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Crack(s), initiation and growth of complex, 
in nuclear piping under pure bending 
(cont.) 

elastic-plastic fracture mechanics anal
ysis, 445-47, 449-51 

eta-factor analysis of complex-cracked 
pipe, 445-47, 449 

material property characterization 
pipe fracture experiments, 436, 438-39, 

443, 445 
predictive /-estimation scheme anal

yses, 449-51 
Crack arrest 

metallurgical aspects of, in high-strength 
steel, 497-536 

crack arrest tests, 502, 506 
fracture toughness tests, 502, 508-13, 

515 
materials, 499 
mechanical property tests, 499, 502, 

506, 507 
metallurgical analysis, 508-13 
metallographic and fractographic ex

amination, 506 
micromechanisms of crack arrest in 

HY-80 steel, 515-17, 526, 534 
tension tests, 499 

micromechanisms of, in HY-80 steel, 
515-17, 526, 534 

Crack arrest tests, 502, 506 
Crack branching, 249 
Crack deflection, 249 
Crack growth 

evaluation based on engineering approach 
and dimensional analysis, 40-57 

engineering approach, 43-53, 57-58 
key curve method, 53-58 
material and specimen preparation, 41-

52 
test details, 42-43 

Crack growth initiation studies 
comparison between experimental and an

alytical results of, on surface cracks, 
59-81 

analytical approach for /-integral for 
surface-cracked specimens, 62-65, 
68-69, 71, 73 

evaluation process, 73-76, 78 
material and test procedures, 61-62 

Crack growth instabiUty 
in piping systems with complex loading, 

371-89 
applications, 384, 386-87 
fully plastic and perfectly plastic hinge 

behavior, 382 

stabihty analysis, 372-81 
stability criteria comparison, 382-84 
system comphance, 381-82 

Crack growth resistance curves, 11 
effect of fracture micromechanisms on, in 

irradiated zirconium, 537-62 
experimental procedure, 539-51 
fracture surface, 542, 546, 555, 559 
fracture toughness tests, 539-40 
/-resistance curves, 541-42, 546, 553 
metallography, 541, 542 
microtwins, 554-55 

Crack layer theory, 590-91 
Crack-opening angle calculations, 184, 186 
Crack-opening displacement testing, 471 
Crack size 

prediction of critical, in plastically strained 
welded panels, 415-32 

comparison of actual and predicted crit
ical defect sizes in budge panels, 425-
28 

crack-tip opening displacement 
(CTOD) tests, 419, 421-23 

flawed Pellini bulge tests, 418-19 
/-estimation formulas for shallow cracks 

in full plastic strain fields, 424-25 
materials, 416-17 
propagation resistance, 428-31 
small specimen tests, 417-18 

Crack-tip opening displacement (CTOD) 
comparison of, and / , 32-33 
comparison of rectangular and square, in 

A36 steel, 470-94 
experimental procedures, 473-74 
experimental results, 474-84 
finite-element analysis procedures, 484 
finite-element results, 484-90 
material properties, 472-73 

estimation of, 31 
measurement of, 10 

Crack-tip opening displacement (CTOD) 
test, 416, 419, 421-23, 471, 498 

applicability of, 450 
Critical cavity growth ratio 

estimation of, 19-20 
measuring, 14-15 

Critical depth 
of internal or external flaw in internally 

pressurized tube, 390-403 
critical crack depth, 400 
elastic material behavior, 392-94 
elastic-plastic material behavior, 394-

96 
experimental study, 396-97, 399 
finite-element models, 391-92 



SUBJECT INDEX 621 

Critical void growth criteria, 29 
CTOD (See Crack-tip opening displace

ment) 
Cyclic/-integral, 115-16 

D 

Damage mechanics 
methodology for ductile fracture analysis, 

332-54 
application of, to cracked structures, 

346-48 
ductile fracture characterization of 

structural steels, 336, 339 
ductile fracture model, 333-36 
prediction of the inclusion content effect 

on ductile fracture, 341-43 
prediction of the temperature effect on 

ductile fracture, 343-45 
theoretical derivation of the equations 

of the ductile fracture model, 349-53 
David Taylor Naval Ship Research and De

velopment Center (DTNSRDC), 321 
computational results for analysis of pipe 

experiment at, 325, 327-28 
Deformation / , determination of, 140-41 
Deformation plasticity 

analysis of, 320 
/-integral structural response for, 282-83 

Deformation plasticity failure assessment 
diagram (DPFAD) 

analysis procedure, 405-6 
curve generation, 407-9 
handling self-equilibrating secondary 

stresses in, 280-305 
Deformation theory / , 308-9 
Dimensional analysis 

evaluation of crack growth based on, 40-
57 

engineering approach, 43-53, 57-58 
key curve method, 53-58 
material and specimen preparation, 41-

52 
test details, 42-43 

Direct-current potential drop (PD) method, 
539 

Dislocation modeling 
nonlinear work-hardening crack-tip fields 

by, 107-19 
monotonic loading, 108-13, 115 
unloading behavior, 115-16 

Ductile-brittle transition region 
combined statistical and constraint model 

for, 563-83 
active volume, 568-70 

crack-tip stress field, 565-68 
fracture stress tests, 572 
fracture toughness tests, 572-73 
lower-bound toughness, 579-81 
predicting fracture toughness distribu

tions, 571-79 
predicting transition curves, 573-76 
scatter in toughness data, 576-81 
test material, 571 
toughness predictions, 570-71 

Ductile fracture 
analysis, 332-54 

application of, to cracked structures, 
346-48 

ductile fracture characterization of 
structural steels, 336, 339 

ductile fracture model, 333-36 
prediction of the inclusion content effect 

on ductile fracture, 341-43 
prediction of the temperature effect on 

ductile fracture, 343-45 
theoretical derivation of the equations 

of the ductile fracture model, 349-53 
characterization of, in structural steels, 

336, 339 
/ and local criterion for, 35-38 
prediction of inclusion content effect on, 

341-43 
prediction of in low-alloyed steels, 7-8 
prediction of temperature effect on, 343-

45 
Ductile fracture local criterion 

experimental and numerical vahdation of, 
7-23 

critical cavity growth ratio, 14-15 
experimental program, 9-11, 14 
measuring process zone size, 15, 17 
numerical procedure, 14-15, 17-18 
simulation of stable crack growth, 17-

19 
Ductile fracture model 

parameters calibration, 333-36 
theoretical derivation of equations of, 

349-53 
Ductile tearing analysis, acceptance criteria 

for, 406 
Ductile tearing instabiUty procedure 

in establishing pressure-temperature limit 
curves, 404-14 

acceptance criteria, 406 
assessment point evaluation, 409 
DPFAD curve generation, 407-9 
elastic-plastic fracture mechanics ana

lytical model, 406-10 
instability pressure prediction, 410 



622 NONLINEAR FRACTURE MECHANICS: VOLUME II 

Ductile tearing instability procedure, in es
tablishing pressure-temperature limit 
curves (cont.) 

/-integral formulation, 406-7 
technical approach, 405-6 
thermal stress, 410-12 

Dugdale plastic zone model, 266, 274 
Dynamic tear test, 417 

Elastic-plastic assessment 
of cladded pressurized-water-reactor ves

sel strength, 454-69 
comparison of, to conventional analysis, 

466-67 
features of thermomechanical stress-

strain field, 465-66 
finite-element analysis of defect behav

ior, 461-63, 465 
material behavior, 457-58 
modeling of cladding operation and in

itial residual stress state, 458, 460-61 
nonlinear analysis, 458 

Elastic-plastic fracture 
separation of energies in, 594-612 

plastic energy dissipation rate, 607,610-
11 

specimen size dependence, 604, 607 
Elastic-plastic fracture mechanics (EPFM) 

analysis of, 406-10, 445-47, 449-51 
development of, 1 
estimation scheme for, 401 
evaluation of stainless steel tungsten/in

ert-gas welds, 214-43 
assessment of cracks growing in welds, 

215-17 
finite-element analysis, 228-30, 232, 

234-37 
/ estimation analysis of welded pipe, 

236-37 
/-resistance curves, 220-25, 228 
materials and experiments, 220-25, 228 
nonproportional loading and definition 

of general crack-tip parameters, 217-
18 

3T compact specimen results, 230, 232, 
234 

tensile properties, 220 
three-dimensional considerations, 218-

19 
through-wall crack in the TIG weld of 

a pipe, 235-36 
TIG-welded compact specimens, 228-

30 

test standardization for, 2 
Elastic-plastic fracture toughness (EPFT) 

parameters 
evaluating steel toughness using, 144-68 

comparison of elastic-plastic fracture 
toughness parameters, 154, 167 

comparison of / calculation methods, 
148, 154 

experimental procedures, 145, 147-48 
fracture toughness parameters, 154, 167 
influence upon metallurgical compari

sons, 167-68 
Energies, 311-13 

related to fracture process, 317-18 
separation of, in elastic-plastic fracture, 

594-612 
plastic energy dissipation rate, 607, 610-

11 
specimen size dependence, 604, 607 

Energy density, 83 
maximum value of, 84 

Energy density ratio, 84 
Energy rate method, to calibrate modified / , 

131 
Energy-related quantities (ERQ), determi

nation of, 317-18 
Engineering approach, evaluation of crack 

growth based on, 43-58 
EPRI Handbook, estimate of eta, 132-33 
Estimation methods, 320 
Eta-factor analysis, of complex-cracked 

pipe, 445-47, 449 
Experimental results 

comparison between analytical studies of 
crack growth initiation studies on sur
face cracks, 59-81 

analytical approach for /-integral for 
surface-cracked specimens, 62-65, 
68-69, 71, 73 

evaluation process, 73-76, 78 
material and test procedures, 61-62 

Experimental validation 
of ductile fracture local criterion based on 

simulation of cavity growth, 7-23 
critical cavity growth ratio, 14-15 
experimental program, 9-11, 14 
measuring process zone size, 15, 17 
numerical procedure, 14-15, 17-18 
simulation of stable crack growth, 17-

19 
External flaw 

critical depth of, in internally pressurized 
tube, 390-403 

critical crack depth, 400 
elastic material behavior, 392-94 



SUBJECT INDEX 623 

elastic-plastic material behavior, 394- 
96 

experimental study, 396-97, 399 
finite-element models, 391-92 

F 

Failure assessment diagram, 261-79 
dimensional analysis, 266-73 
failure assessment via R6 procedure, 263- 

64 
geometry and material effects, 264-66 

Fatique precracking, 204-6 
Fe-3Si steel 

kinetics of fracture in, under mode of load- 
ing, 584-93 

crack layer theory, 590-91 
damage distribution, 586 
experimental procedures, 584, 586 
kinetics of fracture, 586-88, 590 
results on crack layer propagation, 586- 

88, 590 
stability analysis, 591-92 

Finite-element analyses, 177-78 
computational results, 178-79 
crack-opening angle calculations, 184, 186 
J-resistance curves from finite-element 

method (FEM) analysis, 179, 181-84 
3T compact specimen results, 230,232,234 
TIG-welded compact specimens, 228-30 

First International Elastic-Plastic Fracture 
Symposium, 1 

Fracture 
kinetics of, in FE-3Si steel under Mode I 

loading, 584-93 
crack layer theory, 590-91 
damage distribution, 586 
experimental procedures, 584, 586 
kinetics of fracture, 586-88, 590 
results on crack layer propagation, 586- 

88,590 
stability analysis, 591-92 

local approach of, 332-54 
application of, to cracked structures, 

346-48 
ductile fracture characterization of 

structural steels, 336, 339 
ductile fracture model, 333-36 
prediction of the inclusion content effect 

on ductile fracture, 341-43 
prediction of the temperature effect on 

ductile fracture, 343-45 
theoretical derivation of the equations 

of the ductile fracture model, 349-53 

separation of energies in elastic-plastic, 
594-612 

plastic energy dissipation rate, 607,610- 
11 

specimen size dependence, 604, 607 
Fracture criterion, independent parameters 

of, 14 
Fracture instability predictions, for Type 304 

stainless steel pipes with girth weld 
cracks, 320-31 

Fracture mechanics analysis 
of piping systems in nuclear power plants, 

371-89 
applications, 384, 386-87 
fully plastic and perfectly plastic hinge 

behavior, 382 
stability analysis, 372-81 
stability criteria comparison, 382-84 
system compliance, 381-82 

on welded joints, 191-213 
analysis of specimens after testing, 209- 

11 
CTOD specimen geometry and notch 

location, 193-96 
fatigue precracking, 204-6 
HAZ testing, 196-201 
machining, 203-4 
relevant welded joints, 192-93 
reporting of test results, 211 
straightening before notching, 204 
test procedures, 206-9 
weld metal testing, 201-3 

Fracture micromechanisms 
on crack growth resistance curves of ir- 

radiated zirconium, 537-62 
experimental procedure, 539-51 
fracture surface, 542, 546, 555, 559 
fracture toughness tests, 539-40 
J-resistance curves, 541-42, 546, 553 
metallography, 541,542 
microtwins, 554-55 

Fracture parameters, computation of, 30- 
31 

Fracture process, energies related to, 317- 
18 

Fracture toughness 
effect of prestrain on the J-resistance curve 

of HY-100 steel, 244-58 
elastic-plastic fracture mechanics evalua- 

tions of stainless steel tungsten/inert- 
gas welds, 214-43 

assessment of cracks growing in welds, 
215-17 

finite-element analysis, 228-30, 232, 
234-37 



624 NONLINEAR FRACTURE MECHANICS: VOLUME II 
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Material toughness, 83 
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high-strength steels, 497-536 

crack arrest tests, 502, 506 
fracture toughness tests, 502, 508-13, 
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materials, 499 
mechanical property tests, 499, 502, 
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metallographic and fractographic ex
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fracture stress tests, 572 
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predicting transition curves, 573-76 
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experimental procedure, 539-51 
fracture surface, 542, 546, 555, 559 
fracture toughness tests, 539-40 
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Mode I loading, 584-93 

crack layer theory, 590-91 
damage distribution, 586 
experimental procedures, 584, 586 
kinetics of fracture, 586-88, 590 
results on crack layer propagation, 586-

88, 590 
stability analysis, 591-92 

metallurgical aspects of plastic fracture 
and crack arrest in two high-strength 
steels, 497-536 

crack arrest tests, 502, 506 
fracture toughness tests, 502, 508-13, 

515 
materials, 499 
mechanical property tests, 499, 502, 

506, 507 
metallographic and fractographic ex

amination, 506 
metallurgical analysis, 508-13 
micromechanisms of crack arrest in 
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Nonlinear work-hardening crack-tip fields 
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acceptance criteria, 406 
assessment point evaluation, 409 
DPFAD curve generation, 407-9 
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lytical model, 406-10 
instability pressure prediction, 410 
/-integral formulation, 406-7 
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Nuclear plant, use of ductile tearing insta
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technical approach, 405-6 
thermal stress, 410-12 

Nuclear power industry, 1 
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Ramberg-Osgood 
approximation to the material flow behav
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power law, 381 
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relationship, 64 
stress-strain constants, 406 
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stress-strain relationship, 275 
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computational results, 178-79 
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by finite-element analysis, 177-84, 186 
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three-dimensional considerations, 218-
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materials, 499 
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metallurgical analysis, 508-13 
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Thermal loading, 298-99 
Thermal stress, 410 
Thermomechanical stress-strain field, fea

tures of, 465-66 
Third International Symposium on Nonlin
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Through-wall crack, in TIG weld of pipe, 

235-36 
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235-36 
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United States Nuclear Regulatory Commis
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test procedures, 206-9 
weld metal testing, 201-3 
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