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INSTRUCTIONS

1. This paper contains ONE section with FIVE questions.
2. Answer QUESTION ONE and any other THREE questions.
3. Each question carries 25 marks.
4. Where a question contains subdivisions, the mark value of each subdivision is shown in 

brackets.
5. Illustrate your answer, where appropriate, with large clearly labelled diagrams.
6. Start each question on a new page.
7. This paper comprises 8 printed pages.
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Question One

a) Using  Barton’s  Q  system  tables  (Appendix  A),  calculate  the  Q  value  given  the
following information:

 RQD = 88%
 Joint set number = 3 sets
 Joint roughness number = rough stepped (undulating)
 Joint alteration number = unaltered, some stains
 Joint water factor = dry excavation or minor inflow
 Uniaxial compressive strength σ c = 185 MPa

 Major principal stress σ 1 = 5.4 MPa  
[10

marks]
b) The Q value from the previous question depicts the rock mass condition at Kangaroo

mine in Guruve. An underground crusher chamber of dimensions 10.5 m width × 8 m
height is to be excavated in one of the deeper levels of the mine.  Using Barton’s
Support  Chart  (Appendix  B),  estimate  the  permanent  and  temporary  support
requirements for both the roof and walls of this excavation.

[15
marks]

NB: Attach the chart to your answer booklet.

Question Two

a) Concerning discontinuities  in  any rock mass,  briefly  describe the influence  of  the
following on shear strength of the discontinuities:

i. Surface roughness. [4 marks]
ii. Discontinuity scale. [4 marks]

iii. Discontinuity infill. [4 marks]
b) Using  stress-strain  curves,  explain  the  differences  between  ductile  and  brittle

deformation. [10
marks]

c) Explain how the stress-strain curve can be used to design yielding pillars for deep
underground mines. [3 marks]

Question Three

a) The density of a certain rock mass is 2.7 t/m³ with a k value of 0.75. If the depth of
mining in the rock mass is at 650 m, calculate the following:

i. Vertical in-situ stress [3 marks]
ii. Horizontal in-situ stress [2 marks]

b) i. Briefly describe 5 factors that influence in-situ stresses in a rock mass. [10
marks]
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ii. Specify,  in  detail,  the  typical  steps  that  are  followed  in  a  stress  measurement
programme for mining depths > 1 000m. [10
marks]

Question Four

Nyati mine is a room and pillar metalliferous operation where the rock mass has a density of

3.0 t/ t/m³ and with an intact uniaxial compressive strength of 185 MPa. The depth of mining

is at 350 m from the surface and the expected extraction ratio is 75%.

a) Using the tributary area method, calculate the pillar stress assuming that the mining

layout is horizontal. [6 marks]

b) For an expected factor of safety value of 1.6 and stoping height of 4 m, determine the

appropriate pillar width dimension. [14

marks] 

NB: Pillar Strength=DRMS .
W 0.5

H0.75 (Equation 1)

c) Comment on the main limitation of using the tributary area method and Equation 1 to

determine pillar width. Highlight a possible measure to mitigate this limitation.

[5 marks]

Question Five

a) Describe any 6 factors that contribute to instability of rock engineering structures.
[12

marks]
b) Differentiate between the 2 principal classes of rock support (i.e., active and passive

support).  Indicate  3  examples  of  support  elements  for  each  of  2  classes  of  rock
support. 

[8 marks]
c) Recommend  the  appropriate  rock  support  design  approach  for  the  following

situations:
i. During the exploration and feasibility study stages

ii. During the later stages of the life of a mine.
[5 marks]

END OF EXAMINATION PAPER
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APPENDIX A: BARTON’S Q SYSTEM TABLES

APPENDIX A-1
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APPENDIX A-2
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APPENDIX A-3
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APPENDIX B: BARTON’S SUPPORT CHART

APPENDIX B-1
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APPENDIX B-2
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