.23 9216 884736 9 .7980 4.5789 1.98227 10.4167 
97 304 .73 7389.81 9409 912673 9.8489 4.5947 1.98677 10.3093 
98 307.88 7542.96 9604 941192 9.8995 4.6104 1.99123 10.2041 
99 311.02 7697.69 9801 970299 9.9499 4.6261 1.99564 10.1010 
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CIRCmIFERENCES\ CIRCULAR AREAS, SQUARES, CURES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHl\IS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 

No. ~ Diam. Square Cube lODOX No. Square. Cube. Root. Root. Log. R ecip. 
Ci1'cum. Area. 

----------- -------------
100 314.16 7853.98 10000 1000000 10.0000 4.6416 2.00000 10.0000 
101 317.30 8011.85 10201 1030301 10.0499 4.6570 2.00432 9.90099 
102 320.44 8171.28 10404 1061208 10.0995 4.6723 2.00860 9.80392 
103 323.58 8332.29 10609 1092727 10.1489 4.6875 2.01284 9.70874 
104 326.73 8494.87 10816 1124864 10.1980 4.7027 2.01703 9.61538 

105 329.87 8659.01 11025 1157625 10.2470 4.7177 2.02119 9.52381 
106 333 .01 8824.73 11236 1191016 10.2956 4.7326 2.02531 9.43396 
107 336.15 8992.02 11449 1225043 10.3441 4.7475 2.02938 9.34579 
108 339.29 9160.88 11664 1259712 10.3923 4.7622 2.03342 9.25926 
109 342.43 9331.32 11881 1295029 10.4403 4.7769 2.03743 9.17431 

110 345.58 9503.32 12100 1331000 10.4881 4.7914 2.04139 9.09091 
111 348.72 9676.89 12321 1367631 10.5357 4.8059 2.04532 9.00901 
112 351.86 9852.03 12544 1404928 10.5830 4.8203 2.04922 8.92857 
113 355.00 10028.7 12769 1442897 10.6301 4.8346 2.05308 8.84956 
114 358.14 10207.0 12996 1481544 10.6771 4.8488 2.05690 8.77193 

115 361.28 10386.9 13225 1520875 10.7238 4.8629 2.06070 8.69565 
116 364.42 10568.3 13456 1560896 10.7703 4.8770 2.06446 8.62069 
117 367.57 10751.3 13689 . 1601613 10.8167 4.8910 2.06819 8.54701 
118 370.71 10935.9 13924 1643032 10.8628 4.9049 2.07188 8.47458 
119 373.85 11122.0 14161 1685159 10.9087 4.9187 2.07555 8.40336 

120 376.99 11309.7 14400 1728000 10.9545 4.9324 2.07918 8.33333 
121 380.13 11499.0 14641 1771561 11. 0000 4.9461 2.08279 8.26446 
122 383.27 11689.9 14884 1815848 11. 0454 4.9597 2.08636 8 .19672 
123 386.42 11882.3 15129 1860867 11. 0905 4.9732 2.08991 8.13008 
124 389.56 12076.3 15376 1906624 11.1355 4.9866 2.09342 8.06452 

125 392.70 12271.8 15625 1953125 11.1803 5.0000 2.09691 8.00000 
126 395.84 12469 .0 15876 2000376 11.2250 5.0133 2.10037 7.93651 
127 398.98 12667 .7 16129 2048383 11.2694 5 .0265 2.10380 7.87402 
128 402.12 12868.0 16384 2097152 11.3137 5.0397 2.10721 7.81250 
129 405.27 13069.8 16641 2146689 11.3578 5.0528 2.11059 7.75194 

130 408 .41 13273.2 16900 2197000 11.4018 5.0658 2.11394 7.69231 
131 411.55 13478.2 17161 2248091 11.4455 5.0788 2.11727 7.63359 
132 414.69 13684.8 17424 2299968 11.4891 5.0916 2.12057 7.57576 
133 417.83 13892.9 17689 2352637 11 .5326 5.1045 2.12385 7.51880 
134 420.97 14102.6 17956 2406104 11 .5758 5.1172 2.12710 7.46269 

135 424.12 14313.9 18225 2460375 11.6190 5 .1299 2.13033 7.40741 
136 427.26 14526.7 18496 2515456 11.6619 5.1426 1.13354 7.35294 
137 430.40 14741.1 18769 2571353 11. 7047 5.1551 2.13672 7.29927 
138 433.54 14957.1 19044 2628072 11. 7473 5.1676 2.13988 7.24638 
139 436 .68 15174.7 19321 2685619 11.7898 5.1801 2 .14301 7.19424 

140 439.82 15393.8 19600 2744000 11.8322 5.1925 2.14613 7.14286 
141 442 .96 15614.5 19881 2803221 11.8743 5 .2048 2.14922 7.09220 
142 446.11 15836 .8 20164 2863288 11. 9164 5.2171 2.15229 7.04225 
143 449.25 16060.6 20449 2924207 11.9583 5.2293 2.15534 6.99301 
144 452.39 16286 .0 20736 2985984 12 .0000 5.2415 2.15836 6.94444 

145 455.53 16513.0 21025 3048625 12 .0416 5.2536 2.16137 6.89655 
146 458.67 16741.5 21316 3112136 12.0830 5. 2656 2.16435 6.84932 
147 461.81 16971.7 21609 3176523 12.1244 5.2776 2.16732 6.80272 
148 464.96 17203.4 21904 3241792 12. 1655 5. 2896 2.17026 6.75676 
149 468. 10 17436. 6 22201 3307949 12 .2066 5.3015 2.17319 6 .71141 
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CIRcmIFERENCES. CIRCULAR AREAS, SQUARES. CUBES, 
SQUARE ROOTS, CURE ROOTS, LOGARITHl\lS. AND 

RECIPROCALS OF NOS. FROl\1 1 TO 1000. 

No.1 
.}.Po . ...;; lJimn. 

Cube 1000 X 
Square. Cube. 

~ quare Log. 
Circum. Area. Rool. Rool. Reeip. 

- ---------- --------
150 471.24 17671.5 22500 3375000 12.2474 5.3133 2.17609 6.66667 
151 474.38 17907.9 22801 3442951 12.2882 5.3251 2.17898 6.62252 
152 477.52 18145.8 23104 3511808 12.3288 5.3368 2.18184 6.57895 
153 480.66 18385.4 23409 3581577 12.3693 5.3485 2.18469 6.53595 
154 483.81 18626.5 23716 3652264 12.4097 5.3601 2.18752 6.49351 
155 486.95 18869.2 24025 3723875 12.4499 5.3717 2.19033 6.45161 
156 490.09 19113.4 24336 3796416 12.4900 5.3832 2.19312 6.41026 
157 493.23 19359.3 24649 3869893 12.5300 5.3947 2.19590 6.36943 
158 496.37 19606.7 24964 3944312 12.5698 5.4061 2.19866 6.32911 
159 499.51 19855.7 25281 4019679 12.6095 5.4175 2.20140 6.28931 
1CJ 502.65 20106.2 25600 4096000 12.6491 5.4288 2.20412 6.25000 
161 505.80 20358.3 25921 4173281 12.6886 5.4401 2.20683 6.21118 
162 508.94 20612.0 26244 4251528 12.7279 5.4514 2.20952 6.17284 
163 512.08 20867.2 26569 4330747 12.7671 5.4626 2.21219 6.13497 
164 515.22 21124.1 26896 4410944 12.8062 5.4737 2.21484 6.09756 
165 518.36 21382.5 27225 4492125 12.8452 5.4848 2.21748 6.06061 
166 521.50 21642.4 27556 4574296 12.8841 5.4959 2.22011 6.02410 
167 524.65 21904.0 27889 4657463 12.9228 5.5069 2.22272 5.98802 
168 527.79 22167.1 28224 4741632 12.9615 5.5178 2.22531 5.95238 
169 530.93 22431.8 28561 4826809 13.0000 5.5288 2.22789 5.91716 
170 534.07 22698.0 28900 4913000 13.0384 5.5397 2.23045 5.88235 
171 537.21 22965.8 29241 5000211 13.0767 5.5505 2.23300 5.84795 
172 540.35 23235.2 29584 5088448 13.1149 5.5613 2.23553 5.81395 
173 543.50 23506.2 29929 5177717 13.1529 5.5721 2.23805 5.78035 
174 546.64 23778.7 30276 5268024 13.1909 5.5828 2.24055 5.74713 
175 549.78 24052.8 30625 5359375 13.2288 5.5934 2.24304 5.71429 
176 552.92 24328.5 30976 5451776 13.2665 5.6041 2.24551 5.68182 
177 556.06 24605.7 31329 5545233 13.3041 5.6147 2.24797 5.64972 
178 559.20 24884.6 31684 5639752 13.3417 5.6252 2.25042 5.61798 
179 562.35 25164.9 32041 5735339 13.3791 5.6357 2.25285 5.58659 
180 565.49 25446.9 32400 5832000 13.4164 5.6462 2.25527 5.55556 
181 568.63 25730.4 32761 5929741 13.4536 5.6567 2.25768 5.52486 
182 571. 77 26015.5 33124 6028568 13.4907 5.6671 2.26007 5.49451 
183 574.91 26302.2 33489 6128487 13.5277 5.6774 2.26245 5.46448 
184 578.05 26590.4 33856 6229504 13.5647 5.6877 2.26482 5.43478 

185 581.19 26880.3 34225 6331625 13.6015 5.6980 2.26717 5.40541 
186 584.34 27171.6 34596 6434856 13.6382 5.7083 2.26951 5.37634 
187 587.48 27464.6 34969 6539203 13.6748 5.7185 2.27184 5.34759 
188 590.62 27759.1 35344 6644672 13.7113 5.7287 2.27416 5.31915 
189 593.76 28055.2 35721 6751269 13.7477 5.7388 2.27646 5.29101 

190 596.90 28352.9 36100 6859000 13.7840 5.7489 2.27875 5.26316 
191 600.04 28652.1 36481 6967871 13.8203 5.7590 2.28103 5.23560 
192 603.19 28952.9 36864 7077888 13.8564 5.7690 2.28330 5.20833 
193 606.33 29255.3 37249 7189057 13.8924 5.7790 2.28556 5.18135 
194 609.47 29559.2 37636 7301384 13.9284 5.7890 2.28780 5.15464 

195 612.61 29864.8 38025 7414875 13.9642 5.7989 2.29003 5.12821 
196 615.75 30171.9 38416 7529536 14.0000 5.8088 2.29226 5 .10204 
197 618.89 30480.5 38809 7645373 14.0357 5.8186 2.29447 5.07614 
198 622.04 30790.7 39204 7762392 14.0712 5.8285 2.29667 5.05051 
199 625.18 31102.6 39601 7880599 14.1067 5.8383 2.29885 5.02513 
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cmCUIIIFERENCES, CmCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHiUS, AND 

RECIPROCALS OF NOS. FROIlI 1 TO 1000. 

--
lto. = Diam. Square Cube JOOOX No. Square. Cube. R oot. Root. Log. Recip. 

Oircum. Area. 
- - - - --- ----- --- -------
200 628.32 31415.9 40000 8000000 14.1421 5.8480 2.30103 5.00000 
201 631.46 31730.9 40401 8120601 14.1774 5.8578 2.30320 4.97512 
202 634.60 32047.4 40804 8242408 14.2127 5.8675 2.30535 4.95050 
203 637.74 32365.5 41209 8365427 14.2478 5.8771 2.30750 4.92611 
204 640.89 32685.1 41616 8489664 14.2829 5.8868 2.30963 4.90196 

205 644.03 33006.4 42025 8615125 14.3178 5.8964 2.31175 4.87805 
206 647.17 33329.2 42436 8741816 14.3527 5.9059 2.31387 4.85437 
207 650.31 33653.5 42849 8869743 14.3875 5.9155 2.31597 4.83092 
208 653.45 33979.5 43264 8998912 14.4222 5.9250 2.31806 4.80769 
209 656.59 34307.0 43681 9129329 14.4568 5.9345 2.32015 4.78469 

210 659.73 34636.1 44100 9261000 14.4914 5.9439 2.32222 4.76190 
211 662.88 34966.7 44521 9393931 14.5258 5.9533 2.32428 4.73934 
212 666.02 35298.9 44944 9528128 14.5602 5.9627 2.32634 4.71698 
213 669.16 35632.7 45369 9663597 14.5945 5.9721 2.32838 4.69484 
214 672.30 35968.1 45796 9800344 14.6287 5.9814 2.33041 4.67290 

215 675.44 36305.0 46225 9938375 14.6629 5.9907 2.33244 4.65116 
216 678.58 36643.5 46656 10077696 14.6969 6.0000 2.33445 4.62963 
217 681.73 36983.6 47089 10218313 14.7309 6.0092 2.33646 4.60829 
218 684.87 37325.3 47524 10360232 14.7648 6.0185 2.33846 4.58716 
219 688.01 37668.5 47961 10503459 14.7986 6.0277 2.34044 4.56621 

220 691.15 38013.3 48400 10648000 14.8324 6.0368 2.34242 4.54545 
221 694.29 38359.6 48841 10793861 14.8661 6.0459 2.34439 4.52489 
222 697.43 38707.6 49284 10941048 14.8997 6.0550 2.34635 4.50450 
223 700.58 39057.1 49729 11089567 14 9332 6.0641 2.34830 4.48431 
224 703.72 39408.1 50176 11239424 14.9666 6.0732 2.35025 4.46429 

225 706.86 39760.8 50625 11390625 15.0000 6.0822 2.35218 4.44444 
226 710.00 40115.0 51076 11543176 15.0333 6.0912 2.35411 4.42478 
?Z7 713.14 40470.8 51529 11697083 15.0665 6.1002 2.35603 4.40529 
228 716.28 40828.1 51984 11852352 15.0997 6.1091 2.35793 4.38596 
229 719.42 41187.1 52441 12008989 15 .1327 6.1180 2.35984 4.36681 

230 722.57 41547.6 52900 12167000 15.1658 6.1269 2.36173 4.34783 
231 725.71 41909.6 53361 12326391 15.1987 6.1358 2.36361 4.32900 
232 728.85 4?Z73.3 53824 12487168 15.2315 6.1446 2.36549 4.31034 
233 731.99 42638.5 54289 12649337 15.2643 6.1534 2.36736 4.29185 
234 735.13 43005.3 54756 12812904 15.2971 6.1622 2.36922 4.27350 

235 738.27 43373.6 55225 12977875 15.3297 6.1710 2.37107 4.25532 
236 741.42 43743.5 55696 13144256 15.3623 6.1797 2.37291 4.23729 
237 744.56 44115.0 56169 13312053 15.3948 6.1885 2.37475 4.21941 
238 747.70 44488.1 56644 13481272 15.4272 6.1972 2.37658 4.20168 
239 750.84 44862.7 57121 13651919 15.4596 6.2058 2.37840 4.18410 

240 753.98 45238.9 57600 13824000 15.4919 6.2145 2.38021 4.16667 
241 757.12 45616.7 58081 13997521 15.5242 6.2231 2.38202 4.14938 
242 760.27 45996.1 58564 14172488 15.5563 6.2317 2.38382 4.13223 
243 763.41 4637'7.0 59049 14348907 15.5885 6.2403 2.38561 4.11523 
244 766.55 46759.5 59636 14526784 15.6205 6.2488 2.38739 4.09836 

245 769.69 47143.5 60025 14706125 15.6525 6.2573 2.38917 4.08163 
246 772.83 47529.2 60516 14886936 15.6844 6.2658 2.39094 4.06504 
247 775.97 47916.4 61009 15069223 15.7162 6.2743 2.39270 4.04858 
248 779.12 48305.1 61504 15252992 15.7480 6 .2828 2.39445 4.03226 
249 782.26 48695.5 62001 15438249 15.7797 6.2912 2.39620 4.01606 

--
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CIRCUl\lFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHl\lS, AND 

I~ECIPROCALS OF NOS. FROlU 1 TO 1000. 

-
lYO. = ))ianl-. Sl"are Cube 1000 X 

No. Sgua1"e. Cube. too/. Roo/. Log. Recip. 
Circum" Area. 

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

250 785 .40 49087.4 62500 15625000 15.8114 6.2996 2.39794 4.00000 
251 788.54 49480.9 63001 15813251 15.8430 6.3080 2.39967 3.98406 
252 791.68 49875.9 63504 16003008 15 .8745 6.3164 2.40140 3.96825 
253 794.82 50272.6 64009 16194277 15.9060 6.3247 2.40312 3.95257 
254 797.96 50670.7 64516 16387064 15.9374 6.3330 2.40483 3.93701 

255 801.11 51070.5 65025 16581375 15 .9687 6.3413 2.40654 3.92157 
256 804.25 51471.9 65536 16777216 16.0000 6.3496 2.40824 3.90625 
257 807.39 51874.8 66049 16974593 16 .0312 6.3579 2.40993 3.89105 
258 810.53 52279.2 66564 17173512 16.0624 6.3661 2.41162 3.87597 
259 813.67 52685.3 67081 17373979 16.0935 6.3743 2.41330 3.86100 

260 816.81 53092.9 67600 17576000 16.1245 6.3825 2.41497 3.84615 
261 819 .96 53502.1 68121 17779581 16.1655 6.3907 2.41664 3.83142 
262 823.10 53912.9 68644 17984728 16.1864 6.3988 2.41830 3.81679 
263 826.24 54325.2 69169 18191447 16.2173 6.4070 2.41996 3.80228 
264 829.38 54739.1 69696 18399744 16.2481 6.4151 2.42160 3.78788 

265 832.52 55154.6 70225 18609625 16.2788 6.4232 2.42325 3.77358 
266 835.66 55571.6 70756 18821096 16.3095 6.4312 2.42488 3.75940 
267 838.81 55990.3 71289 19034163 16.3401 6.4393 2.42651 3.74532 
268 841.95 56410.4 71824 19248832 16.3707 6.4473 2.42813 3.73134 
269 845.09 56832.2 72361 19465109 16.4012 6.4553 2.42975 3.71747 

270 848.23 57265.5 72900 19683000 16.4317 6.4633 2.43136 3.70370 
271 851.37 57680.4 73441 19902511 16 .4621 6.4713 2.43297 3.69004 
272 854.51 58106.9 73984 20123648 16.4924 6.4792 2.43457 3.67647 
273 857.66 58534.9 74529 20346417 16.5227 6.4872 2.43616 3.66300 
274 860.80 58964 .6 75076 20570824 16.5529 6.4951 2.43775 3.64964 

275 863.94 59395.7 75625 20796875 16.5831 6.5030 2.43933 3.63636 
276 867.08 59828.5 76176 21024576 16.6132 6.5108 2.44091 3.62319 
277 870.22 60262 .8 76729 21253933 16.6433 6.5187 2 .44248 3.61011 
278 873.36 60698.7 77284 21484952 16.6733 6.5265 2.44404 3.59712 
279 876.50 61136.2 77841 21717639 16.7033 6.5343 2.44560 3.58423 
280 879.65 61575.2 78400 21952000 16.7332 6.5421 2 .44716 3.57143 
281 882.79 62015.8 78961 22188041 16.7631 6.5499 2.44871 3.55872 
282 885.93 62458.0 79524 22425768 16 .7929 6.5577 2 .45025 3.54610 
283 889.07 62901.8 80089 22665187 16.8226 6.5654 2 .45179 3.53357 
284 892.21 63347.1 80656 22906304 16.8523 6.5731 2.45332 3.52113 
285 895.35 63794.0 81225 23149125 16.8819 6.5808 2.45484 3.50877 
286 898.50 64242.4 81796 23393656 16.9115 6.5885 2.45637 3.49650 
287 901.64 64692.5 82369 23639903 16.9411 6.5962 2.45788 3.48432 
288 904.78 65144.1 82944 23887872 16 .9706 6.6039 2.45939 3.47222 
289 907.92 65597.2 83521 24137569 17.0000 6.6115 2.46090 3.46021 

290 911. 06 66052 .0 84100 24389000 17.0294 6.6191 2.46240 3.44828 
291 914.20 66508.3 84681 24642171 17.0587 6 .6267 2 .46389 3.43643 
292 917.35 66966.2 85264 24897088 17.0880 6.6343 2.46538 3.42466 
293 920.49 67425.6 85849 25153757 17.1172 6.6419 2.46687 3.41297 
294 923.63 67886.7 86436 25412184 17.1464 6.6494 2.46835 3.4013~ 

295 926 .77 68349.3 87025 25672375 17.1756 6.6569 2.46982 3.38983 
296 929.91 68813.5 87616 25934336 17.2047 6.6644 2.47129 3.37838 
297 933.05 69279.2 88209 26198073 17.2337 6.6719 2.47276 3.36700 
298 936.19 69746.5 88804 26463592 17.2627 6.6794 2.47422 3.35570 
299 939. 34 70215.4 89401 26730899 17.2916 6.6869 2.47567 3.34448 
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CIRCUMFERENCES CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHl\IS, AND 

RECIPROCALS OF NOS. J!'RO:l1 1 TO 1000. 

No. = Diant. 
Sll~~;.e Cube 1000 X No. Square. Cube. Root. Log. Recip. 

Oircum. Area. 
- ------------ ---------
300 942.48 70685.8 90000 27000000 17.3205 6.6943 2.47712 3.33333 
301 945.62 71157.9 90601 27270901 17.3494 6.7018 2.47857 3.32226 
302 348.76 71631.5 91204 27543608 17.3781 6.7092 2.48001 3.31126 
303 951.90 72106.6 91809 27818127 17.4069 6.7166 2.48144 3.30033 
304 955.04 72583.4 92416 28094464 17.4356 6.7240 2.48287 3.28947 

305 958.19 73061.7 93025 28372625 17.4642 6.7313 2.48430 3.27869 
306 961.33 73541.5 93636 28652616 17.4929 6.7387 2.48572 3.26797 
307 964.47 74023.0 94249 28934443 17.5214 6.7460 2.48714 3.25733 
308 967.61 74506.0 94864 29218112 17.5499 6.7533 2.48855 3.24675 
309 970.75 74990.6 95481 29503629 17.5784 6.7606 2.48996 3.23625 

310 973.89 75476.8 96100 29791000 17.6068 6 .7679 2.49136 3.22581 
311 977.04 75964.5 96721 30080231 17.6352 6.7752 2.49276 3.21543 
312 980.18 76453.8 97344 30371328 17.6635 6.7824 2.49415 3.20513 
313 983.32 76944.7 97969 30664297 17.6918 6.7897 2.49554 3.19489 
314 986.46 77437.1 98596 30959144 17.7200 6.7969 2.49693 3.18471 

315 989.60 77931.1 99225 31256875 17.7482 6.8041 2.49831 3.17460 
316 992.74 78426.7 99856 31554496 17.7764 6.8113 2.49969 3.16456 
317 995.88 78923.9 100489 31855013 17.8045 6.8185 2.50106 3.15457 
318 999.03 79422.6 101124 32157432 17.8326 6.8256 2.50243 3.14465 
319 1002.2 79922.9 101761 32461759 17.8506 6.8328 2.50379 3.13480 

320 1005.3 80424.8 102400 32768000 17.8885 6.8399 2.50515 3.12500 
321 1008.5 80928.2 103041 33076161 17.9165 6.8470 2.50651 3.11527 
322 1011.6 81433.2 103684 33386248 17.9444 6.8541 2.50786 3.10559 
323 1014.7 81939.8 104329 33698267 17.9722 6.8612 2.50920 3.09598 
324 1017.9 82448.0 104976 34012224 18 .0000 6.8683 2.51055 3.08642 

325 1021.0 82957.7 105625 34328125 18.0278 6.8753 2.51188 3.07692 
326 1024.2 83469.0 106276 34645976 18.0555 6.8824 2.51322 3.06749 
327 1027.3 83981.8 106929 34965783 18.0831 6.8894 2.51455 3.05810 
328 1030.4 84496.3 107584 35287552 18.1108 6.8964 2.51587 3.04878 
329 1033.6 85012.3 108241 35611289 18 .1384 6.9034 2.51720 3.03951 

330 1036.7 85529.9 108900 35937000 18.1659 6.9104 2 .51851 3.03030 
331 1039.9 86049.0 109561 36264691 18.1934 6.9174 2.51983 3.02115 
332 1043.0 86569.7 110224 36594368 18.2209 6.9244 2.52114 3.01205 
333 1046.2 87092.0 110889 36926037 18.2483 6.9313 2.52244 3.00300 
334 1049.3 87615.9 1115~6 37259704 18.2757 6.9382 2.52375 2.99401 

335 1052.4 88141.3 112225 37595375 18.3030 6.9451 2.52504 2.98507 
336 1055.6 88668.3 112896 37933056 18.3303 6.9521 2.52634 2.97619 
337 1058.7 89196.9 113569 38272753 18.3576 6.9589 2.52763 2.96736 
338 1061.9 89727.0 114244 38614472 18.3848 6.9658 2.52892 2.95858 
339 1065.0 90258.7 114921 38958219 18.4120 6.9727 2.53020 2.94985 

340 1068.1 90792.0 115600 39304000 18.4391 6.9795 2.53148 2.94118 
341 1071.3 91326.9 116281 39651821 18.4662 6.9864 2.53275 2.93255 
342 1074.4 91863.3 116964 40001688 18.4932 6.9932 2.53403 2.92398 
343 1077.6 92401.3 117649 40353607 18.5203 7.0000 2.53529 2.91545 
344 1080.7 92940.9 118336 40707584 18.5472 7.0068 2 .53656 2.90698 

345 1083.8 93482.0 119025 41063625 18.5742 7.0136 2.53782 2.89855 
346 1087.0 94024.7 119716 41421736 18.6011 7.0203 2.53908 2.89017 
347 1090.1 94569.0 120409 41781923 18.6279 7.0271 2.54033 2.88184 
348 1093.3 95114.9 121104 42144192 18.6548 7.0338 2 .54158 2.87356 
349 1096.4 95662.3 121801 42508549 18.6815 7.0406 2.54283 2.86533 
---
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CIRCUl\D'ERJ<~NCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHnIS, AND 

RECIPltOCALS OF NOS. Jo'ROl\1 1 TO 1000. 
- - -

square·l~ No. = D iam. Square Cube JOOO X No. Log. 
Oircum. A rea. R oot. R oot. R ecip. 

- ----- -- ----
350 1099.6 96211.3 122500 42875000 18.7083 7.0473 2.54407 2.85714 
351 1102 .7 96761. 8 123201 43243551 18 .7350 7.0540 2 .54531 2.84900 
352 1105.8 97314.0 123904 43614208 18.7617 7.0607 2.54654 2.84091 
353 1109. 0 97867 .7 124609 43986977 18 .7883 7.0674 2.54777 2.83286 
354 1112.1 98423.0 125316 44361864 18.8149 7.0740 2.54900 2.82486 

355 1115.3 98979.8 126025 44738875 18.8414 7.0807 2.55023 2.81690 
356 1118.4 99538.2 126736 45118016 18 .8680 7.0873 2.55145 2.80899 
357 1121.5 100098 127449 45499293 18 .8944 7 .0940 2.55267 2.80112 
368 1124.7 100660 128164 46882712 18 .9209 7.1006 2.55388 2.79330 
359 1127.8 101223 128881 46268279 18.9473 7 .1072 2 .555!l9 2.78552 

360 1131.0 101788 129600 46656000 18 .9737 7.1138 2.55630 2.77778 
361 1134.1 102354 130321 47045881 19.0000 7.1204 2.55751 2.77008 
362 1137. 3 102922 131044 47437928 19.0263 7.1269 2 .55871 2.76243 
363 1140.4 103491 131769 47832147 19.0526 7.1335 2.55991 2.75482 
364 1143.5 104062 132496 48228544 19. 0788 7.1400 2.56110 2.74725 

365 1146.7 104635 133225 48627125 19.1050 7.1466 2.56229 2.73973 
366 1149 .8 105209 133956 49027896 19 .1311 7.1531 2.56348 2.73224 
367 1153.0 105785 134689 49430863 19 .1572 7 .1596 2.56467 2.72480 
368 1156.1 106362 135424 49836032 19.1833 7 .1661 2.56585 2.71739 
369 1159 .2 106941 136161 50243409 19.2094 7 .1726 2.56703 2.71003 

370 1162.4 107521 136900 50653000 19.2354 7.1791 2.56820 2.70270 
371 1165.5 108103 137641 51064811 19 .2614 7.1855 2.56937 2.69542 
372 1168.7 108687 138384 51478848 19.2873 7.1920 2.57054 2 .68817 
373 1171.8 109272 139129 51895117 19 .3132 7.1984 2.57171 2.68097 
374 1175 .0 109858 139876 52313624 19.3391 7 .2048 2 .57287 2.67380 

375 1178.1 110447 140625 52734375 19.3649 7 .2112 2'57403 2.66667 
376 1181. 2 111036 141376 53157376 19.3907 7 .2177 2.57519 2.65957 
377 1184.4 111628 142129 53582633 19.4165 7.2240 2.57634 2.65252 
378 1187.5 112221 142884 54010152 19 .4422 7 .2304 2 .57749 2.64550 
379 1190.7 112815 143641 54439939 19 .4679 7 .2368 2.57864 2 .63852 

380 1193. 8 113411 144400 54872000 19.4936 7 .2432 2.57978 2 .63158 
381 1196.9 114009 145161 55306341 19.5192 7.2495 2.58093 2.62467 
382 1200.1 114608 145924 55742968 19.5448 7.2558 2.58206 2.61780 
383 1203. 2 115209 146689 56181887 19.5704 7.2622 2.58320 2.61097 
384 1206.4 115812 147456 56623104 19.5959 7.2685 2.58433 2.60417 

385 1209.5 116416 148225 57066625 19.6214 7.2748 2.58546 2.59740 
386 1212. 7 117021 148996 57512456 19.6469 7 .2811 2.58659 2.59067 
387 1215.8 117628 149769 57960603 19.6723 7.2874 2.58771 2.58398 
388 1218.9 118237 150544 58411072 19.6977 7.2936 2.58883 2.57732 
389 1222.1 118847 151321 58863869 19.7231 7 .2999 2.58995 2.57069 

390 1225.2 119459 152100 59319000 19.7484 7.3061 2:59106 2.56410 
391 1228.4 120072 152881 59776471 15.7737 '1.3124 2.59218 2.55755 
392 1231.5 120687 153564 60236288 19.7990 7.3186 2.59329 ~.55102 
393 1234.6 121304 154449 60698457 19 8242 7 3248 2 59439 2 54453 
394 1237 .8 121922 155236 61162984 19:8494 7:3310 2:59550 2:53807 

395 1240.9 122542 156025 
396 1244.1 123163 15681 
397 1247.2 123786 157609 
398 1250. 4 124410 158404 
399 1253 .5 125036 15920 

61629875 19.8746 7.3372 2.59660 2.53165 
6 62099136 19.8997 7.3434 2.59770 2.52525 

62570773 19.9249 7.3496 2 .59879 2.51889 
63044792 19 .9499 7.3558 2 .59988 2.51256 

1 63521199 19.9750 7.3619 2.60097 2.50627 
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CIRCUlUFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHl\lS, AND 

BECIPROCALS OF NOS. FRO]\i 1 TO lOOO. 

l{o. = Diam. Squate Cube 1000 X 
No. Square. Cube. R ool. R oot. Log. R ecip. 

Ch·cum. Area. 
- --- -----.-------------
400 1256.6 125664 160000 64000000 20.0000 7.3681 2.60206 2.50000 
401 1259.8 126293 160801 64481201 20.0250 7.3742 2.60314 2.49377 
402 1262.9 126923 161604 64964808 20 .0499 7.3803 2.60423 2.48756 
403 :;'266.1 127556 162409 66450827 20.0749 7.3864 2.60531 2.48139 
404 1269.2 128190 163216 65939264 20.0998 7.3925 2.60638 2.47525 

405 1272.3 128825 164025 66430125 20.1246 7.3986 2.60746 2.46914 
406 1275.5 129462 164836 66923416 20.1494 7.4047 2.60853 2.46305 
407 1278.6 130100 165649 67419143 20.1742 7.4108 2.60959 2.45700 
408 1281.8 130741 166464 67917312 20 .1990 7.4169 2.61066 2.45098 
409 1284.9 131382 167281 68417929 20.2237 7.4229 2.61172 2.44499 

410 1288.1 132025 168100 68921000 20.2485 7.4290 2.61278 2.43902 
411 1291.2 132670 168921 69426531 20.2731 7.4350 2.61384 2.43309 
412 1294.3 133317 169744 69934528 20.2978 7.4410 2.61490 2.42718 
413 1297.5 133965 170569 70444997 20.3224 7.4470 2.61595 2.42131 
414 1300.6 134614 171396 70957944 20.3470 7.4530 2.61700 2.41546 
415 1303.8 135265 172225 71473375 20.3715 7.4590 2.61805 2.40964 
416 1306.9 135918 173056 71991296 20.3961 7.4650 2.61909 2.40385 
417 1310.0 136572 173889 72511713 20.4206 7.4710 2.62014 2.39808 
418 1313.2 137228 174724 73034632 20.4450 7.4770 2.62118 2.39234 
419 1316.3 137885 175561 73560059 20.4695 7.4829 2.62221 2.38664 
420 1319.5 138544 176400 74088000 20.4939 7.4889 2.62325 2.38095 
421 1322.6 139205 177241 74618461 20.5183 7.4948 2.62428 2.37530 
422 1325.8 139867 178084 75151448 20.5426 7.5007 2.62531 2.36967 
423 1328.9 140531 178929 75686967 20.5670 7.5067 2.62634 2.36407 
424 1332.0 141196 179776 76225024 20.5913 7.5126 2.62737 2.35849 

425 1335.2 141863 180625 76765625 20.6155 7.5185 2.62839 2.35294 
426 1338.3 142531 181476 77308776 20.6398 7.5244 2.62941 2.34742 
427 1341.5 143201 182329 77854483 20.6640 7.5302 2.63043 2.34192 
428 1344.6 143872 183184 78402752 20.6882 7.5361 2 .63144 2.33645 
429 1347.7 144545 184041 78953589 20.7123 7.5420 2.63246 2.33100 

430 1350.9 145220 184900 79507000 20.7364 7.5478 2.63347 2.32558 
431 1354.0 145896 185761 80062991 20.7605 7.6537 2.63448 2.32019 
432 1357.2 146574 186624 80621568 20.7846 7.5595 2.63548 2.31482 
433 1360.3 147254 187489 81182737 20.8087 7.5664 2.63649 2.30947 
434 1363.5 147934 188356 81746504 20.8327 7.5712 2.63749 2.30415 

435 1366.6 148617 189225 82312875 20.8567 7.5770 2.63849 2.29885 
436 1369.7 149301 190096 82881856 20.8806 7.5828 2.63949 2.29358 
437 1372.9 149987 190969 83453453 20.9045 7.5886 2.64048 2.28833 
438 1376.0 150674 191844 84027672 20.9284 7.5944 2.64147 2.28311 
439 1379.2 151363 192721 84604519 20.9523 7 .6001 2.64246 2.27790 

440 1382.3 152053 193600 85184000 20.9762 7.6059 2.64345 2.27273 
441 1385.4 152745 194481 85766121 21.0000 7.6117 2.64444 2.26757 
442 1388.6 153439 195364 86350888 21.0238 7.6174 2.64542 2.26244 
443 1391.7 154134 196249 86938307 21.0476 7.6232 2.64640 2.25734 
444 1394.9 154830 197136 87528384 21.0713 7.6289 2.64738 2.25225 

445 1398.0 155528 198025 88121125 21.0950 7.6346 2.64836 2.24719 
446 1401.2 156228 198916 88716536 21.1187 7.6403 2.64933 2.24215 
447 1404.3 156930 199809 89314623 21.1424 7.6460 2.65031 2.23714 
448 1407.4 157633 200704 89915392 21.1660 7.6517 2.65128 2.23214 
449 1410.6 158337 201601 90518849 21.1896 7.6574 2.65225 2.22717 
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CIRCUi\IFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHlUS, AND 

RECIPROCALS OF NOS. FROlU 1 TO 1000. 

No. ~ Diam. Square altbe 1000 X 
No. Square. Cube. R ool. R ool. L og. Recip. 

Oil'cum. Area. 
- ------ -- - - - --
450 1413.7 159043 202500 91125000 21.2132 7.6631 2.65321 2.22222 
451 1416.9 159751 203401 91733851 21.2368 7.6688 2.65418 2.21730 
452 1420.0 160460 204304 92345408 21.2603 7.6744 2·65514 2.21239 
453 1423.1 161171 205209 92959677 21.2838 7.6801 2.65510 2.20751 
454 1426.3 161883 206116 93576664 21.3073 7.6857 2.65706 2.20264 

455 1429.4 162597 207025 94196375 21.3307 7.6914 2.65801 2.19780 
456 1432.6 163313 207936 94818816 21.3542 7.6970 2.65896 2.19298 
457 1435.7 164030 208849 95443993 21.3776 7.7026 2.65992 2.18818 
458 1438.9 164748 209764 96071912 21.4009 7.7082 2.66087 2.18341 
459 1442.0 165468 210681 96702579 21.4243 7.7138 2.66181 2.17865 

460 1445.1 166190 211600 97336000 21.4476 7.7194 2.66276 2.17391 
461 1448.3 166914 212521 97972181 21.4709 7.7250 2.66370 2.16920 
462 1451.4 167639 213444 98611128 21.4942 7.7306 2.66464 2.16450 
463 1454.6 168365 214369 99252847 21.5174 7.7362 2.66558 2.15983 
464 1457.7 169093 215296 99897344 21.5407 7.7418 2.66652 2.15517 

465 1460.8 169823 216225 100544625 21.5639 7.7473 2.66745 2.15054 
466 1464.0 170554 217156 101194696 21.5870 7.7529 2.66839 2.14592 
467 1467 .1 171287 218089 101847563 21.6102 7.7584 2.66932 2.14133 
468 1470.3 172021 219024 102503232 21.6333 7.7639 2.67025 2.13675 
469 1473.4 172757 219961 103161709 21.6564 7.7695· 2.67117 2.13220 

470 1476.5 173494 220900 103823000 21.6795 7.7750 2.67210 2.12766 
471 1479.7 174234 221841 104487111 21.7025 7.7805 2.67302 2 .12314 
472 1482.8 174974 222784 105154048 21.7256 7.7860 2.67394 2.11864 
473 1486.0 175716 223729 105823817 21.7486 7.7915 2.67486 2.11417 
474 1489.1 176460 224676 106496424 21.7715 7.7970 2.67578 2.10971 

475 1492.3 177205 225625 L07171875 21·7945 7.8025 2.67669 2.10526 
476 1495.4 177952 226576 107850176 21.8174 7.8079 2.67761 2.10084 
477 1498.5 178701 227529 108531333 21.8403 7.8134 2 .67852 2.09644 
478 1501. 7 179451 228484 109215352 21.8632 7.8188 2.67943 2.09205 
479 1504.8 180203 229441 109902239 21.8861 7.8243 2.68034 2.08768 

480 1508.0 180956 230400 110592000 21.9089 7.8297 2.68124 2.08333 
481 1511.1 181711 231361 111284641 21.9317 7.8352 2.68215 2.07900 
482 1514 .3 182467 232324 111980168 21.9545 7.8406 2 .68305 2.07469 
483 1517.4 183225 233289 112678587 21.9773 7.8460 2.68395 2.07039 
484 1520.5 183984 234256 113379904 22.0000 7.8514 2.68485 2.06612 

485 1523.7 184745 235225 114084125 22.0227 7.8568 2.68574 2.06186 
486 1526 .8 185508 236196 114791256 22.0454 7.8622 2.68684 2.05761 
487 1530 .0 186272 237169 115501303 22.0681 7.8676 2.68753 2.05339 
488 1533.1 187038 238144 116214272 22.0907 7.8730 2.68842 2.04918 
489 1536.2 187805 239121 116930169 22.1133 7.8784 2.68931 2.04499 

490 1539.4 188574 240100 117649000 22.1359 7.8837 2.69020 2.04082 
491 1542.5 189345 241081 118370771 22 .1585 7.8891 2.69108 2.03666 
492 1545.7 190117 242064 119095488 22.1811 7.8944 2.69197 2.03252 
493 1548.8 190890 243049 1198?.3157 22.2036 7.8998 2.69285 2.02840 
494 1551.9 191665 244036 120553784 22.2261 7.9051 2.69373 2.02429 

495 1555.1 192442 245025 121287375 22 .2486 7.9105 2.69461 2.02020 
496 1558.2 193221 246016 122023936 22 .2711 7.9158 2.69548 2.01613 
497 1561.4 194000 247009 122763473 22.2935 7.9211 2.69636 2.01207 
498 1564.5 194782 248004 123505992 22.3159 7.9264 2.69723 2.00803 
499 1567.7 195565 249001 124251499 22 .3383 7.9317 2.69810 2.00401 

319 

• 



-
CIRCUMFERENCES CIRCULAR AREAS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, LOGARITHl\lS, AND 
RECIPROCALS OF NOS. J!'ROl\l 1 TO 1000. 

No. = Diam. 
S'k~~~.e Oube 1000 X No. SquU1·e. Cube. Log. 

Oircum. Area. Root. Recip. 

- ---------------------
500 1570.8 196350 250000 125000000 22.3607 7.9370 2.69897 2.00000 
501 1573.9 197136 251001 125751501 22 .3830 ~ :~~rs I ~:~5W6 1.99601 
502 1577 .1 197923 252004 126506008 22.4054 1.99203 
503 1580.2 198713 253009 127263527 22.4277 7.9528 2.70157 1.98807 
504 1583.4 199504 254016 128024064 22 .4499 7.9581 2.70243 1.98413 
505 1586.5 200296 255025 128787625 22 .4722 7.9634 2.70329 1.98020 
506 1589.7 201090 256036 129554216 22.4944 7.9686 2.70415 1.97629 
507 1592.8 201886 257049 130323843 22.5167 7.9739 2.70501 1.97239 
508 1595.9 202683 258064 131096512 22.5389 7.9791 2.70586 1.96850 
509 1599.1 203482 259081 131872229 22.5610 7.9843 2.70672 1.96464 
510 1602.2 204282 260100 132651000 22.5832 7.9896 2.70757 1.96078 
511 1605.4 205084 261121 133432831 22.6053 7.9948 2.70842 1.95695 
512 1608.5 205887 262144 134217728 22.6274 8.0000 2.70927 1.95312 
513 1611.6 206692 263169 135005697 22.6495 8.0052 2.71012 1.94932 
514 1614.8 207499 264196 135796744 22.6716 8.0104 2.71096 1.94553 
515 1617.9 208307 265225 136590875 22.6936 8.0156 2.71181 1.94175 
516 1621.1 209117 266256 137388096 22.7156 8.0208 2.71265 1.93798 
517 1624.2 209928 267289 138188413 22.7376 8.0260 2.71349 1.93424 
518 1627.3 210741 266324 138991632 22.7596 8.0311 2.71433 1.93050 
519 1630.5 211556 269361 139798359 22.7816 8.0363 2.71517 1.92678 
520 1633.6 212372 270400 140608000 22 .8035 8.0415 2.71600 1.92308 
521 1636.8 213189 271441 141420761 22 .8254 8.0456 2.71684 1.91939 
522 1639.9 214008 272484 142236648 22 .8473 8.0517 2.71767 1.91571 
523 1643.1 214829 273529 143055667 22.8692 8·.0569 2.71850 1.91205 
524 1646.2 215651 274576 143877824 22 .8910 8.0620 2.71933 1.90840 

525 1649.3 216475 275625 144703125 22.9129 8.0671 2.72016 1.90476 
526 1652 .5 217301 275676 145531576 22.9347 8.0723 2.72099 1.90114 
527 1655.6 218128 277729 146363183 22.9565 8.0774 2.72181 1.89753 
528 1658 .8 218956 278784 147197952 22 .9783 8.0825 2.72263 1.89394 
529 1661.9 219787 279841 148035889 23.0000 8.0876 2.72346 1.89036 

530 1665.0 220618 280900 148877000 23.0217 8.0927 2.72428 1.88679 
531 1668.2 221452 281961 149721291 23.0434 8.0978 2.72509 1.88324 
532 1671.3 222287 283024 150568768 23.0651 8.1028 2.72591 1.87970 
533 1674.5 223123 284089 151419437 23.0868 8.1079 2.72673 1.87617 
534 1677 .6 223961 285156 152273304 23.1084 8.1130 2.72754 1.87266 

535 1680.8 224801 286225 153130375 23 .1301 8.1180 2.72835 1.86916 -
536 1683.9 225642 287296 153990656 23.1517 8.1231 2.72916 1.86567 
537 1687.0 226484 288369 154854153 23.1733 8.1281 2.72997 1.86220 
538 1690.2 227329 289444 155720872 23.1948 8.1332 2.73078 1.85874 
539 1693.3 228175 290521 156590819 23 .2164 8.1382 2.73159 1.85529 

540 1696.5 229022 291600 157464000 23 .2379 8.1433 2.73239 1.85185 
541 1699.6 229871 292681 158340421 23 .2594 8.1483 2.73320 1.84843 
542 1702.7 230722 293764 159220088 23.2809 8.1533 2.73400 1.84502 
543 1705.9 231574 294849 160103007 23.3024 8.1583 2.73480 1.84162 
544 1709.0 232428 295936 1w,J89184 23.3238 8.1633 2.73560 1.83824 

545 1712.2 233283 297025 1618786"..5 23.3452 8.1683 2.73640 1.83486 
546 1715.3 234140 298116 162771336 23.3666 8.1733 2.73719 1.83150 
547 1718 .5 234998 299209 163667323 23.3880 8.1783 2.73799 1.82815 
548 1721.6 235858 300304 164566592 23 .4094 8.1833 2.73878 1.82482 
549 1724.7 235720 301401 165469149 23.4307 8.1882 2.73957 1.82149 
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cmCUl~IFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHl\IS, AND 

RECIPROCALS OF NOS. FROl\I 1 TO 1000. 

No. = Diam. 
~~~;:e Oube 1000 X flo. Square. Oube. Root. Log. Recip. Circum. A 'rea. 

- -------------- - - --- --
550 1727.9 237583 302500 166375000 23.4521 8.1932 2.74036 1.81818 
551 1731. 0 238448 303601 167284151 23.4734 8.1982 2.74115 1.81488 
552 1734.2 239314 304704 168196608 23.4947 8.2031 2.74194 1.81159 
553 1737.3 240182 305809 169112377 23.5160 8.2081 2.74273 1.80832 
554 1740.4 241051 306916 170031464 23.5372 8.2130 2.74351 1.80505 
555 1743.6 241922 308025 170953875 23.5584 8.2180 2.74429 1.80180 
556 1746.7 242795 309136 171879616 23.5797 8.2229 2.74507 1.79856 
557 1749.9 243669 310249 172808693 23.6008 8.2278 2.74586 1.79533 
558 1753.0 244545 311364 173741112 23.6220 8.2327 .2.74663 1.79211 
5159 1756.2 245422 312481 174676879 23.6432 8.2377 2.74741 1.78891 
560 1759.3 246301 313600 175616000 23.6643 8.2426 2.74819 1.78571 
561 1762.4 247181 314721 176558481 23.6854 8.2475 2.74896 1.78253 
562 1765.6 248063 315844 177504328 23.7065 8.2524 2.74974 1.77936 
563 1768.7 248947 316969 178453547 23.7276 8.2573 2.75051 1.77620 
564 1771.9 249832 318096 179406144 23.7487 8.2621 2.75128 1.77305 
565 1775.0 250719 319225 180362125 23.7697 8.2670 2.75205 1.76991 
566 1778.1 251607 320356 181321496 23.7908 8.2719 2.75282 1.76678 
567 1781.3 252497 321489 182284263 23.8118 8.2768 2.75358 1.76367 
568 1784.4 253388 322624 183250432 23.8328 8.2816 2.75435 1.76056 
569 1787.6 254281 323761 184220009 23.8537 8.2865 2.75511 1.75747 
570 1790.7 255176 324900 185193000 23.8747 8.2913 2.75587 1.75439 
571 1793.9 256072 326041 186169411 23.8956 8.2962 2.75664 1. 75131 
572 1797.0 256970 327184 187149248 23.9165 8.3010 2.75740 1.74825 
573 1800.1 257869 328329 188132517 23.9374 8.3059 2.75815 1.74520 
574 1803.3 258770 329476 189119224 23.9583 8.3107 2.75891 1.74216 
575 1806.4 259672 330625 190109375 23.9792 8.3155 2.75967 1.73913 
576 1809.6 260576 331776 191102976 24.0000 8.3203 2.76042 1.73611 
577 1812.7 261482 332929 192100033 24.0208 8.3251 2.76118 1.73310 
578 1815.8 262389 334084 193100552 24.0416 8.3300 2.76193 1.73010 
579 1819.0 263298 335241 194104539 24.0624 8.3348 2.76268 1.72712 
580 1822.1 264208 336400 195112000 24.0832 8.3396 2.76343 1.72414 
581 1825.3 265120 337561 196122941 24.1039 8.3443 2.76418 1.72117 
582 1828.4 266033 338724 197137368 24.1247 8.3491 2.76492 1.71821 
583 1831.6 266948 339889 198155287 24.1454 8.3539 2.76567 1.71527 
584 1834.7 267865 341056 199176704 24.1661 8.3587 2.76641 1.71233 
585 1837.8 268783 342225 200201625 24.1868 8.3634 2.76716 1.70940 
586 1841.0 269701 343396 201230056 24.2074 8.3682 2.76790 1.70649 
587 1844.1 270624 344569 202262003 24.2281 8.3730 2.76864 1. 70358 
588 1847.3 271547 345744 203297472 24.2487 8.3777 2.76938 1.70068 
589 1850.4 272471 346921 204336469 24.2693 8.3825 2.77012 1.69779 
590 1853.5 273397 348100 205379000 24.2899 8.3872 2.77085 1.69492 
591 1856.7 274325 349281 206425071 24.3105 8.3919 2.77159 1.69205 
592 1859 .8 275254 350464 207474688 24.3311 8.3967 2.77232 1.68919 
593 1863.0 276184 351649 208527857 24.3516 8.4014 2.77305 1.68634 
594 1866.1 277117 352836 209584584 24.3721 8.4061 2.77379 1.68350 
595 1869.3 278051 354025 210644875 24.3926 8.4108 2.77452 1.68067 
596 1872.4 278986 355216 211708736 24.4131 8.4155 2.77525 1.67785 
597 1875.5 279923 356409 212776173 24.4336 8.4202 2.77597 1.67504 
598 1878.7 280862 357604 213847192 24 .4540 8.4249 2.77670 1.67224 
599 1881. 8 281802 358801 214921799 24.4745 8.4296 2.77743 1.66945 
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHlllS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 

No. = IJiam. 
S~l~~;,e Oube 1000 X 

No. Square. Oube. Log. 
Circum. Area. Rool. Recip. 

- - -- ----- ._-- --- -------
600 1885.0 282743 360000 216000000 24 .4949 8.4343 2.77815 1.66667 
601 1888.1 283687 361201 217081801 24.5153 8.4390 2.77887 1.66389 
602 1891. 2 284631 362404 218167208 24.5357 8.4437 2.77960 1.66113 
603 1894.4 285578 363609 219256227 24.5561 8.4484 2.78032 1.65837 
604 1897.5 286526 364816 220348864 24.5764 8.4530 2.78104 1.65563 

605 1900.7 287475 366025 221445125 24.5967 8.4577 2.78176 1.65289 
606 1903.8 288426 367236 222545016 24.6171 8.4623 2.78247 1.65017 
607 1907.0 289379 368449 223648543 24 .6374 8.4670 2.78319 1.64745 
608 1910.1 290333 369664 224755712 24.6577 8.4716 2.78390 1.64474 
609 1913.2 291289 370881 225866529 24.6779 8.4763 2.78462 1.64204 

610 1916.4 292247 372100 226981000 24.6982 8.4809 2.78533 1.63934 
611 1919.5 293206 373321 228099131 24 .7184 8.4856 2.78604 1.63666 
612 1922.7 294166 374544 229220928 24.7386 8.4902 2.78675 1.63399 
613 1925.8 295128 375769 230346397 24.7588 8.4948 2.78746 1.63132 
614 1928.9 296092 376996 231475544 24.7790 8.4994 2.78817 1.62866 

615 1932.1 297057 378225 232608375 24.7992 8.5040 2.78888 1.62602 
616 1935.2 298024 379456 233744896 24.8193 8.5086 2.78958 1.62338 
617 1938.4 298992 380689 234885113 24.8395 8.5132 2.79029 1.62075 
618 1941.5 299962 381924 236029032 24.8596 8.5178 2.79099 1.61812 
619 1944.7 300934 383161 237176659 24.8797 8.5224 2.79169 1.61551 

620 1947.8 301907 384400 238328000 24.8998 8.5270 2.79239 1. 61290 
621 1950.9 302882 385641 239483061 24.9199 8.5316 2.79309 1.61031 
622 1954.1 303858 386884 240641848 24.9399 8.5362 2.79379 1.60772 
623 1957.2 304836 388129 241804367 24 .9600 8.5408 2.79449 1.60514 
624 1960.4 305815 389376 242970624 24 .9800 8.5453 2.79518 1.60256 

625 1963.5 306796 390625 244140625 25 .0000 8.5499 2.79588 1.60000 
626 1966.6 307779 391876 245314376 25.0200 8.5544 2.79657 1.59744 
627 1969.8 308763 393129 246491883 25.0400 8.5590 2.79727 1.59490 
628 1972.9 309748 394384 247673152 25.0599 8.5635 2.79796 1.59236 
629 1976.1 310736 395641 248858189 25.0799 8.5681 2.79865 1.58983 

630 1979.2 311725 396900 250047000 25.0998 8.5726 2.79934 1.58730 
631 1982.4 312715 398161 251239591 25 .1197 8.5772 2.80003 1.58479 
632 1985.5 313707 399424 252435968 25.1396 8.5817 2.80072 1.58228 
633 1988.6 314700 400689 253636137 25.1595 8.5862 2.80140 1.57978 
634 1991.8 315696 401956 254840104 25.1794 8.5907 2.80209 1.57729 

635 1994.9 316692 403225 256047875 25 .1992 8.5952 2.80277 1.57480 
636 1998.1 317690 404496 257259456 25.2190 8.5997 2.80346 1.57233 
637 2001.2 318690 405769 258474853 25.2389 8.6043 2.80414 1.56986 
638 2004.3 319692 407044 259694072 25.2587 8.6088 2.80482 1.56740 
639 2007.5 320695 408321 260917119 25.2784 8.6132 2.80550 1.56495 
640 2010.6 321699 409600 262144000 25.2982 8.6177 2.80618 1.56250 
641 2013.8 322705 410881 263374721 25.3180 8.6222 2.80686 1.56006 
642 2016.9 323713 412164 264609288 25.3377 8.6267 2.80754 1.55763 
643 2020.0 324722 413449 265847707 25.3574 8.6312 2.80821 1.55521 
644 2023.2 325733 414736 267089984 25.3772 8.6357 2.80889 1.55280 

645 2026.3 326745 416025 268336125 25.3969 8 .6401 2.80956 1.55039 
646 2029.5 327759 417316 269586136 25 .4165 8.6446 2.81023 1.54799 
647 2032.6 328775 418609 270840023 25.4362 8.6490 2.81090 1.54560 
648 2035.8 329792 419904 272097792 25.4558 8.6535 2.81158 1.54321 
649 2038.9 330810 421201 273359449 25.4755 8.6579 2.81224 1.54083 
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CIRCU])IFERENCES, CIRCULAR AREAS, SQUARES, CURES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND 

RECIPROCALS OF NOS. FRO])I 1 TO 1000. 

No. = Diam. Square Cube 1000 X No. Squ.are. Cube. Log. 
Circum. A1'ca. 

Root. Root. Recip. 

- ---------------------
650 2042.0 331831 422500 274625000 25.4951 8.6624 2.81291 1.53846 
651 2045.2 332853 423801 275894451 25.5147 8.6668 2.81358 1.53610 
652 2048.3 333876 425104 277167808 25.5343 8.6713 2.81425 1.53374 
653 2051.5 334901 426409 278445077 25.5539 8.6757 2.81491 1.53139 
654 2054.6 335927 427716 279726264 25.5734 8.6801 2.81558 1.52905 
655 2057.7 336955 429025 281011375 25.5930 8.6845 2.81624 1.52672 
656 2060.9 337985 430336 282300416 25.6125 8.6890 2.81690 1.52439 
657 2064.0 339016 431649 283593393 25.6320 8.6934 2.81757 1.52207 
658 2067.2 340049 432964 284890312 25.6515 8.6978 2.81823 1.51976 
659 2070.3 341084 434281 286191179 25.6710 8.7022 2.81889 1.51745 
660 2073.5 342119 435600 287496000 25.6905 8.7066 2.81954 1.51515 
661 2076.6 343157 436921 288804781 25.7099 8.7110 2.82020 1.51286 
662 2079.7 344196 438244 290117528 25.7294 8.7154 2.82086 1.51057 
663 2082.9 345237 439569 291434247 25.7488 8.7198 2.82151 1.50830 
664 2086.0 346279 440896 292754944 25.7682 8.7241 2.82217 1.50602 
665 2089.2 347323 442225 294079625 25.7876 8.7285 2.82282 1.50376 
666 2092.3 348368 443556 295408296 25.8070 8.7329 2.82347 1.50150 
667 2095.4 349415 444889 296740963 25.8263 8.7373 2.82413 1.49925 
668 2098.6 350464 446224 298077632 25.8457 8.7416 2.82478 1.49701 
669 2101.7 351514 447561 299418309 25.8650 8.7460 2.82543 1.49477 
670 2104.9 352565 448900 300763000 25.8844 8.7503 2.82607 1.49254 
671 2108.0 363618 450241 302111711 25.9037 8.7547 2.82672 1.49031 
672 2111.2 354673 451584 303464448 25.9230 8.7590 2.82737 1.48810 
673 2114.3 355730 452929 304821217 25.9422 8.7634 2.82802 1.48588 
674 2117.4 356788 454276 306182024 25.9615 8.7677 2.82866 1.48368 
675 2120.6 357847 455625 307546875 25.9808 8.7721 2.82930 1.48148 
676 2123.7 358908 456976 308915776 26.0000 8.7764 2.82995 1.47929 
677 2126 .9 359971 458329 310288733 26.0192 8.7807 2.83059 1.47711 
678 2130.0 361035 459684 311665752 26.0384 8.7850 2.83123 1.47493 
679 2133 .1 362101 461041 313046839 26.0576 8.7893 2.83187 1.47275 
680 2136.3 363168 462400 314432000 26.0768 8.7937 2.83251 1.47059 
681 2139.4 364237 463761 315821241 26.0960 8.7980 2.83315 1.46843 
682 2142.6 365308 465124 317214568 26.1151 8.8023 2.83378 1.46628 
683 2145.7 366380 466489 318611987 26.1343 8.8066 2.83442 1.46413 
684 2148.9 367453 467856 320013504 26.1634 8.8109 2.83506 1.46199 
685 2152.0 368528 469225 321419125 26.1725 8.8152 2.83569 1.45985 
686 2155.1 369605 470596 322828856 26.1916 8.8194 2.83632 1.45773 
687 2158.3 370684 471969 324242703 26.2107 8.8237 2.83696 1.45560 
688 2161. 4 371764 473344 325660672 26.2298 8.8280 2.83759 1.45349 
689 2164.6 372845 474721 327082769 26.2488 8.8323 2.83822 1.45138 
690 2167.7 373928 476100 328509000 26.2679 8.8366 2.83885 1.44928 
691 2170.8 375013 477481 329939371 26:2869 8.8408 2.83948 1. 44718 
692 2174.0 376099 478864 331373888 26.3059 8.8451 2.84011 1.44509 
693 2177.1 377187 480249 332812557 26.3249 8.8493 2.84073 1. 44300 
694 2180.3 378276 481636 334255384 26.3439 8.8536 2.84136 1.44092 
695 2183.4 379367 483025 335702375 26 .3629 8.8578 2.84198 1.43885 
696 2186.6 380459 484416 337153536 26 .3818 8.8621 2.84261 1.43678 
697 2189.7 381554 485809 338608873 26.4008 8.8663 2.84323 1.43472 
698 2192.8 382649 487204 340068392 26.4197 8.8706 2.84386 1.43267 
699 2196.0 383746 488601 341532099 26.4386 8.8748 2.84448 1.43062 
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, :r.OGARITHl\IS, AND 

RECIPROCALS OF NOS. FROl\[ 1 TO 1000. 

No. = Diam. Square Cube JOOO X 
No. Square. Cube. Root. Root. Log. Recip. 

Oircum. Area. 
- --------------------
700 2199.1 384845 490000 343000000 26.4575 8.8790 2.84510 1.42857 
701 2202.3 385945 491401 344472101 26.4764 8.8833 2.84572 1.42653 
702 2205.4 387047 492804 345948408 26.4953 8.8875 2.84634 1. 42450 
703 2208.5 388151 494209 347428927 26.5141 8.8917 2.84696 1.42248 
704 2211.7 389256 495616 348913664 26.5330 8.8959 2.84757 1.42046 

705 2214.8 390363 497025 350402625 26.5518 8.9001 2.84819 1.41844 
706 2218.0 391471 498436 351895816 26.5707 8.9043 2.84880 1.41643 
707 2221.1 392580 499849 353393243 26.5895 8.9085 2.84942 1.41443 
708 2224.3 393692 501264 354894912 26 .6083 8.9127 2.85003 1.41243 
709 2227.4 394805 502681 356400829 26.6271 8.9169 2.85065 1.41044 

710 2230.5 395919 504100 357911000 26.6458 8.9211 2.85126 1.40845 
711 2233.7 397035 505521 359425431 26.6646 8.9253 2.85187 1.40647 
712 2236.8 398153 506944 360944128 26.6833 8.9295 2.85248 1.40449 
713 2240.0 399272 508369 362467097 26.7021 8.9337 2.85309 1.40253 
714 2243.1 400393 509796 363994344 26.7208 8.9378 2.85370 1.40056 

715 2246.2 401515 511225 365525875 26.7395 8.9420 2.85431 1.39860 
716 2249.4 402639 512656 367061696 26.7582 8.9462 2.85491 1.39665 
717 2252.5 403765 514089 368601813 26.7769 8.9503 2.85552 1.39470 
718 2255.7 404892 515524 370146232 26.7955 8.9545 2.85612 1.39276 
719 2258.8 406020 516961 371694959 26.8142 8.9587 2.85673 1.39082 

720 2261.9 407150 518400 373248000 26.8328 8.9628 2.85733 1.38889 
721 2265.1 408282 519841 374805361 26.8514 8.9670 2.85794 1.38696 
722 2268.2 409416 521284 376367048 26.8701 8.9711 . 2.85854 1.38504 
723 2271.4 410550 522729 377933067 26.8887 8.9752 2.85914 1.38313 
724 2274.5 411687 524176 379503424 26.9072 8.9794 2.85974 1.38122 

725 2277.7 412825 525625 381078125 26.9258 8.9835 2.E6034 1.37931 
726 2280.8 413965 527076 382657176 26.9444 8.9876 2.86094 1.37741 
727 2283.9 415106 528529 384240583 26.9629 8.9918 2.86153 1.37552 
728 2287.1 416248 529984 385828352 26.9815 8.9959 2.86213 1.37363 
729 2290.2 417393 531441 387420489 27 .0000 9.0000 2.86273 1.37174 

730 2293.4 418539 532900 389017000 27 .0185 9.0041 2.86332 1.36986 
731 2296.5 419686 534361 390617891 27.0370 9.0082 2.86392 1.36799 
732 2299.7 420835 535824 392223168 27.0555 9.0123 2.86451 1.36612 
733 2302.8 421986 537289 393832837 27.0740 9.0164 2.86510 1.36426 
734 2305.9 423138 538756 395446904 27.0924 9.0205 2.86570 1.36240 

735 2309.1 424293 540225 397065375 27.1109 9.0246 2.86629 1.36054 
736 2312.2 425448 641696 398688266 27 .1293 9.0287 2.86688 1.35870 
737 2315.4 426604 543169 400315553 27.1477 9.0328 2.86747 1.35685 
738 2318.5 427762 544644 401947272 27.1662 9.0369 2.86806 1.35501 
739 2321.6 428922 546121 403583419 27 .1846 9.0410 2.86864 1.35318 

740 2324.8 430084 547600 405224000 27.2029 9.0450 2.86923 1.35135 
741 2327.9 431247 549081 406869021 27.2213 9.0491 2.86982 1.34953 
742 2331.1 432412 550564 408518488 27.2397 9.0532 2.87040 1.34771 
743 2334.2 433578 552049 410172407 27.2580 9.0572 2.87099 1.34590 
744 2337.3 434746 553536 411830784 27.2764 9.0613 2.87157 1.34409 

745 2340.5 435916 555025 413493625 27.2947 9.0654 2.87216 1.34228 
746 2343.6 437087 556516 415160936 27.3130 9.0694 2.87274 1.34048 
747 2346.8 438259 558009 416832723 27.3313 9.0735 2.87332 l.33869 
748 2349.9 439433 559504 418508992 27.3496 9.0775 2.87390 1.33690 
749 2353.1 440609 561001 420189749 27.3679 9.0816 2.87448 1.33511 
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OIRcmlFERENCES, CIRCULAR AREAS, SQUARES, CURES, 
SQUARE ROOTS, CURE ROOTS, LOGARITImIS, AND 

RECIPROCALS OF NOS. FROllI 1 TO 1000. 

No. - Diam. I Square Oube 1000 X N6. Square. Oube. Root. Roo/. Log. Recip. 
Oircum. Area. 

----- -
750 2356.2 441786 562500 421875000 27.3861 9.0856 2.87506 1.33383 
751 2359.3 442965 564001 423564751 27.4044 9.0896 2.87564 1.33156 
752 2362.5 444146 565504 425259008 27.4226 9.0937 2.87622 1.32979 
753 2365 .6 445328 567009 426957777 27.4408 9.0977 2.87679 1.32802 
754 2368.8 446511 568516 428661064 27 .4591 9.1017 2.87737 1.32626 
755 2371.9 447697 570025 430368875 27 .4773 9.1057 2.87795 1.32450 
756 2375.0 448883 571536 432081216 27.4955 9.1098 2.87852 1.32275 
757 2378.2 450072 573049 433798093 27.5136 9.1138 2.87910 1.32100 
758 2381.3 451262 574564 435519512 27.5318 9.1178 2.87967 1.31926 
759 2384.5 452453 576081 437245479 27.5500 9.1218 2.88024 1.31752 
760 2387.6 453646 577600 438976000 27.5681 9.1258 2.88081 1.31579 
761 2390.8 454841 579121 440711081 27.5862 9.1298 2.88138 1.31406 
762 2393.9 456037 580644 442450728 27.6043 9.1338 2.88195 1.31234 
763 2397.0 457234 582169 444194947 27.6225 9.1378 2.88252 1.31062 
764 2400.2 458434 583696 445943744 27.6405 9.1418 2.88309 1.30890 
765 2403.3 459635 585225 447697125 27.6586 9.1458 2.88366 1.30719 
766 2406.5 460837 586756 449455096 27.6767 9.1498 2.88423 1.30648 
767 2409.6 462042 688289 451217663 27.6948 9.1537 2.88480 1.30378 
768 2412.7 463247 589824 452984832 27.7128 9.1577 2.88536 1.30208 
769 2415.9 464454 591361 454756609 27.7308 9.1617 2.88593 1.30039 
770 2419.0 465663 592900 456533000 27.7489 9.1657 2 .88649 1.29870 
771 2422.2 466873 594441 458314011 27.7669 9.1696 2.88705 1.29702 
772 2425.3 468085 595984 460099848 27.7849 9.1736 2.88762 1.29534 
773 2428.5 469298 597529 461889917 27.8029 9.1775 2.88818 1.29366 
774 2431.6 470513 599076 463684824 27 .8209 9.1815 2.88874 1.29199 
775 2434.7 471730 600625 465484375 27.8388 9.1855 2.88930 1.29032 
776 2437.9 472948 602176 467288576 27.8568 9.1894 2.88986 1.288€6 
777 2441. 0 474168 603729 469097433 27.8747 9.1933 2.89042 1.28700 
778 2444.2 475389 605284 470910952 27.8927 9.1973 2.89098 1.28535 
779 2447.3 476612 606841 472729139 27.9106 9.2012 2.89154 1.28370 
780 2450.4 477836 608400 474552000 127.9285 9.2052 2.89209 1.28205 
781 2453.6 479062 609961 476379541 27.9464 9.2091 2.89265 1.28041 
782 2456.7 480290 611524 478211768 27.9643 9.2130 2.89321 1.27877 
783 2459.9 481519 613089 480048687 27.9821 9.2170 2.89376 1.27714 
784 2463.0 482750 614656 481890304 28.0000 9.2209 2.89432 1.27551 
785 2466.2 483982 616225 483736625 28.0179 9.2248 2.89487 1.27389 
786 2469.3 485216 617796 485587656 28.0357 9.2287 2.89542 1.27226 
787 2472.4 486451 619369 487443403 28.0535 9.2326 2.89597 1.27065 
788 2475.6 487688 820944 489303872 28.0713 9.2365 2.89653 1.26904 
789 2478.7 488927 622521 491169069 28.0891 9.2404 2.89708 1.26743 
790 2481.9 490167 624100 493039000 28.1069 9.2443 2.89763 1.26582 
791 2485.0 491409 625681 494913671 28 .1247 9.2482 2.89818 1.26422 
792 2488.1 492652 627264 496793088 28.1425 9.2521 2.89873 1.26263 
793 2491.3 493897 628849 498677257 28.1603 9.2560 2.89927 1.26103 
794 2494.4 495143 630436 500566184 28.1780 9.2599 2.89982 1.25945 
795 2437.6 496391 632025 502459875 28.1957 9.2638 2.90037 1.25786 
796 2500.7 497641 633616 604358336 28.2135 9.2677 2.90091 1.25628 
797 2503.8 498892 635209 506261573 28.2312 9.2716 2.90146 1.25471 
798 2507.0 500145 636804 508169592 28 .2489 9.2764 2.90200 1.25313 
799 2510.1 501399 I 638401 510082399 28.2666 9.2793 2.90255 1.25156 
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CIRCUl\lFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHl\IS, AND 

RECIPROCALS OF NOS. FROlU 1 TO 1000. 

No. = Diam. 
S:k~~~~e Gube 1000 X 

No. Square. Gltbe. Log. 
Circum. Area. 

Root. Recip. 

- -------------------
800 2513.3 502655 640000 512000000 28.2843 9.2832 2.90309 1.25000 
801 2516.4 503912 641601 513922401 28.3019 9.2870 2.90363 1.24844 
802 2519.6 505171 643204 515849608 28.3196 9.2909 2.90417 1.24688 
803 2522.7 506432 644809 517781627 28.3373 9.2948 2.90472 1.24533 
804 2525.8 507694 646416 519718464 28.3549 9.2986 2.90526 1.24378 

805 2529.0 508958 648025 521660125 28.3725 9.3025 2.90580 1.24224 
806 :<532.1 510223 649636 523606616 28.3901 9.3063 2.90634 1.24069 
807 2535.3 511490 651249 525557943 28.4077 9.3102 2.90687 1.23916 
808 2538.4 512758 652864 527514112 28.4253 9.3140 2.90741 1.23762 
809 2541.5 514028 654481 529475129 28.4429 9'3179 2.90795 1.23609 

810 2544.7 515300 656100 531441000 28.4605 9.3217 2.90849 1.23457 
811 2547.8 516573 657721 533411731 28.4781 9.3255 2.90902 1.23305 
812 2551.0 517848 659344 535387328 28.4956 9.3294 2.90956 1.23153 
813 2554.1 519124 560969 537367797 28.5132 9.3332 2.91009 1.23001 
814 2557.3 520402 662596 539353144 28.5307 9.3370 2.91062 1.22850 

815 2560.4 521681 664225 541343375 28.5482 9.3408 2.91116 1.22699 
816 2563.5 522962 665856 543338496 28.5657 9.3447 2.91169 1.22549 
817 2566.7 524245 667489 545338513 28.5832 9.3485 2.91222 1.22399 
818 2569.8 525529 669124 547343432 28.6007 9.3523 2.91275 1.22249 
819 2573.0 526814 670761 549353259 28.6182 9.3561 2.91328 1.22100 

820 2576.1 528102 672400 551368000 28.6356 9.3599 2.91381 1.21951 
821 2579.2 529391 674041 553387661 28.6531 9.3637 2.91434 1.21803 
822 2582.4 530681 675684 555412248 28.6705 9.3675 2.91487 1.21655 
823 2585.5 531973 677329 557441767 28.6880 9.3713 2.91540 1.21507 
824 2588.7 533267 678976 559476224 28.7054 9.3751 2.91593 1.21359 

825 2591.8 534562 680625 561515625 28.7228 9.3789 2.91645 1.21212 
826 2595.0 535858 682276 563559976 28.7402 9 .3827 2.91698 1.21065 
827 2598.1 537157 683929 565609283 28.7576 9.3865 2.91751 1.20919 
828 2601.2 538456 685584 567663552 28.7750 9.3902 2.91803 1.20773 
829 2604.4 539758 687241 569722789 28.7924 9.3940 2.91855 1.20627 

830 2607.5 541061 688900 571787000 28.8097 9.3978 2.91908 1.20482 
831 2610.7 542365 690561 573856191 28.8271 9.4016 2.91960 1.20337 
832 2613.8 543671 692224 575930368 28.8444 9.4053 2.92012 1.20192 
833 2616.9 544979 693889 578009537 28.8617 9.4091 2.92065 1.20048 
834 2620.1 546288 695556 580093704 28.8791 9.4129 2.92117 1.19904 

835 2623.2 547599 697225 582182875 28.8964 9.4166 2.92169 1.19760 
836 2626.4 548912 698896 584277056 28.9137 9.4204 2.92221 1.19617 
837 2629.5 550226 700569 586376253 28.9310 9.4241 2.92273 1.19474 
838 2632.7 551541 702244 588480472 28.9482 9.4279 2.92324 1.19332 
839 2635.8 552858 703921 590589719 28.9655 9.4316 2.92376 1.19189 

840 2638.9 554177 705600 592704000 28.9828 9.4354 2.92428 1.19048 
841 2642.1 555497 707281 594823321 29.0000 9.4391 2.92480 1.18906 
842 2645.2 556819 708964 596947688 29.0172 9.4429 2.92531 1.18765 
843 2648.4 558142 710649 599077107 29.0345 9.4466 2.92583 1.18624 
844 2651.5 559467 712336 601211584 29.0517 9.4503 2.92634 1.18483 

845 2654.6 560794 714025 603351125 29.0689 9.4541 2.92686 {18343 
846 2657.8 562122 715716 605495736 29.0861 9.4578 2.92737 .18203 
847 2660.9 563452 717409 607645423 29.1033 9.4615 2.92788 1.18064 
848 2664.1 564783 719104 609800192 29.1204 9.4652 2.92840 1.17925 
849 2667.2 566116 720801 611960049 29.1376 9.4690 2 . 92891 1.17786 
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CIRCUJlIFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, LOGARITHJI:IS, AND 

RECIPROCALS OF NOS. FROJl:I 1 TO 1000. 

1{o. = Diam. Square Cube 1000 X No. Squat"e. Cube. Mg. 
Ch'emn. A1'ea. 

Root. Root. Recip. 

- ~ ----- - ------------
850 2670.4 567450 722500 614125000 29.1548 9.4727 2.92942 1.17647 
851 2673.5 568786 724201 616295051 29.1719 9.4764 2.92993 1.17509 
852 2676.6 570124 725904 618470208 29.1890 9.4801 2.93044 1.17371 
853 2679.8 571463 727609 620650477 29.2062 9.4838 2.93095 1.17233 
854 2682.9 572803 729316 622835864 29.2233 9.4875 2.93146 1.17096 

855 2686.1 574146 731025 625026375 29.2404 9.4912 2.93197 1.16959 
856 2689.2 575490 732736 627222016 29.2575 9.4949 2.93247 1.16822 
857 2692.3 576835 734449 629422793 29.2746 9.4986 2.93298 1.16686 
858 2695.5 678182 736164 631628712 29.2916 9.5023 2.93349 1.16550 
859 2698.6 579530 737881 633839779 29.3087 9.5060 2.93399 1.16414 

860 2701.8 580880 739600 636056000 29.3258 9.5097 2.93450 1.16279 
861 2704 .9 582232 741321 638277381 29.3428 9.5134 2.93500 1.16144 
862 2708.1 583585 743044 640503928 29.3598 9.5171 2.93551 1.16009 
863 2711.2 584940 744769 642735647 29.3769 9.5207 2.93601 1.15875 
864 2714.3 585297 746496 644972544 29.3939 9.5244 2.93651 1.15741 

865 2717.5 587655 748225 647214625 29.4109 9.5281 2.93702 1.1560'7 
866 2720.6 589014 749956 649461896 29.4279 9.5317 2.93752 1.15473 
867 2723.8 590375 751689 651714363 29.4449 9.5354 2.93802 1.15340 
868 2726.9 591738 753424 653972032 29.4618 9.5391 2.93852 1.15207 
869 2730.0 593102 755161 656234909 29.4788 9.5427 2.93902 1.15075 
870 2733.2 594468 756900 658503000 29.4958 9.5464 2.93952 1.14943 
871 2736.3 595835 758641 660776311 29.5127 9.5501 2.94002 1.14811 
872 2739.5 597204 760384 663054848 29.5296 9.5537 2.94052 1.14679 
873 2742.6 598575 762129 665338617 29.5466 9.5574 2.94101 1.14548 
874 2745.8 599947 763876 667627624 29.5635 9.5610 2.94151 1.14416 

875 2748.9 601320 765625 669921875 29.5804 9.5647 2.94201 1.14286 
876 2752.0 602696 767376 672221376 29.5973 9.5683 2.94250 1.14155 
877 2755.2 604073 769129 674526133 29.6142 9.5719 2.94300 1.14025 
878 2758.3 605451 770884 676836152 29.6311 9.5756 2.94349 1.13895 
879 2761.5 606831 772641 679151439 29.6479 9.5792 2.94399 1.13766 

880 2764.6 608212 774400 681472000 29.6648 9.5828 2.94448 1.13636 
881 2767.7 609595 776161 683797841 29.6816 9.5865 2.94498 1.13507 
882 2770.9 610980 777924 686128968 29.6985 9.5901 2.94547 1.13379 
883 2774.0 612366 779689 688465387 29.7153 9.5937 2.94596 1.13250 
884 2777.2 613754 781456 690807104 29.7321 9.5973 2.94645 1.13122 

885 2780.3 615143 783225 693154125 29.7489 9.6010 2.94694 1.12994 
886 2783.5 616534 784996 695506456 29.7658 9.6046 2.94743 1.12867 
887 2786.6 617927 786769 697864103 29.7825 9.6082 2.94792 1.12740 
888 2789.7 619321 788544 700227072 29.7993 9.6118 2.94841 1.12613 
889 2792.9 620717 790321 702595369 29.8161 9.6154 2.94890 1.12486 

890 2796.0 622114 792100 704969000 29.8329 9.6190 2.94939 1.12360 
891 2799.2 623513 793881 707347971 29.8496 9.6226 2.94988 1.12233 
892 2802.3 624913 795664 709732288 29.8664 9.6262 2.95036 1.12108 
893 2805.4 626315 797449 712121957 29.8831 9.6298 2.95085 1.11982 
894 2808.6 627718 799236 714516984 29.8998 9.6334 2.95134 1.11857 

895 2811.7 629124 801025 716917375 29.9166 9.6370 2.95182 1.11732 
896 2814.9 630530 802816 719323136 29.9333 9.6406 2.95231 1.11607 
897 2818.0 631938 804609 721734273 29.9500 9.6442 2.95279 1.11483 
898 2821.2 633348 806404 724160792 29.9666 9.6477 2.95328 1.11359 
899 2824.3 634760 808201 726572699 29.9833 9.6513 2.95376 1.11235 
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE ROOTS, CUBE ROOTS, I"OGARITHMS, AND 

RECIPROCALS OF NOS. FR01}[ 1 TO 1000. 

No. = Diam. Square Cube JOOOX 
No. Square. Cube. Log. 

CircU'ln. Area. 
Root. Root. Recip. 

--------------------- --
900 2827.4 636173 810000 729000000 30.0000 9.6549 2.95424 1.11111 
901 2830.6 637587 811801 731432701 30.0167 9.6585 2.95472 1.10988 
902 2833.7 639003 813604 733870808 30.0333 9.6620 2.95521 1.10865 
903 2836.9 640421 815409 736314327 30.0500 9.6655 2.95569 1.10742 
904 2840.0 641840 817216 738763264 30.0666 9.6692 2.95617 1.10619 

905 2843.1 643261 819025 741217625 30.0832 9.6727 2.95665 1.10497 
906 2846.3 644683 820836 743677416 30.0998 9.6763 2.95713 1.10375 
907 2849.4 646107 822649 746142643 30.1164 9.6799 2.95761 1.10254 
908 2852.6 647833 824464 748613312 30.1330 9.6834 2.95809 1.10132 
909 2855.7 648360 826281 751089429 30.1496 9.6870 2.95856 1.10011 

910 2858.8 650388 828100 753571000 30.1662 9.6905 2.95904 1.09890 
911 2862.0 651818 829921 756058031 30.1828 9.6941 2.95952 1.09769 
912 2865.1 653250 831744 758550528 30.1993 9.6976 2.95999 1.09649 
913 2868.3 654684 833569 761048497 30.2159 9.7012 2.96047 1.09529 
914 2871. 4 656118 835396 763551944 30.2324 9.7047 2.96095 1.09409 

915 2874.6 657555 837225 766060875 30.2490 9.7082 2.96142 1.09290 
916 2877.7 658993 839056 768575296 30.2655 9.7118 2.96190 1.09170 
917 2880.8 660433 840889 771095213 30.2820 9.7153 2.96237 1.09051 
918 2884.0 661874 842724 773620632 30.2985 9.7188 2.96284 1.08932 
919 2887.1 663317 844561 776151559 30.3150 9.7224 2.96332 1.08814 

920 2890.3 664761 846400 778688000 30.3315 9.7259 2.96379 1.08696 
921 2893.4 666207 848241 781229961 30.3480 9.7294 2.96426 1.08578 
922 2896.5 667654 850084 783777448 30.3645 9.7329 2.96473 1.08460 
923 2899.7 669103 851929 786330467 30.3809 9.7364 2.96520 1.08342 
924 2902.8 670554 853776 788889024 30.3974 9.7400 2.96567 1.08225 

925 2906.0 672006 855625 791453125 30.4138 9.7435 2.96614 1.08108 
926 2909.1 673460 857476 794022776 30.4302 9.7470 2.96661 1.07991 
927 2912.3 674915 859329 796597983 30.4467 9.7505 2.96708 1.07875 
928 2915.4 676372 861184 799178752 30.4631 9.7540 2.96755 1.07759 
929 2918.5 677831 863041 801765089 30.4795 9.7575 2.96802 1.07643 

930 2921.7 679291 864900 804357000 30.4959 9.7610 2.96848 1.07527 
931 2924.8 680752 866761 806954491 30.5123 9.7645 2.96895 1.07411 
932 2928.0 682216 868624 809557568 30.5287 9.7680 2.96942 1.07296 
933 2931.1 683680 870489 812166237 30.5450 9.7715 2.96988 1.07181 
934 2934.2 685147 872356 814780504 30.5514 9.7750 2.97035 1.07066 

935 2937.4 686615 874225 817400375 30.5778 9.7785 2.97081 1.06952 
936 2940.5 688084 876096 820025856 30.5941 9.7819 2.97128 1.06838 
937 2943.7 689555 877969 822656953 30.6105 9.7854 2.97174 1.06724 
938 2946.8 691028 8'79844 825293672 30.6268 9.7889 2.97220 1.06610 
939 2950.0 692502 881721 827936019 30.6431 9.7924 2.97267 1.06496 

940 2953.1 693978 883600 830584000 30.6594 9.7959 2.97313 1.06383 
941 2955.2 695455 885481 833237621 30.6757 9.7993 2.97359 1.06270 
942 2959.4 696934 887364 835896888 30.6920 9.8028 2.97405 1.06157 
943 2962.5 698415 889249 838561807 30.7083 9.8063 2.97451 1.06045 
944 2965.7 699897 891136 841232384 30.7246 9.8097 2.97497 1.05932 

945 2968.8 701380 893025 843908625 30.7409 9.8132 2.97543 1.05820 
946 2971.9 702865 894916 846590536 30.7571 9.8167 2.97589 1.05708 
947 2975.1 704352 896809 849278123 30.7734 9.8201 2.97635 1.05597 
948 2978.2 705840 898704 851971392 30.7896 9.8236 2.9768 l 1.05485 
949 2981. 4 707330 900601 854670349 30.8058 9.8270 2.97727 1. 05374 
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CI RCUl\[FEREN CES, CIRCULAR AREAS, SQUARES, CUBES, 
SQUARE l{OOTS, CUBE ROOTS, LOGARTTlD[S, AND 

RECIPROCALS OF NOS . .I<' RO;'l[ 1 TO 1000. 

No. = Diam. I &J!Ulre. 
Square I Cub. 1000 X }{o. Cube. Root. Roo/. lAg. Recip. 

Oircum. A,·ea. 
- ----I- - - - ----- - - - --
950 2984 .5 708822 902500 857375000 30.8221 9.8305 2.97772 1.05263 
951 2987 .7 710315 904401 860085351 30 .8383 9.8339 2.97818 1.05152 
952 2990 .8 711809 906304 862801408 30.8545 9.8374 2.97864 1.05042 
953 2993 .9 713306 908209 865523177 30.8707 9.8408 2.97909 1.04932 
954 2997.1 714803 910116 868250664 30.8869 9.8443 2.97955 1.04822 
955 3000.2 716303 912025 870983875 30.9031 9.8477 2.98000 1.04712 
956 3003 .4 717804 913936 873722816 30.9192 9.8511 2.98046 1.04603 
957 3006.5 719306 915849 876467493 30.9354 9.8546 2.98091 1.04493 
958 3009.6 720810 917764 879217912 30.9516 9.8580 2.98137 1.04384 
959 3012 .8 722316 919681 881974079 30.9677 9.8614 2.98182 1.04275 
960 3015 .9 723823 921600 884736000 30.9839 9.8648 2.98227 1.04167 
961 3019.1 725332 923521 887503681 31.0000 9.8683 2.98272 1.04058 
962 3022 .2 726842 925444 890277128 31.0161 9.8717 2.98318 1.03950 
963 3025.4 728354 927369 893056347 31.0322 9.8751 2.98363 1.03842 
964 3028.5 729867 929296 895841344 31.0483 9.8785 2.98408 1.03734 
965 3031.6 731382 931225 898632125 3{0644 9.8819 2.98453 1.03627 
966 3034.8 732899 933158 901428696 31.0805 9.8854 2.98498 1.03520 
967 3037.9 734417 935089 904231063 31.0966 9.8888 2.98543 1.03413 
968 3041.1 735937 937024 907039232 31.1127 9.8922 2.98588 1.03306 
969 3044.2 737458 938961 909853209 31.1288 9.8956 2.98632 1.03199 
970 3047.3 738981 940900 912673000 31.1448 9.8990 2.98677 1.03093 
971 3050.5 740506 942841 915498611 31.1609 9.9024 2.98722 1.02987 
972 3053.6 742032 944784 918330048 31.1769 9.9058 2.98767 1.02881 
973 3056.8 743559 946729 921167317 31.1929 9.9092 2.98811 1.02775 
974 3059.9 745088 948676 924010424 31.2090 9.9126 2.98856 1.02669 
975 3063.1 748619 950625 926859375 31.2250 9.9160 2.98900 1.02564 
976 3066.2 748151 952576 929714176 31.2410 9.9194 2.98945 1.02459 
977 3069.3 749685 954529 932574833 31.2570 9.9227 2.98989 1.02354 
978 3072.5 751221 956484 935441352 31.2730 9.9261 2.99034 1.02249 
979 3075.6 752758 958441 938313739 31.2890 9.9295 2.99078 1.02145 
980 3078.8 754296 960400 941192000 31.3050 9.9329 2.99123 1.02041 
981 3081.9 755837 962361 944076141 31.3209 9.9363 2.99167 1.01937 
982 3085.0 757378 964324 946966168 31.3369 9.9396 2.99211 1.01833 
983 3088.2 758922 966289 949862087 31.3528 9.9430 2.99255 1.01729 
984 3091.3 760466 968256 952763904 31.3688 9.9464 2.99300 1.01626 
985 3094.5 762013 970225 955671625 31.3847 9.9497 2.99344 1.01523 
986 3097.6 763561 972196 958585256 31.4006 9.9531 2.99388 1.01420 
987 3100.8 765111 974169 961504803 31.4166 9.9565 2.99432 1.01317 
988 3103.9 766662 976144 964430272 31.4325 9.9598 2.99476 1.01215 
989 3107.0 768214 978121 967361669 31.4484 9.9632 2.99520 1.01112 
990 3110.2 769769 980100 970299000 31.4643 9.9666 2.99564 1. 01010 
991 3113.3 771325 982081 973242271 31.4802 9.9699 2.99607 1.00908 
992 3116.5 772882 984064 976191488 31.4960 9.9733 2.99651 1.00806 
993 3119.6 774441 986049 979146657 31.5119 9.9766 2.99695 1.00705 
994 3122.7 776002 988036 982107784 31.5278 9.9800 2.99739 1.00604 
995 3125.9 777564 990025 985074875 31.5436 9.9833 2.99782 1.00503 
996 3129.0 779128 992016 988047936 31.5595 9.9866 2.99826 1.00402 
997 3132.2 780693 994009 991026973 31.5753 9.9900 2.99870 1.00301 
998 3135.3 782260 996004 994011992 31.5911 9.9933 2.99913 1.00200 
999 3138 .5 783828 9S8001 997002999 31.6070 9.9967 2.99957 1.00100 
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DECIMAL EQU IVALE NTS F OR V U LGAR 
F R A CTIONS. 

The given decimals are the parts 0 f inches corresponding to fraction of 
inches in first column; also, the parts of feet for the fraction of inches in 
third column. 

.0052 Xs .2552 3 X s .5052 6Xs .7552 9Xs 

i. :gig~25 y, H :~~g~25 3Ya ti:~ig~25 6Ya !loa 
.7604 9Y, 

7is 3 X e 67is 64 .765625 9Xs 

.0208 Xi .2708 3 Xi .5208 6Xi .7708 9'< 

-.b 
.0260 f)6 ~\- :~~~~5 ~ §t6 H :~~~g5 ~§16 ]~ 

.7760 9S)s 
.03125 % .78125 9% 

.0364 ?is .2865 3 gs .5364 6 ?is .7865 9Yis 

n\ 
.0417 ,;; ~ :~~~~75 3 . H :~!~~75 6~ S! 

.7917 9% 
.046875 ?is 3 71'6 6Xs .79687 5 971'6 

.0521 % .3021 3 5/ .5521 6% .8021 9% / 8 

ir; 
.0573 ~, i'rr .3073 ~f16 frr :~g~~ 6~, 

H 
.8073 g~6 .0625 Xi .3125 6% .8125 

.0677 1)S .3 1 77 30'6 .5677 61J(s .8177 g~6 
of.. 

.0729 Y. it :~~~~25 ~y. H :~i~~25 6% 
~t 

.8229 
.078125 'Ji, 'JiG 6 lKs .828125 9 1J{s 

.0833 1 .3333 4 .5833 7 .8333 10 

~~ 
.0885 lXs H :~~~~5 4tjs 1j) .5885 7Xs 

H 
.8385 1071's 

.09375 1Y, 48 32 .59375 7Ya .84375 lOY, 

.0990 IX!! .3490 4Xs .5990 7Xs .8490 lOXs 

iI: 
. 1 042 lXi H :~~~~75 4 Xi H :~g~~75 7Xi 

~.~ 
.8542 10Xi 

. 109375 1~6 4 X s 7Xs .859375 IOYl's 

. 1 146 Irs .3646 4% .6146 7% .8646 10%, 

. 1 198 1 ?is i 
.3698 4J{s 

i 
.6 198 706 i 

.8698 igtjs i .1250 1% .3750 4% .6250 7% .8750 

.130 2 lYts .3802 4 X s .6302 ~~6 .8802 10%6 

. 1354 1 % H :~~g~25 4 % it :~~g~25 H 
.8854 10% 

n\ . 140625 1~, 4l){G 7~, .890625 10~, 

.1458 I%" .3958 4%, .6458 7'\;; .8958 10% 

.1510 Ilj{s H :!g~g5 !?[s n :~~~g5 +9sG 

H 
.9010 ig~6 i'2. .15625 lYs .90625 

.1615 113{s .4114 41J{S .6615 7 1Xs .9115 10'XG 

.1667 2 .4167 5 H :~~n75 8 .9167 11 

it .. 1 71875 2Xs tr4 ·421875 5Xs 8X's ·H .921875 l1Xs 

.1771 2Ya .4271 5 Ys .6771 8% .9271 llYs 

.1823 2Xs .4323 5 X s .6823 ~li6 tfi 
'9323 l1Xs 

rt .187 5 2)4 rr; .4375 5)4 H .6875 .9375 11~ 

.1927 2~6 .4427 5fJ6 .6927 8})s .9427 i~~6 .1979 2% .4479 5 % .6979 8% .9479 
u .20 3 125 2Yis trt .453125 5Yis H .703125 SJ{s ~~ .953125 11,Xs 6' 

.2083 2~ .4583 5 % .7083 8% .9583 1 1% 

.2135 2X6 .4635 5riG .7135 g~6 .9635 11 %6 
-iz .21875 2% H .46875 5 % B .71875 ~! .96875 11% 

.2240 ~jz6 .47 40 ~jz6 .7240 8jz' .9740 i ifis .2292 .4792 .7292 8'~ 
H 

.9792 

H .234375 2lJ{s lit .484375 5IKs t.t .734375 SIX'S .984375 11'XG 

.2395 2% .4896 5% .7396 8% .9896 11% 

.2448 2171's .4948 5 lXs .7448 8 1%; .9948 111J(S 
~ .25 0 0 3 ! .5000 6 t .7500 9 1 1.0000 12 
4 

I 
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NATURAL TRIGONOMETRICAL FUNCTIONS. 

Deg. Jolin. Sine. Verso Cose- 11 Co- Se- vers' l Co- Min. Deg. Cos. cant. ung. tang. cant. Sin. sine. ----
0 0 .00000 1.0000 I n fin. .00000 1nfin. 1.0000 .00000 1. 0000 90 

10 .00291 .99709 343.77 · 00291 343.77 1.0000 .000001.99999 50 
20 .00582 .99418 171.89 .00582171.88 1.0000 .00002 .99998 40 
30 .00873 .99127 114.59 .00873114.59 1.0000 · 00004 .99996 30 
40 .01163 .98836

1

85.946 .01164 85.940 1.0001 .00007 .99993 20 
50 .01454 .98546 68.757 . 01454 68.750 1. 0001 

.
OOOl

l99989 
10 

1 0 '01745.9825557.299 .0174557.2901.0001 .00015.99985 89 
10 .020361.9796449.114.0203649.1041.0002 .00021 .99979 50 
20 .02327 .9767342.976 . 0232742.964 1. 0003 . 00027 .99973 40 
30 .02618 .97382 38.2011. 02618 38.1881. 0003 .00034 .99966 30 
40 ·"""'1·"'" " ... . =~" . '''r 000< 

· 00042 .99958 20 
50 . 03199 .96801 31.257 . 03201 31. 2411 . 0005 .00051 .99949 10 

2 0 .03490 .96510128.654 .0349228.6361.0006 · 00061 .99939 88 
10 .03781 .96219126.450 . 03783126.4321. 0007 · 00071 .99928 50 
20 .04071 .95929124.562 . 04075 24. 542 1. 0008 .00083 .99917 40 
30 .04362 .9563822 .925 . 0436622.9041 .0009 · 00095 .99905 30 
40 .04652 .95347 21.494 .04657 21. 470 1. 0011 .00108 .99892 20 
50 .04943 .95057 20.230 . 04949 20. 205 1. OOt2 .00122 .99878 10 

3 0 .05234 .94766 19.107 .05241 19. 08111.0014 .00137 .99863 87 
10 .05524 .94476 18.103 .05532 18. 075 1. 0015 .00153 .99847 50 
20 .05814 .94185 17.198 .05824 17.1691. 0017 .00169 .99831 40 
30 .06105 .93895 16.380 . 06116 16.3501.0019 .00186 .99813 30 
40 .06395 .93605 15.637 . 06408 15. 605 1. 0020 .00205 .99795 20 
50 .06685 .93314 14.958 

.""'" H ."''1'"'''' .00224 .99776 10 
4 0 . 06976 .93024 14.335 · 06993 14.3011. 0024 .00243 .99756 86 

10 .07266 .92734 13.763 · 07285 13. 727 1. 0026 .00264 .99736 50 
20 .07556 .92444 13.235 .07577 13.1971.0029 .00286 .99714 40 
30 .07846 .92154 12.745 · 07870 12.706 1.0031 .00308 .99692 30 
40 .08136 .91864 12.291 .08163 12.250 1. 0033 .00331 .99668 20 
50 .084261. 91574 11.868 .08456111.82611.0036 .00356 .99644 10 

5 0 .08715 .91284 11.474 . 08749 11 .4301.0038 .00380 .99619 85 
10 .09005 .90995 11.104 .0904211.0591.0041 .00406 .99594 50 
20 .09295.90705 10.758 .0933510.712 1. 0043 .00433 .99567 40 
30 .09584 .90415 10.433 .09629 10.385 1.0046 .00460 .99540 30 
40 .09874 .90126

1

10.127 .09922 10.078 1. 0049 .00489 .99511 20 
50 .10163 .89836 9.8391 .10216 9.7882 1. 0052 .00518 .99482 10 

G 0 .10453 .89547 9.5668 .1051019.5144 1.0055 .00548 .99452 84 
10 .10742 .89258 9.3092 .10805 9.25531. 0058 .00579 .99421 50 
20 .11031 .8896919.0651 .11099 9. 0098 1. 0061 .00110 .99390 40 
30 .11320.886808.8337 .11393 8.77691.0065 .00643 .99357 30 
40 .116091.883918.6138 .11688 8.5556 1. 0068 .00676 .99324 20 
50 .11898 .881028.4046 .11983

1
8.34491.0071 .00710 .99290 10 

7 0 .12187.8781318.2055 .12278 8.1443 1. 0075 .00745 .99255 83 
10 .12476 .87524 ,8.0156 .1257417.95301 .0079 .00781 .99219 50 
20 -Il'''' .12869 7 . 77031. 0082 . 00818 .99182 40 
30 .13053 .86947 7.6613 :i~~~lu~n :~ .00855 .99144 30 
40 .13341.866597.4957 .00894 .99106 20 
50 .13629 .86371 7 . 3372 .1375717.268711. 0094 .00933 .99067 10 

8 0 .13917 .86083 7.1863 .14054 7.1154 1. 0098 .00973 .99027 82 
10 .14205 .857957.0396 .143516.96821.0102 .01014 .98986 50 
20 .14493 .85507 6.8998 .14648 6.8269 1. 0107 .01056 .98944 40 
30 .14781 .852196.7655 .149456.69111. 0111 .01098 .98901 30 
40 .15068 .8493116.6363 .152436.56051. 0115 .01142 .98858 20 
50 .15356 .846446.5121 .155406.434811. 0120 .01186 .98814 10 

9 0 .15643 .8435616.39241· 15838r ·313T·0125 .01231 .98769 81 
Co- Vers. Se- Co- Tan- Cose- Vel's. Sine. sine. Sin. cant. lang. gent, cant. Cos . 
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NATURAL TRIGONOMETRICAL FUNCTIONS. 

Min. Sine. 
Verso Ci>se-

Tang. Ci>- Se- Vers. CiJ.. 
JJIin. Deg. Deg. Cos. cant. tang. cant. Sin. sine. 

-- -- - - - --- ------------- -
9 0 .15643 .84356 6.3924 .15838 6.3137 1.0125 .01231 .98769 81 

10 .15931 .84069 6.2772 .16137 6.1970 1.0129 .01277 .98723 5Q 
20 .16218 .83782 6 .1661 .16435 6.0844 1.0134 .01324 .98676 40 
30 .16505 .83495 6.0588 .16734 5.9758 1.0139 .01371 .98628 30 
40 .16791 .83208 5.9554 .17033 5 .8708 1. 0144 .01420 .98580 20 
50 .17078 .82922 5.8554 .17333 5.7694 1. 0149 .01469 .98531 10 

10 0 .17365 .82635 5.7588 .17633 5.6713 1. 0154 .01519 .98481 8 0 
10 .17651 .82349 5.6653 .17933 5.5764 1. 0159 .01570 .98430 50 
20 .17937 .82062 5.5749 .18233 5.4845 1. 0165 .01622 .98378 40 
30 .18223 .81776 5.4874 .18534 5.3955 1. 0170 .01674 .98325 30 
40 .18509 .81490 5. 4026 .18835 5.3093 1.0176 .01728 .98272 20 
50 .18795 .81205 5.3205 .19136 5.2257 1.0181 .01782 .98218 10 

11 0 .19081 .80919 5.2408 .19438 5.1445 1.0187 .01837 .98163 79 
10 .19366 .80634 5.1636 .19740 5.0658 1.0193 .01893 .98107 50 
20 .19652 .80348 5.0886 .20042 4.9894 1.0199 .01950 .98050 40 
30 .19937 .80063 5.0158 .20345 4.9151 1.0205 .02007 .97992 30 
40 .20222 .79778 4.9452 .20648 4.8430 1.0211 .02066 .97934 20 
50 .20506 .79493 4.8765 .20952 4.7728 1.0217 .02125 .97875 10 

12 0 .20791 .79209 4.8097 .21256 4.7046 1.0223 .02185 .97815 78 
10 .21076 .78924 4.7448 .21560 4.6382 1.0230 .02246 .97754 50 
20 .21360 .78640 4.6817 .21864 4.5736 1.0236 .02308 .97692 40 
30 .21644 .78356 4.6202 .22169 4.5107 1.0243 .02370 .97630 30 
40 .21928 .78072 4 .5604 .22475 4.4494 1·0249 .02434 .97566 20 
50 .22211 .77788 4 .5021 .22781 4.3897 1.0256 .02498 .97502 10 

13 0 .22495 .77505 4 .4454 .23087 4.3315 1.0263 .02563 .97437 77 
10 .22778 .77221 4 .3901 .23393 4.2747 1.0270 .02629 .97371 50 
20 .23061 .76938 4 .3362 .23700 4.2193 1.0277 .02695 .97304 40 
30 .23344 .76655 4.2836 .24008 4.1653 1.0284 .02763 .97237 30 
40 .23627 .76373 4.2324 .24316 4.1127 1.0291 .02831 .97169 20 
50 .23910 .76090 4.1824 .24624 4.0611 1.0299 .02900 .97099 10 

14 0 .24192 .75808 4.1336 .24933 4.0108 1.0306 .02970 .97029 76 
10 .24474 .75526 4. 0859 .25242 3.9616 1. 0314 .03041 .96959 50 
20 .24756 .75244 4.0394 .25552 3.9136 1.0321 .03113 .96887 40 
30 .25038 .74962 3.9939 .25862 3.8667 1.0329 .03185 .96815 30 
40 .25319 .74680 3.9495 ."26172 3.8208 1.0337 .03258 .96741 20 
50 .25601 .74399 3.9061 .26483 3.7759 1.0345 .03332 .96667 10 

15 0 .25882 .74118 3.8637 .26795 3 .7320 1. 0353 .03407 .96592 75 
10 .26163 .73837 3.8222 .27107 3.6891 1.0361 .03483 .96517 50 
20 .26443 .73556 3.7816 .27419 3.6470 1.0369 .03560 .96440 40 
30 .26724 .73276 3.7420 .27732 3.6059 1. 0377 .03637 .96363 30 
40 .27004 .72996 3.7031 .28046 3.5656 1. 0386 .03715 .96285 20 
50 .27284 .72716 3.6651 .28360 3.5261 1.0394 .03794 .96206 10 

16 0 .27564 .72436 3.6279 .28674 3.4874 1.0403 .03874 .96126 74 
10 .27843 .72157 3.5915 .28990 3.4495 1.0412 .03954 .96045 50 
20 .28122 .71877 3.5559 .29305 3.4124 1.0420 .04036 .95964 40 
30 .28401 .71608 3.5209 .29621 3.3759 1.0429 .04118 .95882 30 
40 .28680 .71320 3.4867 .29938 3.3402 1.0438 .04201 .95799 20 
50 .28959 .71041 3 .4532 .30255 3.3052 1. 0448 .04285 .95715 10 

17 0 .29237 .70763 3.4203 .30573 3.2708 1. 0457 .04369 .95630 73 
10 .29515 .70485 3.3881 .30891 3.2371 1.0466 .04455 .95545 50 
20 .29793 .70207 3.3565 .31210 3 .2041 1.0476 .04541 .95459 40 
30 .30070 .69929 3.3255 .31530 3.1716 1.0485 .04628 .95372 30 
40 .30348 .69652 3.2951 .31850 3.1397 1. 0495 .04716 .95284 20 
50 .30625 .693753 .2653 .321713.1084 1.0505 .04805 .95195 10 

18 .30902 .690983.2361 .3249213.0777 1.0515 .04894 .95106 72 
Ci>. VeI·s. Se- Co· Tan- Cose- Vel's. Sine. sine. Sin. cant. tang. gent. cant. Cos. 
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NATURAL TRIGONOMETRICAL FUNCTIONS. 

Deg. JJfut. 8>ne. Cbs. cant. Tang. tang. cant. Sin. sine. JJlin. Deg. . . Vel's. I Cbse- l Cb- I Be- Vel's. Gb-

18 0 .30902 .690983.2361 .324923.07771.0515.04894.95106 72 
10 .31178.688223.2074.328143.04751.0525 .04985 .95015 50 
20 .31454.68545

1

3.1792.331363.017811.0535.05076.94924 40 

19 

20 

21 

22 

23 

25 

26 

27 

30 .31730 .682693.1515 .334592.9887 1. 0545 .05168 .94832 30 
40 .32006.679943.1244.337832.96001.0555 .05260 .94740 20 
50 .32282.677183.0977.341082.93191.0566.05354.94646 10 
o .32557.674433.0715.344332.9042 1. 0576 .05448 .94552 

10 .32832.671683.0458.347582.87701.0587.05543.94457 50 
20 .33106.668943.0206.350852.85021.0598.05639.94361 40 
30 .33381. 66619 2.9957 .35412 2 . 8239 1. 0608 .05736 .94264 30 
40 .33655.663452.9713.357392.79801.0619.05833.94167 20 
50 .33928.660712.9474.360682.77251.0630.05932 .94068 10 
o .34202 .657982.9238 .363972 .74751. 0642 .06031 .93969 

10 .34475.655252.9006.367272.72281.0653 .06131.93869 50 
20 .34748 .652522.8778 .370572 . 69851.0664 .06231 .93769 40 
30 .35021.649792.8554.37388 2. 6746 1. 0676 .06333 .93667 30 
40 .35293.64707 2.8334 .37720 2 . 65111.0688 .06435 .93565 20 
50 .35565.64435 2. 8117 .38053 2 . 6279 1. 0699 .06638 .93462 10 
o .35837.641632.7904.383862.60511.0711.06642.93358 

10 .36108.638922.7694 .387202.58261.'0723.06747.93253 50 
20 .36379.636212.7488.390552.56051.0736.06852.93148 40 
3() .36650.633502.7285.393912. 5386 1. 0748 .06958 .93042 30 
40 .36921.630792.7085.397272.51711'0760 .07065 .92935 20 
50 .37191.628092.6888.400652.49601.0773.07173.92827 10 
o .37461.625392.6695.404032.47511.0785 .07282 .92718 

10 .37730.622702.6504.407412.45451.0798.07391.92609 50 
20 .37999.620002.6316 .410812.43421.0811.07501 .92499 40 
30 .38268 .617322.6131 .414212.41421. 0824 .07612 .92388 30 
40 .38537 .614632.5949.417622.39451.0837.07724.92276 20 
50 .38805.611952.5770 .421052. 3750 1. 0850 .07836 .92164 10 
o .39073.609272.5593.424472.35581.0864 .07949 .92050 

10 .39341.606592.5419.427912.33691.0877.08063 .91936 50 
20 .39608.603922.5247.431362.31831.0891.08178.91822 40 
30 .39875. 60125 2.5078 .43481 2 . 2998 1. 0904 . 08294 .91706 30 
40 .40141.59858 2.4912 . 43827 2 . 2817 1. 0918 .08410 .91590 20 
50 .40408.595922.4748.441752.26371.0932 .08527 .91472 10 
o .40674.593262.4586.445232.24601. 0946 .08645 .91354 

10 .40939.59061 2.4426 . 44872 2 . 2286 1. 0961 .08764 .91236 50 
20 .41204.587952.4269 .452222.21131.0975.08884.91116 40 
30 .41469.58531 2.4114 . 45573 2 . 1943 1. 0989 .09004 .90996 30 
40 .41734 .58266 2 .3961 .459242.17751.1004 .09125 .90875 20 
50 .41998.580022.3811.462772.16091.1019.09247.90753 10 
o .42262.577382.3662.466312. 1445 1.1034 .09369 .90631 

10 .42525.574752.3515.469852.12831.1049.09492.90507 50 
20 .42788 .572122.3371.473412.11231.1064 .09617.90383 40 
30 .43051 .569492.3228 .476972.09651.1079 .09741 .90258 30 
40 .43313.566862.3087.480552. 08091.1095 .09867 .90133 20 
50 .43575.564242.2949.484142.06551.1110.09993.90006 10 
o .43837.56163 2.2812 .487732.0503 1.1126 .10121 .89879 

10 .44098.559022.2676.491342.03521.1142.10248.89751 50 
20 .44359.556412.2543.494952.02041.1158.10377.89623 40 
30 .44620.553802.2411.498582.00571.1174.10506.89493 30 
40 .44880.551202.2282.502221.99121.1190.10637.89363 20 

71 

70 

69 

68 

67 

66 

65 

64 

.45399.546012 .2027.509521.96261.1223.10899 .89101 63 
50 .45140.54860\2.2153 .505871.97681.1207 .10768 .89232 10 

Cb- V~!·s. Be- Co· Tan- Cbse- Verso Sine. 
8tne. Bz.n. cant. tang. gent. cant. Cos. 
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NATURAL TRIGONOMETRICAL FUNCTIONS. 

Deg. J.fin. Sine. Verso Cose- Tang. Ca- Se- V e1·S. Co- N in. Deg. Cos. can.t. tang. cant. Sin. sine. 
-- ------ -

27 0 .45399 .54601 2 .2027 .50952 1.9626 1.1223 .10899 .89101 63 
10 .45658 .54342 2.1902 .51319 1.9486 1.1240 .11032 .88968 50 
20 .45917 .54083 2.1778 .51687 1.9347 1.1257 .11165 .88835 40 
30 .46175 .53825 2.1657 .52057 1.9210 1.1274 .11299 .88701 30 
40 .46433 .53567 2.1536 .52427 1.9074 1.1291 .11434 .88566 20 
50 .46590 .53310 2.1418 .52798 1.8940 1.1308 .11569 .88431 10 

28 0 .46947 .53053 2 .1300 .53171 1.8807 1.1326 .11705 .88295 6 2 
10 .47204 .52796 2.1185 . 53545 1.8676 1.1343 .11842 .88158 50 
20 .47460 .52540 2 .1070 . 53919 1. 8546 1.1361 .11980 .88020 40 
30 .47716 .52284 2.0957 .54295 1.8418 1.1379 .12118 .87882 30 
40 . 4797l 52029 2 .0846 . 54673 1.8291 1.1397 .12257 .87742 20 
50 .48226 .51774 2.0735 . 65051 1.8165 1.1415 .12397 .87603 10 

29 0 .48481.51519 2.0627 . 65431 1.8040 1.1433 .12538 .87462 61 
10 . 48735 .51265 2.0519 . 65812 1. 7917 1.1452 .12679 .87320 50 
20 .48989 .51011 2.0413 .56194 1. 7795 1.1471 .12821 .87178 40 
30 .49242 .50758 2 .0308 .56577 1. 7675 1.1489 .12964 .87035 30 
40 .49495 .50505 2 .0204 .56962 1.7555 1.1508 .13108 .86892 20 
50 .49748 .50252 2.0101 . 57348 1. 7437 1.1528 .13252 .86748 10 

3 0 0 .50000 .50000 2.0000 .57735 1. 7320 1.1547 .13397 .86602 6 0 
10 .50252 .49748 1.9900 .58123 1. 7205 1.1566 .13543 .86457 50 
20 .50503 .49497 1.9801 .58513 1.7090 1.1586 .13690 .86310 40 
30 .50754 .49246 1.9703 .58904 1. 6977 1.1606 .13837 .86163 30 
40 .51004 .48996 1.9606 .59297 1. 6864 1.1626 .13985 .86015 20 
50 .51254 .48746 1.9510 .59691 1. 6753 1.1646 .14134 .85866 10 

3 1 0 .51504 .48496 1.9416 . 60086 1. 6643 1.1666 .14283 .85717 59 
10 .51753 .48247 1.9322 .60483 1.6534 1.1687 .14433 .85566 50 
20 .52002 .47998 1.9230 .60881 1. 6425 1.1707 .14584 .85416 40 
30 .52250 .47750 1.9139 .61280 1.6318 1.1728 .14736 .85264 30 
40 .52498 .47502 1.9048 .61681 1. 6212 1.1749 .14888 .85112 20 
50 .52745 .47255 1.8959 .62083 1. 6107 1.1770 .15041 .84959 10 

32 0 .52992 .47008 1.8871 .62487 1.6003 1.1792 .15195 .84805 58 
10 .53238 .46762 1.8783 .62892 1.5900 1.1813 .15350 .84650 50 
20 .53484 .46516 1.8697 .63299 1.5798 1.1835 .15505 .84495 40 
30 .53730 .46270 1.8611 .63707 1.5697 1.1857 .15661 .84339 30 
40 .53975 .46025 1.8527 .64117 1.5596 1.1879 .15817 .84182 20 
50 .54220 .45780 1.8443 .64528 1.5497 1.1901 .15975 .84025 10 

33 0 .54464 .45536 1.8361 . 64941 1.5399 1.1924 .16133 .83867 5 7 
10 .54708 .45292 1.8279 .65355 1.5301 1.1946 .16292 .83708 50 
20 .54951 .45049 1.8198 .65771 1.5204 1.1969 .16451 .83549 40 
30 .55194 .44806 1.8118 .66188 1 .5108 1.1992 .16611 .83388 30 
40 .55436 .44564 1.8039 .66608 1.5013 1.2015 .16772 .83228 20 
50 .55678 .44322 1.7960 .67028 1.4919 1.2039 .16934 .83066 10 

3 4 0 .55919 .44081 1. 7883 .67451 1.4826 1.2062 .170961.82904 56 
10 .56160 .43840 1. 7806 .67875 1.4733 1.2086 . 1725l 82741 50 
20 .56401 .43599 1. 7730 .68301 1.4641 1.2110 .17423.82577 40 
30 .56641 .43359 1. 7655 .68728 1.4550 1.2134 .17587.82413 30 
40 .56880 .43120 1. 7581 .69157 1.4460 1.2158 :mrU~~~~ 20 
50 .57119 .42881 1. 7507 .69588 1.4370 1.2183 10 

35 0 .57358 .42642 1. 7434 .70021 1.4281 1.2208 :i~~~~ I :~m~ 55 
10 .57596 .42404 1.7362 .70455 1.4193 1.2233 50 
20 .57833 .42167 1. 7291 .70891 1.4106 1.2258 .18420 .81580 40 
30 .58070 .41930 1. 7220 .71329 1. 4019 1. 2283 .18588 .81411 30 
40 .58307 .41693 1. 7151 . 71769 1. 393311. 2309 .18758 .81242 20 
50 .58543 .41457 1. 7081 .72211 1.38481.2335 .18928 .81072 10 

36 0 .58778 .41221 1. 7013 .72654 1. 3764 1. 2361 .19098 .80902 5 4 
Co- Vers. Se- Co- Tan- Cose- Vel's. Sine. sine . Sin. cant. tang. gent. I cant. Cos. 
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NATURAL TRIGONOMETRICAL FUNCTIONS. 

Vet's. Cose- OJ- Se- Vers. OJ.-Deg. J.fin. Sine. OJs. cant. Tang. tang. cant. Sin. sine. J.fin. Deg. 
-- -- ------ --------------

3 6 0 .58778 .41221 1. 7013 .72654 1. 3764 1. 2361 .19098 .80902 5 4 
10 .59014 .40986 1. 6945 .73100 1. 3680 1. 2387 .19270 .80730 50 
20 .59248 .40752 1.6878 .735471.35971.2413 .19442 .80558 40 
30 .59482 .40518 1. 6812 .73996 1. 3514 1. 2440 .19614 .80386 30 
40 .59716 .40284 1.6746.744471.34321.2467.19788.80212 20 
50 .59949 .40051 1.6681.749001.33511.2494.19962.80038 10 

37 0 .60181 .39818 1.6616 .75355 1.3270 1.2521 .20136 .79853 53 
10 .60413 .39586 1.6552 .75812 1.3190 1.2549 .20312 .79688 50 
20 .60645 .39355 1.6489 .76271 1.3111 1. 2577 .20488 .79512 40 
30 .60876 .39124 1.6427 .76733 1.3032 1.2605 .20665 .79335 30 
40 .61107 .38893 1.5365 .77196 1.2954 1.2533 .20842 .79158 20 
50 .61337 .38663 1.5303 .77661 1.2876 1.2661 .21020 .78980 10 

3 8 0 .61566 .38434 1.6243 .78128 1.2799 1.2690 .21199 .78801 5 2 
10 .61795 .38205 1.6182 .78598 1.2723 1.2719 .21378 .78622 50 
20 .62023 .37976

1

1. 6123 .79070 1.2647 1.2748 .21558 .78441 40 
30 .62251 .377481. 6064 .79543 1.2572 1.2778 .21739 .78261 30 
40 .62479 .375211. 6005 .80020 1.2497 1.2807 .21921 .78079 20 
50 .62706 .372941.5947 .80498 1.2423 1.2837 .22103 .77897 10 

39 0 .62932 .37068 1. 5890 .80978 1.2349 1.2867 .22285 .77715 5 1 
10 .63158 .36842 1.5833 .81461 1.2276 1.2898 .22469 .77531 50 
20 .63383 .36617 1.5777 .81946 1.2203 1.2929 .22653 .77347 40 
30 .63608 .36392 1.5721 .82434 1.2131 1.2960 .22837 .77162 30 
40 .63832 .36168 1.5666 .82923 1.2059 1.2991 j~~5~ .76977 20 
50 .64056 .35944 1.5611 .83415 1.1988 1.3022 .76791 10 

40 0 .64279 .35721 1.5557 .83910 1.1917 1.3054 .23395 .76604 5 0 
10 .64501 .36499 1.5503 .84407 1.1847 1.3086 .23583 .76417 50 
20 .64723 .35277 1.5450 .84906 1.1778 1.3118 .23771 .76229 40 
30 .64945 .35055 1.5398 .85408 1.1708 1.3151 .23959 .76041 30 
40 .65166 .34834 1.5345 .85912 1.1640 1.3184 .24149 .75851 20 
50 .65386 .34614 1.5294 .86419 1.1571 1.3217 .24338 .75661 10 

41 0 .65606 .34394 1.5242 .86929 1.1504 1.3250 .24529 .75471 4 9 
10 .65825 .34175 1.5192 .87441 1.1436 1.3284 .24720 .75280 50 
20 .66044 .339561.5141 .87955 1.1369 1.3318 .24912 .75088 40 
30 .66262 ~IL"," .88472 1.1303 1.3352 .25104 .74895 30 
40 .66479 .335201.5042 .88992 1.1237 1.3386 .25297 .74702 20 
5J .66697 .33303 1. 4993 .89515 1.1171 1.3421 .25491 .74509 10 

42 0 .66913 .33087 1. 4945 .90040 1.1106 1.3456 .25685 .74314 4 8 
10 .67129 .328711. 4897 .90568 1.1041 1.3492 .25880 .74119 50 
20 .67344 .326551.4849 .91099 1.0977 1.3527 .26076 .73924 40 
30 .67559 .32441 1.4802 .91633 1.0913 1.3563 .26272 .73728 30 
40 .67773 .32227 1.4755 .92170 1.0849 1.3600 .26469 .73531 20 
50 .67987 .32013 1.4709 .92709 1. 0786 1.3636 .26666 .73333 10 

43 0 .68200 .31800 1.4663 :93251 1.0724 1.3673 .26865 .73135 4 7 
10 .68412 .31588 1.4617 .93797 1.0661 1.3710 .27063 .72937 50 
20 .63624 .31376 1.4572 .94345 1.0599 1.3748 .27263 .72737 40 
30 .68835 .31164 1.4527 .94896 1.0538 1.3786 .27462 .72537 30 
40 .69046 .30954 1.4483 .95451 1.0476 1.3824 .27653 .72337 20 
50 .69256 .30744 1.4439 .96008 1.0416 1.3863 .27864 .72136 10 

U 0 .69466 .30534 1. 4395 .96569 1.0355 1.3902 .28066 .71934 46 
10 .69675 .30325 1.4352 .97133 1.0295 1.3941 .28268 .71732 50 
20 .69883 .30117 1.4310 .97699 1.0235 1.3980 .28471 .71529 40 
30 .70091 .29909 1.4267 .98270 1. 0176 1.4020 .28675 .71325 30 
40 .70298 .29702 1.4225 .98843 1.0117 1.4060 .28879 .71121 20 
50 .70505 .29495 1.4183 .99420 1.0058 1.4101 .29084 .70916 10 

45 0 .70711 .29289 1.4142 1.0000 1.0000 1.4142 .29289 .70711 45 
OJ· Verso Se- Co· Tan- Cose- Verso Sine. s·ine. Sin. cant. tan.g. gent. cant. Cos. 
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TRIGONOlllETRICAL FUNCTIONS. 

o Let angle A 0 F be denoted by C. 
OA = radius R. 

Sine C= FG 
K 1-----71( 

Cosine COG 
Tangent C = A I 
Cotangent C = D L 
Secant C= OI 

c Cosecant C = 0 L 
----I":o:-------:G-=-----lA Versed sine C= GA 

Coversedsine C= D K 

TRIGONOMEl'RICAL EQUIVALENTS. 

Sine = v1-cos.' Cos. = V 1-sin.2 

Sine = cos. -+- Cotang. Cos. = sin. -+- Tang. 
Tang. = 1 -+- Cotang. Cos. = sihe X Cotang. 
Cosec. = 1 -+- Sino. Tang. = Sine -+- Cosine. 
Secan t = 1 -+- Cos. Cotang. = Cosine -+- Sine. 
Verso = Rad. - Cos. (Rad.)" = Sin? + C08.2 

Covers. = Rad. - Sine. (Secant)" = Rauius"+ Tang." 

,-

Sin. A = ~ c 

Cos. A=~ c 

Cotang.= 1 -+- Tang. 

RIGLIT ANGLED TmANGLES. 

A 

B 

c 

L-------.
b
------' c 

Tang. A =~ 

-Cot. A = ~ 
a 
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Sec. 

Cosec.A=!:' 
a 



Giren. 

a, e 

a, b 

A,a 

R e- I 
guired. F Ol'nwZre. 

A,B,bSin.A =~; cOS.B = ~; b= v(e +a) (c-a) 

A, B,('Tang. A = E; cot. B = ~; c = va2 + b2 

B, b,e B = 90° - A; b = a X cot. A; e = . a
A sin. 
b A, b B, a, c B = 90° - A ; a = b X tang. A ; e = cos. A 

A, e B,a,bB = 900-A; a =c Xsin.A;b=eXcos.A 

A,B,a 

A, a,b 

OBLIQUE ANGLED TRIANGLES. 

~ 
A Z, C 

b b sin. B 
= a sin. A 

B Sin. B = b sin. A 
a 

b C l -BT a 1 (A -B) (a- b) tang. i (A + R) 
a" . I an b • 2 Ct+ _,, ___ _ 

a, b, e I r 
) +b+) . 1 1 I(s-b) (s- cl. Let S = ~ (a e; SID. 2./ = \I--b X e- ' 

1 ~.~(s-a), 1 I( s-b)(.~-e) . 
A ~ cos· 2 A= be , tang. 2 .ti=" s (s-a) , 

I -
I sin. A = 2 V s (s-a) (s-b) (s-- c) 
l be 

A B C A · A'e a2 sin. B sin. C , "a lea 1 a = - - 2- sin . .1.-1 -

A, b, e Area Area = 1 b X e X sin . A. 

a, b, e rea Area = vs (s -:a) (~-=-~") (s - c) where s = 

i «(t + b + '\ 
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MENSURATION . 
Triangle, A rea = base X ~. perpenct ienlar height. 
Parallelogram, Arell = base X perpendicular height. 
Trapezoid, A rea = §- SUIll of parallel sides X perpendicular 

height. 
AREA OF AN IRREGULAR PLANB SURFACE. 

[

' Divide the surface into any 
": 71,: I": I" 'I numlJer of parallel strips of equal 

(_ .••. ~, - I a I 'n_,: h". width~," d" take the middle 
I I , ordinates h1' h" etc. 

I. Area = d X '£.h +~(a-hl) +~(b - hn ) (Poncelet's 
rule). 
. d d II. Alea = dX'£.h+j2 (Sa+h,-9h

'
)+72 (Sb+hn- 1-9hnl 

(Francke's rnle). 
III. Area -=- d X '£.h 

'£. is symbol for SUIll of. 
CIRCLE. 

Circumference = 3.1416 X diameter. 
Length of all arc = diameter X nUIll bel' of degrees in 

arc X O.OOS7~66. 

F 

C~ ____ ~~ ____ ~D 

Chord ofarc (;D= v D2_(~'2h)2 
=2VR2_(H-h)2 

Cbord of ~ Arc = ~ V CD2 + 4h' = 
vD X h 

(4'D'+ h' 
Diameter = 

h -
Yersedsineh = ~ (D-vD'- CD') 

- 2 
or nearly CD 

SI' 
Area circle = .7S5,1 (cliam.)' 

.'\ rea Sector A DFCA = 1 X arc DFC = 

::1.1416 X R' X angle flAC in degrees 
- ;)00 - ----

Area Segment CDFC = ~ [arc DFC X R - CD (R - h)] 
SPIIBRI~. 

Sphere, Surface = ] 2 566,1 H' = 3.1416 D2 
Sphere,Volnme= 4 .189}f" 
Bp herical Sector, Surface = 1 570S (4h + CD) 
Spherical Sector, Yolume = 2.0(J44 B'h = 2.09H B2 X 

(B ± V RZ - «:") 
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Spherical Zone, Surface = 6.2832 X R X h = 
0.7854 (CD' + 4h') 

Spherical Zone, Volume = 3.1416 h' (R - t h) = 

3.1416 h' (CiJ'th 4 h
2 

-! h) 

ELLIPSE. __ _ 

CircwlJference of an ellipse = 3.1416 ~D2 t d' approxi

mately, where D is major axis and d the minor axis. 
Area ellipse = .7854 D X d. 
Ellipsoid surface = 2.22 d 1/ D2 + d2 

.• volume = 0.5231 D rf' 
PARABOLA. 

Area of parabola = t area of circumscribing rectangle. 
Paraboloid volume = 1.5707 X altitude X square of radius 

of base. 
CYLINDER. 

Convex surface = 3.1416 X diam. of base X altitude. 
Entire " = 3.1416 X diam. of base X altitude + 

1.5708 X [diam.']. 
Volume = 0.7854 diam.2 X altitude. 

CONE. 

Convex surface = circumference of base X ~ slant height. 
Volume - area of base X ~ altitude. 

Fn£sirwn of Right Cone. 

Convex surface = 1.5708 X slant height of frustrum X 
sum of diam. of base8. 

Volume = 0.2618 X altitude X [square of diam. of lower 
base + square of diam. of upper base + product of 2 
diameters.] 

PRISM. 

Convex surface = perimeter of base X altitude. 
Volume .= area of base X altitude. 

PYRAMID. 

Convex surface regular pyramid = perimeter of base X ~ 
~lant height. 

Volume = area base X -} altitude. 

F'rusi?'um of a R egula?' Pyramid. 

Convex surface = ~ slant height X sum of perimeters of 
bases. 

Volume = ~ altitu(le X [sum of areas of 2 bases + sqnare 
root of product of the 2 bases. ] 
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ELECTRICAL FORMULl£l. 

STANDARDS OF MEASUREMENT. 

The centimeter, gramme, and second are t.he units of 
space, mass and ti me. 

Unit of velocity = space -;- time = 1 cm. in 1 second. 
Unit of acceleration = change of 1 unit of velocity in 

1 second. 
Acceleration, due to gravity at Paris, = 981 centime· 

tel'S in one second. 
Unit offorce = 1 dyne = oiT gm. = .000002247 pounds. 

A dyne is that force which, acting on a mass of 1 gm. dur
ing 1 second, will give it a velocity of 1 cm. per second. 

Unit of work = 1 erg = 1 dyne-centimeter = .0000000-
7373 foot-pounds. 

Unit of power = 1 watt = 10 million ergs per second. 
1 watt = ,hi of 1 h. p. = .00134 h. p. 

C. G. S. Unit, of magnetism = the qnantity which attracts 
or repels an equal quantity at a centimeter's distance with 
the furce of 1 dyne. 

C. G. S. Unit of electrical current = the current which, 
flowing through a length of 1 centimeter of wire, acts with 
a force of 1 dyne upon a unit of magnetism distant 1 centi· 
meter from every point of the wire. 

PRACTICAL UNITS. 

Ampere-the unit of current strength, represented by C. 
Vol t-the unit of electro-motive force, represented by E. 
Ohm-the unit of resistance, represented by R. 
Coulomb-the unit of quantity. 
Ampere-hour = 3600 coulombs = represented by Qt. 
Watt-the unit of power = volt-ampere = P. 
Joule-the unit of work = volt·coulomb = W, 
Farad-the unit of capacity, represented by K, the olle

millionth of the Farad, or micro-farad, is the usual 
unit. 

Henry-the unit of induction. 
The following formulrn give the relation between tbese 

units: t = 1 second, T = 1 hour. 

C = ~, Q = Ct, Q' = CT, K = j, W = QE, P = CEo 

By combination the following formulrn are derived: 

_ E _ C _ C'Ti' _ E' _ C' _ Q - R t, K - ]I: t, W - £< t - R t - Rt - Pt, 

P _ [i2 _ C'R _ W _ QE 
-R- -t-t 
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The relation between the practical units and the C. G. S. 
Units is: 

1 Ampere 
1 '{olt 
10hm 

= 10- 1 C. G. S. Units. 
= lOS " " 

1 Coulomb 
= 109 

= 10-1 

1 Farad = 10- 9 

1 Volt-coulomb = 107 

1 Watt (volt-ampere) = 107 

" 

" 

" 

EQUIVALENTS OF 'YORK. 

Work = Power X Time. 

" 
" 

" 
" 

1 Volt·coulomb = 1 Watt (volt-ampere) per second. 
(Jonle) = .737324 foot-pound s. 

= .101937 Kilogrammeters. 
= .00134059 II. P. per second. 
= .000022343 II. P. per minute. 

1 Foot-pOllnd = 1.35626 Volt-coulombs. 
1 Kilogrammeter = 9.81 " " 
1 H. P . per second = 7~5.9-±1 " " 
1 H. P. per min . = 44756.47 

EQUIVALENTS OF POWER. 

Work 
Power = Time' 

1 "Watt = 1 Volt· coulomb per second. 
= .00134059 Horse-power. 

(Yolt-ampere) = .73i324 foot-pound s per second. 
= 44.23944 " "minute. 
= 2654.3664 " hour. 

1 Horse-power = 745.941 Watts (Volt-amperes). 
1 Foot-lb. per sec. = 1.35626 " " " 
1 Foot-lb. per min.= .0226043 
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DlMENSIONS, WEIGHT A....~D RESlSTANCE 
OF BARE COPPI~R WIRE. 

I ])iam. A . IT'I ,_ l II I R£sistance @ GSo F. Current ill 
in r~a ttl • oJ :.Any 1 , - A mpel'ea. 

B ,(; 81 Nil. C,~c. 1000 m Feet Ohms Ohm, s/ Feet. I Ohms --1-
Gauge 1 Nil N,lls . Feet oj l)fT I 1"1' p el' pfT Ex- Con-

001" d. ",Lbs. 1 Lb. 1000 all.·le U', 1 100 l,osed. eea'd 
__ ~ ________ Feel. ~!_"'_" LIM. __ 1_ 

4-0 1460.000 211600.00 640.5 1.561 .049 .258 20440 .00764 345 / 175 
3-0 409.642167806.43 508.0 1.969 .062 .326 16210 .012151' 290 145 
2-0 364.796133077.66 402.8 2.482 .078 .41112850 .01931 245 120 

o 324.86Y05535·50

1

319.5 3.130
1 

.098
1 

.51810900
1
.03071 210 100 

1 289.296 83693.67 253.3 3.947 .124 .6531 8083.04883 175 1 85 
2 257.626 66371.31 200.9

1 
4.977 .156 .824 6410.07765 145 73 

3 229.422 52634.37 159.3 6.276 .1971.039 5084 .1235 125 60 
4 1204.3071' 41741.32

1 
126.41 7.914 .2481.309 4031.1936 110 50 

5 181.941 33102.371 100.2 9.980 .3131.652 3197 .3122 90 45 
6 162.022 26351.37 79.56 12.58 .394 2.083 2535 .4963 80 35 
7 144.285 20818.35 63.02 15.87 .4972.626 2011 .7892 65 30 
8 128.490 16510.64 4)).98 20.011 .627 3.311 15951.255 55 1 25 

9 1114.4341 13093.75 39.63 25.23
1 

.7914.175 12651.995 48 20 
10 101.897 10383.02 31.43 31.82 .9975.127 10033.173 40 17 
11 90.743 8234.11 24.93 40.121.2576.637 795.35.045 35 15 
12 80.808 6529.95 19.77 5O.59(586r374163o.78.022 30 13 

13 71.962 5178.58 15.68 63.79 1.99910.56 500.112.76 25 10 
14 64.084 4106.72 14.431 80.442.52113.31 396.6 20.28 22 8 
15 57.0691 3256.88

1 

9.86, 101.4 3.179 16.79314.532.25 19 7 
16 50.821 2582.74 7.82 127.94.00921.17 249.4 51.28 16 6 

I 1 
17 45.257 2048.39, 6.20 161.35.055 26.69 197.881.53 14 5 
18

1

40.303 1624.30 4.92 203.4 6.374 33.66 156.9129.6 12 ·5 
19 35.890 1268.13 3.90 256.58.038 42.41 124.4206.1 11 4 
20 31.961 1022.531 3.09 323.410.1453.54 98.66327.8 9 3 

-- = CAPACITY OF CARLl,S. 

Area in 1 

--- ---

Aren in I 
-----

Amperes. Amperes. --('ircular Nil •. Open. (bneeal«l. Circular ]lIi/s. OPi'll. 1 Concealed. --
I 

-
200000 300 200 

1 

1200000 1145 715 
300000 405 270 1300000 1215 755 
400000 500 335 1400000 1285 795 
500000 595 395 1500000 1355 835 
600000 680 445 

1 
1600000 1425 875 

700000 765 495 1700000 1490 910 
800000 845 540 1800000 1555 945 
900000 925 585 1900000 

I 
1620 980 

1000000 1000 630 2000000 1680 1015 
1100000 1075 6'/5 

--- -
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AVOIRDUPOIS OR COMMERC,IAL WEIGIITS. 

Gross Ton. Cwls. Pounds. Ounces. 

1 20 2240 35840 
1 112 1792 

1 16 

LONG MEASURE. 

11Iiles. Rods. Ya,·ds. Feet. Jl/cllI:~ . 
-----

1 320 1760 5280 

I 

6;3:1GO 
1 5.5 16.5 U)8 

1 3 3{) 

1 12 

SQUARE MEASURE. 

Sq. lIIiles. AC1'es. Sq. Rod •. Sq. YaTds. Sq. Feet. Sq. Inches. 
-- -- --

1 640 1u2400 3097600 27878400 
1 160 4840 43560 6272640 

1 30.25 272.25 39204 
1 9 1296 

1 144 

CUBIC MEASURE. 

Cubic YaTd. l~icFeel. Oubic Inches. Struck Bushel. Wine Gallon. 
--- ---

1 I 27 46656 21.7005 201.974 

I 
1 1728 0.8036 7.4805 

0.0461 1.2445 2150.42 1 9.3092 
0.1337 231. 0.1074 1.0 

1 heaped bushel = 1 t struck bushel. 
1 cord of wood = a pile 4 X 4 X 8 feet = 128 cubic feet. 
1 perch of masonry = 16~ X l~ X 1 foot = 24:} " 

LIQUID MEASURE. 

Barrel. Gaillms. Quarts. Pints. Gills. 
- -

1 31.5 126 252 1008 
1 4 8 32 

1 2 8 
1 4 
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METRIC SYSTEM. 

LINEAR JJ/EASURE. JJ[EAS~'RE OF SURFACE. 

Denomination. Abbr. T"alue. Denomination. Abbr. Yalue. 

Myriameter 10000 meters Sq. Kilometer km' 1000<100 m.' 
Kilometer km. 1000 .. lIektar ho. 10000 m.' 
Hcctollleter 100 Arc a 100 m.' 
Dekameter 10 { Centnre 1 Ill.! 
Mcter Ill. 1 Square Meter m. ~ 1m,2 
Decimeter dm. .1 Sq. Decimeter dm.2 .01 m.2 

Centimeter Clll. .Ot " Sq. Centime'r m,2 .0001 m.' 
Millimeter mm. .001 I' Sq. ~li1limeter tUm.! .000001 m.' 

MEASURJ,,'S OF VOLUME. NEASCRES OF NABS. 

{

Kiloliter 
Stere s. 
Cubic Metcr m.' 
Hectoliter b 1. 
Dekaliter .1.11 

{
Cubic Decimeter dm.' 
Liter 1. 
Deciliter d1. 
Centiliter c1. 

{
Cubic Centimeter em'. 
Milliliter mi. 
Cubic Millimeter rum ,s 
Microliter ). 

1000 liters 
II " 

100 
10 

1 
1 

.1 

.01 

.001 

.001 liter 

.000001 .. 

.001 Ill. 1. 

{

Millier 
Tonntau 
Metric Ton 
Quintnl 
l\1yriagram 

{
Kilogram 
Kilo 
Hectogram 
Dekagram 
Gram 
Deci~ram 
CentIgram 
Milligram 
Microgram 

· . '11 1O~ k i},os 
t. II II 

· .. ]00 " 
· ., 10 " 
kg I IO~O g~~ms 

: : : ]00 II 

10 It 

g. 1" 
dg. .1 
eg. .01 " 
rug •. 001 IC 

y. .001 m. g. 

METRIC CONVERSION TABLE. 

Millimeters X .03937 = inche~. 
25.4 = II 

Centimeters X .3937 = " 
" 2.51 = " 

Meters X 39.37 = " ( .~ct of Congress.) 
" X 3.281 = feeL. 
" X 1.094 == yards. 

Kilometers X .621 = miles. 
" -:- 1.6093 = " 
" X 3280.7 == feet. 

Square Millimeters X .00155 =- square inches. 
"" 645.1 = " " 

Square Centimeters X .155 = " " 
"" 6.451 = " " 

Square Meters X 10.764 = " feet. 
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METRIC CONVERSION TABLE-Continued. 

Square Kilometers 
Hektares 
Cubic Centimeters 

" " 
" " 
" Meters 
" " 

" 
Liters 

" 

Hectoli ters 
" 

X 247.1 = acres. 
X 2.471 = acres. 
-+- 16.383 = cubic inches. 

3.69 = fluid drachms. 
-+- 29.57 = fluid ounce. 
X 35.315 = cubic feet. 
X 1.308 = cubic yards. 
X 264.2 = gallons (231 cu. in.). 
X 61.022 = cubic inches (Act of Con

gress). 
X 33.84 = flUid ounce (U. S. Phar.). 
X .2642 = gallons (231 cu. in.). 

3.78 = " " " 
-+- 28.316 = cubic feet. 
X 3.531 = 
X 2.84 = bushels (2150.42 cu. iIl.). 
X .131 = cubic yards. 
X 26.42 = gallons (231 cu. in.). 

Grams X 15.432 = grains (Act of Congress). 
" X 981 = dynes. 
" (water) 29.57 = fluid ounces. 
" 28.35 = ounces avoirdupois. 
" per cu. cent. 27.7 = pounds per cubic inches. 

Joule X .7373 = foot-pounds. 
Kilograms X 2.2046 = pounds. 

" X 35.3 = ounce, avoirdupois. 
" -+- 907.2 = tons (2000Ibs.). 
" per sq. cent. X 14.223 = pounds per sq. in. 

Kilogrammeters X 7.233 = foot·pounds. 
Kilograms per lineal meter X .672 = pounds per lineal ft. 

" "square" X .205 = poul1dspersquareft. 
" "cubic" X .062 = pounds per cubic it. 
" " cheval-vapeur X 2.235 = lbs. per H. P. 

Kilo-watts X 1.34 = horse-power. 
\Vatts -+- 746 =" " 

Calorie 
Cheval-vapeur 
(Deg. Centigrade 
Francs 
Gravity, Paris 
1 Admiralty knot 

X .7373 = foot-pounds per second. 
X 3.968 = B. T. U. 
X .9863 = horse-power. 
X 1.8) + 32 = degrees Fahrenheit. 
X .193 = dollars. 
= 980.94 centimeters per second. 
= ] .853 kilometers. 

1 Atmosphere is the pressure of a column of 76 centime
ters of mercury at the temperature of melting ice at Paris, 
where it is equal to 1.0333 kilos on a square centimeter. 
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INDEX. 

ALLOWANCE for eye, square and round bars. 
for upsets on round and square bars. 

ALLOYS and other metals, physical properties of . 
ANGLES as beams, approximate rule for strength of. 

as struts. . . . . . . . 
dimensions and weights of. . 
elements and properties of. . 
greatest safe loads as beams. 
length of legs of, corresponding to given areas. 
momen ts of inertia . . . . . . . 
radii of gyration . . . . . . . . . . . 
radii of gyration of two, back to back. 
rivet spacing in . . 

ANGLES, BULB, elements and properties of. 
weights and dimensions of . 

ANGLE COVERS, weights of . 
A XLES, open hearth steel . 

BARS, sizes . . . . . . . . 
BAR, weights and areas of round and square 
BEAMS. 

BULB, or deck section . . . . . . . . 
approximate rules for strength of 
dimensions and weigbts. . 
elements aHd properties of . .. 
moments of inertia . . . . . . 
radii of gyration . . . . . . . 
tables of safe loads and deflections. 

I BEAM SEC1'IONS. 

approximate rules for strength of . 
dimension~ and weights. . 
elements and properties of . 
floor ..... . 
greatest safe load . 
lateral strength of . , 
limits of deflection . 
maximum load in tOllS 

moments of inertia ... 
prop€rties and elements of . 
proportions of. . . 
radii of gyration. 

PAGE 
253 
252 
289 
113 
174 

8-11 
206-211 
100-105 

206-211 
206-211 
212-216 

261 
202-203 

12 
13 
16 

15 
306-307 

12 
113 
12 

200 
200 
200 
107 

113 
2-4 

188-191 
28 

30-95 
146 

27 
188-191 
188-191 
188-191 

2-4 
188-191 



BEAlIfS-I BEAM SECTIONS. 

safe loads and defloctions 
spacing and deftection of. . . 
supports amI connections for. 
weight of floor per square foot. 

BEAMS, of angle and tee sections . . . . . 
stresses on, due to im pact. 
subjected to compound stre,scs. 
supporting brick walls. . . 
supporting irregular loads. 
with fixed ends. . . . . 
without lateral supports . 
wooden .. 

BEAMS AS STRUTS . . . . 
BELTING ... . .... . 
BENDING and compression beams subjected to both 
BENDING, beaTing and'shearing values for pins. 
BENDING moments for beams. 
BENDING, resistance to ... 
BOLTS AND NUTS, weight of . 
BOLT IRON, sizes . . • • . . 
BRICK ARCIIES for floors .. 

arches, tie rods for. 
walls, beams for supporting. 

BRIDGE RIVETS, shearing and bearing valnes of 
weigbtof ...•...... 

BRIDGES, specifications for railroad. 
BUCKLED PLATES . . . . . . . . . 

greatest safe loads for. . . . 
BULB ANGLES, elements and properties of . 

moments of inertia. 
radii of gyration. 
weight of .... . 

BULB BEAMS (see Beams). 

CANTIJ"EVER BEAMS. 
CA'>T IRON ..... . 
CHANNELS. 

approximate rule for strength of. 
as struts. . . . . . . . . . . 
dimensions alld weights of . .. 
elements and properties of . . . 
~reatest safe loalls and ~paeing . 
moments of inertia. 
proportions of. . . . . . . . . . 
radii of gyration ....... . 
separation of, in latticed ,truts . 
struts. . • . . . . . . . . . . . 

II 

PAGE 

30 ·95 
'2:-

110 
28-29 

12'5 
122 

118--121 
156-1 57 

116 
25 
23 

283- 286-287 
168--169 

237 
118-121 
244-245 
220-226 

21 
267 

15 
141 
146 

156-157 
264--265 

268 
269 

147-149 
148 

202-203 
202-20~ 

202-203 
12 

114--115 
281 -
113 

170-172 
5-6 

192-195 
96-98 

192-195 
5-6 

192-195 
196 

166-167 



('IRCLES, areas and circumferences of . . . . . . 
CLEVIl:i&'l, dimensions of . . . .. . ..... 

dimensions of square rods and pins for. 
COLmISs. 

fireproofing and bases of .... 
grcatest safe load for round .. 

square .. 
momen ts of inertia of Z bar . . 
rauii of gyration for rouud and square. 
Z bar ....... . ....... . 

CO'IPOUND STRESSES, bealBs subjected to 
CUNNECTIONS, angle ........... . 
CO:>TINUOUS BEAMS. .. . ...... . 
CONTINUO 'S shafting, working forllluhe for . 
CONTINUOUS GIRDERS, reactions for .. . 
CONNECTIONS, floor beams to columns .. . 

./ 
;; . 

COPPER WIRE, dimensions, weight and resistance. 
CORRUGATED FLOORING .. 

loads per square foot. 
weight and strength of 

CORRUGATED IRON 
COrfERPINS . . . 
CRANE STRESSES .. 
CUBES of numbers .. 
CUBE ROOTS of numbers 

DECIMAL equivalents for vulgar fractions. 
DECK BEAMS (see Beams). 
DEFLECTION of beams . . . . . . 

limits of ... . .... . 
tables of, for channel bars. 

jl " deck beams 
" " I beams .. . 
" " Z bars ... . 

tables of, for corrugated flooring sections. 
DEFLECTION of shafting . . . . . . . . . . . . . 
DESTRUCTIVE pressures for iron and steel struts, tables of 
DIMEN IONS of allowance for upsets on round and square bars. 

of bolts . . 
H channels 
H clevises. 
" eye bars 
II pins and nuts 
" rivet shanks to form heads. 
U screw threads 
U separators . 
" sleeve nuts, 
II tees . . . . 

iii 

PAGE 

S08-309 
249 
253 

142-143 
178-179 
180-181 

197 
177 
197 

118-121 
260 
25 

237 
138 

258-259 
342 

152-155 
154-155 

153 
296 
247 

227-228 
310-329 
310-329 

330 

24-27 
27 

192-195 
200-201 

SO-95 
198-199 

154 
236 

160-165 
252 

266-267 
5-6 
249 
2;;0 
246 

263 
266 
257 
248 
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DIMENSIONS. 
of working, for continuous sbafting . 

U Z bars . ... . 
DUCTILITY, iron and steel ...... . 

ELASTICITY of wrought iron and steel. 
ELECTRICAL formulre .. 
ELEMENTS of structural shapes 

of angles .. 
" bulb angles. 
" channels . . 
" deck beams. 
" I beams .. 
II tees . . . . 
II usual sections 
" Z bars . ... 
" Z bar columns 

EXPANSION, by heat .. 
EYE BARS, dimensions of 

FACTORS of safety for beams. . 
(C Bbafling 
" struts . . 

:FIRE PROOF FLOORS. . . . . 

PAGE 

238-2&9 
7 

18-19 

19 
340-341 

182 
206-211 
202-203 
192-195 
200-201 
188-191 
204-205 
218-219 
198-199 

197 
21 

250 

22-23 
235 
159 

139-141-144-145 
FIXED-ENDED steel or iron struts 158 
:FLAT BAR IRON, approximate rule for beams of . 112 
FLAT-ENDED steel or irou struts. 158 
FLATS, sizes of rolled. . . 15 
FLEXURE (see Deflection) . 24 
FLOOR BEAMS . . . . . . 28 

lateral strength of . 14G 
rule for weight of . 28 
spacing of. . . . . 30-95 
weight per square fool. 29 

FLOORING, fireproof . . . . . 139-145 
FLOORING, proportioned for evenly distributed load. 145 

corrugated, table of weight and strength . . 153-155 
causing deflection of.J. of span 155 

trough·shaped sections for bridges and buildings. 153 
Z bar . . . . . . . . . . 150-151 

FLUCTUATING loads, limitations for safe loads. 
FOHMUL1E, approximate, for rolled beams ... . 

for unsymmetrically loaded beams ... . 
tables of, for beam::; of various sections. 

FOUNDATIONS AND MASONHY . . . . . . 
FHACTIONS of an inch expressed in decimals. 
FHAMING, of I bearus and cbannds ..... 

iv 

22 
111-113 

llG 
112 
291 
330 

254-205 



GIRDERS, coeffic:ent of strength, rule for determining 
reactions for continuous 
riveted ........... . 
rule to 11 nd safe loads . . . . . 
strength and weight for tables. 
stresses of trussed. . .. 
suppdrts and connections for 

GYRATION, radii of '. 
angles .... 
bulb angles . 
channels .. 
deck beams. 
formulre for various sections. 
I beams. 
round coluLllns 
square 
tees . ... 
two angles back to back. 
Z bars ........ . 

HALF-ROUND BAR IRON, sizes. 
HEADS of ril'ets, dimensions of shank required to form. 
IJINGE-ENDED steel or iron struts 
HORSE POWER of shafting. . . . . . .. ...... . 

I BEAMS (see Beams). 
IMPACT, stresses on beams due to 
INERTIA, moments of 

angles. 
bulb angles . 
channels . . 
com bined sections. . . . 
deck beams ...... . 
formul::c for various sections. 
I beams .. 
rectangles. 
tees .. .. 
Z bars .. . 
Z b~r columns. 

INTRODUCTION to appendix 
IRON, corrugated ...... . 

LATERAL STRENGTH OF FLOOR BEAMS. 
LATERAL supports, beams without. 
I,ATTICED channel struts, Fare loads 

separation of 
LATTICING for channel struts 
LIMIT of safe loads for beams. . . . . . 

v 

PAGE 

126 
138 
125 
126 

127-137 
229 
110 
187 

206-211 
202-203 
192-195 
200-201 
218-219 
188-191 

177 
177 

204-205 
212-216 
198-199 

15 
263 
158 
235 

122 
182-186 
206-211 ' 
202-203 
192-195 
184-186 
200-201 
218-219 ' 
188-191 

217 
204-205 
198-199 

197 
280 
206 

145 
23 

170-171 
196 
167 

22 



LOADS (see Safe J.oads). 
character of . . 

LOGARITHMS OF NUMBERS . 

MASONRY, physical properties of materials of 
MASONRY AND FO NDATION 
MENSURATION ... ....... . 
METRI CONVERSION TABLES . . 
METRIC SYSTEM . . . • . . . . .. 
MISCELLANEOUS SIIAPES . 
MODULUS OF ELASTICITY . . . 

NUMBERS, squares, cubes, elc., of 
NUTS and pins, sizes of . 

UTS, sleeve, sizes of . 

PAINTING . ... . . 
PHYSICAL PROPERTIES of alloys and olher metals. 

of malerials of masonry. . : . . . . 
of limber ...... .. .. . 

PILLARS, and wocden beams. . . . . . ... 
PINS AND NUTI', table of dimensions ...• 
PINS, sbealing. bending and bearing values of 
PRESS:JRE, deBt! uclive, lables of. . . . . . . 
PROPERTIES and clemen Is of angles ...•.. 

bulb angles . . . . . ...• 
cbannels .........• 
<' 'ole teao s ... . 

oealli .;. 
1: bars . . . .. . 
Z bar columns. . . 

PROPORTIONS of bolts . . 
channels .. ..... . 
clevises . 
eye bars ..... 
I beams . 
pins and nuts .. 
rivets . . . . . . 
rivet shank to form head 
round and square bars to make upset 
screw threads . . 
separators. . . . . . . . . . . . 
sleeve nuts • . . •. 
working, for continuous shafting 

RADIUS of GYRATION of angles ..•.. 
bulb angles . . . . . . . . . 
channels. . . . . . . . . . . .. 

vi 

PAOE 
22 

3W ... 329 

290 
291 

338-339 
~4 
344 
14 
19 

310-329 
246 
248 

293 
289 
290 

284-285 
288 
246 

244 ... 245 

160-165 
208-211 
202-203 
192 ... 195 
200-201 
188 ... 191 

198-199 
197 
266 
5-6 
219 
250 
2-1. 
246 
?63 
263 
253 
266 
257 
2·18 

238-239 

206 ... 211 
202 ... 203 
192 ... 195 



RADIUS of GYRATION. 
deck beams .. 
formulre for various sections. 
I beams ..... 
round columns 
square 
tees ..... . 
two angles back to back. 
Z bars ........ . 

RAILROAD BRIDGES, specifications for. 
REACTIONS for con tinuous girders. . 
RECIPROCALS of numbers ....• 
RECTANGLES, moments of inertia of 
RESILIENCE of steel. . . . . . . . 
RESISTANCE of copper wire. . 
RIVETS, proportions of shank to farm bead 

shearing and bearing value of. 
sizes . . . . 
weights of bridge. 

RIVET SPACING in angles. 
RIVETED GIRDERS .... 

coefficient of strength, rule for determining 
rule to find safe loads . . . . . 
strength and weight of, tables. 

ROOFS ................ . 
ROOF STRESSES. . . . . . . . . . . . 
ROUND BARS, approximate rule for beams of 

sizes . ., ........... . 
weights and areas . . . . . . . . . . 

ROUND COLUMNS, table of greatest safe loads. 
" " radii of gyration for 

ROUND-ENDED steel or iron struts. . . . . 
RULES, approximate, for moments of inertia 

for beams, bearing irregular loads 
" lateral strength of I beams 

" channels. 
" radii of gyration .. . 
" shafting ....... . 
" thrust of brick arches . 
" weight of rolled steel . 
" weight of steel in floor beams 

SAFE LOADS, coefficient for . . . 
SAFE LOADS, greatest for angles. 

beams ...... . 
cbannels 
corrugated flooring 
deck beams 

vii 

PAGE 

200-201 
218-219 
188-191 

177 
177 

204-205 
212-216 
198-199 
269-2,9 

138 
310-329 

217 
20 

342 
263 

264-265 
15 

268 
261 

124-137 
124-137 

126 
127-137 

233 
230-232 

112 
15 

306-307 
178-179 

177 
158 

.218-219 
116 
145 
146 

218-219 
234-235 

145 
21 
28 

22 
10G-105 

22 
96-99 

153-155 
107 



SAFE LOADS. ' 
I beams. 
steel struts, tables of. 
tees ......... . 
Z bars ....... . 

SAFE LOADS, limits of, for beams 
for struts, of angles, table of 

cbannels 
I beams. 
tees ... 
Z bars .. 

SAFE LOADS, round columns 
square columns 
square pillars . . . . 
wooden beams . . . 

SCREW THREADS, table of standard. 
SEPARATORS, table of standard . 
SEPARATION OF CHANNELS, inlatliced struts. 
SHAFTING, deflection of . 

horse-power of . . . . . . . . . . . . . 
iron or steel. . . . . . . . . . 
rules for determining sizes and lengths. 
sizes rolled (see also Rounds) .. 
.tiffness of . . . . . . 
working formu]re for continuous . 

proportions for continuous 
SHANKS required to form bead of rivets . . 
SHAPES, miscellaneous, dimensions and weiglns 
SHEARING, strengtb of iron and steel . . . . . 
SHEARING, bending and bearing values of pins 

and bearing values of bridge rivets 
SLEEVE-NUTS, sizes of . . . . . . . . 
SPACING floor beams of I beam sections 
SPECIAL ANGLES, weigbts of .... 
SPECIFIC GRAVITY, iron and steel . 
SPECIFICATIONS for railroad bridges 
SQUARE BARS, sizes .... .. .. . 

weights and areas of . . . . 
SQUARE ROOT ANGLES, weigbts of 
SQUARE ROOTS, cube roots of numbers 
SQUARE PILLARS, safe loads of ... 
SQUARES AND CUBES of numbers. 
STEEL, analysis of . . . . . . . 

columns, round and square 
ductility ..... 
elasticity of rolled 
elastic limit. . . . 
expansion by beat. 

viii 
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30-95 
160-165 
108-109 

106 
22 

174 
170-172 
168-169 

175 
173 

178-179 
180-181 

288 
286-287 

266 
257 
196 
236 
236 
234 

234-235 
15 

240-241 
237 

238-239 
263 

14 
234 

244-245 
264-265 

248 
30-95 

12 
21 

269-279 
15 

306-307 
12 

310-329 
288 

310-329 
18 

178-1 81 
18 
18 
18 
21 



STEEL for beams. 
" shafting. 
" struts 

STEEL, modulus of elasticity. 
physical properties of opeu hearth hasic 
resilience of. . . 
resistance to shearing 

" torsion. 
shafting .... 
sizes of bar . . 
specific gravity 
strength of .. 

" in compression 
" " torsion. 

structural . . . . . . . . 
struts .. ....... . 
tensile and compression tests 
weight and area of round and square bar 

of sheets of rolled. . 
per lineal foot of har 

STEEL BEAMS (see Beams). 
deflectiou of. . . . . . . . . 
greatest safe loads for angles 
chauuels •. .• 
corrugated floors 
deck beams 
I beams. 
tees .... 
Z bars .. 

STRENGTH OF STEEL 
in tension . .. 
in shearing . . 

STRESSES ill framed stmctures . 
ou beams due to impact 

STRUCTURAL STEEL . . . . . 
STRUTS, factors of safety for. . 

fixed, flat, hinged, round 
rolled ........ . 
tables of destructive pressures for. 

STRUTS, tables of greatest safe loads for 
angles ••.. 
cbannels . . . ....... . 
I beams ........... . 

STRUTS, tables of greatest safe loads of tees. 
Z bars ............. . 

SUPPORTS and connections for beams and girders 

TABLE OF PHYSICAL PROPERTIES OF WOODS 
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234 
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17-18 
18 

234 
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158-165 
18-158 

306-307 
297 

300-305 

24 
100-105 

96-99 
153-155 

107 
30-95 

108-109 
106 

18 
234 

227-232 
122 
17 

159 
158 
158 

160-162-164 
161-163-165 

174 
170-172 
168-169 

175 
173 
110 

284-285 



TEES, approximate rule for strength of, as heams . 
as struts, tables of greatest safe loaus . 
dimensions and weights of . .... . 
elements of even-legged . . . . . . . 

II uneven-legged . . . . . . . 
greatest safe loads. 
moments oC inertia 
rallii of gyration . 

TENSION ........ . 
of belting . .. . 

TlJ READS, sizes of.landanl "crew !1m ,,,Is 
'1'1 E RODS for brick arcbes . 
TI~IBER, physical properties of. 
TOHSIONAL STRENGTH .. 
TRlGONOllrETRICAL FUNCTIO:>'S 
TRIGONOMETRY ........ . 
TliBES, wrought iron ....... . 
T RNTABLES, dimensions and weighls 

l:LTTMATE LOADS FOR STHUT;; 
UNITED STATES MEASURES .. 

WEIGIITS OF ANGLES ... . 
bar fiats ....... . 
bars, round and square 
bolts and nuls . 
bridge ri vets 
bulb angles . 
channels .. 
deck beams. 
flooring, corrugaled . 
floor-beams 
I beams ...... . 
ri vet heaus . . 
rolled sheels . 
lers ... . . 
Z bars ... . 

WOODS, table of phy.ical propertics of . 
WOODEN BEAMS AND PILLARS ...•.. 
WOODEN BEAMS, safe loads of 
WROUGIIT IRON TUBES . . . . . . . . . . . 

Z BARS, approximate rule for strength of, as beams. • . 
as slruts, tables of grealest safe loaus .. 
columns . ........... . 
dimensions and weights . . 
elemenls and properties of . 
/looring .. 
safe loads ...... . . . 
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204 
205 

108-109 
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237 
266 
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281-285 
234 
336 

336-337 
295 

242-24a 

160-162-164 
313 

8-11 
300-305 
a06-307 

267 
268 
13 

6-6 
13 

153 
28-29 
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268 
297 
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286-287 
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197 

7 
198-199 
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Oy 
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SE CTIONS. 

The r///llnlS10nl' bf'lol'.1l / 0 tll f' l,.o<,·c .l'e{'l/oll..s. Sel 'l'ral 
sf'ctions 01 'beams and cll,VlTlels ('tre r ollnl, II'/I/r/I rU'e 
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H'ifLbl' f til'llis h ecl Oil, appl/coli.oll... 

L ______ -------J-U-LO-U.=.'=,. ~.~co~.-.. -y--------~ 



P]aLe .\'01. 

Al] weilihl5 ~i"en in pounds PCI" foot 

.66" 

No. wgt . 
242 8-90 LBS . 

243 8-95 LBS. 

244 8-100 LBS . 

7 . -102" · 



Plate No.:!. 

All Ir\'~e~i~gh~ts_.~g='~l,~'e_l~l.~i_]l~p~O_u_r~'_d_s_per fool,. --~-I 

! 
2.4" 

60' 

t---- --- 3.25'-------
, 

No. wgt. 
.50' .240 B- 80 LBS . 

.56' 241 B - B5 LBS. 

._L ____ .J.C _______ "-____ .--J. 6~' 
7. 00'-

.---- -.. 7. 06' 
~ 



Plale No.3 . 

An weights given in pounds per foot. 

20 " 

, 
.61' 

f" 

No. wgt 
. 63 203 B'80 LBS . 

t' 204 B - 85 LBS . 

205 B-90 LBS 

------3.06'-·-·-

.73 " 

, .. - ~ .. ............... - 6 .75"', _ ... _,- - - -



Piau- 1';"0.4. 

All weights given in pounds pel" foot. 

, , , 
2b~ 

2.875'· · ··· 

No . Wgt . 
. ro 200 B - 65 Ibs. 

201 8 _ 70 

202B-75 . 

.30' 

~.-.----.• ----- .. 6 .25' ._-_. 



l'Jal~ :-';0.:> 

1 ;\11 w~iQlIts given ill poullds per foot. . 

2.94'"--;' .. , 
.72" 

No. wgt . 
183 8 -70 LBS 

184 8 -75 l.BS 

185 B-80 LBS. 



. __________________ -=-l'=-laLe ill o. G. 

All wej ghLlj g iv en ill pounds p Ol' fool 

18" 

, 

2.77"-:----, 

.f----·----------6.00· -

.56" 

No. wgt. 
180 B -55 LBS . 

181 B - 60 LBS . 

182 B- 65 LBS . 



Pla te ~o. 7. 

All wf'i~ht" s;ii ... ·e ll 'i n poun ds pel' roo t 

.69" 
1.t7 ' 

.63 
.5" 

No. Wgt. 6-

1568 ' 70 LBS. 

157 8 -75 

158 B -80 " 

2 . ~O"·'· 

is'' 

No. wg t. 
154- B-eo L8S 

155 B ' 6 5 " 

, 2. 81' .. 

.30" 

.55 
~' 

J6 

J5 " 

.65 ' 

6 . 17 ' , 

L ._' 0.4_3" ___ 



PlateNo.8. 

All. wei~hts gh-ell in POLUH1:-; per tool 

.41' .83" 

L-.r-----~~ __ --_, 
.46' 

.~-

No. wgt. 
1508-42 LBS. 15" 

151 8-45 " 

No. wgt. 
1528-50 LBS. I.,,' 
1538-55 " 

~-----2.515'~-

---- - 2.67' --

- ~.l)O"_-

5.82' ·- ---) 



PlaLe ~o.9. 
-----

I 
• 

All. weights given in rounds peT" foot . 

I 
I 

No . Wgl. 

122 B - 40 LBS. 

1'1- 2.415 

.21 '" 

::--------~---

- - 5.25 "---

No. 

I 
2.325" !-- i 

,. I 

~ 

I 

I 

. ," . 

L--____________________ ~ 



Plale No. JO. 

All weights given in pounds per foot. 

No. Wgt. 1.2 . 

125 B- 55 Ibs. .56 

126 B - 60 9-
IG 

127 B - 65 

2.595" 

.66" 

5.75 

L_ 

.30 

No . Wgr_ 
l44 .. 102 B - 35 Ibs. 

\0' I: ts 103 B - 40 " 

5.00"---· 



Plate No.1!, 

All weights given in pounds p ... r fOOL. 

No. Wgt. 
100 8 - 25 LBS .. ~" 

101 B - 30 Las. 

.4 1" 

io" 

, 
.31" 

1 

.29' 
I 

No. Wgl . 
90 8-21 LSS. 

91 B - 25 LaS. 

92 B- 30 Las . 

93 B - 35 Las. 

2.02 ' 

.39~ 

4.33 " 

9 " 



Plate No.12. 

All weights gjven in pounds pel' fool 

No. wgt. 
60 8-12 25 LBS. IS 

61 8-14. 75 LBS. 

62 8-17. 25 LBS'

I 

~ 

No. wgt. 
80 8 - 18 .0 LBS 

81 B- 20.5 LBS. 

82 B- 23.0 LBS. 

83 B- 25 . 5 LBS. 

le- -- 1. 86f, 

3.33 

6" 

-------)1 , 
: 

.>-" ;<JI 

4.00""'" .... 

5" 

No. Wgt 
50 B - 9 .75 LBS. 

51 8 - 12. 25 LBS. 

~
52 8-14.75 LBS. 

1.395"-) 
, 31-

. " :\3" 

+. 

-··3.00 ...... 

No. wgt. 
70 8- 15.0 LBS . 

71 B- 17.5 LBS. 

72 8- 20 .0 LBS 

1.705" 

---- .15" 

.., - -- ·----·· 3.66-----· 



All w('ignts glV('ll in poullds pel' foot. 

No.678 
WT.41.0 TO 46.1 Las f 

2.31" 

.M) 

No 63 B 

2.18" 

I 

.87' 
L+-----________ ~ __ ~ ____ __l 

Wgt 
7 .5 LBS 

B- 8.5 LBS . 
:J" 

B - 9.5 LBS. 

B-IO .5 L8S 

.11 " '--___ ..c:J 

2.6C· 

4.87'·· 

2.33 " 

wgt. 
8- 5.5 LBS. 

8- 6.5 L9S. 

8- 7.5 LBS. 



. 24' - ___ _ 

.SO'·' 

No. W~t . 

150 C - 33 LBS. 

15 1 C-35 

152 C-4<) 

153 C- 45 

PIal!' :-\0 . 1'+ . 

.5~" 

No. wgt. 
154C-50LBS. 

155 C -55 

-- 3.31 ~----

.~: ~ __________ L-+ 

~--.. ---- --- 4.0 0~-· ---- --)< 



Plate No. 15. 

All weights given in. pounds per foot. 

No.128 C 
WT. 20.5 TO 32.0 LBS. 

r ........ ·.· 2 .94' ...... --1 

r----
I ~8· 

1~" 

"'---- - -2.61~---- ----,I 

....... 2.66'-·---l 

t· 
•. _ ... .w.7~~· ____ --1'·c~1I· 

No. Wgt . 

120 C - 20.5 LBS. 

121 C-25.0 

122 C-30.0 

1-2" 

No. wgt 
123 C - 35 LBS. 

124 C-40 " 

50 
~2 

... -·-·------ aoo~-------- -

:~1i. . ___ ~ .95 
.45~ : 

'-._-, 

3.50~ ---



PJale Nu16. 

All weights given i n pounds' p er fo ot . 

t -- ----2.9l·--····1 

.36·C_-~_-1 

···-- 2.60'--·--··~ 

No. wgt, 
102 C - 25 LBS. 

103 C - 30 

104C-35 

~ - - --- 2.36--- ----, 

I 

l 

No. Wgt. 

100 C-15 LBS. 

101 C-20 

38' 
3fe' 

.19' 

No. Wgt. 

i 

. 23 · l
- U'io .. - , 

92 C-20 LBS. 

93 C- 25 , 

No. Wgt. 

90 C -13.25 LBS. 

91 C-I5.00 • 



PI aLP :\0.1 7. 

All w ojghls gjven in pounds per fool. 

No. wgt. 
80 C - 11.25 LBS. 

81 C- 13.75 

.. - ----2.2G~ -- - )0 

.13 

No. Wgt. 

70 C - 9 .15 LBS . 

71 C-IZ.Z5 , 

~ ---L88~-- --

" .---2_09~ 

. 22 ~ 
1.'S': 

.21" 
"'32" 

.j" 
! 
i 
; 

Jl --__ 

No. Wgt. 
82 C -'6.25 lBS . 

83 C-18.75 

84 C -21.25 

.15 

No. wgt. 
72 C- 1+.15 LBS . 

73 C - 17.25 

74 C - 19.75 

~!.IO" 

.33" 

36" 
If. 

- _.'" 
! 



PIaU' No.18. 

All w('ighls given in pounds P"" fooL . 

Nowgt. 
11C-1.I3 

.12~ 

No.Wgt 
20 C-2.9 
21 C-3.6 

29'" 

No. WgL 
50 C-s.s 
51 C-90 
52 C-IIS 

~ - - L75· , )I 

.19' ..... 

! 
~. 

.20";:.- ..L-___ --'. l.w- i 
~ ---- •• :jI 

00-- - 1.92~ ·--)/ 

2'·' 
.2~~ : 

.t ~'" 11 3" .. ' 
"}_f: 

. I'!:'. L-__ --LE~· Jr 

... ---1.24'-

No. Wtt. 
22 C-3.8 Nowgt 

30 C-OD 

31 C-s.o 
32 C-S.D 

~---r------ - ' • 

No. Wgt . 
40 C-S.2S lB' 

41 C-S.25 . 516" 

4f-2 0 -725 

r>-- - L.o"--

No.~ 
61 C-IO.S 

62 C-13.0 
63 C-,s.s 

., 

4' 

L ___ --1 ___ t~~· __ ~ 



Plate No.19. 
-------------------, 

All wejghts given ·in pounds pel' foot . 

75 No. liS 0 
g .40 WT.32.2 TO 45.6 LBS. 

~~. lIf 
No.IOO 0 

WT 28.0 TO 38 .6 lBS . 

or 

17'3" -

No.90 0 
WT. 25.0 TO 32.6 Les. 

2 ' -

5' 5 r 1i1' 

,-
9 ' 



8" 

I ~ 
, 

i 

, , 
t _____ _ 

Plat.e No. 20. 

All ,,'eighls g iven in pounds per foot.. 

'-10/";' 

3 !1 .. "-

9-
16 
.~ 

' 4 
No70 0 11" 

WT. 18.O TO 24.SlBS. 32 

--3 *"-----------~ 

No. GO 0 
WT.I-4.S TO 19.6 LBS 

, , , , 
:....---l Yui'--~ 

, 
7-

, 

j 



Plate No.2l . 

All ,,'ci~hts giverl ill POlllltL<, pel' root. 

3 ~ 2.' 

,. 
" 

... 

/(.- -

17 " 
32 

8 " 

No.SO A 
WT. 19.5 TO 23 .7 lBS. 

---- ----- 9 

No.90 A 
WT. 22.5 TO 26 D LBS. 

JO ' 

No.IOO A 
WT.2S.6 TO 31 .5 LBS. 



Plate No. 22. 

All wf' ighLK given in poullds p er foot 

L 

2if' ~ .. 
! 6 

~ 5 " ~ 

~31· 

No.SO A 
WT. 97 TO 13 .0 LBS . 

No~ 60 A 
WT. t2 .7 TO 19 .0 lBS . 

No. 70 A 
WT. IS.O TO 19 .2 LBS 

-----~ 



Pldle No 23 . 

All weights given jn pounds per foot 

R'r-:>,---...---, , 
~6 i" ,' -ii'---~47·~---_, 

r ti "". 
---p'""'·'Jr No.441 T 

WT. 13.7 LB S . 
4 ' 

' f ' 

WT 11.0 LB S. 

'T":':) ; ,... 
No .117T I i ' 

WT. 2. + LBS . 

7j I 

No.331 T 
3' WT.7. 7 LBS . 

No.440 T 
"NT. tO . 9 L.BS 4~ 

kr-,w....-"?;7- -' 

" 

No.22S T 
WT . 5 .0 l8S . 

t::..r----"r.i----, 

" t~·" :-·' " 
;!: 'NO.1I5T 
~ . WT.2.0 LBS . 

\~ 

t"~' '."'" 
1'1' i No, 112 T. 

WT. l . ~ LBS. 

'- f. 

.. ~' ~ ... 
,, ~. No. 110 T 

WT. I .O Les . 

t, 

NO.220T 
WT.3 .S L8S . 

.. ~ . 



Plate ~ 0.24. 

All weights given in pounds per £oot . 

;.. ------------------ 6 " ______ ------ .. --.- ~ 
~fr' ---------->C--r--------
l··------~ 

No.64T. 
WT. 17.4 LBS . r 

--------- 4 ' ------------; 

No.45 T 
WT. 13.S LBS . 

WT. 9 .0 LBS . 

p~ 
' { ,I::, 

4j" 

~r- -- ~--

3' 

~------------ 4"- ---.-----~ 

t~ 

------*.-
~:;: 

~---------------- 5"· 

No.S4T 
WT. 15.3 LB S. 

~ - __ -_----_------ 5" .-- ----------- - . : 

, f .. _ :.t'. 

No. 53 T 
WT. 17.0 LBS . 

__ 't ___ _ 

~lr4 

" 
~ ___ _ ___ ..I, 

r--~-_3C-----__;·--4;;
- lji . 

No.44 T 
WT. IO .2 LBS . 

,. --.. -2t' ------- " 

'* ,~.,. 

:' t 
2..3" 

i' 
NO.26T 

WT. 5 .7 LBS. 



Plnte No.25. 

All wei)l;hLs ds per foot. given in pOl.m . 

3:._ ';~03<n:r~ 
WT. 5.0 LBS. , 

~i> -. ~ 
. 2 %:. .. _____ ... 

f-- - -- 13 '''' ~---'- '1 

t~.17T 
If 0 ~~~L9 LBS. 
~ f 

,--· ---1 ~~ :--.-. 

~~O . 15T 
1:. ~ ~~.! 4 LBS. 

"-'-'l;i , 

T 

~-::~h;,tT 
6_. - WT. Z.2 LBS. 

, ,. , 

ITT~t?:i2~------ ' 
~~ No.21 T 

~' WT. 2.5 lBS. 
L-'f 

__ . ___ • 2 ~ ____ __ _ 

~.20T. 1 
• . -- WT. 2 .0 LBS . , 



PlaLe No.26. 

All weights given in pounds pel' foot . 

~------------------ 6' -- "---------- ----

r------..---~---~-----__, .. , .... 

, 
t 

! 
! 
t 
q¥§. ~ 

! 
: 
: 
: 

__ ____ 1_ 
; 

~--·1 1/4 ':.-~ 
: ' 

3~ " 

No.336 T 
WT. 9 . 0 LBS . 

____ .L_ __ __ I 

... L.. I--~--_rc,._---

... f ~-_~ 
~~/~~~ 

No .39 T 
W T . 8 . 5 LBS. 

i 

No. 6ST 
WT . 39 .0 LBS . 

No . 335 T 
WI. 7. 0 LB S . 

No . 35T . 
WT. B . 3 LBS . 

No. 38 T 
WT . 7 . 0 L B S. 



Pla.L(' No. 27. 

An weighLs given in pounds per foot . 

~.884 A to 888 A 
WT . 39.0 

TO 
52.8 

WT. 26 . 5 
TO 

35.9 

WT . 14 . 8 
TO 

24 .4 

WT.12. 3 TO 29 . 4 

Nos.440 A to #7 A 
WT. S .2 T01S .6 

Nos.350 A to 355 A 
WT. 7. 1 TO 13.7 



Plate No.28. 

All weigh ts given in p ound s p er foo t. 

,-\-'" 
Nos.330 A to 336 A '" 

WT . ... . 9 TO 11 . 5 

• + 

Nos.275A to 279 A 0;\' 
WT. 4 . 5 TO B . 6 

Nos.2S0 A to 255 A 
WT.3 .1 T O 7. 8 

Nos.225 A to 228 A 
WT. 2. 7 TO 5 . -4-

Nos.220 A to 223 A 
WT . 2 . S TO 4 . 8 

Nos . 175 A to 178 A 
WT . 2 . IT04 . 1 

Nos .1S0 A to 154 A 
WT . I . 2 TO 3 . 5 

Nos .125A tol27 A 
WT . 1. 0 TO 2. 0 

Nos.1I0Atoll2 A 
WT. O . e TO 1 . 5 

,I' 
'], 

~'lOV" 



Plale No.zo . 

AJI ~n·ighls given in pounds p er fool 

WT. 12 . 2T029 .... 

Nos.630ATO 639 A 
WT.11. 6 TO 28.6 

Nos.SOO A TO S04 A 
WT. 11.0 TO 17.9 

Nos.54-0 A TO 546 A 
WT.11.0TO 21.3 



PhlLe ~o. 30. 

Allw(,jghLs given hi pounds PC1 ' foot . 

Nos. 300 ATo 305A 
WT.6.6 TO 12 . 9 

Nos.210 Aro213A 
WT.1.9TO 3. 9 



Plate .:";0.3] 

.All w f' ighL<" giVf'll in pOllnds p er foot 

No.40A 
WT. 9 .8 TO 16. 2 

Las. 

No.30 A 
WT. 4 .9 TO 9,+ LBS. 

No.28 A 

~
': X 

WT 4- I TO 8 2 LB S • t-
.,.\. 

~. 

No.24 A • 
WT. 3 .6TOS."LBS. ~; ' '1> ~ 

No. 2S A 

No.20A ..: 
WT. 3.3 TO + .9 LBS. ~ 

.:~ '-
No.18 A . ' 

WT. 2 .9 TO ..... lBS . ,,'I. 

,,'i ' 
No.IS A 



P late No.32. 

All weights given in. p01J nels per foot . 



Pl_a:_te_~:]:::;3-,-. ________________ --, 

All weights given iTl pounds per foot,. 

3'12 35/8 

3 
(\,;. ... 

" 
7 6"S~8 
8 

Nos. 66-67-68 Z 
_ wrs. 29.4 -31..9 -34.5 

11 ';~. 
16 

Nos. 56 - 57 Z 
WTS. 23.7 -2:6.0 

,. 
-~r 8 

.;I' 
4,' , 

4 i 4im" 

: : 
.'t.:. ?-

Nos. 4 6 - 47-48 
WTS . 18.8 -20.9 -22.9 

Z 

,,;: ~. 3~ii 
3Y2 

JI 

'i 16 

'3t8-

l' ~' 

F==~ -' 
Nos 63- 64-657. 
WTS. 22J-25.4 -26.0 

5~ ~8' 
: , 

! i 

Nos 53-54-55 Z 
WTS . 17.8 -20.1 -22A-

Nos. 43-44 - 45 Z 
WTS. 13.S - IS.5-Jl5 

~ -22Y~~~~~~~ 

, ~. --. 3-0/5 
<I " 3Yz 

~. 

')i; 

'Ii y' 

Nos . 60 - 6 1- 62 Z 
WTS. 15.6-18.3-21.0 

';~6' ! 

~" SiS' 
i 

- -"- " _t._ 
Nos. 50-51-52 Z 
WTS 1/.4-13.8 -16.1 

~~:-" " " 
Nos. 40-41-42 Z 
WTS. 1.9-99 -11.9 

" fS ' 

~. 3r6" 
i 

.. < 

Nos. 33-34-35 7. 
WTS. 11.1 - 11.9 - 12.7 

Nos,30-31 -3 2 Z 
WTS, 6.6- 8.3-10.0 

... .: 



Trough Sha-ped Sections 
for CorrugaLed Flooring 
AUweights given in pOlillcls per foot" 

I 

A 

---- 6 ~ ------ -----~ -- 6 ~ -.--------. ~ 
WT. PER SQ F'OOT 14. 8 TO 29. L LBS . 

k----- -- &'~-------~ 
No.~ 60 M 

WT. PERSQ FOOT 20.0 TO 40.1 LBS. 

o 0 0 0 0 



P laLeNo.35. 

r 

-----~---

METHOD OF INCREASING 
SECTIONAL AREAS . 

Cros,; hal clH'd portions rep l'('senl Ihe m-inim.um 
scclioLlS i-tnd. Lhe blank portions the added areas. 



ELEMENTS OF PENCOYD TEES. 
Since going to press one new Tee, section No. 46 T, has been 

added and No. 45T has been altered. The sections weights 
and properties of these are given below: ' 

-t .. -~- ------ - 4"-----1 
y-r_k:------- - 4V'- -----"2 - 't ---

.J 
i 

~1.~ _:i~ __ _!_' _-' 

" I J''tI -8- I 

~~!I 
No,45T 

WT.14.6 LBS. 

! 
~. 

I 

No.46T '" 
I 

WT. 15.8 LBS. ! 

1 
: 1't.----J:.. 
Ii'! 

1. Section Number. 

II. Size in Inches. 

III. Area in Square Inches. 

IV. IVeight in Pounds per Jibot. 

V. I AxisA. B. 

VI. 
][ oments of n ,.,·tia. 

Axis Co D. 

VII. AxisA. B. 

VIII. 
Resistance. 

Axis O. D. 

IX. AxisA. B. 

X. 
Radius of Gyration. 

A xisO. D. 

XI. Distance I'd" Ba.se to Neutral A xis. 
Ooefficient of Safe Load Axis A. B. in 

Net Tons. 

I 
I 
I 

: 1£' : ___ J., 
r-.lB1 

46 T 45 T 
4:1,2" x3~" 4"x4~ 

4.65 4.29 
15.8 14.6 

4.93 7.87 
3.67 2.80 

2.05 2.50 
1.63 1.40 

1.03 1.37 
0.89 0.81 

1.11 1.37 
10.91 13.39 

SAFE LOAD IN NET TONS UNIFORMLY 
DISTRIBUTED. 

&ction 
No. 

46T 
45T 

Fibre stress 16,000 Ibs. per square inches. 

Size 
Ftangeby 

Stern 
Inches. 

4~x3~ 
4 x4~ 

Weightl_~-L~E-U-G~TH-__,_O-F-S~P-A-N___,__I-N__c_F-'E-'E~T.-.~-
p.~~t 4 I 5 I 6 I 7 I 8 I 9 110 111 1 12 113 

in Lbs. 
Safe Load in Net Tons. 

15.8 2.73112.18!1.82!r.56!1.37!1.21!1.09!lo.99!0.91!0.84 
14.6 3.35 2.6812.2311.911.671.491.34 1.221.12 1.03 
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