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PREFACE

Theoretical Foundation Engineering is divided into five
major chapters: Lateral Earth Pressure, Sheet Pile
Walls, Bearing Capacity of Anchor Slabs and Helical
Anchors, Ultimate Bearing Capacity of Shallow Foundations
and Slope Stability. Many foundation engineering books
now in print cover the above-mentioned topics which are
directed toward providing a hands-on type of approach to
design engineers. The goal of this book is somewhat dif-
ferent, in that it provides a state-of-the-art review of
the advances made in understanding the behavior of earth-
retaining and earth-supported structures. Most of the
material is drawn from open literature, and a list of ref-
erences is given at the end of each chapter. The text is
liberally illustrated. To demonstrate the application of
theoretical derivations, several worked-out problems are
given in each chapter. In some instances, the final solu-
tions to the problems under consideration are given, and
detailed mathematical treatment has been deleted to keep
the text within its scope and space limitations. It is my
hope that this text will be wuseful +to students,
researchers, and practicing geotechnical engineers.

I am grateful to my wife Janice for typing the entire
manuscript in camera-ready form. Several others have been
extremely helpful during the preparation of the manu-
script. Dr. Samuel P. Clemence, Professor and Chairman of

the Department of Civil Engineering at Syracuse
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University (New York), and Dr. Ronald B. McPherson,
Associate Professor of Civil Engineering, New Mexico
State University, Las Cruces, were very helpful in pro-
viding several reference papers. Dr. Donald E. Bobbitt
and Mr. Richard S. Erdel of the A, B. Chance Company,
Centralia, Missouri, have provided the photographs of
helical anchors given 1in Appendix C. Mr. Robert L.
Goodman, Director of Editorial Research-North America,
for Elsevier Scientific Publishing Company, was most
instrumentalin the initiation of this manuscript. Thanks
are also due to

Dr. Haskell Monroe, President of The University of
Texas at El Paso, for his continuous encouragement and
assistance in my professional development.

— Braja M. Das
El Paso, Texas
March, 1987
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CHAPTER 1
Lateral Earth Pressure

11 INTRODUCTION

In the construction and design of many structures, a thorough
knowledge of the earth pressure to which these structures will be
subjected is required. Important among these structures are re-
taining walls, sheet pile bulkheads, temporary sheathings for sup-
porting vertical or near-vertical cuts in soils, and earth anchors.
The earth pressure to which the above types of retaining structures
are subjected is commonly referred to as lateral earth pressure.
The lateral earth pressure on an earth-retaining structure can gen-

erally be divided into three major categories. They are

1. Earth pressure at rest
2. Active earth pressure

3. Passive earth pressure

The above-stated earth pressure conditions can be explained by
means of Fig. 1.1, in which 4B is a retaining wall supporting soil
at its left. The backfill soil has a horizontal ground surface.

If the retaining wall does not yield at all from its original posi-
tion, the horizontal lateral earth pressure at any depth to which
the wall will be subjected is called the lateral earth pressure at-
rest. The total force per unit length of the wall is equal to P
This type of condition is shown in Fig. 1.la. However, if the wall
tends to yield away from the soil sufficiently to create a plastic
state of equilibrium in the soil mass located immediately behind it,
the lateral earth pressure at any depth to which it will be sub-
jected is called the active earth pressure. The conditions for
development of active earth pressure are shown in Fig. 1.1b, c, and
d. This can happen by rotation of the wall about its bottom or
top, and also by lateral translation of the wall away from the



Rotation
about bottom .
&4— Translation

Py
“w s Rotation RN
about top
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about bottom .
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P
P
Rotation
about top
(e) () (g)
Figure 1.1. Definition of (a) Earth pressure at rest; (b), {c),

and (d) Active earth pressure; (e), (f), and (g) Passive earth
pressure.

backfill. The magnitude, direction, and the location of the resul-
tant of the active force Pa per unit length of the wall will depend
on several factors, such as the shear strength parameters of the



backfill, profile of the top of the backfill, roughness of the wall
and the mode of the wall movement.

Figure 1.le, f, and g shows the condition where the wall
yields into the soil mass located behind it by rotation about its
bottom and top, and also by lateral tramslation. If the movement
of the wall is sufficient to create a plastic state in the soil
mass near it, failure will occur. This is referred to as the pas-
sive state. The lateral earth pressure on the wall at any given
depth is called as the passive earth pressure. The magnitude, di-
rection, and the location of the resultant of passive force will
primarily depend on the same factors as listed above for the active
case.

This chapter has been devoted to analyzing various lateral
earth pressure theories presently available in literature. 1In all
cases, it has been assumed that the shear strength of the soil can
be defined by Mohr-Coulomb's failure criteria, or

s = p'tan¢+ ¢ (1.1)
where s = shear strength
p’' = effective normal stress
¢ = drained angle of friction
e = cohesion

AT-REST EARTH PRESSURE
1.2  AT-REST EARTH PRESSURE

As explained in the preceding section, the at-rest condition
exists if a wall does not yield at all (that is, either away from
the soil mass or toward the soil mass). Figure 1.2 shows a re-
taining wall with a horizontal backfill. At a depth z below the
ground surface, the vertical and horizontal effective stresses are
pé and pﬂ, respectively. The ratio of pﬂ to p& is usually referred
to as the lateral earth pressure coefficient at-rest, or

= ’ ’
Ky = pi/py (1.2)
where K, = earth pressure coefficient at-rest

The most common and widely used relationship of K, for design
is that given by Jaky (1944), which is of the form

KO = 1 sin¢ (1.3)

where ¢ drained friction angle



Unit weight=y

s p'tan¢g +ec

Figure 1.2. Definition of lateral earth pressure at-rest.

In recent times, it has been shown by several investigators
that Eq. (1.3) is applicable only to normally consolidated loose
soils. This fact can be explained by referring to Fig. 1.3, which
shows a plot of pﬁ against p&. Along the branch 04 (initial load-
ing), the soil is normally consolidated. Mayne and Kulhawy (1982)
have analyzed the published results of about 121 soils. Based on
their analysis they found that, for both sand and clayey soils,
the best fit line from linear regressions analysis can be given as

Ko(nc) = 1-1.003sin¢ (1.4)

where X = at-rest earth pressure coefficient for normally

consolidated soils

o(nc)

So it appears that the original Jaky equation is generally valid
for all normally consolidated sands and clays. Brooker and Ireland

(1965) have given the following relationships for normally consoli-
dated clays

Ko(nc) 0.4+ 0.007(PI) (for PI between 0 and 40) (1.5)

and

Kc(nc) 0.64+ 0.001(PI) (for PI between 40 and 80) (1.6)



