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Table A-1 Name mbo .

Standard S| Prefixes*f exa E 1000 000 000 000 000 000 =10'8
peta P 1 000 000 000 000 000 =103
tera T 1 000 000 000 000 =102
giga G 1 000 000 000 = 10°
mega M 1000 000 =10°
kilo k 1000 =103
hecto? h 100 =102
dekat da 10 =10
decit d 0.1 =10""
centit c 0.01 =102
milli m 0.001 =103
micro w 0.000 001 =107¢
nano n 0.000 000 001 =107
pico p 0.000 000 000 001 =10-12
femto f 0.000 000 000 000 001 =10"15
atto a 0.000 000 000 000 000 001 =108

*If possible use multiple and submulfiple prefixes in steps of 1000.

*Spaces are used in Sl instead of commas to group numbers o avoid confusion with the practice in some European countries
of using commas for decimal points.

Not recommended but somefimes encountered.
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Table A-2

Conversion Factors A to Convert Input X to Output Y Using the Formula Y = AX*

Multiply Input By Factor  To Get Output Multiply Input By Factor To Get Output

X Y. Y X A Y
British thermal 1055 joule, J mile/hour, mi/h 1.61 kilometer/hour, km/h
unit, Btu mile/hour, mi/h 0.447 meter/second, m/s
Btu/second, Btu/s 1.05 kilowatt, kW moment of inertia, 0.0421 kilogram-meter?,
calorie 4.19 joule, J lbm -f2 kg - m?
centimeter of 1.333 kilopascal, kPa moment of inertia, 293 kilogram-millimeter?,
mercury (0°C) lbm - in2 kg - mm?
centipoise, cP 0.001 pascal-second, moment of section 41.6 centimeter?, cm*

Pa-s (second moment
degree (angle) 0.0174  radian, rad of area), in*
foot, ft 0.305 meter, m ounce-force, oz 0.278 newton, N
foot2, f2 0.0929  meter?, m? ounce-mass 0.0311 kilogram, kg
foot/minute, 0.0051 meter/second, m/s pound, [bff 4.45 newton, N
ft/min pound-foot, 1.36 newton-meter,
foot-pound, ft - Ibf 1.35 joule, J Ibf - N-m
foot-pound/ 135 watt, W pound/foot?, Ibf/ft2  47.9 pascal, Pa
second, ft - Ibf/s pound-inch, Ibf - in 0.113 joule, J
foot/second, ft/s 0.305 meter/second, m/s | pound-inch, Ibf - in 0.113 newton-meter,
gallon (U.S.), gal 3.785 liter, L N-m
horsepower, hp 0.746 kilowatt, kW pound/inch, Ibf/in 175 newton/meter, N/m
inch. in 00254  metfer. m pound/inch?, psi 6.89 kilopascal, kPa
’ . ’ . 2
inch, in 254 millimeter, mm (Ibf/in’) .
inch? in2 645 millimeter? mm? pound-mass, lbm 0.454 kilogram, kg
inch of mercury 3.386 kilopascal, kPa pounciin;lc;ss; 0.454 tllc}grom/second,
(32°F) second, lbm/s g/s
kilopound, kip 4.45 kilonewton kN quart (U.S. liquid), gt 946 milliliter, mL
kilopoundl/inchz 6.89 megapqscc;l MPa section modulus, in®  16.4 centimeter?®, cm?3
kpsi (ksi) (N/mm?) slug 14.6 kilogram, kg
mass, Ibf - s2/in 175 kilogram, kg tonc(Jshodrt 2000 lbm) 907 kilogram, kg
mile, mi 1.610 kilometer, km yare,y 0.914 mefer, m
* Approximate.

The U.S. Customary system unit of the pound-force is often abbreviated as Ibf to distinguish it from the pound-mass, which is abbreviated as lbm.
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Table A-3

Optional SI Units for
Bending Stress

o = Mc/| Torsion Stress
= Tr/J, Axial Stress &
= F/A, and Direct
Shear Stress

= Ff/A

Table A-4

Optional SI Units for
Bending Deflection
y = fIFI3/El) or

y = f(wi*/El) and

Torsional Deflection

3:42 PM Page 963

Useful Tables 963

Axial and
Bending and Torsion Direct Shear
M I1,J c,r 0, T o, T
N - m* m# m Pa N* m? Pa
N-m cm? cm MPa (N/mm?) N mm? MPa (N/mm?)
N - mf mm?* mm GPa kN m? kPa
kN - m cm? cm GPa kN mm? GPa
N-mmf  mm4 mm MPa (N/mm?)

*Basic relation.
T0ften preferred.

N* m m* Pa m N - m* m m* Pa rad
kN mm mm* GPa mm N.mf mm mm* GPa rad
kN m m* GPa um N-mm mm mm* MPa(N/mm?)  rad
N mm mm* kPa m N-m cm  cm*  MPa (N/mm?) rad

0=T/G

Table A-5

*Basic
¥ 0ften

Physical Constants of Materials

relation.
preferred.

vioa

vioa

Rigidity G

Poisson’s

Material

Aluminum (all alloys)
Beryllium copper
Brass

Carbon steel

Cast iron (gray)
Copper

Douglas fir

Glass

Inconel

Lead

Magnesium
Molybdenum

Monel metal

Nickel silver

Nickel steel
Phosphor bronze
Stainless steel (18-8)
Titanium alloys

Elasticity E
Mpsi GPa
10.4 71.7
180 124.0
154  106.0
30.0 207.0
145 100.0
172 1190
1.6 11.0
6.7 46.2
31.0 2140
53 36.5
6.5 44.8
48.0 331.0
260 179.0
185 1270
30.0 207.0
16.1 111.0
27.6  190.0
16.5 1140

Mpsi  GPa
3.9 26.9
7.0 483
582  40.1

11.5 79.3
6.0 414
6.49 447
0.6 4.1
2.7 18.6

11.0 75.8
1.9 13.1
2.4 16.5

17.0 117.0
9.5 65.5
7.0 48.3

11.5 79.3
6.0 414

10.6 73.1
6.2 42.4

Ratio v

0.333
0.285
0.324
0.292
0.211
0.326
0.33
0.245
0.290
0.425
0.350
0.307
0.320
0.322
0.291
0.349
0.305
0.340

Unit Weight w
Ibf/in® Ibf/ft> kN/m3
0.098 169 26.6
0.297 513 80.6
0.309 534 83.8
0.282 487 76.5
0.260 450 70.6
0.322 556 87.3
0.016 28 4.3
0.094 162 25.4
0.307 530 83.3
0.411 710 111.5
0.065 112 17.6
0.368 636 100.0
0.319 551 86.6
0.316 546 85.8
0.280 484 76.0
0.295 510 80.1
0.280 484 76.0
0.160 276 43.4




shi20361_app_A.gxd 6/3/03 3:42 PM Page 964

—p—

964

Mechanical Engineering Design

w = weight per foot, Ibf/ft
m = mass per meter, kg/m
A = area, in? (cm?)
I = second moment of area, in* (cm®)

Table A-6

Properties of Structural-
Steel Angles*?

k = radius of gyration, in (cm)
y = centroidal distance, in (cm)
Z = section modulus, in®, (cm?)

Size, in w y. h_y ki1 Zyi y k3_3
Ix1xg 080 0234 0.021 0.298 0.029 0.290 0.191
xy 149 0437 0.036 0.287 0.054 0.336 0.193
12x14x g 1.23  0.36 0.074  0.45 0.068  0.41 0.29
xy 234 0.9 0.135 0.44 0.130 0.46 0.29
2x2x g 1.65 0.484 0.190  0.626  0.131 0.546  0.398
xy 319 0938 0.348 0.609 0.247 0.592  0.391
x3 47 1.36 0.479  0.594  0.351 0.636  0.389
27 x 25 x5 A4l 1.19 0.703 0.769 0394 0.717  0.491
x3 59 1.73 0.984 0.753 0.566 0.762  0.487
3x3xy 49 1.44 1.24 0.930 0.577 0.842 0.592
x3 72 2.1 1.76 0.913 0.833 0.888 0.587
x5 9.4 2.75 2.22 0.898 1.07 0.932 0.584
37 x33xy 58 1.69 2.01 1.09 0.794  0.968  0.694
x3 85 2.48 2.87 1.07 1.15 1.01 0.687
xz 111 3.25 3.64 1.06 1.49 1.06 0.683
4x4xy 66 1.94 3.04 1.25 1.05 1.09 0.795
x3 98 2.86 4.36 1.23 1.52 1.14 0.788
x5 128 3.75 5.56 1.22 1.97 1.18 0.782
x2 157 4.61 6.66 1.20 2.40 1.23 0.779
6x6x2 149 4.36 15.4 1.88 3.53 1.64 1.19
xz  19.6 5.75 19.9 1.86 4.61 1.68 1.18
x3 242 7.11 24.2 1.84 5.66 1.73 1.18
x3 287 8.44 28.2 1.83 6.66 1.78 1.17
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Table A-6 . mm m A
Properties of Structural- 25 x 25 x 3 111 1.42 080 0.75 045 072 0.48
Steel Angles** x 4 1.45 1.85 1.01  0.74 0.58 076 0.48
(Continued) x 5 177 226 120 073 071 0.80 0.8
40 x 40 x 4 242  3.08 447 1.21 155 112 078
x 5 297 379 543 1.20 191 116 077
x 6 3.52  4.48 631 1.19 226 120 077

50 x 50 x 5 3.77  4.80 11.0 1.51 305 140 097
x 6 4.47 559 12.8 1.50 361 145 097
x 8 582 741 16.3 1.48 468 152 096
60 x 60 x 5 4.57 582 19.4 1.82 4.45 1.64 1.17
x 6 542  6.91 22.8 1.82 529 1.69 1.17
x 8 7.09  9.03 29.2 1.80 689 1.77 1.16
x 10 8.69 11.1 34.9 1.78 8.41 1.85 1.16
80 x 80 x 6 734 935 55.8 2.44 9.57 217 1.57
x 8 9.63 123 72.2 2.43 12.6 2.26 1.56

x 10  11.9 15.1 87.5 241 15.4 2.34 1.55
100 x100 x 8 12.2 15.5 145 3.06 19.9 274 1.96
x 12 178 227 207 3.02 29.1 2.90 1.94
x 15 219 279 249 298 356 3.02 1.93

150 x 150 x 10 23.0 293 624 4.62  56.9 4.03 297
x 12 273 3438 737 4.60  67.7 4.12 2.95
x 15 33.8 430 898 4.57  83.5 4.25 2.93
x 18  40.1 51.0 1050 4.54  98.7 437 292

*Metric sizes also available in sizes of 45, 70, 90, 120, and 200 mm.
TThese sizes are also available in aluminum alloy.
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Table A-7

Properties of Structural-Steel Channels*

a, b = size, in (mm) |
w = weight per foot, 1bf/ft
m = mass per meter, kg/m
t = web thickness, in (mm)
A = area, in® (cm?)
I = second moment of area, in* (cm®)
k = radius of gyration, in (cm) >l

I—H—1 a

-
x = centroidal distance, in (cm) 2 L
Z = section modulus, in® (cm®) -~ b

3 1.410 0.170 1.21 4.1 1.66 1.17 1.10  0.197 0.404 0.202 0.436
3 1.498  0.258 1.47 5.0 1.85 1.12 1.24 0.247 0410 0.233 0.438
3 1.596 0356 1.76 6.0 2.07 1.08 1.38 0.305 0.416 0.268 0.455
4 1.580 0.180 1.57 5.4 3.85 1.56 1.93 0319 0.449 0.283 0.457
4 1.720  0.321 2.13 7.25 4.59 1.47 229 0433 0450 0.343  0.459
5 1.750 0.190 1.97 6.7 7.49 1.95 3.00 0479 0493 0.378 0.484
5 1.885 0325 2.44 9.0 8.90 1.83 3.56 0.632 0489 0.450 0.478
6 1.920 0.200  2.40 8.2 13.1 2.34 438 0.693 0537 0492 0.511
6 2034 0314 3.09 105 15.2 2.22 506 0.866 0529 0.564 0.499
6 2157 0437  3.83 13.0 17.4 2.13 580 1.05 0.525 0.642 0.514
7 2090 0.210 287 9.8 21.3 2.72 6.08 0.968 0.581 0.625 0.540
7 2194 0314 360 1225 24.2 2.60 693 1.17 0.571  0.703  0.525
7 2299 0419 433 14.75 27.2 2.51 778 1.38 0.564 0779 0.532
8 2260 0220 336 115 32.3 3.10 8.10 1.30 0.625 0.781  0.571
8 2343 0.303 404 1375 36.2 2.99 903 1.53 0.615 0.854  0.553
8 2527 0487  5.51 18.75 44.0 2.82 11.0 1.98 0.599 1.01 0.565
9 2430 0.230 3.91 13.4 47.7 3.49 10.6 1.75 0.669 0.962  0.601
9 2485 0.285 441 15.0 51.0 3.40 11.3 1.93 0.661 1.01 0.586
9 2648 0448 588 200 60.9 3.22 13.5 2.42 0.647 1.17 0.583
10 2.600 0.240 449 153 67 .4 3.87 13.5 2.28 0713  1.16 0.634
10 2739 0379 588 200 78.9 3.66 15.8 2.81 0.693 1.32 0.606
10 2886 0526 735 250 91.2 3.52 18.2 3.36 0.676  1.48 0.617
10 3.033 04673 882 300 103 3.43 20.7 3.95 0.669  1.66 0.649
12 3.047 0387 735 250 144 4.43 24.1 4.47 0.780 1.89 0.674
12 3.170  0.510 882 300 162 429 270 5.14 0.763  2.06 0.674
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76 x 38
102 x 51
127 x 64
152 x 76
152 x 89
178 x 76
178 x 89
203 x 76
203 x 89
229 x 76
229 x 89
254 x 76
254 x 89
305 x 89
305 x 102

6.70
10.42
14.90
17.88
23.84
20.84
26.81
23.82
29.78
26.06
32.76
28.29
35.74
41.69
46.18

5.1
6.1
6.4
6.4
7.1
6.6
7.6
7.1
8.1
7.6
8.6
8.1
9.1
10.2
10.2

8.53
13.28
18.98
22.77
30.36
26.54
34.15
30.34
37.94
33.20
41.73
36.03
45.42
53.11
58.83

74.14
207.7
482.5
851.5

1166
1337
1753
1950
2491
2610
3387
3367
4448
7061
8214

2.95
3.95
5.04
6.12
6.20
7.10
7.16
8.02
8.10
8.87
9.01
9.67
9.88
11.5
11.8

19.46

40.89

75.99
111.8
153.0
150.4
197.2
192.0
245.2
228.3
296.4
265.1
350.2
463.3
539.0

10.66

29.10

67.23
113.8
215.1
134.0
241.0
151.3
264.4
158.7
285.0
162.6
302.4
325.4
499.5

1.12
1.48
1.88
2.24
2.66
2.25
2.66
2.23
2.64
2.19
2.61
212
2.58
2.48
291

4.07

8.16
15.25
21.05
35.70
24.72
39.29
27.59
42.34
28.22
44.82
28.21
46.70
48.49
66.59

1.19
1.51
1.94
2.21
2.86
2.20
276
2.13
2.65
2.00
2.53
1.86
2.42
2.18
2.66

*These sizes are also available in aluminum alloy.
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Table A-8

Properties of Round

Tubing

—p—

w, = unit weight of aluminum tubing, 1bf/ft
w, = unit weight of steel tubing, Ibf/ft
m = unit mass, kg/m
A = area, in? (cm?)
I = second moment of area, in* (cm?)
J = second polar moment of area, in* (cm®)
k = radius of gyration, in (cm)
Z = section modulus, in® (cm?)
d, t = size (OD) and thickness, in (mm)

Size, in

NN —_
D= N= N N N=N—= — —
X X X X X X

X X
I o I = Al 00— A= 0] A= o= A= ol

A A 0 W
X X X X

Size, mm

12 x 2
16 x 2
16 x 3
20 x 4
25 x 4
25 x5
30 x 4
30 x5
42 x 4
42 x 5
50 x 4
50 x 5

Wa
0.416
0.713
0.653
1.188
0.891
1.663
1.129
2.138
2614
3.742
2717
5.167

m

0.490
0.687
0.956
1.569
2.060
2.452
2.550
3.065
3.727
4.536
4.512
5.517

Ws
1.128
2.003
1.769
3.338
2.670
4.673
3.050
6.008
7.343

10.51
7.654
14.52

A

0.628
0.879
1.225
2.010
2.638
3.140
3.266
3.925
4.773
5.809
5.778
7.065

A

0.344
0.589
0.540
0.982
0.736
1.374
0.933
1.767
2.160
3.093
2.246
4.271

I

I

0.034
0.046
0.129
0.199
0.325
0.537
0.660
1.132
2.059
2.718
4.090
7.090

0.082
0.220
0.273
0.684
1.508
1.669
2.827
3.192
8.717
10.130
15.409
18.118

k

0.313
0.280
0.488
0.451
0.664
0.625
0.841
0.800
0.976
0.938
1.350
1.289

k

0.361
0.500
0.472
0.583
0.756
0.729
0.930
0.901
1.351
1.320
1.632
1.601

z

0.067
0.092
0.172
0.266
0.325
0.537
0.528
0.906
1.373
1.812
2.045
3.544

4

0.136
0.275
0.341
0.684
1.206
1.336
1.885
2.128
4.151
4.825
6.164
7.247

J

0.067
0.092
0.257
0.399
0.650
1.074
1.319
2.276
4.117
5.436
8.180
14.180

J

0.163
0.440
0.545
1.367
3.015
3.338
5.652
6.381
17.430
20.255
30.810
36.226
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Shear, Moment, and
Deflection of Beams
(Note: Force and
moment reactions are
positive in the directions
shown; equations for
shear force V and
bending moment M
follow the sign
conventions given in

Sec. 4-2)
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1 Cantilever—end load

|

|
]

Gl g
S

Vv

M

2 Cantilever—intermediate load

|

1

‘4— a b

F

A B Cc

@ I o
Ml

Rl
v

4

X

M

Useful Tables

R]ZV:F M]ZFZ
M=Fx-I)
sz( 30
= — (X —
YT 6EI
_FP
Ymax = 3E]
R1=V=F M1=F(l
MABZF(X—H) MBC:O

Fx?
yap = m(x —3a)

2

a
YBc = E(“ —3x)

_ Faz( 30
yl'l‘lEI.X - 6EI a

969

(continued)



shi20361_app_A.gxd 6/3/03 3:42 PM Page 970

—p—

970 Mechanical Engineering Design

Table A-9

3 Cantilever—uniform load

Shear, Moment, and Y

Deflection of Beams \ !

(Note: Force and
M

moment reactions are 1,;1

positive in the directions
shown; equations for
shear force V and
bending moment M +

follow the sign x

—

4 Cantilever—moment load

conventions given in

Sec. 4-2.)

y

"

.

(Continued) @ imww?mmv -

|
Gk )

wl?
R, = wl M, = T
V=wl—x) M:—%(l—xf
_ (4lx — x* — 61%)
Y= apr T
_ wl*
ymax - 8EI

R]ZO MIZMB M:MB

MB)C2 _ 1‘43[2
T 2er U™ T 2Er
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Shear, Moment, and
Deflection of Beams
(Continued)

(Note: Force and
moment reactions are
positive in the directions
shown; equations for
shear force V and
bending moment M
follow the sign
conventions given in

Sec. 4-2)
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5 Simple supports—center load

'

f [

6 Simple supports—intermediate load

!
-~ a b
F
A [ B C
TR] TRZ
v

Useful Tables 971
F
R1=R2=§ Vap = R,
Vap = Ry Ve = —R,
Maw — Fx Moo — F(l )
AB = B BC = B X
Fx
= —(4x* -3
YAB 48EI( 29 )
_FP
Ymx = T URET
Fb Fa
Ri=— Ro=-2
[ [
Vap = R, Ve = —R,
Fbx Fa
MABZT MBc=T(l—X)
Fbx ,
— b2 _12
YAB 6Ell(x + )
Fa(l—x) ,
=" — 21
YBC GEIl x*+a X)
(continued)
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Shear, Moment, and
Deflection of Beams
(Continued)

(Note: Force and
moment reactions are
positive in the directions
shown; equations for
shear force V and
bending moment M
follow the sign
conventions given in

Sec. 4-2)
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7 Simple supports—uniform load

y

l

RRRA2TTTTRTTT]

[+ b

+

8 Simple supports—moment load

y

l
a | b
My R,
A < Yc
B_J x
Rl
v
+
X
M

R — R — wl V= wl
1=h=75 =3 wx
wx
wx
_ 21 2 .3 l3
Y= e H T oD
Swit
Ymax -
384E1
M M
Ri=R,="% y="%
l I
M M
Myp = le Mgc = TB(X )
M
Yap = 6EBle (x2 + 3a% — 6al +21%)
M
ype = 6E1;l [x® = 31x2 + x 21> + 3a%) — 3a*1]
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Shear, Moment, and
Deflection of Beams
(Continued)

(Nofte: Force and
moment reactions are
positive in the directions
shown; equations for
shear force V and
bending moment M
follow the sign
conventions given in

Sec. 4-2)

3:43 PM Page 973

—p—

9 Simple supports—twin loads

L
f }

14

|

X

R,

Useful Tables 973

R]:RZZF VAB:F VBCZO
Vep = —F
Myp = Fx Mpc = Fa MCDZF(I—X)
Fx
Yap = 6Bl (x% + 3a* — 3la)

Fa
Vi = orr (3x* +a* — 3Ix)

Fa
max — A, -7 4 - 312
) 2aET )

10 Simple supports—overhanging load

y

R, F
A‘ B C
X
RZ
Vv
+
_ x
M

Fa F
R = — Ry=—(U+a)
l l
Fa
VABZ_T Vee = F
Fax
MABZ_T Mpc = F(x =1 —a)
Fax
- lZ_ 2
YAB 6Ell( x7)
F(x—1)
voe = [ =1)* —aGx = D]

2

__Fa g
Ye= T3

(continued)
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Table A-9 11 One fixed and one simple support—center load
Shear, Moment, and Y ; | o _ MF _5F _ 3FI
Deflection of Beams ‘<—1/2—» F T 716 TS
(Continued) (@ A 5 c Vag =R, Vgc=—R,
(Nofte: Force and * F 5F

R = 2 (llx — _ 22—
moment reactions are M, TR 2 Map = 7c1x =3D)  Mpc =0 —x)

1
positive in the directions Fy?
shown; equations for 1% a = gep X =90
shear force V and F(l —x)
=———(5x> + 21> — 101

bending moment M N e = Togpr OVt *)
follow the sign -
conventions given in -
Sec. 4-2.)

12 One fixed and one simple support—intermediate load

y
! ‘ Fb Fa?
F _ 2 2 —
a b—>] Rl—ﬁ(s'l —b%) RQ—?(S'I—LI)
A BY C Fb , )
@ X M| = 2—12(1 —b )
M, R,
TR‘ Vap = Ry Ve = —R;
Fb
% Myp = 2—13[1721 — PB4+ x3 - b))
F 2
. Mpc = 2—73(312 —3lx —al +ax)
X Fbx?
- vap = g B = 1) +x( = )]
F(x —a)’
M YBC = YAB — — =7

6L1
/\
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Table A-9 13 One fixed and one simple support—uniform load
Shear, Moment, and y Swi 3wl Wi

l = - -
Deflection of Beams " 1= 73 1T g M=~
(Continued) Y 5AA2A2222222221! Swl

| X V=—-—wx
(Note: Force and m 4 VR 8
1 2

moment reactions are ;0'42151 Yinax M= —E(4x2 —5lx +1%)
positive in the directions l 82
shovvn; equations for v y = 41;)2_1 (I —x)2x —3I)
shear force V and 518

4
bending moment M Ymax = — vl

. 185E1
follow the sign +

conventions given in - x
Sec. 4-2] N

‘—TA
v

14 Fixed supports—center load

X

|

F Fl
! R1=R2=E M1=M2=?
‘H1/2*>F
|A \L C ) Vag ==V T
@ ® = AB — BC—2
M M F F
‘TRI 1R22 Myp = g@x =0 Mpc =2 Gl—4x)
2
v =_—_(4x -3l
YAB 48El(x )
. S FI?
max 192E1
X
M

I/ \I x (continued)
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Table A-9

Shear, Moment, and
Deflection of Beams
(Continued)

[Note: Force and
moment reactions are
positive in the directions
shown; equations for
shear force V and
bending moment M
follow the sign
conventions given in

Sec. 4-2)

15 Fixed supports—intermediate load

|

}4—(1 b

16 Fixed supports—uniform load

y

’ |
@ 222222223222

M,
R,

Vv

R,

M,

VA B

My

MBC

YAB

YBCc =

Fb

2 F(,l2
Fab?
2

Rl VBC = _RZ

Fa’b
2=

Fb?
IT[X(SQ + b) — al]

MAB—F(X—Q)

2.2

Fbx
W[x(l%a +b) - 3al]

Fa*(l — x)?

CEID [l —x)(3b+a) — 3bl]
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Table A-10

Cumulative Distribution Function of Normal (Gaussian) Distribution

0.01 0.02

0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681  0.4641
0.1 0.4602 0.4562 0.4522  0.4483  0.4443 0.4404 0.4364 0.4325  0.4286  0.4247
0.2 04207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897  0.3859
0.3 0.3821 0.3783 0.3745 03707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
0.4 0.3446 03409 0.3372 0.3336 0.3300 0.3264 03238 0.3192 0.315 0.3121
0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514  0.2483  0.245]
0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894  0.1867
0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711  0.1685 0.1660 0.1635 0.1611
1.0 0.1587 0.1562 0.1539 0.1515 0.1492  0.1469 0.1446 0.1423 0.1401  0.1379
1.1 01357 0.1335 0.1314 0.1292 0.1271  0.1251 0.1230  0.1210 0.1190 0.1170
1.2 0.1151  0.1131  0.1112  0.1093  0.1075 0.1056 0.1038 0.1020 0.1003  0.0985
1.3 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694  0.0681
1.5 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571  0.0559
1.6 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
1.7 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
1.9 00287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239  0.0233
20 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
21 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
22 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110
23 0.0107 0.0104 0.0102 0.00990 0.00964 0.00939 0.00914 0.00889 0.00866 0.00842
2.4 0.00820 0.00798 0.00776 0.00755 0.00734 0.00714 0.00695 0.00676 0.00657 0.00639
2.5 0.00621 0.00604 0.00587 0.00570 0.00554 0.00539 0.00523 0.00508 0.00494 0.00480
2.6 0.00466 0.00453 0.00440 0.00427 0.00415 0.00402 0.00391 0.00379 0.00368 0.00357
2.7 0.00347 0.00336 0.00326 0.00317 0.00307 0.00298 0.00289 0.00280 0.00272 0.00264
2.8 0.00256 0.00248 0.00240 0.00233 0.00226 0.002192 0.00212 0.00205 0.00199 0.00193
29 0.00187 0.00181 0.00175 0.00169 0.00164 0.00159 0.00154 0.00149 0.00144 0.00139

(continued)



shi20361_app_A.gxd 6/3/03 3:43 PM Page 978 $

978 Mechanical Engineering Design

Table A-10

Cumulative Distribution Function of Normal (Gaussian) Distribution (Continued)

3 0.00135 0.0%968 0.0%87 0.0°483 0.03337 0.0°233 0.0°159 0.0°108 0.0%723 0.0481
4 0.0317 0.0207 0.0133 0.0°854 0.0°541 0.0°340 0.0°211 0.0%130 0.0°793 0.0%479
5 0.0%287 0.0%170 0.07996 0.07579 0.07333 0.07190 0.07107 0.08599 0.08332 0.0%182
6 0.07987 0.09530 0.09282 0.0°149 0.0'°777 0.0'°402 0.0'°206 0.0'°104 0.0''523 0.0''260
z, —1.282 1643 -1.960 —-2326 -2576 —-3.090 -—-3.291 -3.891 —4.417

Az,) 0.10 0.05 0.025 0.010 0.005 0.001 0.005 0.00005 0.000005
Rlz,) 0.90 0.95 0.975 0.999 0.995 0.999 0.9995  0.9999 0.999995

Table A-11

Basic Tolerance Grades
A Selection of Sizes IT6 174 IT8 IT9 IT10 Im
Infernational Tolerance 0-3 0.006 0.010 0.014 0.025 0.040 0.060
Grades—Metric Series 3-6 0.008 0.012 0.018 0.030 0.048 0.075
(Size Ranges Are for 6-10 0.009 0.015 0.022 0.036 0.058 0.090
Over the Lower Limit 10-18 0.011 0.018 0.027 0.043 0.070 0.110
and Including the Upper 18-30 0.013 0.021 0.033 0.052 0.084 0.130
Limit. All Values Are 30-50 0.016 0.025 0.039 0.062 0.100 0.160
in Millimeters) 50-80 0.019 0.030 0.046 0.074 0.120 0.190
Source: Preferred Mefric Limits 80-120 0.022 0.035 0.054 0.087 0.140 0.220
gndFis, AINS) B 21978, 120-180 0025 0040 0063 0100 0160 0250

180-250 0.029 0.046 0.072 0.115 0.185 0.290
250-315 0.032 0.052 0.081 0.130 0.210 0.320
315-400 0.036 0.057 0.089 0.140 0.230 0.360
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Table A-12

Fundamental Deviations for Shafts—Metric Series
(Size Ranges Are for Over the Lower Limit and Including the Upper Limit. All Values Are in Millimeters)
Source: Preferred Metric Limits and Fits , ANSI B4.2-1978. See also BSI 4500.

Upper-Deviation Letter Lower-Deviation Letter

0-3 -0.060 -0.020 -0.006 -0.002 O 0 +0.004 +0.006 +0.014 +0.018
3-6 -0.070 -0.030 -0.010 -0.004 O +0.001 +0.008 +0.012 +0.019 +0.023
6-10 -0.080 -0.040 -0.013 -0.005 O +0.001 +0.010 +0.015 +0.023 +0.028
10-14 -0.095 -0.050 -0.016 -0.006 O +0.001 +0.012 +0.018 +40.028 +0.033
14-18 -0.095 -0.050 -0.016 -0.006 O +0.001 +0.012 +0.018 +0.028 +0.033
18-24 -0.110 -0.065 -0.020 -0.007 O +0.002 +0.015 +0.022 +0.035 +0.041
24-30 -0.110 -0.065 -0.020 -0.007 O +0.002 +0.015 +0.022 +0.035 +0.048
30-40 -0.120 -0.080 -0.025 -0.009 O +0.002 +0.017 +0.026 +0.043 +0.060
40-50 -0.130 -0.080 -0.025 -0.009 O +0.002 +0.017 +0.026 +0.043 +0.070
50-65 -0.140 -0.100 -0.030 -0.010 O +0.002 +0.020 +0.032 +0.053 +0.087
65-80 -0.150 -0.100 -0.030 -0.010 O +0.002 +0.020 +0.032 +0.059 +0.102
80-100 -0.170 -0.120 -0.036 -0.012 O +0.003 +0.023 +0.037 +0.071 +0.124
100-120 -0.180 -0.120 -0.036 -0.012 O +0.003 +0.023 +0.037 +0.079 +0.144
120-140 -0.200 -0.145 -0.043 -0.014 O +0.003 +0.027 +0.043 +0.092 +0.170
140-160 -0.210 -0.145 -0.043 -0.014 O +0.003 +0.027 +0.043 +0.100 +0.190
160-180 -0.230 -0.145 -0.043 -0.014 O +0.003 +0.027 +0.043 +0.108 +0.210
180-200 -0.240 -0.170 -0.050 -0.015 O +0.004 +0.031 +0.050 +0.122 +0.236
200-225 -0.260 -0.170 -0.050 -0.015 O +0.004 +0.031 +0.050 +0.130 +40.258
225-250 -0.280 -0.170 -0.050 -0.015 O +0.004 +0.031 +0.050 +0.140 +0.284
250-280 -0.300 -0.190 -0.056 -0.017 O +0.004 +0.034 +0.056 +0.158 +0.315
280-315 -0.330 -0.190 -0.056 -0.017 O +0.004 +0.034 +0.056 +0.170 +0.350
315-355 -0.360 -0.210 -0.062 -0.018 O +0.004 +0.037 +0.062 +0.190 +0.390
355-400 -0.400 -0.210 -0.062 -0.018 O +0.004 +0.037 +0.062 +0.208 +0.435
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Table A-13

A Selection of
International Tolerance
Grades—Inch Series
(Size Ranges Are for
Over the Lower Limit
and Including the Upper
Limit. All Values Are in
Inches, Converted from

Table A-11)

Basic
Sizes
0-0.12
0.12-0.24
0.24-0.40
0.40-0.72
0.72-1.20
1.20-2.00
2.00-3.20
3.20-4.80
4.80-7.20
7.20-10.00
10.00-12.60
12.60-16.00

—p—

IT6

0.0002
0.0003
0.0004
0.0004
0.0005
0.0006
0.0007
0.0009
0.0010
0.0011
0.0013
0.0014

IT7

0.0004
0.0005
0.0006
0.0007
0.0008
0.0010
0.0012
0.0014
0.0016
0.0018
0.0020
0.0022

Tolerance Grades

IT8

0.0006
0.0007
0.0009
0.0011
0.0013
0.0015
0.0018
0.0021
0.0025
0.0028
0.0032
0.0035

IT9

0.0010
0.0012
0.0014
0.0017
0.0020
0.0024
0.0029
0.0034
0.0039
0.0045
0.0051
0.0055

IT10

0.0016
0.0019
0.0023
0.0028
0.0033
0.0039
0.0047
0.0055
0.0063
0.0073
0.0083
0.0091

IT11

0.0024
0.0030
0.0035
0.0043
0.0051
0.0063
0.0075
0.0087
0.0098
0.0114
0.012¢6
0.0142
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Table A-15

Charts of Theoretical Stress-Concentration Factors K*%

Figure A-15-1 3.0
Bar in tension or simple “1
compression with a fransverse 2.8 5 éj_
~— W —-D= g
hole. og = F/A, where v 0 F
A= (w—d)tand tis the
thickness. 26
Kl
24
22
2.0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
diw
Figure A-15-2 3.0 g
Rectangular bar with a dih=0 4 2
transverse hole in bending. 26 ‘i/ ¢_f
op = Mc/, vg/here 0.25 M Y M
I={w—d]h"/12.
l g - 0.5 T,
K, 1.0
2.0
1.8
o0
1.4
1.0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
dlw
Figure A-15-3 30
Notched rectangular bar in
tension or simple compression. 2.6
oo = F/A, where A=dfand t
is the thickness.
22
KI
1.8
1.4
1.0
0 0.05 0.10 0.15 0.20 0.25 0.30
rld
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Table A-15

Charts of Theoretical Stress-Concentration Factors K*% (Continued)

Figure A-15-4 30
Notched rectangular bar in
bending. oo = Mc/I, where 2.6
c=d/2,1=1d3/12, and tis
the thickness.

22

KT

1.8

1.4

1.0

0 0.05 0.10 0.15 0.20 0.25 0.30
rld

Figure A-15-5 3.0
Rectangular filleted bar in Did =1.50 '
tension or simple compression. 2.6
oo = F/A, where A=dfand t
is the thickness.

22

KT

1.8

1.4

1.0

0 0.05 0.10 0.15 0.20 0.25 0.30
rld

Figure A-15-6

Rectangular filleted bar in
bending. oo = Mc/I, where
c=d/2, 1=1d>/12, tis the

thickness.

Did=1.02

1.0
0 0.05 0.10 0.15 0.20 0.25 0.30

o (continued)

*Factors from R. E. Peterson, “Design Factors for Stress Concentration,” Machine Design, vol. 23, no. 2, February 1951, p. 169; no. 3, March 1951, p. 161, no. 5, May 1951, p. 159 no. 6, June 1951,
p. 173; 0. 7, July 1951, p. 155. Reprinted with permission from Machine Design, a Penton Media Inc. publication.

o
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Table A-15

Charts of Theoretical Stress-Concentration Factors K*% (Continued)

Figure A-15-7

Round shaft with shoulder fillet
in tension. og = F/A, where

A=nd?/4.

Figure A-15-8

Round shaft with shoulder fillet
in torsion. o = Tc/J, where

c=d/2 andJ=nd*/32.

Figure A-15-9

Round shaft with shoulder fillet
in bending. og = Mc/I, where
c=d/2 and | =nd*/64.

2.6

22

1.8

1.4

1.0

3.0

2.6

22

3.0

2.6

22

0.05 0.10 0.15 0.20 0.25 0.30
rid

0.05 0.10 0.15 0.20 0.25 0.30
rid

0.05 0.10 0.15 0.20 0.25 0.30
rid
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Table A-15
Charts of Theoretical Stress:Concentration Factors K% (Continued)
Figure A-15-10 40
\\\
. . . LIS d
Round shaft in forsion with N\ S ) ¥ ‘
transverse hole. 36/ N N T -D—D T s===
~ B
\\ K J_ LDS LD2( )
K, 32 \\\ c =16 ~ ¢ (@pprox
\\
KN
2.8
2.4
0 0.05 0.10 0.15 0.20 0.25 0.30
d/D
Figure A-15-11 3.0 P
Round shaft in bending with
a transverse hole. op = 2.6 TR (
M/llxD3/32) — (dD? /6)],
22 w0
Kf
1.8
1.4
1.0
0 0.05 0.10 0.15 0.20 0.25 0.30
d/D
Figure A-15-12 1
Plate loaded in tension by a 12
pin through a hole. op = F/A, 9 | h
where A = (w — d)f. When hiw =035 &
clearance exists, increase K; ; ~— W —>-|
35 to 50 percent. (M. M. frocht A
and H. N. Hill, “Stress Concentration Factors K,
around a Central Circular Hole in a Plate 5
Loaded through a Pin in Hole,” J. Appl.
Mechanics, vol. 7, no. 1, March 1940, hiw = 0.50
pAS) 3 \
hiw = 1.0
10 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
dlw (continued)

*Factors from R. E. Peterson, “Design Factors for Stress Concentration,” Machine Design, vol. 23, no. 2, February 1951, p. 169; no. 3, March 1951, p. 161, no. 5, May 1951, p. 159; no. 6, June 1951,
p. 173;n0. 7, July 1951, p. 155. Reprinted with permission from Machine Design, a Penton Media Inc. publication.

o
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Table A-15

Charts of Theoretical Stress:Concentration Factors K% (Continued)

Figure A-15-13 3.0
1.15
Grooved round bar in tension.
oo = F/A, where 2.6
A=nd?/4. 1.05
2.2
Kl
D/d =1.50
1.8
1.4
1.0
0 0.05 0.10 0.15 0.20 0.25 0.30
rld
Figure A-15-14 3.0
.
Grooved round bar in T A
bending. oo = Mc/I, where 2.6 M _f M
4 D -d
c=d/2 and |=nad" /64,
1.05
22
KI
1.02 Dld=1.50
1.8
1.4
1.0
0 0.05 0.10 0.15 0.20 0.25 0.30
rld
Figure A-15-15 26
Grooved round bar in forsion.
70 = Ic/J, where ¢ = d/?2 2.2
and J = nd4/32.
1.8
K, | 105
Dld =1.30
14
1.02
1.0
0 0.05 0.10 0.15 0.20 0.25 0.30
rld

*Factors from R. E. Peterson, “Design Factors for Stress Concentration,” Machine Design, vol. 23, no. 2, February 1951, p. 169; no. 3, March 1951, p. 161, no. 5, May 1951, p. 159; no. 6, June 1951,
p. 173; n0. 7, July 1951, p. 155. Reprinted with permission from Machine Design, a Penton Media Inc. publication.

o
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Table A-16

Approximate Stress-
Concentration Factor K;
for Bending of a Round
Bar or Tube with @
Transverse Round Hole

Source: R. E. Peterson, Stress
Concentration Factors, Wiley,
New York, 1974, pp. 146,

235.

The nominal bending stress is oy = M /Z, Where Z,, is a reduced value

of the section modulus and is defined by

A
Zpew = ﬂ—(D4 - d4)

32D

Values of A are listed in the table. Use d = 0 for a solid bar

0.050
0.075
0.10
0.125
0.15
0.175
0.20
0.225
0.25
0.275
0.30

0.92
0.89
0.86
0.82
0.79
0.76
0.73
0.69
0.67
0.66
0.64

2.63
2.55
2.49
2.41
2.39
2.38
2.39
2.40
2.42
2.48
2.52

0.91
0.88
0.85
0.82
0.79
0.75
0.72
0.68
0.64
0.61
0.58

2.55
2.43
2.36
2.32
2.29
2.26
2.23
2.21
2.18
2.16
2.14

0.88
0.86
0.83
0.80
0.76
0.72
0.68
0.65
0.61
0.58
0.54

2.42
2.35
2.27
2.20
2.15
2.10
2.07
2.04
2.00
1.97
1.94

Useful Tables 987

(continued)
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Table A-16 (Continued)

Approximate StressConcentration Factors K for a Round Bar or Tube Having a Transverse Round Hole and
loaded in Torsion  Source: R. E. Peterson, Stress Concentration Factors, Wiley, New York, 1974, pp. 148, 244.

O

The maximum stress occurs on the inside of the hole, slightly below the shaft surface. The nominal shear stress is 79 = 7D /2 /e
where J, is a reduced value of the second polar moment of area and is defined by

T A(D* — d*)

Jnet =
' 32

Values of A are listed in the table. Use d = 0 for a solid bar.

0.05 0.96 1.78 0.95 1.77
0.075 0.95 1.82 0.93 1.71
0.10 0.94 1.76 0.93 1.74 0.92 1.72 0.92 1.70 0.92 1.68
0.125 0.91 1.76 0.91 1.74 0.90 1.70 0.90 1.67 0.89 1.64
0.15 0.90 1.77 0.89 1.75 0.87 1.69 0.87 1.65 0.87 1.62
0.175 0.89 1.81 0.88 1.76 0.87 1.69 0.86 1.64 0.85 1.60
0.20 0.88 1.96 0.86 1.79 0.85 1.70 0.84 1.63 0.83 1.58
0.25 0.87 2.00 0.82 1.86 0.81 1.72 0.80 1.63 0.79 1.54
0.30 0.80 2.18 0.78 1.97 0.77 1.76 0.75 1.63 0.74 1.51
0.35 0.77 2.41 0.75 2.09 0.72 1.81 0.69 1.63 0.68 1.47
0.40 0.72 2.67 0.71 2.25 0.648 1.89 0.64 1.63 0.63 1.44
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Table A-17

Preferred Sizes and
Renard (R-Series)
Numbers

(When a choice can be
made, use one of these
sizes; however, not all
parts or items are
available in all the sizes

shown in the table.)

Useful Tables 989

111 3 1 5 3 1 5 3 7 1.9 51137111 1113909l
1412141141

647 327 167 327 87 327 167 47 167 87 167 27 167 87 167 47 8/
2]512%1313%13;_13%1414%14%I4%1515%15]§15%1616%[717]518I8;_I 919%1
10,101,11,111,12,121,13,131,14,141,15,151,16,161,17,171, 18,
181,19,191,20

Decimal Inches

0.010, 0.012, 0.016, 0.020, 0.025, 0.032, 0.040, 0.05, 0.06, 0.08, 0.10, 0.12, 0.16,
0.20, 0.24, 0.30, 0.40, 0.50, 0.60, 0.80, 1.00, 1.20, 1.40, 1.60, 1.80, 2.0, 2.4, 2.6,
2.8,3.0,3.2,34,3.6,3.8,40,4.2,4.4,4.6,48,50,52,54,56,58,6.0,7.0,7.5,

8.5,9.0,9.5,10.0,10.5,11.0,11.5,12.0,12.5,13.0, 13.5, 14.0, 14.5, 15.0, 15.5,
16.0,16.5,17.0,17.5,18.0,18.5,19.0, 19.5, 20

0.05, 0.06, 0.08, 0.10, 0.12, 0.16, 0.20, 0.25, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
0.90,1.0,1.1,1.2,1.4,1.5,1.6,1.8,2.0,2.2,2.5,2.8, 3.0, 3.5,4.0,4.5,50, 5.5,
6.0,6.5,7.0,8.0,9.0,10,11,12, 14,16, 18, 20, 22, 25, 28, 30, 32, 35, 40, 45, 50,
60, 80, 100, 120, 140, 160, 180, 200, 250, 300

Renard Numbers*

1st choice, R5: 1, 1.6, 2.5, 4, 6.3, 10
2d choice, R10: 1.25, 2, 3.15,5, 8
3d choice, R20: 1.12, 1.4, 1.8, 2.24, 2.8, 3.55, 4.5, 5.6,7.1, 9

4th choice, R40: 1.06, 1.18,1.32,1.5,1.7, 1.9, 2.12, 2.36, 2.65, 3, 3.35, 3.75,
4.25,4.75,53,6,6.7,7.5,85,9.5

*May be multiplied or divided by powers of 10.
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Table A-18

Geometric Properties 4
= area
= location of centroid

I, = / x2 dA = second moment of area about x axis
L, = f xy dA = mixed moment of area about x and y axes

Js :/rsz:/(xz—f—yz)dA:IX—l—Iy
= second polar moment of area about axis through G

k* = I, /A = squared radius of gyration about x axis

Rectangle y
b
"_ 2
Y G
b | 2
| b |
bh? b’h
A =bh I, = — = — I.,, =0
12 ’ 12 4
Circle y
AT 2T
T4 TR e v
Hollow circle ﬁ
A=ZD=d)  L=1 =D - I, =0




6/3/03 3:43 PM

shi20361_app_A.gxd

Table A-18

Geometric Properties
(Continued)

Page 991 $
Useful Tables 991
Right triangles Y
I
G _I x
I
3=
bh bh?
A=2 L=2
2 36
Right triangles Y
— kel ]
h
e L3
L A A
h G| x
3 |
bh bh? b*h b*h?
A= =2 =21 ="
2 36 36 72

Quarter-circles

2
Tr
A= T Ix = Iy = r4 (
Quarter-circles y y
4r
P el i
L]

(continued)
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Table A-18 Part 2 Properties of Solids (o = Density, Weight per Unit Volume)
Geometric Properties Rods
(Continved)

. ad’lp
=%

Round disks

_ md’tp
4g

Rectangular prisms

abcp m m m
m== 1x=ﬁ(a2+b2) 1},=ﬁ(a2+c2) Izzﬁ(b2+c2)
Cylinders
2
m— wd-lp I =
4g
Hollow cylinders
bid (d2 — d.z) lp m m
=—20 1 I, = — (d&*+d? I, = I, = — (3d* + 3d? + 4I*
" 4g g (do+d)  h=l= g (3, +3d7+41)
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Table A-19 )
American Standard Pipe Nominal Outside Extra Double
Size, Diameter, Threads Standard Strong Extra
in in per inch No. 40 No. 80 Strong
% 0.405 27 0.070 0.098
T 0.540 18 0.090 0.122
% 0.675 18 0.093 0.129
7 0.840 14 0.111 0.151 0.307
% 1.050 14 0.115 0.157 0.318
1 1.315 1 1% 0.136 0.183 0.369
15 1.660 13 0.143 0.195 0.393
17 1.900 17 0.148 0.204 0.411
2 2.375 11 % 0.158 0.223 0.447
23 2.875 8 0.208 0.282 0.565
3 3.500 8 0.221 0.306 0.615
3% 4.000 8 0.231 0.325
4 4.500 8 0.242 0.344 0.690
5 5.563 8 0.263 0.383 0.768
6 6.625 8 0.286 0.441 0.884
8 8.625 8 0.329 0.510 0.895
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Table A-20

Deterministic ASTM Minimum Tensile and Yield Strengths for Some HotRolled (HR) and Cold-Drawn (CD) Steels
[The strengths listed are estimated ASTM minimum values in the size range 18 to 32 mm (3 to 1] in). These
strengths are suitable for use with the design factor defined in Sec. 1-10, provided the materials conform to
ASTM A6 or A568 requirements or are required in the purchase specifications. Remember that a numbering

system is not a specification. See Table 1-1 for certain ASTM steels.]  Source: 1986 SAE Handbook, p. 2.15.

4 5
Tensile Yield
MPa (kpsi) MPa (kpsi) Hardness
G10060 1006 HR 300 (43) 170 (24) 30 55 86
CD 330 (48) 280 (41) 20 45 95
G10100 1010 HR 320 (47) 180 (26) 28 50 95
Db 370 (53) 300 (44) 20 40 105
G10150 1015 HR 340 (50) 190 (27.5) 28 50 101
CD 390 (56) 320 (47) 18 40 111
G10180 1018 HR 400 (58) 220 (32) 25 50 116
cD 440 (64) 370 (54) 15 40 126
G10200 1020 HR 380 (55) 210 (30) 25 50 111
CcD 470 (68) 390 (57) 15 40 131
G10300 1030 HR 470 (68) 260 (37.5) 20 42 137
CcD 520 (76) 440 (64) 12 35 149
G10350 1035 HR 500 (72) 270 (39.5) 18 40 143
CcD 550 (80) 460 (67) 12 35 163
G10400 1040 HR 520 (76) 290 (42) 18 40 149
CcD 590 (85) 490 (71) 12 35 170
G10450 1045 HR 570 (82) 310 (45) 16 40 163
CD 630 (91) 530 (77) 12 35 179
G10500 1050 HR 620 (90) 340 (49.5) 15 35 179
CcD 690 (100) 580 (84) 10 30 197
G10600 1060 HR 680 (98) 370 (54) 12 30 201
G10800 1080 HR 770 (112) 420 (61.5) 10 25 229
G10950 1095 HR 830 (120) 460 (66) 10 25 248
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Table A-21

Mean Mechanical Properties of Some HeatTreated Steels

[These are typical properties for materials normalized and annealed. The properties for quenched and tempered
(Q&T) steels are from a single heat. Because of the many variables, the properties listed are global averages. In
all cases, data were obtained from specimens of diameter 0.505 in, machined from 1-in rounds, and of gauge

length 2 in. unless noted, all specimens were oilquenched.]  Source: ASM Metals Reference Book, 2d ed., American
Society for Mefals, Metals Park, Ohio, 1983.

Tensile Yield
AlISI No. Treatment °C (°F) MPa (kpsi) MPa (kpsi) in Area, % Hardness
1030 Q&T* 205 (400) 848 (123) 648 (94) 17 47 495
Q&T* 315 (600) 800 (116) 621 (90) 19 53 401
Q&T* 425 (800) 731 (106) 579 (84) 23 60 302
Q&T* 540 (1000) 669 (97) 517 (75) 28 65 255
Q&T* 650 (1200) 586 (85) 441 (64) 32 70 207
Normalized 925 (1700) 521 (75) 345 (50) 32 61 149
Annealed 870 (1600) 430 (62) 317 (46) 35 64 137
1040  Q&T 205 (400) 779 (113) 593 (86) 19 48 262
Q&T 425 (800) 758 (110) 552 (80) 21 54 241
Q&T 650 (1200) 634 (92) 434 (63) 29 65 192
Normalized 900 (1650) 590 (86) 374 (54) 28 55 170
Annealed 790 (1450) 519 (75) 353 (51) 30 57 149
1050 Q&T* 205 (400) 1120 (163) 807 (117) 9 27 514
Q&T* 425 (800) 1090 (158) 793 (115) 13 36 444
Q&T* 650 (1200) 717 (104) 538 (78) 28 65 235
Normalized 900 (1650) 748 (108) 427 (62) 20 39 217
Annedled 790 (1450) 636 (92) 365 (53) 24 40 187
1060 Q&T 425 (800) 1080 (156) 765 (111) 14 41 311
Q&T 540 (1000) 965 (140) 669 (97) 17 45 277
Q&T 650 (1200) 800 (116) 524 (76) 23 54 229
Normalized 900 (1650) 776 (112) 421 (61) 18 37 229
Annealed 790 (1450) 626 (91) 372 (54) 22 38 179
1095 Q&T 315 (600) 1260 (183) 813 (118) 10 30 375
Q&T 425 (800) 1210 (176) 772 (112) 12 32 363
Q&T 540 (1000) 1090 (158) 676 (98) 15 37 321
Q&T 650 (1200) 896 (130) 552 (80) 21 47 269
Normalized ~ 900 (1650) 1010 (147) 500 (72) 9 13 293
Annealed 790 (1450) 658 (95) 380 (55) 13 21 192
1141 Q&T 315 (600) 1460 (212) 1280 (186) 9 32 415
Q&T 540 (1000) 896 (130) 765 (111) 18 57 262

(continued)

o
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Table A-21 (Continued)

Mean Mechanical Properties of Some HeatTreated Steels

[These are typical properties for materials normalized and annealed. The properties for quenched and tempered
(Q&T) steels are from a single heat. Because of the many variables, the properties listed are global averages. In
all cases, data were obtained from specimens of diameter 0.505 in, machined from 1-in rounds, and of gauge

|engfh 2 in. Unless noted, all specimens were oi|—quenched.] Source: ASM Metals Reference Book, 2d ed., American
Society for Metals, Metals Park, Ohio, 1983.

Tensile Yield
Temperature Strength Strength, Elongation, Reduction Brinell
AlISI No. Treatment °C (°F) MPa (kpsi) MPa (kpsi) % in Area, % Hardness
4130  Q&T* 205 (400) 1630 (236) 1460 (212) 10 41 467
Q&T* 315 (600) 1500 (217) 1380 (200) 11 43 435
Q&T* 425 (800) 1280 (186) 1190 (173) 13 49 380
Q&T* 540 (1000) 1030 (150) 910 (132) 17 57 315
Q&T* 650 (1200) 814 (118) 703 (102) 22 64 245
Normalized 870 (1600) 670 (97) 436 (63) 25 59 197
Annealed 865 (1585) 560 (81) 361 (52) 28 56 156
4140  Q&T 205 (400) 1770 (257) 1640 (238) 8 38 510
Q&T 315 (600) 1550 (225) 1430 (208) 9 43 445
Q&T 425 (800) 1250 (181) 1140 (165) 13 49 370
Q&T 540 (1000) 951 (138) 834 (121) 18 58 285
Q&T 650 (1200) 758 (110) 655 (95) 22 63 230
Normalized 870 (1600) 1020 (148) 655 (95) 18 47 302
Annealed 815 (1500) 655 (95) 417 (61) 26 57 197
4340  Q&T 315 (600) 1720 (250) 1590 (230) 10 40 486
Q&T 425 (800) 1470 (213) 1360 (198) 10 44 430
Q&T 540 (1000) 1170 (170) 1080 (156) 13 51 360
Q&T 650 (1200) 965 (140) 855 (124) 19 60 280

*Water-quenched
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Table A-24

Mechanical Properties of Three Non-Steel Metals (Confinued)

(b) Mechanical Properties of Some Aluminum Alloys

[These are typical properties for sizes of about § in; similar properties can be obtained by using proper
purchase specifications. The values given for fatigue strength correspond to 50(107) cycles of completely
reversed sfress. Alluminum alloys do not have an endurance limit. Yield sirengths were obtained by the

0.2 percent offset method. ]

Aluminum Strength Elongation Brinell
Association Yield, S,, Tensile, S,, Fatigue, S¢, in2in, Hardness
Number Temper MPa (kpsi) MPa (kpsi) MPa (kpsi) % Hg
Wrought:
2017 O 70 (10) 179 (26) 90 (13) 22 45
2024 @) 76 (11) 186 (27) 90 (13) 22 47
T3 345 (50) 482 (70) 138 (20) 16 120
3003 H12 117 (17) 131 (19) 55 (8) 20 35
H16 165 (24) 179 (26) 65 (9.5) 14 47
3004 H34 186 (27) 234 (34) 103 (15) 12 63
H38 234 (34) 276 (40) 110 (16) ) 77
5052 H32 186 (27) 234 (34) 117 (17) 18 62
H36 234 (34) 269 (39) 124 (18) 10 74
Cast:
319.0* Té 165 (24) 248 (36) 69 (10) 2.0 80
333.01 T5 172 (25) 234 (34) 83 (12) 1.0 100
T6 207 (30) 289 (42) 103 (15) 1.5 105
335.0* Té 172 (25) 241 (35) 62 (9) 3.0 80
T7 248 (36) 262 (38) 62 (9) 0.5 85

*Sand casting.
TPermanentmold casfing.

(c) Mechanical Properties of Some Titanium Alloys

Yield, S, Strength Elongation Hardness
(0.2% offset) Tensile, S.; in2in, (Brinell or
Titanium Alloy Condition MPa (kpsi) MPa (kpsi) % Rockwell)
Ti-35At Annealed 210 (30) 275 (40) 30 135 HB
Ti-50Af Annealed 310 (45) 380 (55) 25 215 HB
Ti-0.2 Pd Annealed 280 (40) 340 (50) 28 200 HB
Ti-5 Al-2.5 Sn Annealed 760 (110) 790 (115) 16 36 HRC
Ti-8 Al-1 Mo-1V Annealed 900 (130) 965 (140) 15 39 HRC
Ti-6 Al-6 V-2 Sn Annealed 970 (140) 1030 (150) 14 38 HRC
Ti-6Al-4V Annealed 900 (130) 830 (120) 14 36 HRC
Ti-13V-11 Cr-3 Al Sol. + aging 1207 (175) 1276 (185) 8 40 HRC

TCommercially pure alpha fitanium

1001

o



3:43 PM Page 1002

6/3/03

shi20361_app_A.gxd

LLEOO
61200
6¥v0°0

¢ss00
¢080°0
£090°0
86v0°0

6600
y00L0
9500

69500
£880°0
9700
LZv00
69€0°0

6501°0
¢eEvoo
64500
06900
89/0°0
€5/0°0

8/¢0°0
¢eeoo0
£€6¢00
91900
LG¥0°0
96600
8/70°0
€6200
66700
/48700
L¥S00
¥0€0°0
96€0°0
92900
¢850°0
80700
<0500
86¢0°0
G/60°0
€6200
69800
£/500
€900
90900
GGv0'0
GG900

€9¢C
L6°L
(4%

818
€LG
8r'v
€6°€

L1°C
66v
JARS

LLE
907
40h 4
£9°€
€6¢C

Ll
L7l
00¢
vie
88'¢C
6Cv

€r9
9€q
oLy

v/91
0'¢9
8€61
6'6L

6'8¢
L8y
0oL

0’18
g os
A
GgGe
0'6€

689
AR
7'8€

Gg'1ol
08¢
orrl
8V9

AV
£9¢
L6€1

L'v9
8€C
AV
L'0€
LYE

£v9
A4
VL
L'e8
G6€

71 |eA ‘ubise( [p21UDY2S) JO [oUINOf JNSY

861
AN
€81

€06
Go'¢
6711l
L6°€

9L'€
0Ly
LE°6

Lsv
(74
8/°C
VA
'l

£T'8
vev
Ly
699
8¢
06'G

£€9
4%%
8' 0¥

£€91
0°€9
768l
g8/

6'LE
8'9v
8991

6L
0'6¥
09
67¢€
G8¢

1’82
L'86
V18
GG6
9°6¥
474

€G°€
90’6
91€
Ev'e
g8V
899
Llcv
vv'e
Sve
LG
8€¢C
008
90¢C
8Ll
€Ce
[40h4
L9°€
8L€
8EY
v9'€
9€1
Ll
L0¢
8EY
98¢
¢l

(A7 889 olL¢e
L'89 6'6S 0s'L
Gg9 09 o'l
£'8¢ cve €Ll
g8/l 8lvl L62
vesL 8101 628
€coc £¢E91 1§76
v'o0oL  £'G6 60°€
€98 9L A4
998 999 vy
9901l €76 89°G
9€6l 461G 8¢
6461  £L08L 9L/
96GCL 9Ly G9'/
L'99 L€S LL°€
€66 L'08 €8¢
14 Lvy 89°¢C
8'€g L8y 6571
(A4 £/T 14504
9veEL €71l  8EE
708 €0 69
£L/0lL CT96 GgLe
e 0€s T4
gocL C06 14
G'/8 9¢L 6t
L'06 80€ VLS

SRVA
WAY
679
L'8¢
474!
L'érl
8861
€601
878
068
060l
AT
6'G6l
geel
8v9
6'€6
4%%
£Eeg
Sy
vEelL
96/
G901
L'E8
YAVARI
98
948

4GC0" 91
91

71

0

< < <

a
a
LU_D—UOZ
JIp|NPON|
SIITIAICEN
S[qPR| oW
S[qPR| oW

sHoq LH
a
a
a
a
¥
a

G20/

44014
44014
AV-IV9-IL
SSOSEWY
SSdZ-/1
SSEov
SSOLE
SSyo€

SSLO€E
SSLoc
¥0-0£-001
GLS¥09
3|qo3||IPW
0192€
8105€
OYW1SY
8€01
v1icl
LELL
LLLL
Gy0ol
Geol
8101

7e-6¢ dd ‘(2661 YoW)

supy] ,'uBise( |O2IUDYDS|A DUISDYDOIS 10f SieewDIng (InqlepA Bulpuodseiio)

puo pjog Auedoy swog, woy pejidwod ojpq 821105 S|PLBIDA PBIOB|eS 10} SYBUSIS SIPWIH|N PUD PIBIA JHSPYD0IS

o

ST-V 9|qpL

1002



3:43 PM Page 1003

6/3/03

shi20361_app_A.gxd

“uawnads wioag-Buyool Aq Bunsay |y “wibuays pjaik = g\ “yibuays ajisua) = | “ainjinj-o-sappA-ssais ul i 8y ay) “yibuays anbupy ayy Jo uolyiAap piopunjs "o pun ‘yjBuais anbiyoy uaw ‘77 aip siajewnind
AU} pup \ pajouap I uounguisip [ounoy “10}20} adoys ‘g puo :yibuaws anbiioy duskiapoioy ‘G ‘yBuais anfiyoy , peajuniond,, ‘Or 1o siejowniod i puo 4| pajouap si UOLNGUISIP [|ngia) “Paisl) 810 sisa} anBuny Jo saquinu abin| b woy siejownind [DLSIHDIS

(9°1£) €6¥
(01'g) L'se

€11) 22
(€0T) 0¥l

(7'56) £59
(LE'S) 9°9¢
(8'cl) 6
(€5°2) v L1
ok

(¢°£9) €9¥
(£5) €6¢
4

(0°24) 96¥
(19) ozv
687
(£'19) szv
(£'9S) 16€

001

ain[ipg o} sa]I) ssalys

(€°66) 789
(€5°G) 1’8
(691) 911
(Lre) vie
(o

(£'9/) 828
(99) gov
v'e

(7'G8) 885
(v£) O1S
ST
(0'€£) €0S
(£9) Tov

<Ol

(80l) zl£
(G2°G) 9°6¢
(£0Z) evl
(z8€) €92
zs

(£°£8) v09
(v£) OLS
(54

(G LoL) 669
(v8) 645
09T

(¢°98) 765
(62) ¥¥S

N

z

Q0 @0 20 b 3 b o3
2 2

g
=

uonnq
-Hisia

‘0861 oA MaN ‘Ae|INN ‘Ublse [po1upyde)N DHsIjIgogoly 'uebnoy *g '3 :821nog

(vr1) 266 (151) ovol ov-1H
(eg) g9¢ (L2) 687 v-L
(£8) 66S (801) v¥£ 1,00€1 1’800

(96) 199 (911) 662 14,0021 8O0

(z8) 599 (Sol) €22 14,0121 TSOM

(1sd>j) pdw  (1sdd) pdw
SA Sl

AV-1V9-lL

EDC_ED_<

4474

orLe

oree

9v0l

JaquinN

'g-01 xipuaddy

SO\ PaIos|es Ul Siss| enbip4 efI] Sjiul] 104 SISfeWDIng DISOYI0IS

9C-V 3|9l

1003



3:43 PM Page 1004

6/3/03

shi20361_app_A.gxd

"DaID Ul uotdNpal puoLDl = Yy :BE:: SsaupIoy |j8ullg = NHY

098
L6 L6 L6 L6 Gé [4e]} GgLo o€l 08l 69€ 100
0g 0g 0g Lg 9g 09 (AN 69 yAn} vee 0clol
00¢l
9¢ 9¢ 9¢ 9¢ yAY 4% 89 LL oro g9 GLL yasd 100
0€ 0€ 0€ L€ Ve or 194 0  ££0 €€ 78 91 G601
87 87 87 0g gg 09 g9 0¢0 g9 vEl N L9 3y sV 0901
00¢1
gs qs qs LS 9 €L L8 vé £5°0 78 LLL Yx4 1OM
4 Ly 4 1514 Ly Lg 1 L9 [440) VA4 86 €61 N NW 96"
0g 0g 0g 0g 4 yAY 09 850 0z 16 961 00¢1
1OM
Ve Ve 8€ or or 87 0s oro a4 6 7ol OV 'N 0501
a4 Ly Ly Ly 9¢ 0z 08 6¥7°0 €9 £01 N “¥H gvol
%% %% Ly or €C0 9% 6 G61 pebioy 0r0l
VA VA VA 09 g9 L 08 Gg90 /8 €0l 60¢ 1OM
€€ €e Ve AS or 44 ¥Go Ge A4 ¢l [PWION Geol
8€ 8€ 8€ 44 Ly Lg 90 14 08 Gel pejood-ily 0€01
pajood
T4 8¢ 0€ Ve VA €90 0€ 89 |dpuInyg 0¢01

(boL)r o0L (0L cOL o] 1scy 1sdy «NHE uoyipuo) |pLIBJPW

24n|Ip4 o} s32A) ssais e_n—w_MwHﬁm e_“”“_.ﬂ.“m

0961 '7£5-G2-00 SAIMAYN Huewno0oq suodospA [PADN] JO NDBINg ‘SeInionis pup sjojaly Jo enbjjo4 ‘uosyoo[ 'y ] pup
'UOpIOD) "y °§ 18A0I9) [ H Ul 7 8|qP] w0y pejidwioD :82unog  §|88l§ UOGIPD) UID|d PeIRs|es Jo syibuaug enbioy ayi sliuly

£T-V 3|91

1004



3:43 PM Page 1005

6/3/03

shi20361_app_A.gxd

(penunuoo)

0€s10
04410

008L0
0¢8lL0
068L0
0681L°0
0L6l0

GE610
09610
06610
0 L0C0
0v0C¢0

G600
06020
0€1C0
01¢Cco
08¢¢0

[22is [1Ma
pup s|jug

IsImL

n4a
ISIM|

/10
G/10
8/1°0
0810
2810
G810
8810
L610
7610
£61°0
661°0
L0C0
Y020
£02°0
[AYAY
6120
£2¢0

6€0°0
£E0°0
Ge0o
€€00
LE00
6200
9200
¥200
¢c00
0200
8100
9100
7100
€Loo
100
L1000
0100
6000
8000
£000
9000
G000
7000

SiIM
dIsny

0vs00
G 2900

02400
00800
G 1600
gGoLo
gocLo

05€L0
€8r1L0
0¢9L0
04410
02610

04020
€62C0
LEVCO
EAZAN
0€8C°0
G 90€0

0 lego
G29€0
8 €6£°0
goero
G L9¥°0

06¥°0

Al dIsny

jdaoxy

saIM
SNO.1.194

usow ¥
uwinqysop
Jo

adIM [234S

——

8 €500
8 6500

€£900
£Lv.00
£680°0
9v0L0
96110

SveELO
G6rL0
7 voL0
€6/1°0
EV61°0

¢ 6020
¢veeo
L 6€C°0

133ys
sno.iag

piopupjg
s121nyopy
-nupypy

GC 9500
G 2900

GZleE000
GCl1 8400
G/ €600
£8€ 6010
GeLo
GeooriLo
GC 9510
G/81£1°0
G 4810

GCl €020

G/81C0
GLEVETO
G¢o

G¢9 G9C0
GC 18C°0
GZleo

GLEVE D
G/E0

GC 90v'0

G LEVO

G/ 8970
0050

cH/391 08t
‘ajp|d

pubp jasysg
sno.Liag

1PiDpUD}S
SajpJS
pasun

8500
G900
¢L00
€800
G600
6010
0CcLo
vELO
8710
G910
0810
€0¢0
0¢c0
8€C0
65¢°0
¥8C°0
00€0
oveEo
08€0
Gero
14140

|22is Buuidg
puD ‘aJIpp
10| ‘diys
SN0.494
‘Buiqny
aJip uod|
sqnyg 1o
woyburuwg

9C G700
¢8 0500

£0 4500
80 7900
96 1£0°0
180800
¥/ 0600

61010
vvLLO
g8Cl0
EvrLo
0¢olL0

61810
€v0C0
v 6¢C°0
9/4SC0
€ 68C°0
6vCE0

8¥9€0
96070
00970
g9o1s0
00850

poy pup
‘DAIM\ ‘499YS
SNO.LISJUON

adioys »
umoug Jo

uporLidWy

0N

— N X OV

o O

O — N M T WU VN O©

0/t
0/¢
o/v
0/S
0/9
0/.
asn
[ediduld

sabnpgo
jo

SwDN

(s8you| Ul UBAIS) Bl $8ZIS ) 4 SeBND9) [DIBNHEBYS PUD BIIAA JO SIUS|DAINDT |pwIDe(

o

8T-V 9|91

1005



3:43 PM Page 1006

6/3/03

shi20361_app_A.gxd

——

‘[oals Jaays Jo syBiam pun aBoiann uasaid spajjsy,
sasaljjuaind ul juajoainba owinap ayj puo ‘awu abnob ayy ‘laquinu abnob ayy Buiyois Aq ajojd pup ‘anm ‘jeays Apads,

08600 £60°0 04000 g1 €000 or
G 6600 6600 G £00°0 LEG €000 6€
g loLro LOL0 08000 09000 G2 9000 G96 €000 8¢
0v0L0 €oLo G 8000 ¥ 9000 GZ9 0v9 9000 €57 ¥00°0 LE
g90lL0 9010 06000 £9000 GC 1€0 £00°0 7000 000 5000 9€
ooLLo 8010 G 6000 G £000 GZ18.£000 G000 Gl19 5000 Ge
olLLLo oLL0 7 0100 Z 8000 G/ €65 8000 £00°0 G0oE 9000 Ve
0€LLo Lo G600 81100 06000 G/E 6000 8000 080 £00°0 €e
09LL0 GgLLo 0600 82100 £ 6000 G2 95910100 6000 086 £00°0 4%
00CLo 0Z10 G800 ¢€100 goLo00 G £E60100 0100 8¢6 8000 L€
R TAN0 £21°0 0800 07100 0¢l00 GCl00 ¢100 €0010°0 0€
09€L0 veELO GZ00 05100 G€100 gC907100 €100 9C 1100 6¢
gorLo 6€L°0 1£0°0 29100 67100 GZ9 G100 7100 9 Z100 8¢
ovvlLo ErLo £90°0 €100 7 9100 G481 2100 92100 0C7100 LZ
04v10 4R €900 L 8100 6100 G/£8100 8100 v6 G100 9C
G6rLo 8710 6500 7 0200 60200 G/8 1200 0200 06 £10°0 4
0¢slo 10 Ggs00 0€200 6 €200 TAON0) ¢c00 010¢00 ve
ovsLo €510 LS00 86200 69200 GCl1 8200 G200 452200 €¢
04510 Gs1o 6700 98200 66200 G¢ 1€00 8¢0°0 G€ G200 44
06910 4510 £v0°0 £1€00 6¢E00 G/EVEQO0 €00 9% 8¢0°0 Lc
01910 210 gv00 87€0°0 6GE00 G £E00 G€0'0 96 1€0°0 0¢
09910 voL0 40N0) 0 L¥0'0 8 L¥v0'0 GLEV00 [A40N0) 68 G€0°0 61
G691°0 891°0 L¥0'0 SWALN0 8 /¥0°0 Ggoo 6700 0€ 0v00 81l

[224s |11a IIMN DISNW §99ys /391 08t |2°is Buiidg poy pup asn
pub sjj1uq ydadx3 SNOJ4I94 ‘ajp|d pun ‘aJipp ‘DIIM ‘499YS [pdiuLig
§sim) SAIM pup jasys o4 ‘diyg SNO.IIJUON
SNO.LIDY SNo.I9g SNO.LI94
‘Buiqny

1a aJIpm uosow » PADpPUD}S 1p4iopupjs aJIpA uod| adipys ¥ :ebno9
I5im] sIsnyy uinqysop s121nyopy S94DIS sqnyg 1o umoug 1o
Jo -nuppy pa#un wpoybunung upsLIdWY

3IM [291S

(penuiuoD) (seyou| Ul UBAIS) 81y SBZIS ||Y) ,S8BNDo) |Dls\\HEaYS puD BlIAA JO sjusjpainby jpwideq

8T-V 9|qpL

o

1006



shi20361_app_A.gxd 6/3/03 3:43 PM Page 1007 $

Useful Tables 1007

Table A-29

Dimensions of Square and Hexagonal Bolts

> H <

Head Type

Nominal Square Regular Hexagonal Heavy Hexagonal Structural Hexagonal
Size, in /4 H w H Rnin w H Rnin w H Rmin
i 5w fe @ 00
T 5 w3z 3 00
s % 1 11 00
z T A Y
! L L Yol z 1 o0 z 5 0009
2 = 2 2 2z 0.02 14 2 0.02 14 L 0.021
3 13 7 15 x 0.02 15 7 0.02 15 = 0.021
1 11 AR ! £ 003 12 £ 003 13 ¥ 0062
13 14 3 1 2 0.03 132 3 0.03 132 s 0.062
15 1Z z 1Z z 0.03 2 z 0.03 2 >z 0.062
12 2L 2 2L 2 003 2% 2 003 2& Z 0062
11 21 1 2l 1 003 22 1 003 22 1B 0062
Size, mm
M5 8 3.58 8 3.58 0.2
Mé 10 4.38 0.3
M8 13 5.68 0.4
M10 16 6.85 0.4
M12 18 7.95 0.6 21 7.95 0.6
M14 21 9.25 0.6 24 9.25 0.6
M16 24 10.75 0.6 27 10.75 0.6 27 10.75 0.6
M20 30 13.40 0.8 34 13.40 0.8 34 1340 038
M24 36 1590 0.8 41 15.90 0.8 41 15.90 1.0
M30 46  19.75 1.0 50 19.75 1.0 50 19.75 1.2
M36 55  23.55 1.0 60 23.55 1.0 60 23.55 1.5

o
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1008 Mechanical Engineering Design

Table A-30 Minimum Type of Screw
Dimensions of Nominal Fillet Cap Heavy Height
Size, in Radius w w H

Hexagonal Cap Screws

and Heavy Hexagonal i 0.015 % 3
Screws (W = Width 2 0.015 z 2
across Flats; H = Height s 0.015 LA 1
of Head; See Figure 7 0015 5 9
in Table A-29) v 0015 s , B
z : i g 16
% 0.020 % 1 % %
3 0.020 11 11 1s
% 0.040 1 % 1 % 2—3
1 0.060 1] 1l %
11 0.060 17 2 2
13 0.060 2L 23 7
1] 0.060 2! 23 15
Size, mm

M5 0.2 8 3.65

M6 0.3 10 4.15

M8 0.4 13 5.50

M10 0.4 16 6.63

M12 0.6 18 21 7.76

M14 0.6 21 24 9.09

M16 0.6 24 27 10.32

M20 0.8 30 34 12.88

M24 0.8 36 41 15.44

M30 1.0 46 50 19.48

M36 1.0 55 60 23.38
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Table A-31

Dimensions of
Hexagonal Nufs
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©IN Ajw oo Glo NI= FN ®ie Flo s—

—_ =
N|— ®[w N— o]—

J—

NOMING

Size, mm

M5

Mé

M8

M10
M12
M14
M16
M20
M24
M30
M3é

—p—

[0 mi— F~

- O

TN NN

—_
|<_,, ®|— o

pa—
o

N N — — =
a‘|_, ©|N ;|: N|—

N

8
10
13
16

21

64

- O

_
o

w
N

4.7
5.2
6.8
8.4
10.8
12.8
14.8
18.0
21.5
25.6
31.0

RIS e IV Yz &N Ko

w —

_.d___d_
N|— ©OlWw A|l— W
I I = 8o

5.1
5.7
7.5
9.3
12.0
14.1
16.4
20.3
23.9
28.6
34.7

Nomina wiath Reg o hick ©
Size, in w Hexagonal Slotted JAM

BI85 B 212 2 212 21N @ 3l 5l 1= BN 3l B

2.7
3.2
4.0
5.0
6.0
7.0
8.0
10.0
12.0
15.0
18.0

Useful Tables

1009
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Table A-32 Fastener Washer Diameter

Basic Dimensions of ize ize

American Standard #6 0.138 0.156  0.375 0.049

Plain Washers (Al #8 0.164 0.188  0.438 0.049

Dimensions in Inches) #10 0.190 0.219  0.500 0.049
2 0.188 0.250  0.562 0.049
#12 0.216 0.250  0.562 0.065
IN 0.250 0.281  0.625 0.065
Iw 0.250 0312 0734 0.065
5N 0.312 0.344  0.688 0.065
W 0.312 0.375  0.875 0.083
IN 0.375 0.406  0.812 0.065
I w 0.375 0.438  1.000 0.083
Z N 0.438 0.469  0.922 0.065
Z W 0.438 0.500  1.250 0.083
IN 0.500 0.531 1.062 0.095
Iw 0.500 0562  1.375 0.109
2N 0.562 0.594  1.156 0.095
W 0.562 0.625  1.469 0.109
SN 0.625 0.656  1.312 0.095
SwW 0.625 0.688 1750 0.134
SN 0.750 0.812  1.469 0.134
Sw 0.750 0.812  2.000 0.148
IN 0.875 0938 1750 0.134
ZwW 0.875 0.938  2.250 0.165
1N 1.000 1.062  2.000 0.134
TW 1.000 1.062  2.500 0.165
11N 1.125 1250  2.250 0.134
11w 1.125 1250  2.750 0.165
1IN 1.250 1.375  2.500 0.165
11w 1.250 1.375  3.000 0.165
13N 1.375 1.500  2.750 0.165
12w 1.375 1.500  3.250 0.180
1IN 1.500 1.625  3.000 0.165
11w 1.500 1.625  3.500 0.180
13 1.625 1750  3.750 0.180
13 1.750 1.875  4.000 0.180
1Z 1.875 2.000  4.250 0.180
2 2.000 2,125 4500 0.180
21 2.250 2375 4750 0.220
21 2.500 2625  5.000 0.238
23 2.750 2875  5.250 0.259
3 3.000 3.125  5.500 0.284

N = narrow; W = wide; use W when not specified.

1010

o
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Washer Minimum
Size* [[»)
1.6 N 1.95
1.6R 1.95
1.6 W 1.95
2N 2.50
2R 2.50
2W 2.50
25N 3.00
2.5R 3.00
25W 3.00
3N 3.50
3R 3.50
3W 3.50
3.5N 4.00
3.5R 4.00
3.5W 4.00
4N 4.70
4R 4.70
4W 4.70
5N 5.50
5R 5.50
5W 5.50
6N 6.65
6R 6.65
6 W 6.65
8N 8.90
8R 8.90
8w 8.90

6/3/03 3:43 PM Page 1011

Table A-33

oD

4.00
5.00
6.00

5.00
6.00
8.00

6.00
8.00
10.00

7.00
10.00
12.00

9.00
10.00
15.00

10.00
12.00
16.00

11.00
15.00
20.00

13.00
18.80
25.40

18.80
25.40
32.00

—p—

Maximum Maximum

Thickness

0.70
0.70
0.90

0.90
0.90
0.90

0.90
0.90
1.20

0.90
1.20
1.40

1.20
1.40
1.75

1.20
1.40
2.30

1.40
1.75
2.30

1.75
1.75
2.30

2.30
2.30
2.80

Dimensions of Metric Plain Washers (All Dimensions in Millimeters)

Washer

Size*
10N

10R
10w

12N
12R
12W

14N
14R
14W

16 N
16 R
16 W

20N
20R
20W

24 N
24 R
24 W

30N
30R
30W

36 N
36R
36 W

Useful Tables 1011

Minimum Maximum Maximum

ID

10.85
10.85
10.85

13.30
13.30
13.30

15.25
15.25
15.25

17.25
17.25
17.25

21.80
21.80
21.80

25.60
25.60
25.60

32.40
32.40
32.40

38.30
38.30
38.30

0]))

20.00
28.00
39.00

25.40
34.00
44.00

28.00
39.00
50.00

32.00
44.00
56.00

39.00
50.00
66.00

44.00
56.00
72.00

56.00
72.00
90.00

66.00
90.00
110.00

Thickness

2.30
2.80
3.50

2.80
3.50
3.50

2.80
3.50
4.00

3.50
4.00
4.60

4.00
4.60
5.10

4.60
5.10
5.60

5.10
5.60
6.40

5.60
6.40
8.50

N = narrow; R = regular; W = wide.

*Same s screw or bolt size.
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1012 Mechanical Engineering Design

Tdble A_34 Values OfF(n) — /OO e—xxn—ldx; r‘(n + 1) = nF(n)
0

Gamma Function™*

Source: Reprinted with N N N y \ N N N
permission from William H.
beyer (od ), Hondbook of 100 1.00000 125 .906 40 150 88623 175 91906
Tobles for Probobilfy and 101 99433 126 .904 40 151 88659 176 92137
é’gg;’r’g/hfggceir'es‘:gio 102 98884 127 .90250 152 88704 177 92376
Rafon, Florida. 103 98355 128 .90072 153 88757 178 92623
104 97844 129 89904 154 88818 179 92877
105 97350 130 .89747 155 88887 180 .93138
106 96874 131 89600 156 88964 181 93408
107 96415 132 89464 157 89049 182 93685
108 95973 133 .89338 158 89142 183 .93969
109 95546 134 89222 159 89243 184 94261
110 95135 135 89115 160 89352 185 94561
111 94739 136 .89018 161 89468 186 94869
112 94359 137 88931 162 89592 187 95184
113 93993  1.38 .88854 163 89724 188 95507
114 93642 139 88785 164 89864 189 95838
115 93304  1.40 88726 165 90012 190 96177
116 92980 141 88676 166 90167 191 96523
117 93670 142 88636 167 90330 192 96878
118 92373 1.43 88604 168 90500  1.93 97240
119 92088  1.44 88580 169 90678 194 97610
120 91817 145 .88565 170 90864 195 97988
121 91558  1.46 88560 171 91057 196 98374
122 91311 147 88563 172 91258 197 98768
123 91075 148 .88575 173 91466 198 99171
124 90852 149 88595 174 91683 199 99581
2.00 1.000 00

*For large positive values of x, I" () approximates the asympfotic series

oo AR 139 s
xte — — - -
x 12v  288x2  51840x3  2488320x%




