Residual Stress Effects on

Fatigue and
Fracture Testing

and Incorporation of Results into Design

J.0.Bunch
M. R. Mitchell

Editors

1“_'"

INTERNATIONAL
y Standards Worldwide

STP 1497




STP 1497

Residual Stress Effects on Fatigue
and Fracture Testing and
Incorporation of Results into
Design

Jeffrey O. Bunch and M. R. Mitchell, editors
ASTM Stock Number: STP1497

ASTM

100 Barr Harbor Drive

PO Box C700

West Conshohocken, PA 19428-2959

[IIMj Printed in the U.S.A.
Qd-l-, 17 ISBN:0-8031-4472-5

nternationar  ISBN: 978-0-8031-4472-9




Library of Congress Cataloging-in-Publication Data

Residual Stress Effects on Fatigue and Fracture Testing and Incorporation of Results into Design /
Jeffrey O. Bunch, editor. I, Michael R. Mitchell, Il
p.cm. - (STP 1497)
ISBN 0-8031-4472-5 ISBN 978-0-8031-4472-9
1. Impact--Testing--Equipment and supplies. 2. Pendulum. 3. Notched bar testing--Equipment and
supplies. J. O. Bunch, I. Michael R. Mitchell, II., :ASTM special technical publication ; 1497.

TA418.34.P46
620.1'125--dc22 2007
2006016951

Copyright © 2007 AMERICAN SOCIETY FOR TESTING AND MATERIALS INTERNATIONAL,
West Conshohocken, PA. All rights reserved. This material may not be reproduced or copied, in
whole or in part, in any printed, mechanical, electronic, film, or other distribution and storage media,
without the written consent of the publisher.

Photocopy Rights

Authorization to photocopy items for internal, personal, or educational classroom use, or the inter-
nal, personal, or educational classroom use of specific clients, is granted by the American Society
for Testing and Materials International (ASTM) provided that the appropriate fee is paid to the
Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923; Tel: 978-750-8400; online:
http://www.copyright.com/.

Peer Review Policy

Each paper published in this volume was evaluated by two peer reviewers and at least one editor.
The authors addressed all of the reviewers’ comments to the satisfaction of both the technical
editor(s) and the ASTM International Committee on Publications.

The quality of the papers in this publication reflects not only the obvious efforts of the au-
thors and the technical editor(s), but also the work of the peer reviewers. In keeping with long-stand-
ing publication practices, ASTM International maintains the anonymity of the peer reviewers. The
ASTM International Committee on Publications acknowledges with appreciation their dedication and
contribution of time and effort on behalf of ASTM International.

Printed in Lancaster, PA
January 2007



Foreword

This publication, Residual Stress Effects on Fatigue and Fracture Testing and Incorporation of
Results into Design, contains papers presented at the Symposium on Residual Stress, which was held
in Salt Lake City, UT on 19-20 May, 2004. The symposium was sponsored by ASTM International
Committee EO8 on Fatigue and Fracture. Dr. Jeffrey O. Bunch, Boeing Integrated Defense Systems,
presided as symposium chairman and served as editor of this compilation. Co-chair of the sympo-
sium, was Dr. Michael R. Mitchell, Northern Arizona University.

Dr. Jeffrey O. Bunch

Boeing Integrated Defense Systems
Seattle, WA

Symposium Chairman and Editor

Dr. Michael R. Mitchell
Northern Arizona University
Flagstaft, AZ

Symposium Co-chair and Editor
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Overview

This book represents the research of several authors presented at the Symposium on Residual Stress
Effects on Fatigue and Fracture Testing and Incorporation of Results into Design held in Salt Lake
City, Utah, May 19-20, 2004. This symposium brought together researchers, practitioners of resid-
ual stress measurement techniques, structural analysts, and designers specializing in the influence of
residual stress on fatigue and fracture. The intent of the symposium was to foster continued dialogue
between these groups and thereby provide each with an understanding of the state of knowledge con-
cerning residual stresses and their effect on structural integrity. Residual stresses can be present due
to processing and manufacturing of materials and structures, so it is imperative to understand how and
why they can influence the test data that we used in structural design methodologies. Residual
stresses may also be intentionally engineered into structures in attempts to improve fatigue life, and
it is equally important that designers understand how to account for these potential effects on fatigue
life.

ASTM Committee EO8 on Fatigue and Fracture is committed to providing timely information on the
state-of-the-art of fatigue and fracture testing and lifetime prediction methods. Contained in this STP
is a continuation of that commitment. Manuscripts covering the influence of processing and methods
to account for residual stresses in predicting fatigue life are provided in this volume. Also included
are manuscripts in which are discussed several applications of residual stress measurement methods.
Engineered residual stresses further address fatigue crack growth and fatigue lifetime predictions of
cold-worked holes and the influence of shot peening.

Future workshops and symposia sponsored by ASTM Committee EO8 on Fatigue and Fracture are
planned and will continue to foster dialogue on this highly important subject in fatigue and fracture.

Dr. Jeffrey O. Bunch

Boeing Integrated Defense Systems
Seattle, WA

Symposium Chairman and Editor

Dr. Michael R. Mitchell
Northern Arizona University
Flagstaft, AZ

Symposium Co-chair and Editor
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