
Contents

PREFACE . . . . . . . . . . . . . . . . . . . . . . . vii

CHAPTER 1 - GENERAL FEATURES OF THE FATIGUE PROCESS . . . I
(M. Klesnil, P. Lukas, J. Polak)

1.1 Cyclic hardening/softening process . . . . . . . . . . . . . . . . . . 2
1.1.1 Basic characteristics of cyclic plastic deformation . . . . . . . . . 2
1.1.2 Dynamics of cyclic plastic deformation . . . . . . . . . . . . . . 6
1.1.3 Cyclic plastic properties . . . . . . . . . . . . . . . . . . . . 9

1.1.3.1 FCC metals . . . . . . . . . . . . . . . . . . . . . . . 10
1.1.3.2 Bee  metals . . . . . . . . . . . . . . . . . . . . . . . 26
1.1.3.3 Cyclic plasticity of steels . . . . . . . . . . . . . . . . . 32

1.2. Nucleation of cracks 40. . . . . . . . . . . . . . . . . . . . . . . .
1.2.1 Sites of nucleation . . . . . . . . . . . . . . . . . . . . . . . 40
1.2.2 Single-phase metals and alloys . . . . . . . . . . . . . . . . . 43
1.2.3 Precipitation-hardened materials . . . . . . . . . . . . . . . . 48
1.2.4 Materials after surface treatment . . . . . . . . . . . . . . . . 50
1.2.5 End of nucleation stage. Interpretation of fatigue limit . . . . . . . 53

. . . . . 56
1.3 Fatigue crack propagation . . . . . . . . . . . . . . . . . . . . . . 59

1.3.1 Mechanisms of fatigue crack growth . . . . . . . . . . . . . . . 59
1.3.2 Application of fracture mechanics to fatigue cracks . . . . . . . . 63
I .3.3 Effect of temperature and corrosive environment . . . . . . . . . 67

1.3.3.1 Effect of lower temperatures . . . . . . . . . . . . . . . 67
1.3.3.2 Effect of higher temperatures . . . . . . . . . . . . . . . 69
1.3.3.3 Effect of corrosive environment . . . . . . . . . . . . . . 71

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

CHAPTER 2 - LOW-CYCLE FATIGUE . . . . . . . . . . . . . . .
(M. Klesnil, P. Lukás, J. Polak)

78

2.1 Cyclic plasticity . . . . . . . . . . . . . . . . . . . 79
2.1.1 Description of the cyclic stress-strain response . . . . . . 80
2 . 1 . 2  C o n s t a n t  a m p l i t u d e  h a r m o n i c  l o a d i n g  . . . . . . . 82

2.1.2.1 Fatigue hardening/softening curves . . . . . . . . 84
2.1.2.2 Cyclic stress-strain curve . . . . . . . . . 86

2.1.3 Mechanism of cyclic straining and cyclic stress . . . . . . 90



xii

2.1.3.1 Structure of cyclically strained metals . . . . . . .
2.1.3.2 Cyclic stress . . . . . . . . . . . . .
2.1.3.3 The growth and fall in effective stress in a microvolume .

2.1.4 Hysteresis loop . . . . . . . . . . . . . . . . . . . .
2.1.4.1 Statistical theory . . . . . . . . . . . . . . . .
2.1.4.2 Internal and effective stress along the hysteresis loop .
2.1.4.3 Experimental study of the effective stress in cyclic straining
2.1.4.4 Consequences of statistical theory . . . . . . . . .

2.1.5 Variable amplitudes . . . . . . . . . . . . .
2.1.5.1 Sudden strain amplitude changes . . . . . .
2.1.5.2 Variation of strain amplitudes . . . . . . .

2.1.6 Stress and strain concentration in a notch . . . . . . . .
2.1.7 Effect of service factors . . . . . . . . . . . . . .

2.1.7.1 Low temperatures . . . . . . . . . . . . . . . . . . . .
2.1.7.2 Elevated temperatures . . . . . . . . . . . . . . . . . .

2.2 Fatigue life . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2.2.1 Mechanism of fatigue crack initiation and growth . . . . . . . . .
2.2.2 Fatigue life of smooth bodies . . . . . . . . . . . . . . . . . .
2.2.3 Fatigue life of notched bodies . . . . . . . . . . . . . . . . . .

2.2.3.1 Local stress and strain approach . . . . . . . . . . . . .
2.2.3.2 Simulation of the notched body . . . . . . . . . . . . . .

2.2.4 Fracture mechanics approach . . . . . . . . . . . . . . . . . .
2.2.5 Variable amplitudes . . . . . . . . . . . . . . . . . . . . . .
2.2.6 Effect of service factors on fatigue life . . . . . . . . . . . . . .

2.2.6.1 Low temperatures . . . . . . . . . . . . . . . . . . . .
2.2.6.2 Elevated temperatures . . . . . . . . . . . . . . . . . .

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CHAPTER 3 - HIGH-CYCLE FATIGUE . . . . . . . . . , . .
(V. T. Troshchenko, L. A. Khamaza, V. V. Pokrovskii)

3.1 Basic information about inelasticity of metals . . . . . . . . . . . . .
3.2 Mechanism of inelastic deformation of metals . . . . . . . . . . . .
3.3 Some laws of inelastic deformation and fatigue damage . . . . . . . .

3.3.1 Influence of a number of load cycles . . . . . . . . . . . . . .
3.3.2 Influence of stress levels . . . . . . . . . . . . . . . . . . . .
3.3.3 Influence of temperature . . . . . . . . . . . . . . . . . . . .
3.3.4 Influence of stress gradient . . . . . . . . . . . . . . . . . . .
3.3.5 Influence of load regime variability . . . . . . . . . . . . . . .

3.4 Strain and energy criteria of fatigue damage of metals . . . . . . . . .
3.4.1 Strain criteria . . . . . . . . . . . . . . . . . . . . . . . .
3.4.2 Energy criteria . . . . . . . . . . . . . . . . . . . . . . . .

3.5 Accelerated method of fatigue limit determination . . . . . . . . . . .
3.5.1 Accelerated fatigue limit determination of metals  based on

cyclic stress-strain curves . . . . . . . . . . . . . . . . . . . .
3.5.2 Accelerated fatigue limit determination of metals based on

energy criteria . . . . . . . . . . . . . . . . . . . . . .
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

90
91
95
99
99

103
105
108
109
109
111
116
120
120
122
124
126
128
132
132
134
136
141
145
145
146
149

155

155
162
177
178
182
183
184
192
200
200
207
216

217

220
223



. . .
Xl11

CHAPTER 4  - RESISTANCE TO FATIGUE CRACK PROPAGATION . .
(V. T. Troshchenko,  L. A. Khamaza, V. V. Pokrovskii)

4 .1  Strength  o f  cyc l i ca l ly  loaded components  with  cracks  .  .  .  .
4.2 Resistance of components to cracks, effect of service factors . . . .

4.2.1 Effect of defects and environment . . . . . . .
4.2.2 Method of stress intensity factor determination . . . . . . .
4.2.3 Curves of fatigue crack propagation rate . . . . . . . .
4.2.4 Protection for increasing fatigue strength and resistance to crack

initiation . . . . . . . . . . . . . . . . . . . . .
4.2.5 Method for calculating fatigue life of compressor blades . . .
4.2.6 Prediction of fatigue life of gas turbine blades containing cracks

under conditions of overload . . . . . . . . .
References . . . . . . . . . . . . . . . . . .

CHAPTER 5 - OPERATING FATIGUE LIFE . . . . . . .
(M. Bíly, J. Cacko, V. Kliman)

5.1 Operating loads . . . . . . . . . . . . . . . . . . . . . . . . . .
5.1.1 Measurement of operating loads . . . . . . . . . . . . . . . . .
5.1.2 Evaluation of operating loads . . . . . . . . . . . . . . . . . .

5.1.2.1 Occurrences of characteristic parameters . . . . . . . . . .
5.1.2.2 Statistical characteristics of the correlation theory of random

processes . . . . . . . . . . . . . . . . . . . . . . . .
5.1.2.3 Parameters of time series . . . . . . . . . . . . . . . . .

5.1.3 Laboratory reproduction of operating processes . . . . . . . . . .
5.2 Modelling of operating processes . . . . . . . . . . . . . . . . . . .

5.2.1 Simulation of occurrences of characteristic parameters . . . . . . .
’ 5.2.1.1 Simulation of a random process by blocks of sinusoidal cycles

or by individual cycles . . . . . . . . . . . . . . . . . .
5.2.1.2 Simulation of a random process by half-cycles . . . . . . . .
5.2.1.3 Simulation of transitions between ordinates . . . . . . . . .
5.2.1.4 Simulation of local process extremes (envelopes) . . . . . .

5.2.2 Simulation of the statistical characteristics of random processes . . .
5.2.2.1 Simulation of a probability density function of ordinates . . .
5.2.2.2 Simulation of a Gaussian random process power spectral

density . . . . . . . . . . . . . . . . . . . . . . . .
5.2.2.3 Simultaneous simulation of a probability density function

of ordinates and power spectral density . . . . . . . . . .
5.2.3 Concluding remarks on modelling of operating random processes . .

5.3 Calculation of operating fatigue endurance using material cyclic stress-
strain properties . . . . . . . . . . . . . . . . . . . . . . . . . .
5.3.1 Cyclic stress-strain curve . . . . . . . . . . . . . . . . . . . .
5.3.2 Influence of mean level and frequency on the cyclic stress-strain

curve . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.3.3 Hysteresis energy of cyclic loading . . . . . . . . . . . . . . . .

5.3.3.1 Hysteresis energy of one loading cycle and hysteresis energy
of one operating load unit . . . . . . . . . . . . . . . .

228

228
243
244
247
250

253
254

256
258

261

264
265
269
273

280
289
290
293
294

295

300
304
306
309
312

320

324
324

328
332

335
339

339



5.3.3.2 Hysteresis energy to fracture . . . . . . . . . . . . . . .
5.3.4 Estimation of fatigue life under operating loads . . . . . . . . . .

5.3.4.1 Calculation of fatigue damage and the condition of fracture .
5.3.4.2 Influence of loading characteristics on fatigue life . . . . . .
5.3.4.3 Comparison of the proposed fatigue life estimation

with the Palmgren-Miner hypothesis . . . . . . . . . . .

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CONCLUSIONS . . . . . . . . . . . . . . . . . . . 365

SUBJECT INDEX . . . . . . . . . . . . . 367

347
350
352
357

360
364


