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SPECIAL REQUIREMENTS: 

1. Answer All the 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 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 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 that 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) is 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 the data given. 

9. Please note that 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  

General Questions, Terms and Definitions 

 Show calculations. 

1.1 Given the geometrical shape below, if the diameter of the circle is 6 cm and the two 

sides of the right-angle triangle are given as 18.2 cm and 15 cm, calculate the area 

shaded in blue.          (3) 

 

 

 

 

1.2 If the geometrical shape extends to 2.5 x diameter out of plane, calculate the volume 

of the cylindrical specimen.         (1) 

 

1.3 If a force of 200 kN is exerted normal to the surface area of the geometrical shape, 

calculate the stresses acting on the circular area and blue shaded area.          (2)   

 

1.4 If the exerted force results in axial contraction of 3 mm and lateral expansion of 0.15 

mm on the cylindrical specimen, calculate the axial and lateral strain.  (2) 

 

1.5 Calculate the Poisson’s ratio of the cylindrical sample.     (1) 

 

1.6 If the cylindrical specimen weighs 300 g, calculate its density.   (1)  

 

Choose the correct answer from the four options provided. Only write the letter 

a, b, c or d next to each question number.  

1.7 A measure of the inherent surface unevenness and waviness of the discontinuity 
relative to its mean plane.        (1) 

 a)  Strike   b) Dip   c) Joint alteration d) Roughness 

1.8 Divides sedimentary rocks into beds or strata.     (1) 

 a)  Stratigraphy  b) Faults  c) Bedding planes d) Sills     

1.9  A test that can be used to determine joint strength      (1) 

 a)  UCS test  b) Point Load test  c) Shear box test d) Brazilian test 

1.10 A stress measurement instrument is a       (1) 

 a)  Closure meter b) Doorstopper  c) Accelerometer  d) GPR       

1.11  RCF is used to describe ground conditions of:      (1)  

 a)  Gullies  b) Massive stopes  c) Tabular stopes d) Tunnels   
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 Definitions 

 Define the following terms and provide measurement units where applicable: 

1.12 Brittle fracture          (2) 

1.13 Ground Control District         (2) 

1.14 Subsidence          (2) 

1.15 Ductile deformation          (2) 

1.16 Ride           (2) 

 

Total  [25] 
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QUESTION 2 – Rock joints and rock mass strength 

2  The Q-value is expressed with six parameters as follows: 

𝑄 =
𝑅𝑄𝐷

𝐽𝑛
∙
𝐽𝑟
𝐽𝑎
∙
𝐽𝑤
𝑆𝑅𝐹

 

2.1  Name the six parameters in the Q-value expression    (3)  

2.2   Explain how the following factors affect the strength of rock joints: 

a) Infilling type.  

b) Infilling thickness. 

c) Joint roughness. 

d) Joint friction angle. 

e) Joint water.          (10) 

2.3  A 3.5 m diameter tunnel is to be driven east through a mottled anorthosite rock type 

at a maximum depth of 450 m. The mottled anorthosite is faced with sparsely spaced 

sub-vertical narrow pegmatite veins. Furthermore, joints that dips between 15o and 

20o east-ward and those that dips between 50o and 60o west-ward will be exposed 

as the tunnel face advances. The overall rock is described as blocky. The recovered 

core indicates that the joints in the mottled anorthosite are dry, planar and rough with 

low-friction 2mm serpentine infilling. The RQD estimated from the recovered core 

gave a rating of 65.  The average uniaxial compressive strength of the mottled 

anorthosite is 210 MPa. The vertical stress is about 14 MPa and the horizontal stress 

is about 17.5 MPa. Use the Q system to assess the quality of the rock mass. Motivate 

for values chosen for the Q-value parameters.     (6)  

2.4  From the calculated Q-value in question 2.3, how would you classify the quality of the 

rock mass?           (1) 

2.5  Barton and Choubey developed the following equation: 

𝜏 = 𝜎𝑛tan⁡ (𝜃𝑏 + 𝐽𝑅𝐶log10 (
𝐽𝐶𝑆

𝜎𝑛
)) 

2.5.1 What is the equation used to determine?      (1)  

2.5.2 What does each parameter represent?      (2)  

2.5.3 How will you obtain the field estimate of JRC?    (1) 

2.5.4 How will you obtain the field estimate of JCS?    (1) 

 

           Total  [25] 
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QUESTION 3 – Excavation Stability 

3  The following equation is given:    

𝜎𝜃𝜃 =
1

2
𝑞(1 + 𝑘) (1 +

𝑅2

𝑟2
) +

1

2
𝑞(1 − 𝑘) (1 +

3𝑅4

𝑟4
) cos2θ 

3.1 Which quantity is expressed by this equation and for which type of excavation is it 
valid?               (2)  

3.2 Does the equation provide a solution for a 2D or a 3D state of stress or strain?    (1)  

3.3 Provide the terminology which describes the special state of stress or strain 

contemplated by the equation.        (1)  

3.4 Simplify the equation above for the case when horizontal virgin stress is equal to 

vertical virgin stress.         (3) 

3.5 From the simplified equation obtained in 3.4, give the approximation of  when the 

radial distance is 4R.         (2) 

3.6 Determine the angular position for which the tangential stress is 2.25𝑞 on the skin of 

the circular tunnel when the vertical stress is twice the horizontal stress.  (2) 

3.7 A 3m wide circular tunnel is developed flat in a rock mass where the vertical stress 

field is 31MPa. The Young’s modulus and Poisson’s ratio is 80 GPa and 0.25 

respectively. Estimate the radial and tangential deformation:  

3.7.1 In the horizontal radial distance of 4R when the horizontal virgin stress is 

equal to vertical virgin stress.      (4)  

3.7.2  At the skin of the circular tunnel for which the tangential stress is 2.25𝑞 when 

the vertical stress is twice the horizontal stress.    (4)  

 

3.8 If the circular tunnel was rather 5m wide in question 3.7: 

3.8.1 Would you expect a radial deformation that is higher or lower than the one 

calculated in question 3.7.1?      (1) 

3.8.2 Would you expect a tangential deformation that is higher or lower than the 

one calculated in question 3.7.1?      (1) 

 

3.9 If the Young’s modulus was significantly lower than 80 GPa in question 3.7: 

3.9.1 Would you expect a radial deformation that is higher or lower than the one 

calculated in question 3.7.1?      (1) 

3.9.2 Would you expect a tangential deformation that is higher or lower than the 

one calculated in question 3.7.1?      (1) 

 

3.10 Name and draw the tunnel profile that would exist as a result of stress fracturing 

where the k-ratio is 0.5.         (2) 

Total  [25] 
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QUESTION 4 – Stope Support Elements 

4 A Mine exploiting UG2 in tabular excavation stoping uses timber elongates and yield pillars 
as primary support in the UG2 stope panels. The timber elongates are installed 1.5 m on 
dip and 2.0 m on strike centre to centre. The information available to you includes the 
following: 

▪ Depth of mining below surface = 1500 m 
▪ Stoping width = 1.2 m 
▪ Rock density = 3200 kg/m3 
▪ K-ratio = 0.95 
▪ Excavation half span = 80 m 
▪ The Poisson’s ratio  = 0.25 
▪ The Young’s modulus = 98 GPa 
▪ The reef orebody dips at 18o 
▪ The fall out height in UG2 stopes = 0.7 m  
 

4.1 Assuming a gravitational constant of 10 m/s2, calculate the required support 
resistance (demand) in the stope.         (1) 
      

4.2 If the timber elongate is installed to support a brow in a stope 4m behind the face, 
calculate elastic closure that the timber elongate would undergo if the face is 
advanced for 15 m.          (10) 

 
4.3 Calculate the elastic closure rate in mm/m after the face is advanced for 15 m.        (1)   
 
4.4  Since the face advanced 15 m, you noticed a bed separation of 3 cm on the brow 

supported by the timber elongate. Calculate the new stoping width where the timber 
elongate is installed.          (1) 

 
4.5  Draw the load-deformation curves of the grout pack, pre-stressed timber pack, 

elongate prop and hydraulic prop, all together on a single graph paper.  (3) 
 
4.6  Which of the drawn support types will have high initial stiffness.   (1) 
   
4.7  Which of the drawn support types will be prestressed.    (1) 
 
4.8.  Which of the drawn support types will provide large peak strength at low rates of 

closure?          (1) 
 
4.9.  Which of the drawn support types will provide large peak strength at high rates of 

closure?          (1) 
 
4.10 With the aid of an annotated diagram, describe the effect of loading rate on the 

performance of timber support units when comparing the load / deformation 
characteristics determined in laboratory tests to the performance under i) quasi-
static (rock fall) and ii) dynamic (rock burst) conditions.    (5)  

 

  
            Total  [25] 
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Barton’s Classification System 
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