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· Factor of safety: 
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· Factor when variable load-Fatigue: 
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Table A-33
Dimensions of Metric Plain Washers (Al Dimensions in Millimeters)

195 400 070 108 1085 200 230
195 500 om 10R 1085 280 250
195 600 090 ow 1085 00 350
2N 250 500 09 12N 1330 2540 250
2R 250 600 090 2R 1330 340 350
2w 250 500 09 2w 1330 4400 350
25N w0 600 090 1N 1525 280 280
23R 300 500 09 1R 1525 390 350
25w 300 1000 120 1w 1525 5000 400
3N 350 700 090 168 1725 20 350
3R 350 1000 120 16R 1725 4400 400
3w 350 1200 Li0 1w 1725 5600 460
35N 400 000 120 0N 2180 3000 400
35k 400 1000 Lio R 2150 5000 460
3sw 400 1500 175 0w 2180 6600 510
an am 1000 120 uN 2560 400 460
4R an 1200 140 2R 2560 5600 s10
aw am 1600 230 uw 2560 7200 560
5N 550 oo 140 30N 3240 5600 s10
SR 550 1500 175 0R 240 7200 560
sw 550 000 230 0w 3240 %000 640
6N 665 1300 175 6N 3830 6600 560
6R 665 1850 125 36R 3830 %00 640
ow 665 240 230 6w 3830 11000 850
5N 59 1850 230
s 590 240 230
5w 590 200 280
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Table A-31
Dimensions of
‘Hexagonal Nuts
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Figure 8-15 X

Compression of a member with
the equivalent elastic properties
represented by a frustum of a

hollow cone. Here, / represents

the grip length. / \ )

(a)

057747 Ed
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Table 8-9
SAE Specifications for Steel Bolts

Size
SAE  Range

Grade Inclusive, Strength,”
No. in kpsi Material Head Marking

1 3 ) 36 Low or medium carbon O
2 55 ™ 57 Low or medium carbon

£ ) 36
4 [ 65 s 100 Medium carbon, cold-drawn O
5 -1 85 120 92 Medium carbon, Q&T

i 105 81
52 Ee ] 85 120 2 Low-carbon martensite, Q&T @
7 [ 105 133 s Medium-carbon alloy, Q&T @
8 13 120 150 130 Medium-carbon alloy, Q&T @
82 = 120 150 130 Low-carbon martensite, Q&T @
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Table 8-10
ASTM Spcifiations for Sicel Bolts

Sze  Minimum Minimum
Range,  Proof Tensile

Inclusive,  Strength,”  Strength,*
kpsi- kp: Hoad Marking

A7 ke ] E o 36 Low carbon O
JE 5 0 2 Metom cuon, QT
JE 5 o 2 Lowcubon, mani,
YR “ 105 w7
e 5 0 @ Wathrog sk
ns s s 109 Aoy s QaT
e omonow ®
as e 0 ™ B0 Aley el 08T
g™ @
v 5 nn % Madumcuton, Q8T

i " s M

w3 £ % £
A490, 4 20 150 10 Alloy sieel, Q&T
ot
e 0 ™ [

e QaT
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Table 8-11
Metric Mechanical-Property Classes for Steel Bolis, Screws, and Studs

Minimum  Minimum  Mi
Size Proof Tensile Yield

Property Range, Strength,* Strength,* Strength,*
Class Inclusive MPa MPa MPa Head Marking

46 M5-M36 25 400 240 Low or medium carbon

48 ML6-MI6 310 420 340 Low or medium carbon

58 M5-M24 380 520 420 Low or medium carbon

88 MI6-M36 600 830 660 Medium carbon, Q&T

98 MI16-MI6 650 900 720 Medium carbon, Q&T

109 M5-M36 830 1040 940 Low-carbon martensite,
Q&T

129 ML6-M36 970 1220 1100 Alloy, Q&T





image12.png
P = external tensile load per bolt
P, = portion of P taken by bolt
P,, = portion of P taken by members
F, = P, + F; = resultant bolt load

F,, = P, — F; = resultant load on members
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_b _ P
§= 5 and 8 %,
K
P, = P,—
m bkb

Since P = P, + P,. we have

ks Stiffness

P cp
b = =
otk C = constant of
b T Km ky + Ky thejoint
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P = external tensile load per bolt
P, = portion of P taken by bolt

P,, = portion of P taken by members

kP

= =cp
Ky + ki

Py

Py=P—P,=(1-CP

F, = P, + F; = resultant bolt load

F,, = P, — F; = resultant load on members

F,=P,+F,=CP+F  F,<0 (8-24)

-~

F,=P,—F,=(—-CP—-F F,<0 (8-25)
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Torque required to produce a given preload

F,-d,,,( tan A + fsec a ) N F,f.d.
) 1 — ftan A sec 2

T

d. = (d + 1.5d)/2 = 1.25d.

- [(@)( tan A + fsec a ) 0,625 ’]Fd
~ [\2¢/\1 = ftan A seclx 025 |Fi
d,\( tan A + fsec a
Torque Coefficient = K 24)\1 — ftan A sec a

) F0.625f.

Torque Factors K for Nonplated. black finish 030
Use with Eq. (8-27) Zinc-plated 020
Lubricated 018
Cadmium-plated 0.16
With Bowman Anti-Seize 012

With Bowman-Grip nuts 0.09
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1- Yielding Factor of Safety Against Static Stress
Sy Sy SpA;
o, (CP+ F)/A, CP+F,

n, =

2- Load Factor of Safety Against Static Stress (Applied to load P against
overloading)

Cn P+ F; S,A, — F;
=S, )y

CP
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3- Factor of Safety Against Joint

Senaratinn

Fp=P,—F=0-0OP-F F,<0 (8-25)
Let P, be the value of the external load that would cause joint separation.

At separation, F,, = 0 in Eq. (8-25), and so
(1-C)Py—F;=0

_Ph __F
"= T P -0
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_ {0.75F »  for nonpermanent connections, reused fasteners
' 0.90F, for permanent connections
where F), is the proof load, obtained from the equation
F,=AS,

Table 8-11

Metric Mechanical-Property Classes for Steel Bolts, Screws, and Studs

Minimum  Minimum  Minimum
Size Proof Tensile Yield

Property Range, Strength,” Strength,” Strength,”
Class  Inclusive MPa MPa MPa Material Head Marking

46 M5-M36 225 400 240 Low or medium carbon 7N
()
48 M16-MI6 310 420 340 Low or medium carbon p ~ S
()
58 M5-M24. 380 520 420 Low or medium carbon 7N
()
88 MI6-M36 600 830 660 Medium carbon, Q&T p -~ S
(=)

(8-31)

(8-32)
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Table 8-16 SAE Metric Rolled Cut
Grade Grade Threads Threads Fillet

Fatigue Stress-

Concentration Factors K; 0to2 36058 22 28 2.1
for Threaded Elements 4108 6.6 to 10.9 3.0 38 23
Table 8-17 Grade or Class Size Range
Fully Corrected SAE 5 L lin 186 kpsi
Endurance Strengths for il 16.3 kpsi
Bolts and Screws with o i
Rolled Threads* SAE 7 tbin 20.6 kpsi
SAE 8 1in 23.2 kpsi
180 8.8 MI16-M36 129 MPa
1SO 9.8 ML6-MI16 140 MPa
1SO 109 M5-M36 162 MPa

1SO 12.9 MI1.6-M36 190 MPa
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Figure 8-20

Designer’s fatigue diagram
showing a Goodman failure
line and a commonly used load
line for a constant preload and
a fluctuating load.

Gerber:

Aliernating stress

Load line >/ /

Su

5
Syt (8-42)
Se

Sa , (SwY
Sy (—) =1 (8-43)
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Goodman:

_ Se(Su — i)
Y oSt S
Gerber:
1 2
ty= 5o (SuV/Si + 45,5, + 0) = Sy = 208.]
ade
Yielding factor of safety
SP

n, = ———
Oy + T,
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(@) )
Given fastener diameter d and pitch p in mm or number of threads per inch
‘Washer thickness: ¢ from Table A-32 or A-33

Nut thickness [Fig. (@) only]: H from Table A-31
Grip length:
For Fig. (a): I = thickness of all material squeezed between face
of bolt and face of nut
h+6/2, n<d

For Fig. (b): ’={h+d/7_ n=d
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Fastener length (round up using Table A-17%):

ForFig. @ L>1+H
ForFig. (b L>h+ 15d

Threaded length Ly: Inch series:
L'={24+}in. L=6in
2d+%in, L>6in
Metric series:
2d + 6 mm, L=125mm,d = 48 mm
7=14{2d+ 12mm, 125 < L = 200 mm
2d + 25 mm, L > 200 mm
Length of unthreaded portion in grip: I, = L — Ly
Length of threaded portion in grip: [, = [ — I,

Area of unthreaded portion: A= wd'/4
Area of threaded portion: A, from Table 8-1 or 8-2
Fastener stiffness: k AAE

AL +AlL
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Table 8-2

Diameters and Area of Unified Screw Threads UNC and UNF*

ize
gnation

Nominal
Major
Diameter
0.0600
00730
00860
00990
01120
01250
01380
0.1640
0.1900
02160
02500
03125
03750
04375
05000
05625
06250
07500
08750
1.0000
12500
1.5000

Coarse Series—UNC

Threads
per Inch
L

BBEE 82

=B RER

Tensile-
Stress
Area A,

0002 63
000370
0.004 87
0.006 04
0007 96
0009 09
00140
00175
00242
00318
00524
00775
01063
01419
0182
0226
0334
0462
0.606
0969
1.405

000218
0.003 10
0.004 06
0.004 96
0.006 72
0.007 45
001196
0014 50
00206
00269
00454
0.067 8
00033
01257
0162
0202
0302
0419
0551
0890
1294

ERE

E
EY
28
ks

=8EBER

18
16
14
12
12
12

Fine Series—UNF

Tensi

0.001 80
000278
0.003 94
0005 23
0.006 61
0.008 80
0010 15
001474
00200
00258
0036 4
008 0
0087 8
01187
01599
0203
0256
0373
0509
0.663
1073
1581

0001 51
0002 37
0003 39
0004 51
0.005 66
0007 16
0008 74
001285
00175
0026
00326
00524
00809
01090
01486
0189
0240
0351
0450
0625
1024
1521
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Table:8-1 Coarse-Pitch Series [R—

Diameters and Areas of Tensile- nor- Tensile-
Coarse-Pitch and Fine- Pitch Stress Diameter  Pitch Stress
Pitch Metric Threads.* e i
16 035 127 107
2 040 207 179
25 045 339 298
3 05 503 447
35 os 678 600
4 07 878 775
5 08 142 127
6 1 20.1 179
8 125 36.6 328 1 392 360
10 15 580 523 125 61.2 56.3
2 15 3 63 125 .1 360
14 2 115 104 15 125 116
16 2 157 144 15 167 157
20 25 245 225 15 2 259
2 3 353 32 2 384 365
30 35 561 519 2 621 596
36 4 817 750 2 15 884
2 FERTEY 1050 2 1260 1230
48 s 1470 1380 2 1670 1630
56 55 2030 1910 2 2300 2250
64 6 2680 2520 2 3030 2980
” 6 3460 3280 2 3860 3800
50 6 4340 4140 15 asso 4500
% 6 5500 360 2 6100 6020
100 6 699 6740 2 7560 7470
110 2 9150 9080
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1apie A=<

Basic Dimensions of
American Standard
Plain Washers (All
Dimensions in Inches)

Fastener
Size
#6
#3
#10
#12
IN
iw
AN
W
iN
iw
EN
W
iN
w
wN
W
iN
w
iN
iw

Washer

0.049
0.049
0.049
0.065
0.065
0.065
0.065
0.083
0.065
0.083
0.065
0.083
0.095
0.109
0.095
0.109
0.095
0.134
0.134
0.148




