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Summary

In this paper, a simplified boundary element analysis is employed to analyze the lateral

response of vertical piles subjected to lateral soil movements. Design charts for estimating pile bending moment
and lateral deflection have been developed and are presented for piles with different head conditions, assuming
elastic behaviour of both the soil and the pile. The applicability of these design charts is demonstrated via the
study of two published case histories. It is shown that these design charts tend to give an upper-bound estimation
of the lateral pile response, but a close estimation may be obtained if the lateral soil movement is relatively

small.

1. INTRODUCTION

In many cases piles may be subjected to lateral soil
movements. These movements will induce bending
moment, shear force and deflection in the pile, and
in severe cases, may lead to structural failure of the
pile. It is therefore important for such effects on
piles to be estimated. The estimation may be carried
out more appropriately in some cases by simple, but
soundly based, design charts (see Chen & Poulos,
1997). Such design charts have been presented by
Chen & Poulos (1997) for free-head piles. The
primary purpose of the present paper is to extend
these charts and to study the effect of the pile head
condition on the lateral pile response. Design charts
for different pile head conditions will be developed
and their applicability will be demonstrated,
wherever possible, via the study of published case
histories.

The charts are intended primarily for the estimation
of soil movement effects on a pile. The related
problem of piles used to stabilize moving or unstable
soils requires a more careful consideration of
nonlinear pile-soil response.

2. ANALYSIS METHOD

The basic problem of a vertical pile subjected to
lateral soil movements is shown in Figure 1, where
z¢ is the thickness of the moving soil layer, and L is
the total pile embedded length. The lateral pile
response is computed via a simplified boundary
clement analysis in which the pile is divided into
elements and the soil is modelled as an elastic
continuum.  Pre-determined  horizontal  soil
movements are imposed on each element of the pile,
and the analysis is implemented using a computer
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Figure 1 Pile subjected to soil movement

program named PALLAS, details of which can be
found in Chen & Poulos (1997).

3. EFFECT OF PILE HEAD CONDITION

It has been shown that the pile head condition may
have a very significant effect on the lateral response
of piles subjected to lateral soil movements (see, for
example, Chen & Poulos, 1996). This effect has
been investigated in the present paper via the study
of a single pile which is embedded in a uniform
elastic soil and subjected to a linear lateral soil
movement, as shown in Figure 2. Four different pile
head conditions, namely, free/unrestrained (or free),
fixed (from rotation)/restrained (from translation),
fixed (from rotation)/unrestrained (from translation),
and free (from rotation)/restrained (from translation)
have been considered. The computed bending
moment and lateral deflection profiles are shown in
Figure 2. It can be seen that the pile head condition
has a major influence on the lateral pile response.
The maximum bending moment is shown to
correspond to the case where the pile head is fixed
and restrained, while the maximum lateral pile
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(a) Bending moment profiles

(b) Lateral deflection profiles

Figure 2 Effect of pile head condition on pile response (uniform soil, linear soil movement)

deflection is related to the free head condition. This
result may indicate that particular care should be
taken for existing piles whose head is both fixed and
restrained. To minimize the possibility of damage,
pile heads should, if possible, be left free, if soil
movements around the pile are anticipated in the
future.
4. DESIGN CHARTS

Because the pile head condition has been
demonstrated to have a significant influence on the
lateral pile behaviour, it has been considered
appropriate to develop design charts for estimating
lateral pile response corresponding to different pile
head conditions. Such design charts have been
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presented by Chen & Poulos (1997) for free-head
piles, and are extended in this paper to two other
head conditions, namely, free/restrained and
fixed/restrained. Design charts are not presented for
the case of fixed/unrestrained condition because of
space limitations.

The soil has been assumed to be either uniform (i.e.
constant Young’s modulus) or Gibson type (i.e.
Young’s modulus increases with depth). Two types
of lateral soil movements have been considered,
namely, uniform movement and linear movement.

The cases analyzed are summarized in Table 1,
while the design charts are presented in Figures 3 —
10.
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Fig. 3 Elastic solutions for free/restrained head pile in uniform soil
(Linear soil movement profile)
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Fig. 4 Elastic solutions for free/restrained head pile in Gibson soil
(Linear soil movement profile)
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Fig. 5 Elastic solutions for free/restrained head pile in Uniform soil
(Uniform soil movement profile)
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Fig. 6 Elastic solutions for free/restrained head pile in Gibson soil
(Uniform soil movement profile)
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Fig. 7 Elastic solutions for fixed/restrained head pile in Uniform soil
(Linear soil movement profile)
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