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Section A: ANSWER ALL QUESTIONS 

Question 1 

a) Describe the importance of rock mass characterization in rock engineering projects. [10] 

b) How can the results of rock mass characterization be integrated into numerical modelling 

and stability analyses? [10] 

Question 2 

a) Describe the different failure modes that can occur in a rock slope. [6]   

b)  A rock slope has the following characteristics: 

• Slope height (H) = 50 m 

• Slope angle (β) = 55° 

• Failure plane angle (α) = 40° 

• Persistence of the failure plane = 90% 

• Unit weight of the rock mass (γ) = 26 kN/m³ 

• Cohesion of the rock mass (c) = 0.4 MPa 

• Friction angle of the rock mass (φ) = 32° 

Calculate the factor of safety against planar failure for the given rock slope using the 

limit equilibrium method. [10] 

c) Discuss the influence of discontinuities, such as joints and faults, on the stability of rock 

slopes. [4] 

 

Section B: ANSWER ANY THREE QUESTIONS 

Question 3 

a) Describe the different types of rock reinforcement techniques used in underground 

excavation.                                                                                                        [8]             

b) Discuss the key considerations in the design of rock support systems for underground 

mines.                                                                                                                [6] 

c) Discuss the challenges and strategies for rock tunnelling in difficult ground 

conditions.                                                                                                          [6] 
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Question 4 

The element shown below is subjected to triaxial loading with stress components given  

                   𝑥 = 12𝑀𝑃𝑎       𝑦 = 20𝑀𝑃𝑎        𝑥𝑦 = 8𝑀𝑃𝑎   

                      

a) Construct the Mohr`s Circle diagram representing this state of stress.                       [6] 

b) Determine from the diagram the magnitude of the principle stresses and the inclination 

of the principle axis relative to the x reference direction.                                             [4] 

c) Determine from the diagram the normal and shear stress components 𝑥 and 𝑚𝑚 on 

the EF plane oriented as shown.                                                                                   [4] 

d) State any three (3) purposes of underground mine pillars.                                           [3] 

e) State five (5) uses of backfill material in underground mining operations.                [3] 

Question 5 

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 𝜎𝑐 = 185 MPa 
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• Major principal stress 𝜎1 = 5.4 MPa   

      [10] 

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. 

    [10] 

NB: Attach the chart to your answer booklet. 

 

Question 6 

a) Discuss the potential geological hazards that can impact rock engineering 

projects. [8] 

b) Explain the risk assessment and mitigation strategies employed in the 

design and construction of rock engineering structures. [8] 

c) How would you incorporate monitoring and early warning systems to 

manage geological risks during the operational phase of a rock engineering 

project? [4] 

  

                            [3] 

Good luck!!!!!!!!!!!!!!!!!!!!!!!! 

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 

 


