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PREFACE

The purpose of this book is to present the practical aspects of geotechnical earthquake
engineering. Because of the assumptions and uncertainties associated with geotechnical
engineering, it is often described as an “‘art” rather than exact science. Geotechnical earth-
quake engineering is even more challenging because of the inherent unknowns associated
with earthquakes. Because of these uncertainties in earthquake engineering, simple analy-
ses are prominent in this book, with complex and theoretical evaluations kept to an essen-
tial minimum.

The book is divided into four separate parts. Part 1 (Chaps. 2 to 4) provides a discussion
of basic earthquake principles, common earthquake effects, and typical structural damage
caused by the seismic shaking. Part 2 (Chaps. 5 to 11) deals with earthquake computations
for conditions commonly encountered by the design engineer, such as liquefaction, set-
tlement, bearing capacity, and slope stability. Part 3 (Chaps. 12 and 13) discusses site
improvement methods that can be used to mitigate the effects of the earthquake on
the structure. Part 4 (Chaps. 14 and 15) deals with building codes and a summary chapter.

The book contains practical analyses for geotechnical earthquake engineering. There
may be local building codes, government regulations, or other special project requirements
that are more rigorous than the procedures outlined in this book. The analyses presented
here should not replace experience and professional judgment. Every project is different,
and the engineering analyses described in this book may not be applicable for all circum-
stances.

This second edition includes new material such as Chap. 14 dealing with the geo-
technical earthquake engineering regulations from the 2012 International Building Code.
Chapter 15, Summary of Geotechnical Earthquake Engineering, has been added. Other
chapters have been updated, and more problems and solutions are included in this second

edition.

Robert W. Day
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CHAPTER 1
INTRODUCTION

1.1 GEOTECHNICAL EARTHQUAKE
ENGINEERING

Geotechnical earthquake engineering can be defined as that subspecialty within the field
of geotechnical engineering which deals with the design and construction of projects in
order to resist the effects of earthquakes. Geotechnical earthquake engineering requires an
understanding of basic geotechnical principles as well as geology, seismology, and earth-
quake engineering. In a broad sense, seismology can be defined as the study of earthquakes.
This would include the internal behavior of the earth and the nature of seismic waves gen-
erated by the earthquake.

The first step in geotechnical earthquake engineering is often to determine the dynamic
loading from the anticipated earthquake (the anticipated earthquake is also known as the
design earthquake). For the analysis of earthquakes, the types of activities that may need
to be performed by the geotechnical engineer include the following:

e Investigating the possibility of liquefaction at the site (Chap. 6). Liquefaction can cause
a complete loss of the soil’s shear strength, which could result in a bearing capacity fail-
ure, excessive settlement, or slope movement.

e Calculating the settlement of the structure caused by the anticipated earthquake (Chap. 7).

* Checking the design parameters for the foundation, such as the bearing capacity and
allowable soil bearing pressures, to make sure that the foundation does not suffer a bear-
ing capacity failure during the anticipated earthquake (Chap. 8).

Investigating the stability of slopes for the additional forces imposed during the design
earthquake. In addition, the lateral deformation of the slope during the anticipated earth-
quake may need to be calculated (Chap. 9).

Evaluating the effect of the design earthquake on the stability of retaining walls (Chap. 10).

Analyzing other possible earthquake effects, such as surface faulting and resonance of
the structure (Chap. 11).

e Developing site improvement techniques to mitigate the effects of the anticipated earth-
quake. Examples include ground stabilization and groundwater control (Chap. 12).

¢ Determining the type of foundation, such as a shallow or deep foundation, that is best
suited for resisting the effects of the design earthquake (Chap. 13).

e Assisting the structural engineer by investigating the effects of ground movement due to
seismic forces on the structure and by providing design parameters or suitable structural
systems to accommodate the anticipated displacement (Chap. 13).

1.1



