NUCLEAR ENERGY

Editors Thomas T. C. Hsu
Chiun-Lin Wu
Jui-Liang Lin




INFRASTRUCTURE
SYSTEMS FOR
NUCLEAR ENERGY

Editors

Thomas T. C. Hsu
University of Houston, USA

Chiun-Lin Wu

National Center for Research on Earthquake Engineering, Taiwan

Jui-Liang Lin

National Center for Research on Earthquake Engineering, Taiwan

WILEY



This edition first published 2014
© 2014 John Wiley & Sons Ltd

Registered office
John Wiley & Sons Ltd, The Atrium. Southern Gate. Chichester. West Sussex. PO19 85Q. United Kingdom

For details of our global editorial offices. for customer services and for information about how to apply for
permission to reuse the copyright material in this book please see our website at www.wiley.com.

The right of the author to be identified as the author of this work has been asserted in accordance with the
Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted. in
any form or by any means, electronic, mechanical, photocopying, recording or otherwise, except as permitted by
the UK Copyright, Designs and Patents Act 1988, without the prior permission of the publisher.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be
available in electronic books.

Designations used by companies to distinguish their products are often claimed as trademarks. All brand names
and product names used in this book are trade names. service marks, trademarks or registered trademarks of their
respective owners. The publisher is not associated with any product or vendor mentioned in this book.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts in
preparing this book, they make no representations or warranties with respect to the accuracy or completeness of
the contents of this book and specifically disclaim any implied warranties of merchantability or fitness for a
particular purpose. It is sold on the understanding that the publisher is not engaged in rendering professional
services and neither the publisher nor the author shall be liable for damages arising herefrom. If professional
advice or other expert assistance is required, the services of a competent professional should be sought.

Library of Congress Cataloging-in-Publication Data

Infrastructure systems for nuclear energy / editors, Thomas T. Hsu, Chiun-lin Wu. Jui-Liang Lin.
pages ¢m
Includes bibliographical references and index.
ISBN 978-1-119-97585-4 (hardback)

1. Nuclear power plants — Earthquake effects. 2. Reinforced concrete construction — Design and construction.
3. Nuclear power plants — Design and construction. 4. Nuclear power plants — Asia — Case studies. 5. Nuclear
facilities — Earthquake effects, 6. Nuclear facilities — Design and construction. 7. Earthquake resistant design.
I. Hsu. Thomas T. C. (Thomas Tseng Chuang), 1933-

TK9152.163154 2013

021.48 — dc23

2013031573

A catalogue record for this book is available from the British Library.

ISBN 9781119975854
Set in 10/12 Times by Laserwords Private Limited, Chennai, India

Printed and bound in Singapore by Markono Print Media Pte Ltd



List of Contributors

Ashraf Ayoub, Associate Professor, Department of Civil and Environmental Engineering,
University of Houston, Houston, TX, USA

Patrick Bamonte, Assistant Professor, Department of Civil and Environmental Engineer-
ing, Politecnico di Milano, Milan, Italy

Ushnish Basu, Senior Scientist, Livermore Software Technology Corp., Livermore, CA,
USA

Charles Bryan, Research Scientist, Advanced Nuclear Energy Programs, Storage and
Transportation Technologies, Sandia National Laboratories, Albuquerque, NM, USA

Bruno Capra, Oxand S.A., Avon-Fontainbleau, France

Jan Cervenka , Executive Director, Cervenka Consulting Ltd., Prague, Czech Republic

Vladimir Cervenka, President, Cervenka Consulting Ltd., Prague, Czech Republic

Shin Chang, Department of Nuclear Regulation, Atomic Energy Council, New Taipei
City, Taiwan

Wen-Chuan Chen, Fuel Cycle and Materials Administration, Atomic Energy Council,
New Taipei City, Taiwan

Yi-Bin Chen, Department of Nuclear Regulation, Atomic Energy Council, New Taipei
City, Taiwan

Syh-Tsong Chiou, Fuel Cycle and Materials Administration, Atomic Energy Council,
New Taipei City, Taiwan

W. Gene Corley, Senior Vice President, CTLGroup, Skokie, 1L, USA

David Diamond, Chief Scientist, Nuclear Science and Technology Department,
Brookhaven National Laboratory, Upton, NY, USA

Robert S. Dunham, Senior Vice President, ANATECH Corp., San Diego, CA, USA

K. Ebisawa, Vice President, Japan Nuclear Energy Safety Organization (JNES), Tokyo,
Japan

Ahmed Elremaily, Senior Structural Engineer, CTLGroup, Skokie, IL, USA

Naoyuki Fukuura, Chief Research Engineer, Civil Engineering Research Institute, Taisei
Corporation, Yokohama, Kanagawa, Japan

Pietro G. Gambarova, Protessor, Department of Civil and Environmental Engineering,
Politecnico di Milano, Milan, Italy



Xvi List of Contributors

Gung-Min Ho, Department of Nuclear Regulation, Atomic Energy Council, New Taipei
City, Taiwan
Norman Hoffman, Senior Vice President, Ibis Engineering, Galveston, TX, USA

Sung-Gul Hong, Professor, Department of Architectural Engineering, Seoul National
University, Seoul. Korea

Ta-Kang Hsiung, Department of Nuclear Regulation, Atomic Energy Council, New Taipei
City, Taiwan

Hwai-Chiung Hsu. Vice President, Taiwan Power Company, Taipei, Taiwan

Thomas T. C. Hsu. Moores Professor, Department of Civil and Environmental Engineer-
ing, University of Houston, Houston, TX, USA

Yin-Nan Huang, Assistant Professor, Department of Civil Engineering. National Taiwan
University, Taipei, Taiwan

Yuhao Huang, Associate Manager, Dry Storage Project, Institute of Nuclear Energy
Research, Taoyuan County, Taiwan

Yoshikazu Ichikawa, Nuclear Power Department, Kajima Corporation, Tokyo, Japan

H. Inoue, Chief Researcher, Japan Nuclear Energy Safety Organization (JNES), Tokyo,
Japan

Akihiro Ishizawa, Nuclear Power Department, Kajima Corporation, Tokyo, Japan

Randy J. James, President, ANATECH Corp., San Diego, CA, USA

Eric Keldrauk, Graduate Student Researcher, Department of Civil and Environmental
Engineering, University of California Berkeley, CA, USA

Osamu Kontani, Nuclear Power Department. Kajima Corporation, Tokyo, Japan

Theodor Krauthammer. Theodore R. Crom Professor and Director, Center for Infras-
tructure Protection and Physical Security, University of Florida, Gainsville, FL, USA

Tetsuo Kubo, Professor Emeritus of Structural Engineering, The University of Tokyo,
Tokyo, Japan

Evgeny Kurbatskiy, Professor, Civil Engineering Department, Moscow State University
of Railway Engineering, Moscow, Russia

Moheb Labib, Topside-Structural Lead, Technical Professional Structural, KBR, Inc.,
Houston, TX, USA

Myung-Jae Lee, Professor, Department of Architectural Engineering, Chung-Ang Uni-
versity, Seoul, Korea

Seung-Joon Lee, Professor, Department of Architectural Engineering. Ajou University.
Suwon, Korea

Jui-Liang Lin, Research Fellow, National Center for Research on Earthquake Engineer-
ing, Taipei, Taiwan

John S. Ma, Senior Structural Engineer and Charter Member of NRC. Washington, DC,
USA

Koichi Maekawa, Professor, Department of Civil Engineering, The University of Tokyo,
Tokyo, Japan

Jacky Mazars, Grenoble Institute of Technology. Grenoble, France



List of Contributors xvii

Michael Mieler, Graduate Student Researcher, Department of Civil and Environmental
Engineering, University of California Berkeley, CA, USA

Y.L. Mo, Professor and Director of THSRL, Department of Civil and Environmental
Engineering, University of Houston, Houston, TX, USA

Yashar Moslehy, Senior Technical Professional, Energo Engineering (a KBR Company),
Houston, TX, USA

S. Motohashi, Senior Counselor, Japan Nuclear Energy Safety Organization (JNES),
Tokyo, Japan

D. J. Naus, Senior Scientist, Oak Ridge National Laboratory, Oak Ridge, TN, USA
T. Nishikawa, Professor Emeritus, Tokyo Metropolitan University, Tokyo, Japan

Stanley A. Orrell, Director of Nuclear Energy and Fuel Cycle Program, of Sandia
National Laboratories, Albuquerque, NM, USA

Ralph G. Oesterle, Senior Principal Structural Engineer, CTLGroup, Skokie, IL, USA
Yeong-Chang Peng, Section Chief, Taiwan Power Company, Taipei, Taiwan

Per Peterson, Professor, Department of Nuclear Engineering, University of California
Berkeley, CA, USA

Christophe Pontiroli, CEA-DAM, Gramat, France

Joseph Y.R. Rashid, Chairman, ANATECH Corp., San Diego, CA, USA

Alain Rouquand, CEA-DAM, Gramat, France

Osamu Sato, Nuclear Energy Systems Group, Mitsubishi Research Institute Inc., Tokyo,
Japan

Bozidar Stojadinovi¢, Professor, Department of Civil and Environmental Engineering,
University of California Berkeley, CA, USA

Mansour Tabatabaie, Chief Engineer, SC Solutions, Sunnyvale, CA, USA

Padmanabha Rao Tadepalli, Structural Engineer, American Global Maritime Inc.,
Houston, TX, USA

Masayuki Takizawa, Nuclear Energy Systems Group, Mitsubishi Research Institute Inc.,
Tokyo, Japan

Bret A. Tegeler, Senior Structural Engineer, NRC, Washington, DC, USA

Wen-Chun Teng, Department of Nuclear Regulation, Atomic Energy Council, New Taipei
City, Taiwan

Brian E. Thomas, Structural Engineering Branch Chief, NRC, Washington, DC, USA

Philip G. Tipping, Nuclear Energy and Materials Consultant, CH 5200 BRUGG,
Switzerland

Chuen-Horng Tsai, Minister, Atomic Energy Council, New Taipei City, Taiwan

Andrew S. Whittaker, Professor and Chair of Structural and Earthquake Engineering
and Director of MCEER, University at Buffalo, NY, USA

Kaspar Willam, Cullen Professor, Department of Civil and Environmental Engineering,
University of Houston, Houston, TX, USA

Ching-Hui Wu, Department of Nuclear Regulation, Atomic Energy Council, New Taipei
City, Taiwan



xviii List of Contributors

Chiun-Lin Wu, Associate Research Fellow, National Center for Research on Earthquake
Engineering, Taipei, Taiwan
Yunping Xi, Professor of Civil Engineering, University of Colorado Boulder, CO, USA

Zufeng Xia, Senior Consultant, Shanghai Nuclear Engineering Research and Design
Institute, Shanghai, China



Preface

Creating sufficient energy resources to replace traditional, carbon-polluting coal and oil is
a crucial question for the health of Planet Earth and the survival of human beings. We are
at the cross-roads of deciding whether the unlimited potential of nuclear energy should be
utilized. The 2011 Fukushima accident re-opened in the public’s mind the question: “Are
nuclear power plants safe?” This book intends to sort out the facts from the fallacies on
nuclear infrastructures.

This book, Infrastructure Systems for Nuclear Energy, addresses both the design and
analysis of infrastructures associated with nuclear energy. It first leads readers through
an overview of the current/future nuclear power industry and its infrastructure systems.
To achieve a comprehensive overview, we invited contributions from the world’s top
authorities in key areas of expertise, such as regulations, operation, engineer practices,
teaching and research. Only through open sharing of scientific studies, not emotional
conjecture, can real consensus based on knowledge be built.

This book then provides a thorough investigation of containment structures, nuclear
waste storage facilities, and the associated applications of selected commercial/academic
computer softwares. Further chapters are devoted to the behavior of infrastructure
systems when they are challenged by specific environment issues faced by nuclear power
plants, such as the impact of high temperatures, irradiation effects, blasts, earthquakes,
soil—structure interaction effects, and so on.

The authors of the book’s 31 chapters come from all over the world and are leaders
at the cutting edges of their professions. This book, therefore, not only represents the
state-of-the-art of nuclear infrastructure systems, but also serves as an authoritative guide
for teaching, research, and training of engineers and scientists of the future. This book
will serve readers from diverse disciplines and backgrounds. For clarity and convenience,
we provide a list of acronyms and their fuller definitions.

This book is the result of institutional cooperation between the University of Houston
THSRL (Thomas T. C. Hsu Structural Research Laboratory) in the USA and NCREE
(National Center for Research on Earthquake Engineering) of Taiwan. This cross-continent
collaboration gave impetus to the signing of an Agreement of Scholarly Exchange and
Collaboration in 2001 that was renewed in 2006 and 2011.

The editors would like to thank Professors Shyh-Jiann Hwang, Liang-Jenq Leu, Kuo-
Chun Chang, and Chien-Chz Hsu of the National Taiwan University and NCREE for



XX Preface

their strong support in terms of space, facilities, manpower, and expenses. The editors
also wish to express their appreciation to Ms. Hui-Chu Ni of DnE Information Service
Net, whose talent and diligence made possible the completion of this book.

Thomas T. C. Hsu
Chiun-Lin Wu
Jui-Liang Lin
July 4, 2013
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Figure 8.8 Predicted tensile damage contours after the Nice 1.0g earthquake and the corresponding
crack pattern
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Figure 8.11 Test no. 12: comparison between computed and observed damages



