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ABSTRACT

The increasing investment for the underground space such as the
construction of the tunneling will part of the infrastructure development
and exploitation of this space which becomes fundamental base in the
development of large cities. In an urban environment, the tunneling
induced ground loss is an essential matter to estimate ground movement
during the excavation process. Therefore, an attempt has been made to
study the settlement and behavior of stresses through tunnels construction
by tunnel boring machine method (TBM)and their influences on the
adjacent structures.

In this research study is carried out to predict of the behavior of the
stresses and ground movement effect of applying a tunnel boring machine
during the excavation process. A numerical model is built and developed
to a tunnel project within the governorate of Diyala. For this purpose, two
profiles of soil investigations are brought the first from Al-Shareef Al-
Jadeed bridge project and second for new buildings of Diyala University
project.

The main objective of this research is to study the behavior of
stresses and determine the settlement in the area of study using a finite
element method and to assess and the determination of extent the impact
of a distance to move the mechanism of the drilling and advance into the
soil. The model is run as three dimensional in both drained to sandy soil
and undrained of clay soil of states with applied Mohr-Coulomb model.

Results are presented in terms of stress-depth curves. Those
stresses are the vertical and horizontal, total and effective in addition to the
pore water pressure. The changes in state of stresses compared to the in-
site soil are put into consideration. Three vertical sections are chosen to
study the TBM tunneling effects on surrounding soil. The first section
(x=0) runs through center of the tunnel. Second section is located near

lateral edge of the tunnel, while the third section is chosen more or less far
I



from the tunnel edge. The advance of TBM is reflected by stages through
one to five. It is believed that the mentioned details of the analysis will
provide full vision of stress change in the soil profile. The strains induced
by the boring process are presented in different and simple methods. These
methods reflected the soil movement and surface settlement of soil. The
deflected shape of the tunnel is shown as well. Through running an axi-
symmetric FE analysis, calculation results revealed mat large changes in
stresses take place in zones of soil near the tunnel boundaries. In other
words, the close-near by soil is mostly affected by tunneling. These stress
changes reduce as proceeded farther away from tunnel horizontally and
seams to reach a to negligible values for distances above 12m away tunnel
edge.

All changes in the state of stress compared to the in-site soil
depend on soil profile in site. The FE results also revealed that soil change
in stress is more pronounced in the zone above tunnel than under it. It is
believed that surrounding confinement plays a major role to that. The
deflected soil shape shows that there is a vertical depression in the tunnel
associated with lateral bulge. Maximum surface settlement recoded is
20mm in the upper soil region over tunnel which belongs the Al-Shareef
Al-Jadeed bridge project and level off as gelling away horizontally from
tunnel center.

Upon proceeding with drilling, soil movement vectors seem to run
towards the tunnel. As in the case of stresses, it 1S maximum in zones near
tunnel. And last but not least, this study provides soil engineering a good
guide and through understanding how to avoid places of heavy
engineering facilities upon passing by TBM tunnel near or under these
structures. Every soil site has its own profile and should run a full FE

analysis but the general trend of behavior is through to the same.

II
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Chapter One Introduction

CHAPTER ONE
INTRODUCTION

1.1 Introduction

The growth of many cities has resulted in the need for exploitation
of underground space. As urban cities space become more limited, the
construction of structures such as tunnels is more efficient in infrastructure
development and fundamental in the development of large cities. The first
underground railway line was opened in1863 London. After that over 100
cities worldwide were carried out underground transport systems and over
50% of them had subjected to development or expansion (Hellawell et al.,
2001).

Tunnels usually are structures passing underground. The benefits
of tunnels are improving connections and shorten lifelines between
countries. There are many cross-sections commonly adopted for tunnels,
such as circular sections, elliptical, and rectangular or box type tunnels.
Tunnel can be drilled in all types of soil varying from the loose ground,
such as sand, gravel, clay up to hardest rock (Rasheed, 2006).

The excavation indicates the removal of  soil within certain
specified limits, or for building purposes. The necessity of constructions for
such structures in urban areas has led to the need for a safe and efficient
method for the deep excavations without severely influencing the adjacent
structures.

In recent years the excavation methods in soft soil have improved
after tunnels have become economically more attractive in the urban
environment (Obaid, 2001). For example, the tunnel boring machine
method (TBM) have been widely utilized in tunnel construction, especially
in soft ground where the most important purpose is to minimize the soil

deformation, as shown in Figure (1.1)
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Bulkhead -
nstalle
CupErnEd / Shield / Thrust Cylinder Segment

Excavation Screw Gripper Belt
Chamber Conveyor Shoe Conveyor

Figure (1.1): Tunnel boring machine elements (Obaid, 2001).

The tunnel boring machine can be with a cross-section of the
circular and rectangular shapes. The advantage of excavation methods of
tunnels and the increasing need to avoid any disturbance at the surface
through excavations (Dimitrios Kolymbas, 2005).

When underground space or a large span tunnel is drilled, there will
be a disturbance in-situ stress field which induces movements of soil and
then leads to the surface settlement. Surface deformation may cause serious
damage to adjacent buildings. Tunnel construction and design require the
use of appropriate technologies at all stages of a tunnel project with
selecting a suitable excavation method (Sharifzadeh, et al,2013).

Ground movement of surface caused by the tunnel construction
methods is an important matter in urban areas due to the excessive
deformations which can trigger possible damage to surrounding roads and
adjacent structures (Yahya and Abdullah, 2014).

The amount surface settlement may differ according to different
construction methods used for different cross-sections of the tunnel which
leads to different settlements. As a result, the construction methods have an

2
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important influence on the ground surface settlements (Sharifzadeh, et al.,
2013).

The stresses and the ground movement in surrounding soil induced
by drilling tunneling depend not only on the soil mass properties and the
stresses, but depend also on the type and stiffness of the lining of a tunnel

(Brown, et al., 1983).

1.1 The Problem Statement of Research
Apart from the analysis and construction of tunnel and its

interaction with the ground which becomes operation too complex as a
result of the dependence of this interaction on the construction technology.
In addition to a complex sequence of operations for different excavation
methods, especially tunnel boring mechanie (TBM), such as excavation,
front support, shield advancement, grouting of the annular void, along with
the shield and grout consolidation, the determination of settlements in the
surface is very significant in tunneling.

However, in geotechnical engineering, these deformations can be
predicted with accuracy, apart from the appreciation of soil stability where
large deformations of either excavation can lead to wundesirable
consequences such as damage to adjacent structures.

In order to predict the reliably of deformations and distribution of
stresses using a numerical method, the finite element method (FEM)
analysis has become a popular tool which can simulate construction stages

for tunneling.

1.2 The Objectives of the Research

This study concentrates on the behavior of the stresses and
settlement through the construction of the tunnel using tunnel boring
machine with its advance into the different soil layers. The main aims of the

study are:
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1. To build the numerical model using the finite element method of the
tunnel model under constructed buildings and simulate of the
constructed stages by the (TBM).

2. To calculate and analyze the behavior of settlement and stress of the
upper part of soil and down part of the soil for tunneling in addition
to the soil around the face of the tunneling.

3. To predict the settlement of adjacent areas and determine safe areas
during the advance of the TBM up to the final phase of the tunnel

construction.

1.4. Methodology

To achieve the objects of this study, a research methodology is
developed using the finite element method by model building for predicting
the behavior of stresses and settlement during construction stages of the
tunnel considering the various area of work necessary to perform and
obtain the results. This methodology is summarized as follows:

1. A comprehensive review of the previous studies to identify the models
which should be used to simulate ground movement induce by
tunneling through simulation of the tunnel boring machine operations
and the important parameters for the work of this simulation.

2. Data collection which are utilized to construct the model by using finite
element method.

3. Data obtained to match with the conditions of the study area and
requirements of the model.

4. Simulating method of the tunnel construction. As a result of this
simulation, the settlement of the adjacent structures can be predicted
that induced by the tunnel and determine safe zones.

5. Analysis for input parameters of the numerical model.

1.5 Thesis Layout
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The scope of this thesis consists of five chapters. Chapter one
presents a general introduction and information about tunnel, excavation
machines, and the target of the present study.

Chapter two covers a brief review of the available literature related

to the tunnels, different excavation tunneling methods. This includes the
properties, advantages, and disadvantages of each method of drilling
methods, in addition to the use of each method.
This chapter also presents a review about previous studies that deal with
the effect excavation machine on the adjacent soil during drilling and
review about methods to predict the behavior of stresses and settlement of
soil.

Chapter three presents the methodology of the numerical model for
tunneling constructed stages and procedures for building model. This
chapter also shows the data of the investigation of field and laboratory for
area limited.

Chapter four includes the presentation of test results and their
discussions while chapter five reviews a summary of the main conclusions

and recommendations for future work.
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