TRANY

O
o
/‘wl,



‘1d30 3DHO4 *SAOVNYUNS HLUVIH-N3JO




STRAIG

ROLLING MILLS.



I P

"AINIWLHVAIA ONILLNO ANV ONINILY

‘dOHS INIHOVI ANV ST ONITI0Y




*AINIWLYVHIA NOILONY.LSNOO OGNV 390id8

BEERRIREE

BRRREL RRR




‘dOHS 13AI4 ANV L1708 "INIWLYVL3IA IDHO4 DJIMNVHAAH




Steel in Construction.

CONVENIENT RULES, FORMU LAS AND TABLES FOR
THE STRENGTH OF STEEL SHAPES USED
AS BEAMS, STRUTS, SHAFTS, ETC.,

MADE BY

THE PENCOYD IRON WORKS,
A. & P. ROBERTS COMPANY,
PHILADELPHIA, PA.

STEEL DEPARTMENT,

MANUFACTURERS OF OPEN HEARTH STEEL SHAPES, BARS, FORG-
INGS, SHAFTING, AND HAMMERED AXLES.

BRIDGE AND CONSTRUCTION DEPARTMENT,

DESIGNERS AND MANUFACTURERS OF BUILDINGS, BRIDGES,
VIADUCTS, TURNTABLES, ETC.

TENTH EDITION,
1898,




PENCOYD IRON WORKS
A. & P. ROBERTS CO.

PHILADELPHIA, PA.

MAIN OFFICE,
261 S. Fourth Street, Philadelphia, Pa.

100 Broadway, New York City

BRANCH OFFICES: { __ -
27 State Street, Boston, Mass.

AGENCIES :
R. C. HOFFMAN & CO.
Equitable Building, Baltimore, Md.

E. W. CRAMER,
The Rookery, Chicago, Ills.

WM. V. KELLEY,
1506 Fisher Building, Chicago, Ills.

GOOD & WATERMAN,
Security Building, St. Louis, Mo.

JAMES W. PYKE & CO.,
35 St. Frangois Xavier St., Montreal, Canada.

COPYRIGHTED, 1898




PREFACE.

Two years have elapsed since the Ninth Edition 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 Mr.
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,

Pexcoyp, PA., February 16, 1898.
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Rolled Shapes of Steel.

PART 1.

TABLES OF DIMENSIONS.

TaE lithographs and following tables give the principal
dimensions of the standard shapes of structural steel rolled
at Pencoyd.

Jeams and channels are rolled of the sizes and weights
given in the lithographs and tables. The weights vary for
the larger sizes by 5 pounds per lineal foot and 2} pounds
for the smaller sizes as low as 4 inches. The standard sec-
tions of beams and channels have a uniform flange bevel of
2 inches to the foot.

Angles can be rolled of any thickness between minimum
and maximum. Weights corresponding to the principal
intermediate thicknesses are given in tables on pages 8, to
11 and 13. Thelegs 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 per foot, but not both.

Tee sections cannot be altered from the standards as given
in tables and lithographs.

The weights of all rolled sections are for steel only, which
is now the exclusive product of these works. The tables are
all calculated on a basis of 489.6 pounds per cubic foot, or
3.4 times the sectional area in square inches equals the
weight of rolled material in pounds per lineal foot.




PENCOYD BEAMS.
%
i Bevel of flange 2 inches
per foot.
c
b
cnes o me ivmuvnnceneseeracess Iu’, __________________
Dimensions in inches.

o T S R R
Fopsiont ¢ "':"gd“'! i n:! F | ¢ | E | o

ber. |Beam.| 1!(" ';;_ ‘Seclion. 1 |
240B | 24 80.0 | 23.53 | .50 ;7.00{1.14 .60 |4.50
241B| 24 85.0 | 25.00 |.56 |7.06|1.14|.60 |4.50
2428 | 24 90.0 | 26.47 |.56 17.42 1.21(.64 4.50
243B | 24 95.0 | 27.92 |.62 |7.48 l1.21 .64 (4.50
244B | 24 [100.0 | 29.42 (.68 |7.54 1.21|.64 |4.50
mon| 2 | w0l 1032 3 a2 1y 5 400
B 0. .59 |. ; .03 .55 | 4.00
202B | 20 75.0 | 22.06 |.64 | 6.39|1.03|.55 |4.00
203B| 20 | 80.0 | 23.53 | .63 ‘ 6.75 | 1,12‘ .61 [4.25
204B| 20 | 85.0 | 25.00 |.70 (6.82|1.12|.61 (4.25
205B | 20 | 90.0 | 26147 | .78 |6.90 | 112 61 |4.25
206B | 20 95.0 | 27.94 |.74 |7.24|1.25 .68 |4.50
207B| 20 |100.0 | 29.41 |.81 |7.31 1.25’.68 4.50
180B| 18 | 55.0 | 16.18 | .46 6.00‘ 92|.46 |3.75
181B| 18 | 60.0 | 17.65 |.54 |6.08| .92 .46 |3.75
182B | 18 | 65.0 | 19.12 | .63 | 6.17| .92| .46 |3.75
183B| 18 | 70.0 | 20.59 | .62 ‘ 6.50 | 1.01|.52 |4.00
184B| 18 | 75.0 | 22.06 |.71 ‘ 6.58 J 1.01 .52 |4.00
185B| 18 | 80.0 | 23.53 |.79 [ 6.66 | 1.01 ’ .52 | 4.00
186B| 18 | 85.0 | 25.00 |.74 |7.00|1.16| .61 |4.50
187B | 18 90.0 | 26.47 | .82 | 7.08 ‘ 1.16 ‘ .61 |4.50
150B| 15 | 42.0 | 12.35 | .41 15'50‘ .83 (.41 |3.25
151B| 15 | 45.0 | 13.23 | .45 | 5.54 .83'.41 3.256
152B| 15 | 50.0 | 14.70 | .48 ‘ 5.82 ‘ .90i 46 | 3.50
153B | 15 | 55.0 | 16.18 |.58 [5.92| .90 .46 |3.50
154B| 15 | 60.0 | 17.65 | .55 16.17 1.04 .57 |3.75
155B| 15 | 65.0 | 19.12 | .65 [ 6.27 |1.04 | .57 | 3.75
156B| 15 | 70.0 | 20.58 | .63 | 6.43|1.17|.69 |4.00
157B| 15 | 75.0 | 22:08 |73 |6.53|1.17 l .69 | 4.00
158B| 15 | 80.0 | 23.53 |.83 | 6.63 1.17 .69 |4.00

2




Section
Num-
ber.

PENCOYD BEAMS.

Bevel of flange 2 inches

per foot.
----------------------- I-.V'-—-w—-»--"—-—-—f Sf==-—tl
.
Dimensions in inches. v
' —— I', = 17,?"’ ’7771", e e e =
5 P "Ei{;’l“ o lw | e | c | Elo| R
Beam.| g0 Seclwn.‘ ‘

12 | 3155 | 9.26(.35(5.00| .74|.35|3.00 (3 to g| .
12 | 35.0 | 10.29|.425.07 | .74|.35|3.00 (3 to Tg| .
12 | 40.0 | 11.76 | .42|5.25| .88 .48|3.25 (% to 75| .
12 | 45.0 | 13.23|.54|5.37| .88|.483.25 |3 to g .
12 | 50.0 | 14.70 | .55|5.68 | .98|.56 | 3.50 |3y to Tg| .
12 | 55.0 | 16.18 (.56 |56.75|1.10 | .67 | 3.50 |3} to Vg .
12 | 60.0 | 17.65|.68|5.87 |1.10 | .67 | 3.50 |3y to Ug| -
12 | 65.0 | 19.12 .80 ‘ 5.99 |1.10 | .67 | 3.50 |3 to Tg| .
10 | 250 7.35|.31/4.66| .67|.31{275| 34

10 | 30.0| 8.82|.44/479| 67|.31{275| 3

10 | 35.0 | 10.29| .44 ‘ 5.00| .81|.43|3.00| 3

10 | 40.0 | 11.76 | .59 ‘ 515| .81|43(3.00( 3

9 | 210 | 6.18|.29|4.33| .63|.29 ‘} 250 3y

9 | 250| 7.35(.39|443| .63|.29|250| 9y

9 | 300| 882|.56/4.60| .63|.29(2.75| 4

9 | 350 10.29(.72|4.76| .63|.29(2.75| 94

8 | 180 | 5.29(.27/4.00| .58 } 27(225] 3y

8 | 205| 6.03|.34|4.07( .58|.27(2.25| 34

8 | 230 | 6.76| .44 ’ 4.17 ' 58|27 (250 3

8 | 25,5 | 7.50|.53|4.26 ‘ .581.27(250( 8y

i

52| 9.76.
52| 9.76
65 | 9.35
66 | 9.35
74| 9.04
86 | 8.68
87 | 8.68
88 8.68
47 7.96
.48 | 7.96
.60 | 7.47
.61 (747
44 117.09
45 7.09
45 7.09
.46 | 7.09
4216.21
42 6.21
41|6.21
42 6.21




Bevel of flange 2 inches

per foot.

PENCOYD BEAMS.

Dimensions in inches.

s T | Weight] 2 |
Section| Size | WOIRY gr0 |
X:,,}{;fli :'ztr") i ‘;j’,,’,‘_""‘ of |\w| ke |E | o| B |x| =z
her. ‘I}unn. Foot. ‘Sr:ctzrm.
T —\A~ Vi\v SRS TR ‘>—77—‘ e o g
708 | 7 |150 | 441|.25 366| 53(.25/200| ¥ [.39) 534
e |7 1756 515|.34(3.75| .53|.25|2.00 3y 39| 5.34
,72B | 7 |20.0 5.88|.45(386| .53(.25(2.25| . 3 .38 | 5.34
|
60B | 6 1225 360 .23 333| 49|.23/175 % |.36] 446
61B | 6 |14.75| 4.34|.34 | 3.44| 49|.23|1.75 55 37| 4.46
628 i 6 [17.25| 507|.46|3.56| 49|.23/2.00| 55 .36 | 4.46
50B 5 9.75| 28721 ' 300 44|.21|1.75| 54 31| 8.59
51B 5 [12.25| 3.60|.34(3.13| .44|.21(1.75| ©55 .32| 3.59
52B 5 [14.75| 4.34| 49 ‘ 3.28| 44)|.21|2.00( 9 32| 3.59
40B 4 7.50| 2.20|.19/2.66| .40(.19(1.50 I 29| 2.72
41B 4 850| 2.50(.24/2.71| 40/.19/1.50| 35 29| 272
42B 4 9.50| 2.79.32(2.79| .40(.19|1.75 L 28| 2.72
438 4 [10.50| 3.09(.39 ‘ 2.86| .40|.19 ‘ 175 % 28| 2.72
30B 3 550 1.62|.17 [ 233| .35|.17|1.25| 3 26| 1.85
31B 3 6.50( 1.91|.24|240| .35(.17(1.25| 5 27| 1.85
32B 3 750 2.20|.34(250| .35(.17 [ 150 3 25| 1.85
||
63B 6 |323 9.49 ‘ .50 | 4.88 .87‘ .50 ‘ 3.00 3 to 3| .66 | 3.00
to to | |
374 | 10.99 ‘ ] . I
67B 6 |41.0 | 12.06|.63|5.25(1.08 | 52 ‘ 3.25 |3 to 7g| .81 | 2.60 ;
to to o
1461 | 1356 ‘ }
| | |
4



PENCOYD CHANNELS.

E.
e Bevel of flange 2 inches
! per foot.
™
!
r ey
| W, :
l“éﬂ
Dimensions in inches.
| Size i!'ﬂiyllt‘ s T R A i iyt
el o |Pounds| 402 | w.|F|a | E| o ‘ R |m|m
ber. C::gln‘ l";r f . ‘Sez:iion.; ‘ | ‘ ‘
el ,,,7‘_“<< B
150C| 15 | 33.0 l 9.70 ‘ .40 ‘ 3.40| .90 ‘ 40 | 2.00 |3y to 7g| .63 12.35
151C| 15 | 350 | 10.29|.42|3.42| .90 .40 } 2.00 |3 to U5/ .64 |12.35
152C | 15 | 40.0 | 11.76 ‘ .52 ‘ 3.52( .90 ‘ 40| 2.13 |3 to 75| .63 ‘12.35
153C | 15 | 45.0 | 13.23|.62(3.62| .90 | 40 i 2.25 ‘344 to 75/ .63 |12.35
154C| 15 |,50.0 | 14.70 | .63 | 4.00|1.05 | .49 | 2.50 l‘i,; to 7 ‘ .7411.89
155C | 15 | 55.0 | 16.18 ; 72 J 4.09|1.05 .49 | 2.63 |3 to Tg| .73 |11.89
120C | 12 | 20.5 6.03 .28 294 ’ T2 r .28 ! 1.75 3 48| 9.91
121C| 12 |25.0 | 7.35/.39(3.05| .72|.28(1.88| #; |.47|9.91
122C| 12 |30.0 | 8.82|.51] 8.17| .72 ‘ 28 ‘ 200 8, |.47]991
123C | 12 | 350 | 10.29 ' .50|3.50| .95].45|2.00 ¥ to 7| 70| 9.17
124C| 12 [40.0 | 11.76|.623.62| .95|.45|2.13 ¥ to Yg| .70 | 9.17
f 100C | 10 | 15.0 4.41 ’ .24 ‘ 2.60| .63 ' .24 | 1.50 3y 42| 8.16
101C | 10 |20.0 5.88 .38 ‘ 2.74| .63|.24(1.63| 3 42| 8.16-
102C | 10 | 25.0 7.35|.45|2.91| .76.36|1.75 |3 to 7| .55 | 7.68
103C| 10 |30.0 8.82 (.60 |3.06| .76|.36|1.88 |3 to 7g| .55| 7.68
104C| 10 |35.0 | 10.29 ‘ .75 ‘ 3.21| .76|.36|2.00 |3 to 7| .56 | 7.68
90C| 9 |13.25| 3.90|.23(243| .60|.23|1.38 3 41| 7.25
91C| 9 [15.00| 4.41|.28(248| .60|.23|1.38| 34 42| 7.25
"92C| 9 |20.00| 5.88|.38(|2.72| .71{.32(1.50| 52| 6.87
98C| 9 |25.00| 7.35|.54|2.88| .71|.32 (1.63| 3 .53 | 6.87
of 128C| 12 | 20.5 6.03(.28(2.61| .73|.34|1.50| % .63 | 9.49
to to | to | to | |
12 i 32.0 9.41 | .56 2.89‘| J73|.34(1.75| 3y .53 | 9.49
|
5




PENCOYD CHANNELS.

E
- Bevel of flange 2 inches ng
per foot. k'-‘i
!
1R
F T e
x 0
iW. i
l-a-ﬂ
Dimensions in inches.
R AT, PRy O T e
Sect Are
Nme 70 M g sonay d |w|lr|le|E|lo| 2 |®|=x
ber. |“po1 | Foot. Section
80C| 8 |11.25| 3.31 |.22(2.26| .56 |.22|1.25| 34 .38 6.34
81C| 8 |(13.75| 4.04 |.30(2.34| .56 |.22(1.38| 3y 38| 6.34
82C| 8 |16.25| 4.78 |.33|2.55| .65 [.28(1.50| I 46 | 6.06
83C| 8 |18.75| 5.51 |.42(2.64| .65 [.28|1.50| "3 47| 6.06
84C| 8 |21.25| 6.25 |.52|2.74| .65 [.28|1.56| 34 48| 6.06
0C| T 9.75| 2.87 |.21|2.09| .52 {.21|1.13| 95 37| 543
71C| 7 |1225| 3.60.31(2.19| .62 |.21|1.25| 9g 37| 5.43
72C| 7 |14.75| 4.34 |.36|2.46| .60 |.25|1.50 |% to | .41 | 5.21
73C| 7 |17.25| 5.07 |.46|2.56| .60 |.25|1.50 9% to 3| .43 | 5.21
T4C| 7 |19.75| 5.81 [.57|2.67| .60 |.25|1.63|% to 3| .42 5.21
60C| 6 8.00| 2.35|.20(1.92| 49 | .20|1.06| %% .35| 4.62
61C| 6 |10.50| 3.09 |.27|2.14| .53 [.22|1.25|% to 5| .37 | 4.39
62C| 6 |13.00| 3.82 |.40|2.27| .63 |.22|1.38|% to 55| .37 | 4.39
63C| 6 |15.50| 4.56 |.52|2.39| .63 |.221.50 | 1% to 95| .37 | 4.39
50C| 5 6.50| 1.91 [.19|1.75( 45 |.19/1.06| % |.31|3.61
51C| 6 9.00| 2.65|.32(1.88| 45 |.19(1.19| I 31| 3.61
52C| 5 |11.50| 3.38 |.47|2.03| 45 (.19|1.31| 3% |.31] 3.61
40C| 4 5.25| 1.54 |.18(1.58| 41 |.18/0.94| 3 [.29]| 2.70
41C| 4 6.25( 1.84 |.24|1.64| 41 |.18|1.00| 3g 29| 2.70
42C| 4 725\ 2.18 1182172 | 41 |.18(1.06 ¢ 29| 2.70
30C| 38 400| 118 |.17|141( .38 |.17|0.81| 3g 27| 1.79
31C| 3 5.00| 1.47 |.25|1.49| .38 |.17(0.88 27| 1.79
32C| 38 6.00( 1.76 |.35(1.59| .38 |.17|1.00( 3g 27| 1.79

For 214", 2" and 134" channels, see plate 18.




PENCOYD 2 BARS.

‘1004

(For Rivet Spacing, see page 200.)
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PENCOYD ANGLES.
EVEN LEGS.

Dimensions in inches. Weight in pounds.

Section [
Number. |

2 8
> >

660A
661A
662A
663A

665A
666A
667A
668A
669A

550A
551A
562A

Size. é E}f &FE’, E :32 5} § Size,
8x8 | |264| 7.76]553A |5 x5
8x8 |4 |208| 876]554a |5 x5
8x8 |% |332| 9765554 |5 x5
8x8 |14 |366|1076]55%A |5 x5
8x8 | % |300|1147]557A |5 x5
8x8 |13|424|1247]558A |5 x5
8x8 |7 |458 1347|554 |5 x5
8x8 |1} 4931450
8x8 | 1 |528|1553

440A (4 x4
6x6 |8 |148| 435|%1A 14 x4
6x6 | |17.3| 500]443A |4 x4
6x6 |1 [107| 570 ] ¥43A |4 x4
6x6 | & |220| ea7]i44r |4 x4
6x6 |b|204| 718]440A |4 x4
6x6 |13 |265| 7.70| 44674 |4 x4
6x6 |9 288 | 847 |H7A |4 x4
6x6 |11|31L0] 912
6x6 |7 |334| 082
6x6 |1§|350 1056 |3%0A |3 x3%

351A |31, x 31p

352A | 3% x 31 |
5x5 |%|123| 36233 |3%x 3 |
5x5 |7 | 143 | 4.21]354a |31, 131,
5x5 |3 |163| 4703554 |3% x3%

‘ Thickness.

|

fo i Eh o o

-
@ o

L0 e
B oh

o o Ry S0
Woo W ey

16
%

Weight
)
vol.

f%

18.2
20.1
22.0
23.8
25.6
274
294

8.2

9.8
11.3
12.8
14.5
15.8
17.2
18.6

1.8
8.5
9.8
11.1
12.4
13.7

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

Areaof |
Section, l

5.35
5.91
6.47

7.53
8.06
8.65

241
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 pounds.

5 2 ¥ s¢ | g8 x 3loe¢
Sl oo [13IH[H] . 1745
%S g |5 & =2 | 2% g [F <2
330A (3 x3 |1 | 49| 144 |220A |2 x2 || 25|07
A3 x3 || 61| 1709|2214 |2 x2 [ 32|09
32A(3 x3 |%| 72| 212 |222a (2 x2 || 40 | 118
38A (3 x3 || 83| 244 |23A |2 x2 |8 | 48|14
34A|3 x3 |% | 94| 276
335A (3 x3 | & 104 306
Bon s x3 |% |16 | am | 1A (x| & | 21 |0e

176A |13, x 1% | Y | 2.8 | 082
1TIA | 1% x 1% | 4 | 35 | 103
215A | 2% x 2| Y | 45| 132 | 100 |18, 213, (8 | 41 | 121
276A | 2%, x 2% s | 55| 1.62
277A | 2% x 2% % | 6.6 | 1.94
218A | 2% x 2% 7% | 7.7 | 226 | 150A |19 x 11| % | 12 | 035
279A | 2% x 2% | % | 86| 258 | 151A |15 x 1% | & | 1.8 | 053
152A (15 x 1% | 1 | 24 | 071
250A | 2% x 2%| 4 | 31| o1 | 19%A |Pex1l| & | 29 1085
1A |22 £ 71| % | 41| 121 | 1547 |Pex 1% % | 35 | 108

252A |21 x 2% {5 | 5.0 | 147

28 |29 x 2% % | 59| LT | 1954 |13, x 13| 3 | 10 [ 020
254A |2 x 2% 5 | 6.9 | 2.08 | 1054 TyxTy| | 1.5 | 044
255A |2 x 2% Yo | 78| 229 | 1ona |1y 1y, |3, | 20 | 059

225A |24 x 2| & | 27| 0.79

206A (2 x2Y| Y | 36| 1.06 | 110A [1 x1 || 0.8 024
227A |2y x2Y| & | 45| 132 mA (1 x1 |&| 12|03
208A (21 x 2Y| % | 54| 159 | 1124 [1 x1 || 15 | 044

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




PENCOYD ANGLES.
UNEVEN LEGS.

Dimensions in inches. Weight in pounds.

\
4
|

£5 (2, g S5 58 g3, ¢
~§§ Size. % %g;: §§ §'§ Size. ’% Eﬁ §§
s = B S 3.3 S B | <2
2 g & s g | =
860A |8 x6 |% |230| 6.76 | 647A |6 x4 |13 | 256(7.53
861A |8 x6 | 258 | 750 | 648A |6 x4 s | 27.4 [8.06
862A |8 x6 |3 |28.7| 844 | 649A |6 x4 |13 | 204|865
geA |8 x6 i} 317 932
Al8 x6 |% 3389
865A |8 x6 |1j |36 (1076 | 5304 |8 x3w )% | 16301
866A [8 x6 |7 395 116283 I3h| 2008
867A (8 16 |1} |425 1250 | 8328 |8 ;g,‘fg % 17-% s
so8A |8 x6 |1 456 1341|giid|% X3 lg | 10k 290
635A |6 x3% |1} | 20.8|6.12
730A |7 x8%| % | 17.0 | 5.00 | 636A |6 x3% |3 | 22.66.65
T3IA |7 x3%| f 190 | 559 | 637A (6 x3%5| 1 | 245|721
732A |7 x3%) 35 |21.0 | 618 | 638A |6 x3% |7 | 26.5|7.79
T3A |7 x3% 11 | 230 | 676 | 630A |6 x3% |1} | 286|841
AT 'z : A4 .
Ton |7 roe 4580 | ga [0 [sexa i | 110/a2
737A |7 x3%| 1} | 305 | 897 | 1A (Sex S| i | 1288
738A |7 x3%| 1 |325 | 9.56 BRI B
503A |5% x 3% | /; | 16.2|4.76
504A | 5% x 3% | 3 | 17.9 | 5.26
i o
651A | 6% x % | 150 | 4.
6624 6124 |15 | 170 | 500 | 540A |5 x4 |3 | 11.0|3.24
6534 [61ox4 | |19 | 559 | 541A |5 x4 | | 12:8|376
654A |6'ox4 |3 |212 | 624 | 542A (5 x4 |15 | 1456|429
655A |61 x4 |1} [234 | 6.88 | 543A |5 x4 % | 16.2 [4.76
656A |65 x4 |3 256 | 753 | 544A |5 x4 |% |17.9|5.26
657A | 6% x 4 ;,g o78 | 818 | 545A [5 x4 |1} | 19.6(5.76
658A |61 x4 |7Ug |29.8 | 8.77 | 546A |5 x 3 | 21.3|6.26
B59A |6 x4 |17 | 319 | 9.38
510A |5 x3%| | 87256
640A (6 x4 |3 |122 | 359 | 511A |5 x31 |3 | 10.3|3.03
641A |6 x4 | [143 | 421 | 5124 |5 x3% 12.0 353
642 (6 x4 |1p (163 | 479 ] 513a |5 x31% |15 | 13.6]4.00
643A (6 x4 | (181 | 532 | 514A |5 x3% | & | 15.2(4.47
644A (6 x4 |5 |201| 591 | 5154 |5 x 3% |35 | 16.8|4.94
645A (6 x4 |11 220 | 647 | 516A |5 x3% [ | 184|541
646A |6 x4 |3 |238 | 700]517a |5 z31; |3, | 200 (5.8

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.

HOOO HHOO HHOO NHMHMHMHO PNHMHM RDNHMMH HHEE DD

L] L]
2§ S IR, | S£ | 88 8§ |R o
== g g [ D53 =8 S S . g [Sa3
SE| Size S |82 83 | 88§ Size. S |88
iz g RN <% | 82 3 £
530A(5 x3 | f| 82 241 | 310A [3ox 2| Y | 49
831A (5 x3 |% | 07| 285 | 311A 8% x 2% | 5 | 61
532A (5 x3 | % |11.2| 3.29 | 312A [3% x 2% | 35 | 7.2
533A |5 x3 |15 (128 | 376 | 313A |3%x 2% | 4 | 83
SUA |5 x3 | f5 142 418 |31 Spx ol 1| o4
b x3 i 4
536A |5 x3 i? 17.2 | 5.06 | 316A |31 x 2 45
537A |5 x3 |3 [187 | 550 | 817A |8 x2 5.5
318A [3%5,x2 |8 | 6.6
450A |4'% x 3 aﬁ,} 7.7 | 226 | 325A (3 x2%% | | 45
451A |45 x 3 % | 9.1 | 268 | 326A (3 x21 55
452A (4% x3 |75 |10.5 | 309 | 3274 |3 x2% | % | 656
453A (415 x3 |15 119 | 350 | 38a (3 x210 | % | 77
454A |41, x3 |5 |133 | 391 | 3204 |3 x 2% |15 | 87
455A |45 x3 |3 147 | 432
456A (4%, x3 | 1} |160 | 471 | 320A |3 x2 |3 | 41
457A |4%5x3 | % |174 | 512 | 321A |3 x2 |G | 50
322A [3 x2 |8 | 59
410A |4 x8%| & | 77| 226 | 323A |3 x2 |4 | 69
3%;2 4 13]{‘2 578 19'1 ggg 324A |3 x2 2 7.9
4 x3%| & |105 | 3. 1, 3
4134 |4 x3ip| 15 (119 | 350 | 24 [22X2 | g5 | 2T
414A (4 x3%| % (133 | 391 | 500a (21732 | & | 45
415A (4 x3%| 5% [14.7 | 4.32 A | 5
203A [2%5x2 |3 | 54
416A |4 x31/ 11 160 | 471 | o4a (2232 |7 | 62
417A |4 x3%| 3% [174 | 5.12 205A 21{2"12 i; 7:0
430A |4 x3 | | 71| 209 | 206A [2% x1% | % | 23
431A (4 x3 |4 | 85| 250 | 207A (2% x 1% 30 |
432A (4 x3 | | 9.8 | 283 | 208A 2}/4x11.42 5 | 37 |
4334 |4 x3 1y 111 320 200A |2l x 1% | % | 44 |
434A (4 x3 | & |124 | 3.
is 215A (2 x11 21
435A (4 x3 |9 |138 | 4.06 2104 |2 llﬁz fz =
217A |2 x1% | 4 | 8.6
300A (3l x3 | & | 66| 194 [ 2184 |2 x1p | ¥ | 43
301A (8% x3 |3 | 7.8 | 2.29
302A (3% x3 |% | 91| 268 | 210A (2 x1y |4 | 19
303A |35 x3 |1 |103 | 303 |211A |2 x1y |14 | 26
304A (315 x3 | i | 116 | 341 | 2124 |12 x1l | f | 33
305A (315 x3 |3 |129 | 370 | 213A [2 x1y |45 | 39 |

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

H A te Weight in Pounds per Foot for Vi
£ .. R -y g o
;3 )
Slmohes| ¥ & | 3| | 3| |3 H| 8| H| 2| &
s 125/.1875 | .25 |.8125/.375. 4375‘ .50 |.5625 .625 (6875, .75 | .875
— Y _,\7<_ e o fee | i ]
40A4 9.8 11.413.0| 14.6| 16.2
35A/3% x 33 71|85 99114
30A3 x8 49 (61|72 83 94
28A23 x 2 45| 56 | 6.7 7.8/ 8.9
25A21 x 2 41|51 |61 7.1] 82
24A121 x 2 36|45 |54
20A2 x2 3.3 | 41|49
18A 1 xli 29 |36 | 44
15A13 x1 1.80 24 | 3.0
12A111 x 11 1.53 2.04 255
10A1 x1 082 116 |1.53|
ANGLE COVERS.
_§ Approzimate Weight in Pounds per Foot for Various
] Size Thicknesses in Inches.
"S‘In'cgles i’ \%‘156‘ 170 %‘15 ﬁi}lg
s lzsw 1875‘ 25‘3125 375 4375 5015625 1625 |.687 5‘ 75
G il Sl (i L | e b s
33A3 x3 438 | 59 } 71 8.2 | 9.3 1041 1.5
27A12 i {44 |55 | 6.6 7.7 | 8.8]
26A 21 x 2} 30 /40 | 50| 6.0 7.0 | 81
23A2 x2} 2.6 35 44}53
22A2 x2 | | 2432|4048
SPECIAL ANGLES.
g’rid_ R te Weight in Pounds per Foot for Various
3 \ Size A ell'qluc;':nsfz"zn }) ﬁ:‘h“o dikif
) Inzc,;wv M 5 | 1| 0% 3\ 16 MBS L I
2 1125 .1875 | .25 |.8125 .375 4375 .50 5625 625 .6875, .75 875
LR oo e 1 ] B0 i e 0
278A2§x 2} | 42 | 53 |64
415A 43 x 1} | 36 (4.9




g e 2o s ————e - e e

PENCOYD DECK BEAMS.

\ |
e = _g\: B8 |3 i Approximate Weight in Pounds per Foot
& | 5 |RE|ST|BR| Jor cach Thickness of Web, in Inches.
2| 5 <S8
ol 3 (&3|S8 |55 |
& ‘ B|T&| % %| % i Yo | {5 | %% %5‘ ¥
S el o e et
1115 115D 5. 25 406 32. 2 ' i 33. 4‘ 35.8 382 40743 145.6
10 IOOD‘ 5. 2:)‘ 375 28. 0 28 0 30. 2‘ 32. 3‘ 34. 4 36. 538 6:
\ |<
9 | 90D| 5.00 375 250 250 269288307"26 |
A ‘
8 | 80D 4.62 .343 21.0 21 8‘ 23.5( 25. 2\ 26. 9‘ 28. 6 ‘
7 | 70D|4.25 .343 18.0 18.5 20.0 215‘230245 [
6 | 60]_)‘375 312‘ 145145158; 17 1‘ 18.3 196 ‘ ‘
\
5 50D 3.25 .312 11.511.512.5 136 147158

PENCOYD BULB ANGLES.

10 100%‘362 500 206

%6%6&5 §
9 | 90A[3.50 484 225 | |20 |
8 so;x! 3.37 .453‘ 19.5‘ ‘ ‘ 121.3 23.7! ‘
7|7o:\'319' 406‘160 | 17.1 192‘ | | ‘
6 | 60a|3.00 350 127 132151 171 19.0 \ |
5 | 504 2.75{ a9 03] 9.7}11‘4‘ 180 | L)

2
S
2
<
S
=
$
s
-
g

)|
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PENCOYD TEES.
For details see lithographs—Plates Nos. 23, 24, 25 and 26.

EVEN TEES. UVEVEN TEES.
Section | g, » Weight | Section Weight

Number, | Size in Inches. per Ifg‘ool. Number, | Sizé in Inches. per Fguot.
440T 4 x 4 10.9 64T 6 x4 17.4
441T 13.7 65T 6 x5y 39.0
335T 31lo x 31/2 7.0 53T 5 x3% 17.0
336T 315 x 31 9.0 54T 5 x4 15.3
337T 31 x 3% 11.0 42T 4 x2 6.5
330T 3 x 3 6.5 43T 4 x3 9.0
331T 3 7.7 47T 4 x3 10.2
225T 2% b 2172 5.0 45T 4 x4% 13.5
226T 215 x 21 5.8 38T 3% x3 7.0
227T 21(2 x 215 6.6 39T 3% x3 8.5
222T 2 x 21 4.0 30T S xr1h 4.0
223T 2l x 2 4.0 31T 3 x2% 5.0
220T 2.9 3.5 32T 3 x2% 6.0
117T 13, x 13, 24 33T 3 x2% 7.0
115T 11»(2 X 11 2.0 34T 3 x2% 8.0
11271 1 x 1Y 1.5 35T 3 x3% 8.3
110T 15 Ie 1.0 36T 3 x3% 9.5

28T 2% x 18 6.6
29T 2% x2 7.2
25T 21 x 11 3.3
26T 21 x 23 5.7
27T 2% x 3 6.0
24T Y x % 2.2
20T 2 x % 2.0
22T 2 xlf 2.0
21T 2 Y7 2.5
23T 2 x1l 3.0
17T 19 x 14 1.9
18T 13 x 1% 35
15T b x 12 1.4
12T Pyx 12 12
M[SCI]LLANI OUS SHAPDS.

1&%11:7;- Section., Size in Inches. ‘ We;,'{’%’f;g L
217M | Heavy Rail. 6 50.0
210M | Floor Bars. x4x3%xY tolp 7.1to14.3
260M 2 Lg x6x sz xltodg | 9.8to147




SIZES OF PENCOYD BARS.

FLATS.
TR

75 x 3 inches to 3 inches. 245 x 13 mches to2 inches.
B x 1y ¢ /T 2 x Y B [t
1312 x 1/2 1 1 ‘e ZIEG x 11’£.’. “ 2 ““
Lﬁ xl& ‘u 1 “« g% X %* “ Ph “«
11/8 X ]/4 ‘“ 1 “ 21‘-) X 1/4 o 1:;/4 “
L& xi@ . 1 « z% X lﬁ ‘" WB “«
131, x 1‘2 “ 1 “” 3 X 1"14 ‘o 2 ““
Pﬁ x]u “« 1 ““ 3H1x 1@ ‘@ 7@ ‘o
1ﬂ;x(% “ 1 ““ 3& x Hi ““ ma “«
lqﬁ X H& ‘e 1¥a €« 4 X H; ““ ZIQ 1
1%3 x % “ 1 “« 41’(,! x 1/4 “ 7/8 ‘@
e 1 Bz MR ) B
llh x ]a “« 11’,4 “« 6 x 1,11 “ 212 «
gxd - 16T T xRN 2
g xly 1, ¢ 8idtpx. ALl 2y
Fﬁ 114 LU pa i 9 X la L zﬁ «
1%% x 5/8 “ 13‘1 ‘e 10 X 1/4 “« 217/2 «
2 x ]ﬁ “ 11& “« 1% % “il “ 21/{2 @

ROUNDS. SQUARES.

%, f5 % 18, % 1 % 18, 1 ﬁ, : 4/4 ’;,? Te, 15, 1
Yoo T 1. 1, 1y, P 145, | 120100 15 1, 1%,
1p, 18, 15, 13y, 17, 2, 2%, 21, 17/s 2, 21, 24y, 2%, 21, 2%,

2%, 2%, 2%, 2%, 27g, 3, 3%, 34,
33, 81, 3%, 3%, 87g, 4, 4%, 41,
48g, 41, 45, 43, 47, 5, 5, 5%,
5%, 6, 6%, 7 inches.

HALF ROUNDS.
a

%, %% % 1% 1 1
13, 13, 135, 1%, 15, 13, 2, 21,

2%, 3, 3%, 4, 4% inches.

23/4, 25,3, 3%, 314, 3, 31, 3%,

33, 375, 4, 41, 41, 4%, 41, 45
4"/4, 47/3, 5'inches.
RIVET SIZES.

30 1 33 387 38 89 41 486

CES) %Ir B4y 64> 64y 64) 64) 64r
47 49 58 84 55 57 61 62 63
6 17 34)56'4” E(r)h 34'17359 13‘13?{4:311
135 1 18 144, 14 inches

BOLT SIZES ©4TH FULL

9
1] To’ %r ’[6, u: lb! 1"

2y 18
175, 13» 1%, 1} inches.
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OPEN-HEARTH STEEL AXLES.

Axles for locomotive and car service are made at Pencoyd
of open-hearth steel, to conform to either the drup 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.

TRANSVERSE TEST.

Number of | Diameter of | Diameter of | Weight of | Height of | Number of
Auxles. Hub Seat. Centre. Ram. Fall, Blows.
14 53 43 1640 ! 29 36
2 58 43 | 1640 | 25 | %87
| |
“ |

TENSILE TEST.

.;? | Elastic Ultimate | Reduction of
3 Elongation. |
= " Lomss Strength. bl | Area.
~ { |
i) LA RS
%t [
,_j-f’ ‘ In 27, |
£ 45320 79230 ’ 22.7% l 38%
o:
[

The blooms are worked at a single uniform heat, under
heavy hammers, to the finished forging. Locomotive and
passenger car-axles are furnished rough-turned thronghout;
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 hardness
and strength of the metal.

The principal of these are carbon, manganese, silicon,
phosphorus and sulphur, the first-named being 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 usually known by
the percentage of contained carbon. Steel used 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 extensive 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
throughout the series as follows: manganese, .40; phos-
phorus, .04; sulphur, .05 per cent. 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-
sile 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.

i
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OPEN-HEARTH BASIC STEEL.

'ﬁe

® . Tensile Strength in Pounds o

§'_§ per Squgre Inch., Ducisidsy.

§5 Ultimate FElastic Streteh in Reduction of
& Strength. Limit. 8 Inches. Fractured Area.
.08 54000 32500 32 per cent.| 60 per cent.
.09 54800 33000 31 £ 58 b
.10 55700 33500 31 €« 57 %

i | 56500 34000 30 of 56 L
J2 57400 34500 30 5 55 i
13 58200 35000 29 s 54 L1
.14 59100 35500 29 % 53 31
.15 60000 36000 28 i 52 £
.16 60800 36500 28 8¢ 51 o
AT 61600 37000 27 i 50 Ly
.18 62500 37500 27 - 49 £
.19 63300 38000 26 H 48 "
.20 64200 38500 26 L 47 8¢
21 65000 39000 25 i 46 A

22 65800 39500 25 a 45 £
.23 66600 40000 24 o0 44 g
24 67400 40500 24 s 43 b
25 68200 41000 23 i 42 b

For convenient distinguishing terms, it is customary to
classify steel in three grades: “ mild or soft,” “ medium”
and “hard,” and although the different 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
“ goft ”” steel, from .15 to .30 carbon as “ medium,” and above
that “hard” steel. Each grade has its own advantages for
the particular purpose to which it is adapted. The soft steel
is well adapted for boiler plate and similar uses, where its
high duetility 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 wearing surfaces are 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

A e I

i
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15 carbon will occasionally submit to the same treatment,
but will usuaty bend around a curve whose radius is equal
to the thickness of the specimen; about 90 per cent. of
gpecimens stand the latter bending test without fracture.
As the steel becomes harder, its ability to endure this bend-
ing test becomes more exceptional, and when the carbon
ratio becomes .20, little over twenty-five per cent. of speci-
mens will stand the last-deseribed bending test. Steel hav-
ing about .40 per cent. carbon will usually harden sufficiently
to cut soft iron and maintain an edge.

ELASTICITY.

As the material elongates or shortens under stress, the
change of length is directly proportionate to the stress, and
the material recovers its original length after removal of the
stress, until the elastic limit is reached, when changes of
length are no longer regular and permanent set takes place,
or the destruction of the material has begun.

In good material the stress at elastic limit, for either ten-
sion or 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 material. 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 1bs. That is, if the
change of length could be extended sufficiently, it would re-
quire 29,000,000 1bs. per square inch of section to double the
original length under tensile strain, or to shorten the length
one-half under compression. Therefore, steel will extend or
shorten 54505559 part of its normal length, for every pound
per sectional inch in change of load.

19




RESILIENCE OF STEEL.

Resilience is the amount of work done to produce a cer-
tain deformation in material. It is usually measured in
inch-pounds. The total resilience is the work done in caus-
ing rupture or maximum 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
by the extension. When 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 dénoted 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.

o — § Square of elastic limit,

Modulus of elastic resilienc } Yiodulos ol Bl T

modulus of elastic resilience X vol-

or elastic resilience = St T
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 lbs. 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 =522 ¢ £t

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

I square of stress on extreme fibres at elastic limit.
b Modulus of Elasticity.

20




EXPANSION BY HEAT.

Soft steel or iron will extend about 134557 part of its
length for each degree F. of elevation of temperature. For
a variation in temperature of 100 degrees F., the change in
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 per 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 gn en
carbon ratio :

Hezght per (Jubw Fool

Carbon, Per cent. ’ Specific Gravity.

in Pounds.
‘ A sy oy
.10 7.860 489.92
.20 7.858 489.80
.30 7.856 489.67

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
489.6 1bs. per cubic foot, or the sectional area in square inches
multiplied by 3.4 equals the weight in pounds per foot.




Tables for Pencoyd Beams.

Tae following tables for beams give 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 1bs. 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 accompanied by impact, the resulting dynamic
stresses will not be expresed by formulae 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. In
general, the following limitations of the tabulated safe loads
will be proper for the specified conditions :

22
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Character of Service. |  Greatest Safe Loads.

Quiescent load, subject to little vibration,‘:&siin tables.
as in ordinary floors, etec., 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 (3) less
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 :

BEAMS WITHOUT LATERAL SUPPORT.

Proportion of Tabular Load Forming
Length of Beam. Greatest Safe Load.

Whole tabular load.
[ [

20 times fla 1gTewidth.
‘ “”

30 ‘¢ ¢ 9
40 ¢ “ « 133 “ 11
10
“ « @ 7 € %
gg “ % «“ Tﬁo— 0 o
70 ¢ «“ “ ;r,g @ 43




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 be eight-tenths () 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.

Ezample—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,
viz., 9.8 tons, and the vesulting deflection ; of the former,
or .23 inches.

If the weight is concentrated 3 feet out of 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
9'85>5< e 11.4 tons.

If a beam of above size and length is used without any
lateral support, reduce the safe load in the ratio aforesaid.
Thus 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 deflections will bear the given
ratios to the tabulated loads and deflections, for the same
length and section of beams.

greatest safe load will be
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Character of Beam.

Greatest Safe Load.

Deflection.

Fixed at one end, with
the load concentrated

One-eighth (§) part
of the tabular

Three and one-

fifth (31) times |

at the other end. load.

flection.

Fixed at one end, with/One-fourth (}) partTwo ands two-
the load uniformly dis- of the tabular| fifths(2%)times
tributed. load. the tabular de-

flection.

RTgidly fixed at bothSame as the tabu-Four-tenths (%)
ends, with a load in| lar load. of the tabular
the middle of beam. deflection.

Rigidly fixed at bothOne and one-halfThre e-tenths
ends, with the load uni-| (13) times thel ({) of the
formly distributed. tabular load. tagular deflec-

tion.

Continuous beam loadedSame as the tabu- Four-tenths (%
in middle. lar load. of the tabular
deflection.

Continuous beam load/One and one-halfThre e - tenths

uniformly distributed. | (13) times the (,’g) of the
tabular load. tabular deflec-
tion.

BEAMS WITH FIXED ENDS.

By beams “rigidly fixed,” as denoted in the previous
table, we mean that the beam must be 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, must be either of a
shorter span than the intermediates, or, if of the same
length, the load must be diminished.

the tabularde-

A
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HORIZONTAL SHEARING OF 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 the
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 when 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.

ol e '+ | ) ol e X
24 9.0 8 4.3
20 7.3 7 39
18 6.9 6 37
15 6.0 5 3.0
12 5.6 4 2.6
10 5.0 3 21
9 4.8
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SPACING AND DEFLECTION OF BEAMS.

TrE 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 in
preceding tables.

If, on the contrary, the floors are subject to 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 4 of an inch per
foot of span, or the total deflection not to exceed 314 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 5§q.

The following tables indicate for each beam this limita-
tion for deflection. Those in heavy type above the dark

| line deflect less, and those in fine type below the same line

deflect more than 41; 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 ;
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 lbs. per square foot. The weight of
the beams will depend on the span, for which see a general
rule 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 ¢ i o
4// brick arches and concrete filling = 150

“ “




These figures represent the total weight of floor itself and
the imposed load.

Floors proportioned as follows for given purposes will be
satisfactory. The weight of the material may be included

in the figures.
'

Character of Floor. | Load per Square Foot.
Lightest floors, plank covering, . . . . . . . .. .. 100 1bs,
Lightest floors, brick arches, . . . . . ... . ... 150 “
Light warehouse floors, . « . « o . & 5 s s 4 5. 04 200 ¢
Halls of audience, . . . ... ... St b 200 “
Warehouses in which heavy pieces are moved, . . . . 250 “
Shop floors for light machinery, . . . . . .. ... 250 “

Shop floors for heavy machinery,. . . . . ... .. 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 1bs. X square of span in ft. _ Ibs. of beams per sq. ft. of
1000 X depth of beams in ins. Yol floor.

Ezxample—A floor of 16 feet span bears 200 1bs. per sq. ft.,
required the weight of floor beams if 12’/ beams are used.

200 X 256

1000 12 — 43 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 gives the weights of beams per square foot of floor, for
a load of 100 lbs. per square foot, the beams, as in the pre-
ceding tables, subject to a stress of 16,000 1bs. per square
inch. For greater floor loads the weight of beams increases
in direct proportion. Thus, for a floor to carry 200 1bs. per
square foot, the weight of floor beams will be twice that of
the table. Algso, 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 1bs. per square
inch, the weight of beams will be increased as 12 to 16, or
one-third heavier than the table.
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LEAST WEIGHT OF FLOOR BEAMS IN POUNDS.

»r each square foot of floor, including ends at s
e 100 pom;ds per square foot of

PENCOYD I BEAMS.

“toor.

ports, based on a load of

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

Size of
1

~ Beam

- Inches.

2

20

18
15
: 12

10

Clear Span of Beams in Feel.

s|1o|12|14|1s|1s'2o|22|2;|2é!557

Least Weight of Floor Beams in Pounds.

0.6

0.7

0.8

0.9

1.0

1.1

13

0.6

0.7

0.7

0.8

1.0

1k

12

13

1.5

1.7

0.8

0.9

1.0

1.2

14

1.6

L7

1.9

2.1

14

15

1.8

21

2.3

2.5

17,

2.0

23

27

29

17

2.0

2.2

2.5

2.9

3.4

2.0

24

2.7

3.0

3.6

24

2.9

3.2

3.6

4.3

29

34

3.7

4.2

3.3

3.9

4.3

4.9

3.8

4.5

5.0

5.7

2.0

24

2.9

2.9

3.3

4.0

3.2

3.7

42

5.1

3.7

41

4.7

5.4

6.4

4.1

4.5

5.1

5.7

6.4

5.0

6.0

6.9

5.3

5.1

5.8

6.4

7.0

5.9

6.8

6.8




24" T BEAM—No. 240 B.

80 POUNDS PER FOOT.

Flangewidth . . . . . .. .. 7.00 Area in square iuches. . . . 23,53
Web thickness, . . . « « « - . 5 RoBIBIANGS: . wiand & o5 5 = 175.95

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 1"6 of the tabular deflection.
For ﬂgures in small type deflection is excessive.

Greatest Dutam‘e in Feet Between Oentres of
Beams for Distributed Load as Below.
Span Ss}:ﬂ;ﬁsi Deflection o e
in in in Inches. 100 125 150 175
Feel. | Not Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foo Foot. Foot. Foot.
10 97.8¢4 .07 187.7 150.1 125.1 107.2
11 &85.31 .09 156.1 124.1 103.4 88.6
12 78.20 .10 130.3 104.3 86.9 74.5
13 72.18 a2 111.0 88.8 74.0 63.5
14 67.03 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 | 5213 2 | 519 463 38.6 331
19 | 9.9 2 | 520 416 34.7 29.7
20 [ 46.92 .29 46.9 37.5 31.3 26.8
21 | 4469 31 42.6 34.0 28.4 24.3
|
22 | ; .35 38.8 31.0 25.8 22.2
23 40 So .38 35.5 284 23.7 20.3
24 39.10 41 32.6 26.1 21.7 18.6
25 37.54 45 30.0 24.0 20.0 17.2
26 36 09 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 | 3236 .60 22.3 17.9 14.9 12.8
30 | 38128 .64 20.9 16.7 13.9 119
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 must be stiffened, or loads must nct
exceed maximum loads given in column XYV, pages 188 to 191,
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24" I BEAM-—No. 241 B.

85 POUNDS PER FOOT.

Flange width . . . . . . . .. 7.06 | Areain square inches. . . . 25.00
Web thickness . . . . . ... .56 Resistance . . . ..o« o o s 181.81

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 1 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
p Beams for Distributed Load as Below.
Drdn Saffze%ﬂl Deflection (ETNE
s ;i in’ Inch 100 125 150 175
Feet. Net 1;,,”3. 5 Pintece Pounds Pounds Pounds Pou‘nds
per Square | per Square | per Square | per Square
Fool. Foot. Foot. Foot.
10 96.96 .07 193.9 165.1 129.3 110.8
11 88.15 .09 160.3 128.2 106.8 91.6
12 So.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 S o N 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 63.7 4.7 38.3
18 ] 535, .23 59.9 47.9 39.9 34.2
397
19 571.03 .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 29.3 244 21.0
24 40.40 41 33.7 26.9 22.4 19.2
25 38.79 45 31.0 24.8 20.7 AT
26 37.29 48 28.7 22.9 19.1 16.4
27 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 17.2 144 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 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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24" I BEAM—No. 242 B.

90 POUNDS PER FOOT.

Flangewidth. . . . . . ... 7.42 I Area in square inches . . . . 26.47
Web thickness.. . . . . . .. 0.56 | Resistance . . .. ... ., 196.4

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 1%y of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feel Between Centres of
Beams for Distributed Load as Below.
Greatest .
Span Safe Load | Deflection| 1

b4 in  |inInches.| 100 125 150 175

Feel. | nut Tons. Pounds | Pounds | Pounds | Pounds
per Square | per Square | per Square | per Square

Foor. Foot. Foot. Foot.
10 | rog7¢ | 07 2005 | 1676 | 1307 | 1197
3551 0522 .09 173.1 138.5 115.4 98.9
12 87.29 .10 145.5 116.4 97.0 83.1
13 So.57 12 124.0 99.2 82.6 70.8
14 74.52 .14 106.9 85.5 713 61.1
15 69.83 .16 93.1 74.5 62.1 53.2
16 65.47 18 81.8 65.5 54.6 46.8
17 61.61 21 72.5 58.0 48.3 41.4
18 58.19 23 64.7 51.7 43.1 36.9
19 5543, 26 58.0 46.4 38.7 33.2
20 52.37 29 52.4 41.9 34.9 29.9
21 49. 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 3L7 | 26.4 22.6
24 4364 | 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 26.7 214 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 20.5 164 | | 136 11.7
33 31.74 .78 19.2 154 12.8 11.0

" N. B—For Ioad;given in Ttalics webs must be stiﬂ'ened,_o;loads must not
exceed maximum loads given in columns XV, pages 188 to 191,
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24" ¥ BEAM—No. 243 B.

95 POUNDS PER FOOT.

ngewidth . . . . . . ... 7.48 Area in square inches . . . 27.92
g]':bgthickness ......... 0.62 Resiptanoe. . . . ... b 202.3

(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 1-“@; of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Greatest <= e e S

n e BN
; S Bafe Load | Dafoclon), 109 125 150 175
Feet. Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
10 107.87 .07 215.7 172.6 143.8 123.3
11 98.06 09 | 1783 142.6 118.9 101.9
12 89.859 .10 149.8 119.9 99.9 85.6
e 08| a2 1277 | 1021 851 | 730
14 7705 14 110.1 88.1 734 62.9
15 71.91 .16 95.9 76.7 63.9 54.8
16 67.42 18 84.3 67.4 56.2 48.2
19 63.45 .21 74.6 69.7 49.8 42.7
18 | 5097 | 3 666 | 533 444 381
19 56.77 .26 59.8 47.8 39.8 34.3
20 53.93 1 .29 53.9 43.1 36.0 30.8
21 SL37. | 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 25.0 214
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 .56 275 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 Ifalics webs must be stiffened, or loads must not
exceed maximum loads given in column XV, pages 188 to 191,
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24" ¥ BEAM—No. 244 B.

100 POUNDS PER FOOT.

Flangewidth. . . . . . . . . 7.54 | Areainsquare inches. . . . 29.42
Web thickness.. . . . . . . . 0.68 | Resistance.. . . . < « . s 208.1

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feel Between Centres «;f
Clvoctass Beams for Distributed Load as Below.
Span | Safe Load | Defection

in i i shes 100 125 150 1756

Feet. | Net 1;1'07”' foidneies. Pounds | 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
11 100.90 .09 183.5 146.8 122.3 104.8
12 92.49 .10 154.2 123.3 102.8 88.1
13 85.38 a2 1314 105.1 87.6 75.1
14 79.28 14 113.3 90.6 75.5 64.7
15 7399 .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 3L.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 14.5 124
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" £ BEAM—No. 200 B.

65 POUNDS PER FOOT.

Flange width. . . . . .. ... 6.25 | Areain squareinches .. . . .19.12
SWebthickness, . . . ... .. . 50 ROBISOANCS . (3 2 3 o o ciniis s 117.97

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 15 of the tabular deflection,

For figures in small type deflection is excessive

Greatest Distance in Feel Between Centres of
Beams for Distributed Load as Below.
Span Sﬁ;;e angth Deflection -
i in in Inches. 100 125 150 175
Feel. | ot Tons., Pounds Pounds Pounds Pounds
: per Square | per Square | per Square | per Square
Foot. Foot. Foot. 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 52.47 A2 87.4 69.9 58.3 49.9
13 48.40 14 74.5 59.6 49.6 42.6
14 4494 17 64.2 51.3 42.8 36.7
15 41 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 29.0 249
18 34.95 .28 38.8 311 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 29.96 .38 28.5 22.8 19.0 16.3
22 28.60 41 26.0 20.8 17.3 14.9
23 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 13.8 115 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 a7 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. 9.2 7.7 6.6

N. B.—For loads given in Italics webs must be s tiffened, or loads must not,
exceed maximum loads given in column XV, pages 188 to 191,
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20” I BEAM—No. 201 B.

70 POUNDS PER FOOT.

Flapgowidth ., - . . . . o6 6.31 Area in square inches . . . . 20.59
Web thickness.. . . . . . .. 0.56 § Resistance . . ... .. ... 122.90

Greatest safe load in net tons uniformly distributed. TFibre stress 16,000 Ibs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1"(; of the tabular deflection.

For figures in small type deflection is excessive.

‘ | Greatest Distance in Feet Between Cen/;es of
A Beams for Distributed Load as Below.
Span SZ.'/{("‘ ’}lzz:l ‘ Deflection
i |7 |in'Inches.| 100 125 150 175
Feel. | ot Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Fool. Fool.
10 65.55 .09 131.1 104.9 87.4 74.9
11 59.59 .10 108.3 86.7 72.2 61.9
12 54.63 a2 91.1 72.8 60.7 52.0
13 50.42 AT e R vl 62.1 51.7 4.3
14 46.82 @7 66.9 53.5 44.6 38.2
15 43.70 aia o 68.3 46.6 38.8 33.3
16 40.97 22 51.2 41.0 34.1 29.3
17 38.56 25 454 36.3 30.2 25.9
18 36.42 .28 40.5 32.4 27.0 231
19 34.50 B 36.3 29.1 24.2 20.8
20 32.78 34| 32.8 26.2 21.9 18.7
21 31.21 38 | 29.7 23.8 19.8 17.0
22 29.80 41 ‘ 27.1 21.7 18.1 15.5
23 28.50 45| 24.8 19.8 16.5 14.2
21 27.31 49 ‘ 22.8 18.2 15.2 13.0
25 | 2622 | 5 | 210 16.8 14.0 12,0
26 25.21 .58 19.4 15.5 12.9 111
27 24.28 .62 18.0 144 12.0 10.3
28 2341 .67 16.7 134 111 9.6
29 22.60 72 15.6 12.5 10.4 8.9
30 21.85 Tt 14.6 11.7 9.7 8.3
31 21.14 .82 13.6 10.9 9.1 7.8
32 20.48 .88 12.8 10.2 8.5 7.3
33 19.86 .93 12.0 9.6 8.0 6.9

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

36




20" T BEAM—No. 202 B.

%5 POUNDS PER FOOT.

Flange width . . . . . . ... 6.39 Area in square inches. . . 22.06
Web thickness. . . . . . . .. 064 | Resistance.. . . ... ... 127.77

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 15 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Span Sfjf“,ff,'zd Deflection T g o
in f in Inches. 100 125 150 175
Feel. | vt Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foo | Foot. Foot.
10 68.15 .09 ! 136.3 109.0 90.9 71.9
11 61.95 .10 112.6 90.1 75.1 64.4
12 56.79 J2 94.7 75.7 63.1 54.1
13 52.42 .14 80.7 64.5 53.8 46.1
14 48.68 &7 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 37.7 314 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 A4l 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 .67 174 13.9 11.6 9.9
29 23.50 72 16.2 13.0 10.8 9.3
30 22.72 7 15.1 121 10.1 8.7
31 21.98 82 14.2 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 must be sitiffened, 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.

Hiangewidth« « . .. . . .. 6.75 | Areainsquare inches. . . . 23.53
Web thickness... . . <« « + « 0.68 §| Resistanes.. . . . . « . o 140.44

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 1% 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 | Safe Load i
| T | Defteawon [ g 125 150 175
Feet. | Net Tons. Pounds | Pounds | Pounds | Pounds
per Square | per Square | per Square | per Square
Foot, Foot. Foot. |  Foot.
10 74-90 .09 149.8 119.8 99.9 85.6
11 68.09 .10 123.8 99.0 82.5 70.7
12 62.42 A2 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 63.3 444 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 21.7 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 3121 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 s 3 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 7 16.6 13.3 11.1 9.5
31 24.16 .82 15.6 12.5 10.4 8.9
32 23.41 .88 14.6 117 9.8 8.4
33 22.70 .93 13.8 11.0 9.2 7.9

" 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" I BEAM—No. 204 D.
85 POUNDS PER FOOT.
R AR S 6.82 Area in square inches. . . . . 25.00
%l:ggtﬁl:kness ......... 0.70 Resistancg : r ........ 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 the tabular load.
Deflection for centre load will be 1%y of the tabular deflection.
For figures in small type deflection is excessive
Greatest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Span G’reatesfl et
kD S foad | Deorion] 100 125 150 175
“ | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
10 750 .09 155.0 124.0 103.3 88.6
11 ;0.45 10 128.1 102.5 86.4 73.2
12 64.58 A2 107.6 86.1 71.8 61.5
13 59.61 14 91.7 73.4 61.1 52.4
14 55.36 4l 79.1 63.3 52.7 45.2
15 51.67 19 68.9 55.1 45.9 39.4
16 48.44 22 60.6 484 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 42.9 344 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 T2 18.4 14.7 12.3 10.5
30 25.83 i § 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 14.2 114 9.5 8.1
N. B.—For load given in Italics web must be stiffened, or load_must. not
exceed maximum load given in column XV, pages 188 to 191,
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20”7 I BEAM—No. 205 B,

90 POUNDS PER FOOT.

Flange width. . . .. .. .. 6.90 Area in square inches. . . . . 26.47
Webthickness. . . , . . .. . 0.78 | Resistance. . . . . .. .+« 150.17

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs.
¥or aload in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1’y of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Span | oG | Deftoti

R pfaconl . 100 125 150 175

* | Net Tons. Pounds Pounds Pounds Pounds
' per Square | per Square | per Square | 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 .8 75.8 63.2 54.2
14 57.21 17 81.7 65.4 54.5 46.7
15 53.39 .19 1.2 57.0 47.5 40.7
16 50.06 22 62.6 50.1 41.7 35.8
17 47.11 .25 56.4 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 20.1 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 .68 23.7 19.0 15.8 13.5
27 29.66 .62 22.0 17.6 14.6 12.6
28 28.60 .67 20.4 16.3 13.6 117
29 27.62 72 19.0 15.2 12.7 10.9
30 26.70 d7 17.8 14.2 11.9 10.2
31 25.84 .82 16.7 13.3 11.1 9.5
32 25.03 .88 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”7 I BEAM—No. 206 B

95 POUNDS PER FOOT.

Flange width . . . . .« . .. 7.24 Area in square inches . . . . 27.94
Web thickness . . . . . . .. 0.74 ReBistance . .. . wes o« v o 160.19

(Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibs.
For a load in middle of beam, allow oue-ha]f of the tabular load.
Deflection for centre load will be To of the tabular deflection.

For figures in small type deflection is excessive.

B | Greatest Distance in Feet Between Cewtres of
Beams for Distributed Load as Below.
Span GreaLlesfi Deflection BEwL T e
I'f ”t Safem o in Inches. | 100 125 150 175
€6k | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
10 86.41 .09 172.8 138.3 115.2 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 14 102.3 81.8 68.2 58.4
14 61.72 AT 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 38.3 319 274
20 43.20 .34 43.2 34.6 28.8 24.7
21 41.15 .38 39.2 314 26.1 22.4
22 39.28 41 36.7 28.6 23.8 20.4
23 37.67 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 1.7
30 28.80 7 19.2 154 12.8 11.0
31 27.87 .82 18.0 144 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 given in Ttalics web must be suﬂ‘ened or load must not
exceed maximum load given in column XV, page 189,
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20" T BEAM—No. 207 B.

100 POUNDS PER FOOT.

Flango width ... o o o w ool 7.31 Area in square inches . . . . 29.41
Web thiekness. . .. . ... s %t 0.81 | Resistance . . .e. .o v s o 164.96

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 15 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Span Gre% D !

o B o W T T

Feel. | nns Tons, Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
10 88.98 .09 178.0 1424 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 36.6 314
19 46.83 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 26.9 231
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 ¥
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 .62 244 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 7 19.8 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 16.3 131 10.9 9.3
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18” I BEAM—No. 180 B.

55 POUNDS PER FOOT.

Flange width . . . . . .. .. 6.00 Area in square inches. . . . 16.18
‘Web thickness. . . . . . ... 0.46 | Resistance. . . . . .. ... 89.89

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be T% of the tabular deflection.

For figures in small type deflection is excessive.

b | Greatest Distance in Feet Between Centres of
radiesi Beams for Distributed Load as Below.
an i

e e Laod | Deffection| 109 125 150 175

Feel. | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
10 2791 .10 95.9 76.7 63.9 54.8
R 555 | 12 79.2 63.4 52.8 453
12 | 3995 14 66.6 53.3 4.4 38.0
13 36.88 .16 56.7 45.4 37.8 32.4
14 34-24 .19 48.9 39.1 32.6 28.0
15 31.96 21 42.6 34.1 28.4 244
16 29.97 24 37.5 30.0 25.0 21.4
17 28.20 .28 33.2 26.5 22.1 19.0
18 26.64 31 29.6 23.7 19.7 16.9
19 25.23 34 26.6 21.2 17:7 15.2
20 23.97 .38 24.0 19.2 16.0 13.7
21 22.83 42 21.7 174 14.5 124
22 21.79 46 19.8 15.8 13.2 11.3
23 20.85 .50 18.1 14.5 12.1 10.4
24 19.98 .55 16.7 13.3 Ll b 9.5
25 19.18 .60 15.3 12.3 10.2 8.8
26 18.44 .64 14.2 11.3 9.5 8.1
27 17.76 .69 13.2 10.5 8.8 7.5
28 17.12 .75 12.2 9.8 8.2 7.0
29 16.53 .80 114 9.1 7.6 6.5
30 15.98 .86 10.7 8.5 i | 6.1
31 15.47 92 10.0 8.0 6.7 5.7
32 14.98 .98 9.4 7.5 6.2 5.4
33 14.53 1.04 8.8 7.0 5.9 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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187 I BEAM—No. 181 B.

60 POUNDS PER FOOT.

Flahge width .l L ouasve il 4 6.08 Area in square inches.. . . 17.65
Web thickness... . . . » . /s 0.54 Reaiatance. .. .. .. » +niva hvk 94.43

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 1’y of the tabular deflection.

For figures in small type deflection is excessive.

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

Span Sa(:‘;-ealt‘esli Deflection

in oW L ronan | . 100 125 150 175

Feet. | ot Tons Pounds Pounds Pounds Pounds

7 per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.

10 50.36 .10 100.7 80.6 67.1 57.6
11 4578 J2 83.2 66.6 55.5 47.6
12 41.97 14 70.0 56.0 46.6 40.0
13 38.74 .16 59.6 47.7 39.7 34.1
14 35.98 18 514 41.1 34.3 29.4
15 33.58 .21 44.8 35.8 29.8 25.6
16 31.48 24 39.4 315 26.2 22.5
17 29.63 .28 34.9 27.9 23.2 19.9
18 27.98 3k 311 249 20.7 17.8
19 26.51 .34 27.9 22.3 18.6 15.9
20 25.18 .38 25.2 20.1 16.8 14.4
21 23.98 42 22.8 18.3 15.2 13.1
22 22.89 46 20.8 16.6 13.9 11.9
23 21.90 .50 19.0 15.2 12.7 10.9
24 20.99 .55 17.5 14.0 11.7 10.0
25 20.15 .60 16.1 12.9 10.7 9.2
26 19.37 .64 14.9 11.9 9.9 8.5
27 18.65 .69 13.8 11.1 9.2 7.9
28 17.99 75 12.8 10.3 8.6 7.3
29 17.37 .80 12.0 9.6 8.0 6.8
30 16.79 .86 11.2 9.0 7.5 6.4
31 16.25 .92 10.5 84 7.0 6.0
32 15.74 .98 9.8 7.9 6.6 5.6
33 15.26 1.04 9.2 74 6.2 5.3

N. B.—For loads given in Ttalics webs must be stiffened, or loads must not
exceed maximum loads given in column XV, pages 188 to 191,
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18” I BEAM—No. 182 B.

65 POUNDS PER FOOT.

Flange width . . . . . . . .. 6.17 | Areainsquare inches . . . . 19.12
Web thickness. . . . . . . .. 063 § Resistance ... -, . ot e Tl 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 centre load will be 1'0 of the tabular deflection.

For figures in small type deflection is excessive.

e ee—— = ==

Greatest Distance in Feet Between Centres of.
o reiicst Beams for Distributed Load as Below.
. d o
QR Load | Deflection |~ 125 150 175
Feel. | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
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 A9 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
37 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 21.8 174 14.5 12.5
23 22.92 .50 19.9 15.9 13.3 114
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 11.6 9.6 8.3
28 18.83 .75 3.5 10.8 9.0 Tt
29 18.18 .80 12.5 10.0 8.4 7.2
30 17.58 .86 113 9.4 7.8 6.7
31 17.01 92 11.0 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




18” I BEAM—No. 183 B.

70 POUNDS PER FOOT.

Flange width. . . . . . . .. 6.50 | Areainsquare inches. . . . 20.59
‘Web thickness, . . . . .. .. 0.68 | Resistance.. . . ¢ « o v o o 109.08

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 15 of the tabular deflection.

For figures in small type deflection is excessive.

Grea)t’st Distance in Feet Between Centres of
Orenisit Beams for Distributed Load as Below.
Span | Safe Load lecti

o e i g MR 125 150 175

Feel. | Net Tons. Pounds | Pounds | Pounds | Pounds
per Square | per Square | per Square | per Square

Foot. 0 Foot. Foot.
10 58.18 .10 116.4 93.1 77.6 66.5
11 52.89 a2 96.2 76.9 64.1 55.0
12 48.48 14 80.8 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 21.5 184
20 29.09 .38 291 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 14.7 12.6
24 24.24 .55 20.2 16.2 13.5 11.5
25 23.27 .60 18.6 14.9 124 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 .80 13.8 11.1 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 it ! 6.1

N. B.—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 I BEAM—No. 184 B.

756 POUNDS PER FOOT.

Flan; R PTRN 6.58 Area in square inches . . . . 22.06
w,,,{g;:gtess ........ 0.71 Resistance . . . ..«.a i s 113.72

: Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.

For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be ﬂ,— of the tabular deflection.
For figures in small type deflection is excessive.

T Grcalestﬁ VDllvtmme :n Feet Between C’enlrr’:v of
Beams for Distributed Load as Below.
sg;-eaLl:;s;ll Deflection g1 AT
B | anes || 100 125 150 175
Feet. | ‘;bm. (i Pounds Pounds Pounds Poulnds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. ‘ Foot.
10 60.65 .10 121.3 97.0 80.9 69.3
1 | 8514 | .12 100.3 80.2 66.8 57.3
12 50.54 14 84.2 67.4 56.2 48.1
13 46.66 .16 71.8 57.4 9 41.0
14 43.32 .19 61.9 49.5 413 | 35.4
15 | 4044 | .21 53.9 431 9 30.8
16 37.91 .24 474 37.9 31.6 27.1
i7 | 35.68 28 42,0 33.6 28.0 24.0
18 33.70 .31 374 30.0 25.0 21.4
19 | 8192 | .34 33.6 26.9 224 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 .60 +22.9 18.3 15.3 13.1
24 25.27 .55 21.1 16.9 14.0 12.0
25 24.26 60 194 15.5 12.9 11.1
26 23.33 64 17.9 14.4 12.0 10.3
27 |. 2246 69 16.6 13.3 TR 9.5
28 21.66 75 15.5 124 10.3 8.8
29 20.91 80 144 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 B i | 8.9 74 6.4




18” I BEAM—No. 185 B.

80 POUNDS PER FOOT.

Flangewidth . . . . . ... . 6.66 Area in square inches. . . . 23.53
Web thiokness, ... o o « o ts 0.79 Resistance. . . . . . o100 118.15

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-ba]f of the tabular load.
Deflection for centre load will be 15 of the tabular deflection.
For ﬁgmes in small type deflection is excessive.

Greatest Distance in Feet Between (’ﬁntrrs of
ot Beams for Distributed Load as Below.
Span Aw' e eatton
2| 0 Took | BERNoR |, kg 125 150 175
Feel. | not Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
—_— S5
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 51.4 429 | 36.7
15 42.01 21 56.0 4.8 37.3 32.0
16 39.38 .24 49.2 39.4 32.8 28.1
17 37.07 .28 43.6 34.9 29.1 24.9
18 35.01 31 38.9 311 25.9 22.2
19 33.17 .34 34.9 27.9 23.3 20.0
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 -.60 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 16.1 134 11.5
26 24.24 64 18.6 14.9 124 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.

B - - o e s 7.00 Area in square inches.. . . 25.00
Web thickness. . . . . . . . . 0.74 BodiaBmoe: .. "~ L onR 127.74

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 1 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feel Between Centres 70}
Beams for Distributed Load as Below.
Span &ea]{esll Paflaciore]l T T T L Ly )
e Load | hes,| 100 125 150 175
Feet. Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
10 | 6899 .10 138.0 110.4 92.0 78.9
1 62.72 A2 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 42 313 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
25 27.60 .60 22.1 17.7 14.7 12.6
26 26.53 .64 20.4 16.3 13.6 117
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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Flange width. . .

18” I BEAM—No. 187 B,

90 POUNDS PER FOOT,

Web thickness.. . . . . . « s . 0.82 Resistance

. 7.08 Area in square inches, . . . .
.......... 132.00

26.47

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs,
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1y of the tabular deflection,
For figures in small type deflection is excessive.

588 RBR

88

8L

Grealest
Safe Load
in
Net Tons.

71.29
64.81
59.41

54.84
50.92
47.53
44,56
39.61
37.52
33.95
3241
29.70
28.52
26.40
25.46
23.76

23.00 |
22.28
2160 |

Deflection
in Inches.

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

100 125 150 175
Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
142.6 114.1 95.1 815 |
117.8 94.3 78.6 67.3
99.0 79.2 66.0 56.6
84.4 67.5 56.2 48.2
72.7 58.2 48.5 41.6
63.4 50.7 42.2 36.2
85.7 44.6 37.1 31.8
49.3 39.5 32.9 28.2
44.0 35.2 29.3 25.2
39.5 31.6 26.3 22.6
35.7 28.5 23.8 20.4
323 25.9 21.6 18.5
29.5 23.6 19.6 16.8
27.0 21.6 18.0 154
24.8 19.8 16.5 141
22.8 18.3 15.2 13.0
21.1 16.9 14.1 12.1
19.6 15.6 13.0 11.2
18.2 14.5 12.1 104
17.0 13.6 11.3 9.7
15.8 12.7 10.6 9.1
14.8 11.9 9.9 8.5
13.9 11.1 9.3 8.0
13.1 10.5 8.7 75
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15” I BEAM—No. 150 B.

42 POUNDS PER FOOT.

8 gewidth. . . ... ... 5.50 Area in square inches. . . . 12.35
 Web thickness. . . . . . ... 0.41 | Resistance. . . . . ... .. 59.16

‘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 1% of the tabular deflection.
For figures in small type deflection is excessive.

Grealest Diatanc}: m Feetrla!etwaen Centres of
Sg; “z‘“ ld o Beams for Distributed Load as Below.
e Loa ection

i 7 100 125 150 175

o F N e it B % Potf:da Pounds Pownds
per FoSngme per ﬁ":z;fare perﬁb qa;t.are periggzarc

3155 gh! 63.1 50.5 42.1 36.1
28.68 14 52.1 41.7 34.8 29.8
26.29 16 43.8 35.1 29.2 25.0
.27 .19 37.3 29.9 24.9 21.3
.54 .22 32.2 25.8 21.5 18.4
21.04 .26 28.1 22.4 18.7 16.0
19.72 .29 24.7 19.7 16.4 14.1
18.56 .33 21.8 17.5 14.6 12.5
17.53 .37 19.5 15.6 13.0 111
16.61 41 17.5 14.0 17 10.0
15.78 .46 15.8 12.6 10.5 9.0
15.03 .50 14.3 11.5 9.5 8.2
14.34 .65 13.0 104 8.7 7.5
13.72 .60 11.9 9.5 8.0 6.8
13.15 .66 11.0 8.8 73 6.3
12.62 Tl 10.1 8.1 6.7 5.8
12.14 77 9.3 7.5 6.2 5.3
11.69 .83 8.7 6.9 5.8 4.9
11.27 .90 8.1 6.4 5.4 4.6
10.88 .96 7.5 6.0 5.0 4.3
1.08 7.0 5.6 17 70
10.18 1.10 6.6 5.3 44 3.8
9.86 1.17 6.2 4.9 4.1 3.5
9.56 1.24 5.8 4.6 ¢ 89 3.3

* loads given in Italics webs must be stiffened, or loads must not
cimum loads given in column XV, pages 188 to 191,
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157 T BEAM—No. 151 B.

45 POUNDS PER FOOT.

Flangowidth', . 1 .S us 5% 5.54 Area in square inches . . . . 13.23
‘Web thickness,. . .+« . . . 0.45 | Resistance. . . . . . .. .. 61.37

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 15 of the tabular deflection.
For figures in small type deflection is excessive.

Greatest Distance in Feet Between Cenires 0.;‘
e ot Beams for Distributed Load as Below.
Spa . S ool

T | ook | Dglestioal oy 125 150 175

Feet. | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
10 32.73 11 65.5 52.4 43.6 374
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 12.1 104
20 16.37 .46 16.4 13.1 10.9 94
21 15.59 .50 14.8 11.9 9.9 8.5
22 14.88 55 13.5 10.8 9.0 73
23 14.23 60 124 9.9 8.2 i |
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 i o 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 10.91 1.03 7.3 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 stiffened, or load must not
exceed maximum load given in column XV, page 189.
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15" X BEAM—No. 152 B.

50 POUNDS PER FOOT.

Flangewidth . . . . .. ... 5.82 | Area in'squareinches. . . . 14.70
Web thickness.. . . . . . . . 0.48 Resistance : . 1o .. .. . 68.70

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 1% of the tabular deflection.
For figures in small type deflection is excessive.

i Greatest Distance in Feet Between Centres of

Craniast Beams for Distributed Load as Below.

SR‘m Safe Load | Deflection o by

n in in Inches. 100 125 150 175
Feel. | ot Tons. Pounds Pounds Pounds Pounds

per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
10 36.64 a1 73.3 58.6 48.9 41.9
11 33.31 14 60.6 48.5 404 34.6
12 30.53 .16 50.9 40.7 33.9 29.1
13 28.18 .19 434 347 . 28.9 24.8
14 26.17 22 37.4 29.9 24.9 21.4
15 24.43 .26 32,6 26.1 21.7 18.6
16 22.90 .29 28.6 22.9 19.1 16.4
17 21.55 .33 25.4 20.3 16.9 14.5
18 20.35 37 22.6 18.1 15.1 129
19 19.28 41 20.3 16.2 13.5 11.6
20 18.32 46 18.3 14.7 12.2 10.5
21 17.45 50 16.6 13.3 P30 9.5
22 16.65 55 15.1 J21 10.1 8.7
23 15.93 .60 13.9 11.1 9.2 7.9
24 15.27 .66 12.7 10.2 8.5 7.3
25 14.66 71 11.7 9.4 7.8 6.7
26 14.09 T 10.8 8.7 7.2 6.2
27 13.57 .83 10.1 8.0 6.7 5.7
28 13.09 .90 9.4 7.5 6.2 5.3
29 12.63 .96 8.7 7.0 5.8 5.0
30 1221 .03 8.1 65 5.4 47
31 11.82 1.10 7.6 6.1 5.1 4.4
32 11.45 117 7.2 5.7 4.8 41
33 11.10 1.24 6.7 5.4 4.5 3.8

N. B—For load give; “in Italics web must be stiﬂ:e;;d,-orvloa(iin;ust not
. exceed maximum load given in column XV, page 189.
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15" T BEAM—No. 153 B.

55 POUNDS PER FOOT.

Flangewidth . . . . . + . « 5.92 Area in square inches. . . . 16.18
Web thickness. , . . . . « + & 0.58 ROMINRN0R . .7y o s s vpiehs 72.38

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be %y of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Dlslam'e in Feet Between Centres of
Beams for Distributed Load as Below.
SP‘”‘ Sg'zeilgztd Deflection
in G Brahes. 100 125 150 175
Fcel Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
10 38.60 41 77.2 61.8 51.5 441
11 35.09 14 63.8 51.0 425 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 39.4 315 26.3 22.5
15 25.74 .26 34.3 275 22.9 19.6
16 24.13 .29 30.2 24.1 20.1 17.2
17 22.71 .33 26.7 214 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 17.85 .65 16.0 12.8 10.6 9.1
23 16.78 .60 14.6 11.7 9.7 8.3
24 16.08 .66 134 10.7 8.9 ¥ 5 ]
25 15.44 71 124 9.9 8.2 71
26 14.85 7 114 9.1 7.6 6.5
27 14.30 .83 10.6 8.5 71 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 71 5.7 4.7 41
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15" X BEAM—No. 154 B.

60 POUNDS PER FOOT.

Flangewidth . . ., . .. .. 6.17 Area in square inches, . . . 17.65
Web thickness.. . . . .. .. 0.55 Resistarion: ¢ < 3 97 T 82.54

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1% of the tabular deflection.
/ For figures in small type deflection is excessive,

Greatest Distance in Feet Between Centres of
& Beams for Distributed Load as Below.
Span Sa_,f;et;f;;fi Deflection

in in in Inches. 100 125 150 175

Feet. | Not Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
10 44.02 A1 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 40.8 349
13 33.86 19 52.1 41.7 34.7 29.8
14 31.44 22 449 35.9 29.9 25.7
15 29.35 .26 39.1 31.3 26.1 224
16 27.51 .29 34.4 275 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 23.17 41 24.4 19.5 16.3 13.9
20 22.01 46 V220 17.6 14.7 12.6
21 20.96 .50 20.0 16.0 13.3 114
22 20.01 .55 18.2 14.6 12.1 10.4
23 19.14 .60 16.6 13.3 1153 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 it 4 13.0 104 8.7 7.4
27 16.30 .83 12.1 9.7 8.0 6.9
I 28 15.72 .90 11.2 9.0 7.5 6.4
29 15.18 .96 10.5 8.4 7.0 6.0
I 30 14.67 ’ 1.03 9.8 78 6.5 5.6
31 14.20 ‘ 1.10 9.2 7.8 6.1 5.2
K 30 13.76 A7 Y 8.6 6.9 5.7 49
. 33 13.34 1.24 i 8.1 6.5 5.4 46

«
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15" X BEAM—No. 155 B.

65 POUNDS PER FOOT.

Flapgewidth . o ¢ 0o o o e 6.27 | Area in square inches. . . . 19.12
Web thickness.. . . . . ... 0.65 | Resistance , , ... . .. .. 86.21

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 15 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feel Between Centres of
! Beams for Distributed Load as Below.
Spon Ssyre‘]tlgiil Deflection

o in in Inches. 100 125 150 175

Feet. | nut Toms. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
10 45.98 A1 92.0 73.6 61.3 52.6
11 41.80 14 76.0 60.8 50.7 43.4
12 38.32 16 63.9 51.1 42.6 36.5
13 35.37 19 54.4 43.5 36.3 311
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 16.3 13.1
21 21.89 .50 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 19.16 66 16.0 12.8 10.6 9.1
25 18.39 71 14.7 11.8 9.8 8.4
26 17.68 a7 13.6 10.9 9.1 7.8
27 17.03 .83 12.6 10.1 8.4 7.2
28 16.42 90 LT 9.4 7.8 6.7
29 15.85 .96 10.9 8.7 7.3 6.2
30 15.33 1.05 10.2 8.2 6.8 5.8
31 14.83 1.10 9.6 hT 6.4 5.5
32 14.37 1.17 9.0 7.2 6.0 5.1
33 13.93 1.24 84 6.8 5.6 4.8




157 T BEAM—No. 156 B.
70 POUNDS PER FOOT.

s P 6.43 Area in square inches . . . . 20.58
%:ggt‘;lickness. ........ 0.68 | Resistance............... 95.83
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 1 of the tabular deflection.

For figures in small type deflection is excessive.
| Greatest Dzslance in Feet Between Cjen;s o‘;
Beams for Distributed Load as Below.
Sy | S5 e
in Smin i uf’}f;iiﬂi‘ 100 125 150 175
Feel. | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
1 Foot. Foot. Foot. Foot.

: 10 51.11 a1 102.2 81.8 68.1 58.4
] 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

fNES 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 g 16.4 131 10.9 9.3
26 19.66 (1 15.1 12.1 10.1 8.6
27 18.93 .83 14.0 11.2 9.3 8.0

3
28 | 1825 | .90 13.0 10.4 8.7 75
29 17.62 .96 12.2 9.7 8.1 6.9
30 17.04 1.03 1.4 9.1 7.6 6.5

}

o 16.49 110 10.6 8.5 7.1 6.1
32 15.97 117 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" ¥ BEAM—No. 157 B.

75 POUNDS PER FOOT.

Flangewidth ¢ ¢ < o o ¢ ¢ o 6.53 | Area in squareinches. . . . 22.06
Web thickness.. . . . ... . 0.7 Resistance . . .o . v ... 99.47

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 1—%— of the tabular deflection.

For figures in small type deflection is excessive,

Greatest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Span &'elitgzt ,

M e o e 125 150 175

Feel. | Not Tons Pounds | Pounds Pognds Pounds
S are

perigzzlfzre paMSﬂare perib%;t.are perFo ng
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 49.1 421
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 21.2 177 15.2
21 25.26 .50 241 19.2 16.0 13.7
22 24.11 .55 21.9 17.5 14.6 12.5
23 23.06 .60 20.1 16.0 134 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 Tr
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 8 ¢ d 104 8.3 6.9 5.9
33 , 16.08 1 9.7 7.8 6.5 5.6
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15" I BEAM—No. 158 B.

80 POUNDS PER FOOT.

Flangewidth . . . . . . ... 6 63 | Area in square inches. . . . 23.53
e I BRAsIBtANO06 .. ¢ ~ w BRI 103.18

| Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.

—-—

T .

For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1% of the tabular deflection.
For figures in small type deflection is excessive.

| G’realett Dutance in Feet Between C’mlres of
Beams for Distributed Load as Below.
Greatest : SRS

IR O Laad | Defection| ~ 125 150 175

Feet. | Net Tons. Pounds | Pounds | Pounds | Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
10 55.03 A1 110.1 88.1 73.4 62.9
11 50.03 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 52.1 434 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
74 32.37 .33 38.1 30.5 25.4 21.8
18 30.57 37 34.0 27.2 22.6 19.4
g | 2896 | 41 30.5 24.4 20.3 17.4
20 27.51 46 27.5 22.0 18.3 16.7
21 26.20 50 25.0 20.0 16.6 14.3
22 25.01 55 22.7 18.2 15.2 13.0
23.93 .60 20.8 16.6 13.9 11.9
24 22.93 .66 19.1 15.3 12.7 10.9
% | 20 | M 17.6 14.1 117 10.1
26 21.17 77 16.3 13.0 ' 10.9 9.3
a7 20.38 .83 15.1 21 | 10.1 8.6
%8 | 1965 | .90 14.0 n2 | 94 8.0
29 18.98 .96 13.1 10.5 | 8.7 7.5
30 1834 ¥ 12.2 9.8 8.2 7.0
31 17.75 1.10 11.5 9.2 7.6 6.5
32 17.20 117 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" ¥ BEAM—No. 120 B.

31.5 POUNDS PER FOOT.

Flange width i o o« ¢ o4 0o s 5.00 | Areain squareinches.. . . . 9.26
Web thickness. . . ..... ... 0.35 Resistance.. . . ... . <+ ..83640

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 'y of the tabular deflection.
For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Creuiest . Beams for Distributiug Load as.Below.
%5u" | Safe Load | Decton| o0 125 150 175
m i
Feel. | nrot Tons, | o Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
8 | 2430 .09 60.8 48.6 405 34.7
9 21.60 A2 48.0 38.4 32.0 274
10 19.44 14 38.9 311 25.9 22.2
11 17.67 17 32.1 25.7 214 18.4
12 16.20 21 21.0 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 o
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 15 3.9
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 in Italics webs must be stiffened, or loads must not
excced maximum loads given in column XV, pages 188 to 191,
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12" T BEAM—No. 121 B.

35 POUNDS PER FOOT.

Flange width . . . . . . ... 5.08 Area in square mches « « « 10,29
Web thickness. . . ... . .. 043 Resistance. . . . ... ... . 38.49

‘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 1%y of the tabular deflection.
For figures in small type deflection is excessive.

Greatest Distance in Fenféetween Centres of
% Greatest Beams for Distributed Load as Below.
PA% | Safe Load | Deflection
i i ; 100 125 150 175
Feel. | g 17;‘un.~r. Y ain Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
8 25.66 .09 64.2 51.3 428 36.7
9 22.81 a2 50.7 40.6 33.8 29.0
10 20.53 14 41.1 32.8 274 23.5
11 18.66 ST 33.9 27.1 22.6 19.4
12 17.11 21 28.5 22.8 19.0 16.3
13 15.79 24 24.3 194 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
37 12.08 41 14.2 114 9.5 8.1
18 11.41 46 12.7 10.1 8.5 7.2
19 10.80 .52 114 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
23 893 | .76 7.8 62 5.2 44
24 8.55 .82 vl 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 7.33 1.12 5.2 4.2 3.5 3.0
29 7.08 1.20 49 3.9 3.3 2.8
30 6.84 1.29 4.6 36 3.0 2.6
31 6.62 1.37 4.3 3.4 2.8 2.4




127 I BEAM—No. 122 B.

40 POUNDS PER FOOT.

Flange width. . . . . ... .. 5.25 Area in square inches. . . . . 11.76
Web thickness. . . . ... .. 042 | Resistance. . . ... ... .. 45.78

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs,
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1 of the tabular deflection,

For figures in small type deflection is excessive.

Grealest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Span | oo | D oflection

1,3;‘ qﬂ;n i inelllizlzz‘st 100 125 150 175

* | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
8 3053 .09 76.3 61.1 50.9 43.6
9 2713 12 60.3 48.2 40.2 34.5
10 24.42 14 48.8 39.1 32.6 27.9
11 22.20 a7 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 el
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 41
27 9.04 1.04 6.7 5.4 45 3.8
28 8.72 112 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 Ttalics webs must be stiffened, or loads must not
exceed maximum loads given in columns XV, page 189,

62




12” I BEAM-—No. 123 B.

45 POUNDS PER FOOT.

Flange width . . . . .« .« .. 5.37 | Areain square inches . . . . 13.23
Web thickness . . . . .. .. 054 ] “ReEIBIAN0: L o 10 e 8 e 48.71

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be ng of the tabular deflection.

For figures in small type deflection is excessive.

| Greatest Distance in Feet Between éelztrnx of
Beams for Distributed Load as Below.
Spa Gnmfl Deflection P T
|5 | e, 100 125 150 175

* | Net Tons. Pounds Pounds Pounds Pounds

per Square | per Square | per Square | per Square
Fool. Foot. Foot. 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 A7 42.9 344 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 26.5 212 b b7 A 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
i 15.28 41 18.0 144 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 o7 13.0 10.4 8.7 74
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 [T 1082 82 9.0 ) 6.0 5.2
25 10.39 .89 8.3 6.7 55 48
26 9.99 97 7.7 6.1 5.1 4.4
27 9.62 1.04 7.1 5.7 4.8 41
28 9.28 112 6.6 5.3 44 3.8
29 8.96 1.20 62 49 41 3.5
30 8.66 1.29 5.8 1.6 3.8 3.3
' 81, 8.38 1.37 54 4.3 3.6 3.1




12" T BEAM—No. 124 B.

50 POUNDS PER FOOT.

Flange width . , . . . . . .. 5.68 Area in square inches.. . . . 14.70
Web thickness . . . ... . .. 0.55 Resistance. . . . . o ol LONBD

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 1y of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Grealest Beams jfor Distributed Load as Below.
S | Sate Load | Detecton 100 125 150 175
Fed Net l?'m. i Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot, Foot. 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 47.2 394 33.7
11 26.83 37 48.8 39.0 32.5 27.9
12 24.60 21 41.0 32.8 27.3 234
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 18.5 154 13.2
17 17.36 41 204 16.3 13.6 11.7
18 16.40 46 18.2 14.6 121 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 0y
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 39 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 9.52 1.37 6.1 4.9 4.1 3.5
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12” T BEAM—No. 125 B.

55 POUNDS PER FOOT.

Flange width . . . . . .. .. 5.75 Area in squareinches. . . . . 16.18
Web thickness . . . ... . .. 0.56 Realstance. . . . ... lalsiinis 61.34

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 15 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between bentres of
Civaniest Beams for Distributed Load as Below.
‘?:" Safe Load | Deflection Rl 8 i ) AR
n A Do) 100 125 150 175
Feel. | Not Tons. Pounds Pounds Pounds Pounds
| per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot
8 4090 | .09 102.3 81.8 68.2 58.4
9 36.36 | .12 | 80.8 64.6 53.8 46.2
10 3272 | .14 ’ 654 | 52.4 43.6 374
11 29.74 A ‘[ 54.1 43.3 36.0 30.9
12 | 2126 | 21 | 454 36.4 30.3 260
13 25.17 k. 5 38.7 31.0 25.8 22.1
{
14 23.37 .28 334 26.7 22.3 19.1
15 21.81 .32 29.1 23.3 19.4 16.6
16 20.45 37 25.6 20.5 17.0 14.6
17 19.24 41 | 22.6 18.1 15.1 12.9
18 18.17 46 20.2 16.2 13.5 11.5
19 17.22 52 18.1 14.5 12.1 104
20 16.36 .57 16.4 13.1 10.9 94
21 15.58 .63 14.8 11.9 9.9 8.5
22 14.87 .69 13.5 10.8 9.0 7.7
23 14.22 .76 12.4 9.9 8.2 7.1
24 13.63 82 11.4 0.1 7.6 6.5
25 13.09 .89 10.5 8.4 7.0 6.0
26 | 12.58 97 9.7 aal 6.5 5.5
o7 .| 12.12 1.04 9.0 7.2 6.0 5.1
28 11.68 1.12 83 6.7 5.6 4.8
29 11,28 120 | 78 ! 6.2 | 5.2 4.4
30 10.91 1.29 7.3 58 4.8 4.2
31 10.55 1.37 6.8 | 5.4 4.5 3.9
|
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12” I BEAM—No. 126 B.

60 POUNDS PER FOOT.

Flange width. . . . ... .. 5.87 Area in square inches. . . . . 17.65
Web thickness. . . ... ... 0.68 RAsINEaN 08!, o Lo\ 6, 5 s o1 IS 64.30

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1y of the tabular deflection.
For figures in small type deflection is excessive.

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

Span Grealest i
- i ; Dufedon | g 125 \ 150 175
%% | Net Tons. | Pounds Pounds Pounds Pounds
v [ per Square | per Square | per Square | per Square
[ Foot. Foot. l Foot. Foot.
8 ‘ 42.86 ‘ .09 ‘ 107.2 85.7 71.4 61.2
9 ‘ 38.10 Fil A 84.7 67.7 ‘ 56.4 48.4
10 3429 | .14 68.6 54.9 45.7 39.2
11 31.17 37 56.7 45.3 37.8 32.4
12 28.58 ‘ 21 47.6 38.1 31.8 27.2
13 | 26.38 ‘ .24 40.6 32.5 27.1 23.2
[
14 | 2449 28 35.0 28.0 233 | 200
15 22.86 32 30.5 24.4 20.3 | 17.4
16 21.43 37 26.8 214 17.9 | 15.3
17 20.17 41 23.7 19.0 15.8 13.6
18 19.056 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 13.7 114 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 13.0 10.4 8.6 7.4
24 82 1.9 05 79 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 75 6.3 5.4
28 12.25 112 8.7 [ 5.8 5.0
| [ [
29 11.82 | 1.20 8.2 | 6.5 54 4.7
30 1143 | 1.2 7.6 6.1 51 | 4.4
31 106 | 1.7 21 5.7 48 | 4.1
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12” T BEAM—No. 127 B.

65 POUNDS PER FOOT.

Flange width . . . . . .. .. 5.99 Area in square inches . . . . 19.12
Web thickness . . . . . . .. 0.80 Resistanee . . . ... ¢ 'wie's 67.25

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 1% of the tabular deflection.

For figures in small type deflection is excessive.

! ‘ Gren/esl Distance in Feet Between Centres of
Greatest Beams for Distributed Load as Below.
Span » — Sy —
Qe Load | Deflection), o, ‘ 125 i 150 175
Feel. Net Tons. | | Pounds Pounds | Pounds | Pounds
| | per \quare per Square | per Square  per Square
[ Foot. Foot. Foot.
B aes3 | 00 | 1121 807 | 747 64.1
9 39.85 A2 | 88.6 70.8 59.0 50.6
10 35.87 J4 | 71.7 57.4 47.8 41.0
il § 32.61 iy 59.3 47.4 39.5 33.9
12 | 2089 | .21 { 49.8 39.9 33.2 28.5
13 | 27.59 24 | 424 34.0 | 28.3 24.3
| [ i
14 25.62 * .28 ‘ 36.6 29.3 ‘ 244 | 20.9
58| 2391 | 32 | 31.9 25.5 21.3 18.2
16 22.42 Sh 28.0 224 18.7 16.0
17 21.10 41 24.8 19.9 16.5 14.2
18 19.93 46 22.1 17.7 14.8 12.7
19 18.88 .52 19.9 15.9 13.2 114
20 17.93 BT 179 | 14.3 12.0 10.2
21 17.08 ;83 11 16.3 13.0 10.8 9.3
22 16.30 69 | 148 | 11.9 9.9 8.5
| |
23 16.58. | .76 ‘ 13.6 | 10.8 9.0 T4
24 14.91 82 125 10.0 8.3 o !
25 14.35 ! .89 1.5 | 9.2 7% 6.6
|
26 1379 | .97 10.6 \ 8.5 7.1 6.1
27 13.28 1.04 9.8 | 79 6.6 5.6
28 1281 | 112 9.2 | 7.3 6.1 52
29 12.37 120 85 6.8 57 | 4.9
30 | 119 129 80 6.1 5.3 4.6
31 | 11.57 137 | 75 6.0 | 5.0 43




10” T BEAM—No. 100 B.

25 POUNDS PER FOOT.

Flange width . . . . . . ... 4.66 | Areainsquare inches . . . . 7.35
Web thickness. . . . . « « »s 0.31 | Resistance.. . . . « o o oie. 2461

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 15 of the tabular deflection.
For figures in small type deflection is excessive.

Grealest Distance in Feet Between Centres of
Createt Beams for Distributed Load as Below.
Span | Safe Load | Deflection ;

in ? in 100 125 150 175

Feet. | Net %ns. s oo Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Fuoot.
8 16.41 J1 41.0 32.8 274 234
9 14.60 14 324 25.9 21.6 18.5
10 13.13 17 26.3 21.0 17.5 15.0
11 11.93 21 21.7 17.4 14.5 12.4
12 10.94 26 | 18.2 | 14.6 12.2 10.4
13 10.10 29 15.5 12.4 10.4 8.9
14 9.38 .34 13.4 10.7 8.9 7.7
15 8.75 .39 1L.T 9.3 7.8 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 o0 & 8.1 6.5 5.4 4.6
19 6.91 .62 7.3 5.8 4.8 4.2
20 6.56 69 66 | 52 44 3.7
21 6.25 .76 6.0 4. 4.0 3.4
22 5.97 .83 5.4 4.3 3.6 3.1
23 571 Bl 5.0 4.0 3.3 2.8
24 5.47 499 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 8% | 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
31 423 | 165 2.7 2.2 18 | 1.6
| |

N. B.—For loads given in Italics webs must be stiffened, or loads must not
exceed maximum loads given in column XV, page 191.
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107 T BEAM—No. 101 B.

30 POUNDS PER FOOT.

Flange width . . . . . . . . . 4.80 | Areainsquare inches . . . . 882
Web thickness. . . . . . . .. 0.45 ROSIglanee’s.. v » s wisnbiirs 27.08

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load,
Deflection for centre load will be 1%y of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of

B Greatest Beams for Distributed Load as Below.
Span | Safe Load )
B |, 000 | Defection T 125 150 175
Feel. | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
B — =l
8| 1808 | 11 | 452 ‘ 36.1 30.1 2%.8
g 1605 | .14 1 35.7 | 28.5 23.8 204
10 14.44 ‘ 4 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 | 16.1 13.4 11.5
13 11.11 .29 17.1 13.7 114 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 75 6.5
17 850 | .50 100 | 80 6.7 5.7
18 8.02 .56 8.9 | il 5.9 5.1
19 |7 7.60 62 l 8.0 6.4 5.3 46
20 7.22 6 | 7.2 5.8 438 41
21 6.88 &6, | 6.6 5.2 4.4 3.7
22 6.57 .83 \ 6.0 4.8 4.0 3.4
23 6.28 .91 55 | 44 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 43 3.4 2.9 24
27 5.5 1.25 4.0 3.2 2.6 2.3
28 5.14 1.34 3.7 2.9 2.4 2.1
29 4.98 1.44 3.4 2.7 2.3 2.0
30 4.81 154 32 2.6 2.1 1.8
31 4.66 1.65 3.0 | 24 2.0 1.7
|
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107 T BEAM—No. 102 B.

35 POUNDS PER FOOT.

Flange width. . . . . . . . . 5.00 Area in square inches . . . . 10.29
Web thickness. . . . . . . .. 0.44 Resistance. . . . v o e e OGO

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 15 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 ‘er Load Deflection
in i ichei Le. 100 125 150 1 175
Feet. | Nt Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot j Foot. | Foot.
L frowl i Yl et SN | b -
8 \ 21.75 i 11 544 | 435 36.2 31.1
9 [ 1934 : .14 43.0 ‘ 344 2897 | 24.6
LA e O R 34.8 27.8 23.2 19.9
0 | 1582 21 28.8 23.0 19.2 16.4
12 | 14.50 25 242 | 198 16.1 13.8
13 | 13.39 29 20.6 | 16.5 13.7 ‘ 11.8
14 12.43 34 174 | 14.2 118 | 10.1
15 11.60 .39 155 | 124 10.3 | 8.8
16 10.88 44 13.6 ‘ 10.9 9.1 7.8
17 ‘ 10.24 50 12.0 ; 9.6 80 | 6.9
18 9.67 56 10.7 | 8.6 ¥ 6.1
19 ‘ v.16 62 9.6 i o | 6.4 5
20 l 8.70 .69 87 | 7.0 | 58 5.0
21 | 8.29 .76 7.9 | 63 | 5.3 4.5
22 | 7.91 .83 22 5.8 4.8 4.1
|
23 | 7.57 .91 66 5.3 44 | 3.8
24 7.25 299 6.0 48 | 4.0 | 3.5
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
2 6.45 125 | 4.8 3.8 3.2 | 2.7
28 | 6.22 1.34 ‘ 4.4 3.6 3.0 2.5
29 6.00 1.4 | 4.1 g8 2.4
30 | 5.80 154 | 3.9 84 2.6 ¢
31 5.61 1.65 3.6 2.9 24 | 2.1




107 I BEAM—No. 103 B.

40 POUNDS PER FOOT.

Flange width . . . . . . . . 5.15 Area in square inches. . . . 1176
Web thickness .. ... . . . .. 0.59 Resiatance . v\ v ¢ o liels e 35.10

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 1% of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Cenlres of
G Beams for Distributed Load as Below.
reatest
Span Safe Load | Deflection

L in in Inches. 100 125 150 175

Feet. | At Tons. Pounds | Pounds | Pounds | Pounds
per Square | per Square | per Square | per Square

Foot. Foot. | Foot. Foot.
8 23.40 A1 58.6 46.8 39.0 334
Q 20.80 14 46.2 37.0 30.8 264
10 18.72 A7 374 30.0 25.0 214
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 | 1337 34 19.1 16.3 12.7 10.9
15 12.48 .39 16.6 13.3 111 9.5
g6 | 1170 44 14.6 1.7 9.7 84
17 11.01 .50 13.0 10.4 8.6 74
18 10.40 .56 11.6 9.2 9.7 6.6
19 9.85 02 | 0.4 83 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 37 6.2 5.2 4.4
23 8.14 .91 71 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

7
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9” I BEAM—No. 90 B.
21 POUNDS PER FOOT.
Flangewidth . . . . . ... . 4.33 Area in square inches.. . . 6.18 .
Web thickness. . . . ... .. 0.29 Besistance. . . . ... . .. 1888
Greatest safe load in net tons uniformly distributed, Fibre stress 16,000 Ibs.
For a load in middle of beam, a]low one-half of the tabular load.
Deflection for centre load will be 1% of the tabular deflection.
For ﬁgures in small type deflection is excessive.
Grmlest Distance in Feet Belween Centres of
B(‘(Lmsfor Distributed Load as Below.
Span | gorectest, Diflecilon| " rr T —
in afcin W in Inches. 100 12" 130 175
Feet. Net Tons Pounds Pounds Pounds Pounds
p per Aquare per Square ‘ per Square | per Square
‘ Foot. Foot. l Foot.
£ T AR, (i ‘if_ oot
6 16.78 07 8.9 | 447 i~ {8%:8 32.0
7 14.37 09 | 41.1 32.8 274 23.5
8 12.59 J2 315 ‘ 9627 | 21.0 | 18.0
9 11.79 .16 249 | 19.9 16.6 14.2
10 10.07 19 20.1 16.1 13.4 115
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 8.9 12 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 5.50 .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 4.19 1.10 3.5 2.8 2.3 2.0
25 4.03 119 3.2 2.6 2.1 1.8
26 3.87 1.29 3.0 2.4 2.0 17
27 3.73 1.39 2.8 2.2 1.8 1.6
28 3.60 149 2.6 2.1 b o 15
29 3.47 1.60 24 1.9 1.6 1.4
N. E—l'or loads given in Ttalics web; must be snﬂ‘eued or loads must not
exceed maximum loads given in column XV, page 191,
72



9" I BEAM—No. 91 B.

25 POUNDS PER FOOT.

L Flangewidth . . . .. .. .. 4.43 Area in square inches. . . . 7.35
Web thickness. . . ... . .. 039 Resistanoe . . . « «s @ olai% 20.63

| Greatest safe load in net tons uniformly distributed, Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1’y of the tabular deflection.
For figures in small type deflection is excessive.

Grealest Distance in Feet Between Centres of
el Beams for Distributed Load as Below.
Span | Safe Load | Deflection =
Feel in in Inches. 100 125 150 175
* | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
6 | 1834 | .07 61.1 489 408 34.9
7 15.72 09 449 35.9 29.9 25.7
8 13.75 12 344 21.5 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
4 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 24
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 19
27 4.08 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 b ¥ 4 1.5
|
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9" I BEAM—No. 92 B.

30 POUNDS PER FOOT.

Flangewidth ., 0 o4 oW J 4.60 Area in square inches. . . . 8.82
Web thickness. . . . 0.56 Resistance. . . <'. . v v'v 22.84

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 'y of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres af
Ghoaise Beams for Distributed Load as Below.
Span Safe Load | Deflection
i in in Inches. 100 125 150 175
Feet,
o Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
6 | 2031 .07 67.7 1 54.2 45.1 38.7
T 17.41 .09 49.7 39.8 33.2 284
8 15.23 A2 38.1 30.5 254 21.8
9 13.54 15 30.1 24.1 20.1 17.2
10 12.18 .19 244 19.5 16.2 13.9
11 11.08 .23 20.1 16.1 13.4 11.6
12 10.15 27 16.9 13.6 11.3 9.7
13 9.37 .32 144 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 7.2 6.2
16 7.62 49 9.5 7.6 6.4 54
17 7.17 .55 8.4 6.7 5.6 4.8
18 6.77 .62 | 7.5 ' 6.0 5.0 43
19 6.41 69 | G | 5.4 4.5 3.9
20 6.09 .76 61 | 4.9 4.1 3.5
|
21 5.80 .84 55 | 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 42 3.4 2.8 2.4
25 4.87 1.19 3.9 3.1 2.6 2.2
26 4.69 1.29 3.6 2.9 24 21
27 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 19 1.7
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9" I BEAM—No. 93 B.

35 POUNDS PER FOOT.

‘Flange width. . . . . .. .. 4.76 | Areain squareinches. . . . . 10.29
BWeb thickness.. . . . . . .. 0.72 | Resistance . . . . .« o o 0. 20.06

‘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 15 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Grealest
SI;Z” Safe Load I)ej}ﬁcl;:m 100 sar 150 s
i
Feet. Net?‘onx. widaa Pounds Pounds Pounds ‘ Pounds
‘ per Square | per Square per Square per Squarc
| Foot. | Foot. | ‘ Foo
| | o) 7 i T
6 22.27 | 07 | 742 59.4 49.5 ‘ 424
7 | 19.09 09 | 545 436 | 364 ‘ 31.2
8 16.71 J2000 ) 1418 33 27.9 23.9
\
B 9 | 14.85 ‘ 15 33.0 26.4 22.0 18.9
7. 10 3386 | .19 26.7 21.4 17.8 15.3
s 11 12.15 .23 22.1 17.7 14.7 12.6
12 | 1114 21 18.6 14.9 124 ‘ 106
13 10.28 32 15.8 12.7 10.5 | 9.0
14 | 955 37 13.6 109 | 81" | 7.8
15 1 8.91 43 11.9 9.5 7.9 6.8
16 ’ 8.35 49 104 8.4 7.0 6.0
¥ 17 7.86 55 9.2 7.4 6.2 5.3
: 18 a2 | e | a2 68 | 58 47
19 708 | 60 | 74 59 | 49 42
20 668 | il 6.7 53 | 4.5 3.8
I 21 6.36 .84 6.1 4.8 4.0 3.5
B 22 6.07 .92 5.5 44 3.7 3.2
N 23 5.81 1.01 5. 4.0 3 2.9
f 24 5.57 1.10 46 3.7 3.1 2.7
' 25 5.35 1.19 4.3 3.4 2.9 2.4
b2 26 5.14 1.29 ! 40 | 182 2.6 2.3
|
27 | 4.95 139 | 3.7 29 24y | 2.1
o8 | 477 149 | 3.4 2.7 23 | 1.9
29 ' 4.61 1.60 “ 3.2 2.5 2.1 ‘ 1.8




8” I BEAM—No. 80 B.

18 POUNDS PER FOOT.

Flange width . . . . . . .. 4.00 Area in square inches. . . . 5.29
Web thickness . . . . . . . . 0.27 Resiatance . . . . . w0 eilne 14.34

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 1 of the tabular deflection.
For figures in small type deflection is excessive.

‘ Greatest Distance in Feet Between Centres of
iant Beams for Distributed Load as Below.
Span Safe Load | Deflection| ;i R
b in in Inches. 100 125 150 175
Feel. | Net Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
| Foot. Foot. Foot. ' Foot.
6 12.75 1\ .08 42.5 ‘ 34.0 28.3 ! 24.3
7 10.93 .10 31.2 25.0 20.8 | 17.8
8 9.56 14 239 | 19.1 15.9 | 13.7
9 8.50 A7 18.9 15.1 ‘ 12.6 { 10.8
10 7.65 21 15.3 ‘ 12.2 10.2 | 8.7
11 6.95 .26 12.6 10.1 84 ‘ 1.2
12 6.38 31 10.6 8.5 7% I 6.1
13 5.88 .36 9.0 7.2 6.0 5.2
14 5.46 42 7.8 6.2 ; 5.2 44
15 510 | 48 6.8 54 | 45 39
16 4,78 .55 6.0 | 4.8 4.0 3.4
17 4.50 .62 53 | 4.2 3.5 30
18 4.25 .69 4.7 3.8 3.1 2.7
19 4.03 7 4.2 3.4 2.8 2.4
20 3.82 .86 3.8 3.1 2.5 2.2
21 3.64 94 3.5 2.8 2.3 2.0
22 3.48 1.04 3.2 2.5 21 1.8
23 3.33 1.13 2.9 2.3 1.9 57
24 3.19 1.23 2.7 2.1 1.8 1.5
25 3.06 1.34 2.4 2.0 1.6 1.4
26 2.94 1.45 2.3 1.8 1.5 1.3
27 2.83 1.56 2.1 1.7 1.4 1.
28 2.73 1.68 2.0 1.6 1.3 1.1
29 2.64 1.80 1.8 1.5 1.2 1.0

N. B.—For loads given in Italics webs must be stiffened, or loads must not
exceed maximum loads given in column XV, page 191,




8 I BEAM—No. 81 B.

20.5 POUNDS PER FOOT.

Flange width . .
Webg:hickuess. .
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 1’y of the tabular deflection.
For figures in small type deflection is excessive.

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

Span | safe Load | Deflection | DR e i
n in in Inches. | 100 ! 125 150 175
Feet. | Net Tons. Pounds Pounds Pounds Pounds

{ per Square | per Square! per Square | per Square

| | Foot. | Fool. | Foot. | Fool.

6 1362 | .08 4654 | 363 30.3 26.0
T BeT i 10 s 833 26.7 22 | 191
8 10,22 < | 14 |- 256 20.4 170 - | 146
9 | 908 17 202 | 161 186 | 115
.10 8.1 21 16.3 13.1 10.9 ‘ 9.3
il 7.43 .26 13.5 11.8 90 | 1.7
12 | 681 31 T g 76 | 65
13 6.29 .36 9.7 |1 77 6:5/501> - 55
14 | 584 42 i} . 8.3 Iy 6.7 56 | 48
15 | 545 48 | 73 5.8 48 | 42
16 5.11 50 | 6.4 51| 43 3.7
17 4.81 . Sl 5.7 45 | 3.8 3.2
18 4.54 .69 5.0 0 | 3.4 2.9
19 4.30 a1 4.5 g6 i 3.0 2.6
20 4.09 .86 41 58 2.7 2.3
21 3.89 94 8.7 3.0 2.5 4|
22 3.71 1.04 3.4 2.7 2.2 1.9
23 8.55 1.13 3.1 2.5 2.1 1.8
24 8.41 1.23 28 0 2.8 1.9 1.6
25 8.27 1.34 2.6 2.1 17 1.5
26 3.14 145 2.4 1.9 1.6 14
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 11

7




8” I BEAM—No. 82 B.

23 POUNDS PER FOOT.

Flangewidth. . . . ... .. 4,17 | Areain squareinches. . . . . 6.76
Web thickness.. . . . . . .. 044 § Resistance . . . . .44 i 16.30

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 Tg“' of the tabular deflection,

For figures in small type deflection is excessive.

1
" Greatest Distance in Feet Be/ueln Centres of

Chvaittist ‘ Beams for Distributed Load as Below.

‘s/"'" iSaje Load |Deflection | Ty =
1 | in |'in Inches. 100 125 150 175
eet Net. Tons. | Pounds Pounds Pounds Pounds
| ‘ | per Square  per Square | per Square  per Square
| Foot. Foot. | Foot. |  Foot.

6 | 1449 | .08 483 386 | 322 | 216

T 12.42 [§5-10 35.5 284 ‘ 289" 5203

8 10.87 14 27.2 2a.7 1 383 15.5

\

9 9.66 i/ d 21.5 172 ‘ 14.3 12.3
10 8.70 .21 17.4 13.9 11.6 9.9
11| 7.9 .26 44 | 115 | 96 8.2
i s R | 12.1 9.7 8.1 6.9
13 669 | .36 10.3 8.2 6.9 5.9
14 621 | 42 8.9 71 5.9 6.1
15 580 | .48 y N 6.2 5.2 | 4.4
16 5.43 P S e 7 54 | 15 3.9
17 5.11 625 s 1160 48 40 | 34
18 483 .69 5.4 43 3.6 3.1
19 4.58 7 48 3.9 4% L2
20 i 4.35 86 | 44 3.5 2.9 2.5

|
! |
21 ! P G R T () SR T 32 | .6 2.3
22 | 89 1.04 | 3.6 | 2.9 ‘ 2,4 2.1
i RN T B R I S T 2.2 19
[ \
24 ‘ 362 | 1.23 3.0 ‘ 2.4 2.0 1.7
25 3.48 ‘ 1.34 2.8 2.2 1.9 16
2 | 834 145 | 2.6 2.1 1.7 1.5
27 ‘ 82 | 1 | 2.4 19 6 1.4
28 | 811 | 168 [ 2 18 5 13
29 i 300 | 1.80 | 2.1 L7 4 1.2




8” I BEAM—No. 83 B.

25.5 POUNDS PER FOOT.

Flange width . . . . . . . . 4.26 Area in square inches. . . . 7.50
b thickness . . .-« . . . . 0.53 Registance . s « v o o ¢ @it 17.29
Wel

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 centreload will be 1% of the tabular deflection.

For figures in small type deflection is excessive.

( Greatest Distance in Feet Between Cenlres of
Beams jfor Distributed Load as Below.
Greatest
Span Safe Load | Deflection |
gn in in Inches. 100 ‘ 125 150 175
Feel. | Not Tons. Pounds Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. | Foot. Foot. Foot.
o 1537 | .08 512 | 410 34.1 29.3
i 13.17 .10 37.6 30.1 25.1 21.56
8 11.52 14 28.8 23.0 19.2 16.5
9 10.24 A780 2208 18. 15.2 13.0
10 9.22 e 14.8 12.3 10.5
Pl 8.38 2850 15.2 12.2 10.2 &7
12 7.68 Sl 12.8 10.2 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 72 5.8 48 [%)
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 i 5.1 4.1 3.4 2.9
20 4.61 .86 4.6 3.7 3.1 2.6
21 4.39 .04 42 | 3.3 2.8 2.4
22 4,19 ; 1.04 3.8 | 3.0 2.5 22
23 401 | 133 | 3. 2.8 2.3 2.0
1
24 3.84 1.23 3.2 2.6 2.1 1.8
25 3.69 1.34 3.0 2.4 2.0 LT
2% 3.55 1.45 2.7 02 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 13




77 I BEAM—No. 70 B.

15 POUNDS PER FOOT.

Flange width o tara evnlanie s 3.66 Area in square inches. . . . 441
Web thickness . . . ... ... 025 Resistance . . - « « o o s v s 10.46

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1y of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Dist in Feet B Centres of
Greaiest Beams for Distributed Loads as Below.
o Safe Load | Deflection o

. in in Inches. 100 125 150 175

Feel. | not Tons. Pounds | Pounds Pounds Pounds
per Square | per Square | per Square | per Square
Foot. ‘ Foot. Foot. Foot.
R O PO T | ‘ :

6 ‘ 9.70 09 | 31.0 | 24.8 | 20.7 | iR
T4H 7.97 ’ A2 ‘ 22.8 18.2 15.2 13.0
8 | 6.97 J6+1 (§ 17.4 \ 13.9 11.6 10.0
9 | 62 20 138 | 110 | 92 7.9
10 ‘ 5.58 .24 11.2 8.9 | 74 6.4
11 ‘} 5.07 .30 9.2 7.4 ‘ 6.1 6.3
12 | 465 | .35 76 TR -l 44
13 4.29 41 6.6 | 5.3 | 4.4 3.8
14 [~ 5% A8 5.7 1.6 3.8 3.3
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 19 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 L7 1.4
22 2.54 1.19 2.3 1.8 1.5 1.3
23 2.43 1.30 2.1 1% 14 1.2
24 2.32 1.41 1.9 1.5 1.3 11
25 2.23 1.53 1.8 1.4 1.2 1.0
26 2.15 1.66 1 1.3 11 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 191.

80




7" I BEAM—No. 71 B.

17.5 POUNDS PER FOOT.

gewidt.h ......... 376 I Area in squnre inches. . . . &.15
“thickness . o i Resistaned ».3 3 2 T LS 11.31

eatest safe 1oad 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 1’5 of the tabular deflection.
For figures in small type deflection is excessive.

BT Greatest Dist n Feet Bet Centres of
: Greatest Beams for lhsmbuted Loads as Below.
,
B | oens,| 100 125 150 175
Net Tons. Posu;:‘da Pounds Pogqnds Pounds
er are er Square uare | per Squa e
S Pt it B [T ol | Wt
10.05 .09 33.5 26.8 22.3 19.1
8.62 12 246 19.7 16.4 14.1
L 7.54 .16 18.9 15.1 12.6 10.8
6.70 .20 14.9 11.9 9.9 8.5
6.03 24 12.1 9.6 8.0 6.9
5.48 .30 10.0 8.0 6.6 5.7
5.03 .35 8.4 6.7 5.6 4.8
1 4.64 41 7.1 5.7 4.8 4.1
R 451 : 6.2 19 11 35
'}
i 4.02 .55 5.4 4.3 3.6 3.1
3.77 .63 4.7 3.8 3.1 27
7 3.55 foi' 42 3.3 2.8 2.4
3.35 .79 3.7 3.0 2.5 21
3.17 .88 3.3 2.7 2.2 1.9
3.02 .98 3.0 2.4 2.0 1
2.87 1.08 2.7 2.2 1.8 1.6
3 2.74 1.19 2.5 20 4 14
b 2.62 1.30 2.3 1.8 1.5 1.3
B o5t | 141 21 17 14 12
I 2.41 1.53 1.9 1.5 1.3 1.1
|l 282 1.66 18 14 1.2 1.0
Bl
- 228 1.79 iy 1.8 1.1 9
@il 218 1.92 1.5 1.2 1.0 9
| 208 2.06 14 1.1 1.0 8
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7”7 I BEAM—No. 72 B.

20 POUNDS PER FOOT.

Flapgewidth, . . . o + ¢« ¢ . 3.86 Area in square inches. . . . 588
Web thickness. . . ... . .. 045 ResIStanss:. '« v 5 »fe wraisii 12.16

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 1y of the tabular deflection.
For figures in small type deflection is excessive.

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

Greatest
Span SafeaLo.th Deflection | 5 -

o in in Inches. 100 125 150 175

Feel. | Nt Tons. Pounds | Pounds Pounds Pounds
per Square | per Square | per Square | per Square

Foot. Foot. Foot. Foot.
6 10.81 .09 36.0 28.8 24.0 20.6
1 9.26 12 26.5 21.2 17.6 15.1
8 8.11 .16 20.3 16.2 135 11.6
9 7.20 .20 16.0 12.8 10.7 9.1
10 6.48 .24 13.0 10.4 8.6 74
11 5.89 .30 10.7 8.6 74 6.1
12 5.40 .36 9.0 7.2 6.0 5.1
13 4.99 41 7.7 6.1 5.1 4.4
14 163 E) 6.6 5.3 11 3.8
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 1 4.5 3.6 3.0 2.6
18 3.60 29 4.0 3.2 2.7 2.3
19 3.41 .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 17
22 2.95 1.19 2.7 2.1 1.8 1.5
23 2.82 1.30 2.5 2.0 1.6 14
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 p 1% §
27 2.40 1.79 1.8 1.4 1.2 1.0
28 2.32 1.92 1.7 1.3 8 5 | 9
29 2.24 2.06 1.5 1.2 1.0 59
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6" I BEAM—No. 60 B.

12.25 POUNDS PER FOOT.
Bflange width . . . . ... .. 3.33 Area in square inches. . . . . 3.60

Web thickness . . .. .. .. .23 Resistance... '« « + 4 e 004 7.36

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1% of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Beams for Distributed Load as Below.
Grealest F
Span Safe Load | Deflection
ar in in Inches. 100 125 150 175
Feet- | Not Tons. Pounds Pounds | Pounds Pounds
per Square | per Square | per Square | per Square
| Foot. Foot. Foot. | Foot.
) - |
6 | 655 10 21.8 175 146 | 125
T 5.61 J4 | 160 128 | 1107 9.2
8 4.91 J8 G328 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
i 3.67 35 | 6.5 5.2 4.3 3.7
|
12 3.27 41 5.5 44 | 3.6 3.1
13 3.02 .48 46 | &7 3.1 2.7
14 2.81 .06 4.0 | 2 | 2.7 2.3
| |
15 2,62 7 ORI R (T 2.0
16 2.45 78 3.1 2504 0y Eer 1.8
99 2.31 .83 i 27 | 2.2 39 1.6
| | |
i3 | 218 .93 2.4 19 . | 1.6 1.4
19 2.07 1.03 2.2 l 1.7 15 1.2
20 ‘ 1.96 1.14 %9 | 16 1.3 i )
| |
o1 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 L5 1.0 8
24 1.64 1.65 14 1 .9 .8
25 1.57 1.79 1.3 1.0 .8 7
26 1.51 1.93 1.2 9 .8 o
27 1.45 2.08 § 0% 9 s 6
28 1.40 2.24 1.0 8 A 6
29 1.35 [ 2.40 9 7 .6 5
|




6” I BEAM—No. 61 B.

14.75 POUNDS PER FOOT.

Flangewidth . . ... ... 344 | Area in squaremches s fod S
Web thickness . . . ... .. i Resistance . . . . o 5. o 809

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 1% 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 | Safe Load | Deflection 5

in in Inches. 100 125 150 175
Feet Net Tons. Pounds Pounds Pounds Pounds

per Square | per Square per Square | per Square

Foot. Foot. Foot. Foot.
6 7.19 .10 24.0 19.2 16.0 13.7
& 6.17 14 17.6 14.1 11.8 10.1
8 5.40 18 13.5 10.8 9.0 T
9 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 5 | 5.7 4.8 4.1
12 3.60 41 6.0 48 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 B 1.4 1.2
21 2.06 1.26 2.0 16 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 11 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




6" I BEAM—No. 62 B.

y 17.25 POUNDS PER FOOT.

o g S R N S 3.56 Area in square inches. . . . . 5.07
eb thickness . . .. . ... 0.46 | Resistance... . . . .. ... 8.83

: safe load in net tons uniformly distributed. Fibre stress 16,000 1bs,
~ For a load in middle of beam, allow one-half of the tabular load.
Deflection for centre load will be 1% of the tabular deflection.
For figures in small type deflection is excessive.

Greatest Distance in_Feet Between Centres of
Gre m = Beams for Distributed Load as Below.
tion
Sqﬂ'in inﬂlsﬁ:hes, 100 125 150 175
Net Tons. Pogq'nzls Pogqn':iax Pog;ﬁ: Pogqnda
per re | per re | per re | per Square
3 Foot. Foot. 4 Foot. yi Foot.
6 7.85 .10 26.2 20.9 174 15.0
g 6.73 14 19.2 15.4 128 11.0
¥.8 5.89 18 14.7 11.8 9.8 8.4
4 5.23 .23 11.6 9.3 Tl 6.6
4.71 29 9.4 7.5 6.3 54
4.28 .35 7.8 6.2 5.2 4.4
E 3.93 Al 6.6 52 44 3.
3.62 48 5.6 4.5 3.7 3.2
it 8.37 56 4.8 3.9 3.2 2.8
i 3.14 .64 4.2 3.3 2.8 2.4
] 2.94 73 3.7 2.9 2.5 2.1
17 2.77 83 3.3 2.6 2.2 1.9
2.62 .93 2.9 2.3 1.9 T
2.48 1.03 2.6 21 1.7 1.5
2.36 1.14 2.4 1.9 1.6 1.3
1

i 2.24 1.26 2.1 1.9 1.4 1.2
2.14 1.38 19 1.6 1.3 1.1
2.05 1.51 1.8 1.4 1.2 1.0
1.96 1.65 1.6 1.3 1.1 9
1.88 1.79 1.5 1.2 1.0 9
1.81 1.93 1.4 B % | 9 8
1.74 2.08 1.3 1.0 9 7
1.68 2.24 1.2 10 8 7
) 1.62 2.40 11 9 7 6

A




6” I BEAM.—No. 63 B.
LEAST SECTION.

32.3 POUNDS PER FOOT.

Flange width . . ... ... 4.87 | Areainsquareinches . . .. 949
Web thickness. . ... ... .50 | Resistance. .. ... .. .. 17.26

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 1% of the tabular deflection.

For figures in small type deflection is excessive.

|

3 loda| g ) T
o reatest Distance in Feel Between

- 5 % (?: § 2 Centres of Beams for Distributed §‘§ 5 ':' :‘;‘

K| o5 |sS8 3 Load as Below. Si=Sn

SR8| 88 SeaS

2 « [285 S< SE53

s | 3% |S88| 8= 100 125 150 175 §=&§§

§~ Ss ZQ\E ) Pounds | Pounds | Pounds | Pounds |35 $ =3

2 il § N ] per Sq. | per Sq. | per Sq. | per Sq. |3 gé S| S

R 7&5* o I ,fbil'_ Foot. | “Foot. |S S
6]165635| 26| .10 51.2 409 | 341 29.2 87.11
711855 | 28 14 37.6 30.1 | 25.0 21.5 64.00
8111.51,] .20 18 28.8 23.0 19.2 16.4 49.00
91023 | .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| 67| 13 41 12.8 10.2 8.5 I I S
13 | 7.08 12 48 10.9 8.7 %8 .11 62 18.56
14| 6.58 1 56 9.4 7.5 6.3 5.4 16.00
15] 614 | 20| 61 | 83 6.6 5.5 4.7 13.94
16| 67| .10 | .78 72 | .58 4.8 4.1 12.25
17| 542 .09 .83 6.4 5.1 4.3 36 | 1085
18| 612 09| 98 | 57 | 46 88 | 33 9.68
19| 485 | .08 | 103 5.1 4.1 ag (2o 8.69
20| 460 | .08 | 114 4.6 3.7 3.1 2.6 7.84
21| 438 | .8 | 1.26 4.2 3.3 2.8 2.4 7.11
2| 419 | .07 | 1.88 3.8 3.0 2.5 29 648
23 400 | .07 | 151 3.5 2.8 2.3 20 | 598

|

24| 384 | .06 | 1.65 3.2 2.6 2.1 18 | 544
25| 368 | .06 | 1.79 2.9 2.4 2.0 1.7 5.02
26| 854 | .06 | 193 2.7 2.2 1.8 1.6 4.64
o7l %41 | 08| 208 | 25 2.0 1.7 14 4.30
28| 320 | .05 | 2.24 2.4 1.9 1.6 1.3 4.00
20| 317 | .05 | 240 2.2 1.7 1.5 1.2 3.73




6”7 I BEAM—No. 63 B.
GREATEST SECTION.

37.4 POUNDS PER FOOT.

Blangewidth . . . . . ... . 5.13 | Area in square inches. . . . 10.99
Beb thickness . . . «c0 o . . .70 Resistance. . . « « . . . v 18.76

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 1y of the tabular deflection.

For figures in small type deflection is excessive.

o — ——

R l <3 Q8 Greatest Distance in Feet Between | SS% S8

N ;:\q § 2 Centres of Beams for Distributed |~ é:‘ S

é RS Q'§§ S Loads as Below. g'ﬂbé;g

g | &5 (95 €3 L

3% |S535 82 | 100 | 135 | 150 | 175 |SS5<3

. g K SS| T | Pounds | Pounds | Pounds | Pounds “E’ S5

8E 884 N per Sq. | per Sq. | per Sq. | per Sq. E 1ERE

. YsE Foot. | Foot. | Foot. | Fool. |SESER
6 (1668 | .26 | .10 55.6 45 37.1 31.8 87.11
7 [ 14.30 | .23 14 40.9 32.7 27.2 23.4 64.00
g8 | 1251 | .20 | .18 31.3 25.0 20.8 17.9 49.00
e 1112 | .17 | .23 24.7 19.8 16.5 14.1 38.72
0N 10.01 | 168 | .29 20.0 16.0 13.3 114 31.36
11| 9.10| .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
g 13 7.70 A2 48 11.8 9.5 7.9 6.8 18.56
14 7.15 11 .56 10.2 8.2 6.8 5.8 16.00
BB 667 | 0| 64 | 89 7.1 5.9 51 | 13.04
16 6.25 .10 78 7.8 6.3 5.2 4.5 12.25
17 5.89 .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 | 103 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 2.6 715
22 4.55 07 1.38 41 3.3 2.8 2.4 6.48
23 4.35 .07 | 1.51 3.8 3.0 2.5 2.2 5.93
i 24 417 .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| 38 | .06 | 1.93 3.0 2.4 2.0 1.7 4.64
.27 3.7 .06 | 2.08 27 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 | 240 2.4 1.9 1.6 1.4 3.73




Flange width
Web thickness

6” I BEAM.—No. 67 B.

LEAST SECTION.

41.0 POUNDS PER FOOT.
........ 5.25

o af e e na sETs 0.63

I Area in square inches . . . .

Rosislanes . . i . « « 4%l %4 21.29

12.06

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 1bs.
For a load in middle of beam, allow one-half of the tabular load.

Deflection for centre load will be % of the tabular deflection.

For figures in small type deflection is excessive.

© -1 I Span in Feet.

BN BRR BRR BEs

er
to

% s o S Y
® eatest Distance in Feet Between

»§ 4 E: s 2 Centres of Beams for Distributed §'§§§ g

28 °‘§§ a5 Load as Below. SR

35 [S95] &2 Seta3

3% (883 88 | o | 125 | 10 | 155 |BS8<S

§: 595 & Pounds | Pounds | Pounds | Pounds |S&: 58 &

e S per 8q. | per Sq. | per Sq. . |8 . =

3 ’*‘E& R | et ; oot | Poott .szzé.,‘e;g'
1893 26| 10 | 631 | 505 | 421 | 361 | &7l
16.22 | .22 14 46.3 j 37.1 ‘ 30.9 26.5 64.00
1419 | .20 18 35.5 284 23.7 20.3 49.00
1262 | .17 .23 28.0 22.4 18.7 16.0 38.72
1136 | .16 | .29 22.7 18.2 15.1 13.0 31.36
1032 | 14 ] .35 18.8 15.0 12.5 10.7 25.92
946 | 18| .41 | 158 126 | 105 9.0 21.78
878 | a3 | 48 | 184 10.7 9.0 7.7 18.56
T T 9.3 7.7 6.6 16.00

|

757 |20 - et | 204 8.1 6.7 58 13.94
fap [hi10:| o 8.9 71 5.9 5.1 12.25
668 | .09 | .83 7.9 6.3 5.2 45 10.85
631 | .09 .98 7.0 5.6 47 40 968
5.98 | .08 | 1.03 6.3 5.0 4.2 3.6 8.69
568 | .08 | 114 5.7 45 38 3.2 7.84
541 | .07 | 126 5.2 41 8.4 2.9 711
516 | .07 | 1.38 | 47 3.8 3.1 2.7 648
494 | .07 | 151 43 3.4 2.9 25 5.93
478 | .06 | 1.65 3.9 3.2 2.6 2.3 5.44
454 | .06 | 179 3.6 2.9 2.4 2.1 5.02
437 | .06 | 193 34 2.7 2.2 1.9 4.64
421 | .06 | 2.08 3.1 2.5 2.1 1.8 4.30
406 | 05| 224 | 29 2.3 1.9 1.7 4.00
3.92 | .05 | 240 27 2.2 1.8 15 3.73
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67 I BEAM—No. 67 B.

GREATEST SECTION.

46.1 POUNDS PER FOOT.

; width 550 | Area in squareinches . . . . 13.56
A W ckness 0:88 || Besistance . . « « s o oo 5.« 22.79
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 1 of the tabular deflection.
For figures in small type deflection is excessive.

B Greatest Distance in Feet Between |83 g

§ $ %: § 2 Centres of Beam:}or istribute &§§-§' g

.,é 5 i Load as Below. <oSw

35 |58 & 53

32 [S53] 33 | 100 125 150 175 |3S8<8

s §\r§ § Pounds Pounsz.! Pounds Pouns.;a §-' 5‘3 5

3 > r Sq. er Sq. er Sq. er 8q. | S

3 § ~ § P;bot? 7 Foot. pl‘bot.q pn)o:. 2 gé SE
o =
G| 2026 | .28 | .10 67.5 54.0 45.0 38.6 87.11
711736 | 22| .14 49.6 39.7 33.1 28.3 64.00
8 1519 | 20 | .18 38.0 30.4 25.3 21.7 49.00
O | 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
il | 11.06 14 | .35 20.1 16.1 13.4 11.5 25.92
12 | 10.13 13 11 16.9 135 11.3 9.6 21.78
13| 935 | .12 48 14.4 115 9.6 8.2 18.56
,;1'4 8.68 11 56 12.4 9.9 8.3 ro ) 16.00
15| s.10 10 64 10.8 8.6 7.2 6.2 | 1394
7.60 | .10 73 9.5 7.6 6.3 5.4 12.25
715 | .09 83 8.4 6.7 5.6 438 10.85
6.75 | .09 .93 7.5 6.0 5.0 43 9.68
6.40 | .08 | 1.03 6.7 5.4 4.5 3.9 8.69
6.08 | .08 | 1.14 6.1 4.9 4.1 3.5 7.84
579 | .07 | 1.26 5.5 4.4 3.7 3.2 711
553 | .07 | 1.38 5.0 4.0 3.4 2.9 648
528 | .07 | 151 4.6 8.7 3.1 2.6 5.93
5.06 | .06 | 1.65 42 34 2.8 2.4 5.44
486 | .06 | 1.79 3.9 3.1 2.6 22 5.02
468 | .06 | 1.93 3.6 2.9 2.4 2.1 4.64
450 | .06 | 2.08 3.3 2.7 2.2 1.9 4.30
484 | .05 | 224 3.1 25 2.1 1.8 4.00
419 | 05 | 240 29 2.3 1.9 1.7 3.73
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5" I BEAM—No. 50 B.

9.75 POUNDS PER FOOT.

Flangewidth . . . . . . . . . 3.00 | Areain squareinches. . . . . 2.87
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 1% of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Grontist Beams for Distributed Load as Below.
Span Sque%:d Deflection
s in  |inInches.| 100 125 150 175
Feet. | Net Tons. Pounds | Pounds | Pounds | Pounds
per Square | per Square | per Square | per Square
Foot. Foot. Foot. Foot.
4 6.48 .05 324 25.9 21.6 18.5
5 5.17 .09 20.7 16.5 13.8 11.8
6 4.31 Jd2 144 11.5 9.6 8.2
7 3.69 17 10.5 84 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 18
14 1.85 .67 2.6 2.1 1.8 1.5
15 1.72 a7 2.3 1.8 1.5 1.3

t
\
I
I
H

5" I BEAM-—-No. 51 B.
12.25 POUNDS PER FOOT.

Flangewidth . « . . ... .. 3.14 | Areainsquareinches. . . . . 3.60
Web thickness.. . . . .. .. S5 §i Beslstanos & .4 it LA 5.46
o 05 36.5 20.2 243 | 208
5 5.83 .09 23.3 18.7 1565 | 133
6 4.86 J2 16.2 13.0 10.8 9.3
7 4.16 A7 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 A1 4. 3.9 3.2 2.8
12 243 .49 4.1 3.2 2.7 2.3
13 2.24 .58 3.4 2.8 23 2.0
14 2.08 .67 3.0 2.4 2.0 1.7
15 1.94 a7 2.6 2.1 1.7 15

N. B.—For loads given in Italics webs must be stiffened, or loads must not
exceed maximum loads given in column XV, page 191.
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57 I BEAM—No. 52 B.

14.75 POUNDS PER FOOT.

pgewidth . . . .. ... 828 | Area in squarelnches vaies 454
b thickness . . . . . ... 049 | Resistance . . . o oo 600

eatest 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 1% of the tabular deflection.

For figures in small type deflection is excessive.

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

Span | safe Load | Deflection =3
i in in Inches. 100 125 150 175

- | Net Tons. Pog;:uds I‘Dg;m‘a Pogqin;i; Pounds

. per Square | per Square re | per Square

Foot. Foot. peribot. i Foot.

8.10 05 40.5 32.4 27.0 231

6.48 .09 25.9 20.7 17.3 14.8

5.40 12 18.0 144 12.0 10.3

4.63 17 13.2 10.6 8.8 7.6

4.05 22 10.1 8.1 6.8 5.8

3.60 .28 8.0 6.4 5.3 4.6

3.24 .34 6.5 5.2 4.3 3.7

2.94 41 5.3 4.3 3.6 3.1

2.70 49 4.5 3.6 3.0 2.6

2.49 58 3.8 31 2.6 2.2

2.31 67 3.3 2.6 2.2 1.9

2.16 77 2.9 2.3 1.9 1.6

2.02 .88 2.5 2.0 17 1.4

1.90 .99 2.2 1.8 1.5 1.3

1.80 1.11 2.0 1.6 1.3 5 |

1.70 1.24 1.8 14 1.2 1.0

1.62 1.37 1.6 1.3 1.1 9

1.54 1.51 1.5 1.2 1.0 .8

1.47 1.66 1.3 1:1 9 8

141 1.81 1.2 1.0 .8 a

1.35 1.97 5 9 .8 .6

1.30 2.14 1.0 .8 o .6

1.25 2.32 1.0 .8 .6 i)

1.20 2.50 9 7 .6 D
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4" T BEAM—No. 40 B.

7.5 POUNDS PER FOOT.

Flange width . . . . . . . .. 2.66 | Area in squareinches.. . . . 2.20
Web thickness . . . . .. .. .19 Resistance.s . « « o « ¢ W 2% 2.95

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 15 of the tabular deflection.

For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
2 Groatast Beams for Distributed Load as Below.
o i
i | S0 Sand | Defoction| 1% 125 150 175
Feet. | Nt Tons, Pognds Pounds | Pounds Pog;ﬁs
€ r ware er uware r 2y
el l‘pe Fiqol. 5 1%0:. ,pc - vkt
4 | a3 07 sVl N A o el T 1
5 | 315 A1 12.6 10.1 8.4 7.2
6| 262 15 8.7 7.0 5.8 5.0
7 2.25 21 6.4 5.1 4.3 3.7
8 1.97 .27 4.9 3.9 3.3 2.8
9 175 35 3.9 31 26 2.2
10 1.57 43 3.1 2.5 2.1 1.8
11 1.43 .52 2.6 21 1.7 1.5
12 131 .62 22 1.7 1.5 1.2
13 1.21 J2 1.9 1.5 1.2 ) 55
14 112 .84 1.6 1.3 1.1 9
% 15 L f 1.(?1577 96 14 &1 9 8
4" T BEAM—No. 41 B.
8.5 POUNDS PER FOOT.

EREn WA v o v s 4 s sels s 2.72 | Areain square inches. . . . 2.50
Webrshiakmess:. . . 5 3 i o0e 4 28 1 BomIatanots v v . . e eiele 3.15
4 4.19 .07 21.0 16.8 140 12.0
5 3.36 A1 13.4 10.8 9.0 1474
6 2.80 15 93 | 7.5 6.2 5.3
7 240 21 6.9 | 5.5 4.6 3.9
8 2.10 27 53 | 4.2 3.5 3.0
9 [T-188 35 11 3.3 2.8 24
10 1.68 43 34 2.7 2.2 1.9
11 1.52 52 2.8 2.2 1.8 1.6
12 1.40 62 23 1.9 1.6 1.3
13 1.29 72 2.0 1.6 13 1.1
14 1.20 84 1.7 1.4 1.1 1.0
15 1.12 .96 15 1.2 1.0 9
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4” I BEAM—No. 42 B.

9.5 POUNDS PER FOOT.

pge width . . . . . . ... 2.79 Area in square inches v 279
‘Web thickness . . .. . ... .32 Resistance... . . T

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 15 of the tabular deflection.
For figures in small type deflection is excessive.

Greatest Distance in Feet Between Centres of
Gr ! Beams for Distributed Load as Below.
Span Sqfce‘}fz:td Deflection
in ; ? 100 125 150 175
Feet Nell;'ona. ooy Pounds % Pounds | Pounds
r A?QMN r re SqMT r Squar
= Foot. i Foot. P"Fool. ol Foot. 5
4 4.45 .07 22.3 17.8 14.8 12.7
5 3.56 i 4 14.2 114 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 .3 4.4 3.5 2.9 2.5
k10 1.78 43 3.6 2.8 2.4 2.0
11 1.62 .52 2.9 2.4 2.0 s Vi
12 1.48 .62 2.5 2.0 1.6 14
13 1.37 a2 2.1 1.7 14 1.2
14 1.27 .84 1.8 1.5 1.2 1.0
15 119 .96 1.6 1.3 o5 9

4" I BEAM—No. 43 B.
10.5 romvns PER FOOT.

BN, . .. o aes s Area in square inches. . . . 3.09
BsRiokness . . . . ... .. Reslsbandon. o o' &0 ¢ b ons 3.54
4 4.71 .07 23.6 18.8 15.7 135
5 3.77 3 15.1 12.1 10.1 8.6
6 3.14 15 10.5 84 7.0 6.0
7 2.69 21, 7.7 6.2 5.1 44
e 8 2.36 27 5.9 4.7 3.9 34
9 [T 209 35 1.6 % | 8.1 a7
10 1.89 43 3.8 3.0 2.5 22
11 1.71 52 3.1 2.5 2.1 1.8
12 1.57 .62 2.6 2.1 1.8 15
13 1.45 12 2.2 1.8 15 1.3
P14 1.35 84 1.9 1.5 1.3 1.1
15 1.26 .96 17 13 1.1 1.0




3”7 X BEAM—No. 30 B.

5.5 POUNDS PER FOOT.

2.33
0.17

Flangewidth. . . . ... ..

Area in squareinches . . . . .
Web thickness.. . . . . ...

Resistance

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 15 of the tabular deflection.

For figures in small type defiection is excessive.

Grealest Distance in Feet Between Centres of
ik Beams for Distributed Load as Below.
Span | o Load |Deflection . -
ixd in in Inches. 100 125 150 175
Feet. | Net Tons. Pounds | Pounds | Pounds | Pounds
per Square | per Square per Square | per Square
Foot. Foot. Foot. ‘ Foot.
4| 216 | 09 | 108 . 86 7.2 ‘ 6.2
5 1.73 .14 6.9 1 5.5 4.6 4.0
6 1.44 21 4.8 3.8 3.2 2,7
7 1.23 .28 8.5 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 14 g | 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 0 4 6
14 .62 1.12 9 o .6 \ 5
15 .58 1.29 8 .6 B 4
3” I BEAM—No. 31 B.
6.5 POUNDS PER FOOT.
Flange width . . . . . .-. .. 240 | Areainsquareinches. . . . . 1.91
Web thickness.. . . . . . .. 0.24 § Resistance . . . . . ... .. 1.76
4| 23 } 09 ’ 118 g4 | 178 | ey
5 1.88 .14 7.5 6.0 5.0 4.3
6 1.57 B | 5.2 4.2 3.0 3.0
7 1.34 .28 3.8 3.1 2.6 2.2
8 13T .37 2.9 2.3 2.0 17
9 1.04 .46 2.3 1.8 1.5 1.3
10 94 .57 1.9 1.5 1.3 1.1
i i .85 .69 1.5 1.2 1.0 9
12 78 .82 1.3 1.0 9 2
13 a2 97 11 9 ¥ .6
14 67 1.12 1.0 8 .6 5
15 .63 1.29 .8 i .6 5




|

Flange width

37 I BEAM—No. 32 B.

7.5 POUNDS PER FOOT.

Web thickness . . . ... ..

Area in squareinches . . . .
Resistance . . .

2.20
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 centre load will be 1% of the tabular deflection.

For figures in small type deflection is excessive.

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

Grealest

Span | safe Load | Deflection =

<l in in Inches. 100 125 150 175
Feel. | xor Toms. Pounds | Pounds | Pounds | Pounds

per Square | per Square | per Square | per Square

Foot. Foot. Foot. l Foot.
4 2.55 .09 12.8 10.2 8.5 ‘ 73
5 | 2.04 .14 8.2 6.5 54 | 4.7
6 1.70 .21 5.7 45 3.8 3.2
i 1.46 .28 42 3.3 2.8 2.4
8 1.28 .37 3.2 2.6 2.1 18
9 1.13 .46 2.5 2.0 1.7 14
10 1.02 .57 2.0 1.6 1.4 L2
11 93 .69 17 1.4 1 1.0
12 .85 .82 1.4 12 .9 .8
13 .78 .97 1.2 1.0 .8 a
14 73 1.12 1.0 .8 T .6
15 .68 1.29 9 T .6 .5
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PENCOYD CHANNELS.

Greatest safe loads in net tons evenly distributed, including beam itself,
For concentrated load in middle of beam take one half amount in table.

.  JLURN
. = 5
S¢| §3 283
o= = ==8
N9 S & S S
S S .3 B
LU - gﬁn
3

Length of Span in Feet.

Safe Load in Net Tons.

15(151C|35.0 |z2866 :25.48'22.93 20.85

15(152C|40.0 |31.11 27.66 [24.89 22.63
15[153C |45.0 |33.56 20.83]26.85 a1
15]154C|50.0 |39.32 ‘34.95 31.45 [28.59

15]155C|55.0 |41.76 37.12 33,41 037
.07 | .09 [ 11| .14

121120C|{20.5 14.36;12.77 11.49 [10.45
12(121C|25.0 |16.12 14.33[12.90 [11.73
121122C|30.0 |18.09 ;16.08 14.47 ‘13.16:
121123C|35.0 |23.08 20.51(18.45 16.78
12[124C|40.0 |25.03 22.2520.02 18.20
121128C|20.5 13.78|12.24 11.02 (10.02
121128C132.0 |18.26 16.23[14.60 [13.28

00| .12 | 14| .17
10(100C[15.0 | &9¢| 7.95| 7.16| 6.51
10/101C|20.0 |10.58| 9.41| 8.47| 7.70
10[102C|[25.0 |13.35/11.87 10.68 | 9.71
10/103C|30.0 |14.98 13.3211.99 [10.90
10|104C|35.0 |16.61|14.77 [13.29 12.08

% i O S S IS e
9| 90C|13.25| 7.10| 6.31| 5.68| 5.16
9| 91C|15.0 | 761| 6.76| 6.09| 5.53
9 92C[20.0 | 9.92| 8.82| 7.94| 7.22

91 93C|[25.0 |11.40[10.13] 9.12| 8.29
i 12| .16 .19| .28

i [
15{150C|33.0 |z7.66 l24.5¢} 22.13 20.12 18.44‘17.02'15.81 14.75

s |9 [0 |u || |u|n

10.11 17.64 |16.38 15.29

[ |
20.74 19.15 |17.78 16.59

22.38
26.21

12.06
15.38
16.69
9.18
12.17
21
5o
7.05
8.90
9.99

11.08
.25

4.73
5.07
6.61

20.65
24.19

9.92
1113
14.20
15.40

8.48
11.23

24
551

6.51

8.21

9.22
10.22

.29
4.37

4.68

6.11

7.60, 7.01

T2 |

.82

19.18 |17.90
22.47 [20.97

123.87 [22.27

22 .26
8.21 7.66
9.21/ 8.60
10.34| 965
13.19 1231
14.30 13.35
7.87| 7.35

1043 9.74
.28 .32
5.11| 4.77
6.05| 5.64
7.63| 7.12
8.56| 7.99

9.49| 8.86
.34 .39
4.05| 3.78
435 4.0
5.67| 5.29

6.51| 6.08
.87 .48

N. B.—For loads given in italics wehs must be stiffened or loads mlix;t:o.t :

exceed maximum loads given col. XVI, page 193,
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_centre

PENCOYD CHANNELS.

'. sma]ieﬁ;fures give deflection in inches for loadsabove. For one half load at

uce deflection one-fifth. Deflection below black line is excessive.

e

Length of Span in Feet.

b 16 | 18 | 20 | 22 | | %6 | = | s | 82
Safe Load in Net Tons.

12.20 [11.07 |10.06 | 9.22 | 851 | 7.90 | 7.33 | 6.92
12.74 |11.47 |1042 | 955 | 882 | 819 | 7.64 | 7.7
13.83 [ 1245 |11.31 |10.37 | 9.57 | 8.89 | 8.30 | 7.78
14.92 | 1343 |12.20 |11.19 [10.33 | 9.59 | 8.95 | 8.39
17.47 |15.73 | 14.30 |13.11 |12.10 |11.23 | 1048 | 9.83
18.56 1671 |15.19 |13.92 |12.85 |11.93 | 11.14 | 10.44
87 .46 .55 .66 Ak d .00 1.0 1.2
6.38 | 575 | 522 | 479 | 442 | 410 | 3.83 | 3.59
7.17 | 645 | 586 | 537 | 496 | 461 | 4.30 | 4.03
8.04 | 7.24 | 658 | 603 | 557 | 517 | 4.83 | 452
1026 | 923 | 839 | 7.60 | 7.10 | 659 | 6.15 | 5.77
1112 (1001 | 9.10 | 834 | 770 | 7.15 | 6.67 | 6.26
6.12 | 551 | 501 | 459 | 4.24 | 394 | 3.67 | 3.44
811 | 7.30 | 664 | 6.00 | 562 | 5.22 | 4.87 | 4.56
46 BT .69 .82 07 A 1.8 1.6
398 | 358 | 825 | 298 | 275 | 256 | 2.39 | 2.24
470 | 423 | 385 | 353 | 326 302 | 282 265
593 | 534 | 485 | 445 | 411 | 381 | 356 | 3.4
666 | 590 | 545 | 490 | 461 | 428 | 400 | 375
738 | 6.65 | 6.04 | 554 | 511 | 4.75 | 4.43 | 415
56 69 .83 .09 1.2 1.8 1.5 1.8
3.15 | 2.84 | 2.58 | 2.37 | 218 | 2.03 | 1.89 | 177
338 | 304 | 277 | 254 | 234 | 217 | 203 | 1.90
441 | 397 | 361 | 331 | 305 | 2.83 | 265 | 248
507 | 456 | 414 | 380 | 351 | 3.26 | 3.04 | 2.85
.62 .76 02 1.1 1.8 1.5 ;i 2.0

Size in
Inches.

15
15
15
15
15

12
12
12
12
12
12
12

10
10
10
10
10

© © O ©




PENCOYD CHANNELS.

Greatest safe distributed load in net tons including beam. Small figures
give deflection 1n inches for loads above. For one-half load at centre
reduce deflection one-fifth. Deflection below black line is excessive.

" - e Length of Span in Feel.
2 N By ) S o s v 1 W PN T
35| §8 | 255 s | 6| 7| 8 |10 12| 1418
S| %2 | €<% 1
A Safe Load in Net Tons.

Y 81180C 11126 8.68[ 7.27| 6.19| 5.42| 4.33| 3.61| 3.10] 2.71
8 | 81C |18.75] 9.71| 8.10| 6.94| 6.07 | 4.86| 4.05 | 3.47| 3.04
8 | 82C |16.25|11.73| 9.78| 8.38 | 7.33| 5.87| 4.89 | 4.19| 3.67
8 | 83C [18.75112.7810.65| 9.13| 7.99| 6.39 | 5.33 | 4.56] 3.99
8 | 84C 121.25]13.8311.52| 9.88| 8.64| 6.91| 5.76 | 4.94] 4.32

05| .08| .10| .14( .21| .81| .42] .55

7 170C | 9.75] 6.51| 543 4.65| 4.07| 3.26| 2.71] 2.33| 2.04
7 | 71C |12.25] 743 6.19} 5.31 4.64, 3.71| 3.09] 2.65 | 2.32
T 18720 14.76 9.10’ 7.58| 6.50 | 5.69| 4.55| 3.79] 3.25 | 2.84
7 |173C |17.25]10.01| 8.34| 7.15 6.26| 5.01| 417 3.58| 8.13
7 1 74C 119.75]10.92| 9.10| 7.80 | 6.83| 5.46 | 4.55] 3.90 | 3.41
06| .09| .12| .16| .24/ _.35] 48| .63

6 | 60C | 8.00] 465|3.87| 3.32| 2.90| 2.32] 1.94] 1.66| 1.45
6 | 61C |10.50] 5.77| 4.81| 4.12| 3.61| 2.89| 2.40| 2.06 | 1.80
6 | 62C [13.00] 6.55| 5.46| 4.68| 4.10| 3.28] 2.73| 2.34 | 2.05
6 | 63C [15.50] 7.34| 6.12| 5.24| 4.59 | 3.67] 3.06| 2.62| 2.29
07| .10| .14| .18| .29] 41| .66| .78

5 | 50C | 6.50| 3.14| 2.62| 2.25| 1.97] 1.657] 1.31 | 112| .98
5 | 51C | 9.00| 20| 316| 271| 237 1.90| 1.58| 1.38| .10
5 | 52C [11.50] 445| 371 3.18| 2.78] 2.23| 1.85| 1.50| 1.30
BN S i 4 ~.22| 34| 49| .67| 88

4 |40C | 5.25] 1.99| 1.66| 1.42] 1.25; 1.00| .83| .71| .62
4 | 41C | 6.25] 220 1.8411.57 1.38] 1.10| .92| .79| .69
4 | 42C | 7.25] 2.41| 201| 1.72| 151 1.21| 1.00| .86| .75
[ .11] .15 21| v 48| 62| 84| 1.1

3 [30C | 4.00] 114] .95 82| .72| 57| 48| .41| .36
3 131C | 5.00] 1.30] 108| 93| s1| 65| 54| 48| .41
3132C | 6.00] 146] 121 1.04| 91| 73| 61| 52| .46
; ol 1 7.21717.28 T8 o7l 8L T 1.4

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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Length of Span in Feet.
Safe Load in Net Tons.

BLBRES HKIUBEY B5HB8 X223 EIc53 IARET KR8 {8

ANANNANOH NN O OO OO0OOrHHH OO000O0 O0O0O0 ©OO0Oo

ERINes BBR~Y ARG REBB SRSAK BBHS2 JLBR B39
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4\5! 6‘7[ s‘9|1o\u|1213

PENCOYD CHANNELS.

Fibre Stress 16,000 1bs. per Square Inch.

o) ON—HO MO NOD NNHNN [~© - mm o
RIERBY RBYH2 JY188 8353 FGRIH GRIA/T B8 I35

BHBHBBW —dNNGSH AN HHHA OOHHH OCOHHH OC00O0 ©oo
2RBREY KBERS BEBER JHSH I2TREY ISHERY 8532 BLR

FHAHO I NN AN AN HAHAHAA OOHHH OOHH 000

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.

QR8RS R{R{R 8388 388

HOGCHBHd SN~ VoM O

" When the force acts in the direction of the flanges or at right angles to the web.
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PENCOYD EVEN ANGLES.

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.
One Leg Vertical.

Fibre Stress 16,000 Ibs. per Square Inch.

Size of Angle.
Inches.

Length of Span in Feet.

Safe Load in Net Tons.

‘4~'|V75|6]7[8|9|1o]11|12;|’13*

8 x8 x3
8 x8Yyx 1

6 x6 x%

6% x 6% x 1§

5 x5 x%
51y x 51y x 1§

4 x4 x5
4 x 4Y x 3

3% x 3% x {5
35 x 3% x g

3 x3 x%Y
3 x33%x5%

2% x 2% x Yy
3 x8 Hx 1

11.12
21.58

4.71
11.24

3.23
7.68

171
413

1.31
2.45

0.77
1.85

0.64
1.36

8.90
17.26

3.77
8.99

2.58
6.14

1.37
3.31

1.05
1.96

0.62
1.48

0.51
1.09

7.41
14.38

6.35 5.56
12.3310.79

3.14
7.49

2.15
5.12

114
2.76

0.87
1.64

0.55
1.24

0.43
0.91

2.69 2.35
6.42 5.62

1.84/ 1.61
4.39| 3.84

0.98 0.85
2.36| 2.07

0.75| 0.65
1.40| 1.23

0.44/ 0.39
1.06 0.93

0.37 0.32
0.78 0.68

4.94
9.59

2.09
5.00

1.43
341

0.76
184

0.58
1.09

0.34'
0.82|

0.28
0.60

4.45
8.63

1.88
4.50

1.29
3.07

0.68
1.65

0.52
0.98

0.31
0.74

0.26
0.54

4.04
7.85

171
4.09

117
2.79

0.62
1.50

0.48
0.89

0.28
0.67

0.23
0.49

3.71
7.19

1.57
3.75

1.08
2.56

0.57
1.38

0.44
0.82

0.26
0.62

0.21
0.45

3.42
6.64

145
3.46

0.99
2.36

0.53
1.27

0.40
0.76

0.24
0.57

0.20
0.42

For angles of intermediate thicknesses the safe loads can be assumed as
approximately proportional to their areas or weights.
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PENCOYD EVEN ANGLES.

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.
One Leg Vertical.
Fibre Stress 16,000 Ibs. per Sq. Inch.

Size of Angle.

Length of Span in Feet.

Inches. 5 ’ 2 ‘ & ’ = ' & I i I ! <
Safe Load in Net Tons.
21, x 21 x 75 | 1.60 | 0.80 | 053 | 040 | 0.32 | 0.27 | 0.23 | 0.20
255 x 255 x 1 | 4.00 | 2.00 | 1.33 | 1.00 | 0.80 | 0.67 | 0.57 0.50
2y x 2% x % | 1.28 | 0.64 | 043 | 0.32 | 0.26 | 0.21 | 0.18 0.16
2% x27;x3% | 2.67 | 1.34 | 0.89 | 0.67 | 0.53 | 0.45 | 0.38 0.33
2 x2 x+%1.01|051|034]|0.25|0.20 017 | 0.14 0.126
245 x 28 x9% | 213 | 1.07 | 0.71 | 0.53 | 0.43 | 0.36 | 0.30 0.266
13, x 13 x % | 0.80 | 0.40 | 0.27 | 0.20 |-0.16 | 0.13 | 0.11 0.100
113x113x3 | 1.60 | 0.80 | 0.53 | 0.40 | 0.32 | 0.27 | 0.23 | 0.200
15 x 1% xYg | 0.37 | 0.17 | 0.12 | 0.09 | 0.07 | 0.06 | 0.05 | 0.046
13 x 13, x3g | 1.33 | 0.67 | 0.44 | 0.33 | 0.27 | 0.22 | 0.19 | 0.166
1 x 1Y x5 | 0.32 | 0.16 | 0.11 | 0.08 | 0.06 | 0.05 | 0.046 | 0.040
135 x13gx 1y | 0.59 | 0.30 | 0.20 | 0.15 | 0.12 | 0.10 | 0.084 | 0.074
1 x1 x%g 016/ 0.08|0.05|0.04 | 0.03 | 0.027 | 0.023 | 0.020
1% x 15 x| 0.37 | 0.19 | 0.12 | 0.09 | 0.07 | 0.062 | 0.053 | 0.046

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.

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.

Fibre Stress 16,000 1bs. per Square Inch.

Long

Leg Vertical.

Size of Angle.
Inches.

Length of Span in Feet.

Safe Load in Net Tons.

4\5\6\5]8'9\10\11‘12‘13

8 a X
8 x6lyxl
7 x3%hxl
T x 3% x1
6 x4 x3
6% x 4% x 1]
6 x4 x3
6% x 4% x 1}
b
5% x 3% x 3
534:334:@8

x4 x3

51‘%141%!%

5 x3%bxf
51 x 3% x

6 13]7(21
63/3 X 37/3 X

0.%x3.'%
5% x 8% x ¥

41 x 3 B
4*’;, x3Y x 3'4

4 x3%x
%xS‘/ix%

1% 110.71

20.57

7.55
14.47

5.16
12.78

4.43
10.95

4.32
10.73

1.69
3.93

O

B BN BN 0m 0w
=8 838 38R &5

L
20
o ®

[N

ER 23

o=

4.76
9.14

1.25
240

1.03
241

6o
IB SR
=

Do

o=
S8R
=o
&8

pO
o R
no
o

58
8% 883
83

peo
T
=D
23

=o
9
oo
¥ =o
2 38
e
&R

=0

o
o &
=

o,
1]
=o

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.

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.
Long Leg Vertical.
Fibre Stress 16,000 Ibs. per Square Inch

Lenylh of Span in Feet.
1}2\3|4|5\6|7’8

Size of Angle.
Inches.

Safe Load in Net Tons.

4 13 xfg 6.56}3.28 219 | 1.64 | 1.31 | 1.09 | 0.94 | 0.82
k 4 x 3 x O (1243 | 6.22 | 4.14 | 311 | 249 | 207 | 1.78 | 1.55 .
3%,x3 x EZ 5.07 | 254 | 1.69 | 1.27 | 1.01 | 0.85 | 0.72 | 0.63
313 x 35 x9% (10.67 | 5.34 | 356 | 2.67 | 2.13 | 1.78 | 1.52 | 1.33
3% x2%bxYy | 405|203 135|101 081|068 |058 |O.
3% x 23 x1 (843 |422|281|211 169|141 |120 | 1.05
3%x2 xY |3884|192|128|096 077|064 | 056 | 048
3-’/gx21/3x3/3 581|291 | 1.94 | 145 | 1.16 | 0.97 | 0.83 | 0.73
3 x2%x% | 293|147 098|073 |059 049 |042 | 0.37
314112*’/4x1& 6.40 | 3.20 | 2.13 | 1.60 | 1.28 | 1.07 | 0.91 | 0.80
x2 xY (288|144 |096 (072|058 |048 |041 | 0.36
A 3‘1’4x2]/4xlﬂz 6.08 | 3.04 | 203 | 1.52 | 1.22 | 1.01 | 0.87 | 0.76
. 21, x 2 xi-:g 1.55 [ 0.78 | 0.52 | 0.39 | 0.31 | 0.26 | 0.22 | 0.19
¥ 21 x 24 x 469 | 235 [ 1.56 | 1.17 | 0.94 | 0.78 | 0.67 | 0.59
X
3 21/4x11/21% 1.23 | 062 | 041|031 |025|021 |018 | 0.15
| 2% xUix 245 | 1.23 | 0.82 | 0.61 | 0.49 | 0.41 | 0.35 | 0.31
M 2 x1%x 0.96 | 048 | 0.32 | 0.24 | 0.19 [ 0.16 | 0.14 | 0.12
| 28 x133x% | 192|096 | 0.64 | 048 | 0.38 [ 0.32 | 0.27 | 0.24
2 x11/4x§=f, 0.96 | 048 | 0.32 | 0.24 | 0.19 | 0.16 | 0.14 | 0.12
2% x 17 x% | 1.92 | 0.96 | 0.64 | 0.48 | 0.38 [ 0.32 | 0.27 | 0.24
I For angles of intermediate thmknesses the safe loads can be assumed as

approximately 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 1bs. per Square Inch,

Length of Span in Feet.

Size of Angle.
Inches.

7{5|6]T]8]9|10|11’12]13

Safe Load in Net Tons.

8 20

81

x6

x 6%
7 x3%xY% | 2.15 1.72| 1.43| 1.23) 1.07
Ty x3¥x 1| 413 3.31| 2.76| 2.36 2.07

x 1 | 6.40| 5.12| 4.27| 3.66 3.20
- § .81| 8.18 7.01| 6.13

oo
58

PO O
B8 R8

6% x4 x3 | 2.16| 1.73| 1.44| 1.23 1.08
675 x 4% x 13 | 5.43 4.34| 3.62 3.10| 2.71

no

6 x4 xs/% 2.13 1.71] 1.42| 1.22) 1.07
6% x 435 x 12 | 5.31) 4.25| 3.54| 3.03| 2.65

6 x3%x3% | 1.64] 1.31| 1.09| 0.94 0.
6% x 375 x 13 | 3.69| 2.95 2.47| 2.11| 1

5 31 x 1
5%’;3% xgllg 2.

wo
&

=o
3

1.09| 0.
1

=O
52
)

!,\)H
&3 R3

8

R

BB 38
(92}
o

a8

5 x4 x3| 209
58 x4%x% | 3.91

5
Su xS E

1
2.61) 2.

o

0.91} 0.7

=
o
e

=}

o=
88 ¥8
Do
=
Do
-
©
e
23

=
O
89
e
3
o
&8

5 x3 xa% 1.00
SY x 3 x %y | 2.37

e

B
=
a3
o

R
O
58
o
=R

445 x3 x 1.00
43*2:31@132

4 x3lx | 133 107 089 076
41 x 3% x %, | 3.11| 2.49] 2,07 1.78

=
&3
=]
88

2.56
4.91

0.86
1.65

oo
&8

oo
RS

=S
R

83
&

1.97

po
38 88

oo rHo pHo HOo
88 K8 3

o
3R

0.41
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.
SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.
Short Leg Vertical.

Fibre Stress 16,000 Ibs. per Square Inch,

Length of Span in Feet.

Size of Angle.
Lo AR BT R R
Safe Load in Net Tons.
4 x3 =x 389 195|130 |0.97|0.78 | 0.65 |0.56 | 0.49
4 x 3 x 6.19 | 3.10 | 2.06 | 1.55 | 1.24 | 1.03 | 0.88 | 0.77
3% x3 x 3.89 | 1.95 | 1.30 | 0.97 | 0. 0.65 | 0.56 | 0.49
31¥x3%x 8.16 | 4.08 | 272 | 2.04 | 1.63 | 1.36 | 1.17 | 1.02
3% x2% x1, | 219 | 1.10 | 0.73 | 0.55 | 0.44 | 0.37 | 0.31 | 0.27
3 x2% x| 469 | 2.35 | 1.56 | 1.17 | 0.94 | 0.78 | 0.67 | 0.59
3%Hbx2 x1y (14 72 | 048 | 0.36 | 0.29 | 0.24 | 0.21 | 0.18
P x2lx8g | 219 | 1.10 | 0.73 | 0.55 | 0.44 | 0.37 | 0.31 | 0.27
x 2% x 14 213 | 1.07 | 0.71 | 0.53 | 0.43 | 0.36 | 0.30 | 0.27
31/4 x 2% x 469 | 2.35 | 1.56 | 1.17 | 0.94 | 0.78 | 0.67 | 0.59
b'd I 1@ 1.39 | 0.70 | 0.46 | 0.35 | 0.28 | 0.23 | 0.20 | 0.17
314 x2Y x 3.04 | 1.52 | 1.01 | 0.76 | 0.61 | 0.51 | 0.43 | 0.38
2%Hx2 x 1.01 | 0.51 | 0.34 | 0.25 | 0.20 | 0.17 | 0.14 | 0.13
214 x2f:x 3.20 | 1.60 | 1.07 | 0.80 | 0.64 | 0.53 | 0.46 | 0.40
2]/4 x 1% x :‘fl; 0.59 | 0.30 | 0.20 | 0.15 | 0.12 | 0.10 | 0.08 | 0.07
275 x 11y x% | 1.28 | 0.64 | 043 | 0.32 | 0.26 | 0.21 | 0.18 | 0.16
2 x1%x 3}; 0.59 | 0.30 | 0.20 | 0.15 | 0.12 | 0.10 | 0.08 | 0.07
2% x 134 x% | 1.28 | 0.64 | 0.43 | 0.32 | 0.26 | 0.21 | 0.18 | 0.16
2 x1yx aag 0.37 | 0.19 | 0.12 | 0.09 | 0.07 | 0.06 | 0.05 | 0.05
2% x 1173 > - 091 | 0.46 | 0.30 | 0.23 | 0.18 | 0.15 | 0.13 | 0.11

For angles of intermediate thicknesses the safe loads can be assumed as
approximately proportional to their areas or weights. .
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Fibre Stress 16,000 1bs, per Square Inch.

18.72/14.98 | 12.48 | 9.
| 20.29 | 16.23 | 13.53 | 10.

18.80 | 15.04 | 12.

15.39
117.09 | 13.67 | 11.

| 21.86 | 17.49 | 14.58 | 10.

N O

12.63 | 10.1
13.78 | 11.0

V3
B
1t
3

3
s

%
Y
1

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.

7.0
s | 8.3
'z | 9.7

{
"

[
8

it

ol

5

L

667 | 6
687 | 6

657 | 61
677

63Z | 6
647 | 6

517 | 5

50Z |5
527

567 | 5
577 | 5
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SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.

Size
Flange by
Stem.,
Inches.
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Sec.
No.
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x4

38T 3% x 3
39T 3% x 3

45T |4

41T |4




Safe Load in Net Tons.

Length of Span in Feet.

1

PENCOYD TEES.
Fibre Stress 16,000 1bs. per Sq. In.

per

Foot
n

Lbs.

wt.

4

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED.

Size
Stem.
Inches.
4 x2

PSR

4!1
e x 1

26T | 2 x 2%
2277 zlﬂzleﬁz
26T | 2% x 2
27T |21 x 3

24T | 2% x
2227 | 2Y,

No.

Section| Flange by

17T (13 x 1

18T | 19,
15T | 1% x

117T | 18
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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 riveted 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 distribute the pressure over a sufficient area.
The permisgible 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
tons 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.
;l‘lhe1 ful%owing table has been calculated with these permissi-
le loads.

P | i Lo o B
oari First-
gy el oo | USSR TR L 5 EVRG
Inches. Inches. Stec in ness in | . Work, Brick | e
Inches. Inches.| Lime g;"k % | Masonry.
Mortar. |Goncete,
*24, 20, 18 16 16 x 16 i 8.9 17.8 | 35.6
15 12 12x 16 k4 6.7 133 | 26.7
12 12 12x 12 k74 5.0 10.0 | 20.0
10 and 9 10 10 x 10 38 3.5 6.9 | 13.9
8 and 7 8 8§ x 10 % 2.8 56 | 11.1
6 and 5 6 6x6 % 1.3 2.5 5.0
4and 3 6 6x 6 % 1.3 25 5.0

l
i

*For short spzius of 247 and 20 T beams special ;;iétes;ust b;calculated.‘

‘When two or more beams are used together, they should
be tied at intervals with fitted separators between them as
described on page 257. These separators should be spaced
near the supports, and at intervals of 5 or 6 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 supported greater than
described, it may become necessary to design special con-
nections, to provide for the increased end shear.
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APPROXIMATE FORMULZ 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 web 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. per 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-half
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 the beams are long without lateral support, reduce the
loads for the ratios of width to span, as described on page
28.

Ezxample.—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 9.27 X 12

15 A

The deflection by the rule will also be found nearly as in

the tables.

= 25,140 pounds.
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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.

Coeflicient for Safe Coefficient for
Load. Deflection.

Kind of Beam.

Fixed at one end, loaded | One-fourth (}) | O n e-sixteenth

at the other.

of the coefli-
cient of col. 11
or III.

(1%) of the co-
efficient of col.
VI

Fixed at one end, load
evenly distributed.

One-fourth (})
of the coeffi-
cient of col.
IVorV.

Five-forty-
eighths () of
the coeflicient
of col. VII.

Both ends rigidly fixed,
or a continuous beam,
with a load in middle.

Twice the coefli-
cient of col. IT
or ITI.

Four times the
coefficient of
col. VI.

Both ends rigidly fixed,
or a continuous beam
with load evenly dis-

tributed.

One and one-
half (13) times
the coeflicient

of col. IV orV.

Five times the
coefficient of
col. VII.

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-fourths of the same when the load is con-
centrated in the middle; or, if the lepgths of spans are all
alike, the loads on outer spans ought to be reduced in the
gamb proportion.

The following table exhibits the relative proportion of
strength and stiffness existing between various classes of
heams when they have the same lengths and uniform cross-
section ; the deflections being comparative figures for the
same loads on any beam.

Kind of Beam. Ml'l‘t: ‘:Z?:Zn Dk ';‘;’wn

Fixed at one end—loaded at the other . . + 16
Fixed at one end—load evenl distributed 3 6
Supported at both ends—load in middle . 1 1
Supported at both ends—load evenly dis-

Rrihited, et s i B ks 2 2
Continuous beam—Iload in mlddle ; i 1
Continuous beam—load evenly distributed 3 )

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 beams are loaded equally, within
their elastic limits, the respective deflections will be in the
ratio described in second column.




BEAMS FOR SUPPORTING IRREGULAR
LOADS.

When 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
accordingly. Equilibrium is obtained 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 material in the
cross-scction of the beam multiplied by the leverage with
which it acts.

The resistance of a beam is found by dividing the moment
of inertia of the section by the distance from neutral axis to
extreme fibres, and this value for any rolled section will be
found in the tables, pages 188 to 211. This tabulated resist-
ance, multiplied by the limiting fibre stress on the beam, is
the measure of strength of the section.

RULE FOR BEAMS BEARING IRREGULAR
LOADS.

Tinding by the methods described on pages 220 to 226 the
maximum bending moment on the beam, divide the bend-
ing moment by the limiting fibre stress, and select from the
tables, pages 188 to 211 a beam whose resistance is not less
than this quotient. The greatest safe fibre stress in our
tables is 16,000 1bs. The stress should be modified for
various considerations, as described on pages 22 and 23.

Ezample.—An I beam 8 feet long is to be fixed at one end
and loaded at the other with 5,000 1bs. and carrying also an
evenly distributed load of 8,000 1bs. What size of beam
should be used so as not to be strained over 16,000 1bs.?

Moment for end load = 5,000 X 96 = 480,000 inch-1bs.
«  « Jistributed load =i°°%ﬂ= 384,000 «

Total =864,000 ¢~ «

Divide this bending moment by the fibre stress afore-
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gaid, 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 found by the use of diagrams, as described on
pages 220 to 226. When 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 4, B and C.

A — 4,000 lbs. and is 4 feet from one end of the beam.
C = 6,000 1bs. and is 3 feet from the other end of the beam.
B — 5,000 1bs. and is 5 feet from C and 8 feet from 4.

Required a suitable beam, not strained over 12,000 1bs.

Describe a diagram as in Fig. 2, page 226, when the follow-
ing bending moments will be obtained :

At point 4. At point B. At point C.
For 101d A, 12,800| For load B, 24,000 For load ¢, 15,300
B, 8 ,000 Xe A 10,800 B, 9 000
« 0 36000 * € 6400 « A 2400
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 1bs. per foot.
12-thch: """ & No. 122 BIai(aivs e o (e

Nore.—The tables of elements, except where otherwise
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 COMPOUND
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
following methods, though not strictly correct, will give safe
practical results for ordinary cases.

WHEN THE BEAM IS SUBJECT 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 per 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 pounds per lineal foot, is subjected to
compression if it forms half a 30-foot truss as in Fig. 6, page
229, or 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.

The bending moment due to sameis @XSH’“X}? = 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
18000
12000
inches.

— 1.5 square inches, making the total area 6.79 square
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WHEN THE BEAM IS SUBJECT 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.

Ezxample—A trussed girder of the form exhibited in Fig.
6, page 229, is a box section made up of two channels sep-
arated 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 isevident 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 6-inch
channels, each 3.09 square inches section, separated 43 inches
80 as to be covered by 9-inch plates, we have (omitting the
plates in this calculation) the radius of gyration around

—————— vertical axis (see page 194) = 2.29 inches,

% = 157, one-fifth of ultimate (by Table 3,

- page 162)== 4,500 pounds per square inch, or

4,500 6.18 = 27,810 pounds safe resistance,

which is ample. Now proportioning the

L'___.'._____"g_"_-_.,, plates to resist the bending strain, we have

120 X 10,000
8

maximum bending moments (see page 222),

= 150,000 inch-pounds.
The plates act with a leverage equal to the depth of the

ET0)




channel, viz., 6 inches; @b@ = 25,000 pounds tension on
top or compression on bottom plate, which, allowing for
10,000 pounds per square inch, and allowing for loss by
rivets, will require a plate § inch thick.

Taking the last example, if it was desired to form the sec-
tion from a pair of channels, latticed top and bottom, with
no coverplates, we would have to consider the section added
tothe channels (being on the web alone) as a simple rectan-
gular section.

Trying two 10-inch channels, separated 6} inches, flanges
outward, and having least radius of gyration, for the pair —

3.90, %= 92.3. Safe load = 9,060 pounds per square inch.

As the compression is 25,000 pounds, there are required 2.7
square inches for this purpose.

L‘Q‘Lx,fg?a X 10 _ 10,000,
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.

By the formula, page 112,

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 formulze.

Mec
a FP
I+35

g

Here S =the extreme fibre stress as affected by the tension
forces, M — bending moment, due to load, ¢ = distance from
neutral axis to extreme fibres, 7= moment of inertia of sec-
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tion of beam, = tension force, I = length of beam, K =
modulus of elasticity of material of beam, « and b are
constants depending on the method of supporting beam
and nature of load. For a beam supported at the ends,

and loaded at the middle, 2= 12, while for the same
beam uniformly loaded, g = 9.6. Having found S, add

it to f—;Where F = tension force and A4 = area of beam

section. Then S + f gives the maximum fibre stress on the

extreme fibres.

Ezxample.—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-
tral load of 1,000 pounds. What is the extreme fibre stress?

Bar weighs 1,100 pounds.

Bending moment due to concentrated load = 5,000 ft.-1bs.

¥t “ uniform %= 2750 %
7,750
3: 10.8 F== 160,000 lbs. 7,750 ft.-1bs. = 93,000 in.-1bs.
S— Me 93,000 X 4 243
i I+9 F2~ 853 X 85.3 X 1 X 160,000 X 57, bOQ -l
bE 10.8 X 29,000,000

S+ 5 — 3,243 + 10,000 = 13,243 lbs. extreme fibre stress.

CoMPRESSION AND FLEXURE.

When the compressive 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
formulee.

L Lo b
a K
I=%F

and the maximum unit stress is as before, § + g

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 IMPACT.

When the force acting on a beam is rapidly applied the
momentary resulting stresses are greater than the perma-
nent static effect 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 effect 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 formule have
been proposed to ascertain the fibre stress and deflection
resulting from impactive forces:

D=d+v2mhd+ &

T==5 (1 ¥ \/2 - 7’:—717)

L BaE ¢«
BPH+1TW

m—=

D — dynamic deflection due to fall of load P.

d = static £ ‘¢ gtatic load P.
T — extreme fibre stress due to fall of load P.
S = 58 & & ‘¢ gtatic load P.
W— weight of beam.

P— ¢ “ load.

h = height of fall.

These formulee 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.
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BEAMS OF ANGLE AND TEE SECTION.

It is frequently convenient to use angle or tee sections for
roof purlines 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 area ; 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
safely apply.

If, however, the fibre stress must be kept lower than this
rule indicates, refer to the columns “ resistance,” pages 204
to 211, and apply as described on page 116.

Ezxample—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.

By the method on page 222 bending moment = li%—W=
2.02 %X 16,000 pounds, or W= 2,155 pounds nearly.
By the rule on page 113, column V, the safe load would be

]'jpllgsﬁ >£}:2,750 pounds, and the deflection by

1.375 X 1,000
column VII, page 113, would be:,32 X 308K 16—
or only a little over ;15 of the span, while the extreme fibre
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, ete.

42 inch,
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RIVETED GIRDERS.

L
: 0

For TABLES,
SEE PAGES

For TABLES,
SEE PAGES

For TABLES,
SEE PAGES
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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 lateral stiffness 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 1bs. per square
inch of section in the case of girders for buildings. The
shearing strain is greatest at the supports, and is found by
dividing half the load on the girder by the web section.

If the thickness of the web is less than & 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 should always
be used at the supports and at points where concentrated
loading occurs.

The rivets should be from { to § 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 4% 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
lbs. per square inch, and for a uniformly distributed load.

Inertia X 10

extreme depth of girder’ 5% Ambers in the

Cocflicient =




first columns of the tables correspond to those of the various
sections of girders on the plates.

The tables give coeflicients of strength, also weights per
lineal foot, including stiffeners for each section, excepting
girders without cover plates in first table, where stiffeners
arc omitted.

TO FIND THE SAFE DISTRIBUTED LOAD FOR ANY GIRDER.

Divide the coeflicient of strength by the length of span in
feet between centres of supports. The quotient will be the
load in tons of 2,000 1bs.

TO FIND THE COEFFICIENT OF STRENGTH NECESSARY TO CARRY
A CERTAIN LOAD ON A GIVEN SPAN.

Multiply the load in tons of 2,000 1bs. by the length of span
in feet between centres of supports. If the load is concen-
trated 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 asthe square of § the span is to the product
of the segments of the span formed by the position of the load.

EXAMPLES FOR APPLICATION OF TABLES.

I. What is the carrying capacity of the single-web plate
girder No. 16, with §-inch cover or flange plates, the girder
being 20 feet long between centres of supports ?

In the column of coeflicients, and opposite the girder re-
ferred to, find proper coefficient for strength, which in this
case is 2,678.

2678
20
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
requisite coefficient of strength ?

Answer. 66 X 24 = 1584.

Referring to the table of box girders 16 inches wide, we
find that girder No. 2, 18 inches deep, with a Z-inch cover
plate, has a coefficient of strength of 1587, or a little in
excess of that required.

Answer. =134 tons equally distributed,
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At STRENGTH AND WEIGHT OF
4 j f—— RIVETED PLATE GIRDERS.
; o | To find the distributed safe load in net tons, divide the
B goetﬁiciem in right-hand column by the length of span in
' eet.
\ To find the coefficients of strength for a given load and
! span, multiply the uniformly distributed load in net tons
i | by the span in feet between centres of supports.
e Weights do not include stiffeners,
| web | & i e
Depth. T Mec]"’ ]I"yl'f(;lt%‘, Size of Angles. |[Besist- I]’Kigtgd’;l 1’;?7‘ Coefficient
e mgs. A ance. | Fineal Foot. Strength.
SR AT L 439k | A L0
18 5 105 5x3ix % 92.9 57 | 464
18 # 10; 5x3tx¢ 110.0 67 550
18 15 1045 5x31x % 126.9 77 634
18 3 103 5x3ix3 143.7 88 718
20 § 10§ 5x3ix¢ 126.8 69 634
20 % 10+% 5x3ix }1(; 146.4 80 731
20 3 10% 5x3ix% 165.8 91 829
22 £ 10§ 5x3ix$ 144.1 72 720
22 5 107% 5x3lx fg 166.5 83 832
22 3 10% 5x3ix} 188.7 94 943
24 3 113 54 x3ix§ |[170.7 77 853
P (e 117% | 5ix3Lx [198.1 89 990
24 3 113 54x33xi (2254 102 1127
26 4 11 53x3ix§ #189.7 80 948
2 5 115 53 x 3L x5 |220.4 92 1101
26 . % 11% 54x31x4 |250.9 105 1254
28 4 12 6x3ix¢ 218.0 84 1090
28 o 121% 6x3ix+ |265.5 98 1277
28 ) 121 6x 3% X3 292.8 113 1464
30 £ 133 6ix4x ¢ 256.3 92 1281
30 % 13+ 6ix4x+; |298.5 107 1492
30 P 13} 6ix4x 340.4 122 1701
32 3 133 6ix4x§ 279.2 95 1396
32 3 137 6ix4x+; |[325.1 110 1625
32 % 13§ 6ix4x} 370.6 125 1863
34 2 13¢ 6ix4x¢ 302.5 97 1512
34 T 13+ 6ix4x7; |3523 113 1761
34 3 131 6ix4x} 401.8 129 2009
36 # 133 6lx4x§ 326.3 100 1631
36 o 137% 6fx4x 4 |380.1 116 1900
36 3 13% 6lx4x 433.5 132 2167
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STRENGTH AND WEIGHT OF RIVETED
PLATE GIRDERS.

oo Risils ,,i To find the distributed safe load in net tons, divide the
*———T'i coefficient on opposite page corresponding to the number
—\—‘l ‘ : below by the length of span in feet.
'; To find the coefficient of strength for a given load and
AR C B span, multiply the uniformly distributed load in net
i tons by the span in feet between centres of supports.
l L H See opposite page for coefficients.
:.—_LJ Weights include stiffeners.
Number Width of | Depth of | Thickness Size of
of Cover (A) Web (B) | of Web (C) Corner Angles
Section. in Inches. | in Inches. | in Inches. in Inches.
1 12 18 3g 5x 8% x 3
2 12 18 p 5x 3% x 1
3 12 18 5 5x 3% x 5%
4 12 21 3 5x 3l x 3
5 12 21 L 5§x 3 x1
6 12 21 55 5x 3% x 5%
/. 12 24 3 5x 8% x %
8 12 24 L 5x3%xY
9 12 24 % 5x 35 x 8
10 12 27 3g 5x 3% x 3
11 12 27 15 5x 3% x %
12 12 27 5g 5x 3% x %
413 12 30 5 5x 3% x 3
14 12 30 L [ 5x 3% x %
15 12 30 % | 5x3% x5
i
16 12 33 35 I 5x 3% x 5
17 12 33 1 5x 3% x 1
18 12 33 5g 5x 3% x 5%
19 12 36 35 5x 3% x8
20 12 36 1 5x 3% x 1
21 12 36 55 5x 3% x5
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STRENGTH AND WEIGHT OF RIVETED
PLATE GIRDERS. .

:,........A ..... ._,' To find the distributed safe load in net tons, divide the

« coefficient on opposite page corresponding to the number

I

below by the length of span in feet.

To find the coeflicient of strength for a given load and

1:3 span, multiply the uniformly distributed load in net
i tons by the span in feet between centres of supports.
i See opposite page for coefficients.
Number | Width of | Depth of | Thickness Width of Size of
0 Cover (A4) Web 33) of Web (C) (D) Corner Angles
Section. | in Inches. | in Inches. | in Inches. | in Inches. in Inches.

1 16 | 18 9 8 3% x 3% x 8

2 16 18 1 8 3% x 3 x I

3 16 21 8 8 3% x 3% x 8

4 16 21 Y 8 3 x 3 x 1

|

5 16 24 8% | 8 |3pxsxd

6 16 ‘ 24 1 1 ‘ 8 3 x 3% x 1

7 16 27 ] 3g l 8 3% x 3% x 8y

8 16 27 | 1 8 35 x 3 x Y

} ]

9 16 30 3y | 8 [3%x3%x3%
10 16 30 L [ 8 3% x 3 x Ip
i1 16 33 | 3g 8 3% x 3% x 3y
12 16 33 | £ 8 3% x 3 x Y

[

13 16 8% | % 8 |31 x3%x8
14 16 36 1 8 3% x 3 x 1
15 20 21 11 4 x3%Hx3
16 20 21 1 11 4 x3%pxH
17 20 24 35 11 4 x3pxd
18 20 24 e ‘ 11 4 x3%pxl

|

131




88

MM
@™

88

I3 &R
S8 S8 I I II 33 I

O
mm

TIF 988L | 06E 9SEL | 2LE LE89 | 6%E LOEI | 62€ €8LS | 60S 0925 | 882 | LELY

docr

soyour uy
s 4200 JO YIPIM

“sayour ul
pag Joyy

oquny vy | 28 2N QY K] KR 8 =8 2% 88

¥ 9¢  9€
6%€ 8€9L | 62€ OLIL|6TE L899 | 862 2P09 | 8LZ 0SS | 852 S00S | Le2 | 08FP ¢ |9€ | c€
66€  8%69 | 6L  99%9 | 6GE | 8S6S | 8EE 00SS | 8IE | 020G | L6  8ESP | LLZ | 82T ¥ €€ ¥
€66 89 | €6€ | 2929 | €1€ SPLS | 262 G82S | 2LZ 208F | 192 | 0ZEV | 162 | 868E ¢ €g | €e
68€ €229 momimwbm 8¥E | 9¥ES | 82€  LO6¥ | 80€ OLVF | L8Z | €60% | L9Z K L6SE 2 | 0E | 2€
¥Pe L¥09 | ¥2E | 019G | €0  OLIC | €82 T1ELV | €92 | 262¥ | 2¥2 | 258€ | 222 | 9THe v2 0€e | 18
8Le 0295 | 85€ | 6218 | 288  0eL¥ | L1€ | 98e¥ | 962 | ZH6E 9L2 | 06S€ | 92 | 8STE V2 | Lg | 02
GEE  18ES | SIE | 096¥ | ¥62  68SF ﬁm,vmﬁv €62 | 008€ | £€2 | T0¥E | €12 | 2108 ¥2 |12 | 62
G9E C6LY | ¥¥E | EFPY | 72E  260¥ | E0E | 2PLE | €82 | 26EE | €92 | EV0E | ¥ET | 5692 V2 ¥ 82
92€ | L89Y | 90F | €EEY | G8Z | S86€ | 992 | 0898 | ¥¥2 | 082E | ¥22 | 0868 | ¥02 | 0852 e 4«& | L2
L9€ | 1,99 | 0S€ | 2ET9 | €€€  00LS | LI | LS2S | 662 | 16L% | €82 | G8¢€¥% | 992 | 806€ 02 |9€ | 92
6I€ €L09 | TOE | 2298 | ¥82 | S6TS | 892 | 0SLP | 052 | OTEY | ¥62  0L8S | L1Z | 16 | 66T | 1662 | 02 | 9€ | <2
LSE | L26G | 6E€ | 92SS | Z2€ | G216 | 90S | 82LY | 882 | €62 | CLZ | S26¢ | S92 | S2Se 02 €€ | ¥2
L2e | 968G | O1€ | 0STS | 262 | 9%L¥ | 9L | VeV | 692 | LP6E | 2¥5 | LeSE | Sea | Sete | 16T | 1eL2 |02 | €€ | €2
9%E | 00€S | 62€ | EE6Y | 2TE | 0LSP | S62 | 9%0S | 812 | 2¥8e | 292 | 8L¥E | ¥¥2 | 9T1E ) 02 (0 | 22
802 | 0£6¥ | 262 | T9S¥ | SLC | €61 | 652 | L28E | TF2 | 09€ | S22 | S60€ | 802 | 82L2 | #8T | 29€2 | 02 | 02 | 13
VEE | 989% | L1€ | LSEY | 66 | 0SOF | €82 | TOLE | 992 | SLEE | 6¥2 | 8F0E | 2€2 | €2L2 02 | L2 | 02
€62 mmhmw 9L2 | E¥0¥% | 62 | 21LE Nvﬁwmmm mwammom 602 | €2L2 | 16T iwmmm «Smmmow 02 | L2 | 61
53] o8 |33 o8 [35] w83 5] o8 [53] w8 [35[ w8 53] 2 [35] 8 §| | &
SR B BRI R R n.n,;ww bel 85 |vs| 85 |sSled| £
S 8 AR R R R R R R R SR
YAl S T &, Ve S % % |"%E %
-z e B - oy o) = b 3
‘SHHONI NI SHILVId THAOD d0 SSHNMOIHL g

132

J




STRENGTH AND WEIGHT OF RIVETED
PLATE GIRDERS.

To find the distributed safe load in net tons, divide the
coefficient on opposite page corresponding to the number

below by the length of span in feet.

To find the coefficient 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.

See opposite page for coefficients.

Number | Width of | Depth of | Thickness 1 W zdth of Size of
0 Cover (4) Web (B) nf Web (C) | Corner Angles
Section. | in Inches. | in Inches. | in Inches. i in Inchrs in Inches.
19 20 27 3g | 11 4 x 3% x 3
20 20 27 1‘2 11 4x3%x 11(2
21 20 30 3g 11 4 x 3% x 3
22 20 30 % 11 4x3% x 1
23 20 33 89 11 4x 3% x 3
24 20 33 L ‘ 11 4x3%x1H
25 20 36 3g | 11 4 x 3% x 3g
26 20 36 1 | 11 4x3%x
27 24 24 13 5x4 x%
28 24 24 1 ‘ 13 5x4 x3
29 24 27 % | 13 5x4 x3
30 24 27 e | 13 5x4 x
31 24 30 8 13 5x4 x3%
32 24 30 e 13 5x4 13
33 24 33 3g 13 5x4 xY
34 2 33 1 13 5x4 xl
35 24 36 39 13 5x4 x8
36 24 36 B 13 6x4 x

|
|
|
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STRENGTH AND WEIGHT OF RIVETED
PLATE GIRDERS.
.} Rodmiok s ......, To find the distributed safe load in net tons, divide the

1 » coefficient on opposite page corresponding to the number
r ¢ below by the length of span in feet.

& To find the coefficient of strength for a given load and
]:3 span, multiply the uniformly distributed load in net tons
¢ by the span in feet between centres of supports,

_J L _‘_ See opposite page for coefficients.

Number | Width of ])epth of | Thickness Width of Size of
of Cover (4) Web (B) | of Web (C) D) Corner Angles

Section. | in Inches. | in Inches. | in Inches. nches in Inches.
37 30 30 3g 18 5x4x3
38 30 30 b 18 5x4x1
39 30 33 3y 18 5x4x3
40 30 33 1 18 5xdxl
41 30 36 8 18 5x4x3
42 30 36 1 18 5x4x1
43 30 39 3y 18 5x4x8
44 30 39 1 18 S5x4x
45 30 42 3 18 5x4x3
46 30 42 b 18 5x4x1
47 36 36 8y 24 5x4x8
48 36 36 % 24 5x4x1
49 36 39 39 24 5x4x3
50 36 39 e 24 5x4x1
51 36 42 ) 24 5x4x3
52 36 42 e 24 5x4x




g2 STRENGTH AND WEIGHT OF
b1 RIVETED PLATE GIRDERS.
—ID—
To find the distributed safe load in net tons, divide the
coefficient of distributed load by length of span in feet.
To find the coefficient 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.
- - Fibre stress 15,000 lbs. per square inch.
—~ ) <= e <
£ | Section Number| I | T3 3% |8% |885n[835¢
g |"aaweght |55 |85 || 36 |T34[ENES 388§
23 23 |35 |85 | 5y [SSE[EERSEEsN
S roem(SE |10 | S8 | B el
S5 88 |Se5| 50| &5 | 85 | oF |33 5332888
3 |33 |833/8° |38 |4 |3F (s pReishes
S 1 R |85 [F8] [F8%S
10 | 100B | 25.0 12 o 61 94 | 452 | 2.62 33.04
10 | 102B | 35.0 12 I 6 114 | 518 | 2.62 33.04
12 | 120B | 31.5 12 L 6 107 | 606 | 3.12 39.44
12 | 122B | 40.5 12 ) 5% | 124 | 682 3.12 39.44
12 | 124B | 50.0 14 e T% | 151 | 824 47.04
12 | 125B | 55.0 14 1 T4 | 161 | 871 | 3.15 47.04
15 | 150B | 42.0 14 5% T3, | 147 | 1065 | 3.93 58.53
15 | 152B | 50.0 14 5% T% | 163 | 1148 | 3.92 58.53
15 | 154B | 60.0 14 5% Ty | 183 | 1265 | 3.92 58.53
15 | 156B | 70.0 14 5% 7 203 | 1377 | 3.92 58.63
18 | 180B | 55.0 16 3 8l | 195 | 1721 | 4.79 81.37
18 | 183B | 70.0 16 3 8 225 | 1889 | 4.79 81.37
18 | 186B | 85.0 16 e T | 255 | 2049 | 4.79 81.37
20 | 200B | 65.0 16 3 8 215 | 2074 | 5.23 90.32
20 | 203B | 80.0 16 3 T3 | 245 | 2272 | 5.23 90.32
20 | 206B | 95.0 16 3 T | 275 | 2443 | 5.23 | 123.28
24 | 240B | 80.0 18 B 9% | 255 | 2993 | 6.25 | 123.28
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Ao, Ul
STRENGTH AND WEIGHT OF gl —fA——
RIVETED PLATE GIRDERS.
To find the distributed safe load in net tons, divide
the coefficient of distributed load by the length of D
span in feet.
To find the coefficient of strength for a given load
and span, multiply the uniformly distributed load in
net tons by the span in feet between centres of sup-
orts.
Fibre stress 15,000 1bs. per square inch.
k- 3 PR
2 Section Number | 2 g £3d A8 ST§
1. | Smd e | 5s |of | = | 38 |95, 89S
S35 s$ |25 | 85 | 55 |S58 [Bsds
Sg AR Of 2= %S ] | 308 |[AesSs
Y 25 [S8=83| ™Y =S $2 Fe 'S8 [2585=
Sa S |S§888| =8 | €5 | 85 | 3% [838 [33%S
B | SF [BIECIET 28 | = 55 |58 (3858
& 25 |RSK§lE |8S S5 |85 |R888
15 150C | 33.0 14 1 7 117 788 | 3.93
15 150C | 33.0 14 58 T 129 899 | 3.93
15 150C | 33.0 14 3y 7 141 1011 | 3.93
15 154C | 50.0 14 9% 6 163 1050 | 3.92
15 154C | 50.0 14 3 6 175 1160 | 3.92
15 154C | 50.0 14 73 6 187 1270 | 3.92
12 120C | 20.5 12 3 51% 75 396 | 3.14
12 120C | 20.5 12 15 51 85 471 | 3.14
12 120C | 20.5 12 55 5% 96 546 | 3.14
12 123C | 35.0 12 ) 5 114 575 | 3.12
12 123C | 356.0 12 55 5 125 649 | 3.12
12 123C | 35.0 12 3 5 135 723 | 3.12
10 100C | 15.0 10 35 4 59 253 | 2.62
10 100C | 15.0 10 1 4 68 304 | 2.62
10 100C | 15.0 10 5g 4 76 354 | 2.62
10 102C | 25.0 10 35 3% 79 306 | 2.61
10 102C | 25.0 10 1 3 88 356 | 2.61
10 102C | 25.0 10 5g 3% 96 405 | 2.61
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REACTIONS FOR CONTINUOUS GIRDERS.

k-—-;(—r—f{'
A=+ PN —F A=\ = .
A4, =PA4+ A=A BT O
dige X (1=N9) f i ;
Al Az A3

6 Panels. } 3 \ o B ‘ A
er T ‘ s B SCH
A, +  0.79280.59260.40620.24070.1030

4, + 10.24760.48150.68750.8519 0.9606‘
4s — |0.04050.0741 0.0938 0.0926 0.0637‘

rPuneis. | ¥ | ¥ | 3| 8 ‘ 5 ‘ $h ik A
20 fhatd et : Ty ek
4, -+ 0.82210.64870.48390.3324 0.1982#0.0860
4, + 0.21290.4169 0.6036 0.7639 0.88930.9708|
Ay + 0.0350‘0.0656‘0.0875‘0.0962‘0.0875|0.0569:
spanm.e,)g’g\g'g}g\gx
s s il B Bl R A BBl (R, st T s () | i
4, + 0.18650.36720.53620.68750.8155 0.91410.9776
4, + 0.84420.6914 0.5444 0.406210.2798 0.1679‘0.0737
4, - 0.0308‘0.0536 0.0806/0.0937 0.0953‘0.0820‘0.0513[ ’

9Panels.%'§ g‘e\srgggi)\

| | |
4, + [0.16610.32780.48140.6227 0.7476 0.8519/0.9314/0.9822
4, + |0.86140.72500.5926 0.4664/0.3484 0.2407 0.1454/0.0644
Ay = 0.02'75i0.05?8|0.0740‘0.0891‘0‘0960‘0.09%|0.0768 0.0466

10 Panels. ‘ 1o ‘ 5 1% 1o ‘ To ’ 15 1o ’ 15 1o
_— = e [ i ¢
4, + !0.1495‘0.2960‘0.4365‘0.568010.6875 0.7920 0.8785‘0.9440‘0.9855
A+ !0.8752‘0.7520‘0.6317@.51600.4062 0.30400.2107,0.12800.0572
4; — 0.02480.0480 0.068310.0840‘0 09380.0960 0.0893;0.0720 0.0572
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FIRE-PROOF FLOORING.

No. 1.

No. 2.

No. 3.

No. 4.
HOLLOW TILE, END METHOD.
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FIRE-PROOF FLOORING.

No. 6.

No. 6.
FAWCETT FLOOR.

No. 8.
ROEBLING WIRE CLOTH,
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FIRE-PROOF FLOORING.

No. 9.

No. 10. ’
METROPOLITAN SYSTEM.

No. 1.
CORRUGATED IRON ARCH.

No. 12.
LONG SPAN SEGMENTAL 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 floor
for 43-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, segmental arches of hollow tile, as in
Fig. 12, with a rise not less than one-eighth of the span, the
following dimensions will apply for loads of 150 pounds per
square foot :

Arches 4’/ thick. Safe span, 8/ Wt. of brick, 20 lbs. per sq. ft.
¢ [ 14/ 3 ‘" 30 43 43 £

LN Y24 « 3 ¢

‘« 8// " “ €@ 20/ €« 3 40 3 143 3

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 ot
flat arches for flooring :
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TIE RODS FOR BEAMS SUPPORTING BRICK

ARCHES.
The horizontal thrust of brick arches is as follows :
.’»— ASZ
Pressure in lbs. per lineal foot of arch = v )II{V

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 caused
by the pressure of the arches is determined as follows :

From the formule 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 :

__\/ HOO A 04 F for I beams. 3

L =\/ M for channels.

\/2630 AF
I—=s|————— for angles.

LiE w
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 can 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-quarter inch to one-half inch thick. They can be
made of any desired size or thickness, or extended length,
having several buckles in a single plate.

They are usually riveted to the supporting beams and the
transverse joint supported by a L or other suitable section,
as indicated on the cut.

Experiment shows considerable advantage by having the
edges properly secured.

Buckled plates, if used inverted—that is, with the buckle
suspended—develop from three to four times as much
strength as if used as shown in sketch.
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The strength of buckled plates may be given by the fol-
lowing formula:*
100kh t — 0175 g B2
T A T
D == total concentrated load in pounds.
¢ = uniform load in pounds per square foot.
h = depth of buckle in inches.
! = length of buckle in inches.
t = thickness in inches.
. = permissible stress in pounds per square inch.
If we assume g = 120 lbs. per square foot, and £ = 6,000
Ibs. 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.

48 Inches 60 Inches

s | 361} 4211;, 54 Inch
Size of Pla ’c‘i ;S?Iu,:’zc;‘rlfx ’ Squ,’l;f'e:’ 3 Square. )Squ)llﬁ'é.“ Square.
1{["["’1 ’;7;7’;‘: 2 Inches Depth of Buckle.
1 4350 4200 4000 3800 3550
P 6500 6350 6100 5900 5600
3 9000 8800 8550 8300 8000
15 11700 11500 11200 10900 10600
L 14700 14400 14100 13800 13400
2% Inches Depth of Buckle.
1 4600 4500 4350 4200 4000
5 7000 6850 6650 6450 6250
§ 9750 9550 9350 9100 8850
s 12750 12550 12350 12050 11750
L 16050 15850 15600 15300 15000
3 Inches Depth of Buckle.
1 4850 4750 4600 4450 4300
P 7350 7250 7050 6900 6700
10250 10150 9950 9750 9500
13550 13350 13150 12950 12700
i 17100 16900 16700 16450 16150

#* Winkler, “ Querconstructionen,” Vienna, 1884,
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The formula shows that the concentrated load and the
total uniform load are independent of /. 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=4Fht

If we assume & = 6,000 lbs. per square inch, we get the

following :

TOTAL UNIFORMLY DISTRIBUTED LOAD ON ANY SIZE PLATE OF
GIVEN THICKNESS AND DEPTH OF BUCKLE.

Depth of Buckle. 2 Inches. 2% Inches. 3 Inches.
ﬂicl;ﬁe;;% ei[ate Total Loads in Pounds.

L 12000 15000 18000

s 15000 18750 22500

$ 18000 22500 27000

. 21000 26250 31500

¥ 24000 30000 36000

WEIGHT OF BUCKLED PLATES THREE FEET SQUARE.

Thickness Weight of Weight in
of Plate in | One Plate in Size and Weight of T, P ounds per
Inches. Pounds. Square Foot
of Floor.
% 68 4x2 T=20Ilbs. 91
L 92 420 =200 4 12
3 114 4x3 T=25 ¢ 15
3 13¢ 4x3}T=30 18
1 160 4x4 T=3 “ 29
1 184 4x4} T=40 “ 25
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PENCOYD Z BAR FLOORING.

No. 1.

e

No. 2.
< 18"
e g
i
=10~
No. 3.
23
19
NS
12°

Divide the coefficient in last column, on the opposite page, by the span of
the floor in feet. The quotient will be the safe load in net tons, evenly dis-
tributed, for each foot of width of floor.
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PENCOYD Z BAR FLOORING.
Secti Thick Thickn Weight in Resistance aggfﬁﬁzl&fgr
Numzbo:r. of ;I?:i:. of Z}C’lat?: S{;;ua%kﬁz: P e{}-{:})’% o ]{lmor?,i;:;‘ 1}{2;’
of Width.
1 1y 1y 25.9 9.3 46.7
3 Ty 3 31.0 12.0 60.0
)l 1y 1 36.1 14.7 73.7
1 i 1y 29.1 104 52.0
1 .5 3 34.2 12.9 64.5
1 s 1, 39.3 15.7 785
% 3 e 32.3 114 57.2
1 8 3g 374 14.0 70.0
1 ™ ) 42.5 16.7 83.5
2 5 P 321 14.3 71.5
2 5 % 37.3 17.6 88.0
2 o5 5 42.3 20.9 104.7
2 3g T 35.2 16.5 77.5
2 3 & 403 188 94.0
2 3g % 454 22.1 110.7
2 e £ 38.4 16.6 83.2
2 & & 43.5 20.0 100.0
2 % &~ 486 233 1165
3 3g 3g 39.3 20.3 101.7
3 34 1, 4.3 2.1 120.7
3 3 5% 495 28.1 140.5
3 £ 3 424 21.7 108.7
3 & 1 475 25.4 127.0
3 5 55 52.6 29.4 147.0
3 % 3g 45.5 23.1 115.5
3 ) L 50.6 26.7 133.5
3 % % 55.7 30.7 153.6
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PENCOYD CORRUGATED FLOORING.

N2260M,
2

T

O 000000 O0O0 O

Fig. 3
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PENCOYD CORRUGATED FLOORING.

Sections Nos. 210 M and 260 M are extensively used for floors of bridges and
buildings. No. 210 M is generally used in buildings; No. 260 M is used for
bridge-floors.

The following table gives the weights and strengths of each section for
different thicknesses :

WEIGHT AND STRENGTH OF CORRUGATED FLOORING.

5 d Coefficient for
Web Weight | Resist s
Section Tﬁ&gz’?;x Thicliness in };;gmds e.r;seg oy D’I'jz';g':’ned
Number. in in per Square Fopl of Net Tons, per
Inches. Inches. Foot. Width., TFoot of Width.
210M 1 14.8 44 22.0
210M 5 . 184 5.5 215
210M 35 2y 21.9 6.6 33.0
210M 5 # 25.5 0 4 38.7
210M % 3g 29.1 8.9 444
260M e N 20.0 10.5 52.5
260M 8g N 23.6 13.2 66.0
260M 1 Iy 27.1 15.9 79.5
260M 55 1 30.7 18.6 93.0
260M 35 5 26.5 14.3 71.5
260M " 1 5 30.1 17.0 85.0
260M 5g 5 33.7 19.7 98.5
260M 3 T 37.2 224 112.0
260M 3g 35 29.4 15.3 76.5
260M 1 3 32.9 18.1 90.5
260M 55 38 36.5 20.9 104.5
260M B 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 stress 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 tons, which produces fibre
stress on the material, as aforesaid.

The following tables give safe loads for varying thickness of each section,
based on the fibre stress aforesaid.
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PENCOYD CORRUGATED FLOORING.

Loads in pounds per square foot of floor for a fibre stress of 15,000 pounds
per square inch.

The hlgures in small type under the load in pounds are the corresponding
centre deflections in inches. ’lhoso to the rxJnt of the dark line are where
the centre deflection exceeds 535 part of the span.

Section No. 210 M,

Weight SPAN IN FEET.
of Mate- 4
rial |

Sq. t.| 6 7 8 9 10 11 12 } 13 14 ‘ 15 16

148 1222/ 898| 688| 543| 440| 364| 308 260 228?1 198| 172

.15 . 4 .35, .43 .52 .62 .73 97 110

18 4 15628/1122| 869| 679 550 455/ 882| 325/ 281 244( 215
> .15, 2 .28 .35, .43 .52 .62 .73 .84 971 1.10
21 9 1833/1347]1031| 815/ 660 545 458 891| 337 293| 258
. .1 . o . .43 .52 .62 .73 .84 97| 1.10
25 5 2150(1579]1209| 956| 774 640 533 458 3895 344 302
* .15 .2 .28 .35 .43 .52 .62 .73, .84 971 1.10
29 1 246'7/1812]1388(1096| 888| 734| 617 525/ 453| 895| 847
: .15, 2 .28 .35 .43 .52 .62 W13 .84 97 1.10

8‘9‘10 1| 12 17‘18

20 0 1641 1309.1050 868/ 729] 621 586I 46'7| 410 363| 324
4 17 .22 .27, .32 . K N 60 .68 77 .86
23 6 2063/1630(1820|1091| 917} 781| 693 587| 516 457 407

Y .16 .21 .26 .31 3 .44 58 .65 83

’ .61 . 74 .
27 1 2484/1963/1590(1814/1104 811| 707 620 550 491
4 .16/ .20 .25 .30 .35 ‘ .48, .55 62 .7
30 7 29006 22906(/1860/15637/1292(1101] 949| 827 727 644 574
= 15 .19 24 .29 .34 ‘ A7 54 .61 69 .M

96.5 |2284/1765/1430/1182| 003 846| 730| 636| 550 495 441
Ry 36| .20 .25 .80 . g 60| .57
0.1 265820891700 1405/1181/1008
. .16| 2o| 29 35 .
33 7 30782432 1970 162289 1368 1166
. .24

1 19| :
37.9 |8500 27652240}1851'1556}1325 1143
. a5 20 28| .28 .38 .39 .

‘ 51 58 4
29 4 289118891530 1264/1063 905} 781 680 598‘ 529( 472
; 1 .20 24 .29 .3 48 63 71 79

39,9 (28282235 1810/1496/1264 1071 923 804 767 626 569
. a6 .20 .24 290 .35 48 .56,

36.5 3266 2580‘2090 1727|1451 128'7

.15, 19 24 .29 .34 .40, < .53 .61 .69 .17
40 1 3703|2926/ 2370‘1959 1646/1402/1209{10563| 926 820| 731
e 14 .18} 23 .28 .33 .38 3 .51 .58[ .65 73
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PENCOYD CORRUGATED FLOORING.

Loads in pounds per square foot which cause a deflection equal to 335 of

the span.

Section No. 210 M.

“GEQE SPAN IN FEET.

ESS 5 ‘ R e o ko i ' 1 | 12| 18| 14| 15
14.8 2460i 1400, 900/ 600 420 | 300 J 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 2500 1570/ 1050 740 | 540 | 400 | 310 | 240 K 200 | 160
29.1 4800‘| 2850, 1800 1200; 850 | 620 | 460 | 360 | 280 | 220 | 180

Section No. 260 M.
SPAN IN FEET.
g8 | 9 |10|m|12] 181415 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 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 1330‘1070 870 | 730 | 610 | 510
29.4 | 3830 2550 1840/ 1390 1090/ 860 690 | 550 | 460 | 390 | 320
329 ! 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 mnot 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 1bs. 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 lines,
as supported 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 35 of
spans up to 10 feet, and 535 of spans 15 to 20 feet.

Particulars for separators for these beams can be found
on page 257.

SPANS IN FEET.

Thickness
Rl | ————
inInches.|  gor9 | 100011 | 120r 13| Lior1s | 16or 17 | 18.0r 2
Jeet. Jeet. Jeet. Jeet. feet. oo,
9 9 477 | 9—5/7 | 917 | 9817 | 2977 | 9—_19/7

No.40 BNo.50 BNo. 70 B No.80 B| No. 90 B No.120 B

13 2_4// 2_6// 2___7// 2_8// 2_9// 2___12//
No.40 B No. 60 B No. 70 B No.80 B| No. 90 BNo.120 B

18 2__5// 2_7// i 2_8// 2_9// 2_10// 2_1 2//
No.50 B No. 70 B No. 80 B No. 90 B No. 100 BNo. 120 B

g9 | 257 | 2—17 | 2—8 | 297 | 2—10” | 212

No. 50 B‘No. 70 B No. 80 B[No.90 B No. 100 BNo. 120 B
|

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 from under 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 divisions,
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 contiguous 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 and
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 these 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 proper
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




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
the rigid accuracy 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, ete.
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 flat 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.

3.4 .01 : for flat and fixed ends.

3 4+ .015-5_ for hinged and round ends.

! = length of strut. r = least radius of gyration.
From the above we derive the following factors of safety :

Fi.;e; : l[in(;ed Fized | Hinged Fized Hinye;i
;I'_ and Flai Rggg(l % and Flat, R(:)'I’I(:l d ri and Flat, Iémd q
Ends. T, Ends. nas. | " Ends. éz‘é’i
20 32 | 3.3 110 41 | 4.65 200 5.0 | 6.0
30 3.3 | 345 120 42 | 48 210 51 | 6.15
40 3.4 | 3.6 130 4.3 | 4.95 220 52 |63
50 3.5 | 8.75 140 44 | 5.1 230 53 | 6.45
60 3.6 | 3.9 150 45 | 525 240 54 | 6.6
70 3.7 | 4.06 160 46 | b4 250 5.5 | 6.75
80 3.8 |42 170 | 4.7 | 5.55 260 | 5.6 | 6.9
90 3.9 | 435 180 48 | 5.7 270 5.7 | 7.05
100 4.0 . 45 190 49 ‘ 5.85 280 6.8 | 7.2
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STRUTS OF WROUGHT TRON OR EXTREME
SOFT STEEL.—No. 1.
Destructive pressure in pounds per square inch.
} Length.
m Fized Ends. Flat Ends. Hinged Ends. | Round FEnds.
of Gyration. i
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 27750
80 32000 32000 31500 25000
90 _ 31000 30900 29750 22750
100 30000 29800 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
270 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 i 4300 3500 1900
370 6150 3900 3250 1800
380 5800 3500 3000 1700
390 5500 3250 2750 1600
400 5200 3000 2500 1500
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STRUTS OF WROUGHT IRON OR EXTREME
SOFT STEEL.—No. 2.

Greatest safe load in pounds per square inch of cross-section for vertical struts.
Both ends are supposed to be secured as indicated at the head of each column,

1f both ends are not secured alike, take a mean proportional between the
values given for the classes to which each end belongs.

If the strut is hinged by any uncertain method, so that the centres of pins
and axis of strut 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.”

o & Lengﬁkri,__ il
m | Fired Ends. Flat Ends. Hinged Ends. | Round Ends.
of Gyration. | il Il PR A Arte A b 051
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
250 2180 1910 1040 600
260 1960 1750 940 550
270 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
161
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STRUTS OF MEDIUM STEEL.—No. 3.

Destructive pressure in pounds per square inch, for steel of medium grade,
tensile strength, about 70,000 1bs. per square inch.

For extreme soft steel, use table No. 1.

Teast Bodiis | Fized Ends. Flat Ends. Hinged Ends. | Round Ends.
of Gyration.
- LR e

20 70000 70000 70000 6690C

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
270 10500 9150 6100 3500
280 10000 8500 5700 3200
290 9500 7850 5330 3000
300 9000 7200 5000 2800
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STRUTS OF MEDIUM STEEL.—No. 4.

Greatest safe load for steel of medium grade, tensile strength about 70,000 Ibs.

For extreme soft steel, use table No. 2.

The 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 both ends are not secured alike, take a mean proportional between the
values given for the classes to which each end belongs.

If the strut is hinged by any uncertain method so that the centres of pins
and axis of strut may not coincide, or the pins may be relatively small and
loosely fitted, it is besf in such cases to consider the strut as “ round ended.”

Length.
Zeast Rodius | 128 Bnds. | Flat Bnds. | 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
160 5500 4780 3350 1920
170 4980 4250 2860 1660
i 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 860 500
280 1720 1460 790 440
290 1610 1330 720 410
300 1500 1200 670 370

)i
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STRUTS OF HARD STEEL.—No. 5.

Destructive pressure in pounds per square ireh for hard steel, tensile
strength about 100,000 1bs.

For softer steel, see table No. 3.

Length.
Tdast Radiv Fixed Ends. Flat Ends. Hinged Ends. | Round Ends.
of 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 | 556100 45300

80 53000 | 53000 52200 41400

90 49900 49700 47800 36600
100 46800 46500 43700 32000
110 44700 43200 40400 28500
120 42600 40000 36900 25100
130 39400 36700 33500 21600
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

| {
164




STRUTS OF HARD STEEL.—No. 6.

Greatest safe load for hard steel, tensile strength about 100,000 Ibs.

For soft steel, see table No. 4. i 1

The 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

umn.

w‘If hoth ends are not secured alike, take a mean proportional between the
values given for the classes to which each end belongs.

If the strut is hinged hy any uncertain method, so that the centres of pins
and axis of strut 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.”

Length.
9 Fired FEnds. Flat Ends. Hinged Ends. | Round Fnds.
Least Radius >
of 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 1130
220 3520 2980 1700 970
230 3190 2720 1500 870
240 2870 2480 1360 780
250 2580 2250 1220 710
260 2300 2050 1100 650
270 2240 1860 1000 570
280 1960 1670 900 510
290 1850 1520 830 47
300 1800 1420 780 440
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ROLLED STRUCTURAL SHAPES AS STRUTS.

The following tables of safe loads 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, described 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.

If 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 safe 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 re-
quired for thicknesses above or below the mean, the true
radius 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-
tically 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
column 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 outward, 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, I represents the
greatest distance apart in feet that centres of lateral bracing
can be spaced, without allowing weakness in the individual
channels. The distance / is obtained as shown in last ex-

ample, that is, by makingi = —LR
1 = 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.

TRAE

It is customary to make / 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
A-—-- i RS B

take the greatest radius of gyration, around axis 4 B, in
column No. IX, page 207, for a single angle as the least radius
of gyration of the pair, and proceed as before described.
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PENCOYD I BEAMS AS STRUTS—No. 7.

GREATEST SAFE LOAD IN POUNDS PER SQUARE INCH OF SECTION FOR
STEEL OF MEDIUM GRADE.

For struts secured against failure in the direction of the flanges and liable to
bend only in the direction of the web.

Size of LENGTH IN FEET.
o 5 | |10|12|14|16]18|20’22;24
by Greatest safe load in pounds per square inch of seotion.
94 »—=9.35 21430‘19500 17780|16280|15240
20 »—17.64 20330(18120]16270 15080/ 14330 13810
|
18 »—6.85 21010/18520/16390/15040.14240 13690 13260
15 »—5.87 21510/18520/16000/14720 13960|13400 1206012670
19 r—am4 21680 18000/15320/14180/13440 12910‘12570 12190“11630
10 =397 18760/15350/14050]13220/12710 lZ300‘11660 11140!10600
9,—350 21400 16710‘14370 13370(12730|12260 11550}10970 10370| 9820
§ »—3.1619730 15320{13770 12910/12390/11630 10990’10320 9730| 9150
|
T »—2.7817640 14330'13130 12510116601092010180 9510/ 8370 8250
7
6 »— 2.33/15220 13360 1252011540 10630| 9810/ 90 | 30, 8200, 7580| 6910
| N
B »—1.95/13930 12660 11560 10490, 9530/ 8610| 7750 6950 6190 54
§ »—1.5812010 11630}10320 9150| 8060| 7040 6100! 5220] 440 ‘
i
Jr—118 11610L 9890{ 8380 7010‘ 5770l 4640 3620‘ 2370 2000
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PENCOYD I BEAMS AS STRUTS.—No. 8.

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 shape.

LENGTH IN FEET.

- Al )
gg e o™ | 4 | 6 | 8 [10]12]14 1618202
%5 N S TR i e A -

Greatest safe load in pounds per square inch of section.

240B 9] » = 1.33 [14080(12320/10630 9210 7920}6740 5660‘4650'3730 3010

200B » = 1.18 |13420/11590| 989083807010 5770|4640 3620 2860 2370
203B 20 » = 1.27 |13800/12080 10350/8900,7580 6370 5260 4250 3350 2730

206B 7 = 1.38 {14290(12480/10870, 9460‘8190‘7030 5960 4970|4060 3260
180B » = 1.12 |13150/11340| 9560,8000,66005330(4180/32102570/2150
183B 18 » = 1.20 |13500/1170010000/8500,7140,5910/4780/3750 2960 2440
1868 » = 1.32 |14040/12290/10580|9160|7870/6680(5590|4590/3670/2960
150B » = 1.07 |12970/11080| 9250|7660|6230/4940|3780/2900/2360/1960
152B 1 5 » = 1.13 |13210/11390| 9610/8070/6670/5410/4260/3270/2610,2190
154B » = 1.24 13670/11940/10210 8730(7390 618050604040 3180|2600
156B r =132 ‘14030 12290/10580,9160|7870,6680(559045903670|2960
120B » = 1.00 1273010640, 879071405680 4360|3240|2530/2070/1690
122B 12 » = 1.09 |13050/11180| 9380|7800/6380/5100(3940/3020/2440/2030
124B » = 1.19 |13460/11650| 9950|8440|7080/5840/4710(3680/2910/2410
125B » = 1.24 |13670/11940/10210|8730/7390/6180(5060/40403180,2600
100B 1 » = 0.94 |12550/10270| 8350,6660|51503810/2830(2260|1820/1450
102B » = 1.03 {12830/10820| 8990,7370|59204620|3460(2680(2200/1810

90B 9 » = 0.87 [12230| 9780| 7780/6030/44903200 /2430|1940 1520
80B 8 » = 0.81 11770/ 9310, 72405440 3860|2740 2130/1650|1250
708 7 » = 0.76 {11430, 8880| 67404900/3330(2420/1870/1410

60B » = 0.69 {10870, 8210| 5960/4060/2710/2020/1490
638 6 » = 1.11 |13130/11290| 9500/7930|6530 5250‘4100 3150/2530|2110
678 r = 1.24 1367011940 10210i8730 7390/61805060/4040(3180/2600

50B| § » = 0.63 |103C0, 7520 5200i32902280‘1650
40B| 4 » = 0.57 | 9670 6740| 43402660/1870 1270‘

30B| § » = 052 goeo' 6000 3550!2240 1510

1]
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TABLE OF STRUTS.—No. 9.

LATTICED CHANNEL STRUTS.
GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION FOR

MEDIUM STEEL.

For a pair of braced channels, or for a single channel secured
from flexure in the direction of flanges and liable to fail only in
the direction of the web € D.

rin the marginal columns gives the radius of gyration for axis

A B, or for either axis of the combined pair of channels.

See

D description, page 167.
LENGTH IN FEET.
2 Condi-
Size o f
- s tionof | 6 | 8 |10 | 12 | 14| 16| 18] 2
Greatest safe load in pounds per square inch of section.
| |
15 ins. | Fixed. |22000 23)00‘ 20420 | 17430 15280 14250 13590 13080
r= 5.49 | Flat. 22000 22000, 20420 17430 15280 14250 13590 13080
D=12.48 | Hinged. | 92000 22000 19720 16740 14630 13600 12900 12300
d= 9.14 | Round. |22000| 22000 18670 15460 13630/ 12580 11720 11020
1.03| 138 1.72 241 276 310/ 845
12ins. |Fixed. |22000 20520 16870 14760 13770 13110 12690 12310
r= 4.42 | Flat. 22000 aoszo 16870 14760 13770 13110 12690 12310
D=10.18 | Hinged. ZZ)OO 19810 16180 14090 13100 12330 11790 11390
d= 17.25| Round. |22000| 18790 14940 13130 11970 11060 10400 9810
110/ 147| 184/ 220 2.57| 2.04 830 3.67
10ins. | Fixed. |22000 17440/ 14700 13590 12890/ 12450 11810 11220
r= 3.66 | Flat. 22000| 17440 14700 13590 12890 12450 11810 11220
D= 8.55 | Hinged. | 22000| 16740 14040 12900 12060 11520 10920 10280
d= 5.80 | Round. 15460 13070 11720 10730 10010 9270 8540
1.22| 1.63| 2.03| 244 285 325 3.66| 4.07
9ins. | Fixed. [20810 16200/ 14170 13190 12620 12070 11380‘10720
r= 3.38 | Flat. 20810/ 16200 14170 13190 12620 12070 11380 10720
D= 7.90 | Hinged. | 20100| 15540 13500 12430 11720 11160 10440, 9770
d= 5.34 | Round. |19130 14390 12470| 11180 10330| 9530 8730/ 7950
125 1.67| 208 250 292 3.75| 417
8ins. |Fixed. |18880 14900 13500‘ 12730 12160 11370 10640/ 10000
r= 8.00 | Flat. 18880| 14900‘ 13500/ 12730 12160\11370 10640 10000
D= 7.08 | Hinged. | 18170| 14240 12800 11870 11240 10430 9680 8900
d= 4.62 | Round. | 16950 13270 11600, 10490‘ 9630| 8720 7850 7070
133| 178/ 222| 266 3.11| 8.55 400/ 444
7ins. |Fixed. |16570| 13930 12870 12220 11320/10490 9770, 9100
r= 2.60 | Flat. 16570| 13930 12870| 12220 11320 10490, 9763 9060
D= 6.22 | Hinged. | 15900 | 13260 | 12040| 11300 10370‘ ‘ 8620| 7780
d= 3.85 | Round. |14700 12180 10700 9690 | 7670 6770, 5890
i 145 194| 242 291/ 8.39| 4.36| 4.85
6 ins. | Fixed. |14860/ 13170 12360 11340/ 10400 9580 8800/ 8210
r= 2.24 | Flat. 14860/ 13170 12360 11340 10400 | 8760, 8000
D= 544 | Hinged. | 14200 12400 11440| 10380| 9390 8380\ 7410 6610
d= 3.21 | Round. |13240| 11140 9900| 8690 7550 6510| 5520 4730
1.55| 2.06| 2.58| 3.09| 361 4.12} 4.64) 5.16
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TABLE OF STRUTS.—No. 9.
LATTICED CHANNEL STRUTS,

to insure unity of action, and separated
not less than the distances D or d re-
spectively given in inches in the margi-
Figures in smaller type
under each length represent the greatest
distance apart in feet on each channel
that centres of lateral bracing should be

nal column,

STEEL OF MEDIUM GRADE.
The channels must be connected so as

GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION FOR

placed.
LENGTH IN FEET.
22 | 24 | 26 |28 | 30 | 32 | 34 | 3 Qondi- | Size of
| | | I Zgﬂll‘:f Channels.
Greatest safe load in pounds per square inch of section.
| | | | [

12720 | 12450 | 12070 11590 11220 10830 10450 10100 Fixed. |15 ins.
12720 12450 12070 11590 11220 10830 10450 10100/ Flat. r= 549
11860 11520 11160 10690 10280 9810 9450 9040  Hinged. | D=12.48
10480 10010 9530 9030, 8540, 8060 7620 7200 Round. |d= 9.14
3.79| 4.14| 448 483/ 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| 9300/ 8770| 8270 7780 7290 Hinged. | D=10.13
9170| 8590, 7990| 7470 6930 6400‘ 5880 5400| Round. | d= 7.25
404 441 477| 514/ 551 587 6.24| 6.61
10630|10110| 9610| 9130 8670| 8310/ 8000| 7690| Fixed. |10 ins.
10630|10110| 9590| 9100, 8620/ 8160, 7700 7270 Flat. r= 3.66
9670| 9040 8420| 7820 7240 6750 6320 5900| Hinged. |D— 855
7840| 7200| 6560| 5930 5350 4880| 4450| 4040 | Round. | d= 5.80
4.47| 4.88| 529| 5.69) 610/ 6.50| 691 7.32
10150| 9610| 9100| 8590 8240 7900} 7550| 7130 | Fixed. | 9 ins.
10150| 9600 9060| 8540 80401 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| | 3460 Round. |d= 534
458| 500 542| 585 6.25 6.67| 7.09| 7.50

9410| 8830, 8360| 7970| 7590, 7120 6230 | Fixed. | 8ins.
9380 | 8790| 8220| 7670, 7140| 6630, 6150 5680 Flat. r= 3.00
8160 | 7450| 6820 6280, 5770| 5270| 4790| 4310| Hinged. | D= 7.08
6290 | 5560 4940| 4420| 3920| 3450, 3000| 2600| Round. | d= 4.62
488| 533 577 6.22| 6.66| 7.0 7.55| 7.9

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. | d= 3.21
567| 6.19| 670 7.22 7'73i 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.

T e el s B S el T SR T U
vl el TE |,4‘|;7|?L° |12 ] |16 )18 ]2

LENGTH IN FEET.

in
Inches. Greatest safe load in pounds per sq. in. of section.

Ll
154C—155C"»=1.03 19360“12830 10820 8990|7370 5920/4620|34'70,2680/2200

150C—153C »— .90 17160 1238010000 8030 6310 4780 346025902070/ 1660

12}11 ]

123C—124C|»— .95(18040 12570 10340 8430‘6740 15240 39102900 2300 1870
120C —122C|— .7915320 11630 9150/7040,5220 '%6‘%0‘961() 2020|1560
128C|r—= 70‘ 14370 10970, 8300, 6080 418012790 20701540

i 1
10 | |
102C—104C|— .77 1515011490| 897068405010 3440(2480(1920 1450
100C—101C|»— .71/14470/11050| 840062004300 2880/2130/1600

2
92C— 93C|»= .73/14680/11200, 8600 64204550 3060/2250/1710/1250
90C— 91C|»— .67 14130(10670, 7980/5720,3790 2560/1900,1370|

8
82C— 84C r— .69/14290/10870, 821059604060 2710/2020|1490
80C— 81C|»— .6213670 10210 7400 5060 319022101590

it [ L

v
72C— T4C|»= .661405010580, 78605590 36702480 1840 1320
70C— 71C)— .58/13340| 9790 6880 4490/2760 1940/1330

6
61C— 63C" »— .5913420 9890, 70104640 28602000 1400
60C ﬁ: 54'13010 9310| 6310 3860/2400 1660

B

12680‘ 8650 5500 31002020 1280

50C— 52C|— 49

r= 45 12380, 8030| 47802590/1660

30C— 32C r— 4212040 7520 4180 22801390 |

i

40C— 42C
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PENCOYD Z BARS AS STRUTS.—No. 11.

GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION FOR

When s

See,
No.

477

r— .66

447,
y=— .65

417,
¥ — .65
347,

r=.54

317

r=.

ts | 21ix3xatix 13090 94406450402024801720

STEEL OF MEDIUM GRADE.

truts are unsupported, or free to bend in the direction of the flanges.
= least radius of gyration for mean thickness of each size.

[ LL'NG TH IN FEET.

Size

in Inches. 27‘ 74 ‘ 6 1 8 ' 10 ‘ 12 [ “ J 1677‘77718

Greatest safe load in pounds per sq. in. of section.

77777 fadkoi B kU B e

3,%x64x3,};x1§ 1559011780 9310/7240 5440 3860,2740/2130 1650

RS SR R

| 31%x64;x3,%x% | 15590 11780 9310|7240 5440 3860 27102130 1650

| o

31%5x61%x31%x 1% | 1595011970 9480,7430 5640 4070 2890 22301750

31x5 x3%x1} 1468011200 8600 64204550 3060 2250(17101250

35x545x3,x % 1479011290 8700 6530/4670 3150 23101760 1300

Y

3 x5%x31x% 14900 11370 8790 66404780 3240/2360/1810 1360

fassspr o
3ligx44;x35x 11 114030 10580 7860 5590|3670, 24801840 1320

abiages e B

I
3y x4 x3 4531, | 14080/10490 7750/5460/3550 2410 1770 1260

2} 8x44,x213x; 14080,

114907750 5460|3550 2410 1770 1260

|

9310 6310138602400 1660

?

211x34,x211x1 |13010

bl L
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PENCOYD ANGLES AS STRUTS.—No. 12

GREATEST SAFE LOAD IN POUNDS PER SQUARE INCH OF SECTION FOR

STEEL OF MEDIUM GRADE.

r — least radius of gyration for mean thickness of each size.

Size of
Angle
in Inches.

LENGTH IN FEET.

2| 4|6 "787‘77107"5| 1T|T[ 71‘8 | 20

Greatest J(lfP load in pounds per square inch of section.

I
o
3

L.

T S SN )
© ©

N ¥ YO YO N®
©

= 0, 0,
8&

N W
I,
‘U,W
©

23/4 x 23/4
r= .65

215 x 21
r= 49
2 x 21
r= 44
2 x2

r= .39

13, x 13
r= .36
llﬁ s 4 11&
1y x 117’4
r=

) Al i |
r= 21

1 | |
15360 12940/11670/10360| 9190, 8100, 7090| 6160, 5280

| | |

21750 13460 11650, 9950, 8440/ 7080, 5840 4710 3680 2910

\
1871012700 10580 8720, 7060 5590| 4270 3170, 2480 2030

| |

1532011630, 9150| 7040| 5220, 3650 2610I 2020| 1560

| |

‘
14290 10880 8220/ 5980| 4080| 2700/ 2010 1480
| | ‘
13420{ 9890 7010] 4640, 2860] 2000| 1400

i

13090 9440 6450 4020 2480 1720

|

12680 8650 5500, 3100 1990 1280l

12290 7860 4590 2480 1570

11560 6950 3550: 1970
11130 6310 2960

9560 4180 1800

e
LR

17
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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 I'I‘ET

Size of S — S T Ty
Tee in 214‘ﬁ‘8|10|12|14‘16l]8120
Inches. | — ——— — ———
Greatest safe load in pounds per square 7nch of section.
r4~—f %5 16280 | 12110 | 9640 | 7610 | 5840 | 4280 | 3040 2330, 1840 1430

l

l
3% X 3% 14680 | 11200 | 8600 | 6420 | 4550 | 3060 | 2250 1710\ 12501
|
13670 | 10210 | 7390 | 5060 | 3190 | 2210 | 1500 ’ ‘
2% x 2% 13010| 9310 | 6310 | 3860 | 2400 | 1660
2% x 2% | 15600 | 8500 | 5330 | 2060 | 1910 | 1200 |

11870 | 7330 | 3970 | 2170 | 1290

Pax L 11130 6310|2960 | 1660

T ==

Pox1% 10400 | 5330|2340 1200

Pax 14 10000 | 4780 2070

9060 | 3540 | 1510
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COLUMNS OF ROUND AND SQUARE SECTION.

Experiments on columns of this class are not very com-
plete, especially as denoting the comparative values for the
various end conditions. The following tables, Nos. 14 to 16,
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, istaken as the basis for the working
values. On account of the more perfect symmetry of form
possessed by round and square sections than the shapes for
which this table was especially calculated, the safe loads
per square inch of section are increased ten (10) per cent.
for round colummns,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 § 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 given. 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 {; of an inch to 1 inch thick.

Example for Round Column :

What is the greatest safe load for a flat-ended round
column 6 inches outer diameter, § inch thick, 8.64 square

l
inches area, and 18 feet long, » =1.95 - = 111? By table

No. 4, the corresponding safe load = 7,730 lbs. 4 10 per
cent. = 8,500 lbs. per square inch of section, or 73,440 lbs.
for the column.,
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No. 14.
RADII OF GYRATION FOR ROUND

COLUMNS.

Thickness in Inches Varying by Tenths.

Corresponding Radius of Gyration in Inches.
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RADII OF GYRATION FOR SQUARE

COLUMNS.
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Thickness in Inches Varying by Tenths.
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Corresponding Radius of Gyration in Inches.
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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 loads are increased 10 per
cent. over the results obtained for previous tables, as given in table No. 4.

Size of
Column.

Condi-
tion of
Ends.

LENGTH IN FEET.

1% ins,
Diameter,
§” thick.

R=4.03

10 ins.
Diameter.
1 thick.
R =337

8 ins.
Diameter.
3" thick.

R=2.66

6 ins.
Diameter.
§ thick.
R =200

5 ins.
Diameter,
2" thick.
R=164

4 ins.
Diameter.
17 thick.
R=1.33

3 ins.
Diameter.
4/ thick.
R=1.00

2 ins.
Diameter.
4" thick.

Fixed.
Flat,
Hinged.
Round.

Fixed.
Flat.
Hinged.
Round.

Fixed.
Flat.
Hinged.
Round.

.
Fixed.

Flat.
Hinged.
Round.

Fixed.
Flat.
Hinged.

|Round.

Fixed.

|Flat.

Hinged.
Round.

Fixed.
Flat,
Hinged.
Round.

Fixed.
Flat.
Hinged.

2300023000
12300023000
12300023000
2300023000 |
23000/23000
23000/23000
2300023000
23000/23000

23000/23000
23000]23000
23000/23000
23000(23000.

23000/2077015510
23000{20770,15510
23000(19990|14760
23000 13610

|23000 1735014370
23000/17350/14370,
123000|16630 13500
‘23000\15430,‘12090

23000
23000
23000
23000

20770
20770
19990
18650 ‘

‘15450 11640, 8920
15450/11640 8650
11470010570, 7120

22030
20950

18600

17850
16480

15490 13550
1474012540
1350010820
1400011700
14000 11700
1306010650
11540 8640

R = 0.66 ;Rouud. 13530| 8560 5060‘

23000‘\20920’
23000(20920/17050 15570 14630
2300020140/16390 14810 13810,
23000,18760/15260 13670 12450

22810 17780/15570 14500 13870
2281017780 1557014500 13870
17040/14830 13660 12880
15780‘13690‘12280 11340,

1154
18600/ 154
14740
13590

14000
14000
13060
11540

113060
13060
12080
10270 8500/ 6940 5560

90
90

80

15490 13550/11690 10170

1169010140

10630/ 8760
8610

9720
9670
8190
6110, 4310

6780 4810
6150‘ 4040
4640/ 2580
2790i 1510i 890

17050/ 15570 14630

i) e

114250113550 12570
14250 13550 12570
13350/12540 11560
11910‘110820' 9690
12870/11700 10670
12870111700 10660
11880110650 9390
10040/ 8640 7350

11600 10360| 9280
1160010340 9180
10520/ 9000/ 7620

8970 7940
8710 7420
7180, 5920
5120, 3900

6850
6250
4740
2860

3230
2730
1580

| 6680

8350
7850:
6350

5590
4790
3250
1880

2290
2020
1090

630

T‘T]rbmlﬁai ‘ 10 | 12 |'14 ‘ ieﬁ;

Greatest Safe Load in Pounds per Square Inch of Section.

1403013590
14030 13590
1309012580
11590 10880

1326012500
13260i13500
12260/11460
10470i 9580

11690 10900
11690 10900
10630, 9670
8620’ 7650

9720, 8980
9670/ 8730
8190 7200
6110, 5140

8500] 7590
8070| 7050
6550 5550
45101 3560
6830/ 5910
6220 5120
4710, 3560
2850 2040

4280,
3560
2230
1270

1760
1450
790
450"

3300
2790
1620

910
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STEEL COLUMNS.—No. 15.

ROUND SECTION.

GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION FOR
MEDIUM STEEL.

The calculations are based on the thicknesses and radii of gyration marked

under the diameters on marginal columns. See description.

CAENEAENEN TR i

Greatest Safe Load in Pounds per Square Inch of Section.

| | f P
12930 (12350 11750;11230‘10730\10240"9770 93409020 Fixed. |12 ins,

12930 12350 11750 11230 10710 10220 9730 9260 8800 Flat. |Diameter
11940 11310 10700|10080| 9450 8850 |8260| 77107260 Hinged. % thick.
10110 8400 8690| &070| 7410) 6770 6180|5630/5200) Round. | &= 408

11770 11150 10550 9980| 9430| 9040|8670 8280 7820 Fixed. |10 ins.

1177011150 10540| 9950 9370| 8830|8290|7780 7290  Flat. | Diameter.
10730 9990| 9230 8520| 7830| 7300 6770|62705790 Hinged. }5” thick.
8720| 7960 7180‘ 6450 5750 52304730 4240‘3780 Round. |R= 3.37

10170, 9460 8970‘ 8490| 7940| 7350 (6830|6380 5910 Fixed. | 8 ins.

10130| 9410/ 8710| 8050| 7420 6810/6220 5660 5120 Flat. |Diameter.
8760, 7870 7180‘ 6540| 6920 5310(4710(4110(3560| Hinged.|%4” thick.
6680 5790 5120‘ 4500‘ 3900| 33402850 24202040“{0“[1(]. R= 266

[
8350‘ 7570| 6850 6250| 5590| 4910 4280|3760 3300 Fixed. | 6 ins.
7850| 7030| 6250| 5500 4790| 4120|3560(3180 2780 Flat. |Diameter.
6350 |

5530| 4740 3940' 3250 2640|2230(1910 1620 Hinged.|34 " thick.
4310| 3540 2860| 2300  1880| 1550|1270(1060 910 Round. |R = 2.00
6730 5990| 5160/ 4350| 3720| 31802800 2430[211011“11(8(1- 5 ins.
6100| 5200| 4370, 3630/ 3100| 2700|2390|2120 1870 Flat. |Diameter.
4580| 3630, 2860, 2280 1880 1550|1320/1160 1000 Hinged. 34” thick.
2750 2080| 1670 1300 1050| 870| 760| 670 590‘1(0110(1- R = 1.64
4880 4000| 3280, 2790| 2330/ 2010|1790 Fixed. | 4 ins.
4100, 3310/ 2760 2380“ 2050, 1760|1480 Flat. |Diameter.
2620| 2050| 1610 1320| 1110, 940! 800 Hinged.| 14 ” 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. | %" thick.
720| 580| 460 Round. | R = 1.00

Fixed. | 2 ins.

Flat. ‘Diameter.

Hinged.| 14 thick.

Round. | R = 0.66
|
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STEEL COLUMNS.—No. 16.

SQUARE SECTION.

GREATEST SAFE LOADS IN POUNDS FOR SQUARE INCH OF SECTION FOR
MEDIUM STEEL.

By this table for the same ratios of ff; the safe loads are increased 5 per
cent. over the results obtained for previous tables, as given in table No. 4.

LENGTH IN FEET.

Soeat | O\ T 6 [ 8|10 12| 1| 16|18
i, | ———rnruuu—r— 1 i

Greatest safe load in pounds per square inch of section.

| | | | |
12 ins. |Fixed. 23000'23000"23000{22400 18580 15960 14780 14020 13490
Side. |Flat. [23000230002300022400 18580 15960/14780 1402013490

£” thick. |Hinged. 23000‘23000123000{21650‘ 17850 15240 14070 13240/12610
R = 4.65 |Round. [2300023000/2300020680 16510‘14190‘12960“11950?11200

10 ins. |Fixed. 23000!23000!23000 1924015960 14580113760‘13260!12790
Side. |Flat. 12300023000 23000 19240 15960 14580113760 13260 12790
3" thick. |Hinged. 23000’23000;23000;18510}15240‘13880112950‘12320 11820
R = 3.87 |Round. |23000 23000‘23000 17180i 14190‘12730‘11620 10850/10130
8 ins. |Fixed. 23000i2300020220l 15870,14300 13450 12890,12050 11320
Side. |Flat. (23000 2300020220 15870,14300/13450/12890 1205011320
4 thick. |Hinged. 23000 23000‘19480} 15160, 1358012570 11930 11090/ 10280
R = 3.07 |[Round. (2300023000 1812014120 12350‘11150 10250 9320, 8410
6 ins. |Fixed. [230002219015870 13960 13110 12040 11080 10230 9390
Side. [Flat. (23000 22190‘15870\13960313110 1204011080, 10220 9390
# thick. |Hinged.[23000 2144015150 1317012120 1109010050 9010/ 8010
R = 2.30 |Round. |23000 20460/14110(11870 10550i 9320 8130‘ 7060 6030

5 ins. (Fixed. |23000/18850/14440/13190 1198010820, 9810 8900/ 8260
Side. (Flat. (23000 1885014440 13190 11980.‘10820“ 9780| 8810 7890
g thick. |Hinged.(23000/18110/13740 12220 11000 9740, 8490‘ 7330, 6440
R = 1.89 [Round. 23000(16770,12550/10720 9210| 7830' 6510} 5350, 4490

4 ins. |Fixed. (23000 15840‘13440!12030 10630/ 9420 8480 7630| 6670
Side. |Flat. (2300015840 1344012030 10630 9380 8200 7130/ 6130
¥ thick. |Hinged.[23000/15130 1255011070 9520 7990 6740 5700/ 4700
= 1,88 [Boanid. {5000 14000110 6800 7oR0) 6020 47301 3780| 2860

3 ins. (Fixed. 22190 1396012040 10230/ 8760 7650‘ 6440 5390| 4270
Side. |Flat. 22190‘13960 1204010220 8610, 7150‘ 5840| 4630 3580
15 thick. (Hinged.[21440 1317011090 9010, 7140, 5720 4390 3150 2260

R = 1.15 [Round. [20470(10870, 9320| 7060 5160, 3790i 2640‘ 1830" 1300

2 ins. [Fixed. (1501012060 9460 7680 5070 4320 3080 2300 1800
Side. |Flat. 1591012060 9420 7190 5260 3610 2600 2020 1530
3 thick. |Hinged.|15190/11110 8050 5750 3780 2290 1510 1100, 830
R— 0.77|Round. 1414ol 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 based on the thicknesses and radii of gyration marked
under the diameters in marginal columns. See previous description.

LENGTH IN FEET.

.. | Condés Si
26 ’ 28 | 3 } 32 ‘ 34 [ 8 | domat | bael
Ends.

o B =

Greatest safe load in pounds per square inch of section.

13150 12680 12110 11640 11150 10720 10300 9900 9510|Fixed. | 12 ins.
13150‘12680 12110‘11640 11150/ 10720 10290} 9880/ 9470/Flat. Side.

12160/11720 1116010650 10140i 9620| 9100‘ 8110 Hinged. §” thick.
10610 10010“ 9400 8780 8220, 7700 7160i 6630, 6120 Round. | R = 4.65
12090 11550 10970 10450 9970 9500 9040 8700 8390(Fixed. | 10 ins.
12090 11550 10970/10450, 9950 9460 8980 8530 8080 Flat. Side.

1115010530 9920, 9300 8690 | 8100 7520‘ 7060, 6620(Hinged. }” thick.
9380 8660, 7990 7360‘ 6720 ‘ 6110 5530‘ 5080/ 4660|Round. | B = 3.87
10650 10030! 9440 3900’ 8500 8110 7650 7170 6690 Fixed. | 8 ins.
1065010020, 9400, 8810 8230, 7690, 7160 6660, 6160 Flat. Side.

9550| 8770 8020/ 7330 6770 6240 5730| 5220| 4730 Hinged. }” thick.!
7610 asm‘ 6040 5350‘ 4800 4290 38001 3330| 2890 Round. | & = 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.|§" thick.
5160| 4450/ 3790, 3170| 2640, 2170| 1830| 1550, 1300/Round. | 2 = 2.30

7540 6750 6130 5500, 4800, 4140  3620| 3150| 2810|Fixed. | & ins.
7030| 6220 5460| 4740/ 4050, 3460 3010| 2660/ 2390 Flat. Side.
5600 4800 3990 3260 2630, 2170 1840/ 1550 1330 Hinged. §” thick.
3680, 2940| 2350| 1880 1540, 1240, 1030| 870/ 770/Round. | B =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.|}” thick.
2150 1680 1290, 1020, 830/ 720/ 620| 540 450Round. | R= 1.53

3390 2780 2280 1920, 1660 Fixed. | 3 ins.
2840| 2370| 2000/ 1670, 1370 Flat. Side.
1700‘ 1320 1090, 890/ 740 Hinged.| {4 thick.
950/ 760 630/ 520 420 Round. | R=1.15
Fixed. 2 ins.
Flat. Side.

Hinged. }” thick.
Round. | = 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
Rt I BEAM SECTION.
et 1 s = taper of flange.
= H = k-2
1 1
= i bR — kB esl?
PN I=Srpgr—ih g  + g

18
(b—t)
‘ b® 13 g
Laxisxy — ’m(w' ]k:,+ + 2s (b l)(b )

& CHAN\IEL SECTION.
e = s = taper of flange.
ik | B33 Teom
i =5t
1,0 we— g (w—w)
«ib-> I: T A
Z 12
2 mb® 4 13 + (b i z*)
1, axis oy — —Ad3
mbz—l- + (b— ) (b-{» 2t
d=
Deck Beam Secriow.
s = taper of flange. a = area of bulb.
) o=m-— %-
(g pa TRy (o BB ps e A0
W [ g
n i d ma(b—.t)+(b—t)93+s(b—-t)02
1
é = "‘Yiu b3
xid oy =153 +1p
a(2h—k) +t(h—E24(b—10t) p +s(b—-t)(p+3)
¥ R
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TEE SECTION.
4
i [ BB —(b—1)
= 3 4
ko h T 3
I axis ay PP+ (B —1) 8.
o) 12
e gt — 7
g I 24
e ANGLE SECTION.
m\}.:.\.t.\\ e tc® + bd® — :(3b —1) (d— lus_ Hor. aven
o i vl or uneven angles.
P i ol o
¢ ‘_“_“:_;1 I\L axis up — 10— 1)+ hdy 2 (h—10) (d—t)%.

Ny For uneven angles.

ay passes through centre of gravity parallel to ee.
dt—2 (d—1t)* + ¢ [b (2d— ) ]
I axig zy = For
even angles.

A close approximation for the latter is the following :

Ab?
QQ\\ i 1, axis 2y = 55+ For even angles.
e A2
AN I, axis xy = =13 (B 4-5%)° Foruneven angles.

Faf 3% l\\ A close approximation for 7, axis zy is

b d 2

- <\>¢ I,ax1sz~y=Bo(—o;:-_% XA

in which o =long leg; ¢ =short leg; 4 =—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: 1} B=129. Ratio of Legs1:12 B=134

Ratio of Legs 1:1} B=13.1. Ratio of Legs1:2 B=13.7
b[Z b2 - t (h2

?—£). For even and uneven angles,
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24 '

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=1 (b+%t ) nearly.

&

d’ For uneven angles.

INERTIA OF COMPOUND SHAPES.

““The moment of inertia of any section about any axis is
equal to the Tabout a parallel axis passing through its cen-
tre of 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.

TR
E \ & 7/ Eaa Example No. 1.—A combination of
‘ﬂ‘ E-ﬁ = two 97/ channels of 3.89 square inches
C—1- D section, and two 12 X } plates as
" —1]  shown.
TR
i Ax1is A B or SkcTioN.
I for two channels, col. V, page 192, = 95.78
PRt e B o A 1
I for two plates = g% 2= .03120}
6 (area of plates) X 4§ * = 128.34375 — 128375
I for combined section = 224.155

which divided by area (13.78) gives 16.27 — R? 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 C D and E F.
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I for two channels around axis EF from col. VI, = 3.54
Area of channels X sq. of dist. = 7.78 X 4.17* = 135.286
3
I for two plates = & )1<2£ == T%
I for combined section = 210.826
. ;i 510.826
Radius of gyration = 4 /1576~ = 391

By similar methods, inertia or radius of gyration for any
combination of shapes can readily be obtained.

}—]fi—"'g?'%* Example No. 2—A “built-up beam” com-

‘ r’é posed of: 4 angles 3”7 X 3”7 X }”/.
2 plates 877 X 3.

!
#“"I'T-‘ﬁ 1 plate 15”7 X §/7.
} sl ?
LL_"I;JD_‘l, Axis A B.
3
I of two 8/ X } plates = §-’%}~ X2= .167
+ 8 (area) X 7%* (sq. of distance d) = 480.5
———  480.667
3 3
Tofone15” x { plate — 15 X & — 105.469
I of four 3 X 3 X }angles—=4 X 1.26= 500
-+ 5.76 (area) X 6.66* (sq. of distance d') = 255.488
260.488

Inertia of combined section around 4 B = 846.624

- - 846.624
Radius of gyration = 4 [g7aqs = 6.61

Rap1us 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 » = radius of gyration around axis through centre of
gravity. R — radius of gyration around another axis pfn‘al-
lel to above. d = distance between axis.

R= /a4~

When 7 is small, R may be taken as equal to d without
material error. Thus, in the case of a pair of channels lat-
ticed together, or a similar construction.

Ezxample No. 1,—Two 97/ channels of 3.89 square inches sec-

E, E tion placed 5.68’/ apart, required the radius of
g ? gyration around axis C D for combined section.

Find in col. X, page 192, » — .67 and r2 — 0.45.

Find distance from base of channel to neutral
axis, same page, = .60, this added to one half
the distance between the two bars, 2.84/7 —
3.44/7 d, and d? — 11.8336.

Radius of gyration of the pair as placed =

1/11.8336 + 045 = 350

The value of R for the whole section in relation to the

axis 4 B is the same as for the single channel, to be found
in the tables.

Ezample No. 2—Four 377 X 3/ X }’// angles placed as

shown, form a column of 10 inches

j=-8%5 ? _ square ; required the radius of gyra-
; *Ii f " tion.
v ol Find in column VIII, page 207, » —
0” | : ¢ y
Aot 12 L __B .93 and * — .8649.

b Find distance from side of angle to
L‘ 11 I neutral axis, same page, — .84. Sub-
’ tract this from half the width of col-
umn = 5. — .84 =416 — d or dis-
tance between two axes. d* — 17.3056.
Radius of gyration of four angles as placed = .

1/17.3056 4 .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
SHAPES.

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. .

MomexnTs oF INgrtiA for the sections are obtained as here-
after deseribed.

) rtia .
RaADIUS OF GYRATION equals Q I%:é:ra, is used for deter-

mining the resistance of struts or columns.

Inertia
distance from axis to extreme fibres

is used for determining transverse strength in beams, ete.,
as described on page 116.

MoMENT OF RESISTANCE equals

CorrricENT TorR SAFE LoaD is the caleulated load in net
tons, on a beam one foot between supports, that produces
fibre strains of 16,000 1bs. per square inch. A corresponding
load for any beam is found by dividing this coeflicient by
the length of span in feet.

CorrricteNts ror DerLEcTION are found by the formule
on page 220, based on a modulus of elasticity of 28,000,000
Ibs. They apply to beams one foot long, bearing one ton
(2,000 1bs.) 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.

Maxmmum Loap 1x Ner Toxs 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 :

2 = 8 tons.
adt d = depth of beam.
14+ i e thickness of web.
30002  7=—=d X secant 45° (12 = 2d2).
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ELEMENTS OF PENCOYD BEAMS.
A
o n—_ﬂ D
U & \l

T 1L . {0 % | Vi | Vi Ve
X Moments of Square of Radius
Size | opopion | Areain Weight Inertia. of Gyration.

Square er Ivoot

Inches. " [
NCRES. | Pounds. :ms A. B.|Azis C. D.|Azis A. Br o 1)

in
Inches?

Number.

240B | 2353 | 80 | 211140 | 42.84 | 89.73 | 1.82

24

24 241B 24.99 85 2181.67 | 44.14 87.30 | 1.77
24 242B 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 2042 | 100 2497.30 | 57.53 84.88 | 1.96
20 200B 19.10 65 1179.71 | 271.72 61.76 | 1.45
20 201B 20.58 70 1229.04 | 28.87 59.72 | 1.40
20 2028 22.04 75 1277.71 | 30.05 57.97 | 1.36
20 203B 23.53 80 1404.39 | 38.84 59.69 | 1.656
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 | 147
18 1848 22.05 75 1023.52 | 31.67 4642 | 144
18 1858 23.53 80 1063.37 | 33.12 4519 | 141
18 186B 25.00 85 1149.62 | 44.18 45.98 | 1.77
18 187B 26.46 90 1187.99 | 46.03 4490 | 1.74

15 150B 12.35 42 _ 443.71 | 14.43 35.93 ~\]{g
15 151B 13.23 45 460.30 | 14.97 34.79 '| 1.
15 152B 14.70 50 515.22 | 19.20 35.06 | 1.31
15 153B 16.17 55 542.84 | 20.34 33.57 | 1.26
15 154B 17.64 60 619.02 | 27.60 35.09 | 1.56
15 156B 19.11 65 646.58 | 29.13 33.83 | 1.52
15 156B 20.60 70 718.71 | 36.73 34.89 | L78
15 157B 22.05 75 745.99 | 38.64 3383 | 175
15 158B 23.54 80 773.84 | 40.69 32.87 | 1.78
12 120B 9.27 3L.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 45.0 202.25 | 1541 2209 | 1.16
12 124B 14.70 50.0 332.08 | 20.79 2259 | 141
12 125B 16.17 55.0 368.06 | 25.12 22.76 | 1.55
12 126B 17.64 60.0 385.77 | 26.96 21.87 | 1.63
1.51

12 127B 19.12 65. O 40348 | 28.93 21.10
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ELEMENTS OF

| S

o

PENCOYD BEAMS.

IX. | X,
Radius of
Gyration.
Azis | Azis
A. B.
1.35
1.33
1.44
1.41
1.40
1.20
1.18

BB B R TOOIOTONN DONDDIDBNT TINIIIIII ©OOO O
<) 1300300 ~100 0 O ~I© 3 ©
ERIGTSBRE IVRVRIREE IRV RE SITRI2IR RERRY

B b U O i bt Pt 1 it b et et e e
BRECBSER BBBBBFRIE BBo8REER Y88NBS

XI.
Resist-
ance.

Azxis
A. B.
176.0
181.8
196.4
202.3
208.1
118.0
122.9
127.8
140.4
145.3
150.2
160.2
165.0

89.9
94.4
98.9
109.1

XII.
Coef. for
Greatest

Safe Load
in Net

Tons.

938.4

969.6

1047.4
1078.7
1109.9

629.2
665.5
681.5
749.0
775.0
800.9
864.1
889.8
479.4
503.6
527.3

x| XV XV

officient for tion. | Mazx
Coefficient for Deflectio Lox'd
Distributed Center e

Load. Load. Gk
.00000076 | .00000122 | 37.9
.00000073 | .00000117 | 48.5
.00000068 | .00000109 | 48.3
.00000066 | .00000106 | 59.7
.00000064 | .00000103 | 71.7
.00000137 | .00000217 | 37.1
.00000130 | .00000209 | 49.1
.00000125 | .00000200 | 61.5
.00000114 | .00000183 | 60.3
.00000110 | .00000176 | 73.1
.00000106 | .00000171 | 86.8
.00000100 | .00000160 | 79.3
.00000097 | .00000155 | 92.4
.00000198 | .00000317 | 32.8
.00000188 | .00000302 | 45.3
.00000180 | .00000288 | 58.1
.00000162 | .00000261 | 57.2
.00000156 | .00000250 | 70.9
.00000150 | .00000241 | 84.2
.00000139 | .00000223 | 76.0
.00000135 | .00000216 | 89.1
.00000357 | .00000578 | 23.8
.00000348 | .00000557 | 31.2
.00000311 | .00000498 | 35.1
.00000295 | .00000472 | 48.1
.00000258 | .00000414 | 44.7
.00000247 | .00000397 | 57.8
.00000223 | .00000357 | 54.9
00000214 | .00000344 | 68.0
.00000207 | .00000331 | 81.3
.00000727 | .00001172 | 17.8
.00000693 | .00001110 | 26.6
.00000582 | .00000933 | 26.1
.00000547 | .00000877 | 39.2
.00000482 | .00000772 | 40.1
.00000435 | .00000697 | 40.9
.00000415 | .00000665 | 54.2
.00000397 | .00000635 | 67.2

r=ry
(o
o

S88EB3G 3K3R

oy
CODDDOOUL OO0 DOOOOODOD oo boooo
—
©

=
o

—
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SESHBRR BAIRBALHL BRSAIRBY
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ELEMENTS OF PENCOYD BEAMS.

QL
T

Syt im oL | Iv. v. | v vir | v
Weight Moments of Square of Radius
T BN, 4rea per Inertia. of Gyration.
L | iy || M et
fnches,| T | mmoken. | f5 | 27 | & | 475 |8
10 100B 7.34 25.00 | 123.07 6.81 16.77 | 0.93
10 101B 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 | 17548 | 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 81B 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 5.16 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
6 628 5.07 17.25 26.50 2.34 5.23 | 0.46
6 63B 9.49 32.30 51,79 | 11.66 546 | 1.23
to to
6 63B 10.99 37.40 56.29 | 13.78 612 | 1.25
6 67B 12.06 41.00 63.87 | 18.23 530 | 1.1
to to

6 | 61B 13.56 46.10 68.37 | 21.22 5.04 | 1.56
5 50B 2.87 9.75 12.12 1.21 4.22 | 042
5 51B 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 41B 2.50 8.50 6.29 0.83 252 | 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 BEAMS.

o L 1
|

L b 2 [l &
Radius of
Gyration.
Awis | Azis

4. B.|C.
4.10

3.92

3.99

LBLE B3I KoL BEGE §

HEE HEEe HED D D NP PPN P00 WWe ©

LL....mo.
ol B3R JKE & 88
OO0 0000 000 K HE HOOO 000 00090 90009 HHOO

828 9932 323 B BR E883 FF3 3IBRE 2x3k 3RBY

XI.
Resist-
ance.

Ar;‘.t
A. B.

e BES S5oR SR8 HRIN

B Rg 5B
¥ k € h N Hoo N
| ©00 WO HOIO© 00 W WRHEB NDWU WWWW HODO® HOIHD

e wwenw oo

“mm | x| X,
T3 L ST
((?g('z{eo.;t Coefficient for Deflection.
_|Safe Load| - G R Lo
in Net | Distributed |  Center
Tons. Load. Load.
131.3 | .0000129 | .0000208
144.4 | .0000118 | .0000189
174.0 | .0000098 | .0000158
187.2 | .0000091 | .0000146
100.7 | ©.0000185 | .0000302
110.0 | .0000172 | .0000276
121.8 | .0000156 | .0000249
133.6 | .0000142 | .0000227
76.5 | .0000275 | .0000447
81.7 | .0000261 | .0000418
87.0 | .0000245 | .0000393
92.2 | .0000231 | .0000371
55.8 | .0000433 | .0000700
60.3 | .0000404 | .0000648
64.8 | .0000376 | .0000603
39.3 | .0000717 | .0001161
43.2 | .0000659 | .0001056
47.1 | .0000604 | .0000968
92.1 | .0000310 | .0000495
100.1 | .0000286 | .0000456
113.6 | .0000251 | .0000401
121.6 | .0000235 | .0000375
25.9 | .0001305 0002115
29.1 | .0001171 0001877
32.4 | .0001054 0001689
15.7 | .0002671 | .0004346
16.8 | .0002544 | .0004076
17.8 | .0002395 | .0003838
18.9 | .0002263 0003627
8.6 | .0006452 | .0010652
9.4 | .0006061 | .0009713
10.2 | .0005575 | .0008934

SR8 8886

[y
DO
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et et
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WY NN BHO N O OO OO BhOWI OHOD BhoO
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ELEMENTS OF PENCOYD CHANNELS.
A
L m o[ v | v. [ VL | VIL|VOL] IX | X
Ar Weight| M 1 S of Rad.| Radius o
Size | Section A;:a Ie);g Z%%ii.oj %u%;rglioi. Glgl/r:z,;go;{.
n | No. | Square| F0ot
Ins. Inches.| ™ Auxis Axis | Axzis | Azis | Avis | Awxis
Lbs. | A.B. | C.D. | A.B. |C.D.|A4.B.|CD.
/

15 | 150C | 9.69 | 33.0 | 311.21 | 8.10 | 32.12 | 0.84 | 5.67 | 0.91
15 | 151C’ | 10.29 | 35.0 | 32246 | 8.48 | 31.34 | 0.82 | 5.60 | 0.91
15 | 152C | 11.76 | 40.0 | 350.02 | 9.38 | 29.76 | 0.80 | 5.46 | 0.89
15 | 163C | 13.23 | 45.0 | 377.59 10.29 | 28.54 | 0.78 | 5.34 | 0.88
15 | 154C | 14.70 | 50.0 | 442.29 | 15.87 | 30.09 | 1.08 | 5.49 | 1.04
15 | 155C | 16.17 | 55.0 | 469.85 | 17.20 | 29.06 | 1.06 | 5.39 | 1.03
12 | 120C | 6.02 | 20.5 | 129.27 | 3.90 | 21.47 | 0.65 | 4.63 | 0.81
12 | 121C | 7.34 | 25.0 | 145.11 | 4.63 | 19.77 | 0.62 | 4.45 | 0.79
12 | 122C | 8.82 | 30.0 | 162.83 | 5.20 | 18.46 | 0.59 | 4.30 | 0.77
12 | 123C | 10.30 | 35.0 | 207.68 | 9.32 | 20.16 | 0.91 | 4.49 | 0.95
12 | 124C | 11.76 | 40.0 | 225.25 | 10.49 | 19.15 | 0.89 | 4.38 | 0.95
12 | 128C | 6.01 | 20.5 | 123.98 | 3.10 | 20.63 | 0.52 | 4.54 | 0.72

to to

12 | 128C | 9.40 | 32.0 | 164.30 | 4.42 | 17.48 | 0.47 | 4.18 | 0.69
10 | 100C | 4.41 | 15.0 67.11 | 2.28 | 15.22 | 0.52 | 3.90 | 0.72
10 | 101C | 5.88 | 20.0 79.36 | 2.84 | 13.50 | 0.48 | 3.67 | 0.70
10 | 102C | 7.36 | 25.0 | 100.11 | 4.39 | 13.60 | 0.60 | 3.69 | 0.77
10 | 103C | 8.83 [ 30.0 | 112.36 | 5.16 | 12.72 | 0.58 | 3.57 | 0.77
10 | 104C | 10.29 | 35.0 | 124.61 | 5.99 | 12.11 | 0.58 | 3.48 | 0.76

9| 9C | 3.89|13.25| 47.89 | 1.77 | 12.31 | 045 | 3.51 | 0.67

9| 91C | 4411500 | 51.35 | 1.95| 11.64 | 0.44 | 3.41 | 0.67

9| 92C | 5.88 |20.00 | 66.97 | 3.19 | 11.39 | 0.54 | 3.38 | 0.74

9| 93C | 7.35|25.00 | 76.93| 3.89 | 1047 | 0.53 | 3.24 | 0.73

8| 80C | 831 11.25| 3251 | 1.32| 9.82 | 040 | 313

8| 81C | 4041375 | 3643 | 1.55| 9.02 | 0.38 | 3.00

8| 82C | 4.78 | 16.25 | 44.00 | 2.33 | 9.21 | 0.49 | 3.03

8| 8C | 5511875 | 47.93 | 2.65| 8.70 | 0.48 | 2.95

8| 84C | 6.25|21.25| 51.85| 297 | 8.30 | 048 | 2.88
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ELEMENTS OF PE;I\WCOYD CHANNELS.

XL p.<h il
Distance| pesist-
Ugt? ancee.
Sfrom i
Base to 2
Nﬂl . f _r(tl jr};
Adrxis.
079 | 415
0.78 43.0
0.78 46.7
0.78 50.4
0.94 | 59.0
0.95 | 627

|
0.70 | 21.6
067 | 24.2
0.67 271.1
0.89 34.6
0.89 ‘ 37.5
0.62 20.7
062 | 274

|

|
064 | 134
0.60 | 159
0.71 20.0
0.73 22.5
0.76 24.9
0.60 | 10.6
059 | 114
0.68 14.9
0.69 171
0.57 8.1
0.55 9.1
0.65 11.0
0.65 12.0
0.66 13.0

Coef. for
Greatest
Safe Load
in Net
Tons.

Distributed

XIV.

Load.

.00000514
.00000496
.00000457
.00000424
.00000362
100000340

.00001237
.00001103
.00000983
.00000770
.00000710
.00001290
.00000974

.00002384
.00002016
.00001598
.00001424
.00001284

.00003341
.00003116
.00002389
.00002080

.00004921
00004392
.00003636
.00003338
.00003086

|

|

Coeflicient for Deflection.

Cenler
Load.

.00001986
.00001771
.00001578
.00001236
.00001140
.00002072
00001564

.00003838
00003246
.00002573
.00002293
.00002067

.00005379
00005017
.00003846
.00003349

.00007923
.00007071
.00005854
.00005374
00004968

Maz.,

- | Load in

Net
Tons.

IXBEIN
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ERSR&RE
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EENBo
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Koo
WO
= 00 b B0

BR55o
oo

Kejlejella]

00 0o Co 0o
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ELEMENTS OF PENCOYD CHANNELS.

c

1

1

B
s o] Pk o ok i o el R V. | VL | vIL | v | 1x. | 3k

Weight|  Moment. S f Rad. | Radi

Sise | goosion | 4728 | " per e Y T evin:] Oyt
iy Ic\;;on Sq::llne F‘-’Ot
o Inches.| gy | 2% | & | 4F | &P | 478 ED.
7 | 70C | 286 | 9.75| 21.37 | 0.98 | 7.47 | 0.34 | 2.73 | 0.59
7 | 710 | 360 | 12.25 | 24.37 | 1.19 | 6.77 | 0.33 | 2.60 | 0.58
7 | 72C | 434 | 1475 | 29.85 | 1.89 | 6.88 | 0.44 | 2.62 | 0.66
7 | 73C | 5.07 |17.25| 32.85| 218 | 6.48 | 0.43 | 2.55 | 0.66
7 | 74C | 581 | 19.75 | 35.85 | 249 | 6.17 | 0.43 | 2.48 | 0.66
6 | 60C | 235 | 800 | 1307 | 0.69 | 556 | 0.29 | 2.36 | 0.54
6 | 61C | 3.09 | 10.50 | 16.23 | 1.08 | 5.25 | 0.35 | 2.29 | 0.59
6 | 62C | 3.82 | 13.00 | 1843 | 1.32 | 4.83 | 0.35 | 2.20 | 0.59
6 | 63C | 456 | 1550 | 20.64 | 1.57 | 453 |0.34 | 2.13 | 0.59
5 | 500 | 1.91 | 650| 7.37| 047 | 3.86|0.25| 1.96 | 0.50
5 | 51C | 264 | 9.00 | 890 0.64 | 337 |0.24|1.84 | 049
5 | 52C | 3.38 |11.50 | 1043 | 0.82 | 3.09 | 0.24 | 1.76 | 0.49
4 | 400 | 154 | 525| 374| 032 | 243|021 | 156 | 0.45
4 | 41C | 184 | 6.25| 4.13| 0.38 | 224|021 | 150 | 045
4 | 420 | 213 | 725| 452| 044 | 212|021 | 146 | 046
3|20l 118 | 400| 161 020 | 1.36 1017|117 | 041
g 1810} 147 | 5001 1,83 ¢ 028! L 124 loz [ 11k [ 0.43
3| 320|176 | 600| 205| 031 | 1.16|0.18 | 1.07 | 0.42
2yl 22¢ | 112 | 380 | 080 0.9 | 0.71|0.17 | 0.85 | 0.42
2 | 2| 087 | 29| 048| 008 | 0.55|0.10 | 0.74 | 0.31
2 | 20| 106 | 360| 054 011 | 0.51|0.10 | 0.71 | 0.32
1%| 17C | 0.33 | 1.13|* 0.15| 0.01 | 0.46 | 0.03 | 0.67 | 0.16
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ELEMENTS OF PENCOYD CHANNELS.

’.*
i
iy b et i 1 1 g
- _xel
i
|
[ eg— B i = o 5
¥L | X7 | XOL | X0 o oo3we | XvR] L
I)l-:\:{llyl,l(,‘l,‘ -.Rﬂsis- ‘Ef«;f..rbr 7(7; 7, 7.7,777 /‘l; G |
fr:fm laRia: (,g;;,[,:‘,/ rys o _lﬁii"l_ Jor Deflection. # } g{[.'i S;:’zf
A(’,é"‘:;“l’(; Auzis L‘?;:d Distributed ‘ Centre Net | Inches.
jrmdy :I. B. Net Tons. thd' = Al{nul. il | Tons.
0.54 ‘ 61 | 326 .00007487 .00012054 6.6 7
052 | 7.0 37.1 .00006565 ‘ .00010570 13.2 ‘ 7
0.62 ’ 8.5 45.5 .00005360 .00008630 16.0 7
063 | 94 50.1 .00004870 ‘ .00007841 2208, [T
0.65 10.2 3 54.6 .00004463 .00007185 28.9 y |
051 | 44 23.2 00012242 00019709 | 54 | 6
056 | 54 28.9 .00009858 .00015871 | 10.0 ‘ 6
Q57 18T 32.8 00008681 .00013976 | 16.5 6
0.59 ‘ 6.9 36.7 .00007752 “ 00012481 | 229° | 6
0.49 3.0 16.7 .00021710 \ .00034953 ‘ 4.6 ‘ 5
0.48 3.6 19.0 .00017977 | .00028943 | 11.1 5
0.50 4.2 22.3 .00015340 ‘ .00024697 ‘ 10.77| 6
w 1
0.46 1.9 10.0 .00042781 .00068877 i 4.1 4
0.45 21 11.0 .00038741 .00062373 | 6.7 4
046 | 23 12.1 .00035398 .00056991 92 | 4
[
0.43 1.1 5.7 .00099377 .00159997 ‘ 3.0 3
0.43 1.2 6.5 .00087432 .00140765 | 6.5 3
0.45 1.4 73 .00078050 .00125660 | 8.0 3
0.47 0.7 3.8 .00200000 .00322000 | 4.3 ‘ 21
i |
i
0.36 0.5 2.6 .00333333 00536666 3.3 2
0.37 0.5 2.9 .00296980 .00478138 4.8 ‘\ 2
1‘
0.18 0.2 0.9 .01066672 01717342 % 1.0 13
| |
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SEPARATION OF CHANNELS IN LATTICED
STRUTS.

H

Size in Inches.

100C

102C
103C
104C

90C | 9
91C | 9
920 | 9
93C | 9

3,

4,
| 5.
[ 7

80C |
81C
820
830
84C

For a Single|
Channel.

Areain Sq.

Tabulated distances *“ d’’ and
“ D make radii of gyration the
same for both axes,

“D” in Inches.

Inches.
| “d” in Inches.

12.75
12.61
12.32
12.10
12.65
12.48

89
41
88
35

Section
Number.

70C
710
720
73C
74C

60C
61C
620
63C

50C
51C
52C

40C
410
42C

30C
31C
32C
22C

20C
20C

17C

Size in Inches.

W
o,

Wi. per Fl.
Lbs

~N~3~3~3-3
—t
=N
a"‘ m

oo ooOoOo

oo

[l e

N WwWwwW
o
88 8 888

For a Single
Channel.

i

Areain Sq.
Inches.

Lo oo
RIR3
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OO D
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oRE 8RR
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1.12  0.54
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ELEMENTS OF Z BAR COLUMNS.

I=Mom. of Inertia. _._Y. _____ -

THE THICKNESSES OF WEB PLATE AND Z BARS ARE THE SAME,

— __-_m;Y—— R=Rad. of Gyration.

Size of Z Bar in
Inches.

7" Web Plate. TY%" Face to Face.

Area | Axis ‘\'_Y,| Azis YY.
Ul ek e | el RSN N

Bars |
R.’ F [R.

" Web Plate. 814" Faceto Face.
Area | Aris XX.[ Azis YY.
2. 5 MR

Bars ‘
and1| I |R.
 Plate. |

and 1| L
Plate.

—J.TR.

3} x6 x3} x§

ll,xfiwx3f’g xg
i x61 x33 x}i
x6 x3} x
31,.x6116x3196x%
3¢ x6} x33 x

ook kon:

3535 x34xf
3} x54x3% x
3,,,x5§ x35%X75
3:%5x5 X34 ,x{
325435 X%
3%31{5} x311x;
31 x5 x3} x4
34xO15x3%x]

3.
:124.62/306.46 3.53 348. ng
-130.66/365.19 3.45426.34'3.73
3.
3.

20.99:264.11 3.55/287.85

76/444.60 3.93 409.29 3’77
'22/469.13 3.88 426.36 369
518,08 3.86/489.233.75

28.96/347.80 3.51/409.27

34.22/402.96 3.43489.21 .84
37.81/440.31 3.41/555.79 3.8, .50566.52 3.83 565.82 3.80
39.81448.24 3.36 562.39 3.76 }40.56/579.76 3.78 562.43 3.72
43.211481.03 3. 34628.18 3.81 144.02/622.55 3.76 628.23 3.78
§{46. 77514 64'3. 32699 11'3.8747.64/666.66'3.74 699.17:3.83

7" Web Plate. 734" Face to Face. 8" Web Plate. 8!/”1 ace to Face.
15.63/193.883.52/147.413.07 |15. 94248 26/3.95/147.41/3.04

I1883231 003.501183.49/3.1219. 20295 963.92183.50 3.09

22.06/267.64 3.48222.06/3.17 |22.50/343.27 3.91 222.073.14
24.42287.66 3.43 234.483.10)24.92/370.54 3.86 234.50 3.07
27.58321.15/3.41/273.70 3.15] 28.14 414.03 3.83 273.72 3.12
30.78 354.33 3.39/315.67 3.204 31.40 457.20 3.81/315.69,3.17
32.65/364.87 3.34/320.05 3.13] 83.34 472.86/3.77:320.08 3.10
35.81/395. 553 32 363.02/3.18] 36.56/513.07 3.74/363.05.3.15

6” Web Plate.6Y4" Face to Face.§7 Web Plate.7Y," Face to Face.

21 x4 x27 x}
213x41;x21Ex
4

3“.x4& 13,5
x4 x3%x 3
31» x4;x3 x}},
x4t x37%x 4

2§ 33 x2§ x

21 1x3,x21 3 7
21 %31 x24 x §
24%x3 xZ—%x
27 #x34x238x 4

1.9
b 156313464293' 5524}88 160618030335

10.78/101.90,3.07 65.71/2.47]11.03134.713.49 65.792.44
13.52126.14/3.05| 85.8012.52|13.83166.943.47 85.802.45

4116.33150.56 3.04/107.87|2.57]16.71 199.42 3.45/107.87 2.54

7:118.47/166.03 3.00 115.62,2.50§18.90 220.653.42 115.63 2.47

1]21.24188.60 2.98 138.66/2.5521.74 250.89 3.40 138.67 2.52

24.02210.64 2.96 163.07/2.60 24.58/280.453.38/163.08 2.58
25.95221.78 2.92167.28 2.54]26.58 296.36 3.34 167.30 2.51
28.69 242. 16291 192.77/2.59]29.37323.88 3.32,192.80,2.56
315026265289220 5112.64 3225351 5933022055261

6 Web Plate.614" Face to F(IN’ 7" Web Plate.7V4{" Face  Face.

9.26| 84.78/3.03| 31.74/1.85} 9.51/112.65(3.44] 31.74]1.83
11. 64105 17'301 41.89/1.90§11.95139.88(3.42( 41.89/1.87
1401 125.1012.99 53.41/1.95{14. 3916656340 53.42/1.93
55.25/1.85
93]18.50205.323.33| 67.18/1.90

18.00/153.14|2.92 67.17
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627
637

65/
667
677
687

ELEMENTS OF PENCOYD Z BARS.

Size in Inches.

Moments of

Inertia.

Resistance.

%% x 3 25/911/4

2 3 x 345
/4x3t /4x

2231x3 x23x%
| 211 x 34, % 2 ikx a
2ﬁx3ﬁx2
x4 x 275 x1/4
41;x2§§x§,~
2§£x4 x2§;~x
qkzx4]:,;x331.xx
Sxalxax
3 x4Lxg 5
3lgx4 L x3gx 1d
13:x4]/gx3jgxi[:
3% x5 x3
ixsgxa i
3,5,,x51/ 2381
x5 x3wx1£2
x5 x33l
iix sl x 311 x %
3y x5 x3Yxip

7| 3P x5 x 3% X /4

x6 "T’;lgxiﬁ%

B
3Hx6 x3
31)(2 xSI‘ZXEZ

/816 x3/3xﬁ
31;( x6 x31§x%

x6
33/gx6 x3/3x /8

3‘§x6 x 3l x 3
3%

Azxis
A.

2.81
3.52
4.34

Axis

B.|C. D.

:

00 Cnib i 1B 0O BD
Re®
[

©O® PR
RR R Beh RN

11.24
5.81

8.67

8.77
10.19
11.70
11.37
12.83

9.11
10.95
12.87
12.59
14.42
16.34
15.44

19.18

Azxis
E. F.

0.59
0.74
0.92
0.95
1.01
111
0.95
1.23
1.53
1.63
1.94
2.27
2.32
2.67
3.03
1.86
2.28
2.75
2.76
3.20
3.73
3.59
4.12
3.11
3.74
4.37
4.37
4.92
5.66
5.61
6.16
6.85

Axis|
A.B |G

| o

—
©0 OO OO NN IHD DA IO WM DO

OB WO OO WWW W OB IO DO 0Ww©

DOV i 00 COOND L0 COCOCO DO 1 COCO COMODD DOt DOt it fut i 1t
OWUN© OO PWHD IR ORO PO O OV OOW OO WO




ELEMENTS OF PENCOYD Z BARS.

Radii of Gyration.

Coef. in Net Tons for
Grreatest Safe Load Dis,

Coef. for Deflection
About Axis A. B,

Axis
C. D.

1.16
1.18
1.20

1.14
1.15
1.16

1.22

Auzis

=4
O OO0 OO0 OO0 OO0 OO

1.54

& RGR FAR AR &K

REEY
NS

e e e e
BB BRBRBL SIY VIR Y

0.81
0.81
0.82

R S e e e e e el e e e e
BRR BBE 8L R 82k 8RR 855 &

Least.
E. F.

Fibre Fibre
Stress Stress
16,000 Ubs. | 12,000 lbs.
10.0 7.5
12.3 9.2
14.8 -1
14.9 11.2
16.0 12.0
17.0 12.8
15.9 11.9
19.7 14.8
23.6 8y |
25.1 18.8
28.7 215
321 24.1
32.3 24.2
35.5 26.6
38.7 29.0
28.0 21.0
33.6 256.2
39.1 29.3
40.6 30.5
45.6 34.2
50.6 38.0
50.5 379
55.1 41.3
45.0 33.8
524 39.3
59.8 449
61.6 46.2
68.4 51.3
75.2 56.4
74.9 56.2
81.2 60.9
87.5 65.6

Distrib-
uted.

.0005694'.0009167
.0004545/.0007317
10003687 0005937
.0003809.0006132
.0003524/.0005674
.0003279/.0005279
.0002689.0004329
.0002128.0003426
.0001750 .0002817
.0001702/.0002740
.0001465/.0002359
.0001290/.0002077
.0001321/.0002127
,0001183/.0001905
10001069|.0001721
,0001218|.0001961
.0001005/.0001618
.0000853/.0001373

.0000841/.0001354
.0000739 .0001190‘
[

Centre.

.0000658(.0001059
.0000676/.0001083
.0000612|.0000984
.0000632/.0001017
.0000537|.0000864
.0000466/.0000750
.0000462/.0000744
.0000412/.0000663
0000370/ 0000596
‘.0000380" .0000612
1.0000347,.0000559

Mazx.
Load

=
=

g

1.0000319|.0000513

Sec.
No.

30Z
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ELEMENTS OF PENCOYD DECK BEAMS.

=="-p

Size

Ins.

111
1%

10
10

e oy | R
" .S'qua.rr;éf_ R R
Weight Moments of Radi I?ad:.urv of
Se Ic\ga" ;:rgg Ig‘iueg't Inertia. (];;;(:Z‘:)zf Gyration.
‘| Inches.| in Azis | Awzis | Azis | Axis | Azis | Axis
Lbs. | A.B. LD, | 4B | @D, | 4. B D.
110D | 9.51 | 32.2 | 179.33 | 6.36 | 18.86 | 0.67 | 4.34 | 0.82
116D |13.41 | 456 | 224,19 | 8.14 | 16.72 | 0.61 | 4.09 | 0.78
100D | 8.20 | 28.0 | 118.55 | 6.08 | 14.46 | 0.74 | 3.80 | 0.86
105D [11.32 | 38.6 | 145.77 | 7.54 | 12.88 | 0.67 | 3.59 | 0.82
90D | 7.35 | 25.0 84.99 | 4.85 | 11.56 | 0.66 | 3.40 | 0.81
94D | 9.60 | 32.6 | 100.68 | 5.78 | 10.49 | 0.60 | 3.24 | 0.77
80D | 6.17 | 21.0 5§7.75 | 3.58 9.36 | 0.58 | 3.06 | 0.76
85D | 843 | 28.6 70.19 | 4.44 8.33 | 0.53 | 2.89 | 0.73
70D | 5.32 | 18.0 36.99 | 2.56 6.95 | 048 | 2.64 | 0.69
75D | 729 | 24.5 45.32 | 3.26 6.22 | 0.45 | 2.49 | 0.67
60D | 4.27 | 14.5 21.83 | 1.62 5.11 | 0.38 | 2.26 | 0.62
64D | 56.77 19.6 26.50 | 2.07 4.59 | 0.36 | 2.14 | 0.60
50D | 3.39 | 115 11.96 | 1.01 3.53 { 0.30 | 1.88 | 0.55
55D | 4.64 15.8 1464 | 1.29 3.16 | 0.28 | 1.78 | 0.53
i
|
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ELEMENTS OF PENCOYD DECK BEAMS.

XL | XIL. | X1 | XRV: XV. I XVI. |XVIL XVIII| IL y
Re- | Add to| Coef. |Add ¢ y Dist, =
sist- | Resist. Gre?zft. Prev'so Ooe_(ﬁcwf:fjor De- Mazx. “'d" Size
ance. foreach| Safe |Coef for Jlection, Load | from |Section i:zz
——| Add'l| Load | Add’l Ty in Net |Base to| No.
Azis | poynd | in Net|Pound | Distrit’d | Centre | Tons | Neut, Ins.
A.B. ver Ft.| Tons. |per Ft| Load. | Load. Azis i
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
264 | 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 | 80D | 8
16.0 | 0.43 | 85.5| 2.28 |.0000228 | .0000367 | 36.1 |3.62 | 80D | 8
93| 0.38 | 49.8 | 2.02 | .0000432 .0000695|15.1 1304 | 70D | 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
81| 0.32 | 43.0| 1.69 |.0000604 | .0000972 |25.1 [2.71 | 60D | 6
43| 0.26 | 22.9| 1.39 |.0001337 | .0002147 [ 10.7 [2.22 | 50D | 5
54| 026 | 28.9 1.39 |.0001093|.0001755/21.4 [2.30 | 50D | 5
| |
[ | ‘ |
| |
| \
|
e




ELEMENTS OF PENCOYD BULB ANGLES.

! A
fo—-d =)

AR 0 3 m.' v [y, \vr.[vn. VIIL Ii){j‘ X. | XL |xIL. [x111

Area W Moments of | Square of Radius Radius

Size | See. | in | per Inertia. of Gyration. of Gyration.
in | No. | Sq. | oot
Ins. Ins.| 0 | Axis |Azis|Azis| Awis | Axis|Azis|Azis|Azis | Azis

| Lbs. | A.B. |C. D.|E. F.|A. B.|C. D.|E. F.|A. B|C. D.|E.F.

10 [100A |7.56 25.59 90.90 5.03/5.17 12.02, 0-67 0 47/ 0.82/ 0.8
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 6.65‘ 22.61 65.51]4.40 4.38 9.85 0.66 0.66 3.14 0.81 0.81
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 | T0A |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 | 50A |2.85 9.69] 9.20 1.29 1.20 3.23|0.45|0.42/ 1.80| 0.67/ 0.65 |
5 | 50A |3.79/12.89| 12.44/1.95 1.74 3.28 0.51|0.46 1.81| 0.72/ 0.68
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ELEMENTS OF PENCOYD BULB ANGLES.

XIv.| XV. [xVL

xvu.};\;m. | XIX. |

XX. ; XXI.

“Re-
sist-
ance.

|ddd to| Coef.
Resist. Gread.
Jor | Safe

Azis| pound| in Net

Add’l| Load | Add'l

Izldlli’ It.o Coeflicient for

for Deflection.

Centre

| Distrib’d
Pound Toad

per Ft. | Load.

Maz.
Load

in Net
Tons. |to New.

A. B per Ft.| Tons.
6

!

\'ll\’)
oo
%83
!th

|
b
i

[y
Y
o ©
o0
g8
28
N

,_‘
Ho

o

oo

o

ww

[«>%4)]

<3S

[\")

o =1
o bo
oo
&8
58
ow

o
Q1=
83
=D

o
NS

3.10 .0000176.0000282
3.10 |.0000144 .0000231

2.99 .0000244 .0000391
2.99 1.0000213.0000342

2.28 |.0000356/.0000571
2.28 ‘ .0000293 .0000448

|
2.27 ‘ .0000558.0000894
2.27 |.0000465.0000745

|

2.05 |.0000927 ‘ .0001486
2.05 |.0000624 .0000999

.0001739.0002787
.0001286/.0002061

| |

oW SO

e
~NOo

Do
o
0o

|

Dist.
‘ (d"
JSrom
Base
Axis.

4.39
4.35

3.92
3.92

3.45

| O
3.39

| 2.15

XXII
Dist.
““ l ”

JSrom
Base
to New.

0.77

0.69
0.74

oo
3R

0.60
0.69

Axis.

II.

See.
No.

100A
100A

90A |

90A

80A
80A

TOA
T0A

60A
60A

50A
50A

Size
in

Tns.

10
10
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ELEMENTS OF PENCOYD TEES.
EVE

N LEGS.

Sec.
No.

440T
441T

220T
1177

115T
112T

110T

1L

Size
in
Inches.

31 x 3%
31/'2 X 31,2

3 x 3
3 x3

g ix3
2]7(2121,’._)

215 x 21
21, x 21

2 x 21
24 x Y

2 x2
13 x 13

11,42 X 1],(;
1Y x 1Y

1 =1

uL |1v.| v. | VL [viL|vm| ix.

Area
in
Sq.

ns.

| 2.0/ 0.12
1.5

Wt
per
oot|
n | Axis
Lbs.| A, B.

—
i

3.61
1.57

[$=]

1.82
0.79

hel
o3

5.8| 0.95
6.6/ 1.08

0.37
0.19

0.07

Moments
of Inertia.

Auis | Azis
C.D. |4.B.

[ RN
oo
8

oo
O =
© 00
oo
— D
a® G

oo
oo
RS
So

O -
(=1 )

0.02/0.05

Resist-
ance.

Azis | Azis
C D.A.B.

.23
.20

1
1

&5

p!
1L

o

a9 ©
.
8

oo

88
(=3

| X.

Radius of
| Gyration.

Axis
C. D.

0.85
0.84

0.48
1047

0.41
0.36

i0.32
0.30

0.26

Xk | %
Dist.|

g

from| Sec.
Base| No.
toN.
Auxis.

1.15 440T
1.18/441T

0.79| 227T

0.62/ 222T
0.65 223T

0.60 220T
0.51| 117T

0.47 115T
0.43 112T

|

0.38‘ 110T
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24T
20T

23T
17T

18T
15T

12T

ELEMENTS OF PENCOYD TEES.
UNEVEN LEGS.

(o]

A-——--JH-—x-B
|
.
D
‘m |m || v | v Vi jvon x| x [ xé| T
T | ivea| 7| Moments | Resist- | Radiusor| Pist
Size 4:]:“ ;w' of ;7':;7;1; aflb(f;. G_:/';r;;liz:)lf fr(tfm Sec.
n Y oot : — A
Inches. | 9% |"in'| Avis| Avis|Axis|dwis | dwis|azis| | N
* |Lbs.|A. B.| C.D. |A.B.|C. D.|A.B.|C:D.) g ;.
o
8 x4 5,12(17.4| 6.56| 9.33/2.19|3.11/1.13/1.35/1.00| 64T
6 x5 [11.58/39.0 28.68 18.75‘8.19 6.25(1.57|1.27|1.75| 65T
5 x3% |4.95/17.0| 5.29| 5.47/2.17|2.19/1.03|1.05/1.06| 53T
5 x4 |454153| 6.16] 541211216 1.17/1.09 108 54T
4 x2 1.93| 6.5 0.53| 1.75 0.34/0.87 0.52|0.95|0.46| 42T
4 x3 2.67| 9.0/ 1.99| 2.10/0.90/1.05|0.87|0.89/0.78| 43T
4 %3 3.05/10.2| 2.24 244‘1.02 1.22/0.85/0.89/0.81| 44T
4 x41 [-3.97/13.5| 7.36| 2.53/2.33/1.27|1.36/0.80|1.34| 45T
3bx3 2.11| 7.0| 1.65| 1.18 0.75 0.67(0.88 0.75/0.80| 38T
3% x3 2.46| 8.5/ 1.91| 1.41 0.88/0.81 0.88/0.75|0.83| 39T
3 x1% (120 4.0‘ 0.18| 0.60 0.16/0.40/0.39/071(0.36| 30T
3 x2% | 1.46| 50| 0.78/ 0.60 0.42/0.40 0.73/0.64/0.66| 31T
3 x2% | 1.76| 6.0| 0.93| 0.74/0.51/049/0.73/0.65/0.68| 32T
3 x2% | 206| 7.0/ 1.08 0.89/0.60/0.59/0.72/0.66/0.71| 33T
3 x2% |2.38| 80| 1.32 0.91/0.78{0.61/0.74/0.62/0.80| 34T
3 x3% | 246| 83| 2.82( 0.89/1.17 0.59} 1.07/0.60{1.08| 35T
3 x3% |281] 9.5 3.19| 1.04 1.33/0.69 1.07 0.61/1.10) 36T
2% x 1%, | 1.96| 6.6| 056/ 0.60 0.50/0.44,0.54/0.56/0.64| 28T
T 2.14| 7.2| 0.82| 0.61/0.66/0.44/0.62|0.54/0.75| 29T
215 x 1% | 0.97| 33| 0.10/ 0.33 0.11/0.26/0.32/0.58/0.31| 25T
215 x 23 | 1.68| 5.7| 1.16| 0.43 0.60/0.34 0.83/0.51/0.83| 26T
2% x 3 1.76| 6.0| 1.48| 0.440.71/0.35/0.92/0.50|0.93| 27T
2 x {% | 0.66| 2.2| 0.01| 0.24 0.03/0.21/0.14 0‘601'0.17 24T
2 x % |0.60] 20| 0.01| 0.17 0.03/0.17/0.14/0.53 0.17| 20T
2 x10 | 062 20| 0.04| 016 0.05 0.16/0.24/0.51/0.23| 22T
2/ xl 0.72| 2.5| 0.05| 0.17 0.07/0.170.26|/0.49/0.27| 21T
2 x1% | 0.91f 3.0/ 0.16 0.17‘0.15‘0.17 0.42‘044 0.45 23T
1% x 111,; | 0.56| 1.9/ 0.05| 0.11 0.06 0.13 0.30,0.45 0.24| 17T
13 x 11, | 1.04| 3.5| 0.12| 0.21 0.14/0.24 0.35 0.45 0.40| 18T
1% x 17| 041] 1.4 0.02| 0.07 0.03 0.09 0.22 041 0.21| 15T
M x 121035 1.2‘ 0.0Zi 0.03 0.03 0.05 0.24‘0.30 0.22| 12T
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ELEMENTS OF PENCOYD ANGLES.

Section

Number.

880A
888A
660A.
669A

550A
559A

440\
447A

350A
355A
330A
336A
275A
279A
250A
265A

225A
228A

220A

223A
175A
178A

150A
154A
125A
127A
110A
112A

Size in Inches.

8 x8
81 x 81
(A
6% x 6%
51"x 3
5% x 51
4 x4
4 x 4%y
31 x 31
3% x 3%
3 x3
5 x 38
534 X 2“
x3
2]/\‘) X 2‘2
25g x 25
2V x 2Y
21 X 2
2 x2
2% x 2 f

134 x
T
11&)! 11@

3 x 134
11/4 X 1]{4
18gx 1&/3

1
g x 1]7’3

111,

Thick-
ness.

o
1

3/5

ey

L s G
2t o

e &%

P

Y

|
SR

ol VR

[

6o
@

o

ok

Area in
|Sq. Inches.

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
147

0.62
1.28

0.36
114

0.30
0.62
0.23
0.49

)

Weight
per Foot
in Lbs.

26.4
52.8

14.8
35.9

12.3
29.4

8.2
18.6

73
13.7

4.9
11.5

4.5
8.6

31
7.8

2.7
5.4

2.5
4.8

2.1
41

1.2

3
L
2.
0.
1

oo oo v

VI. | VIL

Moments of Inertia.

Azis Azis
A. B. E. F.
48.47 19.60
94.14 39.01
15.37 6.20
36.69 15.48
8.73 3.54
20.72 9.09
3.69 1.50
8.71 3.82
2.45 0.99
4.60 1.97
1.25 0.50
3.01 1.32
0.95 0.39
211 0.90
0.54 0.22
1.33 0.59
0.39 0.16
0.85 0.37
0.27 0.11
0.61 0.26
0.18 0.08
0.39 0.18
0.08 0.03
0.29 0.13
0.05 0.02
0.10 0.04
0.02 0.01
0.05 0.02
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ELEMENTS OF PENCOYD ANGLES.
B, o] X XL il
Distance from
Radii of Gyration. Resistance. |Base to Neutral
Awxis. Section
Number.
Azis A. B. Azis E. F. Auxis 4. B. ed,”
I
2.50 1.59 8.34 2.19 880A
248 1.60 16.18 243 888A
1.88 1.19 3.53 1.64 660A
» 1.86 1.21 8.43 1.90 669A
1.56 0.99 242 1.39 550A
1.54 1.02 5.76 1.65 559A
1.24 0.79 1.28 112 440A
1.24 0.82 3.10 1.34 447TA
i 1.08 0.69 0.98 0.99 350A
F 1.06 0.70 1.84 1.13 356A
' 0.93 0.59 0.58 0.84 330A
0.93 0.61 1.39 1.02 336A
0.85 0.556 0.48 0.78 2T5A
' 0.88 0.58 1.02 0.93 279A
[y 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 226A
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 175A
0.55 0.38 0.30 0.63 178A
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
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ELEMENTS OF PENCOYD ANGLES.

Section
Number.

860A
868A

730A
T38A

650A
659A

640A
649A

630A
639A

500A
504A

540A
. 546A

510A
517A

530A
537TA

450A

457A |

410A

417A

Size in
Inches.

8 x6
81 x 6

7 x3%
Ty x 3%

6 x4
67/8 X 43/5

6 x4
6% x 4%

6 x3%
6% x 37g

o

L

51 x 31,
5% x 3V

5 x4
51 x 44

5 x3%
51 x 3%

B 8
54 x 31
41533
43 x 31

4 x3%
41 x 3%

| Thick-

|
|

ness.

1

o

vir. |von

Area in
Sq. Ins.

._.
w o
o ~3
SO

38

B2 B3

NOT ©O

gR oD N ON OwW 0w P® O O oo
W D

88

Rg &V 58 KB

| Weight

]l('l'

Foot
in

Lbs.

—— g)—n O W W BN
= Sn BER BRI 00

r o 2 ol ©r L
wo ©wo oo ki o udo oo

Do =
e

— N
Lo O

B bR N o

—

S 33

e

Moments of Inertia.

Axis | Auxis Auxis
A B ‘ C. B. . F.
38 | 21.73 | 12.04
34 | 4167 | 24.76
29 437 | 364
.59 847 | 1747
16.83 5.03 .| 3.29
4240 | 1291 | 9.28
1348 | 491 | 3.04
m%‘ 1247 | 857
1282 | 332 | 239
32.56 ; 7.74 | 650
|
10.15 328 | 214
17.62 5.85 ‘ 3.82
8.13 465 | 250
15.65 874 | 49
658 | 271 | 1.65
1551 | 641 | 447
6.27 175 {0720
14.75 418 | 3.5
|

7 gl B 1 e T
1104 | 407 | 296
3.57 256 | 1.18
8.42 6.06 | 3.08




ELEMENTS OF PENCOYD ANGLES.

2N
S Avo << AM A% AM <4 <dd MM AM AM MM
Ss 28 88 I3 m& 23 mm mm 25 85 mra —
&M WO > ©© ©© 0nin B0 <
%
5 N o Q oW NI~ O © — 0
_E S8 B8 8] 3N RB &5 85 I8 8 I 83
X
<E
83
o
= N [or N nd wnw <H (42 - M- D (e}
§= = BE A9 3IY 38 K5 BE 8% S8 =9
2 N aN aN -~ aN i - - — -
zs
2 - [N B o] NOo M 0 [42]
s |89 g2 85 88 8§k {= B BE 88
3
2
= © o n © -
S 83 8y 8 88 88 &
5m ™Mo o 0 QJ < - -l
N g - ow N ©
: B8 88 385 =3 BE B&
5 co o6 e od B0 HaE
£
£
;mm|m ot~ DD -
4 32 ae 88 389 & 8§85
S co - OO e oS e
3
3 o™ w0 wn
©
& |8 83 I8 ER 43 88§
o - =i vd - i -
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ELEMENTS OF PENCOYD ANGLES.

Kl IL Fae b oaw v VI { v |7{/m'.“

‘ Wc"“]’,kl Moments of Inertia.
Section | Size in Thick-| Area in }v"zol
Number. Inches. ness. | Sq. Ins. n Asis PE 4:(&\' o ;ln'.\'
Lbs. | 4.B. | eD. | EF
430A | 4 x3 iy 209 | 71 | 338 1.64 | 093
435A | 4%x3% | 5 | 406 | 138 | 6.36 259 | 1.80
300A | 8%x3 gsg 183 | 68 | /288 1.59 | 0.80
305A | 3Hx3% | % 398 | 129 | 512 354 | 1.88
310A | 3% x2% | 144 | 49 | 181 0.78 9.45
314A | 3% x2% | 1, 295 | 94 | 393 1.76 01
316A | 3% x2 1y 131 | 45 | 168 041 | 0.30
318A | 3%=x2% | 199 | 66 | 255 0.65 | 045
325A | 3 =2 | 3 | 131 | 45| 115 0.73 | 041
329A | 3yx2% | 1, | 270 | 87 | 264 171 | 0.76
320A x2 1, 119|411 TT09 040 | 0.24
4A | BYyx2Y | 1 245 | 7.9 | 241 0.92 [ 0.57
t
200A | 2% x2 3 1|08 Il 2 | 051 029 | 013
200A | 2uix2% | 15 | 226 ) 70 | 164 | 097 | 044
206A | 2l x 1l . ) 067 | 23 | 035 012 | 0.08
200A | 275 x 13} | a4 138 | 44 | 073 029 | 0.8
215 | 2 x1% | 3 0621 L2111 095 012 | 007
2187 | 2/ x11} | & 128 | 43| 052 | 029 | 015
\
210A | 2 x1% | 3 057 /| 19 [ @23 | 007 [ 005
213A | 2% x1 | '3/3 ’ 1.19 i 3.9 ( 0.50 017 | 012
| |




ELEMENTS OF PENCOYD ANGLES.

.ol e B oS ek Vxn.w erm_

XIV. XV, i

Radius of Gyration. Resistance. | ;‘;mv':fﬁl'(:?": Il‘ f;”e
T B ke e g
Auzis Axis Azis Azxis Axis a 1 dhind
A, B. C D. E. F. 4. B. C.D. * <
1.27 0.89 0.67 1.23 0.73 1.26 0.76 430A
1.25 0.80 0.67 2.33 1.16 1.40 0.90 435A
1.10 0.91 0.64 0.95 0.73 1.06 0.81 300A
113 0.95 0.69 2.00 1.53 1.25 1.00 305A
112 0.74 0.56 0.76 0.41 12351 0.61 310A
1.15 0.77 0.59 1.58 0.88 1.26 0.76 314A
1.18 0.56 0.48 0.72 0.27 1.21 0.46 316A
113 0.57 0.48 1.09 0.41 1.28 0.53 318A
0.94 0.75 0.56 0.55 0.40 0.92 0.67 325A
0.99 0.80 0.53 1.20 0.88 1.05 0.80 329A
0.96 0.58 0.45 0.54 0.26 0.99 0.49 320A
0.99 0.61 0.48 1.14 0.57 1.14 0.64 324A
0.79 0.60 0.19 0.76 0.51 200A

X 040 0.29
0.85 0.66 0.44 0.88 0.60 0.94 0.69 205A

0.72 0.42 0.35 0.23 0.11 0.74 0.37 206A
0.73 0.46 0.36 0.46 0.24 0.86 0.48 209A
0.63 0.44 0.34 0.18 0.11 0.64 0.39 215A
0.64 0.48 0.34 0.36 0.24 0.76 0.50 218A
0.64 0.35 0.30 0.18 0.07 0.69 0.31 210A
0.65 0.38 0.32 0.36 0.17 0.80 0.42 213A




RADII OF GYRATION FOR 2 ANGLES

WITH SIDES PARALLEL

The radii of gyration correspond to axes shown.

T Te p
e
.y : \J | 9,
—é]%i{— — %_ﬂ-
Weight vy

Size Thick- pere Toot d 4 AR GRSl i

in Inches. | ness. in 1
Pounds. 7o \ 71 . Ta ‘ s

x8 L 26.4 2.19 2.50 3.32 3.45 3.58
8111 x 81 1 52.8 243 248 3.47 3.61 3.74
6 x6 39 14.8 1.64 1.88 2.49 2.62 2.76
6% x 61 1§ 35.9 1.90 1.86 2.66 2.80 2.94
5 x5 39 12.3 1.39 1.56 2.09 2.22 2.35
5‘[4 x 51 13 294 1.65 1.54 2.26 240 2.54

x4 f.; 8.2 1.12 1.24 1.67 1.80 1.94
4111 x 41 3 18.6 1.3 1.24 1.82 1.97 212
3hx 31(2 (15,; 1 0.99 1.08 1.46 1.60 1.74
3% x 3% 8 13.7 1.13 1.06 1.55 1.69 1.84
3 x3 X, 4.9 0.84 0.93 1.25 1.39 1.563

I 55 11.5 1.02 0.93 1.38 1.52 1.68
2% x 2% N 4.5 0.78 0.85 1.15 1.29 1.43
3 x3 1 8.6 0.93 0.88 1.28 1.42 1.57
21 x 214 -Izﬂ 3.1 0.70 0.77 1.04 1.17 1.32
2’@ X 2’@ b 7.8 0.84 0.76 113 1.28 1.43
21 x 21 :{’,; 2.7 0.63 0.69 0.93 1.07 1.21
27 x 2% % 5.4 0.75 0.72 1.04 1.18 1.34
2 x2 ;} 2.5 0.58 0.62 0.85 0.99 1.14
27% x 243 s 4.8 0.68 0.64 0.93 1.08 1.23
18, x 13, i 21 0.51 6.54 0.74 0.88 1.04
13 x 113 5/8 4.1 0.63 0.55 0.84 0.98 1.14
11)(2 x 1Y, T 1.2 0.42 6.47 0.63 0.77 0.92
13 x 13/4 £ 3.5 0.57 0.50 0.76 0.91 1.07
11/4 X 111‘4 b 1.0 0.35 0.41 0.54 0.68 0.83
135 x 13g A 2.0 0.43 0.40 0.59 0.73 0.90
e Iy 0.8 0.30 0.29 0.42 0.57 0.73
1 x 1Y, Ly 1.5 0.37 0.32 0.49 0.64 0.81
a

Ty, T and 7y 5 Will also be radii of gyratlon for star columns.
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RADII OF GYRATION FOR 2 ANGLES
WITH SIDES PARALLEL.
The radii of gyration correspond to axes shown.
¥s

>d¢

jf)

i Vel . | | Riar omavearion o
Size Thick- | per Igoot d HADILC R TIOfV. o
in Inches. | mness. in
Pounds. To | 71 Tg T3
t
8 x6 5 [23.0 247 |25 | 232 | 244 | 257
81 x 6 1 456 | 272 | 253 | 247 | 260 | 274
aiExa [ g Ntre [253 |22 [Lat | ks | 148
Ty x 3% 1 25 ludm 223 |idss | '151 [ 168
6% x4 8 |.129 [1215 [ 210 | 148 ['158 | 172
673x4% | 13 | 319 | 245 | 212 | 168 | 181 | 1.96
6 x4 3 122|194 V193 | weo |'1.62 ] 1.78
Gxd% | 1§ | 204 | 224 | 194 | 171 | 18 | 200
|
6 x3% | % | 16 | 2040 | 19¢ | 127 | 139 | 158
63% x 37 I 18 | 286 | 233 | 195 | 144 | 158 | 174
|
1 | |
Shes% | 8% | 110 | 182 | 177 | 130 | 143 | 156
5% x3% | %% | 179 | 197 | 179 | 141 | 155 | 1.69
5 x4 sl | 1r0f | 1.63] 1L 28l [ 1isgl | 17t < {5 185
5 x44 | B | 213 | L7 | 157 | 168 | 1.82 | 197
~
5 x3W | 87 | 159 | 160 | 1.33 | 145 159
5Y x 3% it (120000 |Le1] [f 15607 [v 148 (162 iy 177
5 x3 B 82! |t'1le8 |} ‘2i62i |! 200! |/ 121 ‘[ K35
5% x3Y% | % | 187 | 19 | 161 | 124 | 1.39.| 154
415 x3 P 771 |51.481 2145 [F 2121 [ 225 '} +1:89
4% x3y | % | 174 | 169 | 144 | 128 | 142 | 158
|




RADII OF GYRATION FOR 2 ANGLES
WITH SIDES PARALLEL.

The radii of gyration correspond to axes shown,

Xs
=,
.‘
; gy
Weight > " GYR
Size Thick- | per ‘Fqbol a I‘AV li{’ _QI (* : I:AI[?N'
in Inches. | mness. in & i e
Pounds. To Ty Ta Ta
|
4 x3% ‘{:‘ Tl 1.18 1.26 1.42 1.55 1.69
41 x 3% &/ 174 1.40 1.26 1.57 i iy | 1.86
4 x3 '1"3; Y 1.26 127 317 130 | 144
415 x 3 13.8 1.40 1.25 1.20 1.35 1.50
3% x3 i"’ﬂ 6.6 1.06 1.10 1.22 1.35 1.49
3t x 3% % 12.9 1.25 1.13 1.38 1.52 1.67

32| Y | 49 | 111 | 112 | 097 | 100 | 1.23
3 x2% | 1% | 94 | 126 | 115 | 108 | 122 | 137
3 x 2 1y | 45 | 121 | 113 | 072 | 086 | 1.00
3%x2%| 4% | 66 | 128 | 113 | 078 | 092 | 107
3 x2% | 3 | 45 | 092 | 094 | 1.00 | 113 | 1.29
Fyx2 | Y% | 87 | 106 | 099 | 118 | 127 | 1le2
3 x2 Y | 41 | 099 | 096 | 076 | 089 | 104
Syx2Y| % | 79 | 114 | 099 | o088 | 103 | 118
|
21 x 2 A& | 27 | o7 | 0719 | 079 | 092 | 107
otix2f | 15 | 70 | 094 | 085 | 095 | 100 | 124
Pyxllp| g | 23 | 074 | 072 | 056 | 070 | 085
2%x133| 3% | 44 | 08 | 073 | 066 | 08l | 097
2 xl| & | 21 | 064 | 063 | 050 | 073 | 088
284 x13 | 3% | 43 | 076 | 064 | 069 | 084 | 1.00
2 x| f | 19 | 069 | 064 | 047 | 061 | 077
2fx15 | 3 | 39 | os0 | 065 | 057 | 072 | 088




RADII OF GYRATION FOR 2 ANGLES
WITH SIDES PARALLEL.

The radii of gyration correspond to axes shown.

1 Ta Ts
3 C - = : v '
.—__-_TA e »—_——_W(Hf::’-r" 0 S ‘TAFI"
—%q,;h— -t 3;4-—-
Weight — R
Size Thick- | per zﬁg‘oot d ! ). {B‘?{{I{?F (’7)'R 47T0X, i
in Inches. | mness. in
Pounds. 7o 71 T Ta

8 x6 B 23.0 1.47 1.79 3.56 3.69 3.83
81 x 61 1 45.6 1.72 177 3.71 3.85 4.00
7 x3% L 17.0 0.78 0.93 3.38 3.53 3.67
Ty x 3% 1 32.5 1.02 0.93 3.56 3.70 3.85
615 x4 B 12.9 0.90 1.15 3.00 314 |.3.28
6%ax4% | 13 | 319 | 120 | 117 | 324 | 338 | 383
6 x4 B 12.2 0.94 1.17 2.74 2.87 3.01
6% x 4% }§ 29.4 1.24 1.18 2.96 3.11 .26
6 x3% 3/@ 11.6 0.79 0.99 2.81 2.95 3.10
6% x 375 18 28.6 1.08 0.95 3.04 3.18 3.33
5% x 3% 3 11.0 0.82 1.01 2.54 2.68 2.82
5% x 3% 5g 17.9 0.97 1.03 2.66 2.80 2.95
5 x4 3g 11.0 1.03 1.20 2.21 2.34 248
58 x 44 3 21.3 1.21 1.17 2.32 2.46 2.61
5 x3% fﬂ 8.7 0.84 1.03 2.25 2.39 2.53
5 x 3% A 20.0 1.06 1.03 241 2.56 271
5113 ;fg 8.2 0.68 0.85 2.33 2.47 2.62
51 x 31 % 18.7 0.90 0.86 249 2.64 2.79
45 x3 :f,; 7.7 0.71 0.87 2.06 2.19 2.34
43 x 31 i 17.4 0.94 0.87 2.22 2.37 2.52
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Ty

Ys
1
'
T

_,(3‘4‘—

g
[——=2 p 8 ——]

Ta

v

WITH SIDES PARALLEL.

The radii of gyration correspond to axes shown,

b 3 8

RADII OF GYRATION FOR 2 ANGLES

N~ ) )
o 2 &5 =8 88 1 8 8Y 28 I3
N. aay aN - Ll = - - — - -
S
3
(42} ay o ™~ wn o
g e 8 88 88 E3 |8 8% =8 33 83
Y - - i o o o - - -
S
<3
o™ (=] mo 0 w0 Lol [a2] [a2]
o B8 RE B8 BE B8R 8 28 8% 88 &S
~N i i - - - — — - o oo O
R .
=
| el g (2] w0 o o~ iel (o2} © AN © 0 0
2 S5 88 T8 =K @Bk B8 & 8 I3 I 88
- oo oo oo oo oo o oo oo oo oo
M © - O om - D -
&2 B8 =8 R S8 &8 B8 53 88 B
O oo O oo oo oo oo oo oo oo
e
23 8
SR T Y HO Qo oW s N 0¥ H®o oo
D e o~ ~m o A=) < 0 N~ o < [aV S -
E3 M — - —
:,
-b s
- 4 - -] Xo ko
£ R R B LR T A LR A
3 3 2 ] 2] & o o o
EN o N L] L S
%.m 58wl —on by oiv e -
lim MM L] MM MM M Mo MM L] MM MM
s a cap e A P 3 N X
e <+ o+ %3 _uqm.S ® o TN .%.D.ﬂ ad ey
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| Depth an|
Inches.

Nellec b fop)

S8RYE [RWBR SBVBIY BRBY

Width of Rectangle in Inches.

1 Ts # 16 3 1% 8
4.50 5.63 6.75 7.88 9.00 10.13 11.25
7.15 8.93 10.72 12.51 14.29 16.08 17.86
10.67 13.33 16.00 18.67 21.33 24.00 26.67
15.19 18.98 22.78 26.58 30.38 34.17 37.97
20.83 26.04 31.25 36.46 41.67 46.87 52.08
27.73 34.66 41.59 48.53 55.46 62.39 69.32
36.00 45.00 54.00 63.00 72.00 81.00 90.00
45.77 57.21 68.66 80.10 91.54 | 102.98 | 114.43
57.17 71.46 85.75 | 100.04 | 114.33 | 128.63 | 142.92
70.31 87.89 | 10547 | 123.05| 140.63 | 158.20 | 175.78
85.33| 106.67 | 128.00 | 149.33 | 170.67 | 192.00 | 213.33
102.35| 127.94 | 153.53 | 179.12 | 204.71 | 230.30 | 255.89
121.50 | 151.88 | 182.25 | 212.63 | 243.00 | 273.38 | 303.75
142,90 | 178.62 | 214.34 | 250.07 | 285.79 | 321.52 | 357.24
166.67 | 208.33 | 250.00 | 291.67 | 333.33 | 375.00 | 416.67
192.94 | 241.17 | 28941 | 337.64 | 385.88 | 434.11 | 482.34
221.83| 277.29 | 332.75 | 388.21 | 443.67 | 499.13 | 554.58
25348 | 316.85 | 380.22 | 443.59 | 506.96 | 570.33 | 633.70
288.00| 360.00 | 432.00 | 504.00 | 576.00 | 648.00 | 720.00
325.52| 406.90 | 488.28 | 569.66 | 651.04 | 73242 | 813.80
366.17| 457.71 | 549.25 | 640.79 | 732.33 | 823.88 | 915.42
410.06 | 512.58 | 615.09 | 717.61 | 820.13 | 922.64 | 1025.16
457.33, 571.67 | 686.00 | 800.33 | 914.67 | 1029.00 | 1143.33
508.10 | 635.13 | 762.16 | 889.18 | 1016.21 | 1143.23 | 1270.26
562.50 | 703.13 | 843.75 | 984.38 | 1125.00 | 1265.63 | 1406.25
620.65| 775.81 | 930.97 | 1086.13 | 1241.30 | 1396.46 | 1551.62
682.67 | 853.33 | 1024.00 | 1194.67 | 1365.33 | 1536.00 | 1706.67
748.69 | 935.86 | 1123.03 | 1310.20 | 1497.38 | 1684.55 | 1871.72
818.83 | 1023.54 | 1228.25 | 1432.96 | 1637.67 | 1842.38 | 2047.08
893.23 | 1116.54 | 1339.84 | 1563.15 | 1786.46 | 2009.76 | 2233.07
972.00 | 1215.00 | 1458.00 | 1701.00 | 1944.00 | 2187.00 | 2430.00
1056.27 | 1319.09 | 1582.90 | 1846.72 | 2110.54 | 2374.35 | 2638.17
1143.17 | 1428.96 | 1714.75 | 2000.54 | 2286.33 | 2572.13 | 2857.92
1235.81 | 1544.77 | 1853.72 | 2162.67 | 2471.62 | 2780.58 | 3089.53
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 important. Some of
the terms are only approximate ; those marked * are correct. Values for ra-
dius of gyration in flanged beams apply to standard minimum sections only,
A = area of section.

Shape
0j
Section.

£- b-2

Moment
of
TInertia.

bh3* |
12

4 % l
12

D15 *
12

602 - 6bb, 1+ b,* I‘*;
36 (20 + b,)

0.0491 (DA —d*) *

ﬁlog}enl Ig‘;’gﬁi:f Least oRadius
Resistance. geﬁf;f’;f Gyration.
bh® * h Least Side *
6 2 3.46
, h*
0.117878 * 346
1B — D% B VB
6 B Z 1A
The least of
b2 * 9 h the two:
24 3 Lor L*
424 49
13b -+ 0,
320+ b,
AD* D D
8 2 4
L DA —ds* D |1, AR F @)
0.0982 " e 3 Y\

218




ELEMENTS OF USUAL SECTIONS.

Moments refer to horizontal axis as shown. This table is intended for
convenient application where extreme accaracy is not important. Some of
the terms are only approximate ; those marked * are correct. Values for ra-
dius of gyration in flanged beams apply to standard minimum sections only.
A — area of section.

Distance of Least Radius

Sh:fpe Moment M on} ent Base from 2
Seett 57 0}; Re '(?t Centre of Gurati
nection, nertwa, sistance. GTll’l‘il_I/. Tyration.
¥, I e
|
W, — 0.1908 3% : | e
@ 0.1098 4% AT (osgzge | 0.4241r 00699 72 *
“-r> ‘
TR ARy BB |
i
< 0.7854 ba® * 0.7854 ba® * }
a
ARy |
; R Vi | A
o A Ah ! I ' n
10.4 7.4 | 35 ‘ 5
|
1 e
Ane Ah ‘ h ‘ £l el
9.9 6.7 3.1 2.6(h + b)
1
|
An? Ah ! h I
h 1[ 19 9.5 [ 2 474
|
oo r—d [
AEL ‘
| Al Ah | h b
- ’{ 10.9 7.6 | 33 1.66
E=-br ¥
e AR Al ] b
i 6.1 3.0 2 5.2
:
e I |
L3
-fg AR Ah & £hll
1 6.73 33 2 3.56
w=b»




BENDING MOMENTS, DEFLECTIONS, ETC.,

W = Total load.
E — Modulus of elasticity.

Form of Support and Load.

Reactions A. B.

L = Length of beam.
1 = Moment of inertia.

Bending Moment M.

Safe Load W.

M= Wz

Mmax. — WL

For AD, M— E‘i’:}

For BD, M — J“!L"l

Mmax. — J"}{ L

For AD, M — 15(; We.
For BD,

M— WI (::, ‘113 7):

8
Mmax.—= 5. WL.
max i6 WL

B
My = WL.




-
FOR BEAMS OF UNIFORM SECTION.
R = g = Resisting moment. K = Fibre stress.
¢ = Distance from neutral axis to extreme fibres.
Emindi : f O ] Graplu;l Method.
]‘q""l'm,ll ;’{; Eastio Deflection ** . Ordinates give Bendi ;z.g
= Moments.
y W[z 18 P2
2EI LL 313 3 EIl
- W2 iz 4t W Ip
Y=twri LT 3L3] I=s5 1
Draw triangle 4— L;L
gz ~
& p— <) -
W W | RR
) ;
—-I'»; —I ; -jlm = \.’;
8| g " Shflachodd
2 el Rl cl RS
§hs - - ST TR «
g TR ATV
1t N Ry 3 =
i SN ] g RS
SR O8® ! D& I
SN g o R
&‘0 »—’w - & :é!
I I, I
EY S S D
=t
2 R
wiew X 2
| AN Hles
BN a0 AP
] —!!g;; iy
AN 0o
N =
= =+ -
Big o jorz= 1V 5 Draw triangles
I i Mgt .
L [ 2k BE 16 WL, CD 2 WL.
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BENDING MOMENTS, DEFLECTIONS, ETC.,

W — Total Load. L = Length of beam.
FE = Modulus of elasticity. I — Moment of inertia.

Reactions A. B. |

Form of Support and Load. Safe Load W.

{—B
.
w—s %]
Ay i L o]
rP_T_ T H: TR n
| | AR )
i ] | Z
! = i

Be W
u',f‘_, I}C
IRy l;
W=38 ,’;:!}
A=W
B=§ W

Bending Moment M.

WL iz 1
-7 (2.

For 4 and B

Wp
M-
& 2
Wiz
M=
: 2L

W x

M = —
=)
Mmax, — ':}l‘




FOR BEAMS OF UNIFORM SECTION.

R= ZI = Resisting moment. K — Fibre stress.

¢ — Distance from neutral axis to extreme fibres.

Graphical Method.
Equation of Elastic bl ¥ 4 )
Deflection ** f.° Ordinates give Bending
Curve. 4 S Moments. g
_ WIs
Y=ig e
x2 4 _x3] T 192 &I "
12 3L Draw triangle and rectangle
Ep— VL 4p— ";L
Yu=fup+
Aoy ok _L _ Wizp
V p X+L(X »4)1 ¥ i 16 EI
o 2B
P Wp const.
. Draw trapezoid DA —) W"
_WIB
y*zuilx Pk, ___HID]%]&;
. S T 79000 ]
[42_,]4‘ 3] 1 9Y9003000;
Draw pambold 4= II;L
w I3
¥= X
24 l[ k4 e 5 WIB
[5—2%+3] 381 LI
Wb Inflection at % L
Y=g mr™ f D
[Ax__ 5 X3 42 5“] 192 E1
/o zA Max. Deflect. x =
0.4215 L |
| Draw triangle and paraholn
C

'B=DE=WL
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W = Total load.
E — Modulus of elasticity.

BENDING MOMENTS, DEFLECTIONS, ETC,,

L = Length of beam.
I — Moment of inertia.

Form of Support and Load.

Reactions A. B.
Safe Load W.

Bending Moment M.

M= 3

x2

~BG-5+5)

RK=A(a A ;léiw

a
2L

_Wi(2L—a,)
B

Ford < W
A%
RE=20
For B < W,
RE— D%
For W— W, and '@ — a,

RE— % Wa.




FOR BEAMS OF UNIFORM SECTION.

o

- Resisting moment.

K — Fibre stress.

¢ — Distance from neutral axis to extreme fibres.

5 5 . Graphical Method.
© Equation of Elastic Deflection “f.” Ordinates gi i
A give Bending
Curve. i Moments.
=
)
+
wiIs
R I= i i1
%R A
= Point og gllllfg}ectlon
~ z=0. L.
g\r; 4— VL' pg._ WL
I Thy ke b
>
4 B
-
|
| E)
: hils P e
2 E 15 ET
=l
Ll
|
Y
/ ZZ
Draw triangle and parabola,
i WL pp WZ
L 8
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BENDING MOMENTS, DEFLECTIONS, ETC., FOR
BEAMS OF UNIFORM SECTIONS.

W — Total load. L = Length of beam.
E — Modulus of elasticity. I — Moment of inertia.
R = % = Resisting moment. K — Fibre stress,

¢ — Distance from neutral axis to extreme fibres.

Beam supported at both ends, 2 symmetrical loads.

AC = EB = Distance from support to load. Draw trapezoid having 0D =
EF = } Wa. Ordinates give bending moments for corresponding positions
on beam,

Bending moment between loads = § Wa.

Wa_ g 12— am),

Maximum deflection — 18 BT

Beam supported at both ends, with concentrated loads at various points:

Draw (by 3, page 221) the triangles having vertices at €, D and E, the verti-
cals representing bending moments for loads w!, w? and w3, respectively.
Extend FOto P, GD to R, and HE to S, making each long vertical equal to
the sum of the bending moments corresponding to its position. Thatis, FP—
FC + FI + FJ, GR= GD + GL+ GK. And HS—= HE + HN + HM.
Verticals drawn from any point on the polygon, 4 PRSB to AR, will repre-
sent the bending moments at the corresponding points on the beam.
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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.

‘When the prefix “stress” is used, the load borne by the
member is indicated ; otherwise the length of the member
is meant.

CRANES. i

Supported at the points 4 and B, maximum longitudinal
stresses, due to weight W, suspended at the end. These
stresses are modified by the position of the hoisting chain.

D is the point where a line drawn from ('at right angles
to A B will intersect the latter.

Stress 4 C=+4 40 XW  Stress B(C= B C XW
AB A

B
1D sl jane A'D N e it
e A B=—j1 - X Win Fig. 2, 0r=+:»l—B X Win Fig. 3.

When point A is supported by inclined back stays as
shown in Fig. 1, and when the back stay is in the plane of
A Band W.

40
AB

AE

Stress 4 F = 4 —h

XWX

and a resulting compression ensues on

pai - 4.0 rv 4 B
A B=— ABX"XBvE.
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CRANES.

CD

ADXW

Stress C D = —

[y +j£xw

“ E D= —stress D C.
Let w = the horizontal reaction at B

D
w—ﬁx w

B E

Stress B E = +EDXw

“ AE= + X (stress C' D —w)

i Y B D
Ba=—(gppXxv+ w)
s /‘”'"EW'T“W_ ¢ Eand H are points where
o T i lines drawn from D intersect
T ’;) ® at right angles 4 C'and A4 B.
et X, Y and Z are the angles
u FIG. 5 formed by extending the
7 braces C D and B D as indi-
cated by dotted lines. w=
B B the horizontal reaction at B
G e
w= j 1(; X W.
Ol ! D
Stress 4 ('=+4 D X W. Stress C D= D X W
5% L P pe— B D
A B= +—— X w. BiD = oD X w
Sine YV
A D= —stress CD X Sime X
i Sine ¥
or = — stress B D X Sine Z
P




TRUSSED (GIRDERS.
Weight in Middle.

FIG. 6 Stress 4 C or
A O, W
A @ B B(C= + D > < 5
) o P
\\\\ ////’ i AB=— }1316)7 X Iz_V
o) P
° « DC=—W
Weight out of Centre.
ACXDB
FIG. 7 Stress 4 C= + TB&W XW
B BCXAD
A @ o 7
e . vl ROt IBROD
e Lt S L ADY DR L
\c// Stress 4 B_—;( BX WX W
“ DC=—W
Equal Loads W. W.
FIG. 8
Stress A IIorDE=+‘/—1£x w
@ @ BH
A 2 {B
N, B C “ R N e
By // Hpmtpg il
\\\\ P o Fits AB 4
e é 7 AD=— Bj-x W
Stress BH or CE=—W
Unequal Loads W and w.
FIG. 9
@ Stress as below on counter
A ® D diagonals B E or H Caccording
o 1 /" to position of greatest load.
o0y ool CH,{ W—w
N, e — i iy
KL, StressC H=+ 7% (15 )
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Fink Truss.

Stress BFor DH=— W

2 E
< B, <los i Dy 270G =R

F _~H « AR=—1wx4C

v o

Stress A For H E=+ 13 W X %.]Ig

4@
“« FGorHG= 49
or + WX 5

AG
ca

Feor cH=+ " x

Roors.
w = load concentrated on each triangular apex.
® AT Strut Stresses.

Stress D FF'=—w

bt T ) C T
E F= ) X OB

Stresses on Ties. Rafter Stresses.

: Sl S B ) i M A ol
StressFG_+15;anC Stress C E = —2 "x(fﬂ

B H PP CH
Wit A F=4 2k wX BC EA=—2} "”x‘(,'—B

CG

“« CF=+4+1}wx L4




Roors.

w = load concentrated on each triangular apex.

® @ o A Strut Stresses. e
Stress HIor K I=—w x DB
Tess or w X o8

“« GE=—2uw X%%

Rafter Stresses.
e e B
Stress K B=— 2 XCD

Tw. . CB cDh
: GK=—('§"" i c—u)

7w CB D
¢« HG=— (727 X -6——210 XU—E)
i\

D
Tw €8 & D
(T - (? C_D 3w X (,7})

Stresses on Ties.

Stress G Ior GL=+ - X = X <=

P g DB CB
o e e e

g R TN
Ol e Hrns o,

“ N1 o BRI §7” DB
FE=+4 ) XITC

« B I = the sum of the stresses on F' Eand E L

“ I, B=the sum of the stresses on ¥ L and G L.
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Roors.
w = load concentrated on each triangular apex.

The rafters and horizontal tie being each uniformly sub-
divided.

Strut Stresses.

@@ @ Foe.18 Stress FFH = -;ix;:_g
!
1 | '(:) : El=—wx £
o B | H G A
r DB=—-3—21£X%;—1;
- Vertical Ties.

Stress E H=+4>. Stress D I=+ w. Stress CB=+3w.

Rafter Stresses.

Stress CD=—2 w x%,‘i,
« I)E=—2§wxg—,%
“« EF=-—3 'wxg—g
“« FA=--8} wx%‘;

Horizontal Tie.

B A
Stress at B=+4 2w X Tl

Br
“  BI=- stressat B+ (stress DB X B_ﬁ)

HL
“ I_ “ “ )
ITH=+ BI+( FIXWEI)

“* H"4=+ “ III+ ( “« F}]‘x 1HT(F}:)
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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 100 feet span, 8 to 10 pounds per sq. ft
$¢ ol 80.$0.70 o 7 to
“ under 50 iy 5 to 7 £ S abnalt
To this must be added the following weights of covering
material per square foot of building area :

Tinon ebogrdr UL, 08 L LR ETae 4.5 pounds
bonugated sheets, No. 20, galvanized . . . . 23

No. 20 “ on 1’7 boards 5.7 3
Slate Bt/ thlck on 1% 26 boards ....... 11.0 %

ity 6 i an Lt 7.5 ot
Feltand gravel. TS TR SRR SR N RS S o GELT' " 4%
If plastered below rafters,add .. . . . . . . 05 RS

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 sin « 184cos« —1 where u/ — pressure due
to wind normal to roof surface u— horizontal pressure of
wind in pounds per square foot, « = 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. Inclination. Pressure. Inclination. Pressure.

5° 3.9 1bs. 25° 16.9 1bs. 45° 27.1 1bs.

10? o2t 30° 19:9 50° 28.6 «
1591117308 35° 22.6 “ 55° 297 H1
2081, 187 40° 25.1 “ 60° 30.0 “
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SHAFTING OF STEEL OR WROUGHT IRON,

The resistance to shearing averages about f of the
tensile strength, . e. about 40,000 1bs. for wrought iron,
or 50,000 1bs. for soft steel, per square inch of section.

The torsional resistance of any shaft can be determined
when the shearing resistance is known ; thus

T= 196 d?s for round shafts, (a)
T — .28 d’ for square shafts. (b)

d = diameter of the shaft in inches.

s = shearing strength in pounds per square inch.

7= 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 lbs., 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 lbs. per square inch foriron, and
11,200 Ibs. per square inch for steel. Putting this in terms
of the torsional moment and diameter, we derive from equa-
tions @ and b

T = 1760 @ for round iron shafts, (¢)
T — 2200 @3 for round steel shafts, (d)
T = 2520 d? for square iron shafts, (e)

T = 3150 d3 for square steel shafts, f)
G = \/1 760 for round iron shafts, (9)
d— \./2200 for round steel shafts, (h)
d = \/ 9590 for square iron shafts, (i)
A= \%3100 for square steel shafts, (k)

These formule apply to shafts subject to twisting strains
alone. In 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 a combination of forces, we have to rely on analysis,
which gives the following :

T'=M+ v M* 4 T? )
M — bending moments in inch-pounds. (See page 220.)
T = twisting e

T'= a new twisting moment which, substituted for 7' in
equations ¢ to %, will give the desired proportions
for the shaft.

In revolving shafts 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 :

| Divisor in Formulce.
Ratio of M to T. Factor of Safety.

(g) Jor Iron. | (h) for Steel.
M = 3T or less, 43 1760 2200
M—=.6T “ 5 1570 1960
M—=T £ 53 1430 1790
M — greater than 7, 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 velocity
have to be considered. Taking the horse-power HP at

H & 628 XTXV
39 -lbs. = 2=
396,000 inch-lbs. per mlnut«?, we have HP— 396,000
where J'=revolutions per minute.

Pac 63,05; HP’ (m)
or in terms of the diameter by equation (d) we get for shafts
of mediurntsteelln i i

00 H P
= \/ = (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, ete., it is considered good practice to limit
the deflection to a maximum of {}; of an inch per foot of
length. The weight of bare shafting in pounds=2.6 d®=W,
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
pounds to be about 13 d’/=W. Taking the modulus of
transverse elasticity at 26,000,000 1bs., we can derive from
the authoritative formulee the following:

1 = /87342 for bare shafts (»)

l = ¥17542 for shafts carrying pulleys, etc., (r)
which would be the maximum distance in feet between bear-
ings for continuous shafting subjected to bending stressalone.

If the length is fixed, and we desire the diameter of the
shaft, we have,

=
d Z\/Sﬁ for bare shafting. (5)

v
= \/175 for shafting carrying pulleys, etec. (t)

To apply the above to revolving shafting subjected to both
twisting and bending stress, it is necessary to combine equa-
tions (p) and (r) with equation (o).
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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 FORMULZ FOR CONTINUOUS
SHAFTING.

For the diameter (d) in inches, and the maximum length
(1) in feet between bearings of steel or iron shafting so pro-
portioned as to deflect not more than {5 of an inch per foot
of length, allowance being made for the weakening effect of
key seats,

THEL e

d= \/ Ll II;IPfor bare shafts, ()
3 50 7P :

d= \/70 I{P for shafts carrying pulleys, ete.,  (v)

1 — #7204 for bare shafts, (w)

1 = 140 @2 for shafts carrying pulleys, ete., (z)

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 thus:

(M= égD and T= A—4]'—) for solid shafts.

AD*—ad? AD*—ad?
M="—gp—and T=—p,

D being full diameter and 4 corresponding area, d is the
internal diameter and a corresponding area.

for hollow shafts.

BELTING.

When designing shafting, allow for the tension of belting,
50 Ibs. per inch of width for single leather belt or its equiva-
lent, or 80 Ibs. per inch of width for double leather belt, or
its equivalent of other material.
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WORKING PROPORTIONS FOR
CONTINUOUS SHAFTING.
MEDIUM STEEL.

Transmitting power, but subject to no bending action except its own weight,

; Revolutions per Minute.
Di Maximum Muozimum
| e |
Shaft in| Moment iﬁ 100 150 \ 200 <8 0 g;laiggiz
Inches. Foot 3 | Bearz’nbs.
SORES o (R | mp | mp | wp
[
1 618 7| 10| 4| 1| 2| n7
15g 786 2 Al T 17 21 26 124
13, 982 11 16 21 26 32 13.0
17 1208 13 20 26 33 40 13.6
2 1467 16 24 32 40 48 14.2
21 1758 19 29 38 48 58 14.8
21y 2088 23 34 46 57 68 154
23y 2457 27 40 54 67 80 16.0
21, 2865 31 47 62 78 94 | 165
. P4 | 3896 42 62 83 | 102 | 124 17.6
3 4950 54 81 108 134 162 18.6
3 6293 69 103 137 172 206 19.7
3% 7860 86 129 172 215 258 20.7
33 9668 105 158 211 264 316 | 216
|
4 11733 | 128 | 192 | 256 | 320 | 384 1 22.6
\
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WORKING PROFPORTIONS FOR
CONTINUOUS SHAFTING.

MEDIUM STEEL.

Transmitting power, and subject to bending action of pulleys, belting, ete.

Diam-
eter of
Shaft in
Inches.

1%
15g
13

175

21y
2y
2%

21

3

3%

Maximum
Safe

Torsional
Moment in
Foot-
Pounds.

618

786

982
1208
1467
1758
2088
2457
2865
3896
4950
6293
7860
9668

11733

Revolutions per Minute.

Mazimum
= Distance
100 150 200 250 300 l?étﬁsfz
Bearings.

HP | HP | HP | HP | HP
5 Y 10 12 14 6.8
6 9 12 15 18 7.2
8 11 15 18 22 75
9 14 19 23 28 7.9
11 17 23 28 34 8.2
14 21 27 34 42 8.6
16 24 33 41 48 8.9
19 29 38 48 58 9.2
22 33 45 55 66 9.6
24 36 48 60 72 9| 102
39 58 77 96 116 ? 10.8
49 74 98 123 148 114
61 92 123 153 184 12.0
75 113 151 188 226 | 125
91 137 183 228 274 131




DIAMETER IN INCHES FOR ROUND STEEL

SHAFTS.

PROPORTIONED FOR RESISTANCE TO TORSION, WITH
THE LIMITATIONS DESCRIBED ON OPPOSITE PAGE.

|
\

3 =2
g & Di ter § g;j:
| | P |3
Eﬁ g"'ﬁ Cbndz(ums >‘§
3‘5 h.l‘ Described. 3
3.2 *i I : .§£2
e No. 1. No. 2. N S8
Ak R
| !
500 | 095 |24 |26|29| 15000
600 | 1142628 30 18000
80 | 15228 |30 33 21000“
1000 | .190 | 2.9 3.2}3.5 25000 |
|
1200 | .228|3.0 |33 | 36 || 30000
1500 ‘ 286 | 3.2 | 35|38 || 35000
1800 | .343 | 3.4 | 8.6 | 4.0 || 40000
2100 | .400 | 35| 3.8 | 42 | 45000
oo | e | a7 | | 50000
3000 | .571 (38|41 | 60000
|
4000 | 761 4.1'44‘49 70000
|
5000 | 952 |44 |47 52 80000
|
6000 | 1142 | 46 | 49 54 || 90000
8000 | 1.522 | 4.9 | 5.3 i 5.8 || 100000
10000 | 1.903 | 52 56 61; 120000
12000 | 2.284 | 5.4 58’64; 150000
\

2.855
3.425
3.996
4.757
5.709
6.660
7.612
8.563
9.515
11.418
13.321
15.224
17.127
19.029
22.835
28.544

Diameter in

Condcsinmn

Described.
No. 1.| No. 2.“1\’0. 3S.
57| 62| 68
60| 65| 7.1
62| 67 174
65| 70| 7.7
68| 74| 81
71| 76| 84
73| 79| 87
75| 81| 9.0
77| 84| 92
81| 87| 96
84| 91100
87| 94 | 10.3
90| 97106
92| 99109
9.6 | 104 | 114
10.2 | 11.0 | 12.1
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TORSIONAL STIFFNESS OF SHAFTS
Torsional elasticity is calculated from the following
formulee : 71
X = apear—
il il 7
X = length of arc of deflection, for a unit of length and
unit radius.
T = moment of torsion.
= length of shaft subject to torsion.
]/) = pol‘n' moment of inertia of crose- -section.
E' = modulus of torsional shear = 4 of the modulus of
elasticity or about 11,600,000 pounds for steel shafts.

From this is obtained the angle of torsion in degrees J for
each foot of length L for steel shafts of diameter “d’ in

inches :
; R ) : i
V= {e6i for round shafts.
- TL
V=ss0a for square shafts.

The amount of torsional yield or twist permissible is
obtained by experience and depends on the service to
which the shaft is subjected. The following is considered
good practice within the limits of length usual in ordinary
practice :

PERMISSIBLE TWIST PER FOOT OF LENGTH.
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 rule, for round
steel shafts diameter d in inches for torsional moments 7' in
inch pounds or for

I. P. __ horse-power in foot pounds per minute

R. P. M.~ — number of revolutions per minute
T = o N AT
‘ =i 9 R
Ne: 1o d 278 \/ 7 44 \/1, Bl

iy w4l P
In O " oL
No.2. d = .30 \/ T—=—475 \/_I{.*l’. A

(1—s3 J TP
s iR A R.P. M.

The table on opposite page gives diameters for shafts corre-
gponding to given torsion moments or power transmission,
and for the three cases of limitation of twist described above.

If the shaft is subjected to bending stress in addition to
twisting, it should be reinforced as previously described.

o

No.3, & = &

W
W
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PENCOYD TURNTABLES.

LONGITUDINAL SECTION AT CENTER.

000
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PENCOYD TURNTABLES.

The Pencoyd Standard Turntable is entirely center bear-
ing, resting on three hardened steel dises of sufficient diam-
eter to distribute the pressure. The discs are placed in an
oil box, a steel casting, which is bolted to a cast-iron base.

The pivot is made of cast-steel and fits between the
two upper cross channels, through which pass the two sus-
pending bolts.

The four end truck wheelg, which simply steady the table
in turning, are made of chilled cast-iron ; these wheels
should always clear the circular track rail about one inch
when 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 heaviest engine and tender.

DIMENSIONS OF PENCOYD STANDARD TURNTABLES,
IN FEET AND INCHES. .

[ B Er.en |
Depth |
: . ‘ | Depth | from top | Depth
; U%,;';ﬂf{', Diam, D‘,‘,’,Z"' }I)ium.‘f""i" ’_‘}P [ nhard’ l(,%;'(lgrf ?‘o.lal
Size.  “u” | of |cireutar] & | . Tosto | A0S 10 in center| el
toiout. | o iract. center| Ongres 0| wpof | back to [ et
| dises. c‘;’lll‘lg | circular | pack of | lbs.
‘ CORLET trackrail.| angles. ‘
. ‘ 1
507 50.0 |50.8| 47.8% 7”’ 3.9% 2.1} | 4.6% 25200
55/ 55.0 5.58! 52.73 | ok i 393 2.1} | 4.6} (26800
55 heavy| 55.0 |55.8|52.73 | 77| 3 93 213 | 4.63 (28400
607 60.0 (30.8‘ B7.7 | | -8.9% 213 | 4.63 (34000
60’ heavy| 60.0 1 130.8‘ A AR R AL R 2.1} | 5.03 {37800
657 65.0 (55,8: 62.6%| 77| 3.9} 214 | 4.6} (36000
65/ heavy| 65.0 |65.8 62.6} 87| 393 2.1% | 5.0% (39500
| |
7ol 75.0 |75.8|72.6%| 97| 5.7% 3.05 | 5.0 |61000
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MAXIMUM BENDING MOMENTS ON PINS,

Wit EXTREME FIBRE STRAINS
VARYING FROM 15,000 10 25,000 POUNDS PER SQUARE INCH.

* Moments in Inch-Pounds Jor Fibre Strains of

Diameter| Area ”’l ‘ Diameter
of Pin in| P o | 15,000 ibs. | 20,000 2bs. | 22,000 ibs. | 25,000 lbs. \of Pin in
anches. l ] per ‘ per per per | Inches.
e i Sg Inch. | Sq. Inch. | Sq. Inch. | Sq. Inch. |
1 | 0785| 1470 | 1960 2160 2450 1
1% | 0.994 2100 | 2800 3080 3500 | 1l
1Y 1227 2880 3830 4220 4790 1y
I4g 1.485 3830 5100 5620 6380 | 1%
1% | 1767 | 4970 6630 7290 8280 1%
15g \ 2074 6320 8430 9270 10500 15
A3 ‘ 2.405 7890 10500 11570 13200 ‘ 13
17 | 2761 9710 12900 14240 16200 | 17

2 : 3142 | 11800 15700 17280 19600 2

2y | 3547 | 14100 18800 20730 23600 2l
2y, | 3978 | 16800 22400 24600 28000 21,
2% | 4430 | 19700 26300 28900 32900 2t
2% | 4909 | 23000 30700 33700 38400 21
25 | 5412‘ 26600 35500 39000 44400 255
2% | 5940 | 30300 40800 44900 51000 3
27 | 6492 35000 46700 51300 58300 27
3 | 7039 | 39800 53000 58300 66300 3
3l | 7.670 | 44900 59900 65900 74900 | 3l
3t 8293 | 50300 67400 74100 84300 3y,
3% | 8946 56600 75500 | 83000 94400 | 3%
3% | 9.621| 63100 84200 | 92600 | 105200 31,

3"43 (10.321 70100 93500 | 102900 116900 3%

3% |11.045 77700 103500 113900 129400 3%
3% |[11.793 85700 114200 125600 142800 3
4 12.566 94200 125700 138200 I 157100 | 4

4l 13364 | 103400 137800 151600 | 172300 | 4%

41, 14183 | 113000 150700 | 165800 188400 41
4%g 15.033 | 123300 164400 | 180800 205500 43
41, 115.904 | 134200 178900 196800 223700 41
45 | 16.800 | 145700 194300 | 213700 ‘ 242800 i 455
4% 17.721 | 157800 210400 231500 263000 4%
4

3
gt
7y [18.665 | 170600 227500 250200 284400 | 475
19.635 | 184100 245400 270000 306800 5

55 120.629 | 198200 264300 290700 330400 ‘ 51
51y |21.648 | 213100 284100 312500 356200 ‘ 5l
5% [22.691 | 228700 304900 335400 | 381100 5%
5% |23758 | 245000 326700 359300 i 408300 515
5% 24850 | 262100 349500 384400 | 436800 5%
&% 25967 | 280000 373300 410600 466600 5%
575 |27.109 | 298500 398200 438000 | 497700 | 57
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MAXIMUM BENDING MOMENTS ON PINS,

WitH EXTREME FIBRE STRAINS
VARYING FROM 15,000 T0 25,000 POUNDS PER SQUARE INCH.

3 Moments in Inch-Pounds for Fibre Strains o
Diameter| 4rea ”fl —f

l Diameter

i Pin in| P 15000 gps, | 20 tmu 1bs. 22,00 000 1bs. | 25,000 ibs. |of Pin in
Inches. I q? per per Inches.
nenes. | Sq Inch. | Sq. [II(.‘/I Sq. 1710’1. Sq. Inch.

6 28.274| 318100 424100 466500 530200 6

6% | 29.465| 338400 451200 496300 564000 61
61 | 30.680 | 359500 479400 527300 599200 61
6% | 31.919| 381500 508700 559600 635900 6%

6l | 33.183| 404400 539200 593100 674000 61,
69k | 34.472| 428200 570900 | 628000 713700 6%
6% 35.785| 452900 603900 664200 764800 6
675 | 37.122| 478500 638000 701800 797500 673

7 38.485| 505100 673500 740800 841900 7

T | 39.871| 532700 710200 781200 887800 T
7Yy | 41.282| 561200 748200 823000 935300 Ty
T3 | 42.718| 590700 787600 866300 984500 T8

T | 44.179| 621300 | 828400 911200 ‘ 1035400 T
75, | 45.664| 652900 | 870500 957500 | 1088100 TR
T3 | '47.173| 685500 | 914000 | 1005300 | 1142500 T3
T | 48.707| 719200 | 958900 | 1054800 | 1198700 T

8 50.265| 754000 | 1005300 | 1105800 | 1256600 8
8l | 51.849| 789900 | 1053200 | 1158500 | 1316500 815
81, | 53.456| 826900 | 1102500 | 1212800 | 1378200 81
83, | 55.088| 865100 | 1153400 | 1268800 | 1441800 8%

81, | 56.745| 904400 | 1205800 | 1326400 | 1507300 81,
85 | 58.426| 944900 | 1259800 | 1385800 | 1574800 8%
8% | 60.132| 986500 | 1315400 | 1446900 | 1644200 89
875 | 61.862| 1029400 | 1372500 | 1509800 | 1715700 875

9 63.617 | 1073500 | 1431400 | 1574500 | 1789200 9
9y | 65.397 | 1118900 | 1491900 | 1641100 | 1864800 915
9l | 67.201| 1165500 | 1554000 | 1709400 | 1942500 91
935 | 69.029 | 1213400 | 1617900 | 1779600 [ 2022300 9%

|

91, | 70.882| 1262600 | 1683400 ‘ 1851800 | 2104300 9l
955 | 72.760 | 1313100 | 1750800 | 1925900 | 2188500 995
9% | 74.662| 1364900 | 1819900 }‘ 2001900 = 2274900 9%

975 | 76.590 | 1418100 | 1890800 | 2079900 | 2363500 9

10 78.54 | 1472600 | 1963500 | 2159900 | 2454400 10

10y, | 82.52 | 1585900 | 2114500 | 2325900 = 2643100 107
10% | 86.59 | 1704700 | 2273000 | 2500200 | 2841200 10%
10%; | 90.76 | 1829400 | 2439300 ‘ 2683200 | 3049100 109

11 95.03 | 1960100 | 2613400 | 2874800 | 3266800 11

117, | 99.40 | 2096800 | 2795700 | 3075400 | 3494800 11

§ 114, [103.87 | 2239700 | 2986300 | 3284800 | 3732800 1115
12 113.10 | 2544700 | 3392900 ‘ 3732200 | 4241200 12




STANDARD PINS AND NUTS FROM
2” TO 9 DIAMETER.

an
ra

Pins 3310 67\ R

Pins 6410 9" N

¥
Grip G
PIN. NUT. 2 wasuer.|
S . | Serew.] & . i BA T
§: | sd| 22 iaralo8k8 (o8 BLRsl § 1.
& | 39|88 |38 ]ls<l5E=|seas3)ES] § (5|8
S Ss |3 PIRSESRSSNNES] § 138
e S <=
S | SE|RE|§|5|=S=2 2 B3] 2 (3|5
] &5 | & 1ZI1°]|R | S F RSlR 8| |
2 [2.00/2.0800.080(1%|1%0154;| 38} | 8% | 2] % | 44 %’211.'1
2142/25 2.280(0.030(1%; (130155, 3% | 3% |21 1 | 4% 3|25
21412.50/2.580/0.080|2" |13} 113g| 8% | 457 | 21 14 | 4%|% |25
23{(2.75|2.780(0.080|2 (130185 8% | 45| 2] 4 | 5 |%|2%
33.00[3.080/0.020(21413Z0274,| 41: | 554 |8 | 1 | 6%|% /31
314(3.25(3.2800.030(23; |13 (255, 41 | 554 | 8 | 1 | 5% 5|35
314350 3.530}0.030 217|135 2%51 4% | 8% | 8 | 4| ek|%|sx%
|
83{3.75 s.v’n]o.ozl wl 5 | sy sid x| exliclan
4 |4.00/4.022/0.022 5. 5 | 5% |5} 35| 6% g4l
41/4.25 4.273/0.023 Sl 6% | 6% |7 ) 35 ) 7i|%|
41;14.50/4.5624/0.024 ol 6% | ex |7 | %1 7%
45|4.75/4.7'75/0.025 asl 6% | 63 |7 | 32| 7i|iZ]a%
5 |5.00/5.026/0.02: sadl ei; | 7i; |81 % | 8|3 |5k
51|5.25(5.277/0.027 sig ek | 73 | 8k X iz
51315.60/5.5628/0.028 454 T 8 11 34 }é[
5%5.75/5.779/0.029 a4l 7 | 8y 1 | % 1
6 6.006.030/0.030 4546 T 8% 11 3% FARA
) ‘ T
oxle.26l6.28 |0.030l5 |asdlang| 73| esgha | 5| o7lscles
614/6.50 0.0305 (asglang 73 | sigia | 3 l10i 5 6%
636.75 5% 8 | 92 N3] 3 103 5%|6%
7" |7.00|7 65, 84 | 9% 3l % |10%i5; (71
7y4(7.25(7. 5% o [10% N7 | % |11%|5 |75
g S5 5, ok b7 | Kl
8 '8.00 654 93 [11 5 hai %
8_!?8.25 6:9{,, 10:;; 11134 g 12:,,\7,;
8158.50 613 10 |1114 4 |13 1%
83;8.75 T4 11 (1214 % {185 %
o 9.00 78|11 (1284 %[a7 |5

Nore.—To obtain grip @ of pin, add f extra for each bar packed together
with the proper additional amount given above in the table,
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STANDARD COTTER PINS FROM
17 TO 3}" DIAMETER.

Diameter
of Pin.

Ty
1
13

2%

w

1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00

31, 825

3%

3.50
3.75

‘ Diameter of Pin Hole.

1.03
128
1.53
178
2.03
2.28
2.53
2.78
3.03
3.28
3.53
3.78

Play in Pin Hole.

0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

H.
Thickness of Head

Diameter of Head

|

£ |

1,
13

23/8
255

3

3%

41

i

%

%
3
3
3

o

2

lliz

Taper at End
it

Le%ﬂh
under Head equal to.

Length
M
over all equal to.

Size of Cotter
C.

Ts X 75
15 X 15
75 X ¥
5 X 3%
3x}
ix
x4y
§x4y
1x4%
x4
§x
§xdz

G+ %
G+ %
G+
G
G+ %
G+ T
G+ 1%
G+1%
G+ 1%
G +1%
G + 1%
G+ 1%

G+ T
G+ %
G+1
G+1
G+1Yy
G+ 11y
G+1%
G + 1%
G + 1%
G+ 17
G + 2
G + 215

1x1g
3x2
fx2)
75X 2§
§x3
§x3}
fx3
Tsx4
1x5
$x5
§x6
§x6

Diameter of Pin
s




PENCOYD STEEL SLEEVE NUTS.

U. 8. Standard Thread.

. PEANESS ||
£ ) : \“ ,“=
% 30 St
”/////4// Se=—
Round Bars. | Square Bars.| E-g 3 i 5‘; .s.:; gﬁz § 5;
Sizeof | F3 | BE|SS Qi g[8 [95
' . Upset. | £8 | §% §< 5| &8 _3 =3
NN = S RIS |3 %
ST T e R e T
Diam. | Area. | Side. | Area. U. i ‘ b o 5 VRt B - ' 0. ‘I. e
SR S R S
5 | 0.307 Tgxd (1% |7 1rv,g| 17/51 1’@! 1
3 | 0.442 1 x4 [ |7 |1%1%| P Y%
3 | 05631%x4 | 1% [T 2 | 28| 1% | &% 3%
T | 0.601] Tg | 07661 x4 |13 | Th 2 |2f;| 19| 15| 4
1 |0.785 % x4 |2 |8 |2 2% 1% % 41
1% (09941 |1.0001%x4 |2 |8 |2%|2%| 1% %| 6%
13 | 1.227| 1% | 1.266(15 x 4% 2V | 8%| 2% | 3% | 17| &&| 8
13 | 1.485 13 x 4% 2Y | 81| 2% | 3% | 17| 1| 8%
1Y | 1563175 x4%)| 2% | 9 | 3% | 3% | 2% | % |10
1% 1‘767’ 1% | 18912 x5 |2% |9 |3%|3%| 2% %11
1% | 2074 x5 | 2% | O 3| 45| 2% | f5 |14
13 | 2405 1l | 2.2502Y x5 | 2% | 9%l 3% 4| 2% | & (15
175 | 2761 19 | 2641283 x 5% 8 (10 | 3% 41, | 2% | % |18
2 |3142 1% | 30632%x5% 3 |10 | 875 4% | 2% %19
21, | 3.547, 2% x Sl BY |10% 4% | 41] 275 11|22
| 17 | 351623 x 6 | 3y (10% 4% | 41F| 275 | 1} (23
2y | 3976 2 |400027:x6 |8% 11 '45.4, 5% | 81| 3 |27
2% | 4430 2% | 45163 x6 |31, 11 | 4% | 6% 3% %28
2Y% | 4.909 (Bl x 6% 3% 11% 6 | 51} 8% | 1§34
25 | 5412 2 | 50633% x 6% 3% 11% 5 | 513 8% | 13|35
2%, | 5.940 1Bx7 |4 [12 | 5% 6% 3% | Ts (39
’23/9 56413%x7 |4 |12 | 5% 6% | 3% | 75|40
25 | 6492 21 | 6.2503% x8 | 4y 121 5% | 61} 87| 1§(45
3 | 7.069 3% x8 | 41y [12% 5% 6{‘1,‘ 37| 18|47
3y | 7.670 2% | 689137x8 |41, 13 | 6| T | 4% (1 |52
3%y | 8.296 2% | 7.5634 x8 | 4% (13 6l 71,',5' 41 ‘1 55
3% | 8.946 275 | 8.2664% x 9 | 4% |131pf 6| 74 | 4% [14; |65
3% [10.320 3 |9.0004%x9 |5 |14 ’6?5 8 | 4% 11575
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' PENCOYD STEEL CLEVISES.

PROPORTIONED ACCORDING TO PENCOYD SPECIFICATIONS.

e

ot

£ 3 \ . &
i e

Distance X can be made to suit connections,—All dimensions in inches.

S4 |Square | Mazx. D, "".' | " & ‘ 9 Th 'ck-‘ E
E 5 q;ia:l. Pin. Upset. mglteeblt;f‘ Fork. ] Nut. Wld[h.‘ nle;ys. f%
EAS 2 ‘ = K
e ] P U. Y e e M Al - £ R i
3| 1 | 18 | 1px4 | 3| 13| 13| 13| L
3% | T ' 2 1Y x4 S | 1% | 1% | 1% )| 3% |9
8| % | 2 |Dgxd | S| 1| 1% 1% T
4 | 1Y | 2 | 175x4l% | 4% | 2 202 5%
iy | Vg | 2 | 1%xdp | 4| 2 | 2 2 | % |1
4| 1 2% ‘15 x4 4| 2 2 2 5% 2
41,’2 ’;78 2% 11‘4 x4 41\'_7' | 2 2 2 r’h
5 | 13| 2% | 2x5 |5 | 2| Pu| 2| %
5 Wy | 2% | 1%x4% | 5 2 | 2y | 2| % |,
5 I | 2% | 1gxdlp| 5 2y, | 2y | 2y | o5
5 1 8 15 x4 5 2y | 2% | 2Y | 5%

1 5% | 15 | 2% | 285x5% | 5% | 2% | 2% | 2% | ¥
5h | 1% | 2% ‘ 2 x5 5% | 2% | 25| 25| % |49
% | 18| 3 | 2x5 5l | 25 | 2% | 2% | By |
51% i 1y | 8% |17gx4% | 5% | 2% | 2% | 2% | %
6 | 13| 2% |2%x5% | 6 o | 2 | 23| %
6 | 15| 3 |23;x5% | 6 2% | 2% | 2% | % |n
6 1% 3l | 2 x5 6 2% \ 2% 923 B I
6 13g | 3% 2xz5 6 28 | i2eh 'l Foog G Y
6% | 17 23 x 6 6% | 3 ‘ 3 3 % |

3
| 6L 13 31/4 | 21/12 p 5]7(z 61(2 3 3 3 | Y8

B 65| 15| 3% |2%x5h| 6% | 3 |3 |3 | 7 ¥
‘ 6% | 1o | 3 |2%x5 | 6%| 3 |3 |3 | % |

‘ 7 2 3 |[27x6 7 Y | 3y | Yy | T .

7| 1% | 3% | 2%x6 | 7 |
7 | 1385 | 8% | 2%x5% | 7 :

7 | 15| & | x| 7 | | | 3| T |
Ph| 2% | 3 Yy x6%h | T E
T | 25| 3% | 3x6 : ,

Mo | 2 4 273x 6 Th| 3| 3% | | 1
Tp | 17| 4% | 2% x6 T | 3| 35| 3% | 1 |

The size of pin given for each combination of bar and clevis is the maxi-
mum size allowed, and cannot be increased, but may be decreased.




PENCOYD STEEL EYE BARS.

S N\ S
(O Al \&G RSN
b W—Width of Bar. D—2.8, Diam. of Hoad.
9 R—Radius of Crown. d—Size of Pin Hole. S
t c=—m — s f
R D d L
Mini Additional Length of
Width of ™ !’;l,:m"m Diameler of | Diameter of | Bar Beyond Centre of
Bar, : B"’e‘" o] Head. Largest Pin.| Eye Required to Form
o ’ One Head.
_——ty L | o L T R
|
3" 3 v | 7u 3!/ 1' 3'1
37 :1;4// ‘ 8" ~ 1" 51"
b L e - s
4 S ‘ 10% 5¢s 110
57 3"4” lll&n 4“1// 1: 9"/ ;
87 ) o : 121" 5}1” 2 03y”
§ g ¢ o O % AL oA
6 1 141, 6% 2 2l
7// 7/8” 16" 61";” 21 2:;411
77 }31/ 17”7 7]&11 2 7347;
8'/ 1’( 17/[ 6’/ 2! 234/1
8" 14" 18" /s | 2 6/
8" dgr | 18%r | T | 2 9%
9” |
g ’
9'/
10”
10”
10”
12”
127
127

Nore.—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 destruction. 7The maximum sizes of pins given in the
above table allow an excess in sectional area of head on line *ss” over
that of the body of the bar of 33 per cent. for diameters of pins, not larger
than the width of the bar,and 36 per cent. for pins of larger diameter than
the width of the bar; the thickness of eye being the same as the thickness
of thhe body of the bar, or not exceeding the same by more than {5 of an
mch.

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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TS ON SQUARE
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AND ROUND STEEL BARS.

ALLOWANCE FOR UPSI
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STANDARD FRAMING OF PENCOYD
BEAMS AND CHANNELS.

24" : 20"

|
I
|

"
=/ 2
o ecehl

|

3

f
T

"

R
3"i 8"}
2y o5 9t

[eee e
E

oo o

Pl b

2 Angles 4" x 3%" x %" x 18”. 2 4

|

-

ll,’.’;l(?ﬁ 4" x 31&!/ x _17611 x 15”.

1 ell 1 5”

o) 2" 2" 2Ye0ls”

(em bt

Pan

Yo
YO

0D

0D 050N
LY N X7 S NP

2 Angles 47 x 3%" x %" x 15", 2 Angles 6” x 3%" x %" x 103",
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STANDARD FRAMING OF PENCOYD
BEAMS AND CHANNELS.

W 3 o1a"
I il
® 7
N
! £
400 6D 1
el a a - ‘«@
@@ T i |
l_‘_l- A B H
= © :

2" o" 2/22;4"

o]
I i

2 Angles 6" x 3%" x %" x 8",

9 "

2" an 2362l

> [
3 |
|

2" o Ay
et C e
N AERNE iy

1] -fo0
ol oSt 40O
S

"
2" " 2% ok"
r—-»« ~—1 po=-ope o)
= : :’ﬁ," 1
I T""—"‘ B ] (\
ol o ST | PO
] [ B -0
— S al i

2np” P s

e L f—stecal

== = :
[l o] @ W AN A
Lol o] o 00|

2 Angles 6” x 3%" x " x 3",

2 Angles 6” x 3%" x 15" x 5”.

6//

2" 2" oX%2%"

(*-v}:«*l [ = —sfe >
JREER |

100

2 Angles 6” x 3%" x %" x 3".

4 "

200"

ool |

2 Angles 6” x 3%" x &" x 27,




r———————"—'* DL e X

CONNECTIONS FOR BEAMS OF
DIFFERENT DEPTHS.
(Framing Opposite.)

15" I and 12" 1. 12” I and 10” I.

10” T and 8" 1.
9”1 and 8" 1.

\ Set back %

(o]
e *‘O‘O [e)e)
& odhoof
=, e oy [ NP
CotlTorRean }
15" I and 9" 1. 12”1 and 8” 1. 10” T and 77 1.

9" Tand 7" 1.
8”Tand 7" I.

Uz/fl‘lﬁrﬁw@'/lﬂ
12T and 7" 1, 10” T and 6” 1.
9”1 and 6” 1.
8”1 and 6” I.

15” T and 7" 1. 12” I and 6” 1. 7" 1 and 6” 1,
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STANDARD SEPARATORS FOR PENCOYD
I BEAMS.

§ = E = <8 < E'G

s . S8 Bolts. S 8S§

: 8% SR RS, | _RS3

Size of (S' = — g wRE o oo Py

Beam in \‘E SEe 285 SE8

Inches., 3 SS= g-ﬁé S3s

<8 TR Size in SE S=X

= SIS | Number.| Inches, 3 BS§

£ <= =3

24 | 280 450 | 2 3 | 142 124
|

20 23.0 320 | 2 A 1.35 124

18 21.0 3.20 2 8 1.30 124

15 14.75 1.20 2 By 1.20 124

12 9.75 1.50 2 3y 1.14 124

10 6.50 1.20 i By 1.08 124

9 5.75 1.10 1 8y 1.04 124

8 4.50 1.00 1 3 1.01 124

v 3.75 0.90 ) B 0.95, 124

6 2.25 0.65 1 3 0.93 124

5 2.00 0.55 i B 0.90 124

4 L7 0.45 1 % 0.80 124

Separators for 18”, 20” and 24” Beams are made of §” metal.
Separators for 3” to 15”” Beams are made of §” metal.
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CONNECTIONS OF FLOOR BEAMS TO
COLUMNS.

Q Q@

Q @

Q @

Q2 &)

® '$

[ @ = =

. H %0 —a_ﬂ'
Q0
Qe £

©0
© 108




CONNECTIONS OF FLOOR BEAMS TO
COLUMNS.

oo o0 00




STANDARD ANGLE CONNECTIONS.

The connections illustrated on preceding pages are propor-
tioned, for a load uniformly distributed over a minimum
length of span as given below :

|
|
|
|
|
|
|
\

: i B : g | @ ik 3 g
Q = §s ] 2 52 ] 2
& | & PAT &) &R 8] §
24 | 2408 | 190
20 208 | 175 | 12 | 1248 | 120 | 8 | 80B | 50
20 |2008| 160 | 12 [1228| 90| 7 | 708 | 40
18 | 1838 | 160 | 12 l120B| 75| 6 | 67B | 60
18 |180B| 140 | 10 |102B| 85| 5 | 50B | 45
15 | 156B | 145 | 10 | 100B| 70| 4 | 40B | 30
15 | 154B | 120 9 x 9oB| 55| 3 | 3B | 20
15 | 152B | 10.0 ,‘ ‘

| |

All holes }§". All rivets 3.

‘When beams frame opposite each other into another beam
or girder with web thickness less than %7/, the above given
minimum lengths of spans ought to be increased in the pro-
portion of the web thickness to {%7/.

These connections are based on shearing strains of 10,000
pounds per square inch, and bearing strains of 20,000 pounds
per square 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 RIVETS THROUGH
FLANGES OF 227 BAR COLUMNS.

Si; i

B © | b
6inch.| 111 | 71
5 |10 |64
4« | gy 51
3« | |4




RIVET SPACING IN PENCOYD ANGLES.

Spacing for Flanges. Spacing for Braces, Ete.

T N
i
<

XY

i

S

el
Rivets

>
8

1
i
s'or

3/4" or 7/8"Rivets
:’,%
14
Ravets

R f 3%
38" Rivets

5/
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TABLE

SHOWING LENGTH OF RIVET-

SHANK REQUIRED TO FORM HEAD.
COUNTERSUNK RIVETS.

PLAIN RIVETS,

For weight of rivets, see page 268.

|
|

Grip.
&~ Length, -

S . Diameter in Inches. e Diameter in Inches. @ oy
$g - S8 <8
§§ ANEARAEN - AR
S . BN . SN
Length in Inches. Length in Inches. i

57 k7’4 L 17 v 3. 1’ 17 b Ve

A BIEENE 1 Al
? 1A 2| 28| 3|28 | & 1) e ig] £
29 8 '8 7a 1 ‘s 4 8 24 %4 24
|2 | 24| 2% | 2| 2% 7 1% | 1% | 1% ‘8
% 21 2% | 2% | 2% | 2% | 1 1% | 2 2 b
135 | 2% | 2% | 2% | 2% | 2% | 1% 2" | 21| 2 | 13
i%:; 2;‘& g?é g}x 27 };t 2| 24 | 2l § 1}
% | 2 bA 5| 8 3% %8 24| 2% | 2% | 1%
125 | 2% | 8 8| 84| 8% | 1% 25| 22| 25 | 12
1% | 2% | 81| 8% | 8% | 3k | 1% 25 | 2% | 2% | 1%
LA EMER AR IR B 25| 2% 2% | 1%
78 26 %8 72 78 P 8 % 7% 78
2 8y | 8% | 3% | 8% | 8% |2 3 |8 |sy]2
21 | 8% | 8% | 8% | 8% | 4 | 2% 81| 3% | 8 | 2%
2% | 8ls| 3% | 8% | 4 | 4k | 24 84| 8. | 8% [ 2%
2% | 8% | 8% | 4 45 | 4k 2% 8% | 8% | 84 2%
2k I8y 4 |4yl ay| 4| 2% | 84| 3%/ 8% | 8y | s | 24
2% | s% | 41| 4| 4% | 4k | 2% | 53| 8% | 85| 8% | % | 2%
25 | 4| 4| 45| 45| 45 | 2% | 812 | 8% | 3% | 8% | 5% | 2%
2% | 4% | 4% ta | 4% | 4% | 2% | 8% | 8% | 84 % | 4 27%
3 4% | 45| 4% | 4% | & 3 8% | 8% |l ay |3
S | 0F| 28| 26| 5| 8 | S | 2| 57 2| 2 ol B3
8ig | 4% | 4% | 6 | 63| 5l | 8% | 4| 41| 4l | 43| 4y | 3}
8% | 4% | 6 | 6l | 6la| B | 8% | 4| 4% | 4% | 42| 4% | 8%
3y | 47| 63| 6% | 6% | 635 | 835 | 43| 43| 45| a5¢| ax¢ | 3%
8% | 5 | Bl | 6% | Bl | 6% | 8% | 415 | 4% | 4% | 43| 4% | 8%
3% | 6% | 6% | 54| 6% | 6% | 8% | 4% | 4% | 4% | 4% | 5 | 3%
8% | 54 Ja | B3| 8% | 67 | 8% | 4% | 4% /5| & 5% | 8%
4 6% | 6% | 6% | 6% | 6 4 4% | 5 | 6% | 6% | 54 | 4
a1 | 53| 6% | 6% | 6 | 6% | 4516 | 6% | 65| 64| 53 | 4%
ai; | 5% | 5% ey | el | 4k | 6% | 6% | 6% | 8% | 51 | 44
4% | 6% | 6 | ey | 6y | 6% | 4% | 6% | 5% | 6% | 6% | 5% | 4%
4% | 6 61| 8% | 65| 6% | 4} 6% | 6% | 4%
4% | 65| 6% | 6k | 65 | 6% | 4% 6% | 6% | 4%
4% | 615 | 615 | 6% | 6% | 6% | 4% 57 a4y
4% | 6% | 6% | 6% | 6% 4% 6 6y | 4%
6 lex|ex|ex|7 |1%]s eyl ey |5
6% lex| 6% | 7 | 1| 74 | 5% | 8k | e | 51
8% lex| 7 | x| 4 i % | 84 ‘ 6% | 6l | 5%
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U. S. STANDARD SCREW THREADS.

= B ©ee©/mm
b | &3l 38 éé‘é §< fe|Es §~: §<| s
24| of | S¥ | =33 |sE2 |ST|RE|RD|SD|ED| &2
= S =R s ot SN =8 2f |l (S8 S8
e OBL | B SR < | S8 o [R5 | SR | 3R |SK | SR
& | 8% sefR e R RS

ey lflm Ins. | ‘m [ Ins.| Ins. Ins. | Ins. | Ins.
20 | .185|.0062| .049| 027 3| | # {2 1l
18 0074 | 077 | .04 18 i iit 1 &4
16 294 | .0078 | .110 | .068 g B B & £ &
14 | 344|.0080| .150| .093 33| 23| %| loa % @
13 | 400 | 0006 | .19 | 128 { gg} 1.0late 3
12 | 454|.0104 | .249| .162 43| 38 13 [ 13| % 3
| 507 | OU3| 307 | 202 15 1| 1y 1 2
10 | 620 | .0125| .442| .302 1} ‘ 14| 19%| 139] 3
9 | .731|.0138 | .601 |17 14| 133 245 ¢

1 8 | .837|.0156| .785| .550 1% [ 1817|2481 | 41

1 7 | 940 | .0178 | .994 113 15 | 244 244 13 | 1%

11 | 7 1065 |.0178 | 1.227| .893 2 1;5 25| 288 11 | 14

1§ | 6 |1.160|.0208 | 1.485 | 1.057| 2% 2§ | 244 344 1§ | 1%

15 | 6 |1.284|.0208 | 1.767 | 1.295| 2§ | 2/ 2.3 33 13| 14

1 51 1380 | (0227 | 2074 | 1515 24| 2b | 2i3| 3§ | 1§ | 1%

13 | 5 | 1491 | .0250 | 2405 | 1.746| 23 | 214| 3.%| 337| 1 li§

13 | 5 |1616 | .0250 | 2761 | 2051 213 2¢ | 313 4| 1% | 14

2 43 | 1712 | 0277 | 3.142 | 2.302( 3} | 34| 3§ | 437 2 | 11

21 | 41 | 1962 | 0277 | 3976 | 3.023 3} 3yl 4 44 21 | 24

21 | 4 |2176 | .0312| 4.909 | 3.719 8 atdl 4’| 5iil 21 | 2

2 4 | 2426 | 0312 | 5940 | 4.620 4} | 4. 433/ 6 | 21 |2

3 31 | 2.629 | .0357 | 7.069 | 5.428 4§ | 4% 5% | 613 3

3 3% | 2.879 | 0357 | 8.296 | 6.510( 5 | 4ii| 51F T4 3

31 | 3} |83100|.0384 | 9.621 | 7.548 5% | 5% 6y 7i| 3

3} | 3 |3317|.0413 | 11.045 | 8.641 55| 5 g‘ 61 81 | 3!

4 3 | 3567 | .0413 | 12.566 | 9.963| 6} | 67| T+ 841 4

41 | 27 | 3798 | (0435 | 14.186 | 11:329| 6} | 6 T4 9kl 43

4} | 2} 4028 | 0454 | 15904 | 12753 6 olf 741 o}’ 4i

4] | 2§ |4.256 | .0476 | 17.721 | 14.226| 71 | 74| 813101 | 43

5 21 | 4.480 | .0500 | 19.635 | 15.763 73 78 827/1049] 5

5p | 21 |4.730 | .0500 | 21.648 | 17572 8 | 743 9441134 5}

5 2] | 4.953 | .0526 | 23.758 | 19.267 8% | 8| 933117 | 5%

55 | 2§ |5.203 | .0526 | 25.967 | 21.262 8} | 81} 10,5 12¢ | 53

6 2} | 5.423 | 0555 | 28.274 23.008 9} | 94104 121§ 6




WEIGHTS OF BOLTS PER HUNDRED
SQUARE HEADS AND NUTS.

Dimensions in Inches.

Diameter. | 3g | 1y | 5y 3 T8 1B
Length. | Wbs. | lbs. | 1bs. bs. bs. lbs. | Ibs.
1% 9.720.4/ 37.0 | 58.0
134 110.5/21.3| 37.9 | 60.8
2 11.3/22.4| 39.9 | 63.2| 97.7 | 145
21, |12.1/23.6| 42.0 | 66.0 | 101.6 | 149
21, 112.9/25.0, 44.4 | 69.0|105.6 | 153
2% |13.7/26.4] 46.2 | 72.1|109.7 | 158
3 14.5/27.8| 48.3 | 75.2|113.8 | 163 | 240
3% |16.1/30.6) 52.5 | 81.4|122.0 | 174 | 253
4 17.7/33.4| 56.7 | 87.6 |130.2 | 185 | 267
41 |19.2/36.2 60.9 | 93.8|138.4 | 196 | 281
5 20.7/39.0 65.1 | 100.0 | 146.4 | 207 | 295
5% [22.2/41.8 69.2 |106.1|154.9 | 218 | 309
6 23.7/44.6) 73.4 |112.2 | 163.2 | 229 | 323
6% |25.2/147.4| 77.6 |118.3 |171.5 | 240 | 337
. 26.7|50.2 8 (124.4 | 179.8 | 251 | 351
7% |28.2/53.1 86.0|130.5|187.1| 262 | 365
8 29.7/66.0, 90.0 | 136.6 | 195.4 | 273 | 379
9 33.1 61.5] 98.0 | 148.8 | 212.0 | 295 | 407
10 36.5/67.0 106.3 | 161.0 | 229.0 | 317 | 435
11 40.0/72.5 114.6 | 173.2 | 246.0 | 339 | 463
12 43.5/78.0/ 122.9 | 184.4 | 263.0 | 361 | 491
Add‘itgtrm’;l #15 ] gt R N
Tiveasein 31| 55| 87 | 125 | 170 |22.2 |28.1
Length

1

bs.

620

34.8

15

bs.

370
390

410
450

470
490
510

530
550
590

630
670
710

42.0

1
1bs.

480
500
520

545
570
595

620
645
670
695

725
775

825
875
925

50.0

and Nuts are used.

| 1.2: 36|

5.3 ! 12.0 ) 15.0 |21.0 } 31.0 142.0 i 50.0

; Amount to be deducted from weights in table if Heragon Heads

64.0




WEIGHT OF BRIDGE RIVETS PER 100.

THIS TABLE ALSO APPLIES TO BUTTON-HEADED BOLTS.

Diameter ‘ ‘
of Rivetin| 3g o 5 3 T 1 | 15 1Y
Inches. 1 | |
| |
Length of | Weight Wezghl Wezghtl Weight | Weight | Weight | Weight | Weight
Rivet Un-| ~ 4 ' in in in in in
der Head | pyypgs, Pounds Pounds.| Pounds.| Pounds. Pounds.| Pounds.| Pounds.
in Inches. |
|
1Y% 5.7 12.8 22.0 29.8 43.9 66.6 3.8 127.1
1% 6.1 18.56 23.1 30.9 46.1 69.4 96.9 181.6
1% 6.5 14.2 24.1 82.4 48.2 72.1 |100.4 135.8
135 6.9 14.8 25.2 34.0 50.8 74.9 |103.9 140.2
1% 7.3 15.56 26.3 35.56 652.5 7'7.7 |107.4 144.5
1% 7.7 16.2 27.4 87.1 54.6 80.56 |110.9 148.9
2 8.0 16.9 28.6 38.7 56.7 83.8 [(114.6 163.2
2y 8.4 17.6 29.6 40.2 58.8 86.0 (118.0 157.56
2% 8.8 18.8 80.7 41.8 61.0 88.8 (121.6 161.9
2% 9.2 19.0 81.7 43.3 63.1 91.6 |125.0 166.2
2% 9.6 19,7 | 82.8 44.9 65.2 94.4 |128.6 170.6
2% 10.0 20.4 33.9 46.5 67.4 9'7.2 |182.1 174.9
2% 10.4 21.1 385.0 48.0 69.5 99.9 (1385.6 179.3
2% 10.8 21.8 86.1 49.6 71.6 (102.7 (189.1 183.6
11.2 22.6 87.2 51.1 73.7 |105.6 |142.6 188.0
81 11.6 23.2 38.3 62.7 756.9 (108.3 (146.1 192.3
34 11.9 23.9 89.8 654.3 78.0 (111.1 (149.7 1986.7
3% 12.3 24.6 40.4 655.8 80.1 |113.8 (163.1 201.0
3% 12.7 25.8 41.5 67.4 82.3 |116.6 (166.7 205.4
385 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 86.56 |122.2 (163.7 214.1
8% 13.9 27.4 44.8 62.1 88.68 |125.0 |167.3 218.4
4 14.3 28.1 45.9 63.6 90.8 (127.8 |170.8 222.8
41 14.7 28.7 46.9 65.2 92.9 |130.5 [174.8 227.1
4 15.1 29.4 | 48.0 | 66.7 | 95.0 (133.8 (177.8 | 231.4
43 15.6 | 80.1 49.1 68.8 | 97.2 |186.1 |181.3 235.8
4 15.8 30.8 50.2 69.9 99.3 |188.9 |184.9 240.1
45 16.2 81.5 51.8 71.4 (101.4 |141.7 |188.4 2445
43 16.6 32.2 52.4 73.0 (103.5 (144.4 |191.9 248.8
4% 17.0 32.9 53.56 74.56 [105.7 |147.2 (195.4 253.2
5 17.4 33.6 54.5 76.1 [107.8 |150.0 (198.9 2567.6
374 18.2 85.0 56.7 79.2 |112.1 (155.6 (206.0 266.2
34 18.0 36.4 68.9 82.3 [116.3 |161.1 |213.1 274.9
324 19.7 87.8 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 [227.1 292.8
3 23.6 44.7 71.9 |101.1 [142.0 [194.6 [255.8 327.1
8 26.8 650.8 80.6 |113.7 |1568.9 |216.7 283.4 861.9
9 29.9 55.9 89.3 (126.2 |1756.9 |239.0 (311.6 806.6
10 33.0 61.4 98.0 |188.7 [193.0 |261.2 |339.7 431.4
12 89.3 72.6 (115.4 ‘163.7 22'7.0 |305.7 |367.9 501.0

WEIGHT OF TWO (2) RIVET HEADS IN POUNDS.

% o 5/8 % | % | 1 ‘ | 114
Before driving..| .037 | .116 | 222 | .273| .453| .78 1.16 ) 67
After driving....| .082 | .082 | .147 | .246 | .369 | .54 ‘ 746 | 02

WEIGHT OF BODY PER INCH OF LENGTH IN POUNDS.

ERES '17/7i1-j1n8\11[

Before driving.. 031\ 056‘ 08'7\ 125 | .170| .223| .282 | .348




PENCOYD SPECIFICATIONS FOR RAILROAD
BRIDGES.

Material.—1. All structures to be wholly of rolled steel (cast-
ings of iron or steel will be permitted only in machinery for
draw-bridges).

Live Load.—2. They 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, placed 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 represented 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 43 pounds per foot B.M., and the weight of rails,
spikes, and joints at 100 pounds per lineal foot of track.

Wind Pressure.—+. The wind pressure shall be assumed acting
in either direction horizontally :

First. 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
of 10 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 shall be assumed to weigh 800 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 being 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,
(' = centrifugal force in pounds,

where W= 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.—8. 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 above
mentioned engine and train loads. The effect of impact is to be
determined by the following formula :

=g (See Table, page 278.)
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I=1impact to be added to the live-load strain.
S = calculated maximum live-load strain.
where L=length of loaded distance in feet 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, 17,000 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 Strains.—11. For compression mem-
bers, these permissible strains of 15,000 and 17,000 pounds per
square inch, shall I‘)e_reduccd in proportion to the ratio of the
length to the least radius of gyration of the section by the follow-
ing formulee :

15,000
& itiiiey
13,50072
For medium steel, p = J%X\_
' 1100072
p=permissible working strain per square
inch in compression.
! =length of piece in inches, centre to
centre of connection.
r = least radius of gyration of the section
in inches.
(See Table.)

For soft steel, p=-
o 5

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 Strains.—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 Strains.—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.

15. 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 the centre, but in opposite direction.

18. All other members which are subject to direct 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. In 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-holes they must be taken % 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 unsugported 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
# of an inch in thickness.

26. 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 gy of the unsupported distance between flange angles,
at points throughout the length of the girder, generally not
farther apart than the depth of the full web plate, with a maxi-
mum limit of 5 feet.

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 J; 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, and 6% 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 % inch, and have a full and even bearing
on stringers.

% .‘-il. Every fifth tie shall be fastened to the stringer by a #-inch
olt.

32. In case of deck bridges, with ties resting on the upper chord,
when the distance between centres of trusses exceeds 8 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
6% feet between centres.

34, In through-plate girders, the floor stringers shall be spaced
63 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 #-inch bolt. Splices shall be over floor timbers
with half-and-half joints of 4 inches lap.

36. The floor timbers and guards must be continued over piers
and abutments.

37. On curves the outer rails 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 CONSTRUCTION.

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 shall 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 transverse strut.

272




S

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 Vd for steel rollers between steel
gsurfaces (d==diameter of roller in inches).

Friction Plates.—46. For bridges less than 100 feet in length,
one end shall be free 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.

Temperature.—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 proportioned 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
joints by a plate on each side of the web, capable of transmitting
the full shearing strain through splice rivets.

Rivets.—51. The pitch of rivets, in the direction of the strain,
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 13 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.—H4. 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 #%5 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 4, and double bars connected by a rivet at the inter-
section of not less than ¢ of the distance between the rivets con-
necting them to the member; and their width shall be:

For 15-inch channels, or built sections ), . . .. ST
with 33- and 4-inch angles. 2} inches (¥-inch rivets).

For 12- and 10-inch channels, or built
sections with 3-inch angles.

For 9- and 8-inch channels, or built
sections with 23-inch angles.

2} inches (#-inch rivets).
2 inches (#inch rivets).

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




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 shall extend not less than 6
inches beyond the edge of the tie plate.

Joints.—H8. 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.

Least Thickness of Material.—59. For main members and their
connections, no material shall be used less than £ of an inch thick ;
and for laterals and their connections, not less than % of an inch
thick except for lining or filling vacant spaces.

Eye-bar Heads.—60. The heads of eye-bars shall not be less in
strength than the body of the bar.

Symmetrical Sections.—61. All sections shall preferably be
made symmetrical, and the pins placed in the line of the neutral
axis.

Camber.—62. 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 & of
an inch to every 10 feet.

Nuts,—63. All nuts must be of hexagonal shape.

WORKMANSHIP.

Riveted Work.—64. All riveted work shall be punched accu-
rately with holes % 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.—66. 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 % of an inch larger than the
punched holes, so as to remove all the sheared surface of the
metal.

67. 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
s0 required.

69. Wherever possible, all rivets shall be machine-driven.
Power riveters shall be direct-acting machines, worked by steam,
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 Work.—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 Work. —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 & 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
flu of an inch for pins 3% inches in diameter, which amount shall
e 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 use 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
fromI 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 4 square inch section. All broken
samples must show a silky fracture of uniform color.
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89. Fvery finished piece of steel shall be stamped with the blow
number identifying the melt.

90. Steel shall be of two grades : soft and medium.

Soft Steel.—91. Soft steel shall have an ultimate strength of
50,000 to 60,000 pounds per square inch, elastic limit of one-half
ultimate strength, and a minimum elongation of 26 per cent. in
8 inches. This steel must bend double to close contact, without
sign of fracture on the outside.

Medium Steel.—92. Medium steel 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 than
one-half the ultimate strength, and a minimum elongation of 22
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. d

94, Fullsized eye-bars must elongate 10 per cent. in a gauged
length of 10 feet, and break in the body of the bar.

Pin 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-
thirdl 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 rolled
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 this 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 £ to # per cent. carbon and not
over ¢§ per cent. of phosphorus, and shall be practically free
fromelow holes.

Cast Iron.—103. Except where chilled iron is specified, all cast-
ings shall be 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 between supports 12 inches
apart, shall bear 2,500 pounds or over, and deflect .15 of an inch
before rupture.

Timber.—104. 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 defects 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 quality 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.—111. 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 destruction, 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.

C. C. SCHNEIDER,
Chief Engineer.
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COEFFICIENTS OF IMPACT.

300 ‘ 300 “ 300 300 300
& L+3001L' L + 300 ]L' L + 300 i L+ 300 & L + 800
5| 0984 | 31 0.906 i57 0.840 | 83| 0.783 |145| 0.674
6 0980 |32 0904 |58 0838 | 84 0781 |150| 0.667
7| 0977 | 33 0901 |59 0836 |85 0779 155/ 0.659
8 0974 | 34/ 0898 | 60 0833 |86 0.777 ||160| 0.652
9| 0971 |35/ 0896 | 61| 0.831 | 87| 0.775 [165] 0.645
10/ 0968 | 36| 0.893 | 62/ 0.820 | 88 0773 |170| 0.638
11 0965 | 37| 0.8% |63 0.826 |89 0771 175 0632
12 0962 | 38 0838 | 64 0824 | 90| 0.769 180 0625
13| 0958 [ 39| 0885 | 65 0822 | 91 0767 |185 0.619
14 0955 | 40 0882 | 66| 0820 | 92| 0765 |19/ 0.612
15 0.952 | 41| 0.880 | 67 0.817 | 93 0.763 195" 0.606

|

16 0849 | 42 O8TT | 68 0815 | 04 0761 |20 0.600
17| 0946 | 43 0875 | 69 0813 | 95 0759 i210|1 0.588
18 043 |44 0872 |70 08U | 9 0758 220 0577
19| 0940 | 45/ 0870 ‘711 0.809 | 97 0.756 }230‘ 0.566
20| 0937 | 46 0.867 | 72 0.806 | 98 0.754 |240| 0.556
21l 0935 | 47 0865 | 73 0804 | 99| 0.752 ,250{ 0.546
22| 0932 | 43 0862 || 74 0802|100 0750 260 0.536
23 0920 | 49 0.860 || 75 0800 105/ 0.741 |270| 0.526
24 092 |50 0857 |76 0798 |110| 0.732 [280| 0.517
25| 0923 | 51 085 | 77 079 15 0725 |20 0508
2 0920 |52 0852 | 78| 0794 120 0.714 |300| 0.500
27| 0917 | 53| 0.850 791 0.792 125/ 0.706 |400| 0.429
28| 0915 | 54| 0.847 || 80 0.789 |130| 0.698 |500| 0.375
20 0912 |55 0845 | 81 0787 |135 0690 |600| 0.33
30| 0.909 5| 0843 | 82 0785 140% 0682 |
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PERMISSIBLE COMPRESSIVE STRAINS.

p=strain allowed in pounds per square inch ; 7= length; » = least radius of
gyration (both in inches),

FORMULA. FORMULA., | FORMULA.

1 | Soft Steel. | Med. Steel.| ; || Soft Steel. | Med. Steel. 1 || Sast Steel. | Med. Steer.
, 7 :1_5;30_0_ T ,1,7,}20(1 T pilﬁ;g‘.’@_ 2112200 7 =15k2200 s L7-I‘2’0,9
§ g p00re T in000r2, ||' Tispeore ' Firooore  ||M i350002 T 17000 2
10/ 14900 16850 50| 12660 13850 | 90 9370 9790 [
12/ 14840 16780 52£ 12500 13650 | 92 9220 9610
" | 14| 14780 16710 ‘54' 12340 13440 | 94 9060 ‘ 9420
. 16/ 14720 16610 56| 12180 13230 | 96 8910 | 9240
‘ 15% 14650 16510 58; 12010 13020 ‘ 98i 8760 9080
i 20\ 14560 16410 ‘60, 11840 12810 ‘ 100I 8610 8910
22 14480 16290 62| 11670 12600 102 8470 8740
24‘ 14400 16150 ‘64 | 11500 12390 I104 8320 8570
‘3 |
26/ 14280 16020 |66 ‘4 11340 12180 ‘106 8180 8410
\ 28 14180 15870 (68| 11140 11970 108| 8050 8250
30 14070 15710 70‘ 11010 11760 ‘110‘ 7900 8100
32 13940 15550 72! 10840 11550 1112‘ 7780 7940
34“ 13810 15380 74! 10670 11350 ‘114‘ 7640 l 7790
1 36| 13690 15210 |76, 10500 11150 illﬁ; 7510 1 7650
38‘ 13550 15030 |78, 10340 10950 ;118“ 7380 7500
40 13420 14840 80| 10180 10750 (120 7260 7360
42J 13270 14650 (82| 10010 10550
44 13120 14460 - ]84 9850 10350
46‘ 12960 14260 |86 9690 10160 ‘
' 48‘ 12820 14060 |88 | 9530 9970 i.
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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
respectively. 3

The tables for timber, see page 284, have been principally
derived from experiments made under the direction of the
Division of Forestry, U. 8. 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.
Founpry METALS.

The gray irons, ordinarily used for castmgs are usually graded
in this section as Nos. 1 and 2 foundry, and No. 3, or gray forge,*
these classifications being determined bv fracture at the furnace.
Grades of higher number, which run mottled or white in frac-
ture, are too lmxd for ordinar y tool cutting, and are only used for
exceptional purposes in the foundry.

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 mﬂuence according to the ores from
which the metal is derived.

CHARACTERISTICS OF FoUNDRY TRONS.

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 than No. 2. Addptcd 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
pomts when approaching No. 4, or mottled in grade.

Cast-iron is quite variable in etrenvth 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 run between 30000
and 40,000 pounds tensile strength.

The elastic limit and modulus of elasticity are not distinctly
defined, as some permanent set can be observed under working
loads. For practical purposes in ordinary iron the elastic limit
can be called about 6,000 pounds, 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.

In 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
tmnsversclv, 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
Foundry 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. Weight per cubic inch, .26 pounds, or per cubic
foot = 450 pounds.

PHYSICAL PROPERTIES OF TIMBER.

The physical properties of timber, given hereafter, are derived
Lu‘gely from the recent prerlments of the Fore\trv Division,
U. S. Department of Agriculture, which form the most C(vmplote
and systematic series on record. The following general con-
clusions seem to be demonstrated :

1. That bleeding (the experiments were made on long leaf
yellow pine) has no material effect on the strength of timber, the
flexibility is slightly 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 attain in air-dried heavy timber.

‘When 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 strenvths than when air-dried.

Large timbers are equal in %trenvth per square inch of sec-
tlon tested every way, tosmall tlmbem provided they are equally
sound and contain the same percentdge of moisture.

The tests seem to indicate that the strength of woods of uni-
furm structure increases with the specific grav1ty irrespective of
species, 4. e., 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 per 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. Forestry Divi-
sion varied considerably from the mean values gl\ en 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 elastic limit given in connection with the data from the
U. S. Forestry Division, is the relative e]dstm hnnt sugﬂeqtul 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 initial 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 tests.
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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. 8. 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 formule heretofore proposed for resistance of the
wooden pillars, are not sustained by the results of recent
experiments, such as those made in 1882 at the 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.

Ratio of Length of 10 | 55 ‘ 60

Thickness. 15| 20 | 25

30"35 40{45150
4275410013875 3600 3275 2900?2475‘21 30/1760 1430
2340 2300 2190 2050/1890/1700 1490/1320 1090, 910
lmsolzosojwso‘1350‘17(x)‘|1530!1340|1190i 9&0i 820,

The table given on page 288 for wooden pillars, is based on
the above, corrected for seasoning, and taking one-cighth 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, but as if the sev-
eral timbers acted independently. Composite wooden pillars

should be treated as an aggregation of independent members.

YellowPine., . ., . . .. 440
VbitePine ... .\, \lals 2450
Hemloek ., | 1J sk o) lls | 2200

— | —
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PHYSICAL PROPERTIES OF WOOD.

Seasoned timber, moisture 12 per cent. and under.
Stresses given in pounds per square inch.

NAME OF MATERIAL.

K CATHOMIBRINY. . 10 Tt b dindl o 2 A Lae

Ullnn Ultim.| Ultim.
Resist. | Resist. Resist,
o | to ‘ to
Comp. Comp Shear
Ienglh Cross. 1 L gth.

Ultim. )
Resist. |

to
Tension.
|

17000 | 7200 | 1900 1100

BADOIL ) U0 M L A Lo IHER000 1 8000 !
Bux..............,...2000010300 ‘
Cedar (White) . Ay 5200 700 |
Cedar (Amuudn Red) 4| 10800‘ 6000‘ (N
BRI Tt e ot & aioiey ok e vl Al ’ 11500

Cottonwood (see l’opldr) A i g ‘
Douglas Spruce (Oregon Pine) " ' 13000‘ 5700 800|‘ 500
117500 R S AN DA A e T g ’ 13000 | - | 1300
R N T s S e '. ; “ 7100 1400 800
Hemlock* . 8700 5700| . . ! 400
Hickory (Aluu‘u ‘m) av emvo 19600 9500 | 2700 | 1100
Tignum Vite . . <. 7 - 11800 9900: L
Mahogany (Spamsh) ...... 14900 8200 . . | . .
Maple . . 11150“ 7150 | 1800 | 500
Oregon Pmc (see Dnu«'lucﬂprucc) P | | g :
Oak (Red) . . : 10250 | 7200 | 2300 | 1100
Oak (Blac k or Ycllo“) 10000/ 7300 | 1800 | 1100
Oak (White) . 13600 8500 | 2200 | 1000
Oak (Live) . BEADA ) } 3
Pine (\outhem Xellow lonu leaful) 130C0| 8000|1260 835
Pine (Cuban) . Y § : 13000| 8700 |1200| 770
Pme(thlolly) ............ 13000 7400 |1150| 800
Pine (White) 10000| 5400| 700| 400
Poplar . . 7000 5000| . .| . .
sprmc(\'nrthem) 11000| 6000 . . | 400
Spruce Pine (Pmus glabra of So. htutes) 12000| 7300|1200 800
Wainut (Black) . i 10500 | 7500 | 2500

Weight in Pounds per Cubic Foat of other Woods.

Cherry.‘.........................42.
SRSt e A R S e S SR B AR R
ORI o1 Hori St ba st Bogat Aot I8l q bl s § e R i LR

_*Indi_vidual tests of Hemlock seem to indicate a wood equal to White Pine;

284




PHYSICAL PROPERTIES OF WOOD.

Seasoned timber, moisture 12 per cent. and under.
Stresses given in pounds per square inch.

Ultim. Ordmary Workmg ;.
2 Modul. | Modul. Weight
R”,‘;”t' ?Iax/ic M a:)lulus U;l)f Flo_/‘ ! Stress. in Lbs.
Limit. Sy im. | Elastic per
‘g,’;ff:sr Elasticity. Bend'g. |Bend'g.| Tens. | Comp. | Trams.| Cu. Ft.

6280 | 7900 | 1640000 | 10800 | 7900 | 2000 | 1000 | 1200 | 39

5600 | . . . | 1645000 | 11700 |. . . | 2000 | 1000 | 1200 | 33
b g e s e taid b s el < e [ 2000011200 ) 1600 | .

1370 5800 910000 | 6300| 5800 1200 | 600 | 800 | 23

7200 (. . . | 1400 700|900 1)
1630 | . . . | 1140000 | 8100 . . . | 1400 600 | 900 | 41
!
6400 | 1680000 | 7900 | 6400 1400 | 700 | 1000 | 32
2 “ 1530000 |. . .

5890 7800 | 1700000 | 9500, 7800 | 1200 | 900 | 900 & 37
ode's I TIOO  y Bl s hatrets ., ol | 425,
6000 = 11200 | 2390000 | 16000 | 11000 2000 & 1200 | 1800 | 50
11700!. . . | 1500 | 1200 | 1500 | 83

< o .| <. .| 1255000 | 9550|, . . | 1500 | 1200 | 1500 | -53
BANUN R TR, RS AR R TO000M o AT e R N g
"9200 | 1970000 | 11400 | " 9200 | 1400 | 900 | 1200 | 45

., 8100 | 1740000 | 10800 8100 | 1400 | 900 | 1200 | 45
4400 9600 | 2090000 | 13100 9600 | 1700 | 1000 | 1500 | 50
8480, | 9040 [ 1851500 13300 10 oou il Ll [ e e
5600 | 10000 | 2070000 | 12600 | 9500 1600 | 1000 | 1500 | 38
.. .| 11100 | 2370000 | 13600 | 10640 |. . .|. . .|. . .| . .
AN 9200 | 2050000 | 11300 | 9400/ 1600 | 900 | 1200 | 33
2500 6400 | 1390000 | 7900 6400 1200 | 700 | 900 | 24
e R e R ey e BROO [ Wi THIG00. VSO0 I 760" i) 3
Q00 I, 1400000 | 8000 |. . . 1200 | 700 | 900 | 26
. . .| 8400 | 1640000 | 10000 | 8400 1200 | 700 | 900 | 30
4700 5700 | 1306000 | 8000 |. 1000 | 1000 | 900 | 38

i Wezqht in Pounds per Cubw Foot of olhcr Wooda

Elm . PP e it b SO
Ma]mr’any (Hondura.s) Ayt et e Y Tl G TR et
Sycamore . . . . 37

butowmg to frequent spiral growth of the wood it is not safe to so consider it.
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GREATEST SAFE LOAD UNIFORMLY DIS-
TRIBUTED FOR RECTANGULAR
WOODEN BEAMS 1 INCH THICK.

(For explanation of table see page 283.)

LENGTH OF SPAN IN FEET.

S| Edy TTe e el uls]6n]n
'i Timber. | 747 8 8 l 10 l 12 ‘ | ' iy
5 ‘ Safe Loade in Pounds per Inch of Tlncknes.. b
Hemlock. | 520 350 260 210 170 150 130 120 100 90
5 [SpruceorPine, 620 420 310 250 210 180 160 140 120 110
|0ak. 830 550 420 330/ 280 240/ 210 190 170 150

“Yellow Pine. | #800 700 520 420 350 300 260 230 210‘ 190
|Hemlock. #640 500 380‘ 300, 250 210, 190 170 150‘
6 Spruceor Pine| 900 600 450 360/ 300 260 220 200 180/ 160
|0ak. 1200 800 600 480/ 400 340/ 300 270 240‘ 220
Yellow Pine. | #960 #0960 750 600/ 500 430/ 370/ 330 300‘ 270
Hemlock. #750 680 510 410/ 340 290, 260 230| 200 190
|Spruceor Pine #[120° 820 610, 490 410‘ 350 310/ 270 MOi 220
Oak. | 1630 1090 820 650 540 470 410 360 330 300
Yellow Pine. #1120%1120 1020, 820 680 580 510 450 410 370

Hemlock. #850 #850 670 530 440 380 330 300, 270, 240

8 |Spruceor Pine’ ‘1280‘ 1C60 800| 640 530 460/ 400 360 320 290
Oak. #2130 1420 1070/ 850 710} 610/ 530 470 430 390
‘lellow Pine. #1280#*1280%1280, 1070, 890 760 670 590 5

Hemlock. | 960‘ *‘960“ 840/ 670/ 560 480 420 370 340‘ 310
9 Spruceor Pine #1440 1350 1010 810 670 580 510 450 400 370
0ak. #2400 1800 1350/ 1080| 900 770, 670, 600 540 490
'Yellow Pine. #1440%1440%1440) 1350 1120 960 840 750 670 610
Hemlock. % | 690 590 520 460 420 330
1o\pruceoere 8301 710 620 560 500 450
1110 950/ 830 740 670 610
1390 1190 1040‘ 930 830 760

7

‘Xellow Pine. #160!

Hemlock. i 1000 860 750 670 600 540
12 Spruceor Pine 920 1800| 1: ‘ 200 1030 900 800 720 650
Oak. 200 2400 1920 1600 1370 1200 1070 960 870
|Yellow Pine. 920%1920%1920 #1920 1710 1500 133012001090
Hemlock. 490+1490%1490| 1360 1170 1020, 900 820 740

14 Spruce or Pine #2240 #2240 #2240 1960 1630 1400 1220 1090 980 890

Oak. #3730 3270 2610, 2180 1870 1630 145013101190
Yellow Pine 2240‘“2240‘*2240;"2240 *2240 2040 181016301480
Hemlock. #1710 #1710 1520 1330 11801070 970

16 Spruceor Pine #25 e | 2550, 2130 1830 1600 142012801160

Oak, 3410| 2840 2440 2130 190017101550
‘lYellow Pine. # #2560 #2560 * 2560/ l‘2560 23702130 1940
[Hemlock. ?*1920 #1920 % 1020 1690 150013501230

18 Spruce or Pine #2883 p #2880 2700 2310 2030 180016201470
Oak. 4320 3600 3090 2700 240021601960
[Yellow Pine. ’-:r: '3:2880 "2880 2880‘2880 *2880 2700 2450




GREATEST SAFE CENTRAL LOADS FOR
RECTANGULAR WOODEN BEAMS
1 INCH THICK.

(For explanation of table see page 283.)

\

Ins. |

Kind of
Timber.

| Depth

Hemlock.
Spruceor Pine
Oak.
Yellow Pine.
{Hemlock.
Spruceor Pine
Oak.
Yellow Pine.
Hemlock.
Spruce or Pine
Oak.
Yellow Pine.
Hemlock.
8 Spruceor Pine
Oak.
Yellow Pine.
'Hemlock.
9 Spruceor Pine|
Oak.
|Yellow Pine.

Hemlock.

@

-]

-2

10 Spruceor Pine| 1250 830

|0ak.
|Yellow Pine.
/Hemlock.

12 Spruceor Pine
‘Oak.

|Yellow Pine. #1920%1920

Hemlock.

14 Spruce or Pine
Oak.
Yellow Pine.

Hemlock,

16 Spruceor Pine“75~‘2560‘ 2130

Oak.
“Yellow Pine.
{Hemlock.

18 Spruceor Pine
Oak.
&Yellow Pine.

LENGTH OF SPAN IN FEET.

4

|68 1012141618222
‘

310
420
520

[1
#1440
1040

| 1670
#1600
#1280
| 1800
| 2400

#1490
#2240
| 3270
#2240 %
#1710%

#4270
#2560
#1920 *
#2880

#2880 %

260

800 3600

Safe Loads in Pounds per Inch of Thicknese,

130

160
210
260

170
210
280
350
250
300
400
500
340
410
540
680
440
530
710
890
560
670

900
11205
690

1110
1390 1040
1000 750
1200 900
1600 1200
1500
1020
1220
1630
2040
1330
1600
2840 2130
25602560
1920 1690
2700 2030
2700
2880 %2880

1360
1630
2180
2240
1710

100

120
170
210
150
180
240
300
200

1200

,s;ol
100
140
170

120
150
200
250

170
200
270
340

220
270
360
440
280
340
450
560
350
410
550
690
500
600
800
1000
680
810
1090
1360

890
1060

1420

1780

| 1120

1350
1800

75
90

1170
760
910

1220

1520
960

1160

1540

80

61
100‘
1

70 60
9 85
120 100

75
90
130 120

150

130

95
110
150
190
130,
150
200

| 410
300
360
480
600
410
490
| 650
1020 810
660 590 530
800 710 640
1060 950 850
1330 11801060
840 750 670
1010 900 810
1350 12001080

456\ 50

45
55
75
95
70
80
110
140
95
110
150
190
120
150
190
240
150
190
250

340 310

480

2250i 1930‘ 1690, 1500‘1350‘1230




TOTAL SAFE LOAD IN NET TONS FOR

SQUARE PILLARS.

For Hemlock Pillars take 15 of load for White Pine.

Hyt.
in
Feet.

Kind of
Timber.

SIDE OF SQUARE PILLAR IN INCHES.

4y5|6|7fs|9‘10|12]14!1}:"

Totat Safe Load in Net Tons.

|Yellow Pine

6 |White Pine

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

Yellow Pine!
White Pine

Yellow Pine
White Pine

Yellow Pine
White Pine

Yellow Pine;
White Pine

Yellow Pine
White Pine

Yellow Pine
White Pine

Yellow Pine|
White Pine

Yellow Pine|
White Pine

Yellow Pine
White Pine

Yellow Pine
White Pine

Yellow Pine
White Pine

Yellow Pine,
White Pine

Yellow Pine|
White Pine

Yellow Pine
White Pine

Yellow Pine
White Pine

Yellow Pine

White Pine

Il i Lt p O RO SRR ODOTEe R0I00 00 SRR O - CONTE0 SNTICO NI 0D T O iR 2. i
OU HN b R U1 NG DI PO OU WO Ul N O HO DD RH 1w

| 17.3] 23.8 31.3
0.5 14.4 18.9

23.6/ 31

|

[t

f

11.8
7.2“ 10.5)
116 17.1
7'1| 10.3 14.3
11.3 16.8| 23.3]
69 102 14.1
110 16.5 23.0
6.8 10.1 14.0
10.7, 16.2 22.7
66 9.9 13.8
10.3 15.8| 22.3|

| 64 97 136

| 9.9 154| 2.9
6.2 9.5 134
9.5‘ 15.0| 21.5
6.0 9.3 13.2

| 9.0 145 210

| 5.7 90 129

| 84/ 139 205
65 88 127
7.9 13.4| 19.9
52 85 12.4
7.3 12.8| 19.3
49 82 121
6.7 12.2| 18.7
46 7.9i 11.8
6.0 11.5 18.0|
42 7.6 114
5.3 10.8 17.3
39 72 111
2.6 10.1/ 16.6
17| 6.8.' 10.7
24 9.3 158
16 64 10.3

Ll
e o
0w o ok ool wh ;oo o o o

39.8| 49.3
24.0| 2!

39.6
23,

20.7| 26.4

31.8
19.9\

©

©o ©©o

T ol et

S0 N 9l

U DO & g
Nih O N O i K~ WO I G-

DB
N
0

| 64

713

!
|

42.9

yasi
42.8

70.8
42.6

70.5
42.5

70.2
42.3

69.8

421
69.4

41.9

69.0
41.7

68.5
414

67.9|
41.2

67.4
40.9

66.8
40.6

66.2
40.3

65.5|

39.9r

64.8
39.6

W NO

39.
63.
38,

97.3127.3
58.5 76.5

|
97.1127.1
58.4 76.4

96.8126.8
58.2 76.2

96.5126.5
58.1 76.1

96.2126.2

57.9 75.9

95.8125.8
57.7) 75.7

95.4125.4
97.5 75.5

95.0125.0
57.3 75.3

94.5124.
57.0 7

93.912
56.8 7

93.412
56.5 7

92.812
56.2 74.

92.212
55.9, 7

91.512
55.6/ 7

90.812
55.2 7

90.1120.

s O

[*5]

e

Do

oy

WO WH W

89.311
544 7

W oM DO It O N Gk o oW

R

©

~3
NO NO




TABLE OF PHYSICAL PROPERTIES OF
METALS AND ALLOYS.

Stresses given in pounds per square inch,

viti- | Ulti-
mate | mate
Resist- | Resist-
NAME OF MATERIAL. a;tce 4700
0 0
Ten- | Com-
swon. press.
Aluminium Bronze.
10% Al 90% Cu. (rolled)./100000 .
1% 983 % ** (cast)...| 26800 .
Brass and Bronze.
Copper. Tin. Zine.
85 15 — | 35500, 95000
90 10 — | 33000, 75000
95 5 — | 30000/ 52000
90 — 10 | 30000, 48000
80 - 20 | 37000, 65000
70 — 30 | 43000( 79000
60 — 40 | 49000, 75000
50 — 50 | 24000117400
85 121, 25| 34500 . . .
70 10 20 | 31760 .
60 10 30 | 21500. .
55 1 4415 68900/ . . .|. .
Bronzc Mang‘mwe ((ast) 71200(130000| . .
(rol ed)100000. e
* iiPhosphop. . [ 55 47700, .
‘" Tobin (rolled) . .| 79400175000
(opper (cast) . . 24800 .
(sheet) . 32600/ .
“  \ire annealed. . 39800, .
Iron Cast (See page 281).
wire annealed . 45000(. . .|.
) “" hard drawn . 75000 . . .|.
E wrgt., rolled bars 50000| 36000 .
i lubes §0000(. . .|.
Lead 2050, 7350,
Steel (See page 18)
iin . st 3500, 6400
ch (cust) 5400(. . .

Resist-
ance
to
Bend-
ing.

41900

. [#17700

Elas-
tie
Limat.

16000
10000

9100
16400
16900
80000
21500
55400

8000
27000
30000
30000

1100

1670
4050

14.0
137
124
14.0
12.2

12.5

14.5
15.8

18.0

coo-

. o
e
‘o &

Weight
in
Lbs.

per Cu.
Inch.

319

.316
.310

*This was true elastic limit, the *‘ yield point’’ or *‘ apparent elastic limit "
given by drop of beam was at 38 640 pounds.

289




PHYSICAL PROPERTIES OF MATERIALS
; OF MASONRY, ETC.

All stresses given in pounds per square inch. For workmg stresses seep. 201.

MATERIAL.

Brick, Flatwise Paving.. . . . . .
Paving Brick, Phila. Specifications,
T T SRRl PR e BRI Nt

max.
min,

Yellow Fire ClaY. . o ¢ o o o « o 60« «

" max.
Hard Building.. . . . .. TR B
Soft BERXSON, ateisiids e #i d

Concretes, 1 month old, of following com-
position :

Cement mortar, 1 of natural cem., 2 of sand
Nmnral Cement Mortar and Furnace Smg
- ‘¢ Sandstone.

“ “ “ ‘“ lees"one*

‘" “ “ “ Gl’ﬂulte

“ . “ “ Trap
Cement Mortar, 1 of Portland cem. ,Zofsand
Portland (,ement Mormr and Furnace Slag!

‘“ Sandstone. .
“ “ “ “ leestoue*
i 1 ¢ & Granite.. .
‘“ ‘“ “ ““ Trap' A
Granite e Sl o 3RS S iedlelots {'::5;'
TAmestane, . AR L 1. - R (1= e
LT3 T RN RS R Hery
T e IS S R B s {'I’::}:
SIS 3 A S s e S e
e 7 ol BT S R sen Ui b A

Trans- Modulus

(/lltm W ght
Crush. | verse of |percu.
bl:enr]!h Strength| Elast'y. Faol.
20800 3100 4000000 150
4830 1350 | 2000000
9090 5000
18000 6000
8000 5800
10000 6200
18400 1250 | 4000000 125
3800 300 | 2000000;
VIS TR et 100
wy o e eapeddte cepansatln 108
PUNEIREN oo I S
. . «| Concretesafter| 136
+ « . . |6 months will be| 142
2560 |about 4 times,| 142
to |and at the of 1| 147
500 |vear will be 6 to| 134
. . .|7timesasstrong| 137
. . .|as at the end of| 153
. « « |the first month.| 159
o b w Lo ala o e e b 2O
W sl B K i S ] 164
24450 2700 /13000000 164
12000 900 | 1620000!
2500 | 8000000 158
7000 150 | 335000
20000 | 2850 |13550000 170
4650 150 | 2500000
18750 2815000 139
4100 350 | 270000
7000000, 174
22000 ot e -170

WEIGHT IN POUNDS I’ER cuBIC FOOT OF SUBSTANCES.

Name of Substance. Pound.v i Name of Substance. Pmuuls.
Asphaitnm o, o dal i 87 lee qulck of ord. limestone 95
Clay, potter’s dry.. . . . . 119 “  ground, loose 53

“ " in lump, loose. . . . . 63 lee, quick, gro. ,wellshaken 75

Earth, com.loam dry, loose . | 72— 80|| Mica

< rammed 90—100| Mud, dry, mloNer b i 80—100

L3R e P R 168055 wet fludd . .. . S . 104—120
Glass, common window. . . 157|/Quartz, common, pure . . . 165
Gnelns i, 5 o oele 3 168/|Salt, Syracuse, i O 45
105 e S N T 142 S:md ry and loose .. . . . 90—106
i (plasterof Paris gr’d)_ 60| “ perfectlywet. . . .. 118—129
Ivory . 114 Shales, red or black. . . . . 162

* It is claimed that the use of limestone for the body of concrete is attended
with corrosion of theimbedded iron and it is obviously unfit 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, waever, the building laws
of different localities will limit the pressure on the different
soils. The table below gives the requirements of a few
cities.

] ) Phila|N. Y.| Chic.| Bugr:| Mil.
Bearing Muaterial. — —
Load Net Tons per Sq. Ft.
Solid natural earth of dry clay . . .| 2} 13 [ 3% | 4
Clay moderatelydry . . . . . . .. i AR ) i
Clay soft. (Confined).. . . . . . . LI 1
Gravel and coarsesand well cemented|. .|. .|. .|. .| 8
Grayelandsand 00 VS B ed o 7 Loh ) o) L S
Clapand aand ) <8 e 5 e e 13
Dry sand. (Confined). . . . . . . 2
Dimension stone, beds dressed to
uniform surface, cement, mortar 6 =7
Jointennder 17aql oy son s
Concrete. (see page 290) 85t S el g -
Rubble stone work in cement mortar . . il ) il
Common brick laid in lime mortar . Sk I
Common brick laid in cement mortar| . e i1H
Hard burned brick in lime mortar 8 | 8 |66
Hard burned brick in cement mortar| 15 15 | 9 | 9
First-class brick work in Portland 123 | 12
cement mortar . SRS B 2
Hard brick in lime and cement 12 113
mortar mlxed. ST N LR
Piles. | Load Net Tons per Pile.
Philadelphia small end 5’ head 12/ |
spaced not over 30" centre to | 20
centre . . ‘
New York small end 5 spaced not 20
over 30’/ centre to centre . 3 i
DIEAODI Sl *o5 - iy v il 55 s b Rl 0 g
Buffalo small end 6/ spaced not 95
over 36// centre to centre . b o il 80

For Bearing Plates, see page 110.
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PILES.

The driving requirements 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 formulee :

L=1load in net tons,

W==weight of hammer in net tons,
w==weight of hammer in pounds,,
H=fall of hammer in feet,

h="fall of hammer in inches,
p=penetration in inches, due to last fall.

__VWHXwX .026 2
L= R S R (Trautwine.)

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.

_hXW
L="%3s

This formula applies to a pile driven until its penetration is

small and nearly equal for successive blows.
_2XwXH SR
L= = o (Wellington.)

GRILLAGE BEAMS.

Safe loads on Pencoyd I beams used in a grillage for foundations
of walls or columns :

(Sanders.)

Considering the lower course,

ek—x the supporting pressure from the
: J soil is taken as uniformly dis-
I]III tributed on the beams over the
e span S, while the load carried by
! | the foundation is taken as uni-
—————— S —' formly distributed on beams over

thespan L. The maximum bend-
ing moment is then } W (S— L) where W is the total load on the
foundation.

To find the safe load that a beam will carry as a grillage beam,
it is only necessary to refer to the tables of safe load on pages 30
to 95, and take the safe load the beam will carry for aspan (S— L).

Erample.—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 —43 = 11} feet. Now, on page 31, of safe loads of I
beams, we find that a 24 inch I beam, 85 pounds, will carry 34
tons. In the same way the beams in the lower course are found
to be 16— 15 inch I beams, 50 pounds.

292




PAINT.

The covering 'property of paint depends on the smoothness or absorbing
power of the surface painted; also on the fluidity of the paint. Ordinaril
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 the paint is thinned
with turpentine or naptha, the paint may spread over more surface to the
extent of 50 per cent. If the contrary conditions exist, the surface covered
may be diminished one-half. The volume of the mixed paint usually ex-
ceeds the volume of oil used from 20 to 75 per cent., according to the kind of
pigment used.

AVERAGE SURFACE COVERED PER GALLON OF PAINT.

SETR T BN 7:§ézzare Feei.
5 Lbs. | Volume and i)
Paint. Iohg?le of of Pig-| Weight

“ ment. | of Paint. Cb}z( 0,2,3.

Gals. Lbs.

Iron Oxide (powdered) .| 1gal 8.00 | 1.2=16.00 | 600 350

“ ¢« (groundinoil)| 1 ¢ 24.75 | 2.6=382.75 | 630 375
Red Lead (powdered) . .| 1 22,40 | 1.4=30.40 | 630 375
White Lead (g’'rd in oil) . | 1 ¢¢ 25.00 | 1.7=33.00 | 500 300
Graphite (ground inoil) . | 1 12.50 | 2.0=20.50 | 360 215
Black Asphalt. . . . .. 1 “ (turp.) | 17.25 | 4.0=30.00 | 515 310
Linseed oil (no pigment) . | 1 O R0 et Aot T 878 | uis s

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 i)er gallon, labor at shops, §1.50 per day, and at erec-
tion, §2.00 per day, will average:

COST PER NET TON.

Light Work. | Heavy Work.
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
Totab L. s oo et e e N ek — $0.45 | —— §0.30

Two Coats 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
(1Y) 8 AR el B e T Sy s — 135 | —— 0.90
$1.80 $1.20

Coating with tar at 300° F. requires 1 gallon of tar per 220 square feet of
surface covered. The average cost, based upon tar at 10 cents per gallon,
and labor at $1.50 per day, is as follows:

Light Work. | Heavy Work.

Cost of tar per net ton of steel . , . . . ... $0.12 $0.07
Cost of labor, etc., per net ton of steel . . . . 0.68 0.38

otallie) i « & L alal Snablicin 4 s a2 $0.80 $0.45




CRANE CHAINS.

s R crerg, U g, W yrwnsing G g

e B W W i Y

DIMENSION. I P T CRANE.

et e N e
C %E%é‘-%&.ﬁﬁé
s BB cBISe ] B S oS .1 3 ] ofS o
s |88S (] =9 = <= - = S = St |
S2IREIERE 65| B | 5% (S| B2 | &R [EE
2 | ¥ <3 (3 $ |3°

a0 e § |S § |[S

el Sy ublr T E AR | (6, TR ~

33| 4| & | 1932 3see| 1288 | 1680 3360 | 1120
71 1 |14 | 2898 5796 | 1932 | 2520/ 5040 | 1680
1| 14| 1" | 4186 8372 | 2700 | 3640, 7280 | 2427
%15 | 2| 1§ | 5796 11502 | 3364 | 5040| 10080 | 3360
3 | 133 | 23 | 133 | 7728| 15456 | 5182 | 6720] 13440 | 4480
% | 14 3}" 15 | 9660 19320 | 6440 | 8400/ 16800 | 5600
Pl o1 4 21‘; 11014| 23828 | 7942 | 10360| 20720 | 6907
11| 137 ] 5 |2} | 14490] 28980 | 9660 | 12600 25200 | 8400
| 133 | 57 | 23 | 17388| 34776 |11502 | 15120| 30240 | 10080
d | 24 | 64 | 213 | 20286| 40572 (13524 | 17640) 35280 | 11760
2 | 8" | 28 | 22484| 44968 (14989 | 20440| 40880 | 13627
is | 218 | 9 | 3g | 25872| 51744 |17248 | 23520] 47040 | 15680
1 | 213|109 20568] 50136 (19712 | 26880 53760 | 17920
14 | 244 | 115 | 34 | 33264| 66538 (22176 | 30240| 60480 | 20160
1| 227 | 121" | 33" | 37576| 75152 (25050 | 34160] 68320 | 22773
15 | 34 | 137 | 3 | 41888| 83776 (27925 | 33080 76160 | 25387
1| 33|16 45 46200/ 92400 30800 | 42000| 84000 | 28000
15 | 315 | 163 | 4§ | 50512101024 33674 | 45020 91840 | 30613
14" | 30 |18/ | 47 | 55748111496 [37165 | 50680101360 | 33787
17 | 341 | 197, 4f | 60368120736 40245 | 54880100760 | 36587
1} ‘ 8} | 21rp | 5 | 66528133056 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 g 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. ZErample—For l-inch chain use
20-inch sheaves.




WROUGHT TRON TUBES.

Ordinary Gas or Water Pipe.

Hydraulic Mng.
Ertra. | Dowdis

SR Erira.
HEHE IR
T3 | 40| 07| 27| 08| 3| 24| 27 |20| 20— —
1| 54|00 36| .10 28| 42| 18 |12 29|——
3| 67|.00| 49| .19| 36| 56| 18 [.13 .42’.22 23
1, | 84|11 62| 30| 56| 84| 14 |15 54|.20| 24
3 | 105|.11| .82| 53| 87| 112| 14 |.16| .73|.31| 42
1 | 131|.13| 105| .86| 1.36| 1.67|11% .18 .95|.36| .58
1y | 166|.14| 1.38| 149| 215| 224|11%|.19|1.27|.38| .88
1% | 1.90| .15/ 1.61| 203 2.84| 2.68|11%|.20|149|.40|1.08
2 | 237|.15| 207| 335 448| 3.61|11%.22|1.93|.44|149
21, | 287| 20| 247| 478| 649| 574| 8 |.28|231|.56 (175
3 | 350| .22| 3.07| 7.38| 9.62| 754| 8 |.30|2.89|.60 228
3% | 4.00| 23| 355 9.80(1257| 900 8 |.32(3.35|.64|271
4 | 450|.24| 4.03| 12.73(15.90 |10.66| 8 |.34|3.81|.683.13
4% | 500 25| 4.51| 15.96 19.64'12.34‘ 8 |.35(4.25|.72|356
5 | 556| .26 505  19.99|24.30 (1450 8 |[.37(4.81(.75 4.0
6 | 6.63] .28 6.07 28.88'3&47 1876| 8 |.44|5.75|.87 (487
7 | 7.63| .30 7.02| 38.73|45.66 23.27| 8 |.50(6.62.846.06
8 | 863|.32| 7.98| 50.03(5843 (28.18| 8 |.56|7.50|.87(6.87
9 | 963|.34| 894 62.73|73.72 33.70| 8
10 [10.75| .36|10.02| 78.84 | 90.76 | 40.06| 8
12 |12.75| .38/12.00 | 113.09 149.00! 8
13 |14.00| .38 13.25 ' 53.92| 8
14 |1500 38|1425 § 5789 8

NOTF—Above 15 mches the outside dmmeters are the nomuml size.

All dimensions given in inches, all weights in pounds.




CORRUGATED IRON 2%” PITCH.

Weight of 100 Square Feet in Pounds.

Jor Sheet Lengths of :

k)
8 s 2 :
§-§§ Loose Sheets. Cabisniond Srom JulG, Adeiny fur Lapes
SX
g S

U. 8.
Standard
Gauge.

Black. G‘;Z(;?— 5 ¢ 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

Nore.—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” wide and 34’ deep,
2" centre to centre of corrugation.

Before corrugating, sheets are 30" wide.

TABLE OF SAFE AND CRIPPLING LOADS IN POUNDS PER
SQUARE FOOT.

3 Safe Load. Elastic Limit. Crippling Load.
°°:§ §* Span in Feet. Span in Feet. Span in I"eet.
R8s

35 ks ‘ & 6 |8l 8 |at s bosif st 45 |6

20 | 59| 44| 36| 30| 89| 67| 54 | 45| 134 | 100 | 80 | 67

22 | 48| 36| 29| 24| 71| 54| 43| 36| 107 | 80 | 64 | 54

24 | 37| 28| 22| 19| 56 | 42| 34 | 28 84| 63| 51|42

26 | 31| 23| 18| 16| 44| 34 | 27 | 23 69 | 52| 41 | 34

FORMULA :

W= Crippling load in pounds per square foot.
t = Thickness of metal in inches.
W=98000¢tbd b = Centre to centre of corrugation in inches.
/ d = Depth of corrugation in inches.
I = Length of span in inches.
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WEIGHT OF ROLLED SHEETS.

Calculations based on Specific Gravity of 7.85.

2
S
§2¥

|

o
8

BERY YR8V BIYY R

Birmingham Wire
Gauge and English

American (B. & 8.)

New U. 8. Standard

Standard Gauge. Wire Gauge. Gauge, 1873,
‘| Thickness | Weight per | Thickness | Weight per | Thickness | Weight per

in Inches. | Sq. Ft. in Inches. | Sq. Ft. in Inches. | Sq. Fl.
454 18.52 .460 18.76 406 16.58
425 17.34 410 16.72 375 15.30
.380 15.50 .365 14.88 344 14.03
.340 13.87 325 13.26 313 12.75
.300 12.24 .289 11.80 .281 11.48
284 11.59 .258 10.52 .266 10.84
.2569 10.56 229 9.36 .250 10.20
.238 9.71 204 8.33 234 9.56
.220 8.98 182 7.42 219 8.93
.203 8.28 162 6.61 .203 8.29
.180 7.34 144 5.88 .188 7.65
.165 6.73 129 5.24 172 7.01
.148 6.04 114 4.66 .156 6.38
134 547 102 4.15 141 5.74
120 4.89 .091 3.70 125 5.10
.109 4.44 .081 3.29 .109 4.46
.095 3.87 .072 2.93 .094 3.83
.083 3.38 .064 2.61 .078 3.19
.072 2.94 .057 2.32 .070 2.87
.065 2.65 .051 2.07 .063 2.556
.058 2.37 .045 1.84 .056 2.30
.049 1.99 .040 1.64 .050 2.04
.042 1.71 .036 1.46 .044 1.79
.035 1.42 .032 1.30 .038 1.53
.032 1.30 .028 1.16 .034 1.40
.028 1.14 .025 1.03 .031 1.28
.025 1.02 .023 0.921 .028 1.15
.022 0.898 .020 0.821 .025 1.02
.020 0.816 .018 0.729 .022 0.89
.018 0.734 .016 0.651 .019 0.77
.016 0.653 .014 0.581 .017 0.70
.014 0.571 .013 0.515 .016 0.64
.013 0.531 .011 0.459 .014 0.57
.012 0.489 .010 0.409 .013 0.51
.010 0.408 .009 0.364 .011 0.45
.009 0.367 .008 0.324 .010 0.41
.008 0.326 .007 0.288 .009 0.38
.007 0.286 .006 0.257 .009 0.35
.005 0.204 .006 0.228 .008 0.32
.004 0.162 .005 0.204 .007 0.29




WEIGHT OF STEEL PLATE.

Pounds per Lineal Foot.

THICKNESS IN INCHES.

Width
wm

e W £ 15 £/ 15 % 1% %
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
21 447 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 | 1147 | 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 | 1445 | 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 | 4249 | 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 | 3442 | 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




WEIGHT OF STEEL PLATE.

Pounds per Lineal Foot.

THICKNESS IN INCHES. W‘l'dlh
wm
2l p |l | |y |-
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 | 4441 | 4845| 5248| 56.52| 60.56| 64.60| 19
38.25| 4250 | 46.75| 51.00| 55.25| 59.50| 63.75| 68.00 20
40.17| 44.62| 49.09| 53.556| 58.02| 62.47| 66.94| T71.40| 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| 68.85| 74.59| 80.32| 86.07| 91.80| 27
53.55| 59.50 |- 6545| 71.40| 77.36| 83.29| 89.25| 95.20| 28
5547| 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. 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. 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 | 121.56 | 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 | 180.90 | 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 | 60
I




Width in
Inches.

FLAT BARS.

SECTIONAL AREAS AND WEIGHTS PER LINEAL FOOT.

i’;’;;hl:l g " T lu:ck. %" Thick. g
; ;;bx. per | Areain) Lbs.per | Areain r | i{rea in é .s
Foot. Sq. Ins. Foot. Sq. Ins. . Sq. Ins. EE
213 .063 425 125 637 .188
239 | o0 | 478 J SV B
266 .078 531 .156 797 234
292 086 584 172 877 .258
319 .094 .638 .188 956 .281
345 .102 .691 .203 1.04 .305
372 109 744 .219 1.12 .328
399 J17 797 234 1.20 .352
425 125 .850 .250 1.28 375
452 .133 903 .266 1.35 .398
478 141 956 .281 1.43 422
505 .148 1.01 297 1.51 445
531 .156 1.06 .313 1.69 .469
558 164 1:11 .328 1.67 492
584 172 i1 1 .344 1.75 516
611 .180 1.22 .359 1.83 .539
.638 .188 1.28 375 1,91 .563
691 .203 1.38 406 2.07 .609
744 219 1.49 438 2.238 .656
J97 234 1.569 .469 2.39 .703
.850 .250 1.70 .500 2.55 750
.903 .266 1.81 531 2.71 797
956 .281 1.91 .563 2.87 844
1.01 297 2.02 594 3.03 891
1.06 313 2.12 .625 3.19 .938
1.12 .328 2.23 .656 3.35 .984
117 344 2.34 .688 3.51 1.03
1.22 .359 2.44 719 3.67 1.08
1.28 375 2.55 750 3.83 1.13
1.38 406 2.76 .813 4.14 1.22
1.49 438 2.98 .875 4.46 131
1.70 .500 3.40 1.00 5.10 .50
1.91 .563 3.83 1.13 5.74 .69
2.13 .625 4.25 1.25 6.38 .88
2.34 .688 4.67 1.38 7.01 .06
2.565 .750 5.10 1.50 7.65 ‘ .25

|




Width in
Inches.
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SECTIONAL AREAS AND WEIGHTS PER LINEAL FOOT.
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FLAT BARS.

vy | BAD SOAD £ SERS

%
51y
51
534
9

2.81
2.95
3.23
5.06
5.63 |10
6.19 (11
6.75 |12

17.22

19.14
21.05

22.95
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FLAT BARS.
SECTIONAL AREAS AND WEIGHTS PER LINEAL FOOT.
R 547 Thick. 1 Thick. 341 Thick. 1 2
EE Y Lbs. pt’lif .»;l:c*a in} Lbs. per .;'ea in 7bs. per | Areain ';,.5
gs |  Fool. Sq. Ins. Foot. Sq. Ins. Foot. Sq. Ins. | Eé
T mm 59| mm Em) R Em
1| 812 234 | 68| 255 | .750 |1
1Y 2.39 2.63 73 2.87 844 | 115
13 2.66 2.92 .859 3.19 938 | 11
13 | 2,92 8.91 945] 38.51 | 103 } i
13% ‘ 3.19 .938 3.561 1.03 3.83 113 | 1%
15g 3.45 1.02 3.80 1.12 4.14 122 | 15
1| 872 | 109 4,09 | 120 447 | 131 |13
1% 1 3.99 1.17 4.39 1.29 4.78 141 ‘ 17g
2 | 425 1.25 4.67 1.38 5.10 l 150 | 2
2% 4.52 1.33 4.97 1.46 5.42 1.59 | 24
21, 478 | 141 5.26 | 1.55 5.74 | 169 | 2%
235 5.05 1.48 5.55 1.63 6,06 1.78 | 2%
2 | 6.81 | 166 5.84 | 172 6.38 | 1.88. |2y
25g 5.68 1.64 6.13 1.80 6.69 1.97 | 255
2% 5.84 1.72 6.43 1.89 7.02 2.06 | 23
27 6.11 1.80 6.72 1.98 7.33 216 | 27g
3 6.38 1.88 7.02 2.06 7.65 225 |3
3 6.91 2.03 7.60 2.23 8.29 244 | 3y
35| 7.44 | 219 8.18 | 241 8.93 | 263 |3
3% .97 2.34 8.76 2.58 9.57 281 | 3%
4 8.560 2.50 9.35 2.75 10.20 3.00 |4
41 9.03 | 266 9.93 | 292 | 10.84 | 319 |41
41 9.56 2.81 10.52 3.09 11.48 3.38 | 41,
43 | 10.09 2.97 11.11 3.27 12.12 3.56 | 4%
5 10.63 8.13 11.69 3.44 12.75 37 |5
5l | 11.16 3.28 12.27 3.61 13.39 394 | 5
515 11.69 3.44 12.85 3.78 14.03 413 | 5%
5% | 12.22 3.59 13.44 3.95 14.67 431 | 5%
6 12.75 3.75 14.03 | 4.13 15.30 450 |6
614 13.81 4.06 156.20 | 447 16.58 488 | 6%
7 | 14.87 4.38 16.36 4.81 17.85 625 |7
8 ;( 17.00 5.00 18.70 5.50 20.40 6.00 |8
9 19.13 5.63 21.04 6.19 22.95 675 |9
10 21.25 6.25 23.38 6.88 25.50 7.50 10
11 23.38 | 688 | 25.71 | 7.56 | 28.05 | 825 |11
12 256.50 7.50 28.05 8.25 30.60 9.00 112
308




FLAT BARS.
SECTIONAL AREAS AND WEIGHTS PER LINEAL FOOT.

.| 3 mhee U Thick. 18" Thick. :
§§ LG Bt ol k] W Lol e Ef:;
BN ! h =
B ]| B R
1 276 | 813] 298 | s8m| 819 | 9381
1% | 311 | 14| 335 | 84| s.60 | 106 |13
1y, | 845 | 102 3.72 | 1.09 3.99 | 117 |1y
13| 8580 | 112 | 4.09 | 120 439 | 129 )13@
1| 414 | 122 | 446 | 131 478 | 141 | 1%
1% | 449 | 132 | 483 | 142 518 | 152 |19
1% | 488 | 142 | 521 | 153 5.58 | 164 |13,
17 | 5.18 | 152 | 5.58 | 164 5.98 | 176 |17
2 | 5538 | 163| 595 | 175 6.38 | 188 |2
2| 588 | 173 | 632 | 18 6.77 | 199 | 2%
2 | 621 | 183 | 6.69 | 197 717 | 211 |21
2% | 656 | 193 | 7.07 | 208 7.57 | 223 | 2%
21 691 | 203 | 744 | 219 .97 | 234 |2
25| 725 | 213 | 81 | 230 8.36 | 246 | 2%
25 | 7.60 | 223 | 8.18 | 241 8.7 | 258 |23
25| 795 | 234 | 855 | 252 | 9.7 | 270 | 2%
3. |.58.29 "[244 8.93 | 2.63 9.57 | 281 |3
3y | 898 | 264 9.67 | 284 | 10.36 | 305 |3y
3, | 9.67 | 284 | 1041 | 306 | 11.16 | 328 | 3%
3% | 10.36 | 305 | 11.16 | 328 | 11.95 | 352 | 3%
4 | 1105 | 325 | 1190 | 330 | 1275 | 375 |4
4y, | 1174 | 345 | 1264 | 372 | 1855 | 398 |4y
41, | 12.43 | 366 | 13.39 | 394 | 1434 | 422 |41,
4| 1312 | 386 | 1418 | 416 | 15.14 | 445 | 4%
5 | 18.81 | 406 | 14.87 | 438 | 1594 | 469 |5
59 | 14.50 | 427 | 15.62 | 459 | 16774 | 492 |5Y
5l 1519 | 447 | 16.36 | 481 | 17.58 | 516 | 5%
5% | 15.88 | 467 | 17.11 | 503 | 18.33 | 539 |5%
6 | 16.58 | 48 | 17.85 | 525 | 19.13 | 563 |6
6 | 17.95 | 528 | 19.32 | 560 | 2072 | 609 | 6%
77| 19.34 | 569 | 20.83 | 613 | 22:32 | 656 |7
8 | 22.10 | 650 | 23.80 | 700 | 25,50 | 750 8
9 | 2486 | 731 | 26.78 | 788 | 28.69 | 844 |9
10 | 27.62 | 813 | 2975 | 875 | 81.88 | 9338 |10
11 | 30.39 | 894 | 3272 | 9563 | 35.08 |10831 |11
12 | 8315 | 975 | 35.70 |1050 | 38.25 | 1125 |12
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FLAT BARS.

SECTIONAL AREAS AND WEIGHTS PER LINEAL FOOT.
4 1 thick, | 1-,1;_" Thick. 145" Thick. Ig
g E Azbs._;‘:eri :;r:n; ;I;I:.T. 1;:'*\ 1 rcTin Lbs. ;;f 7A7)£;1 in ‘ §§
EE Foot. Sq. Ins. Foot. | Sq. Ins. Foot. Sq. Ins. | = é

7 ‘ EE -
1 3.40 | 1.00 3.61 | 1.06 204 "oty
1% | 38.83 | 113 4.08 | 120 4.56 | 134 |1y
1 | 4.25 | 1.25 4.52 | 1.33 5.056 | 148 |1y
13; | 4.67 | 1.38 4.97 | 146 5.55 | 163 | 1%
1% | 5.10 | 150 5.42 | 1.59 6.06 | 178 | 1%
1% | 5.58 | 1.63 5.87 | 173 6.56 | 193 | 15
1% | 695 | 175 6.32 | 186 7.07 | 208 |13
17 | 6.88 | 188 6.77 | 199 7.57 | 223 | 1%
2 6.80 | 200 7.22 | 213 8.08 | 238 |2
2| m.98 | 218 7.68 | 226 8.58 | 252 | 2%
2% | 7.5 | 225 8.13 | 239 9.09 | 267 |2y
2% | 8.08 | 238 8.58 | 252 9.59 | 282 |23
21, | 8,50 | 250 9.03 | 266 | 10.10 | 297 | 2%
2% | 8.98 | 263 9.49 | 279 | 10.60 | 312 | 2%
23| 9.85 | 275 993 | 292 | 1111 | 327 | 2%
2% | 9. | 288 | 10.38 | 305 | 11.61 | 341 |27
3 10.20 | 300 | 10.84 | 319 | 12.12 | 356 |3
3y | 11.05 | 825 | 11.74 | 345 | 18.12 | 386 |3Y
3%, | 11.90 | 350 | 12.65 | 372 | 14.13 | 416 |3%
| 3% | 12.76 | 375 | 18.55 | 398 | 15.14 | 445 | 3%
4 13.60 | 400 | 14.45 | 425 | 16.15 | 475 |4
4y, | 14.45 | 425 | 15.35 | 452 | 17.16 | 505 | 4%
41, | 15.30 | 450 | 16.26 | 478 | 18.17 | 534 |4%%
4% | 1615 | 475 | 17.16 | 505 | 19.18 | 564 4%
5 | 17.00 | 500 | 18.06 | 531 | 2019 | 594 |5
5y, | 17.85 | 525 | 18.96 | 558 | 21.20 | 6.23 ‘51@
5% | 18.70 | 550 | 19.87 | 584 | 22.21 | 653 |5%
5% | 19.55 | 575 | 20.77 | 611 | 23.22 | 683 | 5%
20.40 } 600 | 21.68 | 633 | 24.23 | 713 |6
6% | 22.10 | 650 | 23.48 | 691 | 26.24 | 772 | 6%
7 23.80 | 700 | 25.29 | 744 | 28.26 | 831 |7
8 27.20 | 800 | 28.90 | 850 | 32.30 | 950 |8
9 | 30.60 000 | 3252 | 956 | 36.34 | 1060 }9‘
10 34.00 | 1000 | 36.13 | 1063 | 40.38 |11.88 10
11 37.40 | 11.00 | 39.74 | 1169 | 44.41 | 1306 [11
12 40.80 |1200 | 48.35 | 1275 | 48.45 | 1425 12
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ROUND AND SQUARE BARS.

Sectional area in inches X 3.4 — weight per lineal foot in pounds.

Thickness
or Diameter

in Inches.

Weight per Lineal Fool 28 . Weight per Lineal .
in Pounds. Area E’ 22| Foot in Pounds. Area
Sa AR I O | RS R T
Round Square | Sq. Ins. ;SQ: Round | Square | Sq. Ins.
® 57| @ L

2 |10.68 | 13.60 | 3.1416
010| .013| .0031 || 4 | 11.36 | 14.46 | 3.3410

|
042 | .053| .0123 || % | 12.06 | 15.35 | 3.5466
094 | .119| .0276 || & | 12.78 | 16.27 | 3.7583

167 | .212| 0401 || 1, | 18.51 |17.22 | 3.9761
261 | .382 | 0767 || | 14.28 | 18.19 | 4.2000
875 | .478 | .1104 || 3 | 15.06 | 19.18 | 4.4301
511 651 .1503\ & | 15.86 | 20.20 | 4.6664
667 | .850 | .1963 || 1 | 16.69 | 21.25 | 4.9087
844 | 1.076 | .2485 || 4 | 17.53 | 22.38 | 5.1572
1.043 | 1.328 | .3068 || 5 | 18.40 | 28.43 | 5.4119
1.261 | 1.607 | 3712 | 1} | 19.29 | 24.56 | 5.6727
1.502 | 1.912 | 4418 || 3, | 20.20 | 25.71 | 5939
1762 | 2.245 | 5185 | if | 21.12 | 26.90 | 62126
2.044 | 2.603 | .6013 | 75| 22.07 | 28.10 | 6.4918
2.347 | 2.989 | .6003 || ;| 23.04 | 20.83 | 6.7771
2.670 | 3.400 | .7854 3 | 24.01 | 30.60 | 7.0686
3.014 | 3.838 | 8866 ; 25.04 | 81.88 | 7.3662
3.379 | 4.303 | 9940 || 1 | 26.08 | 33.20 | 7.6699
8.766 | 4.795 | 11075 || 4 | 27.18 | 84.55 | 7.9798
4173 | 5.312 | 12272 || 1, | 28.20 | 35.91 | 8.2058

4.600 | 5.857 | 1.3530 5 | 29.830 | 37.31 | 8.6179

5.049 | 6.428 1.4849! 35 | 30.41 | 38.73 | 8.9462
5.518 | 7.026 | 1.6230 || % | 81.55 | 40.18 | 9.2806

6.008 | 17.650 | 1.7671 ‘

1, | 82.71 | 41.65 | 9.6211
6.520 | 8.301 | 1.9175 || 4 | 83.89 | 43.15 | 9.9678
7.051 | 8.978 | 20739 || 5 | 85.09 | 44.68 | 10.321
7.604 | 9.682 2.2365‘ 11 | 86.31 | 46.24 | 10.680
8.178 | 10.41 | 24053 || 3, | 87.55 | 47.82 | 11.045
8.773 | 11.17 | 25802 || 1i | 38.81 | 49.42 | 11.416
9.388 [ 11.95 |27612 || 75 | 40.10 | 51.05 | 11.793 .
10.024 | 12.76 | 29483 || 1} | 41.40 | 52.71 | 12177




ROUND AND SQUARE

BARS.

Sectional area in inches » 3.4 — weight per lineal foot in pounds,

S \ \ & !
2 S | Weight per Lineal Foot| 8 Weight per Lineal .
85| b lwpe;)ml;::;"a - f": \E I"a'ulltifrlr’ou;z?l(.’s(.' f’""
=8 R 0 n |1 | =%, 0 in
EQ; I{tnmd ‘ Square | Sq. Ins. ‘é | Round | Square 8q. Ins.
N ) B | | [ ‘
LW vl W = _ - il
4 | 4272 54.39’12566 6 | 96.1|122.4 | 282m
J; | 44.07 | 56.11 12902 f5| 98.1 1250 2886
1, | 45.44 | 57.85 13364 | 15| 100.2 | 127.6 | 20.465
J | 46.83 | 59.62 | 13.772 \ s [ 102.2 | 180.2 | 30.069
1, | 48,23 | 61.41 | 14186 | %4 | 104.3 | 132.8 | 30.680
5 | 49.66 | 63.23 | 14.607 | ;| 106.4 | 135.5 | 31.296
8 5111 | 65.08 ’ 1500 | % | 1085 | 1382 | 3019
J | 52.58 | 66.95 | 15466 | % | 110.7 1409 | 3254
,, | 54.07 | 68.85 | 15904 | 1, | 112.8 | 143.6 | 33.183
& | 55.59 | 170.78 | } 16349} & | 115.0 | 146.5 | 33.824
5 | 57.12 | 72.72|16.800 || % | 117.2 | 149.2 | 34472
11| 58.67 | 74.70 1 17.257 || 1 | 119.4 ‘ 152.1 | 3512
3, | 60.25 | 76.71 1o || % | 191 | 1549 | 35785
1§ | 61.84 | 78.74 |18. 190‘ 14 | 123.9 } 157.8 | 36.450
7 | 68.46 | 80.80 | 18.665 | 75 | 126.2 | 160.7 | 37.122
13 ‘ 65.10 | 82.89 | 19. 147‘ 13 | 128.5 1 163.6 | 37.800
5 | 66.76 | 85.00 |19.635 || 7 | 130.9 | 166.6 | 38485
75| 68.44 | 87.14 20129 || ;| 183.2 | 169.6 | 30.175
1 | 70.13 | 89.30 | 20629 | 15| 185.6 | 172.6 | 39.871
{5 | 71.86 | 9149 |2L13 | 137.9 | 175.6 | 4057
y | 73.60 | 93.72 | 21648 | 1, | 140.4 | 178.7 | 41282
5| 75.87 | 95.96 | 22.166 | y; | 142.8 | 181.8 | 41997
S/H' 77.15 98.22’22.691 ‘\ 3 | 145.2 | 184.9 | 42718
{5 | 78.95 | 1005 | 23221 | yy | 147.7 | 188.1 | 43445
1, | 80.77 | 102.8 |23.758 || ? 150.2 | 191.3 | 44179
{5 | 8262 | 105.2 | 24301 | | 152.7 | 1944 | 44918
5 | 84.48 | 107.6 | 24.850 || 5 . 155.2 | 197.7 | 45.664
1% | 86.38 | 110.0 | 25406 | 11  157.8 | 200.9 | 46.415
3.;! 88.29 | 112.4 | 25967 | 3 | 160.8 | 204.2 | 47.173
13| 90.22 | 114.9 | 26535 || 1i | 163.0 | 207.6 | 47.937
7| 92.16 | 117.4 |27.109 | 7 | 165.6 [ 210.8 | 48.707
13 | 94.14 | 119.9 |27.683 || 13 | 168.2 | 214.2 | 49.483
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AREAS OF CIRCLES.

Diameters increasing by eighths.
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AREAS OF CIRCLES.

Diameters increasing by eighths.

' No-A¥ NoA%

No. | No. +0.

No.+3%

No.+4Y4

No.+5%

No.+34

} 1983.2
| 2062.9
2144.2
2227.0

1993.1
2073.0
2154 g

7447.1
7600.8
7756.1

2003.0 |

2083.1
2164.8
2248.

7775.6

28

2998 &

NN

=

fesd
L

538

POIWEEPOINGIS oS

2022.8
2103.3
2185.4
2269.1
2364.3
2441.1
2529.4
2619.4
2710.9
2803.9

a g

=52 BN

P NNwONmROOO NsNSoo

Sa8 Sygeses

4286.3
441
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALG OF NOS. FROM 1 TO 1000.

Circum. | Area.

.5664
19.6350
18.850 | 28.2743
21.991 | 38.4845
25.133 | 50.2655
28.274 | 63.6173
10 | 31.416 | 78.5398

11 | 34.568 | 95.0332

12 | 37.699 | 113.097

13 40 841 | 132. 732
43.982 | 153.9

15 | 47.124 | 176. 715

16 | 50.265 | 201.062
17 | 53.407 | 226.980
18 | 56.549 | 254.469

283.529
20 | 62.832 | 314.159

OO OIS W ‘
o
o
=
8

69.115 | 380.133

72.257 | 415.476
2% | 75.398 | 452.389

78.540 | 490.874
26 | 81.681

855.299
34 |106.814 | 907.920
35 [109.956 | 962.113

36 | 113.097 | 1017.88
37 [116.239 |1075.21
38 [119.381 [1134.11
39 [122.522 |1194.59
40 [125.66 |1256.64

41 |128.81 |1320.25
42 |131.95 |1385.44
43 |135.09 |1452.20
44 1138.23 |1520.53
45 |141.37 |[1590.43

46 |144.51 | 1661.90

Square.

Cube.

59319
64000

68921
74038
79507
85184
91125
97336

117649

Square | Cube 1000 X
Root. | Root. | L09- Recip.
1.0000 | 1.0000 | 0.00000 | 1000.000
1.4142 | 1.2599 | 0.30103 | 500.000
1.7321 | 1.4422 | 0.47712 | 333.333
2.0000 | 1.5874 | 0.60206 | 250.000
2.2361 | 1.7100 | 0.69897 | 200.000
2.4495 | 1.8171 | 0.77815 | 166.667
2.6458 | 1.9129 | 0.84510 | 142.857
2.8284 (2.0000 | 0.90309 | 125.000
3.0000 2.0801 | 0.95424 | 111.111
3.1 2.1544 | 1.00000 | 100.000
3.3166 (2.2240 | 1.04139 | 90.9091
3.4641 | 2.2894 | 1.07918 3.3333
3.6056 (2.3513 | 1.11394 |  76.9231
3.7417 | 2.4101 | 1.14613 | 71.4286
3.8730 | 2.4662 | 1.17609 | 66.6667
4.0000 | 2.5198 [ 1.20412 | 62.5000
4.1231 | 2.5713 | 1.23045 | 58.8235
4.2426 | 2.6207 | 1. 55.5666
4. 2.6684 | 1.27875| 52.6316
4.4721 | 2.7144 | 1.30103 | 50.0000
4.5826 | 2.7589 | 1.32222 | 47.6190
4.6904 | 2.8020 | 1.34242 | 45.4545
4.7958 | 2.8439 | 1.36173 | 43.4783
4.8990 | 2.8845 | 1.38021 | 41.6667
5.0000 | 2.9240 | 1.39794 0.0000
5.0990 | 2.9625 | 1.41497 | 38.4615
5.1962 ( 3.0000 | 1.43136 | 37.0370
5.2915 (3.0366 | 1.44716 | 35.7143
5.3852 [ 3.0723 | 1.46240 | 34.4828
5.4772 | 3.1072 | 1.47712 | 33.3333
5.5678 | 3.1414 | 1.49136 | 32.2581
5.6569 [ 3.1748 | 1.50515 | 31.2500
5.7446 | 3.2075 | 1.51851 | 30.3030
5.8310 | 3.2396 | 1.53148 | 29.4118
5.9161 | 3.2711 | 1.54407 | 28.5714
6.0000 | 3.3019 | 1.55630 | 27.7778
6.0828 (3.3322 | 1.56820 | 27.0270
6.1644 | 3.3620 | 1.57978 | 26.3158
6.2450 | 3.3912 | 1.59106 | 25.6410
6.3246 | 3.4200 | 1.60206 | 25.0000
6.4031 | 3.4482 | 1.61278 | 24.3902
6.4807 | 3.4760 | 1.62325 | 23.8095
6.5574 | 3.5034 | 1.63347 | 23.2558
6. 3.5303 |1.64345 | 22.7273
6.7082 | 3.5569 | 1.65321 | 22.2222
6.7823 | 3.5830 | 1.66276 | 21.7391
6.8557 | 3.6088 | 1.67210 | 21.2766
92 42 | 1.68; 20.8333
20.4082

6.9282 | 3.6342 | 1.68124
7.0000’3.559311.69020
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND

RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam.

Circum.| Area.

Square.

1000 X
Recip.

60 | 157.08| 1963.50
61 | 160.22 | 2042.82
123.72

8

2
8
B
&
2

ons
&
2
w
&
2

2500
2601
2704
2809
2916
3025
3136
324

69897 | 20.0000

19.6078

600 | 19.2308
18.8679
3239 | 18.5185
036 | 18.1818
17.8571

17.5439
17.2414
16.9492

16.6667

1.78533 | 16.3934
79239 | 16.1290

15.8730
15.6250
15.3846
15.1515
14.9254
14.7059
14.4928

14,2857
14.0845
13.8889

13.6986
13.5136

10.
10.1010

1




CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam. S : Cub: 1000

quare | Cube 90 X

No. =y —————| Square.|  Cube, Root. | Root Log. Recip.
ircum.| 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. 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. 4.7622 | 2.0334 .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 | 4.805! .04532 | 9.00901
112 | 351.86| 9852.03 | 12544 | 1404928 | 10.5830 | 4.8203 | 2.04922 | 8.92857
113 | 355. 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. 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. 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. 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. 12076.3 | 16376| 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 11.4891 | 5.0916 | 2.12057 | 7.57576
133 | 417.83 | 13892.9| 17689 | 2352637 | 11.5326 | 5.1045 | 2.1! 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 | 5.15651 |2.13672 | 7.29927
138 | 433. 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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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS, FROM 1 TO 1000.

No. == Diam.
i Square | Cube 1000 X
uare.| Cube. 2 Log. i

Circum. | Area. % fucEal ok Boess
471.24 | 17671.5| 22500 | 3375000 | 12.2474 | 5.3133 | 2.17609 | 6.66667
474.38 | 17907.9| 22801 | 3442951 | 12.2882 | 5.3251 | 2.17898 | 6.62252
477.52 | 18145.8| 23104 | 3511808 | 12.3288 | 5.3368 | 2.18184 | 6.57895
480.66 | 18385.4 | 23409 | 3581577 | 12.3693 | 5.3485 | 2.18469 | 6.53595
483.81 | 18626.5| 23716 | 3652264 | 12.4097 | 5.3601 | 2.18752 | 6.49351
486.95 | 18869.2 | 24025 | 3723875 | 12.4499|5.3717 | 2.19033 | 6.45161
490.09 | 19113.4| 24336 | 3796416 | 12.4900 | 5.3832 | 2.19312 | 6.41026
493.23 | 19359.3 | 24649 | 3869893 | 12.5300 | 5.3947 | 2.19590 | 6.36943
496.37 | 19606.7 | 24964 | 3944312 |12.5698 | 5.4061 | 2.19866 |6.32911
499.51 | 19855.7 | 25281 | 4019679 | 12.6095 | 5.4175 | 2.20140 | 6.28931
.65 20106.2 | 25600 4096000 | 12.6491 | 5.4288 | 2.20412 | 6.25000
505.80 | 203568.3 | 25921 4173281 | 12. 5.4401 | 2.20683 | 6.21118
508.94 | 20612.0 | 26244 | 4251528 | 12.7279 | 5.4514 | 2.20952 | 6.17284
512.08 | 20867.2 | 26569 | 4330747 | 12.7671 | 5. 2.21219 | 6.13497
.22 21124.1| 26896 | 4410944 | 12. 5.4737 | 2.21484 | 6.09756

518.36 | 2 27225 92125 | 12.8452 | 5.4848 | 2.21748 | 6.
521.50 ( 21642.4 | 27556 | 4574296 | 12.8841 | 5.4959 | 2.22011 | 6.02410
524.65| 21 27889 | 4657463 | 12.9228 | 5.5069 | 2.22272 | 5.98802
527.79| 22167.1( 28224 | 4741632 |12.9615 |5.5178 | 2.22531 | 5.95238
530.93 | 22431.8| 28561 | 4826809 | 13. . 2.22789 | 5.91716
6534.07 | 22698.0( 28900 | 4913000 | 13.0384 | 5.5397 | 2.23045 | 5.88235
537.21 | 22965.8 | 29241 | 5000211 |13.0767 | 5. 2.23300 | 5.84795
540.35 | 23235.2| 29584 | 5088448 | 13.1149 | 5.5613 | 2.23553 | 5.81395
543.60 | 23506.2| 29929 | 5177717 | 13.1529 | 5.5721 | 2.23805 | 5.78036
.64 | 23778.7 | 30276 | 5268024 | 13.19 X 2.24085 | 5.74713
549.78 | 24052.8| 30625| 5359375 | 13.2288 | 5.5934 | 2.24304 | 5.71429
552.92 | 24328.5| 30976 5451776 | 13. 5.6041 | 2.24551 | 5.68182
556. 2 31329 | 5545233 | 13.3041 | 5.6147 | 2.24797 | 5.64972
559.20 6| 31684 | 5639752 | 13.3417 | 5. 2.25042 | 5.61798

562.35| 25164.9| 32041 5735339 |13.3791 |5.6357 |2.25285 |5
565.49 | 25446.9( 32400| 5832000 | 13.4164 | 5. 2.25527 | 5.55556
568. 25730.4 ( 32761| 5929741 | 13.4536 | 5.6567 | 2.25768 | 5.52486
571.77 | 26015.5| 33124 13.4907 | 5.6671 | 2. 5.49451
574.91 | 26302.2| 33489| 6128487 | 13.5277 | 5.6774 | 2.26245 | 5.46448
578.05| 26590.4 6229504 | 13.5647 | 5. 2.2 5.43478
581.19| 26880.3| 34225| 6331625 | 13.6015 | 5.6980 | 2.26717 | 5.40541
584, 27171.6( 34596| 6434856 | 13.6382 | 5.7 .26951 | 5.37634
587. 464.6 | 34969| 6539203 | 13.6748 | 5.7185 [2.27184 | 5.34759
590.62 1| 35344 | 6644672 |13.7113 | 5.7287 | 2.27416 | 5.31915
593.76| 28055.2| 35721| 6751269 | 13.7477 | 5.7388 | 2.27646 | 5.29101
596.90 | 28352.9| 36100( 6859000 | 13.7840 | 5.7 .27875 | 5.26316
600.04 | 28652.1| 36481| 6967871 |13.8203 | 5.7590 | 2.28103 | 5.23560
603.19 | 28952.9| 36864 | 7077888 |13.8564 | 5.7690 | 2.28330 | 5.20833
606.33 | 29255.3| 37249| 7189057 (13.8924 | 5.7790 | 2 5.18135
609.47 | 29559.2| 37636| 7301384 |13.9284 | 5.7890 |2.28780 |5.15464
612.61 7414875 | 13.9642 | 5. 7989 2: 5.12821
615.75| 30171.9| 38416| 7529536 | 14.0000 | 5.8088 | 2.29226 | 5.10204
618.89 | 30480.5| 38809 | 7645373 |14.0357 | 5.8186 | 2.29447 | 5.07614
30790.7 | 39204 | 7762392 | 14.0712 | 5.8285 | 2.29667 | 5.05051
625.18 | 31102.6| 39601 14,1067 | 5.8383 | 2.29885 | 5.02513
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS.

FROM 1 TO 1000.

No. = Diam,
; Square | Cube 1000 X
No. Square.|  Cube. Log. g
Oheouin. | Livens Root, | Root Recip.
2 628.32 | 31415.9 | 4 8000000 | 14.1421 | 5.8480 | 2.30103 | 5. 000!
201 | 631.46| 31730.9| 40401 | 8120601 | 14.1774 | 5.8678 | 2.30320 | 4.97512
202 | 634.60 | 32047.4 | 40804 | 8242408 | 14.2127 | 5.8675 | 2.30535 | 4.95!
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. 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
650.31 | 33653.5 | 42849 | 8869743 14 3875 5.9155 | 2.31597 | 4.83092
208 | 653.45| 33979.5| 43264 | 8998912 222 | B. 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. 4.60829
218 | 684.87 | 37325.3 | 47524 | 10360232 | 14.7648 | 6.0185 | 2. 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 | 6%4. 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. 5
227 | 713.14| 40470.8 | 51529 | 11697083 o4
228 | 716.28 | 40828.1 | 51984 | 11852352
229 | 719.42| 41187.1 | 52441 | 12008989
230 | 722.57 | 41547.6| 52900 | 12167000
231 | 725.71| 41909.6| 53361
232 | 728.85| 42273.3 | 53824 | 12487168
233 | 731.99| 42638.5| 54289 | 12649337
234 | 735.13| 43005.3 | 54756 | 12812904
235 | 738.27 73.6 | 66225 | 12977875
236 | 741.42 | 43743.5| 55696 | 13144256
237 | 744. 44115.0 | 56169 | 13312053
238 | 747.70 | 44488.1 | 56644 | 13481272
239 | 750.84 | 44862.7 | 57121 | 13651919
240 | 753.98 | 45238.9 | 57600 | 13824000
241 | 757.12 | 45616.7 | 58081 | 13997521
242 | 760.27 | 45996.1 | 58564 | 14172488
243 | 763.41| 46377.0| 53049 | 14348907
244 | 766.55| 46759.5| 59536 | 14526784
245 | 769.69 | 47143. 5 60025 | 14706125
246 | 772.83 | 47529.2 | 60516 | 14886936
247 | 775.97 | 47916. 4 61009 | 15069223
48 | 779.12 | 48305.1| 61504 | 15252992
249 | 782.26 | 48695.5| 62001 | 15438249
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No, = Diam.
No. ———'Square.l Cube. S’;;Z:e %;27 Log. 1%2,-;(
‘ Clircum. | Area. 1 ' 5 2
250 | 785.40 | 49087.4 | 62500 | 15625000 | 15.8114 | 6.2996 | 2.39794 | 4.00000
251 | 788.54 | 49480.9| 63001 | 15813251 |15.8430 | 6.3 2.39967 | 3.98406
252 | 791.68| 49875.9| 63504 | 16003008 | 15.8745 | 6.3164 | 2.40140 | 3.96825
953 | 794.82| 50272.6| 64009 | 16194277 | 15.9060 | 6.3247 | 2.40312 | 3.95257
254 | 797.96 | B0670.7 | 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.
257 | 807.39| 51874.8 | 66049 | 16974593 | 16.0312 | 6.3579 | 2.40993 | 3.89106
258 | 810.53 | £2279.2 | 66564 | 17173512 | 16.0624 | 6.3661 | 2.41162 | 3.
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 | 16.1555 | 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| 1 16.2788 | 6.4232 | 2.42325 | 3.77358
266 | 835. 55571.6 | 70756 18821096 | 16.3095 | 6.4312| 2.42488 | 3.75340
7 | 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 | 57255.5 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 4| 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 20670824 | 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 | 6.51 .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 | 2.44 3.58423
280 | 879.65| 61575.2| 78400| 21952000 | 16.7332 | 6.5421 | 2.44716 | 3.57143
281 | 882.79| 62015.8 1| 22188041 | 16.7631 | 6.5499 | 2.44871 | 3.55872
282 .93 | 62458.0| 79524 | 22425768 | 16.7929 | 6.5577 | 2.4 3.54610
283 | 889.07 1.8 | 80089 | 22665187 |16.8226 | 6.5654 | 2.45179 | 3.53357
284 | 892.21| 63347.1 22906304 | 16.8523 | 6.5731 | 2.4 3.52113
895.35 | 63794.0| 81225| 23149125 | 16.8819 | 6.5808 | 2.45484 | 3.50877
6 | 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
88 .78 | 65144.1 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 67886.7 | 86436 | 25412184 | 17.1464 | 6.6494 | 2.46835 | 3.40136 °
295 | 926.77 | 68349.3 | 87025 | 265672375 |17.1756 | 6.6569 | 2.46982 | 3.38983
296 | 929.91 | 68813 87616 | 25934336 | 17.2047 | 6.6644 | 2.47129 | 3.37838
297 | 933.05| 69279 26198073 | 17.2337 | 6.6719 | 2.47276 | 3.36700
298 | 936.19 | 69746 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, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam.

N0, | ———7——| Souare.

Clircum. ’ Area.

Cube.

Square
Root.

Cube
Root.

Log.

' 1000 X
Recip.

.9 | 100489
318 | 999.03 | 79422.6| 101124
319 | 1002.2 | 79922.9 101761

320 | 1005.3 | 80424.8 | 102400

g
[
2
@
w
o0
2
&
©
=
=
&
o
(<2}

27000000
27270901
27543608
27818127
28094464

28372625

32461759

32768000
33076161
33386248
33698267
34012224
34328125
34645976
34965783
35287552
35611289

35937000
36264691
36594

368 | 18.2209 | 6

36926037 |
37259704

37595375

17.3206

18.1659
18.1934

18.2483

18.2757 | 6

18.3030
18.3303
18.3576

18.3848 | 6.9658 | 2

18.4120

000 | 18.4391

=
0o

625 | 18.5742

18.6011
18.6279

-
oo

6.6943

7.0136

2.47857
2.48001

2.48287
2.48430
2.485672
% .48714

7.0203 | 2.53908

7.0271
7.0338

.6548
2508549 | 18.6815 | 7.0406

2.47712 |

3.33333
| 3.32226
3.31126

66 | 2.48144 | 3.30033

3.28947

316




CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Dimu.
SinTa . Square | Cube 1000 %
| Cube. %’oot. Root. | To9-

350 1099.5\ 96211.3 | 122500 | 42875000 | 18.7083
7| 967 43243551 | 18.7350
2| 11008 973140 | 123004 | 43614308 | 157617

A . 43986977 | 18.7883
1112.1 | 98423.0 | 125316 | 44361864 | 18.8149
1115.3 | 98979.8 | 126025 | 44738875 | 18.8414 .56023
1118.4 | 99538.2 | 126736 :giéggég 18.8680 | 7.0873 | 2.55145

1.5 u . s ‘
1124.7 | 100660 128164 | 45882712 | 18.9209 | 7.1006 | 2.55388 | 2.79330
1127.8 | 101223 | 128881 | 46268279 | 18.9473 | 7.1072 | 2.56609 | 2.78552

374 | 1175.0| 109858 | 139876 1 7.2048 | 2.57287 | 2.67380
375 | 1178.1| 110447 140625 | 52734375 | 19.3649 | 7.2112 | 2°67403 | 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

1200.1 | 114608 | 145924 19.5448 06 | 2.61780
383 | 1203.2| 115209 | 146689 | 56181887 | 19.5704 | 7.2622 | 2.58320 | 2.61097
384 | 1206.4| 115812 | 147456 104 | 19.5959 | 7.2685 | 2.58433 | 2.60417
385 | 1209.5| 116416 | 148225 19.6214 | 7.2748 | 2 2.59740
386 | 1212.7 | 117021 148996 | 57512456 | 19.6469 | 7.2811 |2.58659 | 2.59067
387 | 1215.8| 117628 | 149769 19.6723 | 7.2874 | 2
388 | 1218.9| 11 150544 | 58411072 | 19.6977 | 7.2936 | 2.58883 | 2.57732
389 1| 118847 | 151321 | 58363869 | 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 | 19.7737 | 7.3124 | 2.59218 | 2.56755
392 | 1231.5| 120687 | 153664 | 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 | 2.59660 | 2.53807

395 | 1240.9| 122542 | 156025 | 61629875 | 19.8746 |7.3372 | 2.69660 | 2.53165
396 | 1244.1| 123163156816 | 62099136 19.8997 |7.3434 | 2.59770 | 2.52525
1247.2| 123786 | 157609 gszgz%']gg 19.9249 | 7.3496 %‘59879 2.51889

i b 7.3568 | 2. .
1253.5| 125036 | 159201 | 63521199 | 19.9750 | 7.3619 | 2.60097 | 2.50627
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CIRCUMFERENCES, CIRCULAR AREAS, SOQOUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND

RECIPROCALS

OF NOS.

FROM 1 TO 1000.

Square.

Cube.

Square
Root.

Cube
Root.

1000 X
Recip.

409 | 1284.9| 131382
410 | 1288.1| 132025
411 | 1291.2| 132670
412 | 1294.3| 133317

¢ 133965
414 | 1300.6| 134614

415 | 1303.8 | 135265
416 | 1306.9 | 135918
417 | 1310.0| 136572
418 | 1313.2| 137228
419 | 1316.3| 137885

420 | 1319.5| 138544
) 1392056
422 | 1325.8 | 139867

b 140531
424 | 1332.0| 14119
425 | 1335.2| 141863
o 142531
427 | 1341.5| 143201

428 | 1344.6| 143872
429 | 1347.7 | 144545

430 | 1350.9 | 145220
431 | 1354.0| 145896
432 | 1357.2| 146574

G 147254
434 | 1363.5| 147934
435 | 1366.6| 148617

160000
160801
161604
162409
163216

164025

167281
168100
168921
169744
170569
171396

172225
173066
173889
174724
178661
176400
177241
178084
178929
179776

180625
181476

184041

184900
185761
186624
187489
188356

19

191844
192721
193600
194481
195364
196249
197136

201601

64000000
64481201

20.0000
20.0250

64964808 | 20.0499
65450827 | 20.0749

66939264

66430125
66923416
67419143
67917312
68417929

20.0998
20 1246

68921000 | 20.2485

69426531
69934528
70444997
70957944

71473375
71991296
725611713
73034632
73660069

74088000
74618461
75151448
7568696

76225024
76765625

81746504
82312875
82881856
83453453

84027672
84604519

85184000

87528384
88121125

90518849

20.3470

20.3715
20.3961

20.4206
20.4450
20.4695
20.4939

20.5183
20.5426

7 | 20.5670

20.5913

20.6155
20.6398

20.6640 | 7

20.6882

9 | 20.7123

20.7364
20.7605
20.7846

20.8087 | 7

20.8327

20.9523

20.9762
21.0000
21.0238
21.0476
21.0713

21.0950
21.1187
21.1424
21.1660
21.189%6

7.4590
7.4650
7.4710
7.4770
7.4829

7.4889
7.4948
7.5007
7.5067
7.5126

7.5185
7.5244
.5302
7.5361
7.5420

7.5478

7.5637
7.5595 | 2.63
5654 | 2. 63649

7.5712

7.5770
7.5828

7.5886
7.5944
7.6001

7.6059
7.6117
7.6174
7.6232
7.6289

7.6346
7.6403
7.6460
7.6517
7.6574

2 60746
7 | 2.60853

2 60959
2.61066
2.61172

2.61278
2.61384
2.61490
2.61595

0 | 2.61700

2.618056

2.62221

2.62325
2.62428
2.6253
2.62634
2.62737

2.62839
2.62941
2.63043
2.63144
2.63246

2.63347
2. 63448

s

o4
@

2.63749
2.63849
2.639
2.64048
2.64147
2.64246

2.64345
2.64444
2.64542
2.64640
2.64738

2.64836
2.64933
2.65031
2.65128
2.65225

=
©

06 | 2.50000

2.49377
2.48756
2.48139
2.47525

2.46914
2.46305
2.45700
2.45098
2.44499

2.43902
2.43309
2.42718
2.42131
2.41546

2.40964

2.33100

2.32568
2.32019
2.31482
2.30947
2.30415

2.29885
2.29358
2.28833
2.28311
2.27790

2.27273
2.26757
2.26244
2.25734
2.25225

2.24719
2.24215
2.23714
2.23214
2.22717
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam. Shrudr
3T = quare | Cube 1000 X
i~ Square.|  Cube. | “poot. | Root. | L9 | Recip.
Circum.| 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 | 2.65610 | 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| 164748209764 | 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| 166190211600 | 97336000 |21.4476 |7.7194 | 2.66276 | 2.17391
461 | 1448.3| 166914212521 | 97972181 |21.4709 | 7.7250 | 2.66370 | 2.16920
462 | 1451.4| 167639213444 | 98611128 |21.4942 | 7.7306 | 2.66464 | 2.16450
463 | 1454.6 65 | 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 | 1464.0 554 | 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| 1727657 | 219961 | 103161709 | 21.6664 | 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 | 107171875 | 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| 182 232324 | 111980168 | 21.9545 | 7.8406 | 2.68305 | 2.07469
3 | 1617.4| 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. 061!
486 | 1526.8| 185508 | 236196 | 114791256 | 22.0454 | 7.8622 | 2.68 2.05761
487 | 1530.0| 186272 | 237169 | 115501303 | 22.0681 | 7.8676 | 2.68753 | 2.06339
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| 189345241081 | 118370771 | 22.1585 | 7.8891 | 2.69108 | 2.03666
492 | 1645.7 | 190117 | 242064 | 119095488 | 22,1811 | 7.8944 | 2.69197 | 2.03252
493 | 1548.8| 190890 | 243049 | 119823157 | 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
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CIRCUMFERENCES CIRCULAR AREAS, SQUARES, CUBES,

SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam.

2 4 Square | Cube 1000 X

Square.|  Cube. Log. .

Bitrciuns.) e Root. | Root. Recip.
1570.8 | 196350 | 250000 | 125000000 | 22.3607 | 7.9370 | 2.69897 | 2.00000
1573.9 | 197136 | 251001 | 125751501 | 22.3830 | 7.9423 | 2.69984 | 1.99601
1677.1| 197923 | 252004 | 126506008 | 22.4054 | 7.9476 | 2.70070 | 1.99203
1580.2 | 198713 | 253009 | 127263527 | 22.4277 | 7.9528 | 2.70157 | 1.98807
1583.4 | 199504 | 254016 | 128024064 | 22.4499 | 7.9581 | 2.70243 | 1.98413
1586.5 | 200296 | 255025 | 128787625 | 22.4722 | 7.9634 | 2.70329 | 1.98020
1589.7 | 201090 | 256036 | 129554216 | 22.4944 | 7.9686 | 2.70415 | 1.97629
1592.8 | 201886 | 257049 | 130323843 | 22.5167 | 7.9739 | 2.70501 | 1.97239
1595.9 | 202683 | 258064 | 131096512 | 22.5389 | 7.9791 |2.70586 | 1.96850
1599.1| 203482 | 259081 | 131872229 | 22.5610 | 7.9843 | 2.70672 | 1.96464
1602.2 | 20428 100 | 132651000 | 22.5832 | 7.9896 | 2.70757 | 1.96078
1605.4 | 205084 | 261121 | 133432831 .6053 7.9948[2.70842 1.95695
1608.5 | 206887 | 262144 | 134217728 | 22.6274 | 8.0000 | 2.70927 | 1.95312
1611.6 06692 | 263169 | 135005697 | 22.6495 | 8.0052 | 2.71012 | 1.94932
1614.8 | 207499 | 264196 | 135796744 | 22.6716 | 8.0104 | 2.71 1.94553
1617.9| 208307 | 265225 | 136590875 | 22.6936 | 8.0156 | 2.71181 | 1.94175
1621.1| 209117 | 266256 | 137388096 | 22.7156 | 8.0208 | 2.71265 | 1.93798
1624.2 | 209928 | 267289 | 138188413 | 22.7376 | 8.0260 | 2.71349 | 1.93424
1627.3 | 210741 | 268324 | 138991832 | 22.7596 | 8.0311 | 2.71433 | 1.93050
1630.5| 211556 | 269361 | 139798359 | 22.7816 | 8.0363 | 2.71517 | 1.92678
1633.6| 212372 | 270400 | 140608000 | 22.8035 | 8.0415 | 2.71600 | 1.92308
1636.8 | 213189 | 271441 | 141420761 | 22. 8.0466 | 2.71684 | 1.91939
1639.9 | 214008 | 272484 | 142236648 | 22.8473 | 8.0617 | 2.71767 | 1.91671
1643.1| 214829 | 273529 | 143055667 | 22.8692 | 80569 | 2.71850 | 1.91205
1646.2 165651 | 274576 | 143877824 | 22.8910 | 8.0620 2.71933i1 .90840
1649.3 | 216475 | 275625 | 144703125 | 22.9129 | 8.0671 | 2.72016 | 1.90476
1652.5 | 217301 | 276676 | 145631576 | 22.9347 | 8.0723 | 2.72099 | 1.90114
1655.6 | 218128 | 277729 | 146363183 | 22.9565 | 8.0774 2 72181 | 1.89753
1668.8 | 218956 | 278784 | 147197952 | 22.9783 | 8.0825 | 2.72263 | 1.893%4
1661.9| 219787 | 279841 | 148035889 | 23.0000 | 8.0876 | 2.72346 | 1.89036
1665.0 | 220618 | 280900 | 148877000 | 23.0217 | 8.0927 | 2.72428 | 1.88679
1668.2 | 221452 | 281961 | 149721291 | 23.0434 | 8.0978 | 2.72509 | 1.88324
1671.3 22287 | 283024 | 150568768 | 23.0651 | 8.1028 | 2.72591 | 1.87970
1674.5| 223123 | 284089 | 151419437 | 23.0868 | 8.1079 | 2.72673 | 1.87617
1677.6 | 223961 | 285156 | 152273304 | 23.1084 | 8.1130 | 2.7 1.87266
1680.8 | 224801 | 286225 | 153130375 | 23.1301 | 8.118 72! 1.86916
1683.9 | 225642 | 287296 | 153990656 | 23.1517 | 8.1231 | 2.72916 | 1.86567
1687.0 | 226484 | 288369 | 154854153 | 23.1733 | 8.1281 | 2.72997 | 1.86220
1690.2 | 227329 | 289444 | 155720872 | 23.1948 | 8.1332 | 2.73078 | 1.856874
1693.3 | . 228175 | 290521 | 156590819 | 23.2164 | 8.1382 | 2.73159 | 1.855:
1696.5 | 229022 | 291600 | 157464000 | 23.2379 | 8.1433 | 2.73239 | 1.85185
1699.6 | 229871 | 292681 | 158340421 | 23.2594 | 8.1483 | 2.73320 | 1.84843
1702.7 | 230722 | 293764 | 159220088 | 23.2809 | 8,1533 | 2.73400 | 1.84502
1705.9 | 231574 | 294849 | 160103007 | 23.3024 | 8.1583 | 2.73480 | 1.84162
1709.0 | 232428 | 295936 | 160989184 | 23.3238 | 8.1633 | 2.73560 | 1.83824
1712.2 | 233283 | 297025 | 161878625 | 23.3452 | 8.1683 | 2.73640 | 1.83486
1715.3 | 234140 | 298116 | 162771336 | 23.3666 | 8.1733 | 2.73719 | 1.83150
1718.5 | 234998 | 299209 | 163667323 | 23.3880 | 8.1783 | 2.73799 | 1.82815
1721.6 | 235868 | 300304 | 164566592 | 23.4094 | 8.1833 | 2.73878 | 1.82482
1724.7 | 236720 | 301401 | 165469149 | 23.4307 | 8.1882 | 2.73957 | 1.82149
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,

SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam,
7

- ——————|Square.| Cube. S;;g‘.e %gz Log. i?gz;(
Circum.| Area. g
1727.9| 237583 | 302500 | 1 23.4521 | 8.1932 | 2.74036 | 1.81818
1731.0 | 238448 | 303601 | 167284151 | 23.4734 | 8.1982 | 2.74115 | 1.81488
1734.2 | 239314 | 304704 | 168196608 | 23.4947 | 8.2031 | 2.74194 | 1.81159
1737.3| 240182 | 305809 | 169112377 | 23.5160 | 8.2081 | 2.74273 | 1.80832
1740.4 | 241051 | 306916 | 170031464 | 23.5372 | 8.2130 | 2.74351 | 1.80505
1743.6 | 241922 | 3 170953875 | 23.5584 | 8.2180 | 2.74429 | 1.80180
1746.7 | 242795 | 309136 | 171879616 |23.5797 | 8.2229 (2.7 1.79856
1749.9| 2 310249 | 172808693 |23. 8.2278 | 2.74586 | 1.79533
1763.0| 244545 | 311364 | 173741112 | 23.6220 | 8.2327 | 2.74663 | 1.79211
1756.2 | 245422 | 312481 | 174676879 |23.6432 | 8.2377 | 2.74741 | 1.78891
1759.3| 2 175616000 | 23.6643 | 8.2426 | 2.74819 | 1.78571
1762.4 | 247181 | 314721 | 176558481 |23. 8.2475 | 2.74896 | 1.78253
1765.6 | 24 15844 | 177504328 | 23.7! 8.2524 | 2.74974 | 1.77936
1768.7 | 24 316969 | 178453547 | 23.7276 | 8.2573 | 2.75051 | 1.77620
1771.9| 249832 | 318096 | 179406144 |23.7487 | 8.2621 | 2.75128 | 1.77305
1775.0| 250719 | 319225 | 180362125 | 23.7697 | 8.2670 | 2.75205 | 1.76991
1778.1| 251607 | 320356 | 181321496 |23.7908 | 8.2719 | 2.75282 | 1.76678
1781.3| 252497 | 321489 | 182284263 |23.8118 | 8.2768 | 2. 1.76367
1784.4 322624 | 183250432 | 23.8328 | 8.2816 | 2. 1.76056
1787.6 | 254281 | 323761 | 184220009 |23.8537 | 8.2865 | 2.75511 | 1.75747
1790.7 | 255176 | 324900 | 185193000 |23.8747 | 8.2913 | 2.75587 | 1.
1793.9 | 256072 | 326041 | 186169411 | 23. 8.2962 | 2.75664 | 1.75131
1797.0 327184 | 187149248 |23.9165 | 8.3010 | 2.75740 | 1.74!
1800.1| 257869 | 328329 | 188132517 |23.9374 | 8.3059 | 2.75815 | 1.74520
1803.3 329476 | 189119224 |23.9583 | 8.3107 | 2.75891 | 1.74216
1806.4| 25 0625 | 190109375 |23.9792 | 8.3155 (2. 1.73913
1809.6 | 260576 | 331776 | 191102976 |24.0000 | 8.3203 | 2.76042 | 1.73611
1812.7 | 261482 | 332929 | 192100033 |24.0208 | 8.3251 | 2.76118 | 1.73310
1815.8 | 334084 | 193100552 |24.0416 | 8.3300 | 2.76193 | 1.73010
1819.0 | 263298 | 335241 | 194104539 |24.0624 |8.3348 | 2.7 1.72712
1822.1 | 264208 | 336400 | 195112000 |24. 2.763 72414
1825.3‘ 265120 | 337561 | 196122941 |24.1 8.3443 | 2.76418 |1.72117
1828.4 338724 | 197137368 |24.1247 8.3491 (2.76492 |1.71821
1831.6 | 266948 | 339889 | 198155287 |24.1454 |8 2.76567 |1.71527
1834.7 341056 | 199176704 |24.1661 |8.3587 |2.76641 [1.71233
1837.8 | 268783 | 342225 | 200201625 |24.1868 |8.3634 |2.76716 |1.70940
1841.0| 269701 | 343396 | 201230056 |24.2074 (8. 2.76790 |1.70649
1844.1| 270624 | 344569 | 202262003 |24.2281 | 8.3730 | 2.76864 | 1.70358
1847.3 | 271547 | 345744 | 203297472 |24.2487 |8.3777 (2.7 1.70068
1850.4 | 272471 | 346921 | 204336469 |24.2693 | 8. 2.77012 |1.69779
18563.5| 273397 | 348100 | 205379000 |24.2899 |8.3872 |2.77 1.69492
1856.7 | 274325 | 349281 | 206425071 |24.3105 |8.3919 (2.77169 |1.69206
1859.8 | 275254 | 350464 | 207474688 | 24.3311 | 8.3967 (2. 1.68919
1863.0| 276184 | 351649 | 208527857 |24.3516 |8.4014 |2.77305 | 1.68634
1866.1 | 277117 | 352836 | 209584584 |24.3721 | 8.4061 |2.77379 | 1.68350
1869.3 | 278051 | 354025 | 210644875 | 24.3926 | 8.4108 2 77452 | 1.68067
1872.4 355216 | 211708736 |24.4131 | 8.4155 | 2.77525 |1.67785
1875.5 356409 | 212776173 24.4336 8 4202 2 77597 | 1.67504
1878.7 | 280862 | 357604 | 213847192 | 24.4540 | 8 2.77670 | 1.67224
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, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. — Diam.

Square | Cube 1000 X

No. Square.|  Cube. Log. i
] e l Root. | Root. 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| 2932 3321 | 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 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 44 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 | 1.615651
620 | 1947.8| 301907 00 | 238328000 | 24.8998 | 8.5270| 2.79239 | 1.61290
621 | 1950.9| 302882 | 385641 | 239483061 | 24.9199 | 8.5316 | 2.79309 | 1.61031
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 | 1.60266
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 | 1.568730
631 | 1982.4| 312715 |398161 | 251239591 ( 25.11 8 2.80003 | 1.58479
632 | 1985.5 | 313707 | 399424 | 252435968 | 25.1396 | 8.5817 | 2.80072 1 58228

633 | 1988.6| 314700 | 400689 | 253636137 | 25.1! 8.5862 | 2.80140 | 1.5797
634 | 1991.8 15696 | 401956 | 254840104 | 25.1794 |8.5907 | 2.80209 | 1. 57729
635 | 1994.9 1 03225 7875 | 25.1! 8.5952 | 2.80277 | 1.57480
1998.1| 317690 | 404496 | 257259456 | 25.2190 | 8.5997 | 2.80346 | 1.57233
637 | 2001.2| 318690 (405769 | 258474853 | 25. 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 | 2.8 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 326733 | 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 419904 | 272097792 | 25.4558 | 8.65635 | 2.81158 | 1.54321
649 | 2038.9| 330810 | 421201 | 273359449 | 25.4755 | 8.6579 | 2. 81224 | 1.54083
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SOQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
BECIPROCALS OF NOS. FROM 1 TO 1000.

698
699

No. —Dmm

Square | Cube 1000 X

—————| Square.| . Cube. Log. 2

Circum.| Area. 0ok | ook Reosps
2042.0 | 331831 | 422500 | 274625000 | 25.4951 | 8.6624 | 2 81291 1.53846
2045.2 | 332853 | 423801 | 275894451 | 25.5147 | 8.6668 | 2.81358 | 1.53610
2048.3 | 333876 | 425104 | 277167808 | 25.5343 | 8.6713 | 2.81425 | 1.53374
2051.5| 334901 | 426409 | 278445077 | 25.5539 | 8.6757 | 2.81491 | 1.53139
2054. 335927 | 427716 | 279726264 | 25.5734 8.680112.81558 1.52906
2067.7| 336955 | 429025 | 281011375 | 25.5930 | 8.6845 | 2.81624 | 1.52672
2060.9| 337985 | 430336 | 282300416 | 25.6125 | 8.6890 | 2.81690 | 1.52439
2064.0| 339016 | 431649 | 283693393 | 25.6320 | 8.6934 | 2.81757 | 1.52207
2067.2| 340049 | 432964 | 284890312 | 25.6515 | 8.6978 | 2.81823 | 1.51976
2070.3| 341084 | 434281 | 286191179 | 25.6710 | 8.7022 | 2.81889 | 1.51745
2073.5| 342119 | 435600 | 287496000 | 25.6905 | 8.7066 | 2.81954 | 1.51515
2076.6| 343157 | 436921 | 288804781 | 25.7099 | 8.7110 | 2.82020 | 1.51286
2079.7 | 344196 | 438244 | 290117528 | 25.7294 | 8.7154 | 2.82086 | 1.51057
2082.9| 345237 | 439569 | 291434247 | 25.7488 | 8.7198 | 2.82151 | 1.50830
2086.0( 346279 | 440896 | 2927564944 | 25.7682 | 8.7241 | 2.82217 | 1.50602
2089.2| 347323 | 442225 | 294079625 | 25.7876 | 8.7285 | 2.82282 | 1.50376
2092.3| 348368 | 443556 | 295408296 | 25.8070 | 8.7329 | 2.82347 | 1.50150
2095.4 | 349415 | 444889 | 296740963 | 25.8263 | 8.7373 | 2.82413 | 1.49925
2098.6 446224 | 298077632 | 25,8457 | 8.7416 | 2.82478 | 1.49701
2101.7 | 351514 | 447561 | 299418309 | 25.8650 | 8.7460 | 2.82543 | 1.49477
2104.9| 352565 | 448900 | 300763000 | 25.8844 | 8.7503 | 2.82607 | 1.49254
2108.0| 353618 | 450241 | 302111711 | 25.9037 | 8.7547 | 2.82672 | 1.49031
2111.2| 354673 | 451584 | 303464448 | 25.9230 | 8.7590 | 2.82737 | 1.48810
2114.3| 355730 452929 | 304821217 | 25.9422 | 8.7634 | 2.82802 | 1.48588
2117.4| 356788 | 454276 | 306182024 | 25.9615 | 8.7677 | 2.82866 | 1.48368
2120.6| 357847 | 455625 | 307546875 | 25.9808 | 8.7721 | 2.82930 | 1.48148
2123.7| 358908 456976 | 308915776 | 26.0000 | 8.7764 | 2. 1.47929
2126.9| 359971 | 458329 | 310288733 | 26.0192 | 8.7807 | 2.83! 1.47711
2130.0| 361035 459684 | 311665752 | 26.0384 | 8.7850 | 2.83123 | 1.47493
2133.1| 362101 | 461041 | 313046839 | 26.0576 | 8.7893 | 2.83187 | 1.47275
2136.3| 363168 | 462400 | 314432000 | 26.0768 | 8.7937 | 2.83251 | 1.47059
2139.4| 364 463761 | 315821241 | 26. 8.7980 | 2.83315 | 1.46843
2142.6( 365308 | 465124 | 317214568 | 26.1151 | 8.8023 | 2.83378 | 1.46628
2145.7| 366380 | 466489 | 318611987 | 26.1343 | 8.8066 | 2.83442 | 1.46413
2148.9| 367453 | 467856 | 320013504 | 26.1534 | 8.8109 | 2.83506 | 1.46199
2152.0| 368528 | 469225 | 321419125 | 26.1725 | 8.8152 | 2.83569 | 1.45985
2155.1| 369605 | 470596 | 322828856 | 26.1916 | 8.8194 | 2.83632 | 1.45773
2158.3| 370684 | 471969 | 324242703 | 26.2107 | 8.8237 | 2.83696 | 1.45560
2161.4| 371764 | 473344 | 325660672 | 26.2298 | 8.8280 | 2.83759 | 1.45349
2164.6| 372845 | 474721 | 327082769 | 26.2488 | 8.8323 | 2.83822 | 1.45138
2167.7 | 373928 | 476100 | 328509000 | 26.2679 | 8.8366 | 2.83885 | 1.44928
2170.8| 375013 | 477481 | 329939371 | 26.2869 | 8.8408 | 2.83948 | 1.44718
2174.0| 371 478864 | 331373888 | 26.3059 | 8.8451 | 2.84011 | 1.44509
2177.1| 377187 | 480249 | 332812557 | 26.3249 | 8.8493 | 2.84073 | 1.44300
2180.3| 378276 | 481636 | 334256384 | 26.3439 | 8.8536 | 2.84136 | 1.44092
2183.4 | 379367 | 483025 | 335702375 | 26.3629 | 8.8578 | 2.84198 | 1.43885
2186.6| 380459 | 484416 | 337153536 | 26.3818 | 8.8621 | 2.84261 | 1.43678
2189.7 | 381554 | 485809 | 338608873 | 26. 4! 8.8663 | 2.84323 | 1.43472
2192.8 | 382649 | 487204 | 340068392 | 26.4197 | 8.8706 | 2.84386 | 1.43267
2196.0| 383746 | 488601 | 341532099 | 26.4386 | 8.8748 | 2.84448 | 1.43062




CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No.= Diam. ‘
No. Square.| Cube.
Circum.| Area.

700 | 2199.1| 384845 | 490000 \ 343000000
701 | 2202.3 | 385945 | 491401 | 344472101
702 | 2205.4 | 387047 | 492804 | 345948408
703 | 2208.5| 388151 | 494209 | 347428927
704 | 2211.7 | 389256 | 495616 [ 348913664
705 | 2214.8| 390363 | 497025 | 3560402625
706 | 2218.0| 391471 | 498436 | 351895816
707 | 2221.1| 392580 | 499849 | 353393243
708 | 2224.3| 393692 | 501264 | 354894912
709 | 2227.4 | 394805 | 502681 | 356400829
710 | 2230 395919 | 504100 | 357911000
711 | 2233.7 | 397035 | 506521 | 3569425431
712 | 2236.8| 398153 | 506944 | 360944128
713 | 2240.0| 399272 | 508369 | 362467097
714 | 2243.1| 400393 | 509796 | 363994344
715 | 2246.2| 401515 | 511225 | 365525875
716 | 2249.4| 402639 | 512656 | 367061696
717 | 2252.5| 403765 | 514089 | 368601813
718 | 2266.7 | 404892 | 516524 | 370146232
719 | 2258.8 | 406020 | 516961 | 371694959
720 | 2261.9| 407150 | 518400 | 373248000
721 | 2265.1| 408282 | 519841 | 374805361
722 | 2268.2 | 409416 | 521284 | 376367048
723 | 2271.4 | 410550 | 522729 | 377933067
724 | 2274.5| 411687 | 524176 | 379503424
725 | 2277.7 | 412825 | 526625 | 381078125
726 | 2280.8 | 413965 | 527076 | 382657176

7 | 2283.9 | 415106 | 528529 | 384240583
728 | 2287.1| 416248 | 529984 | 385828352
729 | 2290.2 | 417393 | 531441 | 387420489
730 | 2293.4 | 418539 | 532900 | 389017000
731 | 2296.5| 419686 | 534361 | 390617891
732 | 2299.7| 420835 | 535824 | 392223168
733 | 2302.8| 421986 | 537289 | 393832837
734 | 2305.9 | 423138 | 538756 | 395446904
735 | 2309.1| 424293 | 540225 | 397065375
736 | 2312.2 | 425448 | 541696 | 398688256
737 | 2315.4 | 426604 | 543169 | 400315553
738 | 2318.5| 427762 | 544644 | 401947272
739 | 2321.6| 428922 | 546121 | 403583419
740 | 2324.8| 430084 | 547600 | 405224000
741 | 2327.9| 431247 | 549081 | 406869021
742 | 2331.1| 432412 | 550564 | 408518488
743 | 2334.2| 433578 | 552049 | 410172407
744 | 2337.3| 434746 | 553536 411830784|
745 | 2340.5| 435916 | 555025 | 413493625 |
746 | 2343.6| 437087 | 556516 | 415160936
747 | 2346.8 | 438259 | 558009 | 416832723
748 | 2349.9| 439433 | 559504 | 418508992
749 | 2363.1| 440609 | 561001 | 420189749

Square | Cube
Root. | Root.

Log.

26.4675 | 8
26.4764 | 8.
26.4953 | 8.
26.5141 | 8.
26.5330 | 8.

26.5518 | 8.9001

26.7208 | 8.9378
26.7395 | 8.9420

26'8887 8.9752

27.0000 | 9.0000

27.0185 | 9.0041
27.0370 | 9.0082
27.0556 | 9.0123
27.0740 | 9.0164
27.0924 | 9.0205

27.1109 | 9.0246
27.1293 | 9.0287
27.1477 | 9.0328
27.1662 | 9.0369
27.1846 | 9.0410

27.2029 | 9.0450
27.2213 | 9.0491
27.2397 | 9.0532
27.2580 | 9.05672
27.2764 | 9.0613

27.2947 | 9.0654
27.3130 | 9.0694
27.3313 | 9.0735
27.3496 | 9.0775
27.3679 | 9.0816

2.84510

2.84572 | 1.

2.84634
2.84696
2.84757

2.84819

2'86510

2.86923
2.86982
2.87040
2.87099
2.87157

2.87216
2.87274
2.87332
2.87390
2.87448

1000 X
Recip.

1 42857
42653
1.42450
1.42248
1.42046

1.41844
1.41643
1.41443

3 |1.41243

1.41044
1.40845

1.40066
1.39860
1.39665
1.39470
1.39276
1.39082

1.38122
1.37931

1.37174
1.36986

1.36240

1.36054
1.35870
1.35685

1.36501
1.35318

1.35136
1.34953
1.34771
1.34590
1.34409
1.34228
1 34048

33869
1 -33690
1.33511
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COIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam. S
quare | Cube 1000 %
No. - Square.,  Cube. Root. | Root, | L09- Recip.
Circum.| Area.

750 | 2356.2| 441786 | 562500 | 421875000 | 27.3861 | 9.0856 [ 2.87506 | 1.33383
751 2233252).3 442965 5524528% 423664751 | 27.4044 | 9.0896 | 2.87564 | 1.33156

762 5| 444146 426259008 | 27.4226 | 9.0937 | 2.87622 | 1.32979
7! 6| 445328 | 567009 | 426957777 | 27.4408 876! .

754 | 2368.8| 446511 | 568516 | 428661064 | 27.4591 | 9.1017 | 2.87737 | 1.32626
755 | 2371.9| 447697 430368875 | 27.4773 | 9.1067 | 2.87795 | 1.32450
2375.0 571636 | 432081216 | 27.4955 | 9.1098 | 2.87852 | 1.

757 | 2378.2 573049 093 | 27.5136 | 9.1138 | 2.87910 | 1.32100
758 | 2381.3| 451262 435519512 | 27.5318 | 9.11 1.31926
759 | 2384.5| 452453 | 576081 | 437245479 | 27.5500 | 9.1218 | 2.88024 | 1.31752

760 | 2387.6| 453646 | 5 76000 | 27.5681 | 9. 83081

761 | 2390.8 | 454841 | 579121 (440711081 | 27.5862 | 9.1298 | 2.88138 | 1.31406
762 9 2450728 | 27.6043 | 9.1338 | 2.88195 | 1.31234
7 2397.0 | 457234 | 582169 | 444194947 | 27.6225 | 9.1378 2 | 1.31062
764 | 2400.2 | 458434 446943744 | 27.6405 | 9.1418 1.30890
765 | 2403.3 | 459635 447697125 | 27. 9.1458 | 2.88366 | 1.30719
7 2406.5 7 | 586756 | 449455096 | 27.6767 | 9.1498 | 2.88423 8
767 | 2409.6| 462042 451217663 | 27. 9.1637 | 2.88480 | 1.30378
768 | 2412.7 | 463247 | 589824 27.7128 | 9.1577 | 2.88536 | 1.30208

4 465663 | 592900 | 456533 o g . y
771 | 2422.2 | 466873 | 694441 | 458314011 | 27,7669 | 9.1696 | 2.88705 | 1.29702

A 460099648 | 27. h y .
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

2437. 472948 467288576 | 27.8568 | 9.1894 | 2.88986 | 1.288€6
2441.0 | 474168 | 603729 | 469097433 | 27.8747 | 9.1933 | 2.89042 | 1.28700
2444 475389 | 605284 | 470910962 | 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 | 27.9285 | 9.2052 | 2.89209 | 1.28205
781 | 2453.6 27906% 609961 | 476379541 27.946; 9.2091 | 2.89265 | 1.28041
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 | 516225 | 483736625 |28.0179 | 9.2248 |2.89487 | 1.27389
786 28.0357 | 9.2287

2469.3 | 485216 | 617796 | 485587656 | 28.0357 |9 2.89542 | 1.27226
7 2472.4 | 486451 487443403 |28.0535 | 9.2326 (2.89597 | 1.27065
788 | 2475.6 | 487688 620944 | 4 28.0713 |9 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 492652 | 627264 | 496793088 | 28.1425 |9.2521 | 2.89873 | 1.26263
793 | 2491.3 | 493897 | 628849 | 498677257 | 28.1603 | 9.2560 |2 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. 1.25786
796 | 2800.7 | 497641 | 633616 | 504358336 | 28.2135 | 9.2677 | 2.90091 | 1.25628
797 | 2503.8 | 498892 | 635209 | 506261573 | 28.2312 | 9.2716 | 2.90146 | 1.25471

2507.0| 500145 | 636804 | 508169592 | 28.2489 | 9.2754 | 2.90200 | 1.25313
799 | 2510.1| 501399 | 638401 | 510082399 | 28.2666 | 9.2793 | 2.90255 | 1.25156
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam i 3

i * Square | Cube 1000 X

No. i I Square.|  Cube. Root. | Root. | 709 | 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
8 2519 505171 | 643204 | 515849608 | 28.3196 | 92909 | 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 | 2532. 510223 | 649636 | 523606616 | 28.3901 | 9.3 2.90634 | 1.24069
807 | 2635.3| 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 100 | 531441000 | 28.4605 | 9.3217 | 2.90849 | 1.23457
811 | 2547.8| 516573 | 657721 | 533411731 | 28.4781 | 9.32 .90902 | 1.23305
812 | 2551.0| 517848 | 659344 | 535387328 | 28.4966 | 9.3294 | 2.90956 | 1.23153
813 | 2554.1| 519124 | 660969 | 537367797 | 28.5132 | 9.3332 | 2.91009 | 1.23001
814 | 2557.3 0402 | 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 2 543338496 | 28.56567 | 9.3447 | 2.91169 | 1.22549
817 | 2566.7 | 524245 | 667489 8513 | 28.5832 | 9.3485 | 2.91222 | 1.22399
818 | 2569.8| 5265529 | 669124 | 547343432 | 28.6007 | 9.3523 | 2.91275 | 1.22249
819 | 2573.0| 526814 |670761 | 549 9 | 28.6182 | 9.3561 | 2.91328 | 1.22100
820 | 2576.1 281 400 | 551368000 | 28.6356 | 9.3599| 2.91381 | 1.21951
821 | 2579.2| 629391 | 674041 | 553387661 | 28.6531 | 9.3637 | 2.91434 | 1.21803
822 | 2582.4 0681 | 675684 | 555412248 | 28.6705 | 9.3675| 2.91487 | 1.21655
823 | 2585. 531973 | 677329 | 557441767 | 28.6880 | 9.3713 | 2.91540 | 1.21507
824 | 2588.7 67 | 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| 5371657 | 683929 | 565609283 | 28.7576 | 9.3865| 2.91751 | 1.20919
828 | 2601.2| 5384 84 | 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 900 | 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 | 696556 | 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. 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| 564177 | 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 | 1.18343
846 | 2657.8 | 562122 | 715716 | 605495736 | 29.0861 |9.4578 | 2.92737 | 1.18203
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
2667.2 | 566116 | 720801 | 611960049 | 29.1376 | 9.4690 | 2.9289 17786
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES,
SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND

%ﬁ@? 8

894

RECIPROCALS OF NOS. FROM 1 TO 1000.

No. = Diam.
S Cube 1000 X
Square.,  Cube. Qq,“ ki Log. &

Circum.| Area. ook, | Root. Reoip
2670.4 | 567450 | 722500 | 614125000 | 29.1548 | 9.4727 | 2.92942 | 1.17647
2673.5| 568786 | 724201 | 616295051 | 29.1719 | 9.4764 | 2.92993 | 1.17509
2676.6 | 570124 | 725904 | 618470208 | 29.1890 | 9.4801 | 2.93044 | 1.17371
2679.8 | 571463 | 727609 | 620650477 | 29.2062 | 9.4838 | 2.93 1.17233
2682.9 72803 | 729316 | 622835864 | 29.2233 | 9.4875 | 2.93146 | 1.17096
2686.1| 574146 | 731025 | 625026375 | 29.2404 | 9.4912 | 2.93197 | 1.16959
2689.2| 575490 '36 | 627222016 | 29.2575 | 9.4949 | 2.93247 | 1.16822
2692.3 | 576835 | 734449 | 629422793 | 29.2746 | 9.4986 | 2.93298 | 1.16686
2695.5| 578182 | 736164 | 631628712 | 29.2916 | 9.5023 | 2.93349 | 1.16550
2698.6 79530 | 737881 | 633839779 | 29.3087 | 9.5060 | 2.93399 | 1.16414
2701.8| 580880 | 739600 | 636056000 | 29.3258 | 9.5097 | 2.93450 | 1.16279
2704.9| 582232 | 741321 | 638277381 | 29.3428 | 9.5134 | 2.93500 | 1.16144

2708.1| 583585 | 743044 | 640503928 | 29.3598 [ 9.5171 | 2.93561 | 1.1

2711.2| 584940 | 744769 | 642735647 | 29.3769 | 9.5207 | 2.93601 | 1.
2714.3| 586297 | 746496 | 644972544 | 29.3939 | 9.5244 | 2.93651 | 1.15741
2717.5| 587 748225 | 647214625 | 29.4109 | 9.5281 | 2.93702 | 1.15607
2720.6| 589014 | 749956 | 649461896 | 29.4279 [ 9.5317 | 2.93752 | 1.15473
2723.8| 590375 | 751689 | 651714363 | 29.4449 | 9. 2.9 1.15340
2726.9| 591738 | 753424 | 653972032 | 29.4618 | 9.5391 | 2.93852 | 1.15207
2730.0| 593102 | 755161 | 656234909 | 29.4788 | 9.5427 | 2.93902 | 1.150756
2733.2| 594468 | 756900 | 658503000 | 29.4958 | 9.5464 | 2.93952 | 1.14943
2736.3| 595835 | 758641 | 660776311 | 29.5127 | 9.5601 | 2.94002 | 1.14811
2739.5| 597204 | 760384 | 663054848 | 29.5296 | 9.5537 | 2.94052 | 1.14679
2742.6| 598575 | 762129 | 665338617 | 29.5466 | 9.5574 [2.94101 | 1.14548
2745.8| 599947 | 763876 | 667627624 | 29.5635 | 9.5610 | 2.94151 | 1.14416
2748.9| 601320 | 765625 1875 | 29.5804 | 9.5647 | 2.94201 | 1.14286
2752.0| 602 767376 | 672221376 | 29.5973 | 9.5683 | 2.94250 | 1.141556
2755.2| 604073 | 769129 | 674526133 | 29.6142 | 9.5719 | 2.94300 | 1.14025
2768.3| 605451 | 770884 | 676836152 | 29.6311 | 9.5756 | 2.94349 | 1.13895
2761.5| 606831 | 772641 | 679151439 | 29.6479 | 9.5792 | 2.94399 | 1.13766
2764.6| 608212 | 774400 | 681472000 | 29.6648 | 9.5828 | 2.94448 | 1.13636
2767.7| 609595 | 776161 | 683797841 | 29.6816 | 9.5865 | 2.94498 | 1.13507
2770.9| 610980 | 777924 | 686128968 | 29.6985 | 9.5901 | 2.94547 | 1.13379
2774.0| 612366 29.7153 [ 9.5937 | 2.94 1.13250
2777.2| 613754 | 781456 | 690807104 | 29.7321 | 9.5973 | 2.94645 [ 1.13122
2780.3| 615143 | 7 693154125 | 29.7489 | 9.6010 | 2.94694 | 1.12994
2783.5| 616534 | 784996 | 695506456 | 29.7658 | 9.6046 | 2.94743 | 1.12867
2786.6| 617927 | 786769 | 697864103 | 29.7825 | 9.6082 | 2.94 1.12740
2789.7 | 619321 | 788544 | 700227072 | 29.7993 | 9.6118 | 2.94841 | 1.12613
2792.9| 620717 | 790321 | 702595369 | 29.8161 | 9.6154 | 2. 94! .12486
2796.0| 622114 | 792100 | 704969000 | 29.8329 | 9.6190 | 2.94939 | 1.12360
2799.2 | 623513 | 793881 | 707347971 | 29.8496 | 9.6226 | 2.949! .12233
2802.3| 624913 | 795664 | 709732288 | 29. .6262 [ 2.95036 | 1.12108
2806.4 | 626315 | 797449 | 712121957 | 29.8831 | 9.6298 | 2.95085 | 1.11982
2808.6| 627718 | 799236 | 714516984 | 29.8998 | 9.6334 | 2.95134 | 1.11857
2811.7| 629124 | 801025 | 716917375 29.9166 9.6370 | 2.95182 | 1.11732
2814.9| 630530 | 802816 | 719323136 | 29.9333 | 9.6406 | 2.95231 | 1.11607
2818.0| 631938 | 804609 | 721734273 | 29.9500 | 9.6442 | 2.95279 | 1.11483
2821.2| 633348 | 806404 | 724150792 | 29.9666 | 9.6477 | 2.95328 | 1.11369
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, LOGARITHMS, AND
RECIPROCALS OF NOS. FRO‘I 1 TO 1000.

No,= Dtam
7 Cub.
————————Square.| Cube. S;Izz:tr 2 RZote. Log.

1000 X
B
Circum.| Area. Recip.

No.

900 | 2827.4| 636173 | 810000 | 729000000 | 30.0000 | 9.6549 | 2.95424 | 1.1
901 | 2830.6| 637587 | 811801 (731432701 |30.0167 |9.6585 | 2.95472 | 1.

902 | 2833.7| 639003 | 813604 | 733870808 | 30.0333 | 9.6620 | 2.95521 | 1.10865
903 | 2836.9| 640421 | 815409 | 736314327 | 30.0500 |9.6656 | 2.95569 | 1.1
904 | 2840.0( 641840 |817216 | 738763264 |30.0666 |9.6692 | 2.95617 | 1.10619
905
906
907
908
909

1111
10988

2843.1| 643261 | 819025 | 741217625 | 30.0832 | 9.6727 | 2.95665 | 1.10497
2846.3 | 644683 | 820836 | 743677416 | 30.0998 | 9.6763 | 2.95713 | 1.10375
2849.4 | 646107 | 822649 | 746142643 | 30.1164 | 9.6799 | 2.95761 | 1.10254
2852.6 | 647533 | 824464 | 748613312 | 30.1330 | 9.6834 | 2.95809 | 1.10132
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
v 829921 | 766068031 | 30. : . i
912 | 2866.1| 653260 | 831744 | 758550628 |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

; 657555 | 837225 | 766060875 | 30. . 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 ;gslsesaoocl) 30.3315 | 9.7259 [2.96379 | 1.08696
2896.5| 667654 | 850084 | 783777448 | 30.3645 | 9.7329 | 2.96473 | 1.08460
923 } 786330467 | 3 3 : ;

924 | 2902.8| 670654 | 853776 | 783889024 | 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 X 859329 | 796597983 | 30. ] ; §

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

934 | 2934.2| 685147 | 872356 | 814780504 | 30.5614 | 9.7750 | 2.97035 | 1.07066
2937.4| 686615 | 874225 | 817400375 | 30.5778 | 9.7785 | 2.97081 | 1.06952
820025856

936 | 2940.5| 688084 | 876096 30.5941 | 9.7819 | 2.97128 | 1.06838
937 | 2943.7| 689555 | 877969 | 822656353 | 30.6106 | 9.7854 | 2.97174 | 1.06724
938 | 2946.8| 691028 | 879844 | 825293672 | 30.6268 | 9.7889 | 2.97220 | 1.06610

2950.0| 692602 | 881721 | 827936019 | 30.6431 | 9.7924 | 2.97267 | 1.064%
940 | 2953.1| 693978 | 833600 | 830584000 | 30.6594 |9.7959 | 2.97313 | 1.06383
941 | 2956.2| 695455 | 885481 | 833237621 | 30.6757 |9.7993 2.97359 | 1.06270
942 | 2959.4 | 696934 | 837364 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 | 1.06697
948 | 2978.2| 705840 | 898704 | 851971392 | 30.7896 | 9.8236 | 2.97681 | 1.05485
949 | 2981.4| 707330 | 900601 | 854670349 | 30.8058 | 9.8270 | 2.97727 | 1.05374
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CIRCUMFERENCES, CTRCULAR AREAS, SQUARES, CUBES,
SOQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND
RECIPROCALS OF NOS. FROM 1 TO 1000.

961
962

S 88888 88

972
973
974

975
976

980
98
982

g8 88

987
988
989

BBERE sa8es

No. = Diam.

Circum.

Area.

74365
745088
746619
748151
749685
751221
7652758
764296
766837
767378
758922
760466
762013
763561
765111
766662
768214
769769

772
;’74441

Square | Cube 1000 X

Square.|  Cube. Root. | Root. | 09 | Re, cip.
902500 857375000‘30.8221 9.8306 | 2.97772 | 1.05263
904401 | 860085351 | 30.8383 | 9. 2.97818 | 1.05152
906304 | 862801408 | 30.8545 | 9.8374 | 2.97864 | 1.05042
908209 | 865623177 | 30.8707 | 9.8408 | 2.97909 | 1.04932
910116 | 868250664 | 30. 9.8443 | 2.97955 | 1.04822
912025 | 870983875 | 30.9031 | 9.8477 | 2.98000 | 1.04712
913936 | 873722816 | 30.9192 | 9.8511 | 2.98046 | 1.04603
915849 | 876467493 | 30.9354 | 9.8546 | 2.98091 | 1.04493
917764 | 879217912 | 30.9516 | 9. 2.98 .04384
919681 | 881974079 | 30.9677 | 9.8614 | 2.98182 | 1.04275
921 736000 | 30.9839 | 9.8648 | 2.98227 | 1.04167
923521 | 887503681 | 31.0000 | 9.8683 | 2.98272 | 1.04058
925444 128 | 31.0161 | 9.8717 | 2.98318 | 1.03950
927369 | 893056347 | 31.0322 | 9.8751 | 2.98363 | 1.03842
929296 | 895841344 | 31.0483 | 9.8785 | 2.98408 | 1.03734
931225 | 898632125 | 31.0644 | 9.8819 | 2.98453 | 1.03627
933156 | 901428696 | 31.0805 | 9.8854 | 2.98498 | 1.03520
904231063 | 31.0966 | 9.8888 | 2.98543 | 1.03413
937024 | 907039232 | 31.1127 | 9.8922 | 2.98588 | 1.03306
938961 | 909853209 | 31.1288 | 9.8956 | 2.98632 | 1.03199
940900 | 912673000 | 31.1448 | 9.8990 | 2.98677 | 1.03093
942841 | 915498611 | 31.1609 | 9.9024 | 2.98722 | 1.02987
944784 | 918330048 | 31.1769 | 9.9058 | 2.98767 | 1.02881
946729 | 921167317 | 31.1929 | 9.9092 | 2.98811 | 1.02775
948676 | 924010424 | 31.2090 | 9.9126 | 2.98856 | 1.02669
950625 | 926859375 | 31.2250 | 9.9160 | 2.98900 | 1.02564
952576 | 929714176 | 31.2410 | 9.9194 | 2.98945 | 1.02459
954529 | 932574833 | 31.2570 | 9.9227 | 2.98989 | 1.02354
956484 | 935441352 | 31.2730 | 9.9261 | 2.99034 | 1.02249
958441 1 .2890 | 9.9295 | 2.99078 | 1.02145
960400 | 941192000 | 31.3050 | 9.9329 | 2.99123 | 1.02041
962361 | 944076141 | 31.3209 | 9.9363 | 2.99167 | 1.01937
964324 | 946966168 | 31.3369 | 9.9396 | 2.99211 | 1.01833
966289 | 949862 31.3528 | 9.9430 | 2.99255 | 1.01729
968256 | 952763904 | 31. 9.9464 | 2.99300 | 1.01626
970225 | 955671625 | 31.3847 | 9.9497 | 2.99344 | 1.01523
972196 | 958585256 | 31.4006 | 9.9531 | 2.99388 | 1.01420
974169 | 961504803 | 31.4166 | 9.9565 | 2.99432 | 1.01317
976144 3 .4325 | 9.9598 | 2.99476 | 1.01215
978121 | 967361669 | 31.4484 | 9.9632 | 2.99520 | 1.01112
980100 | 970299 1.4643 | 9.9666 | 2.99564 | 1.01010
982081 | 973242271 | 31.4802 |9.9699 | 2.99607 | 1.00908
976191488 | 31.4960 | 9.9733 | 2.99651 | 1.00806
986049 146657 | 31.5119 |9.9766 | 2.99695 | 1.00706
982107784 | 31.5278 | 9.9800 | 2.99739 | 1.00604
985074875 | 31.5436 | 9.9833 | 2.99782 | 1.00503

992016 | 988047936 | 31.5595 | 9.9866 | 2.99826 | 1.00402
994009 | 991026973 | 31.5753 | 9.9900 | 2.99870 | 1.00301
994011992 | 31.5911 | 9. 2.99913 | 1.00200

958001 | 997002999 | 31.6070 | 9.9967 | 2.99957 | 1.00100




DECIMAL EQUIVALENTS FOR VULGAR
FRACTIONS.
The given decimals are the parts of inches corresponding to fraction of

inches in first column ; also, the parts of feet for the fraction of inches in
third column.

0053 | 35| |2882 [aw| |sosa ey 7882 | o3
0104 | i 26 3 510 i 760 of
| 015625| ¥ |41|.265625(3%; | i1.5615625/6%;, | 41| 765625 9%,
0208 | % 2708 |3y 5208 |63 708 | 9y
10260 | % | , [2760 (8% ], I'5260 6% ], | ‘7760 | 9%
#.081256 | % |+:|.28125 (3% |3} 53125 |65 |%%| 78125 | 9%
0364 | 7% | |288s |3z | |s3es ez, 7865 | 9%
417 | 33 2017 |al; 5417 |6k 7917 | 9f,
| 026875 ¥, | 41| 20687537, | 83|.546875/6%% | i1 796875| 997
0521 | 5 3021 |35 5521 |65 8021 | 9%
0673 | ug| o (3078 |atg| , 5573 |eug | .| BOT3 | ot
fs|.0625 | 4°|fs| 3125 |[3f"|i%| 6625 |6% |1} 8125 | o%
0e77 | el |sirr |aug| |serr ek 8177 | 9%
0729 | 7 ‘3220 [3% 5729 |67 8220 | 9%
&5 .078125| i, | 81[ 32812531 | #1[.578125/61; | 81| 828125 ol
0833 |1 3333 |4 5833 |7 8333 |10
o085 ||, 3585 4|, lesss Ty |, | 8385 [10%
+%|.00875 (15 |33|'32a875 |4f; | 18|50375 |71, |3%| ‘84375 |10
oy W B S T

4 b % 3 A
&l 19a37s|15% | 31/ 580875(45% | 37608875 755 | 81| :B80a7s 105
1146 (1% .3646 (4% 6146 |73 8646 |10%
1108 |1%] , |'3698 |47 | . |.6198 |77, 8698 (107,
11250 [15°]| & [s760 |4i°| § 6250 [73°| & | 8750 |[10%]
e s o besiee e |l mmge s
& 120625|11% | 31 [300625|41;; | #1[.64062571%, | §7| ‘890625 101,
dss8 1y | |sose |4y 6488 |73 8988 |10%
1510 |13 ‘a0 s1.. 6510 9010 |10
18625 (1% |i3|.40625 |47 |3}/ 65625 |77 |43| 90625 |10%
qip || lause ol looss ) | s 1w
111718752 214131 425875]81, | 411671875834, | 13 021875(1134
a771 |2y 4271 5% 8771 |8y 0271 [11%
sgs 2| [4s2s jov|  fes2s (s |, | ‘es2s 1134
511876 |24 | %|-4876 |5% |i%|.6876 [8fy |1B| 9875 (114
dga1 av| |ada1 o) |eoa7 len 9427|115
1979 4479 5% ¥ 85, 9479 |11%
1 2031252/15 21(.453125(57, | 4170812587, | §1| 953125(117%,
2083 |23 4583 |5% 7083 |8} 0583 [11%
2185 (29|, 4635 |55 |, (7135 8%, | ‘eess _ |11%
4|.21875 (25 |13|.46875 |55 |%3|.71875 8% |i}| .06875 (11%
guio gl |anse o) lase Bl | e
alt 7 * 4
B 2343752% # 4&349.755/16 21 .73437581%., §1 .o84375 u%
2395 |27% .4806  [5% 7396 (8% 9896 [11%
2148 |2 | 4948 5‘“:« 7448 (8, 9948 |11

1 |.2500 |3 1 |.5000 % |.7600 |9 1‘1.0000 12




NATURAL TRIGONOMETRICAL FUNCTIONS.

Deg.

6

> 8 Vers. | Cose~ Co- | Se- | Vers.| Co- |
Min. | Sine. i cant. Tang. tang. | cant. | Sin. | sine.
0 |.000001.0000| Znfin. |. 00000 Znfin. [1.0000|..000001.0000!
10 |.00281/.99709343.7| 00291,343.77/1.0000| 00000 . $9999
20 |100682 199418117189 00682/171.8811. 0000100002 . 99998
20 IOl 38N ah a6 01101 B8 34010001 00007 99895
50 |.01454).9854668.757| . 01454/68. 750,1.0001| 00010 :93989
0 |"01745 9825657299 .0174567.290/1.0001|.00015 99965
10 |.02036|.97964(49.114|-02036/49. 1041000200021 99979
20 | 02327 9767342.976 . 02327 42. 964 1. 0003 00027 99873
30 |:02618/.97382/38.201 . 02618/38. 188|1.0003| 00034/ 99966
40 |:02908.97091/34.382) . 0291034 368 1.0004| 0004299958
50 |.03199].9680131.257|. 03201 31.2;&.8882 %i .gssgggg
0 |.03490/.9651028.654|. 28.636| I
10 |.03781|.96219(26.450| . 03783(26. 432/1.0007|.00071 .99928
%0 | 04363l R 008  OAae 55504 10009 000G 5908
8 B swa sineln i s
i3 SRS Sy om0 O S
20 |.05814|:94185(17.198) . 06824/17. 169 1.0017| 0016999831
30 |.06105|.93895/16.380|.06116/16.3501.0019|.00186|.99813
3 |52 e e i e
0 |.08976|.93024/14.335/ . 06993/14 . 301/1..0024| . 00243/ 99756
10 |.07266.92734(13.763). 07285/13. 727 10026 . 00264 . 99736
20 |.07556|.92444 13,235 . 07577 13.197|1.0029| .00286|. 99714
30 |.07846|.92154 12.745|.07870/12.706/1.0031.00308|. 99692
40 |.08136/.91864(12.291|.08163/12.2501.0033|.00331|. 99668
50 |.08426|.91574 11.868|. 08456, 11.826(1.0036 . 00356 . 99644
0 |.08715/.91284/11.474|.08749/11.430/1.0038|.00380] .99619
10 |.09005|.90995/11.104|.09042/11. 059(1. 0041/ 00406/ . 99594
20 |.09295/.90705/10.758 . 10.712/1.0043|. 00433/ 99567
30 |.09584|.90415(10.433) . 0962910.385/1. 0046/ . 00460 . 99540
40 |.09874(.9012610,127,. 10.078(1.0049 . -99511
50 |.10163|.89836(9.8391|.10216(9.7882/1.0052|.00518|. 99482
0 |.10453|.89547/9.5668|.10510/9.5144/1.0055/.00548| . 99452
10 |:10742|.89258(9.3092|.10805/9. 2553 1. 0058 0057999421
20 |.11031/.88969/9.0651(.11099/9.0098 1. 0061|.00110|-99390
30 |.11320|.88680!8.8337|.113938.7769/1.0065|. 199357
40 |:11609|.883918.6138).11688/8.5555(1. 0068 00676 - 99324
50 |/11898.88102/8.4046). 11983 8.3449 1 0071 .00710/.99290
0 |.12187|.87813/8.2055|.12278/8.1443/1. 0075/ 00745|. 99255,
10 |.12476|.87524/8. 0156/ . 12574/7.9530/1.0079|.00781 . 99219
20 |.12764|.872367.8344|.12869'7.7703/1.0082|. 00818| 99182
30 |.13053).86947|7.6613|.13165/7.5957|1.0086|. 00855|.99144
40 |.13341|.86659(7.4957|.13461(7.4287/1.0090| .00894|. 99106
50 |.13629).86371/7.3372 .137021‘;.2%2‘1.% .0097009333 .ggz
0 |.13917|.86083(7.1853|.14054/7.1154/1.0098/.
30 |44 62607 &.5008 140486260 1.0107! 01006 a6ks
ol R
4 " s s A A %
50 |.15356|.84644/6.5121|.15540/6.4348/1.0120|. 01186 . 98814
0 |.15643|.843566.3924| .15838 6.3137 1.0125/. 01231|.98769
Qo- Vgr.s'. Se~ Co- | Tan~ | Cose- | Vers. Sine
sine. | Sin. | eant. | tang. | genl. | cant. | Cos.

Min.

Deg.

90

89

88

87

86

85

84

83

82

81

331




NATURAL TRIGONOMETRICAL FUNCTIONS.

Deg.

10

11

12

13

14

15

16

19

18

. | Sine.

Vers.

55 B8
TN GG HHRHD

Cose-
cant.

B3¢

5.5749

69098/3.2361 .

Se-
cant.

53348

Co-
Tang.| tan 7.

.15838/6.3137|
116137/6.1970
16435/6. 0844

:16734‘5:9758‘.
-170335.8708|
1769

tang. | gent.

g
o
e e el e e e e Y e e e el ol Y o = e e g ey ey ey g o Sy

Se- | Vers.
cant, | Sin,

1.0125.01231

8

i85

88
8
=
B

B85350
S
3

28
83!
555
RS

B2 558
;

g22258
8
g

W22
FRERE
2

17|.02125).

1.0495.04716].

1.0505.04805/.
1.0515|.04894,.
Cose- | Vers. ‘

cant. | Cos.

sine.

.98769
1.0129/.01277,.
1.0134 .01324/.
1.0139.01371].
1.0123 .01420|.

.17633/5.6713/1.
.17933/5.5764(1.
.18233/5.4845/1.
.18534/5.3956/1.

5.30931.
.19136/5.2257|1.
.19438/5.1445/(1.

.06568

Min.

Deg.
81

80

79

8

W

76

5

74

3

72
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NATURAL TRIGONOMETRICAL FUNCTIONS.

Ver;TC_E;w\ G- | Se-

A : Vers. .|
Min. | Sine. | Cys," | cant. | T2n9-| tang. | cant. Sin. | sine. | Min. | Deg.
.30902/.690983.2361(.32492(3.0777|1. 0515 . 04894| .95106| 7z
10 |[.31178.68822/3.2074 .32814(3.0475(1.0525!.04985/.95015 50
20 |[.31454|.685453.1792|.331363.0178(1.0535|.05076|.94924| 40
30 |[.31730.68269/3.1515|.33459/2.9887/1.0545 05168 . 30
40 |.32006|.67994 3.1244/.337832.9600 1. 0555/ .05260|.94740 20
50 |.32282.677183.0977 .34108/2.93191. 0566 . .94646 10
.32667/.67443/3.0715|.34433/2. 9042/1. 0576 . 05448 . 94552 71
10 |.32832/.67168:3.0458.34758/2. 8770|1.0687|.05543|.94457| 50
20 |.33106|.66894/3.0206).35085/2. 8502/1.0598).05639|.94361 40
30 |.33381|.666192.9957.35412/2. 8239 1.0608 .05736|.94264| 30
40 |.33655/.66345/2.9713|.35739 2. 798011.0619/.05833| .94167 20
50 |.33928 .660712.9474|.36068/2. 7725/1.0630|.05932(.94068| 10
0 |.34202/.65798/2. .36397|2. 7475/1.0642, .06031/.93969 70
10 |.34475].65525/2.9006/.36727|2.. 7228 1.0653) . 06131 .9 50
20 |.34748|.65252/2.8778|.37057|2. 6985 1.0664|.06231/.93769 40
30 |.850211.6497912.8554.373882. 674610676 .06333). 93667| 30
40 |.35293|.64707 2.8334).3772012. 6511/1.0688. 06435 . 20
50 35565’ .644352.8117|.38053(2. 6279/1.0699).06638/.93462| 10
0 |.35837|.6416312.7904 .38386/2. 6051/1.0711/.06642| . 93358 69
10 |.36108|.6389212.7694|.38720 2 . 5826|1.0723.06747|.93263| 50
20 |.36379|.63621/2.7488|.39055/2. 5605|1.0736.06852|.93148 40
30 |.35650/.633502.7285 .39391(2. 5386(1.0748 . 06958 .93042 30
40 |.36921|.6307912.7085.39727 2. 5171/1°0760| . 07065 . 20
50 |.37191/.6280912.6838 .40065 2. 4960(1.0773.07173 .92827| 10
0 |.37461|.62539/2.6695|.40403(2. 4751/1.0785) . 07282/ . 92718 68
10 |.87730/.622702.6504 .40741/2. 4545/1.0798].07391/.92609 50
20 |.37999/.620002.6316|.410812. 4342/1.0811/.07501/.92499| 40
30 |.38268/.617322.6131.41421 082; .07612/.92388 30
836

o0
g2
8
2
5

40 |.38537|.6146312.5949|.41762
38805|.611952.5770| . 42105
.07949|.92050 67

%
833
&

2

©

g

g

hard
I
ST
el e e e ey e e e e e e e e e e e el el el

20 |.39608|.60392(2.5247|.43136 0891/.08178/.91822| 40

30 |.39875|.601252.5078|.43481 0904.08294|.91706| 30

40 |.40141).59858/2.4912, .43827|2. 2817|1.0918,.08410/.91690, 20

50 |.40408.59592/2.4748 .44 2637/1.0932/.08527.91472| 10
40674/ .59326/2.4586| . 44523(2 . 2460 1.0946/ . 08645/ . 91354 66

10 9!.59061/2.4426 . 44872 |1.0961/.08764|.91236/ 50

.587952. 5 0975, 1.91116/ 40

30 |[.41469|.58531/2.4114 .4557312. 1943(1.0989 . |.90996/ 30

41734 .582662.3961|.45924/2. 1775/1.1004|.09125.90875| 20

50 |.41998 .58002(2.3811|.46277|2.1609(1.1019 .09247|.90753| 10
0 |.42262(.57738/2.3662| .46631 2. 1445(1.1034|.09369). 90631 65

10 |.42525|.57475/2.3515|. 4 1283(1.1049.09492/.90507| 50

20 |.42788/.57212/2.3371|.4734112.1123 .09617/.90383| 40

30 |.43061|.5694912.3228).47697 2. 0965 1.1079).09741 .90258| 30

40 |.43313|.56686/2.3087|.48055 2. 0809/1.1095.09867 .90133 20

50 5|.56424/2.2949 .48414/2.0655/1.1110/. .90006| 10
43837|.56163)2.2812, . 48773(2. 0603 1.11?5‘ .10121/.89879) 64

10 |.44098|.55902/2.2676) .49134/2.0352/1.1142.10248/.89761| 50

20 |.44359 .5564112.25! 94

o9
oo
R
-
fory
&
i
Q
W
]
|
13
8
&
&
S

30 |.44620 .553802.2411.49858
40 |.44880|.551202.2282|.50222
.54860/2.2153 .5068
5399| . 54601 2.2027|.50952
Co- | Vers.| Se- | Co-
sine. | Sin. | cant. | tang.

kg
=
5
b
~3
Rad
3
-
8
w
o

S

57 B

2 B
4

g

888

" .89232
1.1223 .10899 .89101 63
* | Sine.

g
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NATURAL TRIGONOMETRICAL FUNCTIONS.

Deg.

27

28

29

30

31

32

33

34

35

36

Min.

Vers.

Sine. | oo

Cose~
cant.

Co-

Tang. tang.

Se-
cant.

Vers.
Sin.

sine,

.45399/.54601 2.
.45658|.54342/2.
.45917|.54083/2.
.46175/.53825/2.
46433

¥ .53667|2.
.46690,.53310.2.

.47971). d
.48226‘.51774 c
.48481/.515192.

50000 .500002.
.50252\.49743 i
1505034949711
\50754|.4924611.
-51004/.48996 1.
51254487461
.51504(.48496/1.
51753
-52002
152250/ .47750 1.
\52498/.47502,1.
\52745,.47255(1
.52992].47008/1.
153238 .4

153484 46516/1.
1537304627011

.53975/.46025
.54220/.45780/1.

.48247
|.47998

6762|1.

Se-
cant.

1.7013).72

50952119626
.5131911.9486
.51687/1.9347|
.52057/1.9210!
.5242711.9074

8291
8165

7917
7795
77(1.7675
. 7565

o
P
5 & =
e e e e e === =y =
=
5}
=

4733
L4641
.4550

4460

.4281

Co- | Tan-
tang. | genl. |

1.1397
1.1415

.80401.1433).
1.1452(.12679
12821
-12964|.87035
13108
.13252|.86748
.13397|.86602
5661354386457
.13690 .86310
13837 86163
1398586015
.14134 85866|
14283 .85717|
/85566

.14433 .
.14584/.85416)
.14736/.85264

1.1471
11.1489

1.1508

11.2158

43701.2183).

1.1223 .10899‘ 89101
11240|.11032/ 88968
1.1257|.
1.1274/.
1.1291/.1143
-52798/1.8940/1.
.53171/1.8807/1.
1535451, 867611,
.539191.8546(1.1361|.
54295'1.8418/1.1379 -

-12397|.87603

1.2086) .
1.2110.
1.2134).

1253887462
.87320
.87178

.86892

1.2208/.18085

Cose-
cant.

€0~ | pfin. Deg.

63

62

61

60

58

57

56




NATURAL TRIGOVOMETRICAL FUNC'I‘IONS.

: - le;s (bse— Co- be- Vers.| Co-

Deg. | Min. | Sine.| ps. | cant. Tang. tang. | cant. | Sin. “ ne. Min. | Deg.
36 0 |.58778|.41221/1.7013|.72654/1.3764(1.2361|.19098|.8 54
10 |.59014/.40986/1.6945|.73100 1.368011.2387|.19270 .80'730 50
20 |.59248.40752/1.6878 .73547/1.3597|1.2413|.19442|.80668| 40
30 |.59482|.40518/1.6812.73996|1.3514(1.2440|.19614| 80386 30
40 |.59716(.40284 1.6746 .74447/1.3432/1.2467|.19788| .80212] 20
50 |.59949|.40051/1.6681|.74900/1.3351/1.2494 -19962.80038 10
37 0 |.60181/.398181. 6616 .75355(1.3270|1.2521/.20136/ . 79863 53
10 |.60413|.39586/1.6552.75812/1.3190/1,2549| . 2031 ‘ 79688 50
20 |.60645/.393551. 6489 .76271/1.3111(1,2577.20488|.79512| 40
30 |.60876 .39124 1.6427|.76733|1.3032/1.2605|.20665 .79335| 30
40 |.61107|.38893/1.6365/.77196/1.2954(1.2633|.20842 .79158| 20
50 |.61337|.386631.6303|.77661/1.2876/1.2661.21020|.78980, 10
38 0 |.61566 .38434 1.6243|.781281.27991.2690 .21199 .78801 52
10 |.61795/.382051.6182.78598|1.2723(1.2719|.21378,.78622| 50
20 |.62023|.37976/1.6123|.79070|1.2647/1.2748.21558|.78441| 40
30 |[.62251|.37748/1.6064|.79543/1.2572(1.2778|.21739|.78261| 30
40 |.62479 .37521‘1 6005 .80020/1.2497/1.2807|.21921|.78079, 20
50 |.62706|.3 7|.80498)1.2423(1.2837(.22103|.77897| 10
39 0 |.62932 .37068‘1.5890 80978/1.2349/1.2867|.22285 .77715 51
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 .23023.76977| 20
50 |.64056/.359441.5611|.83415(1.1988(1.3022|.23209|.76791| 10
40 0 |(.64279|.35721/1.5557.83910/1.1917|1.3054 .23395(.78604 50
10 |.64501/.35499/1.5503].84407|1.1847)1.3086| .23583).76417| 50
20 723 .35277 1 5450 .84906/1.1778/1.3118|.23771(.76229| 40
30 |.64945|.350551.5398.85408/1.1708/1.3151/.23959| .76041 30
40 |.65166 .34834 1.5345|.85912/1.1640 1.3184|.24149|.76851| 20
50 .65386; .34614i1.5294 .86419/1.1571/1.3217|.24338|.75661| 10
41 0 |.65606.34394/1.5242/.86929|1.1504/1.3250).24529. 75471 49
10 825.341751.5192 .87441/1.14361.3284|.24720 .75280| 50
20 |.65044|.33956/1.5141| 879551 .1369/1. 3318 .24912/.75088) 40
30 |.66262|.33738/1.5092),88472|1.1303 1.3352(.26104|.74895 30
40 |.66479/.33520/1.5042(.88992|1.1237)1.3386/.25297 .74702| 20
50 |.66697, 33303‘1 4993|,89515(1.1171(1.3421(.25491/.74509 10
42 0 |.66913|.33087/1.4945(.90040/1.1106(1.3456/. .74314 48
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|.324411.4802/,91633|1.0913/1. .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 47
10 |.68412(.3158811.4617|.93797|1.0661/1.3710|.27063.72937| 50
20 |.68624|.313761.4572|.94345/1.05991.3748|. |.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|.27663|.72337 20
50 |.69256.30744(1.4439 .96008*!1.0416 1.3863.27864|.72136| 10
44 0 |.69466|.305341.4395|.96569 1.0355/1.3902].28066|. 71934 46
10 |.69675/.30325 1.4352|.971331.0295/1.3941| .28268|.71732] 50
20 |.69883|.30117/1.4310/.97699/1. 0235/1.3980(.28471).71529 40
30 {.70091/.29909/1.4267.982701.0176/1.4020).28675|.71325| 30
40 |.70298|.29702/1.4225/.988431. 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

Co- | Vers.| Se- | Co- | Tan~-| Cose-| Vers. Si
sine. ! Sin. | cant. ! tang.| gent. ! cant. | Cos. igfrs
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TRIGONOMETRICAL FUNCTIONS.

D LI Letangle A O F'bedenoted by C.
0 A = radius R.
Sine C=FQ
X N Cosine c 0@
Tangent Gy T
Cotangent C=D L
Secant 0= 0.7
(o] Cosecant, C=0L
o) S A Versed sine C= G A
Coversedsine C'= D K
TRIGONOMETRICAL FQUIVALENTS.
Sine =+4/1— cos.? Cos. =+/1—sin2
Sine = cos. + Cotang. Cos. —sin. = Tang.
Tang. =1 -+ Cotang. Cos. —=gine X Cotang.
Cosec. =1 -+ Sine. Tang. =Sine = Cosine.
Secant — 1 =+ Cos. Cotang. = Cosine =+ Sine.
Vers. = Rad.— Cos. (Rad.)? =Sin.? < Cos?

Covers. — Rad. — Sine.

Sin.

Cos.

Cotang.— 1 =+ Tang.

RiGaT ANGLED TRIANGLES.

B

C «@

A b c
Tang. 4 =%
Oot. | Al
a

(Secant)* = Radius*+ Tang.?

Sec. 4

[

fio o

Cosec. A =




quu ml Formule.

i

a,¢ |4,B,bSin. 4 ="2;cos. B= ; b=+/(c+ a) (c—a)

a

a,b |A4,B,cTang. A — T» jeot. B=piec=v"a"F 07
4,0 [B,be|B=90°—A;b=a X cot. 4; c— 2
sin. A4
b

4,5 |B,a,]B=90°—4;a=>0 X tang. 4; ¢ =——;
cos. A

A,¢ |B,a,bB=90°— A; a=c X sin. 4; b=rc X cos. 4

OBLIQUE ANGLED TRIANGLES.
B f

— q 80 3
sin. A
‘17 (’1’) B |Sin. B = I_) Sl(l:' A

a,b, C|A— BTang. } (4 — B) =

_(a—0) tang. § (4 4 B)
a + I/

e S P
Lot § — } (a-+b-+e); sin. 3 “‘=\/'(Lg)3<£3c’ﬂ;

——t—

l(s—b)(s—¢
a,byec| A4 |cos. —\/ o ytang. 3 4 = (Ss—é)(_q_fa;);
gin. 4 — 2 ]/ s (s—a) (s—D) (8— cz
be
A,B,Cial Area |Area — —— o sin. Bin. ¢
BT T |

A, b,c| Area [Area — 1 b X ¢ X sin. 4.
a,b,c | Area [Area = /5 (s — a) (> — b) (s — ¢) where s =

Fa4+b4
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MENSURATION.

Triangle, Area — base X } perpendicular height.
Parallelogram, Area — base X perpendicular height.
Trapezoid, Area — 4 sum of parallel sides X perpendicular
height.
AREA oF AN IRREGULAR PLANE SURFACE.

Divide the surface into any
number of parallel strips of equal
widths, “d” take the middle
ordinates h,, h,, etc.

I Area=d X Zh +1'—£)(a,—hl) +;£(h — hn) (Poncelet’s
rule). o5 -y

II. Area-—d X :11-1-7??2 (8a+-h,—9n, )+ 7’,") (8b+Fn—y—hy)

(Francke’s rule).
III. Area —=d X Zh
3 is symbol for sum of.
CIRCLE.
Circumference — 3.1416 X diameter.
Length of an arc — diameter X number of degrees in
arc X 0.0087266.

Chord of arc—CD=+/ D*—( D= 2h)*

E =2/ R — (R—h)?
C/ND Chord of § Arc—} 1V CD? + 412 —
E VDX h e
R Diameter il + ]'i:
h
Versedsine h — 3§ (D— ‘/l)"f_v[vl)?)
(N2
A or nearly (4 la
or
Area circle = .7854 (diam.)?
R

Area Sector ADFCA = - X arc DFC' =

3.1416 X R? X angle DAC in degrees
AL as0 s 7
Area Segment CDFC' = § [arc DFC' X R— ('D (R — I)]
. SPHERE.

Sphere, Surface = 125664 R* = 3.1416 D?
Sphere, Volume = 4.189 R?
Spherical Sector, Surface — 1.5708 (44 + CD)
Spherical Sector, Volume = 2.0944 R*h — 2.0944 R* X

5=V~
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Spherical Zone, Surface — 6.2832 X B X h =
0.7854 (CD* + 4h?)
Spherical Zone, Volume — 3.1416 1* (R — } h) =
. , (CD* 441
saaten (“gh A —1n)

ELLIPSE. el
3 2 .

Circumference of an ellipse — 3.1416 D!;ip approxi-
mately, where D is major axis and d the minor axis.

Area ellipse =.7854¢ D X d.

Ellipsoid surface — 2.22d V D+ @2

¥ volume = 0.5231 D d*
PARABOLA.

Area of parabola = % 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 4

1.5708 X [diam.*].
Volume = 0.7854 diam.? X altitude.

CONE.
Convex surface — circumference of base X § slant height.
Volume — area of base X } altitude.

Frustrum of Right Cone.

Convex surface — 1.5708 X slant height of frustrum X
sum of diam. of bases.

Volume — 0.2618 X altitude X [square of diam. of lower
base 4 square of diam. of upper base 4 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 3}
slant height.

Volume = area base X } altitude.

Frustrum of a Regular Pyramid.

Convex surface = } slant height X sum of perimeters of
bases.

Volume = } altitude X [sum of areas of 2 bases 4 square
root of product of the 2 bases.]
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ELECTRICAL FORMULZ.

STANDARDS OF MEASUREMENT.

The centimeter, gramme, and second are the units of
space, mass and time.

Unit of velocity — space + time = 1 cm. in 1 second.

Unit of accelerati i elocity in
1 second.

Acceleration, due to gravity at Paris, — 981 centime-
ters in one second.

Unit of force =—=1 dyne = 3}t gm. = .000002247 pounds.

A dyne is that force which, acting on a mass of 1 gm. dur-
ing 1 second, will give it a velomty ‘of 1 em. 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 = -1z of 1 h.p. =.00134 h. p.

C. G. S. Unit of magnetism = the quantity which attracts
or repels an equal quantity at a centimeter’s distance with
the force 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.

PracricAn Unirs.

Ampere—the unit of current strength, represented by C.
Volt—the unit of electro-motive force, represented by £.
Ohm—the unit of resistance, represented by R.
Coulomb—the unit of quantlty

Ampere-hour = 3600 coulombs = represented by @'

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 one-
millionth of the Farad, or micro-farad, is the usual
unit.

Henry—the unit of induction.

The following formule give the relation between these

units; t=1second, I'=1 hour.

=2 0=0,Q¢=CT. K= W=0E P-CE

E’
By combination the following formule are derived :
wBop Co Wb OB
Q=54 K=3t, W=CEt=2t=CR=P,
VR )y | MO
kT e e EPB: Tt
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The relation between the practical units and the C. G. S.
Units is:

1 Ampere = 1071 C. G. S. Units.
1 Volt = 10% ) ¢
1 Ohm =10° g £
1 Coulomb =101 ¢ c€
1 Farad =10"° ¢
1 Volt-coulomb =107 b ¢

1 Watt (volt-ampere) = 107 i

EquivarLexTs oFr WORK.
Work — Power X Time.

1 Volt-coulomb =1 Watt (volt-ampere) per second.
(Joule) = .737324 foot-pounds.

— 101937 Kilogrammeters.
=.00134059 H. P. per second.
= .000022343 H. P. per minute.

1 Foot-pound = 1.35626 Volt-coulombs.

1 Kilogrammeter = 9.81 s &

1 H.P.persecond — 745.941  “ k4

1 H. P. per min. — 4475647 ¥

EquivALeENTs or PowER.

Power — }Yiork‘
Time
1 Watt — 1 Volt-coulomb per second.
= .00134059 Horse-power.
(Volt-ampere) — 737324 foot-pounds per second.

= 44.23944 & ‘“ minute.
= 2654.3664 0y ‘“ hour.
1 Horse-power = 745.941  Watts (Volt-amperes).
1 Foot-lb. persec. — 1.35626 S b 4
1 Foot-lb, per min.— .0226043 8 ks

[
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DIMENSIONS, WEIGHT AND RESISTANCE
OF BARE COPPER WIRE.

Diam.

Resist 680 F. | Currenti
dreatn | W, of| rengi| _Besistance @ 6 | Gurvent i
; Cire. 1000 |in Feet Olms| oy | - | Ohms Ty
IMJL‘[I‘,I Mils Feet | of | per ‘0":7” Feet per | g '00"_
Y9 . linLbs.|1Lb. |1000 | {7 per’ 100 ork | it
=.001 Feet, | Mile. ‘ Olm.| 7, |posed. ‘mad

gl . i
40 !460.000 211600.00 640.5 1.561| .049| .25820440.00764 345 ' 175

B&S
Gauge

3—0 409.642/167806.43 508.0/ 1.969| .062| .326/16210.01215 290 | 145
2—0 [364.796/133077.66/ 402.8 2.482| .078| .411/12850.01931| 245 | 120

0 324861 105535.50 319.5| 3.130 .ogsi 518 10900 03071 210 | 100
|
1 289.206| 83603.67 253.3 3.047 124 .6531 8083 .04883| 175 | 85
2 257.626 66371.31 200.9 4.977 .156 .824 6410.07765 145 | 73
3 229.422 52634.37) 159.3 6.276| .1971.039 5084.1235 | 125 | 60
4 204.307| 41741.32| 126.4) 7.914 .248‘1.309\ 4031/.1936 | 110 | 50
! \ I
5 181.941| 33102.37) 100.2 9.980 .3131.652 3197.3122 | 90 | 45
6 |162.022| 26251.37 79.56 12.58| .3942.083 2535.4963 | 80 | 35
7 1144.285 20818.35| 63.02 15.87 .4972.626 2011.7892 | 65 | 30
8 ‘128.490‘ 16510.64, 49.98| 20.01| 62733511 15051255 | 55 | 25
9 114.434! 13093.75| 39.63 2523 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| 40.12/1.2576.637 795.35.045 | 35 | 15
80.808 6529.95| 19.77| 50. 59‘1 5868 374‘ 630. 7 8.022 | 30 | 13
13 | 71.962| 5178.58) 15.68| 63.79 1. 999 10.56 500. 1 12.76 | 25 | 10

-
0o

14 | 64.084) 4106.72 14.43| 80.44 12.521/13.31/ 396. 620.28 | 22 8
15 | 57.069, 3256.88 9.86| 101.43.17916.79 314.532.25 19 T
16 | 50.821] 2582.74) 7.82! 127.9 4 009 21. 17‘ 249. 4 51.28 16 6
17 | 45.257, 2048.39| 6.20 161. 3 D 055 26.69 197. 8 81.53 14 J 5
18 40.303‘ 1624.30| 4.92 203.46.374/33.66 156.9 129.6 12 -5
19 | 35.890, 1288.13| 3.90 256.58.03842.41 124.4 206.1 11 4
20 31.961‘ 1022.53 3.09‘: 323.4‘10.14‘53.54 98.66[32’7 8 9 3

it  CAPACITY OF CABLES. e
Area in _Amperes. } Avrea in l Amperes.

('lll ular Mi '13 Open. | Concealed. ||Circular Mils.|  Qpen. ] (”on;nﬁdf
200000 300 200 || 1200000 | 1145 | 715
300000 405 270 ‘ 1300000 | 1215 755
400000 500 335 1400000 | 1285 ‘ 795
500000 595 395 | 1500000 1355 | 835
600000 680 445 | 1600000 1425 875
700000 765 495 1700000 1490 | 910
800000 845 540 1800000 1555 | 945
900000 925 585 1900000 | 1620 980

1000000 1000 630 | 2000000 | 1680 1015
675 |




AVOIRDUPOIS OR COMMERCIAL WEIGHTS.

Gross Ton. Cuwts. Pounds. Ounces.

1 20 2240 35840
1 112 1792
1 16

LONG MEASURE.

Jlli;es. Rods. Yards. Feet. ln c:/u‘:v.
i 320 1760 5280 | 63360

1 5.5 16.5 198

i 3 36

1 12

SQUARE MEASURE.

| Sq. Miles. Aeres. | Sq. Rods. | Sq. Yards. Sq. Feet. 'Sq. Inches.
i 640 102400 (3097600 27878400

h | 160 4840 43560 6272640

i 30.25 272.25| 39204

1 9 1296

1 144

CUBIC MEASURE.

Cubie Yard. ‘ Cubic Feet. | Cubic Incwh-er.;.wrb;h'uck Bushel. | Wine Gallon.

1 [ 27 46656 21.7005 201.974
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} struck bushel.
1 cord of wood = a pile 4 X 4 X 8 feet — 128 cubic feet.
1 perch of masonry = 164 X 13 X 1 foot —= 24} o2

LIQUID MEASURE.

Barrel. G’Zl;mm. Qu;xr[s. }‘i)LtS. Gills.
1 315 126 262 1008

1 4 8 32

1 2 8

1 4




METRIC SYSTEM.

MEASURE OF SURFACE.

LINEAR MEASURE. |
i
\
|

Denomination. |Abbr. Value. Denomination. |Abbr. Value.
'
Myriameter . . .| 10000 meters | Qq Kilometer | km2| 1000000 m.2
Kilometer km. | 1000 * l Hektar ha. 10000 m. 2
Hectometer % 100 Are a 100 m.2
Dekameter - 0 Centare N o 1m.2
Meter m. 3 e |1 Square Meter | m.: | 1m.2
Decimeter dm. s 8q. Decimeter |dm.? .01 m.2
Centimeter em, 01 < Sq. Centime'r | m.2 .0001 m.2
Millimeter mm. 0ot ¢ | 8q. Millimeter mm.’i .000001 m.2
|
MEASURES OF VOLUME. {f MEASURES OF MASS.
f L.
| X |
Kiloliter . |1000 liters (| ( Millier .|1000 kilos
Stere s. 2% wd Tonneau e ol Y
Cubic Meter ms3| ¢ &« Metric Ton t. v
Hectoliter hl. | 100 a* Quintal oo 100 «
Dekaliter dal | 10 o Myriagram p {
Cubic Decimeter | dm.3| 1 < Kilogram kg 1()00 grams
. Liter 13 L || 1Kilo 3 )
Deciliter o LG ety Hectogram SR 100 o
Centiliter el 11014 * Dekagram s e
{CubicCenlimet.er em®, | .001 ‘ Gram g. s I
Milliliter ml. | .001 liter | Decigram de) - et
Cubic Millimeter mm.3| .000001* ‘ Centigram eg. | 01
Microliter .001 m. L Milligram mg. | .00t ¢
Mierogram ¥ ‘ .001 m., g.

METRIC CONVERSION TABLE.

Millimeters
“

(Centimeters
“

Meters
“
“
Kilometers
“

3

X .03937 = m(~ho<

=~ 254 —

s

=+ 25t= ¢«

K887 =y A (Act
X 3.281 — feet.

X 1.094 = yards.

X 11621 = mlles.

-+ 1.6093 —

X 3280.7 — feet.

Square Millimeters X .00155 = = square m(-heq

Square Centxmeters X

Square Meters

=+ 645.1 =

05 — “ “
S 64Fl—= “ &
% 10704 = % feet,

of Congress.)




Merric ConviERrsION TABLE— Continued.

Square Kilometers X 247.1 — acres.

Hektares X 2.471 — acres.

Cubic Centimeters - 16.383 — cubic inches.
& o - 3.69 = fluid drachms.

- 5 -+ 29.57 = fluid ounce.
“ Meters X 35.315 = cubic feet.
& Uy X 1.308 = cubic yards.
* i X 264.2 = gallons (231 cu. in.).
Liters X 61.022 = cubic inches (Act of Con-
aress).
b X 383.84 — fluid ounce (U. S. Phar.).
% X 2642 = gallons (231 cu. m s
.- = 378=
o -+ 28.316 = cublc feet
Hectoliters X 3531 = |
- X  2.84 = bushels (2150.42 cu. in.).
s X .131 = cubic yards.
. X 26.42 = gallons (231 cu. in.).
Grams X 15.432 = grains (Act of Congress).
o X 981 = dynes.
¢ (water) -+ 29.57 = fluid ounces.
5 -+ 28.35 = ounces avoirdupois.
¢ percu. cent. =~ 27.7 = pounds per cubic inches.
Joule X .7373 = foot-pounds.
Kilograms X 2.2046 = pounds.
g X 353 = ounce, avoirdupois.
3 -+ 907.2 = tons (2000le)
i per sq. cent. X 14.223 = pounds per sq. in.
Kilogrammeters X 7.233 = foot-pounds.

I\llograms per lineal meter X .672 — pounds perlineal ft.
“ square ‘X .205 = poundspersquareft.

cubic “ X .062 = pounds per cubic ft.

cheval-vapeurX 2.235 = Ibs. per H. P.

1 b 1
‘¢ «

Kilo-watts X! 134 = horse -power.
Watts = 746 =
i X 7373 = foot-pounds per second.
Calorie %3968 = B. T. 1.
Cheval-vapeur X .9863 = horse-power.
(Deg. Centigrade X 1.8) 4+ 32 — degrees Fahrenheit.
Francs X 193 — dollars.
Gravity, Paris — 980.94 centimeters per second.

1 Admlralty knot — 1.853 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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PLATES

ox

PENCOYD

STEEL

SECTIONS.

The dimensions belong to the least sections. Several
sections of beams and channels are rolled, which are
not shown in lithaograph.s. Some particulars of these
will be found wn the tables, or definite information.
will be firrnished on application. :




No. wgt.
242 B-90 LBS.
243 B-95 Lss.
244 B-i00LBs.




Plate

All weights given in pounds per foot.

No. Wwgt.
240 B-go LBS.
24| B-s8sies.

SRR TRl ) e A
v o s st e —ean 7~,05:...




nds per ’fm;t.

All weights given in

No. Wgt.
203 B-80 LBS.
204 B-gs LBs.
205 B-g0 LBs

73"

6.75"




S EREETERNE SR Rl

.55"
e

No. Wgt.
2008B - 65 Ibs.
201B. 70,
202B.75 ,




Plate No.5.

All weights gdiven in pounds per foot.
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‘ i No. wgt.
! 18 183 B-70 Lss.
l ! 184 B-75 w8s
i : 185 B-s0 LBs.
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ds per foot
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All weights

weanene 2, 90"
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All weights diven in pounds per toot




All wei, given in pounds per foot.

e L o e B

Wét.

No.
I?O B-a1.5 LBs.
121 B-35.0 LBS

wgt.

No.
122 B-40.8s.

123 B-4s LBs.
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St mpmen e




Wgt.
102 B - 35: |bs.

e 5000

Wgt.
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No.
(F125.8 -~ 55 lbs.




Plate No.ll.

All weights given in pounds per foot.

No.  Wgt. i No. Wgt.
100 B-25 LBS.¥ “’ 90 B-21 u;s.%
101 B-30 LBs. 1 91 B- 25 LS. pe
i 92 B- 30 Les,
93 B-as Les)|

. 2175

e T 1 L




.
Plate No.12.

All weights given in pounds per foot

“

.253’ 49° r’_:__)
\Q !
\ i
| 3
l
\
No.  Wge. |
60 B-12.25 L8s.
6l B-14.75 LBs. No. Wet.
62 B 5 LBS i by 50 B- 9.75 L8s.
51 B-12.25 LBs.
1 ‘w 52 B-14.75 Lss.
} |
1.55% oo e —1.395%-
| |
% B iR
« 3.33 S - 300" g
27 .58"
s
No. Wgt.
g(l) 2: 18.0 LBS No. Wgt.
EG,DILEES L | |70 B-15.0 LBS.
82 B-23.0 LBS, ¢ 1|71 B-17.5 Les
83 B~ 25.5 LBS. ; :

72 B-20.0 LBS.




No.67 B
WT:41.0 TO 46.1 LBS

| WT.32.3 T0 37.4 LBS.

!

p2. 31

% M
No.  Wwgt.
: AQ'B~ 7.5 ibs. | No.  Wwgt.
4] B~ 8.5 LBs, 30 B-5.5 Lss.

31 B-e.5 Lss.
32 B-7.5 iss.

42 B- 9.5 Lss,
43 B-10.5 LBsS.

29"

£t VS N S Snl




All ‘weig‘hts iven in pounds per foot.

.

No.  wgr. No. Wgt.
150 C - 33 LBS. 154 C -s0 LBS.
151 C- 35 155 C -s5
152 C-40
1583 C- 45
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Plate No.15.

All weights given in pounds per foot.

No.128 C
WT.20.5T0 320 LBS.
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boriioant. ] i No. wgt.
123 C -35 LBs.
frasieees2. 98 ‘ ! 124 C-46
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No. wgt

3.50" -
120C - 205 LBS.

121 C—250
122 C-300




All weights given in pounds per foot.

103 C -30

L)

No. wgt.
102 C - 25 LBS.

; :_,)2*'
No.  wgt.
100 C-15 LBs.

101 C-20

No.  wgt
92 C-20 L8S.
93C-25 ,

1

r-----zzo’--—

No. wgt.
90 C-1325 LBS.
91 C-i500 ,
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No.
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Wet.

80 C- .25 LBs.
81 C-13715

fo=-2.04"--
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en226"--

No.

70 C -9.75 LBS. M v,

71 C-i2.25 ,
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No.  wgt.
82 C~1625 LBS.

83 C-181s

No.  wgt

72 C- 1415
13 C-iv.28
T4 C-19.75

- AR —

LBS.

"
84 C-2125 .,
©=eem222% -3
28]
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17C-113 No.wgt.
30 C-40
31 C-so

No. wgL
50 C-6.:5
51 C-s0
52 C-us

B

No. wht.
61 C-105

62 C-i130
63 C-is.s

e




Plate No.19.

All weights given in pounds per

10

No.100 D

| wr2sot038.6 LBS

No.90 D

WT.250T0 326 LBS.

foot.

No.l15 D
WT.32.2 TO 45.6 LBS
13
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WTI45 T0 19.6 LBS.
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All weights given in pounds per foot.
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1L5TO15.8LBS.

No.80 D
WT.21.0 TO 286 LBS.
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No.80 A
WT.19.5 T0 23.7 LBS.

No.20 A
WT.225T026 0 LBS.

No.I00 A
WT.256 TO 31.5 LBS.
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No.50 A
WT.9 770130 LBS.

No.60 A
WT.I27T0 190 LBS.

No. 70 A
WTI60TO 9.2 LBS.




Plate No.23.

All weights given in pounds per foot

S 3 P
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No.441 T : ("“’J Ea. |
WT. 13.7 LBS | l
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No.337 T R i
WT.I1LO LBS No.225 T |

WT.5.0 LBS,|

No.lI5 T

No 330 T WT.20 LBS.

WT.6.5 LBS,

No.IlI7 T

WT.24 LBS

No.33I T
WT.7.7 LBS.

No.227T

No.226 T

No.222T
WT.4.0 LBS

No.223 T
WT 4,0 LBS.

No.220T
WT.3.5 LBS

WT.,6.6LBS.

WT.58 LBS.




All weights given in pounds per foot.

Rt i,

No.54T
WT.15.3 LBS.

R L AN,

No.45T
WT.13.5 LBS
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No.44 T
WT.10.2 LBS.
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All weights given in pounds per foot. nt.
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‘No.25 T
WT. 3.3 LBS..

e oo e ey

L No.24 T
WT. 2.2 LBS.

e

No.17 T
WT.1.9 LBS.

No.33 T
WT.7 O LBS.

s AN s

No. 12 T
iU WT L2 Bs.
&
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All weights given

ds per foot.
s--_,.__-___-____--_.!

in poun

S gt A M i

2

WT. 39.0 LBS.

14

s B

1

No.335T
WT.7.0 LBS.

===

i

fomnnigr

No.336 T

WT.9.0 LBS.




All weights given in pounds per foot.

WT.12.370 29.4

Nos440A to 447 A
WL.8.2T018.6

Nos.350A to355A
WT.7.1T013.7




Plate No.28.

All weights given in pounds per foot.

Nes.330 A to 336 A
WT.4.9 T0 Ul. 5

Nos.275A to 279 A
WT.4.5 TO 8.6

Nos.250 Ato255A
WT.3.1T0 7.8

Nos.225 A to 228 A
WT.2.7 70 5.4

Nos.220 A to 223 A
WT.2.5T0 4.8

Nos.175A o178 A
WT.2.1 TO 4.1

Nos.150 A to 154 A
WT.1.2 TO 3.5

Nos.125A to 127 A ‘\\,"5\' Vg "o Va'
WT. 1.0 TO 2.0 p°

Nos.110 Ato 112 A AW
WT.0.8 TO 1.5

1

G
B b e L



Nos.864 A o 868 A
WT.33.8 TO 45.6

Nos.860 ATo863A
WT.23.0 TO 31.7

Nos.730A 1o 738A
WT.172.0T0 32.5

Nos.650 A T0 659A
WT.12.9 70 31.9

Nos.640 At0649 A
WT.12.2 T0 29.4

Nos.630AT0 639 A
WT.11.6 TO 28.6

Nos.500 A to 504 A
WT.11.0 TO 17.9

Nos.540 A ro 546 A
WT.11.0TO 21.3




Plate No. 30.

All weights given in pounds per foot.

WT.8.7 T0 20.0 £/

Nos.530AT0537A £/ SAs10%4"
WT.8.2 TO 18.7 ; N\

Nos.450 AT0457 A ~ .
W7 TO 14 54610 /4"

Nos410ATo 417 A
WT.7.7 70 17. 4

Nos. 430 A T0 435A
WT.7.1 TO 13.8

Nos.300A 10 305A

W7.6.6 TO 12.9

Nos.200A0205A

WT.2.7T07. 0.» Jistols"

J4a'tova”

Vi'to /8"

Nes 206Am209A. ; A
W2, 3T04.4, Jis to%
Va"tora" ’L

Nos. 215Am218A
WT.2.1T04.3 "tods”
Va'to V2" q,
Nos.320 A10324-A 2
WT.4.1T0 7.9 Nos. 210 A1o213A
WT.1.9T0 3.9




Plate No. 31

All weights diven in pounds per foot

No.40A

WT.8.8 TO 16.2
LBS.

No.35 A

WT. 71 TO 114 LBS.

No.30 A

WT.4.9 TO 9.4 LBS.

No.28 A
WT. 4.5 TO 89 LBS.

No.25 A

WT. 41 TO 8.2 LBS.

No.24 A

WT.3.6 TO 5.4 LBS.

No.20 A

WT.3.3 TO 49 LBS.

No.I18 A

WT. 2.9 TO 4.4 LBS. w

P
No. 15 A :

WT.1.8 TO 3.0 LBS.

No.12 A
WT.1.5 TO 2.5 LBS.

5
o
No.10 A A
WT.0.8 TO 1.5 LBS. N




Plate No.32.

. WT.44 70838

All weights given in pounds per foot.

No.22 A
WT.24 70 48 k No.278 A
LBS. WT.4.2T0 6.4
LBS.

No.23A
WT.26T0 53
LBS.

No.26 A
WT.3.0 TO 8.1
LBS.

No.27A

LBS.

No.33 A
WT4.8 TO
|I‘.5 L8S.
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Plate No.33.
All weights given in pounds per foot.

Jra a0 A b lamg oo S Y
. a2 Cad® e

LA
i 4
S Faj
|
l. 1ot
i %

Nos. 66-67-68 Z Nos.63-64-657  Nos. 60-61-62 Z

- WTS. 294-319-345 WTS. 227-25.4-28.0 WTS. 156 -183-21.0
TR b 3 3%
ML 1, e e 3% o 3% %‘:s

Nos. 56-57 Z Nos 53-54-55 Z Nos. 50-51-52 Z,

WTS. 237-26.0 WTS. 178-201-224 WTS 11.4-138-161

Nos. 40-4—l:

22

e
Nos. 43-44-45 Z

Nos. 46-47-48 1
WTS. 188-209-229 WTS. 135-155-115 WTS. 79-99-119

booo2
2%

-

B 3'3‘f“‘
|
Nos. 33-34-35 7
WTS. 11-11.9-127 .




Plate No.34-.

Trough Sha’ped' Sections
for Corrugated Flooring

All weights given in pounds per foot,

5 ‘ , kagts
| ! No.260M | WT.PER FT.9.8 T0 14.7 LBS.
WT.PER 8Q FOOT 20.0 TO 40.!1 LBS.

P

O AT




=

Plate No. 35 3

METHOD OF INCREASING
SECTIONAL AREAS.

Cross hatched portions represent the minimum
sections and the blank portions the added areas.

SLIK




ELEMENTS OF PENCOYD TEES.

Since going to press one new Tee, section No. 46T, has been
added and No. 45T has been altered. The sections, weights
and properties of these are given below :

"= *"
g |
3 g e Py -
Y 5 3, . 47 -
i “j -j.t ?E -; P ; T
El Ry
Al
No45T Y Noagr 5
WT.14.6LBS. v WT. 16,8 LBS. ;
|
i
)
",‘z‘i‘
2
L | Section Number. 46 T 45 T
IL. | Size in Inches. 47 x3%" | 4'x4%
IIL | Area in Square Inches. 4.65 4.29
IV.| Weightin Pounds per Foot. 15.8 14.6
V. Auxis A. B. 4.93 7.87
VL Moments of Inertia. Al C'D: 3.67 2.80
VIL i Azis A. B. 2.05 2.50
o iy Azis C. D, 163 1.40
X ] Azis A. B. 1.03 1.37
e ' at g Gretion | [ b LD 0.89 0.81
XI.| Distance'‘d” Baseto Neutral Axis. 111 1.37
Coefficient of %}: %3”«1;1 Azis A. B. in 10.91 13.39

SAFE LOAD IN NET TONS UNIFORMLY
DISTRIBUTED.
Fibre stress 16,000 Ibs. per square inches,

LENGTH OF SPAN IN FEET.

1.34{1 221.12/1.03

! Size Weight|
S| Ton | o |45 6|7 |s]o|0]|n|n]s
Anolier: | e Tba, Safe Load in Net Tons.
46T | 4% x3% | 158 2.73!2.18!1.82 1.56/1.37|1.21 1.09'0.99 0.910.84
45T | 4 x43% | 14.6 |3.352 GRL? 23 1.91]1.67|1.49
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