FOUNDATION
ENGINEERING -

FORE

EXPANSIVE SOILS

, JOHN D. NELSON | KUO CHIEH CHAO
DANIEL D. OVERTON | ERIK J. NELSON

WILEY



Foundation Engineering
for Expansive Soils

John D. Nelson
Kuo Chieh (Geoff) Chao
Daniel D. Overton
Erik J. Nelson

WILEY



Cover image: Adrian Morgan
Cover design: Cracked wall © man_kukuku/Thinkstock; all other images courtesy Engineering
Analytics, Inc.

This book is printed on acid-free paper.
Copyright © 2015 by John Wiley & Sons, Inc. All rights reserved

Published by John Wiley & Sons, Inc.. Hoboken, New Jersey
Published simultaneously in Canada

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, scanning, or oth-
erwise, except as permitted under Section 107 or 108 of the 1976 United States Copyright Act,
without either the prior written permission of the Publisher, or authorization through payment
of the appropriate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Dan-
vers, MA 01923, (978) 750-8400, fax (978) 646-8600, or on the web at www.copyright.com.
Requests to the Publisher for permission should be addressed to the Permissions Department,
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201)
748-6008, or online at www.wiley.com/go/permissions.

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 the 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. No warranty may be
created or extended by sales representatives or written sales materials. The advice and strategies
contained herein may not be suitable for your situation. You should consult with a professional
where appropriate. Neither the publisher nor the author shall be liable for damages arising
herefrom. )

For general information about our other products and services, please contact our Customer
Care Department within the United States at (800) 762-2974, outside the United States at (317)
572-3993 or fax (317) 572-4002.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some
material included with standard print versions of this book may not be included in e-books or
in print-on-demand. If this book refers to media such as a CD or DVD that is not included in
the version you purchased, you may download this material at http://booksupport.wiley.¢om.
For more information about Wiley products, visit www.wiley.com. v

Library of Congress Cataloging-in-Publication Data:

Nelson, John D.
Foundation engineering for expansive soils / John D. Nelson [and 3 others].
1 online resource.
Includes index. )
Description based on print version record and CIP data provided by publisher;
resource not viewed.
ISBN 978-1-118:41799-7 (pdf) — ISBN 978-1-118-41529-0 (epub) —
ISBN 978-0-470-58152-0 (hardback)
1. Soil-structure interaction. 2. Swelling soils. 3. Foundations. I. Title.
TAT7I1L.5
624.1'51-dc23
2014043883

Printed in the United States of America

10987654321



Foundation Engineering for
Expansive Soils



Preface

The practice of foundation engineering was first developed to address
problems associated with settlement due to saturated soils that were
prevalent in areas with soft coastal and deltaic deposits. As popula-
tioﬁ and business centers moved into areas with more arid climates,
problems with other types of soils became evident. Some soils that
were capable of supporting a load in a natural unsaturated state were
observed to either expand or collapse when wetted. These soils did
not conform to the classical theories of soil mechanics and foundation
engineering, and more research began to focus on the behavior of
unsaturated soils. _

Within the general category of unsaturated soils, the expansive soils
posed the greatest problems, and created the most financial burden.
In response to major infrastructure development in the late 1950s and
1960s there was an upswing in research regarding the identification
of expansive soils and factors influencing their behavior. Engineers
became more cognizant of the need for special attention to the unique
nature of expansive soils.

The general curricula taught at universities did not specifically
address the design of foundations for these soils, and engineers did
not become aware of expansive soils unless they began to practice in
areas where those soils existed. Therefore, the practice of foundation
engineering for expansive soils developed around experience and
empirical methods.

Few books have been written specifically on the subject of design of
foundations on expansive soils. Fu Hua Chen wrote a book entitled
Foundations on Expansive Soils that was published in 1975. A second
edition of that book was published in 1988. Those books were based
to a large extent on Mr. Chen’s personal experiences along the Front
Range of Colorado. The Department of the Army published a technical
manual in 1983 titled, Foundations for Expansive Soils. That manual
served as the basis for the design of structures on military bases, and
was available to the civilian engineering community as well.
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Xvi Preface

At about that same time the US National Science Foundation funded
a research project at Colorado State University (CSU) dealing with
expansive soils. The scope of that project included a survey of the prac-
tices followed by engineers throughout the United States and Canada,
as well as individuals from other countries. On the basis of that sur-
vey, and research that had been conducted by that time, Nelson and
Miller (1992) published a book entitled Expansive Soils: Problems and
Practices in Foundation and Pavement Engineering.

In 1993 Fredlund and Rahardjo published their text, Soil Mechanics
for Unsaturated Soil. That book extended the framework of classical
soil mechanics to incorporate soil suction as an independent stress state
variable, and provided the rigor needed for a theoretical understanding
of unsaturated soils. A part of that book was devoted to the mechanics
of expansive soil.

In the 20 years since the publication of Nelson and Miller (1992), the
authors of this book have worked together and have performed hun-
dreds of forensic investigations on expansive soils. In the course of that
work, many new ideas have emerged, additional research has been con-
ducted, and methods of analyses were developed that have been applied
to foundation design. This book reflects the authors’ experiences over
the period since the book by Nelson and Miller was written. It incor-
porates a broader scope of analysis and a greater degree of rigor than
the earlier work.

In a presentation at the 18th International Conference on Soil
Mechanics and Geotechnical Engineering in which he introduced his
most recent book, Unsaturated Soil Mechanics in Engineering Practice,
Dr. Fredlund noted the need for practitioners to centinue to publish
works that will extend the application of the concepts of unsaturated
soll mechanics to the solution of practical geotechnical engineering
problems. It is believed that this book responds to that call and will
provide a sound basis on which to establish a practice of foundation
engineering for expansive soils.

Many people have contributed to the completion of this book, most
notably Ms. Georgia A. Doyle. She has read the entire manuscript,
provided necessary and valuable editing and coordination, and queried
the authors where material was not clear. Many valuable comments
were received from Dr. Donald D. Runnells after his review of
chapter 2, and Dr. Anand J. Puppala after his review of chapter 10.
Professor Erik. G. Thompson developed the FEM analysis for the
APEX program presented in chapter 12.
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In addition, many current and former staff of the authors’ company,
Engineering Analytics, Inc., have contributed in one way or another.
Special recognition goes to Kristle Beaudet, Todd Bloch, Denise
Garcia, Debbie Hernbloom, Jong Beom Kang, Lauren Meyer, Ronald
Pacella, and Rob Schaut. Their help along the way is much appreciated.

John D. Nelson

Kuo Chieh (Geoff) Chao
Daniel D. Overton

Erik J. Nelson
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