Contents

Preface to the second English edition
1. INTRODUCTION

2. CYCLIC STRESS-STRAIN RESPONSE

2.1 Mechanical properties
2.1.1 Hardening and softening
2.1.2 Saturation of mechanical properties
2.1.2.1 Cyclic stress-strain curve
2.1.2.2 Hysteresis-loop area
2.2 Microstructure
2.2.1 Dislocation structures
2.2.1.1 Fatigue hardening
2.2.1.2 Fatigue softening
2.2.2 Other microstructural changes
2.3 Theories of hardening and softening
2.3.1 Fatigue hardening
2.3.2 Fatigue softening
2.3.3 Materials with discontinuous yielding

3. FATIGUE-CRACK NUCLEATION

3.1 Stress near surface

3.2 Sites of crack initiation

3.3 Near-surface dislocation structures
3.3.1 Low amplitudes, easy cross-slip metals
3.3.2 High amplitudes, easy cross-slip metals
3.3.3 Difficult cross-slip metals

3.4 Surface relief and its relation to near-surface dislocation structures
3.4.1 Low amplitudes, easy cross-slip metals
3.4.2 High amplitudes, easy cross-slip metals
3.4.3 Difficult cross-slip metals
3.4.4 Fatigue damage

3.5 Mechanisms of crack nucleation

3.6 Factors influencing crack nucleation

11

13

16

16
16
22
22
30
33

g&kga

50
55
55

65

65
67
70
72
75
75
76

80
82
82
84
89



8

4.

w

FATIGUE-CRACK PROPAGATION

4.1 Kinetics of crack growth
4.1.1 Stages of crack propagation
4.1.2 Fracture-surface relief
4.1.3 Small fatigue cracks
4.2 Fracture mechanics for fatigue cracks
4.2.1 Elastic solution
4.2.2 Elastic-plastic solution
4.2.2.1 Unidirectional loading
4.2.2.2 Cyclic loading
4.2.3 Crack closure
4.3 Quantitative description of fatigue-crack propagation rate and threshold
4.3.1 Long cracks
4.3.1.1 Crack-propagation rate
4.3.1.2 Threshold
4.3.2 Small cracks
4.3.2.1 Crack-propagation rate
4.3.2.2 Threshold
4.3.3 Transient effects in fatigue-crack propagation
4.4 Properties of plastic zone
4.4.1 Dislocation structures around fatigue cracks
4.4.1.1 Propagating cracks
4.4.1.2 Near-threshold cracks
4.4.2 Plastic-zone shape and size
4.4.3 Residual stresses
4.4.4 Stress and plastic strain at the crack tip
4.5 Models of fatigue-crack propagation and thresholds
" 4.5 Crack propagation
4.5.2 Thresholds
4.6 Effects of miscellaneous factors on the crack-propagation rate
4.6.1 Corrosive environment
4.6.2 Influence of thickness
4.6.3 Influence of temperature

. FATIGUE-LIFE CURVES

5.1 Fatigue-life curve g versus N,

5.2 Fatigue-life curve £ versus N
5.2.1 Fatigue-life curve ¢ versus N,
5.2.2 Fatigue-life curve ¢ versus N,

5.3 Transformation of fatigue-life curves

5.4 Influence of cycle asymmetry

5.5 Hysteresis energy and fatigue life

5.6 Fatigue limit
5.6.1 Influence of grain size on stress fatigue limit
5.6.2 Plastic-strain fatigue limit
5.6.3 Fatigue limit as small-crack threshold
5.6.4 Size effect

5.7 Curves of constant damage

Contents

92

92

92

94

96

97

98

101
101
106
111
112
1§ &
115
118
121
121
122
124
125
126
126
131
132
135
137

140
143
146
146
148
149

151

152
158
158
161
162
167
172
178
178
180
184
185
188



Contents 9

5.8 S/ N curves of precracked bodies 194
5.9 Influence of temperature on fatigue life 196
5.9.1 Higher temperatures 198

5.9.2 Lower temperatures 202

6. NOTCHED BEHAVIOUR 209
6.1 Stress and strain concentration 209
6.1.1 Elastic solution 209

6.1.2 Elastic-plastic solution 214

6.2 Influence of notches on fatigue life 218
6.2.1 Fatigue limit of notched bodies under symmetrical cycling 220
6.2.1.1 Empirical relations 220

6.2.1.2 Theoretical derivation of fatigue limit of notched bodies 224

6.2.2 Influence of notches on finite-life region 230

6.2.3 Asymmetrical cycling 234
6.2.3.1 Fatigue limit 234

6.2.3.2 Finite-life region 235

7. FATIGUE LIFE FOR RANDOM LOADING 239
7.1 Cyclic plasticity 240
7.2 Analysis of random variations of stress and strain 244
7.3 Prediction of fatigue life 248
7.3.1 Linear summation of cycle ratios 248
7.3.1.1 Miner’s rule 248

7.3.1.2 Double linear summation 251

7.3.1.3 Example of fatigue-life prediction 252

7.3.2 Other procedures 253
REFERENCES 256

SUBJECT INDEX 268



