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ABSTRACT

This thesis reports investigations into a new piling and anchorage
concept that have taken place at Imperial College over the last four
years. This new concept - called the Wedge-Pile - makes use of recent
developments in the understanding of pile/soil behaviour in order to
improve piling methods and design. The Wedge-Pile concept involves the
radial expansion of a pile or anchorage along its length so as to
increase the capacity of the pile in a reliable and predictable
manner. The Wedge-Pile consists essentially of two components - an outer
shell and an expander mandrel. The process consists of first installing
the outer shell in the ground and then expanding the outer shell by
driving through it the expander mandrel. Various different embodiments
of Wedge-Pile are possible, but the underlying principle is the same in
each case: expansion takes place locally and progressively, in the form
of a wave moving down the outer shell. The key to the process is that
the force required to expand a pile in this way is very much less than
that required to expand a pile simultaneously over its whole length.

The purpose of the research carried out has been to demonstrate the
effectiveness of the Wedge-Pile principle. Investigations using various
types of Wedge-Pile have taken place in the field with 6m and 1.5m long
piles, and in the laboratory with small scale models. A computer model
has been developed in order to investigate theoretically the expansion
process. The results of the investigations have shown that the load
carrying capacity of a pile or anchorage can be increased many times by
expansion. Relatively small expansions are required to achieve most of
the gains in capacity possible, and the gains in capacity appear to be
permanent with time. The large scale field trials have demonstrated that
the Wedge-Pile principle is a practical and efficient method of
producing a high performance pile or anchorage in a wide range of soils.
It is thought that the load carrying behaviour of Wedge-Piles used in
practice would be much more predictable than for conventional piles. .
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CHAPTER 1
INTRODUCTION

This thesis reports investigations into a new piling and anchorage
concept that have taken place at Imperial College over the 1last four
years. This new concept - called the Wedge-Pile - is an attempt to make
use of recent greater understanding of soil behaviour in order to
improve piling methods and design. The concept involves the radial
expansion of a pile or anchorage along its length in order to increase
its shaft capacity in a reliable and predictable manner.

The work reported forms part of a continuing, long-term project. The
eventual aim of the project is to make use of the Wedge-Pile concept in
practice.

In this introductory Chapter the basic concepts of the Wedge-Pile
process and the background soil mechanics theory are set down. The
investigations that have been carried out are then outlined.

1.1 Basic Concepts

1.1.1 General background

The investigations concern both PILING PROCESS and PILE DESIGN. It is
important to draw distinctions between the two.

Piling process is defined here as the means by which a load carrying
member is introduced into the ground. There are many different pile
types and installation methods. Piling existed long before the advent of
soil mechanics and has evolved essentially on a trial and error
basis. Even today, improvements in the understanding of pile behaviour
usually follow behind developments in the piling process. Research is
typically commissioned to justify existing design methods, rather than
to develop new processes.

Pile design is 1largely an empirical process and is likely to remain
so. This is because there are too many variables which are not
under the control of the design engineer - the most important of these
being the soil and the piling process. Pile-soil interaction behaviour
is complicated and difficult to understand, even for homogeneous
‘ideal’ materials. In reality, soil deposits are highly heterogeneous
and pile design must often be made on the basis of limited site



investigation data. The piling process 1is generally in the hands
of the piling contractor, sometimes it is in the hands of individual

operators.

Despite the fact that existing piling techniques and design methods will
continue to be used successfully in many routine situations, it is
important to continue the development of a sound understanding of the
fundamental mechanisms of pile-soil behaviour, for two reasons:

(a) So that soundly based design procedures can be developed in order
to extrapolate succe;sfully from existing knowledge, when using
piles and anchorages in new ground conditions or at a previously
untried scale.

(b) So that it 1is possible to innovate successfully, both in the
development of applications for piles and anchorages and in the
piling process itself.

New piling processes and design methods based on sound theory should
have 