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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 – MULTIPLE CHOICE 
 

Only write the question number and the answer. Example: 1.1 (c) 

 

1.1 Extension fractures 

a) A fracture that develops parallel to the direction of the greatest compressive 

stress 

b) A fracture that develops perpendicular to the direction of greatest stress and 

parallel to the direction of compression 

c) A fracture that develops perpendicular and parallel to the direction of greatest 

stress and perpendicular to the direction of compression 

d) A fracture that runs perpendicular to the direction of smallest stress and parallel 

to the direction of compression 

   [2] 

1.2 The presence of ‘rock flour’ (white powder) on structures (shear fractures, joints, 

faults, etc) indicates  

a) the occurrence of substantial pressure on the structures 

b) the occurrence of substantial stress on the structures 

c) the occurrence of substantial closure on the structures 

d) the occurrence of substantial shear displacements on the structures 

   [2] 

1.3 Rockfall height can be defined as  

a) the rockburst height of rock that dislodged and collapsed into the mining 

excavation 

b) the rock that dislodged and collapsed into the mining excavation 

c) the thickness of the rock that dislodged and collapsed into the mining excavation 

d) the length of the rock that dislodged and collapsed into the mining excavation 

    [2] 

1.4 In quasi-static conditions, shallower mines generally have  

a) a higher fall out height compared with deeper mines 

b) a lower fall out height compared with deeper mines 

c) no difference in fall out height compared with deeper mines 

d) none of the above 



   [2] 

1.5 The thickness of strata to be supported is 1.6m. The density of the rock is assumed 

to be 2750 kg/m3 and the gravitational acceleration is taken as 9.81 m/s2. The 

support resistance required to support the above mentioned would be: 

a) 16,8 kN/m2 

b) 38,6 kN/m2 

c) 43,2 kN/m2 

d) 42,3 kN/m2 

   [2] 

1.6 Factors of safety for support design in low risk excavations should be between  

a) 1.2 and 1.5  

b) 0.9 and 1.6  

c) 1.6 and 2.0  

d) >2.0  

   [2] 

1.7 The word abutment when used on the mining operations simply means:  

a) the ‘gully’ of the unmined rock around a mined out area 

b) the ‘edge’ of the unmined rock around a mined out area 

c) the ‘space’ between support units of the unmined rock around a mined out area 

d) the ‘bond’ strength of the unmined rock around a mined out area 

   [2] 

1.8 In rock engineering the  ‘45° rule’ normally referred to,  

a) to ensure that the tunnel will not be placed in the low abutment stress lobes 

b) to ensure that the tunnel will be placed in the highly fractured zone 

c) to ensure that the tunnel will be placed in the high abutment stress lobes 

d) to ensure that the tunnel will not be placed in the high abutment stress lobes 

   [2] 

1.9 In very shallow Bord and Pillar mining (depths < ± 400mbs), in-stope pillars are 

required to carry the 

a) full weight of overburden up to surface due to the absence of horizontal clamping 

stresses 

b) full length of overburden up to surface due to the stress levels sufficient to assist 

stability 



c) full weight of overburden up to surface due to the presence of high stress levels 

sufficient to assist stability 

d) full weight of overburden up to 20m from surface due to the absence of stress 

levels sufficient to assist stability 

   [2] 

1.10 In shallow mining depth stopes approximately 40mbs, the use of  

a) crush in-stope pillars is required 

b) non-yield in-stope pillars is required 

c) yielding in-stope pillars is required 

d) none of the above 

   [2] 

1.11 Hydraulic Radius can be defined as 

a) Circumference / Area 

b) Area / Perimeter 

c) Circumference / Perimeter 

d) Perimeter / Area 

   [2] 

1.12 ELOS can be defined as 

 𝐸𝐿𝑂𝑆 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑙𝑜𝑢𝑔ℎ 𝑓𝑟𝑜𝑚 𝑠𝑡𝑜𝑝𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝑠𝑡𝑜𝑝𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 𝑥 𝑤𝑎𝑙𝑙 𝑠𝑡𝑟𝑖𝑘𝑒 𝑙𝑒𝑛𝑔𝑡ℎ  

 

ELOS stands for 

a) Equivalent Linear Overbreak Stress  

b) Equal Linear Overbreaking Stress  

c) Equivalent Linear Over Stress  

d) Equivalent Linear Overbreak Slough                 

   [2] 

 

1.13 Is(50) stands for 

a) Point Load Index for 500 mm diameter core 

b) Point Load Index for 5000 mm diameter core 

c) Point Load Index for 50 mm diameter core 



d) Point Load Index for 5 mm diameter core  

     [1] 

 

     [25 MARK

QUESTION 2  
 

In open stoping backfill forms an integral part of the mining process. 

 

a) With the aid of a sketch discuss the application of backfill and what you would 

consider as important with reference to placement in an open stope, curing time 

as well as why stand-up height would be important.  [5] 

b) Briefly describe the key points to consider when designing a bulkhead. [4] 

c) Using the equations below calculate the required Uniaxial Compressive Strength 

(UCS) in kPa for a given stand-up height of the backfill as shown in Table 1: 

 

Table 1. Required stand up heights for open stopes 

Height 5m 10m 15m 20m 25m 

 

The open stope width is 20m and the backfill internal friction angle and cohesive 

strength are 25° and 20 kPa respectively. The backfill bulk unit weight is 22 

kN/m3 and a minimum safety factor of 1.5 is required.  



 

Make use of the attached table and graph in the question paper to show your 

results. Plot the UCS results on the graph and discuss the obtained results. 

 

 

where 

 𝐵 = stope width 𝐾 = Backfill pressure coefficient 𝑐 = Backfill cohesive strength (kPa) ∅ = Backfill internal friction angle in degree 𝛾 = backfill bulk unit weight (kN/m3) 𝐻 = Backfill height (m)  𝐹𝑆 = Factor of safety    [16] 

 

 [25 MARKS] 

 



QUESTION 3 

A large crusher chamber is being designed for an underground mine.  The 

excavation is 30 m long, 12 m wide and 15 m high and the long axis is orientated 

at 150.  Geotechnical mapping has indicated that there are two major joint sets in 

the area.  There orientations are as follows: 

 Dip Dip direction 

J1 80 60 

J2 35 240 

The joint friction angle has been estimated as 32.  Cohesion can be considered 

negligible.  The unit weight of the rock is 27kN/m3.  The excavation is to be 

supported with 250 kN grouted cable anchors to a safety factor of 1.5. 

 

a) Draw the excavation in plan view and show the joint traces (clearly show the 

orientation of the excavation and joints).  Draw a vertical cross-section showing 

the largest wedges that can be formed in the roof and sides of the excavation 

(approximately in proportion).  Calculate the height and weight of each of the 

wedges and indicate these on the drawing.      [12] 

b) Calculate the number of cable anchors required to support the roof wedge.  

Suggest an appropriate pattern of cable anchors for the roof based on this 

calculation.        [5] 

c) Determine which of the two side wedges is more unfavourable and calculate the 

number of cable anchors required to prevent it from sliding.  Suggest an 

appropriate pattern of cable anchors for the side based on this calculation.     [7] 

d) How could you improve the design in order to reduce the support requirements? 

         [1] 
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QUESTION 4 

 

As part of a mining study, rock mass characterisation must be carried out to understand 

the geotechnical conditions in which mining will take place. 

 

a) Briefly outline the types of data you would investigate to characterise the rock mass, the 

relevance of the data to the geotechnical investigation, and what approaches you would 

use to obtain this data.           [5] 

 

b) From the rock mass exposure shown in the photograph, Slide 1, identify the joint 

sets, estimating the joint spacings, joint orientations (in relation to the directions 

shown in the exposure), and calculate the RQD.  Using the approach of 

Laubscher to classify the rock mass, obtain a value for the MRMR.  Outline 

assumptions that you need to make and would need to be addressed to improve 

the results by making use of the attached diagrams.  

 

A copy of the exposure has also been provided on the last page of the 

examination paper.  The page should be handed in together with the answer 

booklet, showing the selected joint sets.    

 [15] 

c) An excavation 35 m long and 12 m wide will be developed in this ground.  

Calculate the hydraulic radius and comment on the stability of the excavation.  

Discuss how you might improve the excavation stability by making use of the 

attached diagrams. [5] 

.   



 

 

 

Slide 1:  Rock mass exposure  
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Laubscher’s table for stress adjustments required . 

Stress adjustments range between 60% and 120%.  The adjustments for mining induced 

stresses are essentially based on judgement. Good confinement enhances stability and 

the maximum positive adjustment is 120%.  Poor confinement, associated with numerous, 

closely spaced joint sets, does not promote stability, and the maximum negative 

adjustment is 60%.  High stress to strength ratio causes fracturing and reduces stability. 

 

 



 

Laubcher’s Stability graph 

 

Cave angle and failure zone (Laubscher 1990) 

 

 Condition Depth 
(m) 

Adjusted MRMR 

100-81 80-61 60-41 40-21 20-0 

Cave 
angle 

No lateral restraint 100 80 70 60 50 40 

500 70 60 50 40 30 

Lateral restraint 
from caved material 

100 90 80 70 60 50 

500 80 70 60 50 40 

Extent of 
failure 
zone 

Surface 100 10 m 20 m 30 m 50 m 75 m 

500 10 m 20 m 30 m 50 m 75 m 

Underground 100 10 m 20 m 30 m 50 m 100 m 

500 20 m 30 m 50 m 100 m 200 m 



 

 

 



 

 

 
Jv = 1/J1+1/J2+1/J3+1/Random 

RQD = 115-3.3Jv 

Q = (RQD/Jn).(Jr/Ja).(Jw.SRF) 

 

 

N’ = Q’ x A x B x C 
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Question 2 (c) 

Height Uniaxial Compressive Strength (UCS) in kPa 

5m  

10m  

15m  

20m  

25m  

30m  

35m  

40m  

45m  
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