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Foreword 

The Symposium on Effects of Radiation on Structural Metals was pre- 
sented in six sessions during the 69th Annual Meeting of the Society, in 
Atlantic City, N. J., 26 June-1 July, 1966. The symposium was spon- 
sored by Committee E-10 on Radioisotopes and Radiation Effects, in 
cooperation with the American Nuclear Society and the American So- 
ciety of Mechanical Engineers. The symposium chairman was W. L. R. 
Rice, U. S. Atomic Energy Commission. Presiding at the six sessions were 
T. T. Claudson, Battelle Memorial Institute; C. Z. Serpan, Jr., U. S. 
Naval Research Laboratory; D. W. McLaughlin, Mechanical Technology, 
Inc.; D. R. Harries, Atomic Energy Research Establishment (United 
Kingdom); J. R. Weir, Oak Ridge National Laboratory; and M. S. Wechs- 
ler, Oak Ridge National Laboratory. 

ASTM gratefully acknowledges the continuing support of the U.S. 
Atomic Energy Commission in behalf of what has become a biennial 
Symposium on the various aspects of neutron radiation effects on struc- 
tural materials. The success of the Third International Symposium on the 
effects of radiation on structural materials, for which this volume is being 
published, was due largely to the encouragement of the AEC Division 
of Reactor Development and Technology and to the timely and authori- 
tative contributions of the scientists and engineers who are supported by 
this Division. 

Special recognition is accorded the personal efforts and encouragement 
of J. M. Simmons and his staff in the AEC Fuels and Materials Branch. 
This group has contributed much over the years toward the success of 
several ASTM topical Symposiums on radiation effects. The ASTM staff 
looks forward to a continuing close cooperation with the AEC in the 
several areas related to materials for the nuclear industry. 



Related 
ASTM Publications 

Radiation Effects on Metals and Neutron Dosimetry, 
STP 341 (1963), $15.00 

Flow and Fracture of Metals and Alloys in Nuclear 
Environments, STP 380 (1965), $24.00 

Chemical and Physical Effects of High-Energy Radia- 
tion on Inorganic Substances, STP 400 (1966), 
$5.25 



Contents 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Effect of Nitrogen on the Mechanical Properties of Neutron-Irradiated 

Pure Iron--M. CASTAGNA~ A. FERRO,  F.  S. ROSSI,  AND J.  S E B I L L E . .  3 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Effects of Heat-Treatment and Irradiation on the High Temperature 
Tensile Properties of Austenitic Stainless Steels--D. R. HARRmS 
AND A. C. ROBERTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 

Engineering Significance of Ferrite Grain Size on the Radiation Sensi- 
tivity of Pressure Vessel Steels--G. M. GORDON AND H. H. 
K L E P F E R  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Effects of Neutron Irradiation on the Elevated Temperature Mechani- 
cal Properties of Nickel-Base and Refractory Metal Al loys- -  
T. T. CLAUDSON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 

Irradiation Effects on the Mechanical Properties of Vanadium-Base 
Alloys--H. B/SHM, W.  DIENST,  H. HAUCK,  AND H. I .  LAUE . . . . . .  9 5  

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 
Irradiation Damage in Mild Steel: A Comparison of Crack Arrest Test 

and Charpy Criteria and Influence of Neutron Spect rum--  
A. COWAN,  G.  D. F E A R N E H O U G H ,  J. GILLIES ,  AND G.  i .  LEES . . . . .  107 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133 
Gas Release and Compression Properties in Beryllium Irradiated at 

600 and 750 C--J.  M. BEESTON . . . . . . . . . . . . . . . . . . . . . . . . . .  135 
Creep of Annealed Type 304 Stainless Steel During Irradiation and Its 

Engineering Significance--J. A. W I L L I A M S  AND J. W .  CARTER . . . 149 
An Electron Microscope Investigation of High-Temperature Embrittle- 

ment of Irradiated Stainless Steels--A. F. ROWCLIFFE, G. J. C. 
CARPENTER,  H. F.  MERRICK,  AND R. B. N I C H O L S O N  . . . . . . . . . . . . .  161 

Discussion . . . . . . . . . . . . . . . . . . . . .  199 
Review of Swedish Work on Irradiation Effects in Canning and Core 

Support Materials--M. G R O U N E S  . . . . . . . . . . . . . . . . . . . . . . .  2 0 0  

Review of Swedish Work on Irradiation Effects in Pressure Vessel Steels 
and on Significance of Data O b t a i n e d - - i .  GROUNES . . . . . . . .  224 

An Evaluation of Radiation Damage to Reactor Vessel Steels Using 
Both Transition Temperature and Fracture Mechanics Ap- 
p r o a c h e s - - E .  LANDERMAN,  S. E. YANICHKO, AND W .  S. HAZEL-  

TON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260 
Discussion . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  275 

Nature of Radiation Damage ~to Engineering Properties of Various 
Stainless Steel Alloys--L E. IRVIN AND A. L. BEMENT . . . . . . . . . .  278 

Applications of Fracture Mechanics in Evaluating Initiation and Prop- 
agation of Brittle Fracture in Reactor Structural Components - -  
R. G. HOAGLAND,  A. L. BEMENT,  AND R. G.  R O W E  . . . . . . . . . . . .  328 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  344 
Neutron Irradiation Embrittlement of Several Higher Strength Steels--  

L. E. STEELE,  J. R. H A W T H O R N E ,  AND R. A. GRAY, JR . . . . . . . . . . . . .  346 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  368 



vl CONTENTS 

Implications of Embrittlement During the Life of a Zirconium Pressure 
Tube Reactor--R. w. N I C H O L S  A N D  B.  W A T K I N S  . . . . . . . . . . . . . .  371 

Properties of Irradiated Materials Needed for the Design of Reactor 
Vessels. Part I, Water Cooled Reactors---D. w. MCLAUGHLIN... 391 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  403 
Fatigue Properties of Irradiated Pressure Vessel Steels--w.  G. GIBBONS, 

A. E.  N I K O L E I T ,  A N D  W .  J.  O ' D O N N E L L  . . . . . . . . . . . . . . . . . . . . . . .  408 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  438 

Solutions to the Problems of High-Temperature Irradiation Embrittle- 
men t - -w .  R. M A R T I N  A N D  J.  R.  W E I R  . . . . . . . . . . . . . . . . . . . . . . .  4 4 { )  

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  457 
Improved Postirradiation Tensile and Stress-Rupture Properties of 

Hastelloy X-280--I .  s. L E V Y  A N D  K.  R. W H E E L E R  . . . . . . . . . . . .  4 5 8  

Effect of Neutron Irradiation on Mechanical Properties of AISI  Type 
347 Stainless Steel--M. KANG1LASKI  A N D  F.  R. S H O B E R  . . . . . . . . .  487 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  511 
Effects of Neutron Irradiation on Creep-Rupture Properties of W-25 

Re Alloy--F.  n. K I N G S B U R Y  A N D  J .  M O T E F F  . . . . . . . . . . . . . . . .  512 
Metallurgical Variables as Possible Factors Controlling Irradiation Re- 

sponse of Structural Steel-- j .  R. HAWTHORNE AND L. E. sTEELE.. 534 
Dose Rate, Annealing, and Stress Relaxation Studies of Radiation Hard- 

ening in Iron--N.  E. H I N K L E ,  S. M.  O H R ,  A N D  M. S. W E C H S L E R  . . . .  573 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  592 

Damaging Neutron Exposure Criteria for Evaluating the Embrittle- 
ment of Reactor Pressure Vessel Steels in Different Neutron 
Spectra--c .  z. SERPAN,  JR . ,  A N D  L.  E.  S T E E L E  . . . . . . . . . . . . . . .  594 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  623 
Cryogenic Radiation Effects on N E R V A  Structural Materials--J.  J. 

LOMBARDO, C. E. DIXON, AND S. A. BEGLEY . . . . . . . . . . . . . . . . .  625 
Plastic Stability of Zn-2 Fuel Cladding--J.  w. WEnER . . . . . . . . . . . . .  653 
Influence of Boron on the Creep Rupture Properties of a Neutron Ir- 

radiated Precipitation Hardening Iron Base Alloy--J .  MOTEFF, 
A. J. LOVELL, F. D. KINGSSURY, AND J. P. SMITH . . . . . . . . . . . . . .  670 

Role of Pressure Vessel Surveillance Programs in Power Reactors: 
Summary and Analysis of ASME Panel Discussion--D. w. 
M C L A U G H L I N  AND L. R. W E I S S E R T  . . . . . . . . . . . . . . . . . . . . . . . . . .  695 

General Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  708 




