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A
Adhesive bonded joints, 527
Aircraft wing load history, 265
Almen strip, 94
Arall (see Glare and Arall)

B
Basquin relation, 144, 145, 204, CD-100
Biaxial loading, 77–79, 118
Block-program fatigue test, 308, 309
Bolts loaded in tension, 511
– modified bolt heads, 513
– pre-tension of bolts, 514
– screw thread, rolled, 512
Bridge, 263, 579

C
Case histories, failures in service:
– blade spring failures, CD-77
– compressor blade failure, 52, 53
– driving shaft of a scooter, 48
– driving shaft of rolling machine, 236
– expansion coupling failure, CD-83
– flap beam failure, 50
– fuselage failure, 117, CD-87
– helicopter blade failure, 52, CD-81
– hole reinforcement, 576
– lamp-post, 263, CD-85
– landing gear case, CD-79
– lug connection, CD-90
– motor car axle failure, 33
– motorcycle front wheel failure, 2, CD-74
– pressure bulkhead failure, 475
– reinforced hole problem, 576
– repaired wing structure failure, 579
– sharp corner in bracket, 81
– single spar failure, 391
– tiller of sailing boat, 34

– Tsing Ma bridge, 579
– turbine blade failures, 483
Clipping of high-amplitude cycles (see

Truncation of load spectrum)
Coffin–Manson relation, 164, 316
Combined loading:
– cyclic tension and shear, 159
– notch effect, 190
– out-of-phase loading, 161
Comparative fatigue tests:
– comparative CA tests, 156
– comparative service-simulation fatigue

tests, 405
– comparative tests on bolts, 380
Composite materials, 591
Constant �K-tests, 216
Corrosion fatigue, 457–479
– case history, 475
– corrosion effect on:

– crack growth, 462
– crack initiation, 464
– fatigue limit, 460
– fracture surface appearance, 470–472
– S-N curve, 461, 465

– effect of:
– corrosion pits 44
– cycle wave shape, 46, 467
– frequency, 45
– holding at Smax, 468, 469
– water vapor, 462

– fatigue in salt water, 45, 554
– gaseous environments, 459, 462
– liquid environments, 460, 464
– practical aspects, 483
– shift of knee of S-N curve, 44
Crack closure, 225
– crack closure equations, 229
– crack closure measurement, 227, 413

615
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– crack opening stress level, 227
– crack tip shielding mechanisms, 233
– effect on crack front shape, 231
– effective �K (�Keff), 228
– effective �S (�Seff), 228
– Elber mechanism, 226
– more crack closure near surface layer, 341
– plane strain/plane stress, 230
– plasticity induced crack closure, 225
Crack driving force, 240
Crack front:
– crack front continuity, 19
– curved crack front, 124
– growth of oblique crack front, 250, 251
– incompatible crack front orientation, 342
– shape affected by crack closure, 231
Crack growth phenomenon (see also

Striations):
– crack front continuity, 19
– crack growth mechanism, 39
– structure-sensitive crack growth, 239
Crack growth period, 15, 36, 37
Crack growth prediction models VA

loading, 351
– Corpus, 356
– crack closure models, 355
– interaction models, 353
– modified Corpus, 358
– non-interaction model, 352
– Onera, 358
– primary/secondary plasticity, 364
– Preffas, 358
– strip yield models 359
– verification criteria for prediction

models, 361
– Wheeler, 354
– Willenborg, 354
– yield zone models, 354
Crack growth resistance, 21, 234, 240
– different heat treatments, 235, 237, 238
– different materials, 234–239
Crack growth under VA loading (see also

Crack growth prediction models):
– crack growth retardation, 332–335, 339

– delayed retardation, 339
– incompatible crack front orientation, 342
– initial fast crack growth, 348
– load spectrum truncation effect, 349
– non-interaction behaviour, 331

– overload (OL) cycles, 332–335
– sequence effect, 344–347
– thickness effect, 335, 347
– yield stress effect, 337
Crack initiation, 15–18
– cyclic slip 16–18
– extrusion, 16
– free surface, 19–21
– grain boundaries, 20
– inclusions (see Inclusion)
– intrusion, 16
– micro-structural crack growth barriers, 29
– reversed slip, 17
– scatter, 35
Crack initiation period, 15–18, 21, 36, 37,

143, 202
Crack nucleation (see Crack initiation)
Crack opening displacement (COD), 226,

414
Crack tip:
– crack tip opening, 414
– crack tip plastic zone, 130
– displacements under plane strain and

plane stress, 128, 129
– K-dominated zone, 131
Crystallographic aspects, 23
Cyclic creep, 166

D
Design problems, 559–586
– design against fatigue, 562–565, CD-93

– case histories, 574–583
– FE calculations, boundary

conditions, CD-97
– safety margins, 566

– fatigue limit and safety factors, 567
– finite fatigue life, CA-case, 569
– finite fatigue life, VA-case, 570
– safe crack growth by periodic

inspection, 571
– safety in a corrosive environment, 573
– uncertainties, 566

– survey of design issues, 560–562

E
Edge notch, 70
Effective �K (�Keff), 228
Elastic anisotropy, 24, 32
Elliptical hole, 34, 35
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Environmental effects (see Corrosion
fatigue)

F
Fatigue crack growth, 209
– crack growth arrest, 220–222
– small crack phenomenon, 220–222
– crack growth equations, 215, 223
– crack growth under combined tension and

bending, 251
– description of test results, 211
– effect of:

– different batches, 236
– different material producers, 236
– material thickness effect, 232
– material yield stress, 235
– stress ratio, 213

– regions I, II, III, 217
– semi-circular fatigue cracks, 237
– similarity concept, 211, 212
– structure-sensitive crack growth, 239
– threshold region, 218
Fatigue damage accumulation, 304
Fatigue diagram:
– lug, 503
– notched specimens, 182
– unnotched specimens, 147
Fatigue failures in service (see also Case

histories):
– symptomatic or incidental failure, 390
Fatigue fracture surface (see also Striations):
– characteristic features, 48

– microscopic features, 49
– macroscopic features 51

– factory roof fracture 158
– growth bands, 52
– no macro plastic deformation, 51
– number of crack nuclei, 32, 35
– perpendicular to main principle

stress, 53
– radial steps, 55
– shear lips, 54, 342, 471
Fatigue limit (Sf ):
– notched specimens (Sm = 0), 173
– notched specimens (Sm > 0), 182
– predictions, 173, 195
– relation between Sf and SU , 149, 150
– safety factor, 385
– threshold character, 143, 144

Fatigue notch factor (Kf ), 174
Fatigue of joints (see adhesive bonded joints,

lugs, riveted and bolted joints, tension
bolt,

welded joints), 499
Fatigue tests, 395–418
– crack closure measurements, 413
– crack growth measurements, 408

– potential drop technique, 410
– marker loads, 412

– evaluation of test results, 406
– fractographic analysis, 406, 412
– full-scale fatigue tests, 400, CD-104
– purpose of fatigue tests, 396
– service-simulation fatigue tests, 287, 404
– specimens, 397, 402
– specimen clamping, 403
– step test for fatigue limit, 399
– why and how, CD-101
Fiber-metal laminates, 589
– crack bridging, 596
– crack growth results, 602–606
– fiber-metal laminate concept, 595
– growth of small cracks, 600
Fillet, 77
Final crack length, 243, 546, 570–572
Flight-simulation fatigue test, 289, 404
Frequency effects:
– corrosion fatigue 45, 463
– high temperature crack growth, 488
Fretting (corrosion), 437
– alleviation of fretting damage, 452
– avoiding fretting, 449
– effect on fatigue limit, 449
– fretting damage mechanism, 438
– fretting in lug, 447–449, 453
– mean stress effect, 446
– variables affecting fretting corrosion, 440

G
Gerber parabola, 152
Glare and Arall (see also Fiber-metal

laminates), 589
– crack growth in Glare fuselage, 605
– cross ply Glare, 598
– fatigue of a Glare lug, 603
– fatigue of Glare riveted lap joints, 604
– residual strength, 605
– resistance against corrosion, fire and
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impact, 607
Goodman relation, 152

H
Heywood approximation for Kt of central

hole, 70
High-cycle fatigue, 145
High temperature fatigue, 481
– effect on:

– fatigue crack growth, 488
– fatigue limit, 486

– supersonic aircraft, 485
– thermal stress cycles, 483, 486
– turbine blades, 483
Hole reinforcement, 79, 576
Hysteresis loop, 146
Hysteresis loops and rainflow counts, 275

I
Inclusion:
– crack growth around inclusions, 32
– crack initiation at inclusion, 26
– influence on fatigue limit, 27
– non-metallic slag inclusions, 28
Initial crack length, 241, 546, 571
Interaction effects, 303

J
Joints (see adhesive bonded joints, lugs,

riveted and bolted joints, tension
bolt, welded joints)

K
K-dominated zone, 131

L
Laminated sheet material, 591
– crack growth in lugs, 592, 593
– crack growth in wing structure, 594, 595
– fatigue crack growth, 591–593
– slow growth of part through cracks,

593, 594
Lamp post, 263, CD-85
Leak before break, 249, 552, 553
Load cycle counting methods:
– level crossing method, 267
– rainflow count method, 273
– range count method, 271
– two-dimensional load range counting, 272

Load sequence effect:
– LoHi compared to HiLo, 300, 301,

306–310
– notch root plasticity effect, 301
– random and block-program sequence,

345, 346
– sequence effect in block-program tests,

309, 310
– sequence in overload cycles, 308
Load spectra (see also Random load), 259,

293
– determination of load spectrum, 280

– design life time, 281
– mission analysis, 285
– strain gage measurements, 286, 579,

582, 583
– deterministic loads, 266
– irregularity factor, 270
– loads in service 261
– (non-)stationary load histories, 266
– (non-)symmetric load histories, 268, 269
– shape of load spectrum

– flat load spectrum, 271
– steep load spectrum, 271

– stochastic loads, 266
– truncation (see Truncation of load

spectrum)
Low cycle fatigue, 146, 147, 161
– Coffin–Manson relation, 165
– cyclic strain hardening, 162, 163
– cyclic strain softening, 162, 163
Low temperature fatigue, 490–492
– effect on the fatigue strength, 491
– effect on fatigue crack growth, 491
– transition from ductile failure to brittle

failure, 493
Lug, 74, 501
– crack growth in a lug, 244
– fatigue diagram, 503
– fatigue strength calculation, 503
– fretting damage, 452, 453
– non-damaging compressive loads, 504
– pin with flats, 505
– pin-loaded hole, 74, 76, 501
– plastic hole expansion, 506, 507

– split mandrel method, 507
– split sleeve method, 506

– size effect, 502
– stress concentration, 74
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M
Mean stress sensitivity, 147–149, 152, 153
Miner rule, 297–316
– comparison of design options, 325
– comparison of load spectra severities, 325
– life estimates, 324
– relative Miner rule, 316
– shortcomings, 302–306

– crack length at failure, 302
– cycles below fatigue limit, 299, 312
– notch root plasticity, 300

– �n/N-values, 306, 551
Motor car, 264, 282, 401

N
Non-propagating crack, 22, 29
Notch effect:
– plastic zone at root of notch, 185
– prediction method of Kuhn and

Hardrath, 178
– prediction method of Neuber, 177
– prediction method of Peterson, 176
– prediction method of Siebel, 180
– under combined loading, 190
– under cyclic torsion, 188
Notch geometry, 69
Notch root radius:
– effect of larger radius, 64
– sharp corner, 81
Notch sensitivity factor (q), 174

O
Omission of low-amplitude cycles, 290
Overload cycles (see Crack growth under VA

loading)

P
Paris region, 223
Paris relation for the crack growth rate, 223
Part through cracks:
– break through, 249
– in laminates, 593, 594
– prediction on growth, 248
– stress intensity factor, 126
Peterson:
– book Stress Concentration Factors, 70
– prediction of notch effect, 176
Pin-loaded hole, 74, 76
Plane strain/plane stress:

– effect on crack closure, 230
– effect on crack tip displacements, 128,

129
– effect on crack tip plastic zone size, 130
Plastic hole expansion, 96, 507, 508
Plastic shake down, 166
Prediction of fatigue crack growth, 240
– crack driving force, 240
– crack growth resistance, 40
– effect of final crack length, 243, 546,

570–572
– effect of initial crack length, 241, 546,

571
– oblique crack front, 250, 251
– part through cracks, 248

– break through, 249
– semi-elliptical surface crack, 248

– through cracks, 243
– crack growth in a lug, 244
– crack growth in a stiffened panel, 247

Pressure vessel, 249, 261, 539, 552
P-S-N curves, 382

R
Random Gauss process, 277
Random load:
– broad band random load, 278
– crack growth under random loading, 345,

346
– narrow band random load, 278
Relative Miner rule, 316
Residual stress, 89
– built-in residual stress, 98
– elimination of residual stress, 102
– heat treatment, 97
– inhomogeneous plastic deformation, 93
– in surface layers, 424, 431
– introduced by production, 98
– measurements, 100
– Neuber postulate, 100
– residual stress at root of notch, 92, 93
– residual stresses in welds, 537, 538
– shot peening, 94, 431
– sources of residual stress, 91
– surface rolling, 433
– warpage 91, 94, 102
Riveted and bolted lap joints, 517
– different fasteners, 517
– eccentricity effect, 519
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– effect of rivet squeeze force, 523
– prediction of fatigue life, 526
– secondary bending, 519
Riveted and bolted symmetric joints, 508
– clamping by bolts, 511
– double strap joints, 508–510
Run out, 145

S
Safety (see Design procedures)
Scatter, 373–394
– case histories, 380
– distribution function, 377
– distribution of fatigue limit, 384, 386
– distribution of fatigue strength, 382
– normal (Gaussian) distribution, 377
– Probit method, 383
– scatter of crack growth, 388
– scatter of crack initiation, 35, 36
– scatter of structures, 389–392
– scatter under VA-loading, 386
– sources of scatter, 373
– Staircase method, 384
– Weibull distribution, 377
Service-simulation fatigue test, 287
– predictions based on service-simulation

fatigue tests, 318
– truncation effect, 321, 322
Shear lips, 54, 342, 471
Shear loading:
– fatigue limit, 158
– mean stress effect, 158
Shot peening, 94, 431
Similarity concept and fatigue cracks:
– application to crack growth data, 136, 212
– crack closure and the similarity

concept, 228
– crack growth predictions, 240
– K-dominated zone, 131
– material defect not similar to crack, 222
– stress ratio effect on crack growth, 137
Similarity concept and notch effect, 174
Similitude (see Similarity)
Size effect:
– fatigue limit of notched specimens, 175
– shape effect, 155
– size effect of lug, 502
– unnotched specimens, 153
Slip band cracking, 19

Small cracks:
– crack growth barriers, 29
– initial fast growth, 26
– mechanically short cracks, 30
– microcracks below fatigue limit, 30, 31
– micro-structurally small cracks, 31
– small cracks during major part of fatigue

life, 143, 144
Smith diagram, 148
S-N curve, 144
– Basquin relation, 144, 145, 204, CD-100
– knee of S-N curve, 38, 44, 203, 204
– notched specimens, 202
Specimens:
– central crack tension (CCT) specimen,

113
– compact tension (CT) specimen, 121
– different types, 397, 500
– welded specimens, 540
Spot welded joints, 555
Stable tearing crack growth region, 224
Strain energy release rate, 133–135
Strain history life prediction model, 316
Stress concentration factor:
– calculation, 83–85, see also CD-94
– central hole, 70

– Heywood approximation, 70
– definitions, 60
– edge notch, 70
– elliptical hole, 63, 64
– fillet, 71
– hole under shear load, 76, 77
– lug, 75, 76
– measurements, 82
– shoulder notch, 73
– T-head, 75
Stress cycle definition, 142
Stress gradient along notch surface, 68
Stress intensity factor (K), 107
– biaxial loading, 118, 119
– central crack, 113
– collinear cracks, 112
– corner crack, 126
– crack edge loading, 119
– crack loaded by internal pressure, 123
– crack opening, 127
– curved crack front, 124
– determination of K , 135
– edge cracks, 115
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– edge crack at hole, 116
– edge crack at notch, 115
– edge crack at window, 118

– elliptical crack, 126
– energy considerations, 133
– Fedderson equation, 114
– geometry factor, 112, 113
– K-dominated zone, 131
– mode I, II, III, 107
– part through crack, 108
– penny shaped crack, 125
– superposition, 122–124
– surface crack, 127
– through crack, 108
– Westergaard solution, 112
Stress ratio, 142
Stress relieving groove, 74, 513
Stress severity factor, 530
Stress-strain loop, 163
Stress trajectories, 72
Striations:
– correspondence with cycles, 41
– criterion for prediction, 362
– striation forming, models, 42
– to show delayed retardation, 340
Superposition:
– of crack loading cases, 122
– of notch effects, 80, 81
Surface effects on fatigue, 36–39, 421
– on S-N curve, 38
– variables, 36
Surface phenomenon, 15–18
Surface roughness reduction factor, 193–195
Surface treatments, 421–436
– subsurface cracking, 427
– surface layers, 422

– anodizing, 423
– cladding layer, 423
– induction hardening, 425
– nitriding, 425

– surface roughness, 428

T
Tangential stress around hole, 65
Temperature effects (see High and low

temperature effects)
Thickness effect on crack growth, 232
– CA loading, 232
– crack closure, 231, 335, 347
– VA loading, 335, 347
Threshold region, 218
– crack growth below �Kth, 220
– threshold �K (�Kth), 218
– threshold experiments, 218, 219
Torsion:
– cyclic torsion fatigue, 47
– notch effect under cyclic torsion, 188
– spiral crack growth, 48
– stress concentration in a shaft, 188–190
Truncation of load spectrum:
– fatigue crack growth, 349
– fatigue life on notched specimens, 321,

322

V
Variable-amplitude fatigue life (see also
Sequence effects and Miner rule), 295–328
Variable-amplitude fatigue life, 329–369

W
Wave shape effect on fatigue crack growth:
– effect of holding at Smax or Smin, 467–470
– in corrosion fatigue, 466–467
Welded joints, 535
– crack growth life, 545
– fatigue life under VA loading, 551
– grinding of weld toe, 541
– pressure vessel, 552

– leak before break, 552, 553
– reinforcement angle, 541
– residual stresses in welds, 537, 538
– S-N curves of classes of welded joints,

546, 547
– S-N curves of welded specimens, 543
– tubular offshore structure, 553
– weld defects, 536–537
– welded specimens, 540
– welded structures, 539
– worst case analysis, 546, 552
Wöhler curve (see S-N curve)






