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Acoustic emission testing, 391
Aging aircraft, 17
Air France Concorde Crash, 22
Al-Cu phase diagram, 120
Al-Ni phase diagram, 124
Aloha Airlines Boeing 737, 16
Aluminum alloys, 120
Aluminum-copper system, 120
American Airlines DC-10, 17
Angle beam techniques, 387
Anisotropy, 36
Annealing, 116
API, 5
Arithmetic mean, 293
Arrehenius-type behavior, 220
ASME Boiler and Pressure Vessel Code,

217
ASME, 4
ASTM Designation E 1351, 143
ASTM Designation E 23, 163
ASTM E 1221, 96
ASTM E 1290, 90
ASTM E 399, 89, 90
ASTM E 561, 91
ASTM E 813, 97
ASTM E 837, 149
ASTM, 4

Austenite, 109, 112
Axisymmetric stress, 180

B

Bainite, 116
Banded microstructure, 330
Banding, 118
Basquin’s law, 241
Bearing and system reliability, 407
Bearing failures, 409
Blue brittleness, 118
Bottle cap, 2
Bragg’s law, 147
Branch cracking, 344
Brittle fracture, 8, 156
Brittle-to ductile transition

temperature, 65
Bulk modulus, 37
Burger’s vector, 64
Bushings, 403

C

C*, 98
Cannon barrels, 92
Carbon equivalent, 319
Carburizing, 117
Case crushing, 412
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Case Studies:
Airbus 380, 22
Aircraft crankshaft, 378
Aircraft gas turbines, 281
Alexander Kielland, 321
Aloha Airlines 737, 384
Backing rings, 356
Boeing 737-300, 23
Bushing, 403
Challenger, 4
China Airlines Flight 611, 20
Cigarette lighter, 4
Citicorp Tower, 7
Comet Aircraft, 8
Concorde, 22
Continuous casting, 329
Counterfeit part, 332
Dan Air Boeing 707, 11
DC 10 crash, Chicago, 17
F-111 Aircraft, 330
Fossil-fuel fired boilers, 229
Golf club shaft, 204
Hartford Coliseum Roof, 12
Heat exchanger tube, 226
Helicopter bolt, 185
Helicopter tail rotor, 136
Hydroelectric generator, 276
Japan Airlines 747 Crash, 20
Kansas City Hyatt Walkways, 12
Ladder rung, 349
Mianus River Bridge, 12
Molasses tank, 159
Ovalized tube, 228
Point Pleasant Bridge, 159
Railroad car axle, 410
Sioux City DC-10, 367
Spring failures, 348
Stack corrosion, 355
Steering column component, 134
Tacoma Narrows Bridge, 8
Tay bridge, 8
Titanic, 172
Three Mile Island, 4
Train wheel, 149
USS Thresher, 24
UTS examination of fuse pins, 389
Welded pipe, 225
Welding electrodes, 353
Zinc die casting, 144

747 fuse pin, 277
Jet engine components, 331

Casting defects, 328
Cavities, 328
Centerline piping, 328
Defective surface, 328
Discontinuities, 328
Incomplete casting, 328
Incorrect dimensions or shape, 328
Metallic projections, 328
Nonmetallic inclusions, 328

Cathodic protection, 346
Cavitation, 285
Cementite, 112
Center-cracked panel, 81
Chain of custody, 151
Charpy V-notch test (CVN), 161
Chemical analysis, 143
Chevron markings, 158
Cleavage fracture, 157
Coatings, 126
Codes, 4
Coefficient of variation, 294
Coffin-Manson law, 241
Coherent phases, 123
Coil springs, 283
Cold working, 116
Compliance calibration, 92
Compression, 32
Concluding remarks, 417
Constitutive relations, 35
Corrosion, 336
Corrosion fatigue, 337
Corrosion fundamentals, 337
Corrosion packout, 14
Corrosion science, 3
Cost of inspections, 393
Countersunk rivets, 17
Crack arrest, 95
Crack arrestor, 352
Crack closure, 247
Crack opening level, Kop, 248
Crack tip opening displacement, 90
Crack velocity, 158
Cracking in oil and gas pipelines, 350
Creep characteristics, 217
Creep deformation map, 218
Creep, 216
Creep fracture mechanism map, 224
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Creep fracture mechanisms, 222
Creep parameters, 220
Critical angles, 386
Critical strain energy release rate, 84
Cross-examination, 154
Crystallographic facets, 156
Crack tip opening displacement, CTOD,

90, 91

D

Decomposition of a stress tensor, 29
Defects, 316
Delta Keff , �Keff , 248
Depositions, 152
Depth of field, 141
Design considerations in fatigue, 240
Diffusion, 219
Diffusion Coatings, 129
Dilatation, 36
Dimples, 184
Directionally solidified alloys, 123
Dislocation, 61
Dislocation climb, 123, 218
Dislocation loop, 64
Distortional energy, 68
Distortional stress, 29
Ductile fracture, 177
Ductile-Brittle transition temperature

(DBTT), 163
Dwell-time fatigue, 331

E

Earthquake, 2
Eddy current inspection, 17
Eddy current testing, 277
Edge dislocation, 61
Elasticity, 3
Elastic constants, 36
Elastic constitutive relationships, 36
Elastic-plastic fracture mechanics, 96
Electron energy loss spectroscopy (EELS),

145
Electron probe microanalysis (EPMA), 145
Elongated dimples, 184
Energy dispersive X-ray spectroscopy

(EDS), 139
Engineering strain, 32

Engineering stress, 27
Environmental effects in fatigue, 256
Environmental effects, 336
Environmentally assisted cracking, 342
Epoxy bonding, 16
Equivalent strain, 69
Equivalent shear stress, 69
Eutectic, 114
Eutectoid, 112
Everhard-Thornley detector, 140
Examination and Reporting Procedures,

132
Examination in laboratory, 152
Examination tools (field), 132
Examples of brittle fracture, 159
External work, 84

F

Federal Aviation Administration, FAA,
4, 5

Fail-safe, 3
Failure analysis, 1, 2
Failure Assessment Diagram, 98
False Brinnelling, 405
Faraday’s law, 339
Fatigue crack initiation, 246, 254
Fatigue crack propagation, 252
Fatigue crack, 8, 11, 92
Fatigue failure analysis, 273
Fatigue limit, 238
Fatigue mechanism, 246
Fatigue of composite materials, 286
Fatigue striations, 253, 260
Fatigue, 237
Fault trees, 326
FBI, 4
Ferrite, 111
Fillet weld a-measure, 325
Finite element method (FEM), 3
Finite fatigue life, 239
Finite width correction, 85
Flaw detection, 360
Foreign object damage (FOD), 240, 282
Forming defects, 329

alligatoring, 330
edge cracking, 329
flow patterns, 330
over-under cambering, 329
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Forming defects (cont’d)
seams and laps (folds), 330
residual stresses, 330
stretcher strains, 330

Forming limit diagram, 183
Fourier transform infrared spectroscopy,

145
Fractography, 3
Fracture mechanics, 80
Fracture surface preparation, 133
Fracture toughness, 82
Frequency factor, 164
Fretting fatigue, 399
Fuel storage tank, 161

G

Galloping Gertie, 8
Gamma-prime, 123
Gear design and manufacturing problems,

412, 414
Gear failures, 410
Gear material problems, 412
General yield, 98
Gerber diagram, 241
Goodman diagram, 241
GP zones, 121
Grain boundaries, 123
Grain size, 111, 167
Griffith analysis, 80
Ground-air-ground cycle (GAG), 243
Gumbel distribution, 302

H

Hammurabi (laws of), 2
Hard-alpha, 122, 373
Hardenability, 116
High cycle fatigue, 242
Hole-drilling method, 149
Homologous temperature, 224
Hooke’s law, 36
Hot corrosion (sulfidation), 358
Hot forging, 116
Hot shortness, 117
Hot working, 116
Hydrogen attack, 337, 356
Hydrogen embrittlement, 337
Hydrogen-induced cracking (HIC), 337

Hydrostatic pressure, 36
Hydrostatic stress, 29

I

Incorrect heat treatment, 333
Infinite fatigue life, 239
Instability, 91
Intergranular creep fracture, 223
Intergranular fracture, 159
Internal energy, 84
Iron-carbon equilibrium diagram, 109
Iron-carbon system, 109
Iron-nitrogen phase diagram, 379
Isothermal transformation diagram, 110

J

J integral, JIc, 96

L

Laminar tearing, 320
Larson-Miller parameter, 220
Lattice friction, 67
Leak before burst, 92
LEFM, 88
Liberty ships, 159
Limit of resolution, 134
Linear elastic fracture mechanics, 88
Liquid metal embrittlement, 337
Loading modes, 88
Localized deformation, 337
Log normal distribution, 297
Logarithmic spiral, 73
Low-cycle fatigue, 242
Lower shelf, 167
Lüder’s band, 67

M

Magnetic Particle testing, 375
MAR-M200, 125
Martensite, 116
Maximum shear stress criterion, 69
MCrAlY coatings, 128
Median, 294
Miller indices, 65
Mode I, 88
Mode II, 88
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Mode III, 88
Mode, (statistics), 294
Mohr circles, 32, 37,
Monkman-Grant law, 220
Ms temperature, 116
Multiple site damage, 17

N

National Aviation and Space
Administration, NASA, 4

Necking in thin strip, 181
Necking of a bar, 177
Nelson diagram, 259
Neuber notch rule, 243
Neutron irradiation, 168
Nickel-aluminum system, 124
Nickel-base superalloys, 122
Nil-ductility transition temperature

(NDTT), 170
Nitriding, 117
Non-destructive testing, 3
Non-linear elastic, 96
Normal beam technique, 386
Normal distribution, 294
Normalizing, 116
Notch, 44
Notch constraint, 166
Notch size effect in fatigue, 244
Nuclear regulatory Commission,

NRC, 4
National Transportation Safety Board,

NTSB, 4
Nuclear pressure vessel design code, 168

O

Octahedral plane, 65
Optical examination, 135
Optical Microscopes, 135
Occupational Safety and Health

Administration, OSHA, 4
Overlay coatings, 129
Overload, 3
Oxidation-resistant coatings, 127

P

Palmgren-Miner law, 243
Paris law, 262

Pb-Zn phase diagram, 144
Pearlite, 114
Peirels force, 164
Penetrameters, 391
Penetrant testing, 364
Percent elongation, 65
Peritectic, 112
Persistent slip bands, 246
Phase diagrams, 108
Pipeline reinforcement, 352
Pitting corrosion, 356
Plane strain, 44
Plane strain fracture toughness,

KIc, 84
Plane stress, 38
Plastic deformation, 59
Plastic-zone size, 88
Plating problems, 353
Point rupture fracture, 224
Poisson’s ratio, 36
Polycrystalline alloys, 122
Polymers, 84
Potential-current diagram, 340
Pourbaix diagram, 341
Power law creep, 219
Preheating, 117
Pretrial preparation, 152
Principal stress, 30
Problem Solutions, 419
Product liability, 4
Pure shear, 33

Q

Quench cracking, 119, 204

R

Radiographic testing, 389
R-curve, 91
Record keeping and testimony, 151
Recrystallization, 116
Redundancy, 3
Redundant, 3
Reference stress intensity

factor, 114
Reference temperature, 168
Renitriding, 378
Replicas, 142
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Residual life assessment, 230
Residual stress toughening, 208
Residual Stress, 132, 146, 196

carburizing, 117
induction hardening, 207
measurement, 211
nitriding, 208
non-uniform plastic deformation, 200
quenching, 204
welding, 210

Resolved shear stress, 66
Retained austenite, 116
Return period, 303
River patterns, 158
Robinson’s life fraction rule, 222
Roller bearings, 404
Rolling contact fatigue, 406

S

S/N curve, 238
Safe-life, 3
Safety factor, 3
Scanning atomic force microscopy

(AFM), 146
Scanning Auger microanalysis

(SAM), 145
Scanning Electron Microscope

(SEM), 138
Scatter in fatigue, 297
Screw dislocation, 61
Secondary ion mass spectrometry, 145
Semicircular surface flaw, 86
Shear modulus, 36
Shear strain, 34
Shear stress, 28
Short crack limitation, 92
Shot peening, 256
Single crystal, 66
SI units, 5, 6
Slip direction, 65
Slip plane, 65
Small spot electron spectroscopy (EPS),

145
Sour gas, 253
Spectrographic analysis, 143
Spheroidizing, 117
Springback, 200
Stage I, 257

Stage II, 257
Standard deviation, 294
Statistical distributions, 294
Statistics of fatigue, 296
Steels, 109
Stereo-pair, 142
Storage of evidence, 152
Stored elastic energy, 42
Strain, 32
Strain energy, 45
Strain energy density, 42
Strain localization, 179
Strain rate, 91
Strain-rate sensitivity, 164
Strength of materials, 3
Stress analysis, 3
Stress deviator tensor, 29
Stress intensity factor, 85
Stress measurement by X-rays, 147
Stress relaxation, 232
Stress relieving, 117
Stress tensor, 29
Stress-corrosion cracking, 237
Stress-strain relations, 38
Sulfide print, 144
Surface energy, 80
Surface finish in fatigue, 255

T

Technical Report, 150
Temper embrittlement, 118
Tempering, 117
Tension, 30
Theoretical strength, 59
Thermal shock, 196, 198
Thermal strain, 196
Thermal Stress, 196
Thermal-barrier coatings, 127
Thermal-mechanical cyclic

strain, 198
Thermal-mechanical fatigue, 243, 285
Thickness and fracture toughness, 89
Three-point bend specimen, 87
Threshold for SCC, KIscc, 338
Titanium alloys, 121
(Ti-6Al)-V phase diagram, 122
Torsion, 43
Torsional failure, 185
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Transformation range, 114
Transgranular creep fracture, 223
Transgranular fracture, 156
Transmission Electron Microscope

(TEM), 136
Tresca criterion, 69
Trial testimony, 153
True strain, 34
True stress, 27

U

Ultimate tensile strength, 67
Ultra-long life fatigue, 271
Ultrasonic testing, 384
Upper shelf, 167

V

Vacuum remelting, 374
Viscoelastity, 3
Viscous creep, 218
Visual examination, 133, 364
Von Mises criterion, 68

W

Wear, 396
Weibull distribution, 298, 406
Weld cooling rate, 319
Weld defects, 159, 316, 318

weld mismatch, 319
weld porosity, 318
weld reinforcement, 318
weld shrinkage, 319
weld slag inclusions, 319
weld spatter, 319

Weld toe, 317
Wöhler curves, 318
Wrong alloys, 333

X

X-ray analysis, 146

Y

Yield criteria, 68
Yield stress, strength, 69
Young’s modulus, 36
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