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ABSTRACT

A number of the engineering structures such as tunnels, powerhouse cavern and
mining shaft are constructed in the rock mass. The stability of these structures are
greatly influenced by the engineering behaviour of the rock mass. For intact rock, its
low deformability behaviour indicates that it is a stronger material. However, the
condition changes with the presences of joint as discontinuity features in the rocks.
The presence of thisjoint influence the strength and deformability of rock to a great
extend. The situations become worst when intensive weathering of jointed rock mass
under tropical climate leads the formation of the filled joint. Being the weakest
component of afilled joint, filling materials contributes significantly to joint
deformability and thus reducing joint strength and stiffness. In construction work that
involving excavation in rock masses, filled joint poses a number of design and
constructional problem that may influence the stability and factor of safety to the
structure. Due to the above problems, a series of |aboratory testing of physical
models, which comprised of filled and unfilled joint, was carried-out. Comparing the
stress-strain curves and Y oung’ s Modul us value has done analyses of the
experimental result. The result suggested that the filled joint exhibits high
deformation behaviour due to alowest value of Y oung’'s Modulus. This behaviour
contributed by the deformation and compressibility of the infilling material and as
well as the deformation of joint blocks.
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ABSTRAK

Terdapat beberapa pembinaaan struktur seperti terowong, penjanakuasa gegua dan
perlombongan dibina di atas atau di dalam massa batuan. Kestabilan struktur-struktur
ini banyak dipengaruhi dengan sifat-sifat kejuruteraan massa batun. Di dalam batuan
yang utuh, mempunyai kekuatan yang lebih tinggi seperti yang digambarkan oleh
sifat kebolehcanggannya yang kecil. Walaubagai manapun, keadaan berubah dengan
kehadiran kekar sebagai ketakselarasan dalam batuan. Kehadiran kekear ini memberi
kesan yang besar terhadap kekuatan dan kebolehcanggan batuan tersebut. Keadaan
bertambah buruk apabila berlaku perluluhawaan secaraintensif terhadap kekar dalam
massa batuan di bawah iklim tropika yang menjurus kepada pembentukan kekar
berinti. Sebagai komponen yang paling lemah, bahan-bahan inti memberi kesan
kepada kekar dan kebolehcanggaan, dengan yang demikian mengurangkan kekuatan
dan kekerasan kekar. Dalam kerja pembinaan yang melibatkan pengorekan pada
massa batuan, kekar berinti menyebabkan beberapa masalah kepada rekabentuk dan
pembinaan, dimanaia mempengaruhi kestabilan dan factor keselamatan kepada
struktur-struktur tersebut. Berdasarkan masalah di atas satu siri ujikaji makmal telah
dijalankan terhadap model fizikal yang terdiri daripada kekar dan kekar berinti.
Analisis dari keputusan ujikaji telah dibuat dengan membandingkan lengkung-
lengkung tegasan-terikan dan nilai-nilai Y oung’s Modulus yang didapati. Keputusan
yang diperolehi mencadangkan bahawa kekar berinti mempamerkan
kebolehcanggaan yang tinggi berdasarkan modulus yang terendah. Sifat ini
dihasilkan dari canggaan bahan-bahan inti dan canggaan blok-blok kekar.



CHAPTER

CONTENTS

TITTLE

DECLARATION
DEDICATION
ACKNOWLEDGEMENT
ABSTRACT

ABSTRAK

CONTENTS

LIST OF FIGURE

LIST OF TABLE

INTRODUCTION

11
12
13
14
15
14

Introduction

Project background
Significance of the Study
Objective

M ethodol ogy

Scope of Study

LITERATURE REVIEW

21
2.2
2.3
24

2.5

Introduction

Discontinuity

Properties of Discontinuities
Infilling

24.1  Behaviour of Filled Joint
Rock Strength and deformability

PAGE

Vi
Vil

viii

Xii

W W w N DN PP

I

N~ N o



2.6 Deformation Behaviour of Rock under Uniaxid 17

Loading
2.7 Deformation of Jointed Rock 18
LABORATORY TESTING 25
3.1 Introduction 25
3.2 Sample Preparation 25
3.3 Testing of Modeled Samples 29
3.3.1 Laboratory Equipment 29
3.3.2 Test Procedure 31
RESULTSAND ANALYSIS 32
4.1 Result of compression Test of rock Sample 32
411 Intact Rock 33
41.2 Matched Joint 34
4.1.3 Mismatched Joint 37
414 Filled Joint 39
4.1.5 Summary of the Result 40
4.2 Discussion of the Result 45
CONCLUSION AND RECOMMENDATION 47
5.1 Conclusions 47
5.2 Recommendations 48

REFERENCES 49




Figure No.
2.1

2.2

2.3

24

2.5
2.6
2.7
2.8

29

2.10

211

212

2.13

3.1

LIST OF FIGURES

Definition of Rock Mass and Intact Rock

Generalized Relationship between Force and Displacement of
Filled Joint (after Phien-Wej et. al., 1990 & 1991)

Soil Peak Stress versus Filler Thickness for Clay Filled Joint
under different Level of Consolidation (after Toledo et. al.,
1995)

Peak Stress of Clayey Sand Filled Joint versus Thickness under
Different Level of Consolidation. (after Toledo et. al., 1995)

Strain — Softening Curve (after Brady, 1985)

The nature of Discontinuities

Development of Plastic Zone at Localized Areas of Contact.
Influence of a Discontinuity on Rock Mass Deformability
Normal Stress versus Deformation Relations of Intact and
Fractured Cylindrical Specimen of Graniorite (after Goodman,
1974)

Comparison of Total Deformation and Closure from the
Loading Cycle of the Same Joint Tested in Fully Interlocked
and Mismatched Position (after Bandis, 1983)

Normal Stress versus Discontinuities Closure for Unweathered
Discontinuitiesin range of Rock for Three Loading Cycles
(after Bandis, et. al., 1985)

Normal Stress versus Discontinuities Closure for Weathered
Discontinuitiesin range of Rock for Three Loading Cycles
(after Bandis, et. al., 1985)

Effect of Infill Thickness on Normal Displacement of Dry
Bentonite Infilled Joints.

Particle Size Distribution of Filling Material

Xi

Page

10

12

12

14
16
16
17

20

21

22

23

24

27



3.2

3.3

34

3.5

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

Model of Sample

Compression Machine Model MaTest 500

Data Logger Model TML 302

Procedure for Laboratory Testing

Stress Strain Curve for Intact Rock

Stress Strain Curve for Matched Joint

Stress Strain Curve for Mismatched Joint

Stress Strain Curve for Filled Joint (10mm Thick)
Stress Strain Curve for Filled Joint (20mm Thick)

Stress Strain Curve for All Type of Sample

[llustration of Crushing Asperities Materials of Joint Structures.

Arrangement of Infilled Before and After Compression Stress.

Xii

26

29

30

31

35

36

38

42

&

45

46



Table No.

21

41

4.2

4.3

4.4

4.5

4.6

LIST OF TABLES

Classification of Joints Fillers by Origin (after Chernyster &
Dearman, 1981)

Summary of Result for Intact Rock

Summary of Result for Matched Joint

Summary of Result for Mismatched Joint
Summary of Result for Filled Joint (10mm Thick)
Summary of Result for Filled Joint (20mm Thick)

Summary of Result for Value UCS, Strain at Failure and
Y oung's Modulus.

Xiii

Page

33

37
39
40

41



CHAPTER

INTRODUCTION

1.1 Introduction

Rock is an excellent material upon which to bear a building foundation. A
number of engineering structures such as tunnels, powerhouse cavern and mining are
also constructed in rock mass. It is because rock isavery stable material exhibits
practically no compression under load. The stability of these structures are greatly
influenced by the engineering behaviour of the rock mass. The behaviour of the rock
mass is controlled by many factors, such as, joint spacing, joint behaviour, joint
orientation and the condition of the joint. The latter include joint roughness, joint
wall weathering and infilling material. Therefore, understanding of the mechanical
properties of jointed rock mass isimportant for analyzing, designing and stability

performance of structure built in or on rock mass.

Normally, intact rock displays a higher strength is becoming. However, the
condition may change by the existence of jointsin rocks. It comes worst when joints
are filled with infilling materials. The tropical climate facilitates an intensive in-situ
weathering of the rock joint, which contribute to the formation of the infilling in the
joint aperture. Infilling material normally comprises highly weathered material;
therefore, it exhibits compressible and crushable characteristics that lead to high
deformation behaviour. The high deformation of the filled joint caused problems to



the structures built in or on the rock mass. These problems are normally associated
with block displacement and settlement. Due to a higher degree deformability of
filled joint, a study has been carried out to verify the effect of infilling on the
behaviour of joint.

1.2 Project Background

The presence of joint in the rock mass will increase its deformability. However,
the deformability of the rock mass may increase further when the aperture of the
prevailing jointsis filled with weak infillings. These types of joints are termed as
filled joints and commonly found in tropical countries where intensive and
continuous weathering of rock mass isinevitable. The main effect of filled joint is
that they weaken the rock mass in terms deformability under both normal and shear
loading. Consequently, this critical discontinuity may impose a detrimental effect on
the stability of a structure associated with excavation in rock mass.

1.3 Significance of the Study

Filled joint may be subjected to both normal and shear loading due to stress
redistribution following any excavation in arock mass. Study on the deformation
behaviour of filled joint under normal loading is therefore form an essential part in
understanding this critical geological discontinuity. This knowledge isimportant in
designing a structure, such as slopes and openings, in rock mass that contain filled

joints.



1.4 Objective

The main objectives of this study consists of the following:

a) Toreview the effect of infilling material on joint deformability

b) To study the behaviour of filled joint by under normal loading through series
of laboratory tests on model filled joint

c) To verify the effect of infilling on compressibility and elastic modulus.

1.5 Methodology

M ethodol ogies been used to achieve our objectives of study are:
a) Literaturereview
b) The laboratory testing

1.6 Scope of the Study

The study will focus on the following:
a) A physical model representing afilled joint forms by in-situ deposition of
weathered materialsin joint aperture.
b) Infill material that consists of granular, granite residual soils.
c) Deformation of filled joint due to uniaxia loading only.
d) Behaviour of filled joint in terms of compressibility and modulus of
elasticity.
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