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Foreword 

The Thirty-Third National Symposium on Fatigue and Fracture Mechanics was held June 25-29, 
2001, at Jackson Lake Lodge in Moran, Wyoming. ASTM Committee E08 on Fatigue and Fracture 
was the sponsor. The symposium co-chairman and co-editors of this publication are W. G. Reuter, 
Idaho National Engineering and Environmental Laboratory and R. S. Piascik, NASA Langley 
Research Center. 



Contents 

Overview ix 

TWELFT~ ANNUAL JERRY L. SWEDLOW MEMORIAL LECTURE 

Slip Line Fracture Mechanics: A New Regime of Fracture Mechanics--F. A. MCCLINTOCK 3 

PRACTICAL APPLICATIONS 

Fatigue and Fracture Behavior of Moment Frame Connections Under Seismic Loading 
(Northridge Earthquake)--J. M. BARSOM 57 

A Structural Integrity Procedure Arising from the SINTAP Project--s. E. WEBSTER 
AND A. BANNISTER 73 

Failure Beneath Cannon Thermal Barrier Coatings by Hydrogen Cracking; 
Mechanisms and Modeling--j. H. UNDERWOOD, G. N. VIGILANTE, AND E. TROIANO 101 

Experiences and Modeling of Hydrogen Cracking in Thick-Walled Pressure Vessel-- 
E. TROIANO, G. N. VIGILANTE, AND J. H, UNDERWOOD 116 

High Cycle Fatigue Threshold in the Presence of Naturally Initiated Small Surface 
C r a c k s - - M .  A. MOSHIER, THEODORE NICHOLAS, AND BEN HILLBERRY 129 

Effects of Thermomechanical Fatigue Loading on Damage Evolution and Lifetime of a 
Coated Super Alloy--M. BARTSCH, K. MULL, AND C. S1CK 147 

A Hybrid Approach for Subsurface Crack Analysis in Railway Wheels Under Rolling 
Contact Loads----i. GUAGL1ANO, i .  SANGIRARDI, AND L. VERGANI 161 

Cell Model Predictions of Ductile Fracture in Damaged Pipelines--c. RUGGmRI 
AND E. HIPPERT 176 

Multiaxial Fatigue Analysis of Interference Fit Aluminum A1 2024-T3 Specimens-- 
G, SHATIL AND A. G. PAGE 192 

Applications of Scaling Models and the Weibnil Stress to the Determination of 
Structural Performance-Based Material Screening Criteria--s. M. GRAHAM 
AND J. MERCmR 209 



CONSTRAINT AND/OR WELDS 

Plane Stress Mixed Mode Crack-Tip Stress Fields Character ized by a Triaxial Stress 
Pa rame te r  and a Plastic Deformation Extent  Based Characteristic L e n g t h - -  
M. A. SUTTON, F. MA, X. DENG 

Const ra in t  Effect on 3D Crack-Front  Stress Fields in Elastic-Plastic Thin  P la te s - -  
X. K. ZHU, Y. KIM, Y. J. CHAO, AND P. S. LAM 

Analysis of Britt le Frac ture  in Surface-Cracked Plates Using Constra int -Corrected 
Stress Fields---Y. Y. WANG, W. G. REUTER, AND J. C. NEWMAN 

Application of a T-Stress Based Constra int  Correct ion to AS33B Steel Frac ture  
Toughness Data--R. L. TREGONING AND J. A. JOYCE 

The Effect of Localized Plasticity and  Crack Tip Constra int  in Undermatched  Welds - -  
G. MERCIER 

Modeling of Cleavage Frac ture  in Connections of Welded Steel Moment  Resistant 
Frames---R. H. DODDS, JR. AND C. G, MATOS 

The Impor tance  of Material  Fabricat ion History on Weld Frac ture  and  Durab i l i ty - -  
F. W. BRUST 

Creep Crack  Growth  in the Base Metal  and  a Weld Jo in t  of X20CrMoV 12 1 Steel 
Under  Two-Step Loading--K. s. KIM, N. W. LEE, AND Y. K. CHUNG 

Analytical & Experimental  Study of Frac ture  in Bend Specimens Subjected to Local 
Compression--WADE A. MEITH, M. R. HILL, AND T. L. PANONTIN 

FATIGUE 

Application of Uncertainty Methodologies to Measured  Fatigue Crack  Growth  Rates 
and  Stress Intensi ty Fac tor  Ranges---R. S. BLANDFORD, S. R. DANIEWICZ, 
AND W. O. STEELE 

Load Interac t ion Effects on Small Crack Growth  Behavior in PH 13-8 Mo Stainless 
Steel--w. s. JOHNSON AND O. JIN 

Mean Stress Effects on the High Cycle Fatigue Limit  Stress in Ti -6A1-4V--  
T. NICHOLAS AND D. C. MAXWELL 

Exper iments  and  Analysis of Mean  Stress Effects on Fatigue for SAE1045 Steels- -  
C. CHU, R. A. CHERNENKOFF, AND J. J. BONNEN 

233 

270 

288 

307 

328 

360 

385 

407 

426 

445 

458 

476 

493 

Fatigue Crack Growth Mechanisms in Alumina  a t  High Temperature-- -  
A, S. KOBAYASHI, M. T. KOKALY, AND K. W. WHITE 510 



Frequency Effects on Fatigue Behavior and Temperature Evolution of Steels--p. K. LIAW, 
L. JIANG, B. YANG, H. T1AN, H. WANG, D. FIELDEN, J. HUANG, R. KUO, J. HUANG, J. P. STRIZAK, 
AND L. K. MANSUR 524 

Effect of Transient Loads on Fatigue Crack Growth in Mill Annealed Ti-62222 at 
- 54, 25, and 175~ I. STEPHENS, g. R. STEPHENS, AND D. A. SCHOENEFELD 557 

Propagation of Non-Planar Fatigue Cracks: Experimental Observations and 
Numerical Simulations--w. T. RIDDELL, A. R. INGRAFFEA, AND P. A. WAWRZYNEK 573 

Corrosion Fatigue Behavior of 1%4 PH Stainless Steel in Different T e m p e r s - -  
C.-K. LIN AND C.-P. LIN 598 

ASSORTED T r r t ~  

Plasticity and Roughness Closure Interactions Near the Fatigue Crack Growth 
Threshold--L A. NEWMAN AND R. S. PIASCIK 617 

An Extension of Uniaxial Crack-Closure Analysis to Multiaxial Fa t igue- -  
c. CHU AND J. J. BONNEN 631 

Dynamic Fracture Toughness Measurements in the Ductile-to-Brittle Region Using 
Small Speeimens---R. E. LINK 

A Model for Predicting Fracture Toughness of Steels in the Transition Region from 
Hardness--M. E. NATISHAN AND M. WAGENHOFER 

651 

672 

Results from the MPC Cooperative Test Program on the Use of Precracked Charpy 
Specimens for To Determinat ion--w.  A. VAN DER SLUYS, J. G. MERKLE, 
AND B. YOUNG 689 

Simulation of Grain Boundary Decohesion and Crack Initiation in Aluminum 
Mierostructure Models--E. IESULAURO, A. R. 1NGRAFFEA, S. ARWADE, 
AND P. A. WAWRZYNEK 715 

A Physics-Based Model for the Crack Arrest  Toughness of Ferritic Steels--M. T. KIRK, 
M. E. NATISHAN, AND M. WAGENHOFER 729 

An Analytical Method for Studying Cracks with Multiple Kinks--s .  TERMAATH 
AND S. L. PHOENIX 741 

An Innovative Technique for Measuring Fracture  Toughness of Metallic and Ceramic 
Materlals--J.  WANG, K. C. LIU, AND D. E. MCCABE 757 

Author Index 771 

Subject Index 773 



Overview 

The ASTM National Symposium on Fatigue and Fracture Mechanics is sponsored by ASTM 
Committee E08 on Fatigue and Fracture Testing. The objective of the symposium is to promote a 
technical forum where researchers from the United States and worldwide can discuss recent research 
findings related to the fields of fatigue and fracture. The photograph above documents a portion of 
those who attended the symposium. 

The volume opens with the paper authored by Massachusetts Institute of Technology Professor 
Emeritus Frank McClintock who delivered the Twelfth Annual Jerry L. Swedlow Memorial Lecture. 
Professor McClintock's presentation provided a description of slip-line fracture mechanics (SLFM) 
and its application to fracture problems. SLFM is expected to fill some of the gap for materials/con- 
ditions where J-integral no longer applies (too much ductility and/or too much crack growth) and 
plastic collapse. 

The thirty-seven papers that follow Professor McClintock's paper are broadly grouped into four 
categories. These categories include Practical Applications, Constraint and/or Welds, Fatigue, and 
Assorted Topics. 

Practical Applications 

The section contains ten papers and starts with a description and discussion of the damage that oc- 
curred during the Northridge earthquake. The section includes papers that describe the use of fracture 
mechanics based techniques developed in Europe to predict structural integrity and papers describing 
the effects of hydrogen or fatigue on sub-critical crack growth. Three papers provide specific exam- 
pies of structural problems and the final paper provides a discussion for selecting materials based on 
structural performance. 

Constraint and/or Welds 

The section contains nine papers and starts with four papers discussing the effects of constraint. Two 
papers are concerned with crack-front stress fields. The third paper provides a basis for using plane- 
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X OVERVIEW 

strain fracture toughness/constraint to predict the applied stress-intensity factor/constraint and the lo- 
cation around the perimeter where crack growth initiation will occur within a surface crack. The 
fourth paper uses the T-stress in analyses of fracture toughness data. The following five papers are 
based on welds. The first paper examines the role of localized plasticity and crack-tip constraint in 
under matched welds. The second paper examines cleavage fracture in welds, while the third dis- 
cusses the importance of fabrication history relative to weld fracture and durability. The final papers 
describe studies of creep-crack growth and the effects of a compressive load when applied to ho- 
mogenize the residual stresses through the specimen thickness. 

Fatigbte 

The section contains nine papers and starts with the uncertainty of fatigue crack growth rates and 
the applied stress-intensity factor ranges. The second paper looks at load interactions on the growth 
of small cracks. The following papers are concerned with mean stress effects on fatigue crack growth 
rates, the fatigue crack growth mechanisms in alumina at high temperatures, frequency effects, non- 
planar crack growth, and corrosion fatigue. 

Assorted Topics 

The section contains nine papers with the first two discussing aspects of crack closure. The next 
three papers discuss problems related to the ductile-brittle transition zone. The following papers dis- 
cuss decohesion and crack initiation, crack arrest toughness in ferritic steels, cracks with multiple 
kinks and an innovative method for measuring fracture toughness. 

The technical quality of the papers contained in this STP is due to the authors and to the excellent 
work provided by the peer reviews. The Symposium organizers would like to express our apprecia- 
tion to all reviewers for a job well done. Because of the large number of papers, camera-ready 
manuscripts were used to develop the STP. The organizers of the symposium hope that it meets with 
your approval. 

The National Symposium on Fracture Mechanics is often used to present ASTM awards to recog- 
nize the achievement of current researchers. At the Thirty-Third Symposium, the award for the Jerry 
L. Swedlow Memorial Lecture was presented to Professor Emeritus Frank A. McClintock, 
Massachusetts Institute of Technology, and the award of Merit was presented to Professor Robert 
Dodds, University of Illinois, Urbana. The organizing committee would like to congratulate the 
above award winners as considerable time, effort and hard work were put forth to win these awards. 

We would like to end this overview by highlighting the fact that the symposium venue (The Teton 
National Park) is a special place for Prof. McClintock. Not only has Prof. McClintock climbed these 
mountains, but also, a mountain peak within the Teton mountain range is named after his father. 

Dr. Walter Go Reuter 
INEEL 

Idaho Falls, Idaho 

Dr. Robert S. Piascik 
NASA Langley Research Center 

Hampton, Virginia 
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