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Foreword 

The Eleventh International Symposium on Effects of Radiation on 
Materials was held in Scottsdale, Arizona, 28-30 June 1982. The symposium 
was sponsored by ASTM through its Committee E-10 on Nuclear Technology 
and Applications. H. R. Brager, Hanford Engineering Development Labo­
ratory, presided as chairman of the symposium with J. S. Perrin, Fracture 
Control Corporation, as co-chairman. H. R. Brager and J. S. Perrin are 
editors of this publication. 



Related 
ASTM Publications 

Effects of Radiation on Materials (10th Conference), STP 725 (1981) 

Effects of Radiation on Structural Materials (9th Conference), STP 683 
(1979) 

Irradiation Effects on the Microstructure and Properties of Metals (8th Con­
ference), STP 611 (1978) 

Properties of Reactor Structural Alloys After Neutron or Particle Irradiation 
(7th Conference), STP 570 (1976) 

Effects of Radiation on Substructure and Mechanical Properties of Metals 
and Alloys, STP 529 (1973) 

Irradiation Effects on Structural Alloys for Nuclear Reactor Applications, 
STP 484 (1971) 

Analysis of Reactor Vessel Radiation Effects Surveillance Programs, STP 
481 (1970) 

Quality Systems in the Nuclear Industry, STP 616 (1977) 

Nuclear Reactor Energy Spectra, DS 52 (1974) 

Manual of Coating Work for Light-Water Nuclear Power Primary Contain­
ment and Other Safety-Related Facilities—First Edition (1979) 



A Note of Appreciation 
to Reviewers 

This publication is made possible by the authors and, also, the unheralded 
efforts of the reviewers. This body of technical experts whose dedication, sac­
rifice of time and effort, and collective wisdom in reviewing the papers must 
be acknowledged. The quality level of ASTM publications is a direct function 
of their respected opinions. On behalf of ASTM we acknowledge with ap­
preciation their contribution. 

ASTM Committee on Publications 



Contents 

Introduction 

CREEP AND SWELLING 

The Swelling of Solution Annealed 316 Cladding in Rapsodie and 
Phenlx—I. L. SERAN AND J. M. DUPOUY 5 

The SweUing Behavior of 20% CW 316 Stahiless Steel Claddhig 
Irradiated With and Without Adjacent Fuel—B. J. MAKENAS, 

J. F. BATES, AND I. W. JOST 17 

Interdependence of In-Pile Creep and Void Swellbig in 11- and Nb-
Stabilized Stainless Steels—w. SCHNEIDER, K. HERSCHBACH, 

AND K. EHRLICH 30 

Initial Results of Swelling and Irradiation Creep Interaction 
Testing—I. p. FOSTER 44 

Creep and Swelling of Type 348 Stainless Steel at Temperatures up 
to 700 K and Comparison with Fast Reactor Data— 
J. M. BEESTON AND L. E. THOMAS 71 

Effect of Preiqjected Helium on Swelling and MIcrostructure of 
Neutron Irradiated Pressurized Tubes of Typc 316 Stainless 
Steel—A. HISHINUMA, J. M. VITEK, J. HORAK, AND 
E. E. BLOOM 92 

An In-Reactor Creep Correlation for 20% Cold Worked AISI 316 
Stainless Steel—R. J. PUIGH, B. A. CHIN, AND E. R. GILBERT 108 

Analysis of the High Fluence Creep Behavior of Two Precipitation 
Strengthened Alloys—B. A. CHIN AND R. J. PUIGH 122 

MICROSTRUCTURAL DEVELOPMENT 

Microstructural Changes in Neutron-Irradiated Commercial Alloys: 
A Sequel—w. L. BELL AND T. LAURITZEN 139 



The Influence of Cold Work Level, Solute, and Helium Content on 
the SwelUng of "Pure" AISI 316 (Fe-17Cr-16.7Ni-2.5Mo)-
H. R. BRAGER AND F. A. GARNER 1 5 2 

Precipitation in Irradiated and Unirradiated Austenitic Steels— 
T. M. WILLIAMS 166 

Relationship Between Phase Development and Swelling of AISI 316 
During Temperature Changes—w. j . s. YANG AND 
F. A. GARNER 186 

Microstructural Stability of Fast Reactor Irradiated 10-12%Cr 
Ferritic-Martensitic Stainless Steels—E. A. LITTLE AND 

L. p. STOTER 2 0 7 

Dislocation Substructure in Zirconium Alloys Irradiated in EBR-II— 
R. A. HOLT AND R. W. GILBERT 2 3 4 

The Effect of Preimplanted Helium on the Microstructure of 
Neutron Irradiated Nb, Nb-l%Zr, and Nb-l%Zr-0.4%Mo— 
W. VAN VnTZENBURG, P. J. VAN TILBROG, A. MASTENBROEK, 

AND I. D. ELEN 2 5 1 

Swelling in Neutron Irradiated Titanium Alloys—D. T. PETERSON 260 

The Effect of Matrix Cavities and Cavity Density on the Formation 
of Precipitate Associated Voids and Swelling in Multiphase 
Stainless Steels—R. E. STOLLER AND G. R. ODETTE 275 

History Dependence and Consequences of the Microchemical 
Evolution of AISI 316—F. A. GARNER AND D. L. PORTER 295 

Influence of Dose and Dose Rate on the Microstructure of Solution-
Annealed 316 Irradiated Around 600°C—L. LENAOUR, 

M. VOUILLON, AND V. LEVY 3 1 0 

Microstructure and Tensile Properties of Neutron-Irradiated 
(Feo.6iNio.39)3V Ordered Alloy—D. N. BRASKI 325 

PRESSURE VESSEL STEELS 

The Influence of Neutron Exposure, Chemical Composition, and 
Metallurgical Condition on the Irradiation Shift of Reactor 

http://Fe-17Cr-16.7Ni-2.5Mo)-


Pressure Vessel Steels—T. J. WILLIAMS, A. F. THOMAS, 

R. A. BERRISFORD, M. AUSTIN, R. L. SQUIRES, AND 

J. H. VENABLE 3 4 3 

Significance of Nickel and Copper Content to Radiation Sensitivity 
and Postirradiation Heat Treatment Recovery of Reactor 
Vessel Steels—J. R. HAWTHORNE 375 

Radiation Embrittlement of PWR Reactor Vessel Weld Metals: 
Nickel and Copper Synergism Effects—c. GUIONNET, 
B. HOUSSIN, D. BRASSEUR, A. LEFORT, D. GROS, 

AND R. PERDREAU 3 9 2 

Compmrative Irradiation Study of RPV Steel Weld Metals—c. LEITZ, 

A. GEKSCHA, G. HOFMANN, AND H. J. STROBEL 4 1 2 

Evaluation of Advanced Reactor Pressure Vessel Steels Under 
Neutron Irradiation—L. M. DAVIES, T. INGHAM, AND 
R. L. SQUIRES 433 

Analysis of Fracture Surfaces of Reactor Pressure-Vessel Steels— 
o. DEHODGINS AND B. L. SHRIVER 464 

The Effect of Accelerated Irradiation on Fracture Behaviour— 
R. H. PRIEST, Vf. CHARNOCK, AND A. T. STEWART 4 7 5 

Analytic Predictions of Embrittlement of A533B Pressure Vessel 
Steels—B. L . SHRIVER, A. p . M A I N , A N D D . C . H I C K S 4 9 2 

Kinetics of Annealing of Irradiated Surveillance Pressure Vessel 
Steels—D. J. HARVEY AND M. S. WECHSLER 505 

Irradiation Experiments in the Testing Nuclear Power Plant VAK— 
J. F O H L , C H . L E I T Z , A N D D . ANDERS 5 2 0 

Effects of Neutron Irradiatk>n and Temperature on High Strain 
Rate Behaviour of Reactor Pressure Vessel Steel—i. BUCHAR, 

z. BILEK, AND F. DUSEK 550 

A Single Specimen Method for Determining Upper Shelf Fracture 
Toughness Shifts Using Precracked Charpy Specimens— 
W. A. PAVINICH, R. J. FUTATO, B. K. NEALE, A. L. LOWE, 

AND W. A. VAN DER SLUYS 563 



Preparation of Reconstituted Charpy V-Notch Impact Specimens for 
Generating Pressure Vessel Steel Fracture Toughness Data— 
J. S. PERRIN, E. O. FROMM, W. L. SERVER, AND 

P. E. MCCONNELL 5 8 2 

MECHANICAL PROPERTIES 

Low Dose Irradiation Effects on Heat-to-Heat Variation of Type 
304 Stainless Steel Creep and Tensile Properties— 
B. VAN DER SCHAAF 5 9 7 

Irradiation Embrittiement in Some Austenitic Superalloys— 
S. VAIDYANATHAN, W. L. BELL, AND T. LAURITZEN 6 1 9 

Mechanical Properties of Highly Irradiated 20 Percent Cold Worked 
Type 316 Stainless Steel—M. L. HAMILTON, N. S. CANNON, 

AND G. D. JOHNSON 6 3 6 

Nickel-Doped Ferritic (Martensitic) Steels for Fusion Reactor 
Irradiation Studies: Tempering Behavior and Unirradiated 
and Irradiated Tensile Properties—R. L. KLUEH, I. M. VITEK, 

AND M. L . G R O S S B E C K 6 4 8 

Effects of Temperature and Strain Rate on the Low Cycle Fatigue 
Properties of Neutron Irradiated Stainless Steel DIN 1.4948— 
M. I. DEVRIES 6 6 5 

Deformation of MIcrostructure Developed During Fatigue Crack 
Propagation in Type 316 Stainless Steel at 593°C— 
D. I. MICHEL AND H. H. SMITH 6 9 0 

Effects of Fast Neutron Irradiation on the Fracture Behavior of 
Stainless Steel—F. H. HUANG AND R. L. FISH 701 

Fatigue Crack Growth of Low-Fluence Neutron-Irradiated Stainless 
Steel DIN 1.4948—M. i. DEVRIES 720 

The Influence of Neutron Irradiation on the Properties of Beryllium 
—R. G. FLECK 735 



A Comparison of Transient-Heating Burst Test Resolts of Unirra­
diated and Irradiated Zircaiojr-4 Fuel Rod Cladding— 
L. M. LOWRY AND J. S. PERRIN 7 4 9 

Effects of Neutron Irradiation on the Mechanical Properties of 
a 5154-0 Type Aluminum Alloy—E. LIJBRINK, H. J. VAN GROL,, 

F. DEKKER, AND W. VAN WITZENBURG 7 6 5 

On the Poadbility of Usfaig Amorphous Metab in High-Radiation 
Environment—w. H. LOHMANN AND W. KESTERNICH 779 

Annealing of Radiation Damaged Monazite—K. A. GOWDA, 

F. G. KARIORIS, L. CARTZ, AND T. C. EHLERT 7 9 9 

CHARGED PARTICLE IRRADUTION 

Void SwelUng of Ferritic Alloys Bombarded with Nickel Ions— 
W. G. JOHNSTON, T. LAURITZEN, J. H. ROSOLOWSKI, AND 

A. M. TURKALO 809 

Void SwelUng and Phase StabiUty in Different Heats of Cold-Drawn 
Type 1.4970 Stainless Steel After Heavy-Ion Irradiation— 
W. V. VAIDYA, G. KNOBLAUCH, AND K. EHRLICH 8 2 4 

Irradiation Creep of Dilute Nickel Alloys—T. ATIONS AND 

R. J. MCELROY 8 4 1 

Optimization of Precipitation Hardened Fe-Ni-Cr Alloys Using 
Nickel Ion Bombardment Simubtion Studies—R. BAJAJ, 

S. DIAMOND, AND M. L. BLEIBERG 8 5 6 

Ion Damage in 316 Stainless Steel Over a Broad Dose Range— 
N. H. PACKAN AND K. FARRELL 8 8 5 

Surface Segregation in Concentrated Ni-Cu Alloys Under Irradiation 
—W. WAGNER, V. NAUNDORF, L. E. REHN, AND 

H. WIEDERSICH 8 9 5 

The Effect of Nitrogen on Void Swellhig of Stafadess Steel— 
N. IGATA, Y. KOHNO, N. TANABE, T. FUJIHIRA, AND 

H. TSUNAKAWA 906 

Mechanical Properties of 800-MeV Proton-Irradiated Metals-
R. D. BROWN AND J. R. COST 917 



Damage Profile in Ion-Bombarded Nickel and Stainless Steel— 
K. SHIRAISHI, M. TANAKA, T. ARUGA, AND S. HAMADA 927 

The Effect of Pulse Irradiation on Void Swelling of 316 St^nless 
Steel—K. MIYAHARA, N. H. PACKAN, AND N. IGATA 941 

Comparison of Neutron and Heavy-Ion Damage in a Stable Aasten-
ite—K. FARRELL AND N. H. PACKAN 953 

Defect Production Rates by Electrons, Ions, and Neutrons in Cubic 
Metals—p. JUNG, B. R. NIELSEN, H. H. ANDERSEN, J. F. BAK, 
H. KNUDSEN, R. R. COLTMAN, C. E. KLABUNDE, 

J. M. WILLIAMS, M. W. GUINAN, AND C. E. VIOLET 963 

THEORY OF RADUTION EFFECTS 

Kinetics of Radiation-Induced Segregation in Ternary Alloys— 
N. Q. LAM, A. KUMAR, AND H. WIEDERSICH 985 

Effect of Radiation-Induced Segregation on Void Nucleation— 
A. SI-AHMED AND W. G. WOLFER 1008 

On Radiation-Induced Segregation and the Compositional Depen­
dence of Swelling in Fe-Ni-Cr Alloys—w. G. WOLFER, 

F. A. GARNER, AND L. E. THOMAS 1023 

Calculation of Caviiy Nucleation Under Irradiation with Continuous 
Helium Generation—c. A. PARKER AND K. C. RUSSELL 1042 

Hardening of Irradiated Alloys Due to the Simultaneous Formation 
of Vacancy and Interstitial Loops—N. M. GHONIEM, 
J. ALHAJJI, AND F. A. GARNER 1054 

A Model for the Evolution of Network Dislocation Density in 
Irradiated Metals—F. A. GARNER AND vf. G. WOLFER 1073 

Asymmetric Dislocation/Point-Defect Interactions and the Modeling 
of Void Swelling—Y. Y. LIU AND F. A. NICHOLS 1088 

Cooperative Effects in Microstnictural Evolution Under Irradiation: 
Fundamental Aspects—p. Y. VALENTIN AND G. MARTIN 1103 



INVITED SPEAKERS 

TMI-2: Influence on Commercial Nuclear Power Development— 
J. J. TAYLOR 1123 

European Fusion Materials Program—T. DARVAS 1140 

U.S. Fusion Reactor Materials Development—R. W. CONN 1159 

Phenix-Rapsodie; The Core Materials Stoiy—i. M. DUPUOY 1179 

U.K. Fast Reactor Materials Program—D. R. HARRIES, 

J. STANDRING, G. J. LLOYD, AND W. D. BARNES 1197 

Index 1219 




