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SPECIAL REQUIREMENTS: 

1. Answer all questions. Answer the questions legibly in English. 

2. Write your ID Number on the outside cover of each book 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 calculations on which the answers are based. 

4. NO hand-held electronic calculators may be used for this exam. 

5. Write legibly in ink on the right hand page only – left hand pages will not be marked. 

6. Illustrate your answers by means of sketches or diagrams wherever possible. 

7. Final answers must be given to an accuracy which is 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) are recorded as marks will be 

deducted from answers 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 data given. 

9. Please note that you are not allowed to contact your examiner or moderator regarding 

this examination. 

10. Cell phones are NOT allowed in the examination room.  

 



 
QUESTION 1 
 

You are designing the mining of the lower portion of a pipe shaped ore body. The upper 

part of the ore body was extracted by open cast mining. 

 

a) Describe in detail how the mining span required to initiate caving in a pipe 

shaped ore body can be assessed using rock mass rating systems. [7] 

 

b) Sketch the layout of the undercut, draw-points and gathering drives. [6] 

 

c) Discuss the changes in stress that will occur in the gathering drives during mining 

using sketches.  [6] 

 

d) Thence recommend suitable support for the drives and drawpoints. [6] 

 

    [25 MARKS] 

  

QUESTION 2  

 

A massive tabular orebody is dipping at about 30° at a depth of 70 m to 200 m below 

surface. The mineralized zone is on average 25 m thick and 250 m on strike. The 

mineralization lies on and above the contact between massive dolomite and an 

overlying sandstone. The sandstone extends above the mineralized zone. 

 

It is intended to mine the orebody using open stoping, drilling upward from drilling and 

loading drives on the contact and using remote controlled loading. 

 

a) Draw the mining layout in plan and section. [6] 

 

b) Describe the geotechnical investigations required to assess the stable spans which 

can be mined.   [6] 

 

c) Describe how you would assess the stable span of the hangingwall. [8] 

 

d) How would you control the hangingwall span considering the mining method. [5] 

 

    [25 MARKS] 

 

 

 



QUESTION 3 

 

The figure below is a schematic representation of a section through a cut and fill 

stope. The stress concentration factors at the crown and sidewall can be 

determined using the following equations. 

 

Crown:      𝐵/𝑝 =  𝐾 − 1 + 2𝐾(𝐻/𝑊)1/2 

Sidewall:  𝐴/𝑝 =  1 − 𝐾 + 2(𝑊/𝐻) 

 
a) Plot graphs of the stress concentration factor versus the H/W ratio.  Use H/W 

values of 1,2,5,10, and 20 and K=1      [12] 

 

b) The stress concentrations in the crown and sidewall change as H increases.  

How will this influence stability?  Briefly suggest methods of managing stability. 

         [5] 

c) Describe, with the aid of sketches, how you would carry out pre-reinforcing of 

the crown using long cables.        [8] 

 

 

    [25 MARKS] 

 

 

 



QUESTION 4 

 

The following stress field data has been determined through elastic modelling in an area 
of a mine: 
 

zz = 30 kPa.m-1 (vertical stress gradient) 

h = depth below surface 

kxx = 1.5 (0000 - 1800) (k-ratio in the x-direction - horizontal) 

kyy = 2.5 (900 - 2700) (k-ratio in the y-direction -  horizontal) 

 

The principal stresses are aligned with the co-ordinate axes.  The rock mass has a 

high joint density with a uniaxial compressive strength of 180 MPa.  The horizontal 

excavations are greater than 6m x 6m.   

 

4.1 Calculate the RCF at 500 m depth below surface for: 

4.1.1. a vertical ore pass 

4.1.2. a horizontal tunnel orientated East-West and 

4.1.3. a horizontal tunnel orientated North-South 

 

In each case, describe the stress distribution (elastic), expected fracturing, 

ground conditions and support requirements for anticipated mining-induced 

stress changes (no seismicity).  Use annotated sketches as required.       [18] 

 

4.2 The depth of fracturing (Rf) around an excavation can be estimated using the 

following relation: 𝑅𝑓 = {𝑎 ∗ (0.5 + 1.25 ∗ (3𝜎1 −  𝜎3𝜎𝑐 )} − 𝑎 

 

 Where a is the (effective) radius of the excavation.   

 

Calculate the depth of failure for the vertical ore pass in question 2.1, which has 

a 5 m diameter.                 [3] 

 



4.3 The main access ramp follows a continuous downward spiral inclined at 90 to 

access the underground workings.  Which orientations of the tunnel will 

experience greater stress-driven fracturing?  What strategies could you suggest 

to the mine manager to minimise the effects of high stress concentrations?  How 

will this benefit the operation in terms of cost, safety and productivity?     [4] 

 

 

    [25 MARKS] 

TOTAL MARKS: [100] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



REFERENCE SHEET 

 𝑛 = 𝐹𝑜𝑆 𝜌𝑔𝑡𝑃𝑓  

 

Where:  FoS = Factor of Safety 

   ρ = Hangingwall Rock Density (Tonnes.m-3) 

   𝑔 = Gravitational Acceleration (9.81m.s-2) 

   Pf = Yield Strength of Rock Bolt (kN) 

   t = Design Beam Thickness (m) 

   n = Number of Rock Bolts required per m2 

 𝑅𝐶𝐹 = 3𝜎1 − 𝜎3𝐹𝜎𝑐  

 

 

 



 

Induced radial stress in the x-direction at a distance r from the centre of a circular 

excavation with radius R:   

 𝜎𝜃𝜃𝜎𝑥𝑥 =  12 [2 +  (1 + 𝑘𝑥) (𝑅𝑟 )2 + 3(1 − 𝑘𝑥) (𝑅𝑟 )4] 



 

 

 

 



 

 

 



 

 

 

 



 

 

N’ = Q’ x A x B x C 
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