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QUESTION 1.

Q1.1

Given the following triaxial strength test results:

o3 (MPa) o1 (MPa)
0 118
10 138.7
20 160.4
30 178.8

Plot the Mohr’s circles and the resulting Mohr-Coulomb failure envelope. Determine the
cohesion and friction angle.

(8)

Q1.2

Plot the failure envelope in the o1 - 03 space and determine the UCS and slope of the
relationship (Bo). Extrapolate the failure envelope to o3 = 50 MPa.

Q1.3

It is suggested to use maximum shear stress as a failure criterion: tmax = 59 MPa. Plot this
failure criterion on the o1 - o3 graph. Indicate whether this criterion is conservative or
optimistic, and comment on the appropriateness of this criterion.

Q1.4

An additional data point is generated using numerical modelling:
o3 = 50 MPa

01=212.2 MPa.

It is suggested a Hoek-Brown criterion will better fit this new data. The following properties
are suggested: m=2.1ands =1

Plot this failure envelope (use at least four points and include the new data point). Indicate
whether this criterion is conservative or optimistic, and comment on its appropriateness.

[25]

Page 2 of 8




CoMCert — RMC Paper 1 —May 2026
QUESTION 2.

Q2.1

Indicate whether the following stress tensors are viable or not.

[—20 7 0
a) | -7 -40 3]
L 0 3 —-10
[20 =7 O
b) |-7 40 3
L 0 3 101
(20 -7 0]
c) |-7 40 3
| 3 0 10
[—-10 0 O
d| o 30 0]
L 0 0 40

(4)

Q2.2
Given the stress tensor:

% s

Determine the principal stresses and their orientations.

®)

Q2.3

Describe the types of fractures encountered around a deep level tabular excavation.

(4)

Q2.4

Name and sketch the three types of beams encountered by Rock Engineers in the
underground environment.

(6)

Q2.5

Sketch the response of a typical rock sample subjected to an unconfined compressive load.
Label the important points. Sketch the response of a “type 2” brittle material.

(6)

[25]
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QUESTION 3.

Q3.1

Provide the units and range of values of the Joint Roughness Coefficient. Describe two
ways of determining the value of this coefficient (no equations required).

(4)

Q3.2

Define JCSo. What instrument can be used to estimate values of JCSo in the field?

Q3.3

A quartz infilled joint is subjected to a normal stress of 30 MPa. The unconfined
compressive strengths of the host rock and infill are 120 MPa and 47 MPa, respectively.
The roughness coefficient is 5.5 and the residual friction angle is 20°. Determine the shear
strength of the joint.

Q3.4

A physical test is conducted on the joint described above. The resulting shear strength is
6.2 MPa higher than predicted. What joint property could account for this discrepancy?
What is its value?

Q3.5

List the six parameters used to determine RMR in Bieniawski’'s Geomechanics
Classification system.

Q3.6

List (in words) the six parameters used to determine the Q rating in Barton’s classification
system.

(6)

[25]
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QUESTION 4.

Q4

Two parallel circular tunnels with diameters of 4 m and 6 m are excavated in a rockmass
15 m apart (centre-to-centre). The horizontal in situ stress is 35 MPa, the k-ratio is 1.75,
elastic modulus is 50 GPa, the Poisson ratio is 0.15 and the rock density is 2700 kg/m3.
Assume elastic conditions.

Q4.1

At what depth are the tunnels located?

Q4.2

(a) Calculate the radial, tangential and shear stresses at the midpoint between the sides
of the two tunnels.
(b) Calculate the stresses at the position 2 m above this point.

(12)

Q4.3

Under what conditions are the plane stress and plane strain assumptions appropriate? Is
the scenario above appropriate for representation in plane strain or plane stress?

Q4.4

Given the stress conditions:
ox = 22.3 MPa
oy = 27.3 MPa
Txy = 0.21 MPa

Determine the normal and shear strains in the plane. Assuming plane strain, determine
the out-of-plane (z) stresses and strains.

Q4.5

Given the stress conditions:
ox = 10 MPa
oy =10 MPa
oz =10 MPa

What is this stress state known as? Where would this stress field typically be
encountered?

(2)

[25]

Total Mark =[100]
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Formula Sheet

1. T=c+ o,tan¢

2. 06, = 0.+ tany o

3. tany = (1+ sing)/(1 — sin¢)
4. 6,= 2ccos /(1 — sin¢)

5. ¢ = sin"(tany — 1|tanyp + 1)

6. c= o./2\/tany

— 2 : i2
7. O, = 0x,€05°0 + 274, sin 6 cos 0 + 0,,,sin"0

8. Tym = %(O'yy — Oyy) SiN26 + 7, cos 20

1
9. Thmax = 2 (61 - 02)

1
10. Tppax = 5 \/ (Oxx — 0y))% + 413,

2Tyy

(oxx—0yy)

11.tan 20 =

1 1
12.0, = (05 +0yy) + E\/(axx — 0y))% + 412,

1 1
13.0, = (0xx +0yy) — E\/(axx —0y,)% + 412,
14. £y = €,,€050 + ¥,y SinBcosO + €,,sin*0
15. Ynm = (&, — £)sin20 + y,, cos 20

16.tan 20 = —2

(sxx_syy)

17. &, = %(exx +&y,) + % J (&xx — syy)2 + 73y

18. &, = %(sxx +&,,) — %\/(Sxx - Syy)z + ¥y

Yxy

19.tan 20 =
an (gxx - gyy)

20. Yimax = (81 - 82)

2

=

« Vmax = J(Sxx - syy)z + Ychy
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1
22. W = 5(0'181 + 0,289 + 0'333)

1
23.W= (0485 + 048, + 0,8,)

E
24.01=—; (g1 +vey)
E
25.0, = - (g2 +veq)
1
26.¢, = E{ax —v(o, +0,)}

1
27. &y = {0, —v(0, + 0,)}

1
28.¢, = E{az —v(o, t+0,)}

29. ¥y = %rxy, Vyz = %Tyz: Vox = %sz
30.0, = AA + 2Ge,

31.0, = AA + 2Ge,

32.0, = AA + 2Gg,

33.1 oy

- 1+v)(1-2v)
3 A= g, +¢g,t+g,

E

35.6 = 2(1+v)

1 R? 1 4R?> | 3R*
36.0'r=5q(1+k)(1 _r_z)-Eq(1 —k) (1 _r_2+r_4) cos 20

37.00=2q+ )1+ ) +1q(1 - k) (1 +25) cos 26

2RZ  3R%,
r_z - r_4) sin 260

38. 7, =5 q(1 - k)(1 +
39.0, = (qn + 4,)(1 = t2) + pt? +> (q; — q,) (1 - 4% + 3t*) cos 26, where t = R/,
40. 04 = % (qn + q,)(1 + %) - pt? -% (qr — qv) (1 + 3t*) cos 260, where t = R/,

41.7,9= = 5 (qn — 4,)(1 + 2t% — 3t*) sin 26, where t = R/,.
42.03 - 1,6*—1,0—-13=0,

43.14 = Oyx + 0yy + 04,

44.1; = —(04x0yy + 0y0,, + 0,,0,,) + T3, + Toy + Toy
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_ 2 2
45.13 = 0xx0yy0,, + 2Ty Ty, Ty — OxxTy; — OyyTox — 05Ty

46.Q = (31, + I)°5

47.cos p = (91, + 2715 + 213)/2Q3
_1 ¢ o

48. 0, = 3[2Q cos (£ + k.120°) + 14

49. k=0,1,2

50.1y =01+ 0, +03 =0y, + 0y, +0,

51.1, = (0102 + 0303 + 0361) = — (0,0, + 04,0, + 05,0,,) + T2 + T2 +

2
Txy

_ = 2 2 2
52. 13 = 010203 = 0330y, 0, + 2Ty, T, Tyy — OxyTyy™ — Oy Tyn™ — OypTyy,

— Reb \ Jr , Jw
53.Q = T xla SRF

54. RMR = 9InQ + 44
55.7 = o, tan(¢,. + JRClogy,(JCS/cy,))
56. T = o, tan(¢, + i)

a
57.01 = 03 + o, (m, Gs/o_a_ +5)

0.5
58.04 = 03+ a,(m; 0'3/0a_ +1)

59. GSI = RMRgy — 5

GSI—lOO)

60. my, = miexp( 3

GSI-100

61.ForGSI>25,s=exp( ),anda=0.5

62. For GSI < 25,s = 0,and a = 0.65 — GSI/ZOO

GSI-10

63. When o, > 100 MPa, E,, = 10( ) (GPa)

G.; (GSI—IO)
64. When o.; < 100 MPa, E,, = |"“/19010\ % / (GPa)

65. Oy = %(mb —Jmy? +4s)

66.0., = 0.S

2(1-v)L,

67. BTS = Dt
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