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Fatigue and Endurance Limit
It has been found experimentally that when a material is subjected to repeated stresses, it

fails at stresses below the yield point stresses. Such type of failure of a material is known
as fatigue. The failure is caused by means of a progressive crack formation which are
usually fine and of microscopic size. The failure may occur even without any prior
indication. The fatigue of material is effected by the size of the component, relative
magnitude of static and fluctuating loads and the number of load reversals.
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(c) Endurance or fatigue limit. (d) Repeated stress. (e) Fluctuating stress.
Fig Time-stress diagrams.
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The stress verses time diagram for fluctuating stress having values 6pmin and omax 1S Shown
in Figure (e). The variable stress, in general, may be considered as a combination of steady
(or mean or average) stress and a completely reversed stress component c,. The following
relations are derived from Figure (e):

1. Mean or average stress,

'C"m _ UIII:'L‘:' + Gm:’n
2

2. Reversed stress component or alternating or variable stress,

Omax — O min

g, = .

Note: For repeated loading, the stress varies from maximum to zero (i.e. omin = 0) in each
cycle as shown in Figure (d).

O max
g =0,.=
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Effect of Loading on Endurance Limit—Load Factor

The endurance limit (c.) of a material as determined by the rotating beam method is for
reversed bending load. There are many machine members which are subjected to loads
other than reversed bending loads. Thus the endurance limit will also be different for
different types of loading. The endurance limit depending upon the type of loading may be
modified as discussed below:

Let K, = Load correction factor for the reversed or rotating bending load. Its value is
usually taken as unity.

Ka = Load correction factor for the reversed axial load. Its value may be taken as 0.8.

Ks = Load correction factor for the reversed torsional or shear load. Its value may be taken
as 0.55 for ductile materials and 0.8 for brittle materials.

~. Endurance limit for reversed bending load, ¢, = 6¢.Ky =06 ... ( Ky =1)

Endurance limit for reversed axial load, ce; = 0..K; and endurance limit for reversed
torsional or shear load, 1. = 6¢.K;
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Effect of Surface Finish on Endurance Limit—Surface Finish Factor

Let K, = Surface finish factor.

~. Endurance limit,

Oe1 = Oep.Ksur= 66.Kp. Ksur = 66.Kgur ... (Kp =1) ... (For reversed bending load)
= 0ea-Ksur = 0. Ko Kgyr ... (For reversed axial load)

= Te.Ksur = 0¢.Ks.Kgyr ... (For reversed torsional or shear load)

Effect of Size on Endurance Limit—Size Factor
Let K, = Size factor.

~ Endurance limit,

Oe2 = Oe1 X Kg; (Considering surface finish factor also)
= Gep-Ksur-Ksz = 66.Kp. Ksur-Ksz = 66.Kgur. Ky (Kb = 1)
= Gea-Kaur-Ks; = 0. Ka Kyr Ks, ... (For reversed axial
load)
= Te.Kgur-Ks; = 06.Ks. Kgyr. K, (For reversed torsional or shear
load)
Notes:

1. The value of size factor is taken as unity for the standard specimen having nominal

diameter of 7.657 mm.

2. When the nominal diameter of the specimen is more than 7.657 mm but less than 50

mm, the value of size factor may be taken as 0.85.

3. When the nominal diameter of the specimen is more than 50 mm, then the value of size
factor may be taken as 0.75.
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For steel, 6. = 0.5 oy ;

For cast steel, 6 =0.4 o, ;

For cast iron, 6. =0.35 6, ;

For non-ferrous metals and alloys, o, = 0.3 o,
Factor of Safety for Fatigue Loading

When a component is subjected to fatigue loading, the endurance limit is the criterion for
failure. Therefore, the factor of safety should be based on endurance limit.
Mathematically,

End limit st
Factor of safety (F.S.) = ———————222_ _ e

Design or working stress o4

Note:
For steel, 6, = 0.8 to 0.9 oy
Where o, = Endurance limit stress for completely reversed stress cycle, and

oy = Yield point stress.
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Problem 1

Determine the design stress for a piston rod where the load is completely reversed. The
surface of the rod is ground and the surface finish factor is 0.9. There is no stress
concentration. The load is predictable and the factor of safety is 2.

Solution
Ker =09 :FS. =2

The piston rod is subjected to reversed axial loading. We know that for reversed axial
loading, the load correction factor (K,) is 0.8

If o, is the endurance limit for reversed bending load, then endurance limit for reversed
axial load,

Oea =0 XKy X Kgyy =0 X 0.8 x0.9=0.72 o,

Design stress
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Stress Concentration

The theoretical or form stress concentration factor is defined as the ratio of the maximum
stress in a member (at a notch or a fillet) to the nominal stress at the same section based

upon net area. Mathematically, theoretical or form stress concentration factor,

_Maximum stress

t- Nominal stress

The value of K; depends upon the material and geometry of the part
Stress Concentration due to Holes and Notches

Consider a plate with transverse elliptical hole and subjected to a tensile load as shown in
Figure (a). We see from the stress-distribution that the stress at the point away from the
hole is practically uniform and the maximum stress will be induced at the edge of the hole.

The maximum stress is given by
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and the theoretical stress concentration factor,
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When a/b is large, the ellipse approaches a crack transverse to the load and the value of K
becomes very large. When a/b is small, the ellipse approaches a longitudinal slit [as shown
in Figure (b)] and the increase in stress is small. When the hole is circular as shown in

Figure (c), then a/b = 1 and the maximum stress is three times the nominal value.
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. Stress concentration due to holes.

The following tables show the theoretical stress concentration factor for various types of
members.

Al-Mustagbal University College 7 http://www.mustagbal-college.edu.ig/


mailto:LuayHashemAbbud@mustaqbal-college.edu.iq

Class: 3™
Subject: Mechanical Engineering Design
Lecturer: Luay Hashem Abbud
E-mail: LuayHashemAbbud@mustagbal-college.edu.iq

Table 1.Theoretical stress concentration factor (K;) for a plate with hole
(of diameter d) in tension.

0.05 0.1 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

o | =

2383 2.69 259 2.50 243 237 232 226 222 2.17 2.13
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Fig_for Table 1 Fig for Table .2

Table 2. Theoretical stress concentration factor (K;) for a shaft
with transverse hole (of diameter d) in bending.

0.02 0.04 0.08 0.10 0.12 0.16 020 024 0.28 0.30

STES

i

270 2.52 233 226 220 211 203 196 192 1.90
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Table 3.Theoretical stress concentration factor (K,) for stepped
shaft with a shoulder fillet (of radius r) in tension.

Theoretical stress concentration factor (K)
D
F r'd
0.08 010 | 012 | 016 | 018 0.20 022 0.24 0.28 0.30
1.01 127 124 | 121 1.17 1.16 1.15 1.15 1.14 1.13 1.13
1.02 138 134 | 130 126 124 123 122 121 1.19 1.19
1.05 1.53 146 | 142 136 1.34 1.32 1.30 128 1.26 125
1.10 1.65 156 | 1.50 143 1.39 1.37 134 133 1.30 128
1.15 1.73 163 | 156 146 143 140 137 135 132 1.31
1.20 1.82 168 | 1.62 1.51 147 144 141 138 135 134
1.50 2.03 184 [ 1.80 1.66 1.60 1.56 1.53 1.50 1.46 144
2.00 2.14 194 | 1.89 1.74 1.68 1.64 1.59 1.56 1.50 1.47
s r
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Fig. for Table .3 Fig. for Table 4
Table 4.Theoretical stress concentration factor (K;) for a stepped
shaft with a shoulder fillet (of radius r) in bending.
_ Theoretical stress concentration factor (K )
= fd
= .
d
0.02 004 | 008 | 010 | 012 016 0.20 0.24 0.28 0.30
1.01 1.85 161 | 142 136 132 124 1.20 1.17 1.15 1.14
1.02 197 1.72 | 1.50 144 1.40 132 127 123 1.21 120
1.05 2.20 188 | 1.60 1.53 148 1.40 134 130 127 125
1.10 236 199 | 1.66 1.58 1.53 1.44 1.38 1.33 128 127
1.20 2.52 210 | 1.72 1.62 1.56 146 139 134 1.29 128
1.50 2.75 220 | 1.78 1.68 1.60 1.50 142 136 1.31 129
2.00 2.86 232 | 1.87 1.74 1.64 1.53 1.43 137 132 130
3.00 3.00 245 | 195 1.80 1.69 1.56 146 138 134 132
6.00 3.04 258 | 2.04 1.87 1.76 1.60 1.49 1.41 135 133
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Table 5. Theoretical stress concentration factor (K) for a stepped shaft
with a shoulder fillet (of radius r) in torsion.

Theoretical stress concentration factor (K)

D
Fl rid
a2 0.04 0.08 010 0.12 016 0.20 024 0.28 .30
1.09 1.54 132 1.19 1.16 1.15 1.12 1.11 1.10 1.09 1.09
1.20 1.98 1.67 1.40 1.33 1.28 1.22 1.18 1.15 1.13 1.13
1.33 2.14 1.79 148 141 135 128 122 1.19 1.17 1.16
2.00 2.27 1.84 1.53 1.46 1.40 1.32 1.26 1.22 1.19 1.18
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Fig. for Table 5 Fig. for Table 6

Table 6. Theoretical stress concentration factor (K,)
for a grooved shaft in tension.

i Theoretical stress concentration (K,)

D

F rid

0.02 0.04 0.08 010 0.12 0.16 020 0.24 0.28 0.30

1.01 1.98 1.71 1.47 142 138 133 1.28 1.25 1.23 122
1.02 2.30 194 | 166 1.59 1.54 145 1.40 1.36 133 1.31
1.03 2.60 214 | 1.77 1.69 1.63 153 146 1.41 1.37 1.36
1.05 285 236 194 181 173 1.61 154 147 143 141
1.10 - 270 216 201 1.90 1.75 1.70 1.57 1.50 1.47
1.20 . 290 | 236 217 2.04 186 1.74 1.64 1.56 1.54
1.30 - . 2.46 226 211 191 1.77 1.67 1.59 1.56
1.50 - . 2.54 233 216 194 1.79 1.69 1.61 1.57
2.00 - - 261 238 222 198 1383 1.72 1.63 1.59

oa - . 2.69 244 226 203 1.86 1.74 1.65 1.61
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Table 7.Theorefical stress concentration factor (K;) of
a grooved shaft in bending.

Theoretical stress concentration factor (K)
Ly
F rid
0.02 004 | 008 | 010 | 012 016 020 0.24 0.28 0.30
1.01 1.74 168 | 147 | 141 | 138 1.32 127 1.23 1.22 1.20
1.02 228 189 | 164 | 153 | 148 1.40 1.34 1.30 1.26 1.25
1.03 2.46 204 | 168 | 161 | 155 1.47 140 1.35 1.31 128
1.05 2.75 222 | 180 | 170 | 1.63 1.53 1.46 1.40 1.35 1.33
1.12 3.20 250 | 197 | 183 | 175 1.62 1.52 1.45 1.38 1.34
1.30 3.40 270 | 204 | 191 | 182 1.67 1.57 1.48 1.42 138
1.50 3.48 274 | 211 195 | 184 1.69 1.58 149 1.43 1.40
2.00 3.55 278 | 214 | 197 | 186 1.71 1.59 1.55 1.44 1.41
= 3.60 2.85 2.17 1.98 1.88 1.71 1.60 1.51 1.45 1.42
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Fig. for Table 7 Fig. for Table .8
Table 8.Theoretical stress concentration factor (K;) for a grooved
shaft in torsion.
. Theoretical stress concentration factor (K,)
Ji
? rid
0.02 004 | 008 | 010 | 012 016 0.20 0.24 0.28 0.30
1.01 1.50 103 | 122 | 120 | 118 1.16 1.13 1.12 1.12 1.12
1.02 1.62 145 | 131 | 127 | 123 1.20 1.18 1.16 1.15 1.16
1.05 1.88 161 | 140 | 135 | 132 1.26 1.22 1.20 1.18 1.17
1.10 2.05 173 | 147 | 141 | 137 1.31 1.26 1.24 1.21 1.20
1.20 2.26 183 | 153 | 146 | 141 1.34 1.27 1.25 1.22 1.21
1.30 232 189 | 155 | 148 | 143 1.35 130 1.26 = -
2.00 2.40 193 | 158 | 150 | 145 1.36 131 1.26 = -
- 2.50 196 | 160 | 151 | 146 1.38 132 1.27 1.24 1.23
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