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ABSTRACT

Trenchless construction of underground services by the pipe jacking method has
radically increased over the past thirty years, particularly in sensitive urban areas. Spoil
is removed at the cutting face and the entire pipeline is pushed through an oversized
tunnel bore by large hydraulic jacks. The pipeline inevitably deviates from the intended
alignment due to site conditions and the skill level of the workforce. Poor directional
control of the pipeline can lead to pipe joints opening which induces high stresses in the
pipe and produces a loading mechanism for the structural element of the coupling

system.

This study has investigated the structural interaction of the pipe-packing-coupling

system under installation conditions.

A theoretical model for the lateral force exerted on the joint/coupling under misaligned
conditions was proposed and verified by full scale laboratory experiments. The
differential eccentricity of the resultant jacking force at joints abutting a misaligned joint
determines the lateral force exerted on the deflected joint and hence coupling system. It

is shown that long pipes are beneficial in this respect.

This thesis considers the lateral force exerted on the joint under ‘closed’ and ‘open’
joint conditions. Such conditions occur due to minor deviations in the pipeline
alignment with the open joint situation causing significant influence on the design of the

coupling element.
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The Australian Concrete Pipe Association Linear Stress Approach (ACPALSA) for
open joint analysis was modified to predict the interaction between the packing material
and the pipe joint for chipboard packing material and clay pipes. This is of benefit for

the prediction of lateral force acting at an open misaligned joint.

A theoretical model for the prediction of principal tensile stresses induced in the
structural element of the coupling was proposed and verified by full scale laboratory
experiment. The design of the coupling should be based on points located at the centre
of the coupling width due to edge effects associated with other locations. This point
was shown to be critical in preliminary investigations and should be adopted for design

purposes.

The findings of this thesis are of interest to the pipe jacking industry as a whole through
improved knowledge of the structural interaction at misaligned joints and through a
scientific approach to the design of the coupling system. The pipe-coupling unit cost

maybe properly managed through implementation of this thesis.
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GLOSSARY.

Few of the terms used to describe installation of underground services have been
formally defined and definitions are not consistent between authors. The following

definitions are presented for the purpose of this thesis and will be adopted hereafter.

Pipe jacking Installation of underground service by forcing a series of pipes
through an excavated tunnel by means of hydraulic jacks. Spoil
is excavated at the face and transported through the constructed
pipeline. Excavation is either manual or automatic and

describes the technique used for man entry sized pipes.

Microtunnelling Installation of underground service by forcing a series of pipes
behind an automated excavation machine. Spoil is removed in
the form of slurry and removed with an auger. The range of
diameter of pipe is less then 900mm and therefore described as

non-man entry.

Trenching The technique of installing a pipeline by laying the pipes in the

base of an excavated trench.

Misalignment The angular displacement between successive pipe axes as a

result of steering operations or differential ground conditions.

DN The suffix DN refers to the Nominal Diameter of the pipe. The

diameter refers specifically to the internal bore of the pipe.

Open joint A situation resulting from excessive misalignment between two

pipes whereby part of the pipe-end is not used for load transfer.

Xii



Closed joint A situation resulting from good tunnel alignment where the
jacking load is transferred uniformly across the joint or near

uniformly. All of the pipe end is used to transfer load to some

degree.

Coupling The means of locating the pipe ends at the joint to prevent
relative movement and ingress or egress of liquids. For the
purpose of this thesis the coupling is considered as a structural

ring element and a rubber sealing element.

Packing material A compressible material placed between pipe ends at the joint.
Its function is to distribute the jacking load over a larger area as
possible and to reduce stress concentrations at the joint as a

result of misalignment.
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