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ABSTRACT

For the design of underground openings, estimation of the roof
deformations and the roof pressures are of the prime importance. There
are various approaches for their evaluations , viz. analytical methods,
numerical methods, empiricalvmethods and equivalent material modelling
technique. Amongst these methods equivalent material modelling is more
advantageous to get a physical feel of both the qualitative and
quantitétive understanding of the problem. Therefore, this approach has

been preferred in the present work.

Amongst the various parameters controlling the stability of
underground openings, so far the effect of the size of the opening
under various heights of overburden above the opening has not been
attempted. Further, the roof pressure distribution and also the effect

of size of opening on the roof pressure for various heights of
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overburden above the opening has not been studied to enable to design an

optimum support system.

Keeping the above facts in view, a systematic study has been

planned;

(i) to develop an understanding of the effect of width and height of

rectangular openings on the stability of its surrounding rock mass

in stratified formation under various overburdens.

(ii) to study the effect of the width of rectangular openings on the

development of roof pressures under various overburdens.



The experimental work comprises of developing suitable equivalent
material, design of equivalent formation and there after, constructing

and testing of several models for the study of roof deformation

behaviour and roof pressure development.

To select the appropriate equivalent materials, as many as 36
mixes of plaster of paris, sand and mica powder were considered. The
prismatic specimens were prepared, in a specially fabricated split
mould, from these mixes. The specimens were tested for compressive
strength, tensile strength using indirect methods (line load along and
across the axis), and bending strength using suitable platens made for
this purpose. The results of these tests provided a wide range of

equivalent materials.

Equivalent formations were designed for a particular colliery of
Jharia Coal Fields, India. The geometrical dimensions were scaled down
to 1 : 50. The same scale was considered in using Bukingham - pi
dimensional relationships to evaluate the equivalent strength from the
respective. proto values. With the above consideration and-also with the
introduction of a factor as weakening coefficient, for transfer of
specimen strength to mass strength, suitable equivalent materials were
selected for the simulation of different strata in the model.
Compressive strength and tensile strength were used as the basis of

transformation from specimen response to a mass response.

Eight models of 280 cm long, 20 cm wide and 90 cm high were
constructed, in layers of 1 or 2 cm thickness, in fabricated frames of
280 x 20 x 150 cm size of M.S. channels. The total thickness of the

layers laid above the proposed opening were 54 cm corresponding to 27 m
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of proto overburden above the opening. The rest of the overburden upto
the ground surface was simulated by applying surcharge pressures on the

top of the models, through a hydraulic system consisting of pressure

bag.

For studying the roof deformational behaviour, 5 models were
tested for heights of overburden above the opening of 142, 284 and 568
cm corresponding to 71, 142 and 284 m, respectively. The models were
instrumented by LVDTs to measure the deformations around the openings.
Immediate roof failure, subsequent recurrent failures and total roof
mass collapse were observed for increasing widths of opening and
different heights of overburden. In one of the models effect of height

of opening was also studied.

For roof pressure investigations, 3 models were tested for the
heights of overburden above the opening of 142, 284 and 568 cm,
respectively. In each model a rectangular opening was made with the
fixed height of the opening of 10 cm and the width was increased. With
the increase of the width of the openiné, the roof span was supported
for nil roof deformation (within the experimental limitations), by
specially designed and fabricated miniature hydraulic jacks. The
pressures exerted from these jacks to the roof of the opening were
considered as measures of the roof pressure at various locations for

various increasing widths.

From the study, it was concluded that the deformation increases
with the increase in the width of the opening, where as the height of
the opening (for a ratio of height to width from 0.23 to 2.15), does not

affect the roof deformation. It was also observed that the height of
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the overburden above the opening has significant influence on the
magnitude of the roof deformation, i.e. the roof deformation increases
with the height of overburden above the opening for the same width.
Similarly the width of the opening and the height of overburden above it
have significant influence on the development of roof pressure for nil

deformation condition.

Stable, recurrent failures and total collapse 2zones héve been
clearly demarcated to enable to predict, in advance, the nature of
expected failure of rock mass in the roof of an underground opening
based upon the roof deformation, the width of opening,
compressive/bending strength'and insitu stresses. Several equations in
terms of non—dimensionall parameters have been developed for the
prediction of the roof deformation, the roof pressure distribution on
the roof span, the average roof pressuré and the variation of roof
pressure with roof deformation in the stratified formation. The
coefficients of these equations could be obtained by testing 2, and

preferably 3, models simulating the given formation.

Comparison is made between the predicted and the actual values of
the roof deformation and the roof pressure from the available case
histories, and found to be in good agreement. However, it may be

desirable to confirm these by further studies.

The findings are helpful in understanding the ground response
above an excavated underground opening. The relationships developed and
the suggested zones of stability are of significant practical utility to

the practicing rock engineers.



CERTIFICATE

CONTENTS

ACKNOWLEDGEMENTS

ABSTRACT

CONTENTS

LIST OF FIGURES

LIST OF TABLES

LIST OF SYMBOLS AND ABBREVIATIONS

CHAPTER 1

CHAPTER 2

INTRODUCTION

1.1

1.2

1.3

Methods for the Analysis of Underground
Openings

Aims and Scope

Organisation of Thesis

REVIEW OF LITERATURE

2.1

2.2

Analytical Methods

2.1.1 Elastic Solutions

2.1.2 Elasto-Plastic Solutions
Numerical Methods

2.2.1 Elastic Behaviour

2.2.2 Elasto-Plastic Behaviour

v

Page No.

ix

xii

xiii

10



CHAPTER 3

2.3 Empirical Approach

2.3.1

Rock Mass Classification Systems

2.3.1.1 Terzaghi's Rock Load
Classification

2.3.1.2 Lauffer's Classification
System

2.3.1.3 Deere's Rock Quality
Designation

2.3.1.4 Rock Mass Rating SystemA

2.3.1.5 The Q-System

2.4 Equivalent Material Modelling

2.4.1

2.4.2

2.4.3

2.4.4

2.4.5

Investigations by Modelling

Investigations Made on Underground
Openings and Strata Stability

Effect of Rate of Advance and
Simulation of Time

Selection of Equivalent Materials

Theory of Modelling

2.5 Conclusions

EXPERIMENTAL INVESTIGATIONS

3.1 Development of Equivalent Material

3.2 Basis for the Design of Equivalent
: Material Models

3.2.1

3.2.2

Geological and Geotechnical
Investigation of the Proto
Formation

Design of Equivalent Formation

vi

Page No.

12
12

13

14

14

15
16
17
18

20

28

29
34

44

46
46

47

52

52



Page No.

3.3 Study of the Effect of Size of Opening on 58
Deformation and Stability
3.3.1 The Frame 58
3.3.2 Construcéion of the Models 60
3.3.3 System to Apply Overburden Pressure 61
3.3.4 Testing of Models 62
3.3.4.1 Instrumentation ' 63
3.3.4.2 Testing of Model 1 64
3.3.4.3 Testing of Model 2 74
3.3.4.4 Testing of Model 3 74
3.3:4.5 Testing of Model 4 77
3.3.4.6 Testing of Model 5 - 81
3.4 Study on Roof Pressure 84
3.4.1 Miniature Hydraulic Jacks ' 85
3.4.2 Testing of Models 88
CHAPTER 4 GENERAL TRENDS OF ROOF DEFORMATIONAL BEHAVIOUR 95
4.1 Effect of Width of Opening on Stability 95
4.2 Effect of Height of Opening on Stability 104
4.3 Analysis of Results 114
4.3.1 Effect of Width of Opening and Height 114
of Overburden Above the Opening on
Deformations
4.3.2 Stages of Stability ' 120
4.4 Comparison of Predicted and Observed Roof 121

Deformations

vii



CHAPTER 5 ROOF

5.1

5.2

5.3

5.4

5.5

4.4.1 H. Dwight, D. Eisenhower Tunnel
(Straight Creek Tunnel)

4.4.2 Giri Hydel Tunnel and Chhibro-Khodri
Tunnel

PRESSURE STUDIES
Results and Discussidn on Roof Pressure

Empirical Relationships to Assess the Roof
Pressure Distribution

Empirical Relationships to Assess the
Average Roof Pressure

Comparison of Predicted and Observed Tunnel
Roof Pressure

Relationship between Roof Deformation and
Roof Pressure

CHAPTER 6 SUMMARY AND CONCLUSIONS

REFERENCES
APPENDIX 1
APPENDIX .2
APPENDIX 3

APPENDIX 4

vi il

Page No.

124

125

127
128

132

144

151

157

164

172

182

186

191

227



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

