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CONTENTS
Synopsis .o oo .o
Certificate oo .o N
Acknowledgements . .. o
Notations . .o o
CHAPTER ~ Page
I INTRODUCTION .e .o .o 1

1.0 General .. .o oo - 1
161 Rock as a material .o oo 2

1.17¢1 Origin and formation of rock 3

1.1.2  Structure of rock oo L

1.1.3 Failure in rock oo 5
1.2 Mechanical characteristic of

rock material .o oe 7

T1e2471 State of stress in a rock mass 7

1.2.2 Stress~strain characteristics 7

1.2.3 Failure criteria .o 10
1.3 Fracture in rock materials oo 11
1e3.1 Crack formation .o "
1.3.2 Crack propagation o 11
1.3.3 Fracture phenomenon ve 12

Tola Concluding remarks .o .o 13



CHAPTER

II CONCEPTS OF FAILURE .e e .o
2,0 General .o o oo
2.1 Classical concepts of failure ..

2.2

243

2.1.1
2.7.2
2'193

2.1.4
2.745
201‘6

Maximum stress theory .o
Maximum elastic strain theory
Constant elastic strain

energy theory .o oo
Maximum tensile stress theory
Maximum shear stress theory
Maximum octahedral shear stress

theory

Neo-classical concepts of failure

2.2.17 Coulomb's theory -
2.2.2 Mohr's theory .. .o
2.2.3 Griffith's theory .o
2.2.4 Weibull's theory oo
Current concepts of failure oo
2.3.17 McClintock and Walsh extension
of Griffith theory oo
2.3.2 Murrellextension of Griffith
theory o - .o
2.3+3 VWiebols and Cook theory .. -
2.3.4 John's theory .o oo
2.3.5 Brady's theory .. .o
2.3.6 Gramburg ellipse with notch

theory . e .0

Page
14
14
14
15
15

16
16
16
17

17
18
18
18
19
19

19
19
20
21

21

22



CHAPTER

IiT

Lundborg theory oo oo

2:3.7
2.3.83 Lajtai's stress gradient theory
2.3.9 Bieniawski's extension to Murrel
theory oo .o .o
2.3.70 Simple extension strain criterion
2.4 Concluding remarks .o . os
EXPERIMENTAL STUDIES ON ROCK FRACTURE .o
3,0 General .n oe .o .o
3.1 Direct methods .o .o oo
3.17.17 Obert, Windes and Duvall method
3.17.2 Wuerker method oo oa
3.1.3 Grosvenor method - " e
3.1.4 Fairhurst method .o .o
3.17.5 YU method .o .o o
3.1.6 N.M.E.R.I. method .o oo
3.1.7 Hawkes and Mellor's method ‘o
3.1.8 U.S.Bureau of Mines method .o
3.1.9 Mokhﬁachev and Gromova method ..
3.1:10 Testing of specimens of irregular
shapes .o oo e
3.2 Indirect methods‘ .o .o o
3.2.1 Bending of prismatic and cylindrical
specimens .o . .o
3.2,2 Bending of discs oo .o
3.2.3 Compression of irregular specimens
3.2.4 Hydraulic extension method .o

Page

22
22

23
24
24
25
25
25
26
26
26
29
29

29

30
30
30

33
33

33
35
37
39



CHAPTER

v

343

3.2.5 Hydraulic extension of irregular
rings .o e oo oo

3.2.6 Centrifugal tension .o e

3.2.7 Diametral compression of cylinders

3.2.8 Point load method .o o

34269 Di#metral compression of spheres

3.2.10 Compression of square plates
along diameter e o

3.2.11 Diametral compression of discs .

3.2.12 Diametral compression of rings

Experimen@al studies .. .o .
3e3e1 Ex#erimental studies on disc and

|
ring tests .o oo a0
|

34342 Miécellaneous experimental studies

3.4 Concluding remarks .o .o .o
SCOPE AND OBJ%CTIVES .o o .o
4,0 General .o .o .o oo
4,1 Scope .., . .e e .o
4,2 Objectivef .s oo .o oo
4.2.1 Theoretical .. oo oo
4,2.2 Ex%erimental oo | .o o
4.3 Methodology .o oo .e oo
4.3.1 Agcritical appraisal .o .o
4,3.2 THeoretical developments -

A

4,3,3 Experimental investigations oo

Concluding remarks vo oo o

Page

39
39
40
40
40

40
42
L2
L5

45
68
70
71
71
72
72
72
73
73
74
74
Th
75



CHAPTER
\

THEORETICAL AND EXPERIMENTAL DEVELOPMENTS

5.0 General
5.1 Hypothes

® 0 L ’ L)
|

|
3;.8 . s LR 4

|
5¢2 Stress-s?rain characteristics ..

5.2,7
5.2.2
5.243
5.3 Failure
5.3.1
5342
5.3.3

5.4  Stress @
5.4.1
5.4,2
5.4.3

5.5 Experime
54541
5.5.2
5.5.3

5,6 Concludi

Complete stress-strain curve
Estimation of pre-stress
Constitutive relationships

eriterion .. .o

Griffith's theory .

|
Epirical strength criterion

Extension of classical Griffith

rocks under pre-stress

istribution .

?tress distrivution in discs,
|

Stress distribution in rings

|
A critical stress ratio of

ntal development .o

Grip design and development

Test specimen e
Test setup oo
ng remarks .o

brittle fracture criterion for

compressive and tensile stress

=

-]

o

-

o

°

| .
OBSERVATIONS, DISCUSSIONS AND CONCLUSIONS | ..

6.0 General

6.1 !Material|

3

LN J o e LS ]

properties .o

Page
76
76
77
78
78
80
82
85
85
88

90
93

95

97
98

102
108
109
110
110
110



CHAPTER

602

6.3

6.4
6.5
6.6
6.7
6.8
6.9
6.10

6.741 Physical properties o
6.1.2 Petrographic properties
Observati%ns .o .o
6.2.1 Disc specimens .o
6.2,2 Rgng specimens oo
6.2.3 Observations on failure of
d?scs and rings ae
6244 Results .e ‘o
Stress-strain characteristics
6.3.1 Initial characteristics
63,2 Pre-failure characteristics
6.3.,3 Post-failure characteristics
Pre-stress in rocks os
Constitutive relationships .o
Failure criterion .. oo
Maximum tensile stress value .,
A critical stress ratio o
Crack inigtiation and propagation
Conclusiops . .o
6,10.1 #oncept of pre-stress in rock
material oe .o
6.10.2 Mechanistic picture of the
ﬁailure in rocks o
6.10.3 Failure criterion for rock
materials .. .o
6.10.,4 Critical stress ratio for rock
materials .. .o

LR

Page
110
111
112
112
113

113
166
173
173
173
173
174
180
186
189
199
199
204

204

204

205

207



CHAPTER

VIT

6.,10.5 Constitutive relation for
ock materials
SUMMARY OF FIND

SELECTED REFERE

Page

207
209
215



