CONTENTS

Preface 13
1 INTRODUCTION 15
2 STRESS AND STRAIN IN CYCLIC LOADING 18

2.1 Introduction 18
2.2 Monotonic stress-strain curve 20
2.3 Stress-strain relationship in cyclic loading 22
2.4 Hysteresis loop 25
2.5 Cyclic hardening/softening curves 28
2.6 Cyclic stress-strain curve 32
2.6.1 Basic cyclic stress-strain curve 33
2.6.2 Short-cut procedures 35

CYCLIC PLASTICITY AND MICROSTRUCTURE 40

3.1 Introduction 40
3.2 Metals and simple alloys with f.c.c. structure 41
3.2.1 Single crystals 41
3.2.2 Polycrystals 52
3.3 Metals and single phase alloys with b.c.c. structure 56
3.3.1 Single crystals 56
3.3.2 Polycrystals 60
3.4 Other metals and single phase alloys 61
3.5 Multiphase materials 63

4 DISLOCATION MECHANISMS IN CYCLIC PLASTIC STRAINING 66

4.1 Introduction 66
4.2 Athermal mechanisms in f.c.c. metals 67
4.2.1 Hardening stage 67
4.2.2 Simple mechanisms in saturation 69
4.2.3 Composite model for cyclic saturation 70
4.3 Thermally activated cyclic straining 75
4.3.1 General theory of the dynamics of cyclic plastic straining 75
4.3.2 Specific models of thermally activated dislocation glide 78
4.4 Dislocation mechanisms in particle strengthened metals 80

STATISTICAL DESCRIPTION OF CYCLIC STRESS-STRAIN RESPONSE
5.1 Introduction 82

w

w

82



10

5.2 Internal and effective stress in an elementary volume 83
5.2.1 Internal stress 83
5.2.2 Effective stress in tensile straining 84
5.2.3 Effective stress in reversed straining 87
5.2.4 Hysteresis loop 88
5.3 Statistical approach 90
5.3.1 Athermal critical flow stress 91
5.3.2 Thermally activated flow stress 93

(=}

STRAINING 99

6.1 Introduction 99

6.2 Stress-dip method 99

6.3 Stress and strain relaxation 104

6.4 Strain rate changes 107

6.5 Analysis of hysteresis loop shape 109

6.6 Evaluation of results using individual methods 110

CYCLIC CREEP 112

7.1 Introduction 112

7.2 Relevant experimental investigations 113
7.3 Dislocation arrangements 119

7.4 Mechanisms and models 121

FATIGUE CRACK INITIATION 123

8.1 Introduction 123

8.2 Observation of surface relief evolution 124
8.3 Models of surface relief evolution 130

8.4 Mechanisms of crack initiation 136

8.5 Role of grain boundaries 138

8.6 Role of inclusions 139

GROWTH OF FATIGUE CRACKS 142

9.1 Introduction 142
9.2 Fracture mechanics approach to fatigue crack growth 143
9.2.1 Linear elastic fracture mechanics in isotropic continuum 143
9.2.2 General yield fracture mechanics in isotropic continuum 147
9.2.3 Linear fracture mechanics for inclined cracks in anisotropic material
9.3 Crack growth under small scale yielding 149
9.3.1 Kinetics 150
9.3.2 Mechanisms 152
9.4 General yield fatigue crack growth 154
9.4.1 Kinetics 154
9.4.2 Mechanisms 159
9.5 Short crack growth 159
9.5.1 Single crystals 160
9.5.2 Polycrystals 164

10 FATIGUE LIFE OF SMOOTH BODIES 170

10.1 Introduction 170
10.2 Strain controlled cycling 171

~

oo

o

Contents

EXPERIMENTAL INVESTIGATION OF THE DYNAMICS OF CYCLIC PLASTIC

148



Contents

—
—

10.3 Plastic strain controlled cycling 174

10.4 Stress controlled cycling 175

10.5 Energy criterion 177

10.6 Evaluation of fatigue life of a smooth body using the fatigue process model

FATIGUE LIFE OF NOTCHED BODIES 184

11.1 Introduction 184
11.2 Stress and strain concentration in a notched body 185
11.2.1 Elastic straining 185
11.2.2 Elasto-plastic straining — uniaxial stress 187
11.2.3 Elasto-plastic straining — multiaxial stress 192
11.3 Fatigue life evaluation 193
11.3.1 Local stress-strain approach 193
11.3.2 Fracture mechanics approach 197
11.3.3 General approach 197
11.3.4 Nonpropagating cracks 198

VARIABLE AMPLITUDE LOADING 200

12.1 Introduction 200

12.2 Phenomenological description 200

12.3 Analysis of load history 204

12.4 Sudden changes of strain amplitude 206

12.5 Cyclic plasticity in repeated block loading 209
12.6 Hypothesis of cumulative damage 214

12.7 Fatigue life prediction 218

EFFECT OF DEPRESSED TEMPERATURE 221

13.1 Introduction 221
13.2 Cyclic plasticity 221
13.3 Fatigue life 229

HIGH TEMPERATURE LOW CYCLE FATIGUE 232

14.1 Introduction 232

14.2 Cyclic plasticity at elevated temperatures 23

14.3 Fatigue life and its evaluation 243

14.4 Damage mechanisms 250 g
14.4.1 Interaction of fatigue with environment 250
14.4.2 Fatigue-creep interaction 253

14.5 Fatigue life prediction 254
14.5.1 Frequency modified Manson-Coffin law 255
14.5.2 Frequency separation method 255
14.5.3 Frequency modified damage function 256
14.5.4 Strain range partitioning method 256
14.5.5 Damage rate and damage function method 257
14.5.6 Creep damage approach 258
14.5.7 Creep-fatigue interaction model 260

15 THERMAL AND THERMOMECHANICAL FATIGUE 262

15.1 Introduction 262
15.2 The effect of temperature changes under constraint 263

177

11



17

15.3 Reversed plasticity and thermal cracking 264
15.4 Thermal ratchetting 266

MULTIAXIAL LOADING 268

16.1 Introduction 268

16.2 Multiaxial stress and strain 269
16.3 Cyclic stress-strain response 271
16.4 Fatigue life 274

COMPUTER CONTROLLED FATIGUE TESTING

17.1 Introduction 279

17.2 Role of the digital computer 280
17.3 Low cycle fatigue test 280

17.4 Crack growth test 283

17.5 Variable amplitude test 284

17.6 Other tests 285

Contents

279

18 CHARACTERISATION OF LOW CYCLE FATIGUE RESISTANCE OF METALLIC

MATERIALS 286

18.1 Introduction 286
18.2 Basic characteristics 287
18.3 Review of materials properties 288

References 293
Subject Index 309



