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School of Environment & Technology

Semester 2 Examinations 2009-2010

CNM20
ROCK MECHANICS

Instructions to Candidates

Time allowed: TWO hours

Answer ANY THREE questions
All questions carry equal marks

An aide memorie, stereonets, tracing paper and graph paper are provided
June 2010, 2hours 

Question 1
(a) The stability of a rock slope is governed by a plane with a vertical tension crack as shown in Figure 1. The dip direction of the plane is approximately equal to the dip direction of the slope face. The ground water seeps out at the toe of the slope. The slope has the following dimensions:

· Overall height of the slope:
H =15 m
· Depth of the tension crack:
Z = 6 m
· Height of the ground water level in the tension crack: ZW = 3.4 m

· Dip angle of the slope face: 
 = 60(
· Dip angle of the sliding plane: 
 = 28(
· Angle of friction of the plane:
 = 34(
· Apparent cohesion: 

c’ = 25 kN/m2
· Unit weight of the rock: 

R = 26 kN/m3
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Figure 1

(i) Derive an equation for the factor of safety of the slope that includes all forces acting on the rock mass above the plane.
(6 marks)
(ii) Determine the factor of safety of the slope for T = 0.

(6 marks)

(iii) Rock bolts are to be installed with a plunge of 10°. Determine the force T for the rock bolts that is necessary to increase the factor of safety of the slope to 2.8.

(5 marks)

(iv) The slope is to be reinforced with a regular pattern of rock bolts. Each bolt has a strength of 180 kN. Determine the spacing of the rock bolts on the slope surface.

(5 marks)

(b) Describe different ways to reduce the rock fall hazard of rock slopes and discuss their use
(11 marks)
Question 2

(a) A rock mass is characterised by two main sets of discontinuities:
	Plane
	Dip direction
	Dip
	Angle of friction 

	1
	120(
	74(
	26(

	2
	250(
	60(
	32(


(i) Plot the great circles of the planes in a stereographic projection.
(4 marks)

(ii) Determine the direction of the line of intersection between the two planes.

(3 marks)

(iii) An open mine is to be built in the rock mass. Using the stereographic projection, determine the maximum safe slope angle for slopes with the following dip directions:  0(, 70(, 120(, 190(, 260(, 300(.
Indicate the type of potential failure for each case (e.g. sliding on plane 1, toppling of plane 2).

(12 marks)

(b) A tunnel with a cross section as shown in Figure 2 is to be driven in a rock mass characterised by a single set of bedding planes (dip direction = 90(, dip = 55(, angle of friction  = 28(). The trend of the tunnel axis is 0°. 
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(i) Draw a sketch of the tunnel cross section and the bedding planes on graph paper.  Construct the area of potential sliding where the bedding planes intersect the tunnel. Clearly indicate where interlayer slip can occur or can not occur.
(8 marks)
(ii) Consider the maximum tangential stress in the tunnel walls to be 12 MPa. Determine the support pressure that is necessary to support the tunnel wall at point A against inter-layer slip on the bedding planes. 
(6 marks)
Question 3
(a) A tunnel is to be built in a rock mass characterised by four sets of discontinuities See table below). The angle of friction of all discontinuities is approximately 
 = 30(.
	
	dip direction
	dip

	plane 1
	120(
	80(

	plane 2
	220(
	50(

	plane 3
	70(
	60(

	plane 4
	150(
	40(


(i) Plot the great circles of all discontinuities and the small circle of  into the stereographic projection.

(8 marks)

(ii) Identify the mode of failure of each potentially unstable wedge. In the case of a sliding failure, identify the direction of sliding. Give reasons why you think a wedge will move in a particular direction.
(8 marks)
(b) Describe different methods of rock reinforcement and support for tunnels and rock slopes; you may use sketches for illustration. Discuss the fundamental difference between prestressed and unstressed reinforcement. Also discuss the concept of stiff and deformable suport.

(17 marks)

Question 4
A tunnel is to be drilled with a Tunnel Boring Machine (TBM) into a rock mass as described in Table 1. The diameter if the circular tunnel is 10 m; the tunnel axis is horizontal with a trend of 330°. Consider the Excavation Support Ratio (ESR) to be equal 1.0.
(a) Classify the quality of the rock mass using RMR system and the Tunnelling Quality Index Q. Use your judgement in case of any ambiguities and comment on your decisions.

(18 marks)

(b) Use the recommendations associated with both classification systems to design a support system for the tunnel considering the excavation method. Also give recommendations for the excavation procedure. Discuss any differences of support design derived from the two classification systems.
(15 marks)
	CONDITION OF DISCONTINUITIES

	PERSISTENCE (CONTINUITY)
	Set 1
	Set 2
	Set 3
	Set 4

	Very low

Low

Medium

High

Very high
	< 1 m

1 - 3 m

3 – 10 m

10 – 20 m

> 20 m
	(

	(

	
	

	
	
	
	
	
	

	SEPARATION (APERTURE)

	Very tight joints

Tight joints

Moderately open joints

open joints

Very wide aperture
	< 0.1 mm

0.1 – 0.5 mm

0.5 – 2.5 mm

2.5 – 10 mm

> 10 mm
	(
	(
	
	

	ROUGHNESS (state also if surface is stepped, undulating or planar)

	Very rough surfaces

Rough surfaces

Slighty rough surfaces

Smooth surfaces

Slickensided surfaces
	(
	(
	
	

	FILLING (GOUGE)

	Type

Thickness

Uniaxial Compressive strength

Seepage
	none
	none
	
	

	
	
	
	
	

	
	
	
	
	

	MAJOR FAULTS OR FOLDS

	Several small fracture zones (clay-free) were found in core logs. Zones range from 100 mm to 0.3 m in thickness 

	GENERAL REMARKS AND ADDITIONAL DATA

	Random joints present


	REGION
	ROCK TYPE

	
	Sandstone

	DRILL CORE QUALITY RQD
	WALL ROCK OF DISCONTINUITIES

	Excellent quality

Good quality

Fair quality

Poor quality 

Very poor quality
	90-100 %

75-90 %

50-75 %

25-50 %

< 25 %
	(

	Unweathered

Slightly Weathered

Moderately Weathered

Highly weathered

Completely weathered

Residual soil
	(


	GROUND WATER
	STRENGTH OF INTACT ROCK MATERIAL

	Inflow per 10m of tunnel length

or

Water pressure

or
	litres/minute

kPa
	Designation

Very high

High

Medium high

Moderate

Low

Very low
	uniaxial compressive strength, MPa

> 250

100 – 250 
50 – 100 (
25 – 50 (
5 – 15 
1 – 5 
	Point-load strength index, MPa

> 10

4 – 10

2 – 4

1 – 2  
< 1



	General conditions (completely dry, damp, wet, dripping or flowing under low/medium or high pressure):

Dripping
	
	
	

	SPACING OF DISCONTINUITIES

	Very wide

Wide

Moderate

Close

Very close
	> 2m

0.6 – 2 m

200 – 600 mm

60 – 200 mm

< 60 mm
	Set 1

(

	Set 2

(

	Set 3
	Set 4

	
	
	
	
	
	

	
	
	
	
	
	

	Note: These values are obtained from joint survey and not from borehole logs

	STRIKE AND DIP ORIENTATIONS

	Set 1

Set 2

Set 3

Set 4
	Strike   23°
Strike   47°
Strike

Strike
	(from   5° 
(from  40°
(from

(from
	to     35°   )

to      60°  )

to              )

to              )
	Dip   20°

Dip   20°

Dip

Dip
	 SE

 SE

	Note: Refer all directions to magnetic north


Aide Memoire

Factor of safety for wedge failure
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Stress concentrations around circular tunnels

Stress on tunnel surface
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Displacement around circular tunnels
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Support pressure to prevent inter-layer slip in tunnels

Support pressure for triangular roof prism
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Factor of safety of triangular roof prism
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Rock Mass Rating (RMR) System (after Bieniawski 1989)
Rock Mass Rating (RMR) System: Guidelines for excavation and support of 10 m span rock tunnels in accordance with the RMR system  (after Bieniawski, 1989)

These guidelines have been published for a 10 m span horseshoe shaped tunnel, constructed using drill and blast methods, in a rock mass subjected to a vertical stress < 25 MPa (equivalent to a depth below surface of ( 900 m).
	Rock mass class
	Excavation
	Rock bolts 
(20 mm diameter, fully grouted)
	Shotcrete
	Steel sets

	I = Very good rock
RMR: 81-100
	Full face,
3m advance
	Generally no support required except spot bolting

	II = Good rock
RMR: 61-80
	Full face,

1-1.5m advance, Complete support 20 m from face
	Locally bolts in crown 3 m long, spaced 2.5 m with occasional wire mesh.
	50mm in crown where required
	None

	III = Fair rock
RMR: 41-60
	Top heading and bench
1.5-3 m advance in top heading
Commence support after each blast
Complete support 10 m from face
	Systematic bolts 4 m long, spaced 1.5-2 m in crown and walls with wire mesh in crown
	100mm in crown and 30mm in sides
	None

	IV = Poor rock
RMR: 21-40
	Top heading and bench
1.0-1.5 m advance in top heading
Install support concurrently with excavation, 10m from face
	Systematic bolts 4-5 m long, spaced 1-1.5 m in crown and walls with wire mesh
	100-150mm in crown and 100mm in sides
	Light to medium ribs spaced 1.5 m where required

	V = Very poor rock
RMR: ≤ 20
	Multiple drifts 0.5-1.5 m
advance in top heading.

Install support concurrently with excavation. Shotcrete as soon as possible after blasting.
	Systematic bolts 5-6 m long, spaced 1-1.5 m in crown and walls with wire mesh. Bolt invert.
	150-200mm in crown, 150mm in sides and 50mm on face.
	Medium to heavy ribs spaced 0.75 m with steel lagging and forepoling if required. Close invert.


Tunnelling Quality Index Q:  Classification of individual parameters (after Barton et al 1974).
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Tunnelling Quality Index Q:  Classification of individual parameters (after Barton et al 1974)., continued.
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Tunnelling Quality Index Q:  Classification of individual parameters (after Barton et al 1974). continued.

[image: image15.wmf](

)

(

)

q

-

-

+

=

s

q

2

cos

p

p

2

p

p

2

1

2

1


[image: image16.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

b

-

a

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

g

=

a

-

g

=

Þ

g

=

g

=

a

-

=

tan

1

tan

1

H

Z

1

H

2

W

sin

Z

H

Z

2

U

A

Z

2

U

Z

2

V

sin

Z

H

A

2

2

R

W

W

W

W

2

W

W


Tunnelling Quality Index:

Tunnelling Quality Index Q:  Estimated support categories based on the tunnelling quality index Q
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Recommended support for reinforcement categories based on the tunnelling quality index Q :

(1) Unsupported

(2) Spot bolting

(3) Systematic bolting

(4) Systematic bolting with 40-100mm unreinforced shotcrete

(5) Fibre reinforced shotcrete, 50-90mm and bolting

(6) Fibre reinforced shotcrete, 90-120mm and bolting

(7) Fibre reinforced shotcrete, 120-150mm and bolting

(8) Fibre reinforced shotcrete, >150mm, with reinforced ribs of shotcrete and bolting

(9) Cast concrete lining

Figure 2


Use the centre of the roof arch given in the figure as construction aid.
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