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SPECIAL REQUIREMENTS:

1. Answer all four questions. Answer the questions leqgibly 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.

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

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

Only non-programmable basic scientific calculators may be used for calculations.

Z

Write_legibly in ink on the right-hand page only — left hand pages will not be marked.

lllustrate your answers by means of sketches or diagrams wherever possible.

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.
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NB: Ensure that the correct unit of measure (Sl-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 and other smart devices e.g. Smartwatch are NOT allowed in the examination
room.




QUESTION 1.

1.1 A cubic rock piece with 6m side length rests on nine cubic pieces of the  (6)
same rock type with 0.1m side length. Smaller pieces are equally spaced as
seen in Figure b. If the density of rock is 3000 kg/m?3, calculate the stress on
a single 0.1m cubic piece. Neglect the weight of small pieces.

1.2 If the smaller cubic pieces are failing, recommend at least four solutions (4)

to maintain their stability.
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Figure a Figure b
1.3 A mine has a 6m diameter vertical ventilation shaft. Calculate the radial, (15)

circumferential and shear stresses 0.2m into the rock at the north point (A)
for a depth of 2500m below surface. Draw a simple sketch of the shaft
showing the stresses, directions, the point A with proper labels. The
principal in situ horizontal stress in the north-south direction is equal to half
the overburden stress, and the principal in situ horizontal stress in the east-
west direction is twice the overburden stress. The unit weight of the rock y
is 0,025 MN/m2. The modulus of elasticity of the rock E is 50 GPa, and
Poisson’s ratio for the rock v is 0,25. Assume that the rock behaves

elastically.
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QUESTION 2.

2.1 A marble specimen having 60 mm diameter and 150 mm length original
dimensions is subjected to loading as shown in Figure a. A simplified stress
strain graph is provided. The axial and radial strain values when the normal
stress is 20 MPa are measured and provided on the graph. A second
marble specimen shaped as rectangular prism is tested under loading

conditions as shown in Figure b.
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Figure a Figure b

i) If the rock fails at 120 MPa, calculate the strain energy density in Figure a. (6)

i) Determine the normal strains under loading conditions in Figure b. (11)
iii) Calculate the strain energy density in Figure b. (2)
iv) Name the loading conditions in Figure a and Figure b. (2)
v) Define isotropic behaviour and principal stress. (4)
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QUESTION 3.

3.1 A series of triaxial tests were carried out on specimens of a given rock,
and it was found that failure occurred for the following combinations of
principal stresses:

o1(MPa) 52 88 124 160
os(MPa) 10 20 30 40

)] draw Mohr's envelope for the rock, (4)
i)  estimate the cohesion and angle of internal friction for the rock, (2)
iii) estimate compressive stress which would produce failure in uniaxial (2)

compression.

3.2 For the stress state depicted below, calculate the stress components (7)
acting on a plane where the normal of the plane is along direction “s”.

Plot these stresses indicating their directions.

3.3 Calculate the magnitudes and directions of the principal stresses for the (6)

following stress state.



-20 MPa

I

-20 MPa

3.4 Describe the methods for estimating the “Joint Roughness Coefficient” in 4)

Barton'’s shear strength criterion.

[25]
QUESTION 4.
Provide short answers. Use the boxes or as sketches where necessary. No
credit will be given for any working shown. You may hand in Question 4 with
your script.
Ox  Txy Txz 3 0 -3
(a) Sketch the state of stress [Tyx Oy Tyz]: [ 0 1 0 |MPa, onthe cubic
Tzx Tzy Oz -3 0 =2
element; (2)
Y,
X

(b) List three factors that increase compressive strength of intact rock material

in laboratory testing: 3)

(c) List two factors that influence the stress distribution around a circular
tunnel. (2)



(d) Plot the possible Shear strength versus Normal stress graph as a result of
shear testing of a discontinuity with the roughness profile shown in the

following sketch? (Assume no cohesion) (2)

(e) Arock sample is unloaded at A with the unloading path shown during (2)

a UCS test. Plot the path if reloading takes place at point B?

() If the normal strain is zero in the z direction, calculate the stress in the (3)
z direction provided that;
ox=16 MPa; oy=12MPa; E=70GPa; G=28GPag; v=0.25



Answer

(g) Calculate the virgin vertical stress at point A if the overlying rocks consist of (3)

the following thicknesses and densities; (take g = 10 m/s?).

Competent Sandstone: 13 m; 2700 kg/m3
24 m

Shale: 2 m; 2600 kg/m3

Laminated sandstone: 3 m; 2500 kg/m3

Carbonaceous Shale: 6 m; 2400 kg/m?

Answer

(h) List three factors that increase the shear strength of discontinuities. 3)



(i) The magnitude of Fxy for equilibrium condition is; (2)

Answer

() Fillin the blank spaces; 3)

e Coefficient “li= ox + oy = ox + oy = 01 + 62" is called

is constant and don't depend on the orientation of the coordinate
system.

e The value of the Poisson's ratio cannot be greater than

e According to law, the strain of an elastic

material is proportional to the stress applied to it.

[25]



FORMULAE SHEET

1. F=mg o=F/A
2. Qv =pgh

_ (1+singy)
38 Bo= (1-sin @)

4. RQD =115-3.3Jv
5. 7=C, +uoy,
6. 01= Oc * Bo0O3

7. u=tang;

(RMR—100)
8. s=e o

(RMR—100)
9. m=m;e 28

10. 01 = 03 + V(sOc2 + MOc03)

11. k =—

12. K = 31—20)

1
13.w= E (oxex + oyey + 028z + Txyyxy + TyzYyz + Taxyzx)

14.Q = %ae X Volume

15.€ = Al/ Lo E=o0l¢ & = —VE,
E

16. Oxyxy = [m] [(1 — U)Exx + U(Syy + gzz)]
E

17. Oyy = [m] [(1 — U)Eyy + U(Exx + Ezz)]

18.0,, = [mv)b("TZv)] [(1 — V)&, + v(exx + syy)]

E E
19. = + = +
9. ox 12 (Sx VSy) Oy 12 (Sy Vgx)
. = + = +
20. o1 — (e1+ vey) G2= 13 (e2+ vey)
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

0, = 0,c08%0 + 0,sin’0 Tom = —%(01 — 0,)sin20
1 1 2
o, = E(O'x +0,) + 5\/[(0,( —0,) + 4T§y]

o, = %(O’x +0,) - %\/[(ax — ay)z + 41',%,]

1 ZTXY
0= Sarc tan[ery/(ax — oy)] tan 20 =
o, — 0,
1
Tmax = 3 (01 — 03)
Oy = 05,€05%0 + 2Ty, sin 6 cos 6 + g, sin*0
0y, = 0,Sin*0 — 2Ty, sin O cos O + o, cos*6
1 :
Toryr =5 (0, — 0y ) sin 26 + 1, cos 260
£x' = £x COS20 + Yxy SINOCOSO + gy SIN%0
gy’ = £xSiN%0 - yxy SINOCOSO + &y COS?O
Txy = (&y - €x) SIN20 + yxy COS20
Ex' = £x COS%0 + Yxy SINOCOSO + gy SIN%0
2
ater= g(a‘w + gg0= T £1202)s
2 4 2 4 2
(e1-82)" = E(escﬁ -eno) 5(2 g0° - E60° - £120°)
3 - o
tan 26 = \f_(aw £120°)
2 go- - g60° - &120°
Ex = [ox - v(oy + 62)] Txy = ltxy ==
E G 2(1+v)
1 1
gy = z [oy - v(ox + 62)] Yyz = E’Cyz
1 1

€z = z [0z - v(ox + oy)] Yzx = ZTax

g = %(sx +e,)+ %\/[(ex — ey)z + yxzy]

& = %(sx +e,)— ixf[(ex — ey)z + yxzy]
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2 2 4
37.0r = 2q(1+K)(1 - ) - 5 a(1K)(1 = 25 + 25 )cos20

R2
72

r

o0 = 20(1+K)(1 + %) + 2 q(1-k)(1 + 25 )cos26
wo = 2q(1-K)(1 + 2 - ) sin26

ai= o7+ v (o+05)
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