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QUESTION 1 - (BEAM THEORY)

1.1 Sketch three different types of elastic beams, indicating on each the maximum
compressive, tensile and shear stresses. (12)

1.2 Sketch a simple Voussoir beam, indicating the maximum compressive and shear
stresses. (3)
1.3 List three potential modes of failure of a Voussoir beam. (3)
1.4 What are the fundamental assumptions governing Voussoir beams? (2)
[20]

QUESTION 2 - (ROCK MASS CLASSIFICATION)

2.1  List and describe the five parameters of the original Geomechanics Classification
system (RMR). (5)

2.2 What adjustments are made to the Geomechanics Classification to obtain an
overall rock mass description? (2)

2.3 List and briefly discuss the modifications required to the Geomechanics
Classification to calculate MRMR, according to Laubscher and Taylor? (9)

2.4  Estimate the in situ Hoek-Brown ‘m’ and ‘s’ parameters suitable for underground

mining of a rock mass that has a Barton’s Q value of 25 and internal friction
angle of 53°. (4)

[20]



QUESTION 3 -

3.1

3.2

3.3

3.4

(ROCK PROPERTIES)

Sketch stress-strain graphs of typical triaxial compression tests, illustrating the

effect of increased confinement on rock strength and failure behaviour. (5)

Two rock samples were subjected to triaxial compression testing. The samples

failed at the following stresses:

Test 1: 01=600 MPa o03=100 MPa

Test 2: o1=900 MPa o3 =200 MPa

i) Draw the Mohr circles that represent these two tests. (2)

ii) Determine the cohesion and internal friction angle using your drawing.
Assume Mohr-Coulomb failure. (2)

Which strength criterion is commonly used when assessing the strength of in-situ
rock that is transected by many closely-spaced joint sets at multiple angles?

Discuss the limitations of this criterion. (5)

Study the table of typical elastic constants and strength properties of different
rock types below. Discuss the difference in rock behaviour expected of these

rock types in laboratory testing in terms of axial and radial deformation, triaxial

strength and shear strength. (6)
Rock Type | E (GPa) \' o: (MPa) | C, (MPa) ®i°
Quartzite 70 0.23 220 45 35
Pyroxenite 100 0.3 120 20 50
Sandstone 30 0.1 70 20 30
Granite 60 0.2 220 30 55

[20]



QUESTION4-  (STRESS IN ROCK)

4.1

4.2

4.3

4.4

The virgin or primitive state of stress is a function of several influencing factors.

List and describe at least four of these factors. (4)

The database of in situ stress measurements carried out in Southern Africa lists
horizontal stress components in deep level mines ranging between 0.3 and 1.5
times the vertical stress component. Sketch the expected shape of break-out
(sockets) around shotholes for k = 0.5, k =1 and k = 1.5. (3)

Use the Kirsch equations to calculate the tangential stress in terms of the vertical
virgin stress (q) at mid-height on the periphery of a circular tunnel for each of the
scenarios listed in Question 4.2 above. Which k-ratio should result in the least

stress damage to the sidewalls of the tunnel? (8)

Calculate the k-ratio that will result in tangential stress of zero at the crown of the
tunnel. (5)

[20]



QUESTION 5 - (STRESS AND STRAIN)

5.1 The 2D virgin stress tensor measured at a depth of 1788 m below surface is

given by:
(Uxx Txy) :( 40 —8.66)
Tyx Oyy —-8.66 50
Calculate:
i) the average overburden density (1)
ii) the k-ratio (2)

5.2  Calculate and plot the normal and shear stresses acting on a 60° dipping fault as

depicted below, when subjected to the virgin stresses listed in Question 5.1.(5)

Depth=1788m

5.3 Calculate the magnitude and direction of the major principal stress of the stress

state given in Question 5.1 above. (6)

5.4 A wooden table has four identical legs, each 900 mm long with 90 mm diameter.
The axial elastic modulus of wood is 4 GPa. Assuming that the legs do not break,
calculate the shortening of each leg when a mass of 10 tonnes is placed on the

table. Assume that the mass is distributed evenly on the four legs. (6)

[20]
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FORMULAE SHEET

1. mi=2(Bo—1)
2. F=mg
3. qv=pgh
_ (1+singy)
4 Fo= (1-sin @)
5. RMR=9InQ +44
6. u=tang;
7 <o e(RMRg—lOO)
(RMR-100)
8. m=m;e zs
9. k=-—2-
1-v
E
10.6 = 2(14v)
11.W =% 0¢
12.e =AML/ L
13.E=o0/¢
14. ¢, = —vg,
15. &5 = %[03 —v(o; + 0,)]
16. 0, = 0,€05%0 + 0,5in*0
17. Tym = —%(01 — 0,)sin26
18. 1, = ¢ + uoy,
1 1 2
19.0, = E(Gx +0,) + 5\/[(0,( —0,) + 41,20,]
1 1 2
20.0, = E(Gx +0,) - ;\/[(Jx —a,) + 41,20,]
21.0 = %arc tan[ZTxy/(ax — ay)]
1
22. Ty = > (o1 — 03)
23. 0y = 0,€05%0 + 274, 5in 6 cos 0 + o, sin*H
24. 0y, = 0,Sin*6 — 27, sin 6 cos 6 + g, cos?6
25. Tyyyr = %(ay — ax) sin 26 + t,,, cos 26
2 - ’ 3 4
26. o, =%q(l+k)[l+R—2J+%q(l—k)[l+ }E }0032(9
r r
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