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QUESTION 1.  

 

 

  

Q1.1  

Given the following triaxial strength test results: 

σ3 (MPa) σ1 (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 σ1 - σ3 space and determine the UCS and slope of the 
relationship (β0). Extrapolate the failure envelope to σ3 = 50 MPa.  

(6) 

Q1.3  

It is suggested to use maximum shear stress as a failure criterion: τmax = 59 MPa.  Plot this 
failure criterion on the σ1 - σ3 graph. Indicate whether this criterion is conservative or 
optimistic, and comment on the appropriateness of this criterion. 

(5) 

Q1.4  

An additional data point is generated using numerical modelling:  

σ3 = 50 MPa   

σ1 = 212.2 MPa.  

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

(6) 

 [25] 
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QUESTION 2.  

 

  

Q2.1  
 
Indicate whether the following stress tensors are viable or not. 
 

a) [
−20 7 0
−7 −40 3
0 3 −10

] 

b) [
20 −7 0
−7 40 3
0 3 10

] 

c) [
20 −7 0
−7 40 3
3 0 10

] 

d) [
−10 0 0

0 30 0
0 0 40

] 

(4) 

Q2.2 
 
Given the stress tensor: 
 

[
25 −12

−12 45
]  

 
Determine the principal stresses and their orientations. 
 

(5) 

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 JCS0. What instrument can be used to estimate values of JCS0 in the field? 
(3) 

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.  

(4) 

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? 

(2) 

Q3.5  

List the six parameters used to determine RMR in Bieniawski’s Geomechanics 

Classification system.  

(6) 

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.  

 

 

         Total Mark = [100] 

  

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? 
(2) 

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?  

(3) 

Q4.4  

Given the stress conditions: 

σx = 22.3 MPa 

σy = 27.3 MPa 

τxy = 0.21 MPa  

Determine the normal and shear strains in the plane. Assuming plane strain, determine 

the out-of-plane (z) stresses and strains.  

(6) 

Q4.5  

Given the stress conditions: 

σx = 10 MPa 

σy = 10 MPa 

σz = 10 MPa  

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

encountered? 

(2) 

 [25] 
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Formula Sheet 

1. 𝝉 = 𝒄 +  𝝈𝒏 𝐭𝐚𝐧 𝝓 

2. 𝝈𝟏 =  𝝈𝒄 +  𝐭𝐚𝐧 𝝍 𝝈𝟑 

3. 𝐭𝐚𝐧 𝝍 =  (𝟏 +  𝐬𝐢𝐧 𝝓) (𝟏 − 𝐬𝐢𝐧 𝝓)⁄  

4. 𝝈𝒄 =  𝟐𝒄 𝐜𝐨𝐬 𝝓 (𝟏 −  𝐬𝐢𝐧 𝝓)⁄  

5. 𝝓 =  𝐬𝐢𝐧−𝟏(𝐭𝐚𝐧 𝝍 − 𝟏| 𝐭𝐚𝐧 𝝍 + 𝟏) 

6. 𝒄 =  𝝈𝒄 𝟐√𝐭𝐚𝐧 𝝍⁄  

7. 𝝈𝒏 =  𝝈𝒙𝒙𝒄𝒐𝒔𝟐𝜽 + 𝟐𝝉𝒙𝒚 𝐬𝐢𝐧 𝜽 𝐜𝐨𝐬 𝜽 + 𝝈𝒚𝒚𝒔𝒊𝒏𝟐𝜽 

8. 𝝉𝒏𝒎 =
𝟏

𝟐
(𝝈𝒚𝒚 − 𝝈𝒙𝒙) 𝒔𝒊𝒏𝟐𝜽 + 𝝉𝒙𝒚 𝐜𝐨𝐬 𝟐𝜽 

9. 𝝉𝒎𝒂𝒙 =
𝟏

𝟐
(𝝈𝟏 − 𝝈𝟐) 

10. 𝝉𝒎𝒂𝒙 =
𝟏

𝟐
√(𝝈𝒙𝒙 − 𝝈𝒚𝒚)𝟐 + 𝟒𝝉𝒙𝒚

𝟐  

11. 𝐭𝐚𝐧 𝟐𝜽 =
𝟐𝝉𝒙𝒚

(𝝈𝒙𝒙−𝝈𝒚𝒚)
 

12. 𝝈𝟏 =
𝟏

𝟐
(𝝈𝒙𝒙 + 𝝈𝒚𝒚) +

𝟏

𝟐
√(𝝈𝒙𝒙 − 𝝈𝒚𝒚)𝟐 + 𝟒𝝉𝒙𝒚

𝟐  

13. 𝝈𝟐 =
𝟏

𝟐
(𝝈𝒙𝒙 + 𝝈𝒚𝒚) −

𝟏

𝟐
√(𝝈𝒙𝒙 − 𝝈𝒚𝒚)𝟐 + 𝟒𝝉𝒙𝒚

𝟐  

14. 𝜺𝒏 = 𝝐𝒙𝒙𝒄𝒐𝒔𝟐𝜽 + 𝜸𝒙𝒚𝒔𝒊𝒏𝜽𝒄𝒐𝒔𝜽 + 𝜺𝒚𝒚𝒔𝒊𝒏𝟐𝜽 

15. 𝜸𝒏𝒎 =  (𝜺𝒚 −  𝜺𝒙) 𝐬𝐢𝐧 𝟐𝜽 + 𝜸𝒙𝒚 𝐜𝐨𝐬 𝟐𝜽 

16. 𝐭𝐚𝐧 𝟐𝜽 =
𝜸𝒙𝒚

(𝜺𝒙𝒙−𝜺𝒚𝒚)
 

17. 𝜺𝟏 =
𝟏

𝟐
(𝜺𝒙𝒙 + 𝜺𝒚𝒚) +

𝟏

𝟐
√(𝜺𝒙𝒙 − 𝜺𝒚𝒚)

𝟐
+ 𝜸𝒙𝒚

𝟐  

18. 𝜺𝟐 =
𝟏

𝟐
(𝜺𝒙𝒙 + 𝜺𝒚𝒚) −

𝟏

𝟐
√(𝜺𝒙𝒙 − 𝜺𝒚𝒚)

𝟐
+ 𝜸𝒙𝒚

𝟐  

19. 𝐭𝐚𝐧 𝟐𝜽 =  
𝜸𝒙𝒚

(𝜺𝒙𝒙 −  𝜺𝒚𝒚)⁄   

20. 𝜸𝒎𝒂𝒙 = (𝜺𝟏 − 𝜺𝟐) 

21. 𝜸𝒎𝒂𝒙 = √(𝜺𝒙𝒙 − 𝜺𝒚𝒚)𝟐 + 𝜸𝒙𝒚
𝟐  



CoMCert – RMC Paper 1 – May 2026 

Page 7 of 8 
 

22. 𝑾 =  
𝟏

𝟐
(𝝈𝟏𝜺𝟏 + 𝝈𝟐𝜺𝟐 + 𝝈𝟑𝜺𝟑) 

23. 𝑾 =  
𝟏

𝟐
(𝝈𝒙𝜺𝒙 + 𝝈𝒚𝜺𝒚 + 𝝈𝒛𝜺𝒛) 

24. 𝝈𝟏 =
𝑬

𝟏−𝝂𝟐
(𝜺𝟏 + 𝝂𝜺𝟐) 

25. 𝝈𝟐 =
𝑬

𝟏−𝝂𝟐 (𝜺𝟐 + 𝝂𝜺𝟏) 

26. 𝜺𝒙 =
𝟏

𝑬
{𝝈𝒙 − 𝝂(𝝈𝒚 + 𝝈𝒛)} 

27. 𝜺𝒚 =
𝟏

𝑬
{𝝈𝒚 − 𝝂(𝝈𝒙 + 𝝈𝒛)} 

28. 𝜺𝒛 =
𝟏

𝑬
{𝝈𝒛 − 𝝂(𝝈𝒙 + 𝝈𝒚)} 

29. 𝜸𝒙𝒚 =
𝟏

𝑮
𝝉𝒙𝒚 ,         𝜸𝒚𝒛 =

𝟏

𝑮
𝝉𝒚𝒛 ,         𝜸𝒛𝒙 =

𝟏

𝑮
𝝉𝒛𝒙      

30. 𝝈𝒙 =  𝝀𝚫 + 𝟐𝑮𝜺𝒙 

31. 𝝈𝒚 =  𝝀𝚫 + 𝟐𝑮𝜺𝒚 

32. 𝝈𝒛 =  𝝀𝚫 + 𝟐𝑮𝜺𝒛 

33. 𝝀 =
𝑬𝝂

(𝟏+𝝂)(𝟏−𝟐𝝂)
 

34. 𝚫 =  𝜺𝒙 + 𝜺𝒚 + 𝜺𝒛 

35. 𝑮 =
𝑬

𝟐(𝟏+𝝂)
 

36. 𝝈𝒓 = 
𝟏

𝟐
 𝒒(𝟏 + 𝒌)(1 – 

𝑹𝟐

𝒓𝟐  ) - 
𝟏

𝟐
 𝒒(1 – 𝒌) (1 – 

𝟒𝑹𝟐

𝒓𝟐  + 
𝟑𝑹𝟒

𝒓𝟒 ) 𝐜𝐨𝐬 𝟐𝜽 

37. 𝝈𝜽 = 
𝟏

𝟐
 𝒒(𝟏 + 𝒌)(1 + 

𝑹𝟐

𝒓𝟐
 ) + 

𝟏

𝟐
 𝒒(1 – 𝒌) (1 + 

𝟑𝑹𝟒

𝒓𝟒
) 𝐜𝐨𝐬 𝟐𝜽 

38. 𝝉𝒓𝜽 = 
𝟏

𝟐
 𝒒(1 - 𝒌)(1 + 

𝟐𝑹𝟐

𝒓𝟐  – 
𝟑𝑹𝟒

𝒓𝟒 ) 𝐬𝐢𝐧 𝟐𝜽 

39. 𝝈𝒓 = 
𝟏

𝟐
 (𝒒𝒉 + 𝒒𝒗)(1 – 𝒕𝟐) + 𝒑𝒕𝟐 + 

𝟏

𝟐
 (𝒒𝒉 − 𝒒𝒗) (1 – 𝟒𝒕𝟐 + 𝟑𝒕𝟒) 𝐜𝐨𝐬 𝟐𝜽, where 𝒕 =  𝑹

𝒓⁄  

40. 𝝈𝜽 = 
𝟏

𝟐
 (𝒒𝒉 + 𝒒𝒗)(1 + 𝒕𝟐) - 𝒑𝒕𝟐 - 

𝟏

𝟐
 (𝒒𝒉 − 𝒒𝒗) (1 + 𝟑𝒕𝟒) 𝐜𝐨𝐬 𝟐𝜽, where 𝒕 =  𝑹

𝒓⁄  

41. 𝝉𝒓𝜽 = − 
𝟏

𝟐
 (𝒒𝒉 − 𝒒𝒗)(1 + 𝟐𝒕𝟐 − 𝟑𝒕𝟒) 𝐬𝐢𝐧 𝟐𝜽, where 𝒕 =  𝑹

𝒓⁄  

42. 𝝈𝟑 − 𝚰𝟏𝝈𝟐 − 𝚰𝟐𝝈 − 𝚰𝟑 = 𝟎, 

43. 𝚰𝟏 = 𝝈𝒙𝒙 + 𝝈𝒚𝒚 + 𝝈𝒛𝒛 

44. 𝚰𝟐 =  −(𝝈𝒙𝒙𝝈𝒚𝒚 + 𝝈𝒚𝒚𝝈𝒛𝒛 + 𝝈𝒛𝒛𝝈𝒙𝒙) +  𝝉𝒙𝒚
𝟐 + 𝝉𝒚𝒛

𝟐 + 𝝉𝒛𝒙
𝟐     
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45. 𝚰𝟑 = 𝝈𝒙𝒙𝝈𝒚𝒚𝝈𝒛𝒛 + 𝟐𝝉𝒙𝒚𝝉𝒚𝒛𝝉𝒛𝒙 − 𝝈𝒙𝒙𝝉𝒚𝒛
𝟐 − 𝝈𝒚𝒚𝝉𝒛𝒙 

𝟐 −  𝝈𝒛𝒛𝝉𝒚𝒙 
𝟐  

46. 𝑸 = (𝟑𝑰𝟐 + 𝑰𝟏
𝟐)𝟎.𝟓 

47. 𝐜𝐨𝐬 𝝓 =  (𝟗𝚰𝟏𝐈𝟐 + 𝟐𝟕𝚰𝟑 + 𝟐𝚰𝟏
𝟑) 𝟐𝑸𝟑⁄   

48. 𝝈𝒑 =
𝟏

𝟑
[𝟐𝑸 𝐜𝐨𝐬 (

𝝓

𝟑
+ 𝒌. 𝟏𝟐𝟎°) + 𝚰𝟏] 

49.  𝒌 = 𝟎, 𝟏, 𝟐 

50. 𝚰𝟏 = 𝝈𝟏 + 𝝈𝟐 + 𝝈𝟑 = 𝝈𝒙𝒙 + 𝝈𝒚𝒚 + 𝝈𝒛𝒛 

51. 𝚰𝟐 = (𝝈𝟏𝝈𝟐 + 𝝈𝟐𝝈𝟑 + 𝝈𝟑𝝈𝟏) =  − (𝝈𝒚𝒚𝝈𝒛𝒛 +  𝝈𝒛𝒛𝝈𝒙𝒙 + 𝝈𝒙𝒙𝝈𝒚𝒚) + 𝝉𝒚𝒛
𝟐 +  𝝉𝒛𝒙

𝟐 +

 𝝉𝒙𝒚
𝟐 

52. 𝚰𝟑 = 𝝈𝟏𝝈𝟐𝝈𝟑 = 𝝈𝒙𝒙𝝈𝒚𝒚𝝈𝒛𝒛 + 𝟐𝝉𝒚𝒛𝝉𝒛𝒙𝝉𝒙𝒚 −  𝝈𝒙𝒙𝝉𝒚𝒛
𝟐 −  𝝈𝒚𝒚𝝉𝒛𝒙

𝟐 −  𝝈𝒛𝒛𝝉𝒙𝒚
𝟐 

53. 𝑸 =  
𝑹𝑸𝑫

𝑱𝒏
 𝒙 

𝑱𝒓

𝑱𝒂
 𝒙 

𝑱𝒘

𝑺𝑹𝑭
 

54. 𝑹𝑴𝑹 = 𝟗𝒍𝒏𝑸 + 𝟒𝟒 

55. 𝝉 = 𝝈𝒏 𝐭𝐚𝐧(𝝓𝒓 + 𝐉𝐑𝐂𝐥𝐨𝐠𝟏𝟎(𝐉𝐂𝐒 𝛔𝐧⁄ )) 

56. 𝝉 = 𝝈𝒏 𝐭𝐚𝐧(𝝓𝒃 + 𝐢) 

57. 𝝈𝟏 =  𝝈𝟑 + 𝝈𝒄𝒊(𝒎𝒃
𝝈𝟑

𝝈𝒄𝒊
⁄ + 𝒔)

𝒂
 

58. 𝝈𝟏 =  𝝈𝟑 + 𝝈𝒄𝒊(𝒎𝒊
𝝈𝟑

𝝈𝒄𝒊
⁄ + 𝟏)

𝟎.𝟓
 

59. 𝑮𝑺𝑰 = 𝑹𝑴𝑹𝟖𝟗 − 𝟓 

60. 𝒎𝒃 =  𝒎𝒊𝒆𝒙𝒑 (
𝑮𝑺𝑰−𝟏𝟎𝟎

𝟐𝟖
) 

61. 𝑭𝒐𝒓 𝑮𝑺𝑰 > 𝟐𝟓, 𝒔 = 𝒆𝒙𝒑 (
𝑮𝑺𝑰−𝟏𝟎𝟎

𝟗
) , 𝒂𝒏𝒅 𝒂 = 𝟎. 𝟓    

62. 𝑭𝒐𝒓 𝑮𝑺𝑰 < 𝟐𝟓, 𝒔 = 𝟎, 𝒂𝒏𝒅 𝒂 = 𝟎. 𝟔𝟓 −  𝑮𝑺𝑰
𝟐𝟎𝟎⁄  

63. 𝑾𝒉𝒆𝒏 𝝈𝒄𝒊 > 𝟏𝟎𝟎 𝑴𝑷𝒂,  𝑬𝒎 = 𝟏𝟎(
𝑮𝑺𝑰−𝟏𝟎

𝟒𝟎
)
 (GPa) 

64. 𝑾𝒉𝒆𝒏 𝝈𝒄𝒊 < 𝟏𝟎𝟎 𝑴𝑷𝒂,  𝑬𝒎 = √𝝈𝒄𝒊
𝟏𝟎𝟎⁄ 𝟏𝟎(

𝑮𝑺𝑰−𝟏𝟎

𝟒𝟎
)
 (GPa) 

65. 𝝈𝒕𝒎 =  
𝝈𝒄𝒊

𝟐
(𝒎𝒃 − √𝒎𝒃

𝟐 + 𝟒𝒔 ) 

66. 𝝈𝒄𝒎 =  𝝈𝒄𝒊𝒔
𝒂 

67. 𝑩𝑻𝑺 =  
𝟐(𝟏 − 𝝊)𝑳

𝝅𝑫𝒕⁄  


