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Table 1 TYPICAL PHYSICAL PROPERTIES OF AND ALLOWABLE STRESSES FOR SOME COMMON MATERIALS• 

Ultimate Strength, Yield Strength•, Allow. Stresses ' , Elastic Moduli Coef. of 
Unit ksi ksi psi X 106 psi Thermal 

Material Weight, Ex pans. 
lb/in. 3 

Tens. Comp.' Shear Tens.• Shear 
Tens. o r 

Shear 
Tens. or 

Shear 
X 10- • 

Comp. Comp. per °F 

Aluminum alloyJ2024- T4 0.100 60 . .. 32 44 25 10.6 4.00 12.9 
(extruded) l6061-T6 38 ... 24 35 20 10.0 3.75 13.0 

. (Gray 0.276 30 120 ... ' .. . .. . 13 6 5.8 
CaSt iron Malleable 54 ... 48 36 24 25 12 6.7 

C t •(8 gal/sack 0.087 3 ... . ... .. . - 1,3501 66 3 6.0 
oncre e 6 gal/sack .. . 5 ... . .. ... - 2,2501 86 5 . .. 

Magnesium alloy, AM lOOA 0.065 40 .. . 21 22 . .. 6.5 2.4 14.0 r% Ca<boo 
65 ... 48 36 24 ± 24,000 14,500 

(hot-rolled) 
0.6 % Carbon 100 ... 80 60 36 

Steel (hot-rolled) 0.283 30• 12 6.5 
0.6 % Carbon 120 .. . 100 75 45 

(quenched) 
3½% Ni, 0.4 % C 200 .. . 150 150 90 

{Douglas Fir (coast) 0.018 ... 7.4d 1.11 . .. ... ± 1,9001 1201 1.76 ... .. . 
Wood Southern Pine 0.021 ... 8.4d 1.5' ... .. . ± 2,2501 1351 1.76 . .. ... 

(longleaf) 

• Mechanical properties of metals depend no t onl y on composition but also on hea t treatment, previous cold working, etc. Data for wood are for clear 2-in.­
by-2-in . specimens at 12 per cent moisture content. True values vary. 
• 8 gal /sack means 8 gallons of water per 94-lb sack of Portland cement. Values for 28-day-old concrete. 
• For short blocks only. For ductile materials the ultimate strength in compress ion is indefinite; may be assumed to be the same as that in tension. 
d Compression parallel to grain on short blocks. Compression perpendicular to grain at proportional limit 950 psi, 1,190 psi , respectively. Values from Wood 
Handbook, U.S. Dept. of Agriculture. ' Fails in d iagonal tension. 1 Parallel to grain. • For most materials at 0.2 per cent set. 
• For ductile materials compressive yield strength may be assumed the same. 
• For static loads only. Much lower stresses required in machine design because of fatigue properties and dynamic loadings. 
i In bending only. No tensile stress is allowed in concrete. Timber stresses are for select or dense grade. • AlSC recommends the value of 29 X 10° psi. 



Tablel USEFUL PROPERTIES OF AREAS 

AREAS AND MOMENTS OF INERTIA OF AREAS AROUND CENTROIDAL AXES 

RECTANGLE CIRCLE 

A = bh 
10 = bl, 3/12 ~ A = .,,R2 

10 = J/2 = .,,R4/4 

TRIANGLE SEMICIRCLE 

~h 

b 

A = bh/2 
lo = bh3/36 

~R 

2 R 4R/(3.,,) 

A = .,,R2/2 
/ 0 = O.l 10R4 

THIN TUBE HALF OF THIN TUBE 

~ -· A = 2"Ravgl 
lo = J/2 """ Rlvgl 

A = TrRavgl 
In "" 0.095.,,Ravgl 

AREAS AND CE TROIDS OF AREAS 

TRIANGLE 

2b/3 b/3 

b 

A = bh/2 

PARABOLA : y = -ax2 

{~-
A = bh/3 
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TRIANGLE 
a 

' I 
(a + L)/3 (b + L)/3 

L 

A = hL/2 

A = bh/(n + I) 

h 

PARABOLA 

h 

b 

PARABOLA 

h~ 

~ 
The area for any segment 
of a parabola is A = i hi 
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Table 3 AMERICAN STANDARD STEEL BEAMS, S SHAPES, 
PROPERTIES FOR DESIGNING 

Flange Axis X-X 
Web 

Thick- Thick- I -Designation• Area Depth Width ness ness I C 

in. 2 in. in . in. IO. in. 4 in. 3 

S 24 X 120 35.3 24.00 8.048 I .102 0.798 3030 252 
X 105.9 31.1 24.00 7.875 1.102 0.625 2830 236 

S 24 X 100 29.4 24.00 7.247 0.871 0.747 2390 199 
X 90 26.5 24.00 7.124 0.871 0.624 2250 187 
X 79.9 23.5 24.00 7.001 0.871 0.501 2110 175 

S 20 X 95 27.9 20.00 7.200 0.916 0.800 1610 161 
X 85 25.0 20.00 7.053 0.916 0.653 1520 152 

S20 X 75 22.1 20.00 6.391 0.789 0.641 1280 128 
X 65.4 19.2 20.00 6.250 0.789 0.500 1180 118 

S 18 X 70 20.6 18.00 6.251 0.691 0.711 926 103 
X 54.7 16.1 18.00 6.001 0.691 0.461 804 89.4 

S 15 X 50 14.7 15.00 5.640 0.622 0.550 486 64.8 
X 42.9 12.6 15.00 5.501 0.622 0.411 447 59.6 

S 12 X 50 14.7 12.00 5.477 0.659 0.687 305 50.8 
X 40.8 12.0 12.0Q 5.252 0.659 0.472 272 45.4 

S 12 X 35 10.3 12.00 5.078 0.544 0.428 229 38.2 
X 31.8 9.35 12.00 5.000 0.544 0.350 218 36.4 

S 10 X 35 10.3 10.00 4.944 0.491 0.594 147 29.4 
X 25.4 7.46 10.00 4.661 0.491 0.311 124 24.7 

s 8 X 23 6.77 8.00 4.171 0.425 0.441 64.9 16.2 
X 18.4 5.41 8.00 4.001 0.425 0.271 57.6 14.4 - ~ 

s 7 X 20 5.88 7.00 3.860 0.392 0.450 42.4 12.1 
X 15.3 4.50 7.00 3.662 0.392 0.252 36.7 10.5 

s 6 X 17.25 5.07 6.00 3.565 0.359 0.465 26.3 8.77 
X 12.5 3.67 6.00 3.332 0.359 0.232 22.1 7.37 

s 5 X 14.75 4.34 5.00 3.284 0.326 0.494 15.2 6.09 
X 10 2.94 5.00 3.004 0.326 0.214 12.3 4.92 

s 4 x 9.5 2.79 4.00 2.796 0.293 0.326 6.79 3.39 
X 7.7 2.26 4.00 2.663 0.293 0.193 6.08 3.04 

s 3 X 7.5 2.21 3.00 2.509 0.260 0.349 2.93 1.95 
X 5.7 l.67 3.00 2.330 0.260 0.170 2.52 1.68 

y 

X X 

y 

Axis Y-Y 

I -
r I C r 

in. in.4 in.3 in. 

9.26 84.2 20.9 1.54 
9.53 78.2 19.8 1.58 

9.01 47.8 13.2 1.27 
9.22 44.9 12.6 1.30 
9.47 42.3 12.1 1.34 

7.60 49.7 13.8 1.33 
7.79 46.2 13.1 1.36 

7.60 29.6 9.28 1.16 
7.84 27.4 8.77 1.19 

6.71 24.1 7.72 1.08 
7.07 20.8 6.94 1.14 

5.75 15.7 5.57 1.03 
5.95 14.4 5.23 1.07 

4.55 15.7 5.74 1.03 
4.77 13.6 5.16 l.06 

4.72 9.87 3.89 0.980 
4.83 9.36 3.74 1.00 

3.78 8.36 3.38 0.901 
4.07 6.79 2.91 0.954 

3.10 4.31 2.07 0.798 
3.26 3.73 1.86 0.831 

2.69 3.17 1.64 0.734 
2.86 2.64 l.44 0.766 

2.28 2.31 1.30 0.675 
2.45 1.82 l.09 0.705 

1.87 l.67 1.01 0.620 
2.05 1.22 0.809 0.643 

1.56 0.903 0.646 0.569 
l.64 0.764 0.574 0.581 

1.15 0.586 0.468 0.516 
l.23 0.455 0.390 0.522 

*American Standard I-shaped beams are referred to as S shapes, and are designated by the letter S followed by 
their depth in inches, with their weight in pounds per linear foot given last. For example, S 24 x 120 means that 
this S-shape is 24 in . deep and weighs 120 lb/ft. 
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Table 4 AMERICAN WIDE-FLANGE STEEL BEAMS, W SHAPES, 
PROPERTIES FOR DESIGNING (Abridged List) 

Flange Axis X-X 
Web 

Thick- Thick- I -
Designation• Area Depth Width ness ness 1 C 

• 2 
ill. in. m. m. in . in. 4 in. 3 

W 36 X 230 67.7 35.88 16.471 1.260 0.761 15000 837 
X 150 44.2 35.84 11.972 0.940 0.625 9030 504 

W 33 X 200 58.9 33 .00 15.750 1.150 0.715 lllOO 671 
X 130 38.3 33 .10 11.510 0.855 0.580 6710 406 

W 30 X 172 50.7 29.88 14.985 1.065 0.655 7910 530 
X 108 31.8 29.82 10.484 0.760 0.548 4470 300 

W 27 X 145 42.7 26.88 13.965 0.975 0.600 5430 404 
X 94 27.7 26.91 9.990 0.747 0.490 3270 243 

W24 X 130 38.3 24.25 14.000 0.900 0.565 4020 332 
X 100 29.5 24.00 12.000 0.775 0.468 3000 250 
X 76 22.4 23.91 8.985 0.682 0.440 2100 176 

W21 X 112 33.0 21.00 13.000 0.865 0.527 2620 250 
X 82 24.2 20.86 8.962 0.795 0.499 1760 169 
X 62 18.3 20.99 8.240 0 .615 0.400 1330 127 
X 55 16.2 20.80 8.215 0 .522 0 .375 1140 lJO 

W 18 X 96 28.2 18.16 11.750 0.831 0.512 1680 185 
X 64 18.9 17.87 8.715 0.686 0.403 1050 ll8 
X 50 14.7 18.00 7.500 0.570 0.358 802 89.l 
X 45 13.2 17.86 7.477 0.499 0.335 706 79.0 
X 35 10.3 17.71 6.000 0.429 0.298 513 5J!).. 

'-
W 16 X 96 28.2 16.32 11 .533 0.875 0.535 1360 166 

X 88 25.9 16.16 11.502 0.795 0.504 1220 151 
X 58 17.1 15.86 8.464 0.645 0.407 748 94.4 
X 50 14.7 16.25 7.073 0 .628 0.380 657 80.8 
X 36 10.6 15.85 6.992 0.428 0.299 447 ~ 
X 26 7.67 15.65 5.500 0.345 0.250 300 38.3 

W 14 X 320 94.1 16.81 16.710 2.093 J.890 4140 493 
X 136 40.0 14.75 14.740 1.063 0.660 1590 216 
X 87 25.6 14.00 14.500 0.688 0.420 967 138 
X 84 24.7 14.18 12.023 0.778 0.451 928 131 
X 78 22.9 14.06 12.000 0.718 0.428 851 121 

y 

x-.Jll--x 

y 

Axis Y-Y 

I -
r I C r 

in. in. 4 in. 3 in. 

14.9 940 114 3.73 
14.3 270 45.0 2.47 

13.7 750 95.2 3.57 
13.2 218 37.9 2.38 

12.5 598 79.8 3.43 
11.9 146 27.9 2.15 

11.3 443 63.5 3.22 
10.9 124 24.9 2.12 

10.2 412 58 .9 3.28 
10.1 223 37.2 2.75 

9.69 82.6 18.4 1.92 

8.92 317 48.8 3.10 
8.53 95 .6 21.3 1.99 
8.54 57.5 13.9 1.77 
8.40 48.3 11.8 1.73 

7.70 225 38.3 2.82 
7.46 75.8 17.4 2.00 
7.38 40.2 10.7 1.65 
7.30 34.8 9.32 1.62 
7.05 15.5 5.16 1.23 

6.93 224 38.8 2.82 
6.87 202 35.1 2.79 
6.62 65.3 15.4 J.96 
6.68 37.l 10.5 1.59 
6.50 24.4 6.99 1.52 
6.25 9.59 3.49 1.12 

6.63 1640 196 4.17 
6.31 568 77.0 3.77 
6.15 350 48.2 3.70 
6.13 225 37.5 3.02 
6.09 207 34.5 3.00 

*American wide-flange I- or H-shaped steel beams are referred to as W shapes, and are designated by the letter 
W followed by their nominal depth in inches, with their weight in pounds per linear foot given last. For example, 
W 21 x 62 means that this W shape is 21 in. deep and weighs 62 lb/ft. This list is abridged. 
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Table 4 (Continued) 

Flange Axis X-X Axis Y-Y 
Web 

Thick- Thick- I I - -
Designation Area Depth Width ness ness I C r I C r 

in .2 in . in . in. in. in. 4 in .3 in. in.4 in .3 in . 

W 14 X 74 21.8 14.19 10.072 0.783 0.450 797 112 6.05 133 26.5 2.48 
X 68 20.0 14.06 10.040 0.71 8 0.418 724 103 6.02 121 24.1 2.46 
X 61 17.9 13.91 10.000 0.643 0.378 641 92.2 5.98 107 21.5 2.45 
X 53 15.6 13.94 8.062 0.658 0.370 542 77.8 5.90 57.5 14.3 l.92 
X 43 12.6 13.68 8.000 0.528 0.308 429 62.7 5.82 45.1 11.3 1.89 

W 14 X 38 11.2 14.12 6.776 0.513 0.313 386 54.7 5.88 26.6 7.86 1.54 
X 34 10.0 14.00 6.750 0.453 0.287 340 48.6 5.83 23.3 6.89 1.52 
X 30 8.83 13.86 6.733 0.383 0.270 290 41.9 5.74 19.5 5.80 1.49 

Wl2 X 85 25.0 12.50 12.105 0.796 0.495 723 l 16 5.38 235 38.9 3.07 
X 65 19.1 12.12 12.000 0 .606 0.390 533 88.0 5.28 175 29.1 3.02 
X 53 15.6 12.06 10.000 0.576 0.345 426 70.7 5.23 96.l 19.2 2.48 
X 40 11.8 11.94 8.000 0.516 0.294 310 51.9 5.13 44.1 11.0 1.94 

W 12 X 36 J0.6 12.24 6.565 0.540 0.305 281 46.0 5.15 25.5 7.77 1.55 
X 31 9.13 12.09 6.525 0.465 0.265 239 39.5 5.12 21.6 6.61 1.54 
X 27 7.95 11 .96 6.497 0.400 0.237 204 34.2 5.07 18.3 5.63 1.52 

Wl0 x ll2 32.9 11.38 10.415 1.248 0 .755 719 126 4.67 235 45.2 2.67 
X 100 29.4 11.12 10.345 l.l 18 0 .685 625 112 4.61 207 39.9 2.65 
X 89 26.2 10.88 10.275 0.998 0.615 542 99.7 4.55 181 35.2 2.63 
X 77 22.7 10.62 10.195 0.868 0.535 457 86.1 4.49 153 30.1 2.60 
X 60 17.7 10.25 10.075 0 .683 0.415 344 67.1 4.41 l 16 23 . l 2.57 
X 49 14.4 10.00 10.000 0.558 0 .340 273 54.6 4.35 93 .0 18.6 2.54 

WlO X 45 13.2 10.12 8.022 0.618 0.350 249 49.1 4.33 53.2 13.3 2.00 
X 39 11.5 9.94 7.990 0.528 0.318 210 42.2 4.27 44.9 11.2 1.98 
X 33 9.71 9.75 7.964 0.433 0 .292 171 35.0 4.20 36.5 9.16 1.94 

WJO X 29 8.54 10.22 5.799 0.500 0 .289 158 30.8 4.30 16.3 5.61 l .38 
X 21 6.20 9.90 5.750 0.340 0.240 107 21.5 4. 15 10.8 3.75 1.32 

w 8 X 67 19.7 9.00 8.287 0 .933 0.575 272 60.4 3.71 88 .6 21.4 2.12 
X 58 I 7.1 8.75 8.222 0.808 0.510 227 52.0 3.65 74.9 18.2 2.10 
X 48 14.1 8.50 8.117 0 .683 0.405 184 43.2 3.61 60.9 15.0 2.08 
X 40 11.8 8.25 8.077 0 .558 0.365 146 35.5 3.53 49.0 12.1 2.04 
X 35 10.3 8.12 8.027 0.493 0.315 126 3l.1 3.50 42.5 10.6 2.03 
X 31 9.12 8.00 8.000 0.433 0 .288 JJO 27.4 3.47 37.0 9.24 2.01 ---w 8 X 28 8.23 8.06 6.540 0.463 0.285 97.8 24.3 3.45 21.6 6.61 l .62 
X 24 7.06 7.93 6.500 0.398 0.245 82.5 20.8 3.42 18.2 5.61 J.61 

w 8 X 20 5.89 8.14 5.268 0.378 0.248 69.4 17.0 3.43 9.22 3.50 1.25 
X 17 5.01 8.00 5.250 0 .308 0.230 -- 56.6 14.l 3.36 7.44 2.83 1.22 
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Table 5 AMERICAN STANDARD STEEL CHANNELS, 
PROPERTIES FOR DESIGNING 

Flange Axis X-X 

Average Web 
Thick- Thick- I -Designation* Area Depth Width ness ness I C 

in.2 in. in. in. in. in .4 in. 3 

C 15 x 50 14.7 15.00 3.716 0.650 0.716 404 53 .8 
X 40 11.8 15.00 3.520 0.650 0.520 349 46.5 
X 33.9 9.96 15.00 3.400 0.650 0.400 315 42.0 

C 12 X 30 8.82 12.00 3.170 0.501 0.510 162 27.0 
X 25 7.35 12.00 3.047 0.501 0.387 144 24.1 
X 20.7 6.09 12.00 2.942 0.501 0.282 129 21.5 

C 10 x 30 8.82 10.00 3.033 0.436 0.673 103 20.7 
X 25 7.35 10.00 2.886 0.436 0.526 91.2 18.2 
X 20 5.88 10.00 2.739 0.436 0 .379 78.9 15.8 
X 15.3 4.49 10.00 2.600 0.436 0.240 67.4 13.5 

C 9 X 20 5.88 9.00 2.648 0.413 0.448 60.9 13.5 
X 15 4.41 9.00 2.485 0.4)3 . 0.285 51.0 11.3 
X 13 .4 3.94 9.00 2.433 0.413 0.233 47.9 10.6 

C 8 X 18.75 5.51 8.00 2.527 0.390 0.487 44.0 11.0 
X 13.75 4.04 8.00 2.343 0.390 0.303 36.1 9.03 
X 11.5 3.38 8.00 2.260 0.390 0.220 32.6 8.14 

C 7 X 14.75 4.33 7.00 2.299 0.366 0.419 27.2 7.78 
X 12.25 3.60 7.00 2.194 0.366 0.314 24.2 6.93 
X 9.8 2.87 7.00 2.090 0.366 0.210 21.3 6.08 

C 6 X 13 3.83 6.00 2.157 0.343 0.437 17.4 5.80 
X 10.5 3.09 6.00 2.034 0.343 0.314 15.2 5.06 
X 8.2 2.40 6.00 1.920 0.343 0 .200 13.l 4.38 

C 5 X 9 2.64 5.00 1.885 0.320 0.325 8.90 3.56 
X 6.7 1.97 5.00 1.750 0.320 0.190 7.49 3.00 

C 4 x 7.25 2.13 4.00 1.721 0.296 0.321 4.59 2.29 
X 5.4 1.59 4.00 1.584 0.296 0.184 3.85 l.93 

C 3 X 6 l.76 3.00 1.596 0.273 0.356 2.07 1.38 
X 5 1.47 3.00 1.498 0.273 0.258 l.85 1.24 
X 4.1 1.21 3.00 1.410 0.273 0.170 l.66 1.10 

y 

y 

Axis Y-Y 

T -r I C r X 

in. in. 4 in.3 in. in. 

5.24 11.0 3.78 0.867 0.799 
5.44 9.23 3.36 0.886 0.778 
5.62 8.13 3.11 0.904 0.787 

4.29 5. 14 2.06 0.763 0.674 
4.43 4.47 1.88 0.780 0.674 
4.61 3.88 l.73 0.799 0.698 

3.42 3.94 1.65 0.669 0.649 
3.52 3.36 1.48 0.676 0.617 
3.66 2.81 1.32 0.691 0.606 
3.87 2.28 1.16 0.713 0.634 

3.22 2.42 l.]7 0.642 0.583 
3.40 l.93 1.01 0.661 0.586 
3.48 l.76 0.962 0.668 0.601 

2.82 l.98 1.01 0.599 0.565 
2.99 1.53 0.853 0.615 0.553 
3.11 1.32 0.781 0.625 0.571 

2.51 1.38 0.779 0.564 0.532 
2.60 1.17 0.702 0.571 0.525 
2.72 0.968 0.625 0.581 0.541 

2. 13 1.05 0.642 0.525 0.514 
2.22 0.865 0.564 0.529 0.500 
2.34 0.692 0.492 0.537 0.512 

l.83 0 .632 0.449 0.489 0.478 
l.95 0.478 0.378 0.493 0.484 

1.47 0.432 0.343 0 .450 0.459 
1.56 0.319 0.283 0.449 0.458 

1.08 0.305 0.268 0.416 0.455 
1.12 0.247 0.233 0.410 0.438 
1.17 0.197 0.202 0.404 0.437 

*American Standard Steel Channels are designated by the letter C followed by their depth in inches, with their 
weight per linear foot given last. For example, C 10 x 15.3 means that this channel is JO in. deep and weighs 
15.3 lb/ft. 
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Table 6 STEEL ANGLES WITH EQUAL LEGS, 
PROPERTIES FOR DESIGNING 

Axis X-X and Axis Y-Y 
Weight 
per I -

Size and Thickness Foot Area I C r x or y 

in. lb in .2 in. 4 in. 3 in. in. 

L8 x 8 x l ¼ 56.9 16.7 98.0 17.5 2.42 2.41 
I 51.0 15.0 89.0 15.8 2.44 2.37 

7 45.0 13.2 79.6 14.0 2.45 2.32 .. 
3 38.9 11.4 69.7 12.2 2.47 2.28 • 
' 32.7 9.61 59.4 10.3 2.49 2.23 .. 
• 29.6 8.68 54.1 9.34 2.50 2.2 1 r~ 

I 26.4 7.75 48.6 8.36 2.50 2.19 "2" 

L6 X 6 X 1 37.4 11.0 35.5 8.57 1.80 1.86 

' 33 .1 9.73 31.9 7.63 1.81 1.82 .. 
3 28.7 8.44 28.2 6.66 1.83 l.78 • 
5 24.2 7.11 24.2 5.66 1.84 J.73 .. 
• 21.9 6.43 22. 1 5. 14 1.85 1.71 Td" 

I 19.6 5.75 19.9 4.61 J.86 J.68 "2" 

' 17.2 5.06 17.7 4.08 1.87 1.66 T"R" 
3 14.9 4.36 15.4 3.53 1.88 1.64 .. 
5 12.4 3.65 13.0 2.97 1.89 1.62 TI 

L5 X 5 Xi 27.2 7.98 17.8 5.17 J.49 l .57 
3 23.6 6.94 15.7 4.53 1.51 1.52 • 
' 20.0 5.86 13.6 3.86 1.52 J.48 .. 
I 16.2 4.75 11.3 3.16 1.54 1.43 % 

' 14.3 4.18 10.0 2.79 1.55 1.41 TI 
3 12.3 3.61 8.74 2.42 1.56 l .39 .. 
' 10.3 3.03 7.42 2.04 J.57 1.37 T!' 

L4 X 4 X ¾ 18.5 5.44 7.67 2.81 1.19 1.27 
5 15.7 4.61 6.66 2.40 1.20 1.23 .. 
I 12.8 3.75 5.56 1.97 1.22 1.18 "2" 

' 11.3 3.31 4.97 " 1.75 1.23 1.16 T!' 
3 9.8 2.86 4 .36 1.52 1.23 1.14 .. 
5 8.2 2.40 3.71 1.29 1.24 1.12 T"R" 
I 6.6 1.94 3.04 1.05 1.25 1.09 • 

L 31 X 3,: X ½ 11. I 3.25 3.64 1.49 1.06 1.06 

' 9.8 2.87 3.26 1.32 1.07 1.04 TI 
3 8.5 2.48 2.87 1.15 1.07 1.01 .. 

5 7.2 2.09 2.45 .976 1.08 .990 T"ft" 
I 5.8 J.69 2.01 .794 1.09 .968 • 

L3 X 3 X½ 9.4 2.75 2.22 1.07 .898 .932 

' 8.3 2.43 J.99 .954 .905 .910 T"R" 
3 7.2 2.11 1.76 .833 .913 .888 .. 

5 6. 1 1.78 1.51 .707 .922 .869 , .. 
I 4.9 J.44 1.24 .577 .930 .842 • 
3 3.71 1.09 .962 .441 .939 .820 TT 

L 2½ X 2½ X ½ 7.7 2.25 1.23 .724 .739 .806 
3 5.9 1.73 .984 .566 .753 .762 .. 
• 5.0 I .46 .849 .482 .761 .740 T"R" 

I 4. 1 1.19 .703 .394 .769 .717 • 
3 3.07 0.92 .547 .303 .778 .694 Tif 

Axis Z-Z 

r 

in. 

1.56 
1.56 
1.57 
1.58 
1.58 
1.59 
1.59 

I.I 7 
1.17 
1.17 
1.18 
J. 18 
1.18 
1.19 
I. l 9 
1.20 

.973 

.975 

.978 

.983 

.986 

.990 

.994 

.778 

.779 

.782 

.785 

.788 

.79 1 

.795 

.683 

.684 

.687 

.690 

.694 

.584 

.585 

.587 

.589 

.592 

.596 

.487 

.487 

.489 

.491 
.495 



Table 7 STEEL ANGLES WITH UNEQUAL LEGS, 
PROPERTIES FOR DESIGNING *This list is abridged. 

Weight 
Axis X-X 

Size and per . I -Thickness* Foot Area I C r y I 

in . lb in .2 in .4 in. 3 in. in . in. 4 

L8 x 6 x 1 44.2 13.0 80.8 15. l 2.49 2.65 38.8 
3 33.8 9.94 63.4 11.7 2.53 2.56 30.7 4 
I 23.0 6.75 44.3 8.02 2.56 2.47 21.7 'Z 

L8 x 4 x l 37.4 11.0 69.6 14.1 2.52 3.05 11.6 
3 28.7 8.44 54.9 10.9 2.55 2.95 9.36 4 
I 19.6 5.75 38.5 7.49 2.59 2.86 6.74 'Z 

L6 x 4 x ¾ 23.6 6.94 24.5 6.25 1.88 2.08 8.68 
I 16.2 4.75 17.4 4.33 1.91 1.99 6.27 "2" 

L5 x 3 x ½ 12.8 3.75 9.45 2.91 1.59 1.75 2.58 
3 9.8 2.86 7.37 2.24 1.61 1.70 2.04 ll 
I 6.6 1.94 5.11 1.53 1.62 l.66 1.44 4 

L 4 X 3} X ½ 11.9 3.50 5.32 1.94 1.23 1.25 3.79 

' 9.1 2.67 4.18 1.49 1.25 1.21 2.95 ll 
I 6.2 1.81 2.91 1.03 1.27 1.16 2.09 :r 

L4 X 3 X ½ 11.1 3.25 5.05 1.89 1.25 1.33 2.42 
3 8.5 2.48 3.96 1.46 1.26 1.28 1.92 ll 
I 5.8 l.69 2.77 1.00 1.28 1.24 1.36 4 

L 3½ X 2½ X { 9.4 2.75 3.24 1.41 1.09 1.20 1.36 
7 8.3 2.43 2.91 1.26 1.09 1.18 1.23 nr 

3 7.2 2.11 2.56 1.09 1.10 1.16 1.09 ll 
5 6.1 1.78 2.19 .927 1.11 1.14 .939 Tll 

I 4.9 1.44 1.80 .755 1.12 1.11 .777 4 

L 3 X 2½ X { 8.5 2.50 2.08 1.04 .913 1.00 1.30 
7 7.6 2.21 1.88 .928 .920 .978 1.18 Tll 

' 6.6 1.92 1.66 .810 .928 .956 1.04 ll 

' 5.6 1.62 1.42 .688 .937 .933 .898 Tll 
I 4.5 1.31 1.17 .561 .945 .911 .743 :r 
3 3.39 .996 .907 .430 .954 .888 .577 Tll 

L3 x 2 x ½ 7.7 2.25 1.92 1.00 .924 1.08 .672 
7 6.8 2.00 1.73 .894 .932 1.06 .609 nr 

3 5.9 1.73 1.53 .781 .940 1.04 .543 ll 

' 5.0 1.46 1.32 .664 .948 1.02 .470 nr 
I 4.1 1.19 1.09 .542 .957 .993 .392 :r 
3 3.07 .902 .842 .415 .966 .970 .307 Tl! 

L 2{ X 2 X ¾ 5.3 1.55 .912 .547 .768 .831 .514 

' 4.5 1.31 .788 .466 .776 .809 .446 T l! 
I 3.62 1.06 .654 .381 .784 .787 .372 :r 
• 2.75 .809 .509 .293 .793 .764 .291 T S" 

y 

y z 

Axis Y-Y Axis Z-Z 

I 
-
C r X r Tan (1. 

in. 3 in. in. in. 

8.92 1.73 l.65 1.28 .543 
6.92 1.76 1.56 1.29 .551 
4.79 1.79 1.47 1.30 .558 

3.94 1.03 1.05 .846 .247 
3.07 1.05 .953 .852 .258 
2.15 1.08 .859 .865 .267 

2.97 1.12 1.08 .860 .428 
2.08 1.15 .987 .870 .440 

1.15 .829 .750 .648 .357 
.888 .845 .704 .654 .364 
.614 .861 .657 .663 .371 

1.52 1.04 1.00 .722 .750 
1.17 1.06 .955 .727 .755 
.808 1.07 .909 .734 .759 

1.12 .827 .864 .639 .543 
.866 .879 .782 .644 .551 
.599 .896 .736 .651 .558 

.760 .704 .705 .534 .486 

.677 .711 .682 .535 .491 

.592 .719 .660 .537 .496 

.504 .727 .637 .540 .501 

.412 .735 .614 .544 .506 

.744 .722 .750 .520 .667 

.664 .729 .728 .521 .672 

.581 .736 .706 .522 .676 

.494 .744 .683 .525 .680 

.404 .753 .661 .528 .684 

.310 .761 .638 .533 .688 

.474 .546 .583 .428 .414 

.424 .553 .561 .429 .421 

.371 .559 .539 .430 .428 

.317 .567 .516 .432 .435 

.260 .574 .493 .435 .440 

.200 .583 .470 .439 .446 

.363 .577 .581 .420 .614 

.310 .584 .559 .422 .620 

.254 .592 .537 .424 .626 

.196 .600 .514 .427 .631 



Table 8 STANDARD STEEL PIPE 

Dimensions Properties 

Weight per Foot 

Norn. Outside loside Thick- Plain Thread 
Diam. Diam. Diam. ness Ends &Cplg. I A r 

in. in. in. in . lb lb in. 4 in .2 in. 

I .405 .269 .068 .24 .25 .001 .072 .12 11 
I .540 .364 .088 .42 .43 .003 .125 .16 • 
3 .675 .493 .091 .57 .57 .007 .167 .21 11 
I .840 .622 .109 .85 .85 .017 .250 .26 "2" 
3 1.050 .824 .113 1.13 1.13 .037 .333 .33 • 

1 1.315 1.049 .133 1.68 1.68 .087 .494 .42 
I¼ 1.660 1.380 .140 2.27 2.28 .195 .669 .54 
I½ 1.900 J.610 .145 2.72 2.73 .310 .799 .62 
2 2.375 2.067 .154 3.65 3.68 .666 1.075 .79 
2½ 2.875 2.469 .203 5.79 5.82 1.530 1.704 .95 
3 3.500 3.068 .216 7.58 7.62 3.017 2.228 1.16 
3½ 4.000 3.548 .226 9.11 9.20 4.788 2.680 1.34 
4 4.500 4.026 .237 10.79 10.89 7.233 3.174 1.51 
5 5.563 5.047 .258 14.62 14.81 15.16 4.300 1.88 
6 6.625 6.065 .280 18.97 19.19 28.14 5.581 2.25 
8 8.625 7.981 .322 28.55 28.81 72.49 8.399 2.94 

10 10.750 10.020 .365 40.48 41 .13 160.7 11.91 3.67 
12 12.750 12.000 .375 49.56 50.71 279.3 14.58 4.38 

Table 9 PLASTIC SECTION MODULI AROUND THE X-X AXIS 

Shape Plastic Modulus Z Shape Plastic Modulus Z 
in. 3 in. 3 

W36 X 230 943 W 24 X 68 176 
W 33 X 220 838 W21 X 68 160 
W 36 X 194 768 W24 X 61 152 
W 36 X 182 718 W24 X 55 134 
W 36 X 170 668 W21 X 55 126 
W 36 X 160 625 W 18 X 55 112 
W 36 X 150 581 W 21 X 49 108 
W 33 X 141 514 W21 X 44 95.3 
W 36 X 135 510 W 18 X 40 78.4 
W33 x l30 467 W 16 X 40 72.8 
W33 X 118 415 W 18 X 35 66.8 
W30 X 116 378 S 12 X 50 61.2 
W30 X 108 346 W 16 X 31 54.0 
W30 X 99 313 W 14 X 26 40.0 
W 27 X 94 278 W 14 X 22 33.1 
W24 X 94 253 S JO x 25.4 28.4 
W27 X 84 244 W 8 X 20 19.1 
S 24 X 90 222 W 8 X 17 15.9 
S 24 X 79.9 205 S 7 X 20 14.5 

APP. TABLES 578 



Table 10 AMERICAN STANDARD TIMBER SIZES, PROPERTIES FOR DESIGNING 

American American 
Standard Area Weight Moment Section Standard Area Weight Moment Section 

Nominal Dressed of per of Modu- Nominal Dressed of per of Modu-

Size Size Section Foot Inertia lus Size Size Section Foot Inertia lus 

in. in. in. 2 lb in.4 in. 3 in. in. in. 2 lb in. 4 in.3 

L X 4 l{ X 3¼ 5.89 l.64 6.45 3.56 10 X JO 9¼ X 91 90.3 25.0 679 143 l 

6 5¼ 9.14 2.54 24.1 8.57 12 11 ¼ 109 30.3 1204 209 
8 7½ 12.2 3.39 57.1 15.3 14 13¼ 128 35.6 1948 289 

JO 9½ 15.4 4.29 116 24.4 16 15¼ 147 40.9 2948 380 
12 11 ½ 18.7 5.19 206 35.8 18 17½ 166 46.1 4243 485 
14 13½ 21.9 6.09 333 49.4 20 19½ 185 51.4 5870 602 
16 15½ 25 .2 6.99 504 65.l 22 21 ½ 204 56.7 7868 732 
18 17½ 2S.4 7.90 726 82.9 24 23½ 223 62.0 10274 874 

3 X 4 2¼ X 3¼ 9.52 2.64 10.4 5.75 12 X ]2 ll t X ll t 132 36.7 1458 253 
_ 6.... 5¼ 14.8 4.10 38.9 13.8 14 13½ 155 43.l 2358 349 

8 7½ 19.7 5.47 92.3 24.6 16 15½ 178 49.5 3569 460 
JO 9½ 24.9 6.93 188 39.5 18 17¼ 201 55.9 5136 587 
12 11 ½ 30.2 8.39 333 57.9 20 19½ 224 62.3 7106 729 
14 13½ 35.4 9.84 538 79.7 22 21¼ 247 68.7 9524 886 
16 15½ 40.7 11.3 815 105 24 23¼ 270 75.0 12437 1058 
18 17½ 45.9 12.8 1172 134 14 X 14 13½ X 13t 182 50.6 2768 410 

4 X 4 3¼ X 3¼ 13. I 3.65 14.4 7.94 16 15½ 209 58.l 4189 541 
6 5¼ 20.4 5.66 53.8 19.1 18 17½ 236 65.6 6029 689 
&... 7½ 27.2 7.55 127 34.0 20 19½ 263 73.l 8342 856 

10 9½ 34.4 9.57 259 54.5 22 21½ 290 80.6 11181 1040 
12 11½ 41.7 11.6 459 79.9 24 23½ 317 88.l 14600 1243 
14 13½ 48.9 13.6 743 110 16 X ]6 15½ X 15t 240 66.7 4810 621 
16 15½ 56.2 15.6 1125 145 18 17½ 271 75.3 6923 791 
18 17½ 63.4 17.6 1619 185 20 19¼ 302 83.9 9578 982 

22 21¼ 333 92.5 12837 1194 
6 X 6 5½ X 5½ 30.3 8.40 76.3 27.7 24 23¼ 364 101 16763 1427 

8 7½ 41.3 11.4 193 51.6 
JO 9½ 52.3 14.5 393 82.7 18 X 18 17½ X 17½ 306 85.0 7816 893 
12 II ½ 63.3 17.5 697 121 20 19½ 341 94.8 10813 1109 _____. 
14 13½ 74.3 20.6 1128 167 22 21½ 376 105 14493 1348 
16 15½ 85.3 23.6 1707 220 24 23½ 411 114 18926 1611 
18 17½ 96.3 26.7 2456 281 26 25½ 446 124 24181 1897 
20 19½ 107.3 29.8 3398 349 20 X 20 19½ X 19½ 380 106 12049 1236 

8 X 8 7{ X 7½ 56.3 15.6 264 70.3 22 21 ½ 419 116 16150 1502 
JO 9½ 71.3 19.8 536 113 24 23½ 458 127 21089 1795 
12 11 ½ 86.3 23.9 951 165 26 25½ 497 138 26945 2113 
14 13½ 101.3 28.0 1538 228 28 27½ 536 149 33795 2458 
16 15½ 116.3 32.0 2327 300 24 X 24 23t X 23½ 552 153 25415 2163 
18 17½ 131.3 36.4 3350 383 26 25½ 599 166 32472 2547 
20 19½ 146.3 40.6 4634 475 28 27½ 646 180 40727 2962 
22 21 ½ 161.3 44.8 6211 578 30 29½ 693 193 50275 3408 

All properties and weights given are for dressed size only. The weights given above are based on assumed average 
weight of 40 lb per cubic foot. Table compiled by the National Lumber Manufacturers Association. 
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Table 11 DEFLECTIONS AND SLOPES OF ELASTIC CURVES FOR 
VARIOUSLY LOADED BEAMS 

Equation of Elastic Curve 

Loading 

/I 

p 

X 

L 

I' 
qo 

X 

~' 
{/ b 

L 

APP. TAB LES 

Maximum Deflection 

p 
v = 6E/2L3 - 3L2x + x3) 

PL 3 

Vmax = v(O) = 3£/ 

v = 2%t:/x4 - 4L3x + 3L4) 

(0) 
qoL4 

Vmax = V = 8£/ 

v = 2q:l1(L3 - 2Lx2 + x3) 

Sq0 L4 

Vmax = v(L/2} = 384£/ 

When O < x:::; a, then 
Pb 

v = 6E/L[(L2 - b2)x - x3 ] 

L 
When a = b = 2 , then 

v = 4~;/3L2 - 4x2) 

PL3 
Vmax = v(L/2) = 48£/ 

M.x 
v = - 6E/L(L2 - x2) 

MoL 2 

Vmax = v(L/,./J) = - 9,./J El 

Pa 2 
V a = v(a) = 6E/3L - 4a) 

Pa 
Vmax = v(L/2) = 24£i3L 2 - 4a 2) 

Slope at End 

PL3 
8(0) = -2£/ 

qoL 3 

8(0) = - 6£/ 

q.L3 
8(0) = - 8(L) = 24£/ 

See Example l 1-4. 

(o<x:::;f) 
PL 2 

8(0) = - 8(L } = 16£/ 

8
(0) __ 8(L) __ M 0 L 

- 2 - 6£/ 

Pa 
8(0) = 2£/L - a) 
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Table 12 FIXED-END ACTIONS OF PRIS MA TIC BEAMS* 

Loading Moments• Reactions• 

MA:1 /qo • MB 

C • • • • 4 I D il A Bl 

R)' 
L 

· I 
QoL2 

RA= Ra = _ q•/ 
R n MA = - Ma = - 12 

r Pab2 Pb2 

ijA B ~ 
MA = --y;z RA = - -v-(3a + b) 

~__l!...._I b % 
Pba 2 Pa 2 

L 
% 

I Mo = -y;z Ra= --v-(a + 3b) 

~~ 
QoL2 RA __ 3q0 L 

MA = - 30 - 20 

q.L2 R ?q.L 
I I 

Ma = w o =- w 

Oa' 
2E/ 6EI 

~ 
MA=y0a RA= y:r-0a ~. 

~ A --- ---- l , B 4EI 6El L Ma = y0a Ra= - y:r-80 

~ 
6£1 R __ 12£1 t,. 

MA= -y:r- !J. A - £3 

~~ 6£[ R _ 12£1 t,. Mo= -y:r-!J. B - [3 

~rf: B~ 

( a 3a2) 6M.a( a) MA=Mo - 1 + 4z - [2 RA= -yy 1 -T 

. I M.a( a) Ra = - 6ioa ( 1 - ( y) Ma=y 2-3T 

*For all the cases tabulated, the positive senses of the end moments and reactions are the same as those shown in 
the first diagram for uniformly distributed loading. The special sign convention used here is that adopted for the dis­
placement method in Art. 12-6. 
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Index 

A 

Abbreviations and symbols, 
front endpaper 

Allowable stress: 
definition of, 19 
in bending , 331, 332, 570 
on bolts , 507 
in riveted joints, 506 
in torsion, 65, 67 
table of, 570 

Angle of twist: 
circular shaft , 67 
hollow haft, 82 
rectangular shaft, 77 

Angle sections, properties for designing, 
576, 577 

Area-moment method (see Moment-area 
method) 

Areas, useful properties of, 571 
Axes: 

principal, 134,216,267 
neutral, 122 

Axial force diagrams, 105 
Axial loads (also see Columns): 

definition of. 7 

B 

deformation due to, 37 
st resses due to, 7 

Beam-columns , 471 
Beams: 

bending moments in, 103 
bending stresses in , 125, 329 

Beams (Cont'd.) 

built-in (see Beams, fixed) 
cantilever, 96 
center of twist (see Shear Center) 
classification , 95 
connections for , 509 
constant strength , 335 
continuous , 96 
cover plated, 174, 336 
crippling of, 333 
curved, ISO 
definitions of, 91 
deflection of (see Deflection) 
design of, I 30, 3 I 2 
elastic curve for , 327, 355 
elastic section modulus of, 130 
elastic strain energy in, 528 
fixed, 95 , 419,431 
flexure formula for, 125 
inelastic bending of, 135 
lateral instability of, 119 , 
limit analysis of, 440 
maximum bending stresses in, 125 , 

492 
neutral axis in, 122 
of two materials , 144 
of variable cross-section , 143, 335 
overhanging, 96 
plastic analysis of, 138 , 440 
plastic section modulus of, 140 
prismatic, 142, 3 l 2 
reactions of, 97, 370, 417 
radius of curvature of, 355 
reinforced concrete, 147 
restrained , 95, 428 
section modulus of, l 30, I 38 
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INDEX 

Beams (Cont'd.) 

shear in, 101 ,3 16 
shearing stresses in , 163, 174 
stresses in , 123 , 174,312,539 
s imple , 95 
simpl y su pported, 95 
statica ll y indeterminate, 11 , 370, 404, 

409,414,428 , 435 
uniform stre ngth (see Co11sta111 

strength) 

unsymmetrical bending of, 134, 2 I 6 
Bearing stress, 11 , 504 , 506 
Bending: 

combi ned with axial loads , 200-2 I 6 
of beams (see Beams) 
pure, 107,119,312 
inelastic, I 35 
deflections due to , 353-393 
skew (see unsymmetrica l) 

strai n energy in , 528 
stresses due to, 125, 3 I 2 
unsym metri cal, 2 16 

Bending moment : 

and elastic curve. rel ation between, 
327, 355 

and shear, re lation between, 164,3 18 
definition of, 103 
diagrams , 105,3 18,429 
diagrams by summat ion method, 3 I 8 
s ign convention for. I 04 

Biaxial stress, 275. 288 
Boi lers: 

design of. 288 
Bolted joints (see Riveted joints) 

Bo lts, 507 
Bredt's formu la, 81 
Buckling: 

of beams , 492 
of columns, 461-492 
of vacuum chambers, 292 

Bulk modulus of e lasticity , 265 
Butt joints , 292,502.510 

C 

Cantilever, 96 
Center of twist (see Shear center) 

Centroids of areas, 571 
Channel sections , properties for 

designing , 575 

Clapeyron's equation, 436 
C ircumferential stress , 290 
Coefficient of thermal expansion. 411 , 

570 
Columns: 

critical load. 467 
critica l stress. 473 
design of, 480-492 
double-modulus theory for, 476 
eccentrically loaded . 477, 486 
Euler's formula, 467 
formu las for concentrically loaded. 

482 
long, 474, 4 75 
parabolic formula for. 483 
secant formula for. 477 
short, 475 
s lenderness ratio of, 474 
straigh t-line formulas fo r , 484 
tangent-modulus formu la for. 476 

Combined stresses, 235-255 
Compound stresses. 199- 224 
Complementary energy. 526 
Concentration of stress (see Stress) 

Connections. 292, 501 - 520 
Constant strength beams. 335 
Consiste nt deformations. method of, 403 
Continuous beams: 

analysis of, 403. 414. 421 , 428, 435, 
440 

defi nition of. 96 
Contraflexure, 328 
Couplings, shaft. 82 
Creep, 19 
Crippling of web. 333 
Critical sections. 11, 59,31 1,3 13 ,3 14 
Curvature, 355 
Curvature-area method. 377, 393 
Curved beams: 

st resses in, 150 
deflection of, 548 

Cylinders: 

D 

thick -walled. 557- 567 
thin-walled, 288- 292 

d'A lembert's principle . 4 

Deflection : 
of axially loaded rods, 37 
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INDEX 

Deflection (Cont'd.) 
of beams: 

dummy-load method, 542 
due to impact , 400 
due to shear , 535 
integration methods for, 358 
moment -area method for, 380-393, 
428--435 

strain energy method for, 535, 540 
statically indete rminate. 370. 428 
successive integration method for. 
361 

superposition method for, 374 
table of. 580 
unsymmetrical bending, 216 
virtual work method for, 543 

of frameworks, 408,416,544,549 
of helical springs, 223 

Degrees of freedom, 421 
Design: 

of axially loaded members, 22, 3 11 
of beams, 130, 3 I 2, 329-336 
of columns, 480--492 
of complex members, 336 
of connections, 501-520 
of tors ion members, 65, 3 12 

Deviation, tangential. 383 
Differential equation of e lastic curve, 357, 

358 
Displacement method, 40 I , 421 
Double-modulus theory, 476 
Dynamic loads, 536 

E 

Eccentric loading: 
of columns, 477, 486 
of riveted joints. 5 I 2 

of short blocks, 160-166 
of welded connections. 517 

Effective co lumn length, 469 
Efficiency of a joint , 292,512 
Elas tic curve, 327. 355 
Elastic limit , 37 
Elastic modu lus, 36 
Elastic strain energy: 

in bending, 528 
in shear, 530 
in tension or compression, 527 
in torsion, 531 

Elastic strain energy (Conr' d.) 
for multiaxiaJ stresses, 532 
for uniaxial stress, 525 

Elas ticity: 

definition of, 37 
modulus of, 36 

Endurance limit , 20 
Equivalent section in bending, 145 
Eu ler's formu la , 467 

F 

Factor of safety, 21 
Factors of stress-concentration: 

for helical springs, 222 
in bending, 142 
in tension or compression, 48 
in torsion , 75 

Fai lure theories, 227 
Fatigue, 20 
Fiber sire s, definition of, 21 
Fillet weld, 516 
Flange, definition of, 143 
Flexibility method, 401 ,4 14 
Flexure formula: 

for curved beams, 152 
for straight beams, 125 

Flexural rigidity , 359 
Force method, 401 , 414 
Formulas: 

for centroids and moments of inertia of 
areas, 571 

for deflection of beams, 580 
for fixed -end act ions of beams , 581 

Fracture criteria, 293-300 
Frameworks , deflection of, 408,416, 

544 , 549 
Free-body. defini tion of, 3 

Fringe, 286 

H 

Helical springs, 221-224 
Hinge, plastic , 441 

Hooke 's law: 

for shearing stress and strain, 46 
for uniaxial stress, 35 
generalized, 43 
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Hooks, stresses in , 150, 204 
Hoop stress, 290 
Horizontal shearing stress , 175 
Horsepower and torque relation, 66 

I-shape beams: 
crippling in, 333 
shearing stresses in , 180 , 333 
table of properties for designing , 572 , 

573 
Impact: 

deflection due to, 538 
factor, 538 
loading , 536 

Inelastic behavior: 
of beams , 135 , 377 
of torsion members , 70 

Inertia , moment of, 125, 266 
Inflection, point of, 328 
Interaction formula for columns, 487 
Internal forces, 3, 91 
Internal work, 525 
lsoclinic, 282 
Isotropy, 36 

J 

Joints: 

K 

bolted, 501,503,512 
riveted, 10, 501 , 503,512 
welded, 292, 516 

Kem, 215 
Keyways, 76 
Kinematic indeterminates, 421 

L 

Lame's problem, 557 
Lap joint , 502 
Lateral instability of beams , 119, 492 
Leaf springs, 533 

Limit analysis and design , 440 
Line of zero stress, 213 
Load factor , 22, 442 
Loads: 

axial, 7 
concentrated, 94 
distributed, 95 
impact, 536 
live , 334 

Localized stress (see Factors of 
stress-concemration) 

Longitudinal stress in cylinder, 290 

M 

Materials, table of physical properties , 
570 

Margin of safety , 21 
Maximum distortion energy theory, 295 
Maximum normal stress theory , 296 
Maximum shearing stress theory , 294 
Members of two materials. 144 
Membrane analogy for torsion, 79 
Method of sections: 

definition of, 3 
for axially loaded members, 6 
for beams , 100 
for torsion members, 57 

Middle-third rule, 161 
Modulus: 

bulk, 265 
of elasticity , 36 
of resilience, 527 
of rigidity, 47 
of rupture in bending, 138 
of rupture in torsion, 72 

Modulus of elasticity related to modulus 
of rigidity , 4 7 , 

Mohr' s circle: 
for moments of inertia, 268 
for strain , 258 
for stress , 248 

Moment-area method: 
for determinate beams, 380-388 
for indeterminate beams, 428-435 

Moment (also see Bending moment): 
definition of, 103 
diagrams , 105 , 318 
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Moment (Com' d.) 
sign convention for. 104 

Moment of inertia: 
Mohr's circle for, 268 
of plane areas, 125 , 126 
parallel-axis theorem for, 127 
polar,61 
principal axes of, I 34, 267 
table of, 571 

Moving bodies, stresses due to, 538 

N 

Necking, 34 
Neutral axis, 122 
Neutral surface, I 22 
Normal stress: 

0 

combined with shearing stress , 235 , 
240 

definition of, 4 
in ax ially loaded members, 8 
in bending, 123 
maximum and minimum, 241 

Octohedral shearing stress theory, 296 

p 

Parabolic column formula, 483 
Parallel -axis theorem , I 27 
Plane stra in, 560 
Plane stress, 263, 56 I 
Plastic analysis: 

of beams , 138, 440 
of torsional members, 70 

Pitch , in riveted joints, 502 
Photoelastic method of stress analysis, 

283 
Point of inflection, 328 
Poisson's ratio , 41 
Polar moment of inertia, 61 
Pressure vessels, thin-walled , 288 
Principal axes, of inertia, 127 ,267 
Principal planes, of bending, I 34, 216 
Principal shearing stress, 241 

Principal strain, 259 
Principal stress, 240 
Properties : 

of angles, 576, 577 
of standard steel beams , 572 
of channel sections, 575 
of pipe, 578 
of rectangular timber, 579 
of wide-flange steel beams , 573, 574 

Proportional limit , 36 

R 

Radius: 
of curvature, 355 
of gyration, 473 

Reactions, calculation of, 97 
Redundant reactions, 370, 414 
Reinforced concrete beams , 147 
Relation among E, G, and V, 47, 264 
Relation between shear and bending 

moment , 164, 318 
Relation among£, G, and v, 47, 264 

moment, 357 
Repeated loading , I 9, 5 I 
Residual tress, 20 
Resilience , modulus of, 527 
Restrained beams , 95, 428 
Rigidity , flexural, 36 I 
Rigidity, modulus of, 47 
Riveted joints: 

concentrically loaded , 10, 501 - 512 
eccentrically loaded , 512-517 
methods of failure , 503 
structural, 506-517 

Rosettes, strain, 26 I 
Rupture, modulus of, 72, I 38 

s 

St. Venant's principle, 49 
Secant formula for columns, 477 
Section modulus: 

elastic, 130 
plastic, 140 
tables, 572-579 

Shaft (see Torsion) 
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Shape factor , 140 
Shear: 

and bending moment, relation 
between, 164, 318 

definition of, IO I 

diagrams . 105 
diagrams by summation method, 3 16 
sign convention for, I 02 

Shear center, I 86 
Shear diagrams ( ee Shear) 
Shear flow, 81, 168 
Shearing deflections of beams, 535 
Shearing deformation, 46 
Shearing force in beams (see Shear) 
Shearing modulus of elasticity, 47 
Shearing strain. 47 
Shearing stress: 

definition of, 5 

due to tension or compression , 276 
in beams , I 75 
in circular shafts, 61, 75 
in non-circular shafts, 78, 81 
in rivets and bolts, 9, 504, 506 
maximum , 178,241 
on perpendicular planes, 45 
principal. 241 

SI units, 5, back endpaper 

Sign convention: 
for moment, 104 
for shear, I 02 
for stress. 6 

Simple beam, definition of. 95 
Skew bending (see unsymmetrical 

bending) 
Slenderness ratio, 474 
S-N diagrams, 20 
Spherical pressure vessels, 29 J 

Spring constant, 224 
Springs, helical : 

stresses in , 22 I 
deflection of, 223 

Stability , I 19 , 461-493 
Statical moment of area, 169 
Statically indeterminate beams: 

analysis by: 
displacement method , 421 
force method , 414 
flexibility method, 414 
general approach, 404 

Statically indeterminate beams (Cont'd.) 
integration of differential equations, 

370 
moment-area, 428 
superposition, 414 
three-moment equation, 435 
virtual work, 548 

definition of, 11, 370, 403 
Statically indeterminate members: 

analysis by: 

displacement method, 421 
force method, 414 
flexibility method, 414 
stiffness method, 421 
virtual work, 548 

axially loaded , 404,415 
in frames, 549 
in torsion , 406 , 417 

Steel beams , sizes, properties for 

designing, 572-578 
Stiffness method, 421 
Straight-line column formula, 484 
Strain: 

definition of, 34, 47 
extensional , 255 , 256 
maximum, 259 
Mohr 's circle for, 258 
plane , 256, 560 
principal. 259 
shearing, 47 
thermal , 41 I 

trans format ion of. 256 
Stra in energy (see Ela.Hie strain energy) 
Strain rosettes, 261 
Strength, ultimate, 36 
Stress: 

allowable, 18 
bending , 125 
bearing. 9,504 , 506 
biaxial , 275, 
circumferential. 290 
combined (see Combined stress) 
compound. 199 
compressive, 4 

concentration factor: 
definition of, 49 
for axially loaded members, 49 
in bending, 142 
in springs, 222 
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Stress (Cont' d.J 
in torsion, 75 

conditions for uniform, 8, I 03 
critical, 473 
definition of, 4 
fiber, 21 
flexure, 125 
hoop , 290 
impact, 539 
in curved bars, I 52 
maximum and minimum normal, 241 
Mohr's circle of, 246 
normal, 4 , 7 
on inclined plane , 238, 276 
plane , 238 , 561 
principal, 240 
residual, 20, 72, 140 
shearing, 5, 9 , 45 , 61 , 174 , 241 
state of. 235 
tangential, 558 
tensile. 4 
torsional shearing. 61 
three-dimensional, 6, 297 
transformation of, 238 
two-dimensional , 238 
uniaxial, 8 
unit , 5 
working. 22 
yield point , 36 

Stress-strain diagram, 34 
Stress trajectories, 283 
Structural riveted joints, 501-516 
Suddenly applied loads , 538 
Superposition: 

of deflections, 374, 414 
of stresse , 199- 22 I 
principle of, 43 
statically indeterminate problem 

solved by, 414,548 
Supports , diagrammatic conventions for, 

92 

T 

Tables, index of, 569 
Tangential deviation. 383 
Tangent modulu , definition of, 476 
Tangential stress, 558 

Temperature or thermal stresses, 411 
Tensile test, 33 
Tensile stress, 4 
Theories of failure , 293-300 
Thick-walled cylinders, 557-567 
Thin-walled cylinders, 288-292 
Three-moment equation, 435 
Thrust, 103 
Timber, sizes, properties for designing, 

579 
Torque, internal, 58 
Torsion : 

angle of twist due to, 67, 78, 82 
assumptions of theory, 59 
elastic energy in , 53 I 
formula, elastic, 61 
inelastic , 70 
of circular shafts, 60 
of hollow members, 62, 80 
of non-circular solid bars, 76 
of rectangular bars, 78 

Torsional stiffness, 69 
Toughness, 527 
Trajectories, stress, 283 
Transformation: 

of moments of inertia, 266 
of strain, 256 
of stress, 238 

Transformed sections , 145 
Tresca yield condi tion, 295 
Triaxial stress, 6, 44, 254, 532 
Twist, angle of (see Torsion) 

u 

Ultimate strength , 18, 36 
Uniaxial stress, 8 
Unit strain, 34 
Unit stress, 5 
Unsymmetrical bending, 216 
Unsymmetrical sections su bjected to 

bending , 134, 186 ,218 

V 

Variable cross-section, beams of, 334 
Vertical shear (see Shear) 
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Virtual force, 541 
Virtual work method for deflection , 

540-550 
von Mises yield condition, 296 

w 

Wahl correction factor for helical springs, 
223 

Web definition of, 143 

Welded connections, 292 , 516-520 
Wide flange beams , properties for 

designing, 573- 574 
Working stress, 22 

y 

Yield point or strength, 36 
Young ' s modulus, 36 

,.. 
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SI Units 
Systeme International d' Unites 

BASE SI UNITS 

Quantity Unit (Symbol) 

length • meter (m) 
mass kilogram (kg) 
force newton (N) 
time second (s) 

RECOMMENDED MULTIPLE AND SUBMULTIPLE UNITS 

Multiplication Factor 

I 000000000 
I 000000 

I 000 
0.00 I 

0.000001 
0.000 000 001 

Prefix 

giga 
mega 
kilo 
milli 
micro 
nano 

SOME RULES FOR SI STYLE AND USAG E' 

SI Symbol 

G 
M 
k 
m 
µ 
n 

A dot is to be used to separate units that are multiplied together. Thus, 
for example, a newton-meter is written as N · m and must not be confused 
with mN which stands for millinewtons. 

Use of prefixes is to be avoided in the denominator of compound units, 
except fo r kg since kilogram is a base SI unit. 

For numbers having four or more digits, the digits should be placed in 
groups of three, separated by spaces instead of commas, counting both to 
the left and to the right of the decimal point. Thus, for example, write 
37 638.246 15 instead of 37,638.24615. 

*For further details see ASTM Metric Practice Guide Designation : E 380-72. 



English 
SI Conversion Factors 

To convert To 

inches (in.) millimeters (mm) 5 
inches (in.) meter (m) 

foot (ft) meters (m) 

square inches (in. 2) quare meter (m1 ) 

cubic feet (ft3) cubic meter (m3 ) 

cycles per second (cp ) hertz (Hz) 

acceleration or gravity, standard meter · econd 2 (mf-l) 

pound-mass (lb) kilogram (kg) 

pound-force (lbf) ne\\ton ( ) 

kilopound-force (kip) kilonev. ton (k ') 

pound-force per square foot (p f) ne,\ ton meter2 (.' m2) 

pound-force per square inch (psi) J...ilone,\lon meter 2 

kilopound-force per square 
inch (ksi) 

newtons per square meter ( ' m2) 

inch-pound force (in.-lbf) 

foot-pound force (ft-lbf) 

hor epower (hp = 550 fL-lbf,s) 

(k m2) 

mega ne,\ ton meter2 

(M 'm2) 

pascal (Pa) 

nev, ton-meter ( _ l • m) 

newton-meter ( m) 

newton-meter per econd 
( ·m, ) 

Jfultiply By 

r.400 '/A 

0.02 400 

0.304 00 

0.000 64-

0,0_ 31 

1.0 

9. I 

0.4 ·3 9_ 

4,.µ __ 2 

4.+4 _1_ 

47. 0 

6. 94 -

6. 94 T7 

1.0 

0.112 9 -

1.35· 18 

74·, 00 




