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PREFACE

I keep six honest serving-men
(They taught me all I knew)
Their names are What and Why and When
And How and Where and Who.
Rudyard Kipling

economical transfer to the ground of loads from structures of various types

(such as buildings, bridges, and industrial facilities), functions, and sizes.
Foundation engineers draw on their knowledge of mechanics, of how to measure
or estimate various soil and rock properties, of how structures respond to founda-
tion movements, and of basic economic concepts to determine the best, most eco-
nomical foundations for these structures. Because of the need for knowledge from
so many different fields, and because of the natural complexity of soils and rocks,
many years of study and practice are required to master foundation engineering.
This makes the writing of a foundation engineering text for senior undergraduate
and first-year graduate students a challenging task.

Albert Einstein once suggested that things should be made simple, but no sim-
pler. This certainly applies to foundation engineering and to a text on the subject.
Due to the large scope of the subject, simplicity is desired so that all of the infor-
mation, analyses, and techniques can be understood. The essence of knowledge,
however, is to have it so that we can apply it. Oversimplification leads to spotty
knowledge, which is hard to put to use in realistic practical problems. In this text, I
attempt to present the subject of foundation engineering in a logical framework, in
a natural sequence, and in as simple a presentation as possible. I emphasize con-
ceptual understanding and avoid an oversimplistic treatment of soil. An example of
this philosophy is how I treated one of the keys to the successful practice of foun-
dation engineering: the estimation of soil parameters for use in calculations. In
practice, these parameters are not given to us so that all we have to do is to plug
them into an equation or two and arrive at an answer. Much of the work in founda-
tion design resides in determining or estimating these parameters, and I have
devoted significant attention to this.

Foundation engineering is the fascinating subject that deals with the safe and

STRUCTURE OF THE TEXT AND ANCILLARY
MATERIAL
The book is organized into four parts and seventeen chapters. I have found in my

teaching that having the subject divided in well-targeted chapters facilitates learning
of the material. The first part is introductory. In it, I discuss foundation engineering
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and foundation design in the context of civil engineering and civil engineering proj-
ects and discuss the different approaches to foundation design and the interaction of
foundations and the structures they support. In the second part, I review the basics
of soil and rock mechanics and how to determine soil and rock properties. The third
part focuses on foundations in soil and rock. Foundation engineers must also contend
with both temporary and permanent soil slopes and with excavations and retaining
structures. These are addressed in the fourth and last part.

I have covered the construction of shallow foundations and the installation of
deep foundations in more detail than is usually found in foundation engineering
texts. It is important for engineers to understand what can and cannot be con-
structed in the field. It is also important, notably for deep foundations, to recognize
the strong link between foundation response and installation techniques. On the
analysis side, a derivation or at least an indication of how it is obtained accompa-
nies each equation. Additionally, load and resistance factor design (LRFD) is an
integral part of the book, as it is being increasingly adopted in the codes prepared
by different organizations or promoted by their efforts (notably, in the United
States, by the efforts of FHWA and AASHTO).

Three types of problems are proposed at the end of most chapters: conceptual,
quantitative, and design. Conceptual problems are intended to test one’s understand-
ing of the topics. Quantitative problems are intended as relatively straightforward
application of analyses and equations. Design problems simulate the types of deci-
sions and calculations done in real problems, emphasizing how to start from infor-
mation typically available in practice to arrive at intermediate or final results that are
needed in design. Many of the examples and problems have been designed in a way
that requires the solution to start at the same point as problems found in practice
start, with the information typically collected from borings, penetration tests, and so
on, from which stiffness or strength parameters of the soil or rock must be estimated.

The list of references is separated into cited references, references that are not
cited but whose reading may benefit those with a deeper interest in a certain topic,
and ASTM standards and procedures that are pertinent to each chapter.

The text web site contains a gallery with my photos and those of others who
have agreed to let me post them. The gallery is organized according to the book
chapters for easy consultation. The web site also contains other resources, includ-
ing some programs and spreadsheets.

USE OF TEXT IN UNDERGRADUATE AND
GRADUATE COURSES

Readers and instructors often find useful to know how the author of a text would
use it in his own teaching. Typically, students taking a course in foundation engi-
neering have already studied soil mechanics, and, in a few cases, rock mechanics
and engineering geology as well. Therefore, chapters 2—6 are useful in the review
of previously seen material in the foundation engineering courses. They contain
some key concepts for the estimation of design values of soil shear strength and
stiffness; thus, I refer to specific material in these chapters throughout the semes-
ter. Some of the material in chapters 2—6 is advanced. For example, strain analysis,
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the Mohr circle of strains, and slip surfaces are treated in some detail. These are
rarely covered in basic soil mechanics courses in the United States, and can be
skipped without loss of continuity. However, I have found that the more curious
undergraduate students benefit from having access to this material, and, in my
opinion, graduate students should be exposed to it to have a deeper understanding
of soil mechanics. I also use Chapters 26 in the soil mechanics courses I teach at
Purdue University. Throughout the book, sections containing more challenging
material are identified with an asterisk (*) so that both readers and instructors
know they can skip them if more basic coverage of the subject is desired.

In my undergraduate foundation engineering course, I cover the following top-
ics, in order:
Foundation engineering (Chapters 1 and 2)
Site exploration (Chapter 7)
Shallow foundations (Chapters 2, 8, 9, 10, and 11)
Deep foundations (Chapters 12—13)
Retaining structures (Chapter 16)
Slopes (Chapter 17)

In my graduate foundation engineering course, I cover the following topics
(without skipping sections):

LI N S

Foundation engineering (Chapter 1)

Foundation design (Chapter 2)

Site exploration (Chapter 7)

Shallow foundations (Chapters 8—11)

Deep foundations (Chapters 12—15)

It would be presumptuous of me to suggest a specific order. Each instructor
feels comfortable with a different sequence that reflects the instructor’s view of the
subject and the specific needs of the students. The book was written to be flexible
and to accommodate such needs.

LA ol B
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Engineering

Technology moves so rapidly that the challenges and problems of tomorrow are cer-
tain to be different than those of today, and it is probable that most of tomorrow’s
problems will come as surprises, since our ability to predict the future is very poor.
I believe that the best way to adapt is to have a thorough mastery of first principles,
as these never change and can always be applied to new problems.

James K. Mitchell

The duties of professionals in any discipline are not restricted to the very specific,
advanced type of work for which they receive training in colleges and universities.
Every profession has its own language and its own set of rules, which the effective
professional knows well. In this chapter, we will examine the current practices in
the foundation engineering profession. We start by defining what is meant by foun-
dation engineering. We then go on to discuss the education and licensing processes
a foundation engineer must go through to practice the profession in its plenitude.
We follow that with a brief discussion of the foundation engineering industry. The
discussion is pursued in the context of the global economy, which to a consider-
able extent has become a reality. In the paradigm of the global economy, barriers
to trade, including engineering services, will weaken considerably, forcing the
engineer to deal with technical, cultural, legal, and language issues that could be
ignored safely in the past. The chapter concludes with a discussion of units, which
are needed in any engineering calculation.
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1.1 The Foundation Engineering Industry

Foundation Engineering and Foundation
Engineering Problems

Engineering is the creative use of experience, empirical methods, and engineering
science to solve engineering problems. Engineering involves the search for solu-
tions to problems that require significant technical and scientific knowledge and
that change the environment in some way or make new things possible. For exam-
ple, a civil engineer may be interested in connecting one bank of a river to the
other, while a chemical engineer may be interested in the manufacturing of a cer-
tain chemical in industrial scale.

An engineering problem is subjected to a number of constraints arising mainly
because of economic and environmental reasons. More formally, an engineering
problem may be defined in a general way as the need or wish to change something
from a current state A to a new state B in the most economical fashion, under safe
conditions, with minimum or no harm to the environment. Additional requirements
arising out of legal and aesthetic issues also need to be fulfilled. Fortunately, there
are also a number of tools available to the engineer that facilitate achieving an
optimal design solution: engineering science, empirical rules, and experimental
techniques.

Foundation engineers are called upon to determine the best way of transferring
to the ground the loads from structures (such as buildings, warehouses, and bridges),
machines, highway signs, and a variety of other sources. Therefore, we may define
foundation engineering as the process of solving problems that involve the safe
and economical transfer of structural loads to the ground. Foundations may take
many different configurations, being in the most general terms classified as shal-
low (covered in Chapters 8-11) or deep (covered in Chapters 12-15). The most
common types of shallow foundations are concrete footings, typically built of rein-
forced concrete in shallow excavations with plan areas most often in the 1-10 m?
range. Piles are the most common type of deep foundations. These are slender
structural elements made of wood, steel, or concrete that, in onshore applications,
have diameters ranging from 0.1 m to in excess of 1 m and lengths ranging from a
few to many tens of meters.! Foundation engineers are also called upon to safely
and economically design and build retaining structures of all kinds. Construction
dewatering and excavations are also often part of foundation works. Reinforced
concrete design of foundations and retaining structures is often done by a struc-
tural engineer; in such cases, the best results are obtained when the structural and
foundation engineers work in close cooperation. As opposed to the specific disci-
pline of foundation engineering, the term “geotechnical engineering” has a more
general meaning than the term “foundation engineering,” as the subject encom-
passes a broader spectrum of soil or rock problems, including geoenvironmental
problems such as landfill design, waste containment, and groundwater cleanup.

! In offshore applications, piles can have diameters of several meters and lengths in excess of 100 m.



