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SPECIAL REQUIREMENTS:
1. Answer all the questions in legible English.

2. Write your ID number on the outside cover of each script 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 black ink on the right-hand page only. Left-hand pages will not be marked.

6. lllustrate your answers using sketches or diagrams and make use of the graph paper where
applicable.

7. Final answers must be given to an accuracy 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 (Sl unit) is recorded, as marks will be deducted
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. 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: Stress-Strain Relationships

A cylindrical rock sample with a diameter of 50 mm and a height of 100 mm is subjected to a uniaxial
compressive load of 200 kN.

3
Calculate the axial stress experienced by the sample.
What will be the corresponding strain if the Young's modulus of the rock is 70 GPa? 2
C. The rock material exhibits linear elastic behaviour up to a stress of 140 MPa, beyond 1
which it behaves plastically. Calculate the axial strain at the yield point.
d. If the Poisson's ratio is 0.25, calculate the radial and volumetric strains experienced by the S
rock.
e. A rock sample is subjected to a biaxial stress condition with oxx = 50 MPa, oy, = 30 MPa 6
and T, = 15 MPa. Calculate the principal stresses and the angle of the principal planes.
f. Calculate the stress tensor from the given strain tensor components using Hooke's Law for | g
isotropic materials, given a Young’s modulus of 60 GPa and a Poisson’s ratio of 0.25.
€x=4.4x1073
€,,=3.8x1073
€,=3.2x1073
Yxy=3.2%x1073
Vyz=2.3%x1073
Yx=3.9%x1073
[25]
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QUESTION 2. Failure Criteria

An underground tunnel is planned where the Rock Mass Rating (RMR) is 55, indicating moderate
rockmass conditions, with parameters m;= 10 and s = 0.8. The laboratory-determined UCS is
120 MPa.

a) Calculate the expected in situ UCS using the Hoek-Brown criterion.

6

b) A 5 m down-throw fault dipping at 37° (with a cohesion of 5 MPa and a friction angle of S
30°) intersects this rock mass. Calculate the vertical stress at which the fault will begin to
slip.

c) A sympathetic joint set (same dip and strike direction) associated with the fault has a joint
roughness coefficient of 3, a joint wall strength of 20 MPa and a friction factor of 0.57735. 6
For a vertical stress of 20 MPa, calculate the shear strength using the Barton’s shear
strength equation.

d) The Rockmass is subjected to the following stress condition. Will the above joint set 8
remain stable?

120 MPa
ff
80 MPa
18 MPa
ff
[25]
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QUESTION 3. Mohr’s Circles and Failure Criteria

The Mohr Circle is a fundamental tool in rock mechanics developed by Christian Otto Mohr in the
1800s.

a) Explain the significance of Mohr’s Circles in rock engineering.
b) Label the Mohr circle diagram below (Do not redraw! E.g. 1.0 (MPa) representing

different normal stress conditions in a rock sample).

1. o(MPa)

10
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c) Determine the support length required to support the failed zone using the following
Mohr-Coulomb failure criteria (distance = O0m represents the skin of the drive):
T=4.5+ 0, tan (30°)

Principal stress distribution around drive 4SS

100
90
80
70
60
50
40
30
20
10

Stress [MPa]

0 1 2 3 4 5 6 7 8 9 10
Distance from drive [m]

-4-03 o1

10

[25]
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QUESTION 4. Beams

a) In many underground mining situations, the hangingwall or roof acts as a beam. Describe
three common types of beams encountered underground using sketches, showing
compressive and tensile stress regions. Give an underground example for each beam

type.

b) A 9 m wide tunnel is excavated in a chrome mine, with the triplets located 2.5 m above the
immediate hangingwall. The rock density is 2900 kg/m?, Poisson’s ratio is 2.3 and Young’s
modulus is 75 GPa.

i.
ii.
iii.
iv.

V.

Draw the mining condition described, showing the dimensions of the roof beam
Determine the maximum tensile stress

Determine the maximum compressive stress

Determine the maximum deflection

Determine the horizontal stress for buckling

c) A vertical crack is observed at 3 m from the edge of the tunnel sidewall. Identify what type
of beam is now represented and determine the maximum tensile stress in the remaining

beam.

12

N N N NN

[25]

Total Marks = [100]
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T=C+ o,tan¢

g, = 0, + tany gy

tany = (14 sing)/(1 — sing)
g. = 2ccos¢ /(1 — sing)

¢ = sin~(tany — 1| tany + 1)
c= JCKEV’I‘MTI,{J

— 2 : . 2
Op = Oyx€05°0 + 274, 5in6 cos 8 + o, sin“6

1 .
Tnm =3 (yy — Oxx ) SIN26 + Ty, COS 26

2Ty
. tan28 = —=¥
[Jxx_ﬂ'_].-ry}
1 1 g -
01 =5 (Oux + yy) + 5/ (Oxx — Oyy)* + 473,
Y.+ _ 1y — 2 + 412
Oz = 2 [_Jxx {}_yy) 2V (Uxx Uyy) T.x'_}r
En = ExxCOSZE + ¥y, Sinfcosd + &, 5in6
Vam = (&5 — &) sin26 + ¥, cos 26
tan26 = —2¥
(£xx—eyy)
1, 1 2
£ = ;(_Exx +eyy) + EJ(EH —&y) +VE
1 1|, 2 5
£, = E{:E‘“ + EW) —EJ{_EM — s},y] + V3
Vx
tan 28 = -"’/
(Ex.x - Eyy)
W = %{:0151 + 0,8, + 0583)
E
01 = 1z (61 +veR)
E
Oy = P (&2 +vey)
1 .
fx = E{'j-.:t: - P{_Jy + Uzj}
1 .
£, = E{c;ry —v(g, +a.)}
1 )
£z = E{Uz —Vv(o, + J_}r)}
1 1 1
Yy = = Ty » Vyz = ETyz ' Vex = Esz
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. Ev
T (1+vI(1-2v)
_E

T oai14v)

g, ==q(1+k)(1 —f—:] -%Q(l - k) (1‘*:;:"'1_?] cos 26

2
0 =2q(1+K)(1+2) +2q(1-k) (1 +2) cos 26
Tro =2q(1-k)(1 + 5 -2 sin 26
g, — Lot —La—1;=0,
I, =0, + Ty + 0
o = —(OpulOyy + Opy 0oz + 0220y, ) + T3y + Tz + T2,
I3 = OxxOyy0zz + 2TayTyzTox — OxxTyz — OyyTix — OzzlTyn
Q = (31, + I7)°*
cosg = (91,1, + 271, + 212)/202
g, =[2Q cos {f + k. 120“) +1,]
k=012

[, =0, + 0, + 03 =0y, + 0,y + 0

— —_ 2 2
I, = (0,0, + 0203 + 030,) = — (Opy0az + OzzOpy + Opplpy ) + Tpr™ + T 5 + T

— - — z_
I =0,0,0; = TexTyyUzz + ET_Fsz.rTx_]; OreTyz OyyTex

RQD
Q=22  Jry Ju
In Ja S5RE

T = g, tan( ¢, + JRClog,,(JC5/0,))
T =g, tan(¢, +1i)
o
o, = 03 + a,(my nggﬂ. +5)
g, = 03 + 0 4(m; ':TE,"%. + 1}{,'5

GSI = RMRzo — 5

GEI— Lﬂ-ﬂ-)

my = m,-e:rp( -

For GSI = 25,5 = exp (@),ﬂﬂd a=10.5

For GSI < 25,5 = 0,and a = 0.65 — GH”ED{}

GEl—10

When o,; > 100 MPa, E,, = 10035 (GPa)

T {G.Ef—m}
When o, < 100 MPa, E,, = | if100 100 % / (GPa)
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52. 0. =AA+2Ge, 1, =Gy, 7,=2Ge, A=¢_+¢& +é&.

53. 0, = A+2Gs,, t,_ =Gy, 1,=2Gs, A=- £y
» w T e s =TT 1 vd-2v)

54, o_=AA+2Ge_ 1t =Gy, 1, =2Ge,

12 3gI’
55. o, == ¢=pet, +1,) o=24 7
2t t
mFE £\
56. Op — ———— | —
"T 31 - \L
3cL?
57. o= —
t
58. Ot= O, — cr?
SO O T o0
cL?

59 Oc= Oon + ;

cL*
32Et?2

60.d =
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