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Summary

This thesis records an investigation into the circumferential propagation of elastic
waves on boreholes and underground openings in rock.

Four approaches to the problem have been attempted:

(1) A theoretical analysis of the problem, starting with the development of a solution
method for extracting the zeros (normal modes) of the frequency equation for surface
waves on concave surfaces. This method is then extended to a Fourier-Bessel solution
for the dynamic response of a borehole excited by a line-source acting on the bore-hole

wall.

(2) A numerical model of the bore-hole response to a line-source based on the
Dynamic Finite Element Method (DFEM).

(3) Small scale experiments in the laboratory on a 0.15m diameter bore-hole in a
large granite block. Circumferentially propagating pulses were generated using piezo-
electric elements bonded to the borehole wall. Frequencies were generated in the range 0
- 50kHz. Spectral ratio methods were used to obtain the bore-hole wall transfer functions

and modal behaviour.

(4) Full scale experiments on test cross-sections of headings (tunnels) in
underground mining environments. A shaker system was used for excitation with swept-
sine input covering the frequency range 0 - 2kHz and, as in the laboratory experiments,
spectral ratio methods were used for tunnel wall response.

Comparisons are made with the results of all four methods, in particular, the
agreement between the analytical and DFEM methods is good. However, the
experimental results, although reproducing the salient features of the theoretical
approaches, reveal the inadequacies of the idealised models.



Declaration

I certify that the substance of this thesis has not already been submitted for any
degree and is not being currently submitted for any other degree.
I certify that any help received in preparing this thesis, and all sources used, have

been acknowledged in this thesis.

A.F.Siggins



Acknowledgements

The author would like to thank the following people for their support:

Professor Ron Green, the author's supervisor, for helpful advice and for facilitating

the very fruitful and pleasant times spent at U.N.E.

Dr. Dane Blair, the author's co-supervisor, for the many helpful discussions
throughout this project and particularly, for the use of his computer program for the

wave/cavity interaction.

Dr. Gunter Bock, appointed as supervisor in Professor Green's absence, for

providing a thorough review of the manuscript.

Dr. Nick Stokes for his contributions to the analytical work, in particular, his help

with the Viktorov equation roots and the line-source/cavity formulation.

Leigh Hunt, Technical Officer, who provided technical support for the

instrumentation during experiments in the most arduous of environments.

Dr. Volker Tillman, at the time, Senior Engineer in charge of Rock Mechanics, Zinc

Corporation, Broken Hill, for permission to conduct experiments underground.

Steve Matthews, Resident CSIRO Officer at Zinc Corp. Mine, Broken Hill, who

organised the logistics for the experiments underground at Broken Hill.



Contents

1. Introduction
1.2 Background

1.3 Objectives and description of this study

2. A literature review of the dynamic response of cavities in
elastic media

2.1 Surface waves on surfaces with curvature

2.2 Elastic wave/cavity interactions

2.2.1 Seismic reciprocity applied to wave/cavity interactions

2.3 Non-destructive testing applications

3. Theoretical analysis

3.1 Nomenclature

3.2 The frequency equation for cylindrical cavities in elastic media
3.2.1 Calculation of the Viktorov poles

3.3 A line source on a cavity wall

3.4 Point source on a cavity wall

4. Dynamic Finite Element studies

4.1 Introduction

4.2 Limitations of the method

4.3 Representation of infinite media

4.4 Application of DFEM to a line-source on the surface of a half-space
4.4.1 The Lamb solution for the surface normal displacement

4.5 A DFEM model of the line source /half-space problem

4.5.1 The choice of driving pulse for the line-source

4.6 A DFEM model of a line source on the wall of a cavity in an infinite

elastic medium

page

13
23

23

25
25
26
32
37
44

49
49
51
53
55
56
58
60
63



4.6.1 Boundary conditions

5. Comparisons between theory and DFEM solutions

5.1 Line-source on the surface of a semi-infinite medium

5.2 Line - source on a cavity wall

5.2.1 A comparison of the DFEM results with a theoretical solution for
the far-field

5.2.2 Near field (r = a ) analytical and DFEM predictions

5.2.3 Cavity compliances from the DFEM model

6. Steady-state and "resonance" behaviour of cylindrical

cavities in elastic media

7. Experimental observations (laboratory) of circulating
elastic waves in granite

7.1 Elastic constants of the granite

7.2 Measurements on circulating elastic waves around test Cross-
sections in a borehole

7.2.1 Experimental procedure

7.2.2 Circulating waves on a test section at the end of the borehole

7.3 Results and discussion

8. Observations of circulating elastic waves in the field
8.1 Laboratory measurements of rock mechanical properties
8.2 Instrumentation of the field site

8.3 Results and discussion

9. Conclusions

65

67
67
73

78
85

87

93
93

94
97
100
100

109
109
111
119

127



10. Suggestions for further work 130

11. References 131

12. Appendices 141
Appendix 1: Computer program listings

Appendix 2: Relevant publications by the author



Tables page

1 33
2 36
3 88
4 89
Figures
1 10
2 17
3 21
4 27
5 34
6 41
7 42
7 (continued) 43
8 45
9 50
10 52
11 52
12 54
13 61
14 62
15 64
16 66
17 68
18 69
19 70
20 71
22 74
23 77
24 79
24 (continued) 80
25 83
26 84
27 86
28 90
28 (continued) 91
28 (continued) 92
29 95
30 96
31 98
32 101
33 103
34 104
35 (a) 107
35 (b) 108
36 110
37 113
38 114
39 115
40 116
41 117



Figures (continued) page

43 120
44 123



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



