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THIS IS NOT AN OPENBOOK EXAMINATION – ONLY REFERENCES PROVIDED ARE 

ALLOWED 

SPECIAL REQUIREMENTS: 

1. Answer all the questions in legible English. 

2. Write your ID number on the outside cover of each script used and on any graph paper or 
other loose sheets handed in. 

      NB: Your name must not appear on any answer book or loose sheets. 

3. Show all calculations and check the calculations on which the answers are based. 

4. Hand-held electronic calculators may be used for calculations. Reference notes may not be 
programmed into calculators. 

5. Write legibly in black ink on the right-hand page only. Left-hand pages will not be marked. 

6. Illustrate your answers using sketches or diagrams wherever possible. 

7. Final answers must be given to an accuracy typical of practical conditions, however, be 
careful not to use too few decimal places during your calculations, as rounding errors may 
result in incorrect answers. 

      NB: Ensure that the correct unit of measure (SI unit) is recorded as marks will be deducted 
if the incorrect unit is used even if the calculated value is correct. 

8. In answering the questions, full advantage should be taken of your practical experience as well 
as the data given. 

9. You are not allowed to contact your examiner or moderator regarding this examination. 

10. Cell phones and other smart devices are not allowed in the examination room.  
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QUESTION 1. MINING LAYOUT, SUPPORT AND MONITORING 

 

 

 

 

 

 

1.1. Define the following concepts which may be helpful to as stope/mine layout design criteria.  

a) Energy Release Rate (ERR) 

b) Excess Shear Stress (ESS) 

c) Volumetric Excess Shear stress (VESS) 

d) Face Shape Index (FSI) 

(4) 

1.2.  Longwall mining configurations were introduced in a deep-level gold mine in the Witwatersrand 

Basin, South Africa, where depths exceed 2,000 meters. 

a) Provide (draw) an annotated diagram of a typical longwall mining configuration (5) 

b) Describe the advantages that longwall mining configurations have over scattered mining 

operations if practiced at depths below 2000m (4) 

c) Provide (draw) an annotated diagram depicting the principles associated with a scattered mining 

configuration when encountering a significant geological structure in order to manage the impact of 

seismicity and falls of ground. 

d) What are the typical practical problems associated with underhand mining configuration (explain  

three). (3) 

(16) 

1.3.  During the full production of an underground mine, the mine uses range of support, which 

includes resin bolts, cable anchors, shotcrete & welded mesh, etc.. According to your legal 

appointment (Reg. 14.1 (6)), you are required to have a Mining Product Support Quality 

Assurance/Quality Control (QA/QC) strategy (from manufacture to installation). Design a support 

QA/QC management strategy or process for the mine. Provide an description of what that process 

will entail and briefly describe each phase or stage. 

(10) 

1.4.. Seismicity is experienced when mining at various depths and there is a need to establish 

monitoring systems. Explain what the primary objectives of establishing a seismic monitoring 

system are?  

(5) 

 [35] 
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QUESTION 2. GEOTECHNICAL INVESTIGATION AND STRUCTURAL GEOLOGY 

 

 

 

 

 

 

A team of strata control officers has conducted detailed geotechnical mapping within a tunnel 

where a large ( 15mW x 13mH x 22mL ) underground workshop is to be excavated using a 

conventional technique. The workshop will be located within the shaft pillar at a depth of 875m 

below the surface. The mapping revealed that the workshop is situated within a massive rock 

mass (UCS 220MPa) with prominent jointing. Three joint sets, including a 1,0 m thick shear 

zone, were identified during the mapping exercise. 

 

Joint 

Set Dip Dip Dir Joint Spacing Condition 

J1 75 306 mean 0,552 1-slightly smooth surface, 

undulating serpentine infill< 1mm 

2- Rough Planner, No infill 

3-Calcite infill >3mm                           

Rough surface & undulating . 

(all surfaces were fresh) 

Shear Zone (shear planes & closely 

spaced joints, oriented the same as 

J3) 

      SD 0,787 

J3 47 69 mean 0,22 

      SD 0,243 

J2 52 151 Mean 0,048 

      SD 0,068 

 

 

2.1. Describe five objectives of conducting rock mass classification. 

 

 

 

(2.5) 

 

2.2. Discuss five common rock mass classification disadvantages. (5) 

2.3. List five names of standard rock mass classification systems you know. Which rock mass 

classification system would you use for the provided scenario and why? 

(2.5) 

2.4. Use the system chosen in 2.3 to classify the described rock mass.  (5) 

2.5. Which one of the three given joint sets has the lowest friction angle? Show all 

calculations. 

(5) 

 [20] 
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QUESTION 3. SHAFTS AND BEAM BEHAVIOUR ` 

3.1 Describe the concept of beam behaviour in rock mechanics. List and briefly describe the 

three typical beam types described in rock mechanics. 

(8) 

3.2. A vertical shaft is planned between two levels of an underground mechanised mine. The shaft 

is scheduled as one of the ventilation airways connecting the two levels and will be developed 

with a tunnel or raise boring machine. The Raise boring machine will be located on the top level, 

and during the reaming process, the machine will be positioned directly on top of the Raise/shaft. 

As drilling approaches completion, it is imperative to leave a plug to ensure the safe 

decommissioning of the raised boring equipment.  

The plug must possess specific characteristics: it must be thin enough to allow for effective drilling 

and blasting post-decommissioning of the Raise Boring Machine. However, it must also be thick 

enough to ensure stability and support the combined weight of the plug itself and machine weight. 

The machine's weight is documented as 100kN, evenly distributed across two shoes (footplate). 

The rock mass where the shaft is being developed is relatively good, without any structure cutting 

through. This rock type will only fail in tension. The rock's density is 2800kg/m3, and its tensile 

strength is 12Mpa. 
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3.2.1. Describe the purpose of ventilation in a mine. (3) 

3.2.2. Which beam type/analyses is most appropriate for this application? Why? (3) 

3.2.3. Determine the thickness of the plug that will be required to yield FOS of 2 given a 

maximum tensile stress on the plug of 5000kN/m2  under the following conditions: 

a) There is no geological structure on the plug (3). 

b) There is a single geological structure on the plug, cutting vertically (3). 

(6) 

 [20] 
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QUESTION 4. NUMERICAL MODELLING AND REHABILITATION 

 

 

       Total Marks = [100] 

 

 

4.1. Describe the relationship between numerical modelling and monitoring in rock mechanics. (2) 

4.2. Describe two shear-based failure criteria commonly applied in numerical modelling codes. 

List their limitations when applied to numerical modelling. 

(6) 

4.3.  List 2 examples of FEM codes (2). Describe the basic theory of a Finite Element Method 

(FEM) or analysis (2), its application (2), and its limitations (2).  

(8) 

4.4. During an underground visit, you notice that a rock pass is damaged, as depicted below. 

Which failure criterion will you consider on the finite element model (FEM) to simulate the shape 

of damage depicted? 

 

(2) 

4.5. What is the effect of Mesh/grid size during numerical modelling? (2) 

4.6. Over time and under high and/or variable stress conditions, shaft orepasses may 

degrade/spall and prevent the effective usage thereof. Although there are many methods to 

rehabilitate these orepasses, describe 2 methods and briefly discuss the advantages and 

disadvantages of both.  

(5) 

 [25] 
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FORMULA SHEET 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page 8 of 15 
 

Appendix 1: Geotechnical Investigation 

Table 1 
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Table 2 
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Table 3 
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Table 4 
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