CHAMBER OF MINES OF SOUTH AFRICA

WRITTEN EXAMINATION FOR THE CERTIFICATE IN ROCK

MECHANICS

METALLIFEROUS & COAL OPTIONS

PART 1 -THEORY 100 November 1997
EXAMINIER: Mr GS Esterhuizen
MODERATOR: Mr KR Noble

Maximum time allowed 3 hours (09:00 - 12:00)

ANSWER ALL QUESTIONS

A pass mark 1s 60 per cent.

EXAMINATION INSTRUCTIONS

i

References are not permitted,

Hand-held electronic calculators may be used.
(NO PRE-PROGRAMMING)

Write your examination number on the outside cover of each book 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.
Write on pne side of the paper only,

State clearly any assumptions you make and show all calculations on
which your answers are hased.

In answerig these questions, full advantage should be taken wherever
necessary of yvour practical experience as well as of the data given,

[Inless stated otherwise, assume the density of quartzite 1s 2 700 kg/m®,
the Posson ratioas (0,2 and the modulus of elasticity 1s 72 GPa.
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PART 1 - THEORY - METALLIFEROUS & COAL OPTION

QUESTION |

Rock strength

1) Brittle failure of rock commenees by the propagation of micro
cracks in rock. 1f the rock is under uniaxial compressiom,

explain how the cracks are able to propagate.
5 marks

11) Caleulate the strength of failed rock for confining pressures of
5 10 20, 40 MPa if it has the following properties for the Hoek-
Brown equation: m = 1.5, s = 0.0, uniaxial COMPIrEssive strength
of the intact material is 180 MPa. Plot your results on the
sraph paper, hecause you will need them for the next gquestion.
Also, explain what 1s the mechanism that allows the failed rock

to develop strength under confinement,
marks

R

i) Assume the failed rock in the above question contains a natural
discontinuity whose normal makes an angle of 62,5° to the
direction of the major principal stress. (Note this is the most
unfavourable orientation for Coulemb shear). The sample may
therefore fail either by sliding along the discontinuity or by
failing according to the [Toek-Brown equation. Make use of the
Coulomb equation to determine at what confining pressure the
cock will cease to slide along the discontinuity and rather fail
aceording to the TToek-Brown equation. The discontinuity

friction angle is 35° and the cohesion 1s 5 MDa,
7 marks

iv)  Violent failure of rock around mining excavations is related to
the decrease in the strength after initial failure, why?

TOTAL 20 marks
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PART | - THEORY - METALLIFEROUS & COAL OPTION

QUESTION 2

Joints and rock mass strength

1)

iii)

[f we assume that the two surfaces of a joint are not welded
together (ie - there 15 no resistance if you pull the surfaces

apart}, explain how it is possible for the joint to have cohesion.
5 marks

The dilation caused by joints when they shear can have a
stabilising effect. Explain with the aid of a sketch how this
dilation may assist in improving the stability of an excavation m

jointed rock.
5 marks

If 2 rock mass contains joints in one predominant direction, its
strength will not be 1sotropic. Make use of an annotated free
hand sketch to indicate the typical variation in strength that
will exist in the rock mass as the orientation with the joints
varies from zero to 180°, Now indicate how the addition of a
second joint set, which strikes parallel Lo the first, but the dip
differs by 45° from the [irst set, will affect the strength of the
rock mass,
5 marks

(laleulate the apparent cohesion of a joint surface at a normal
stress of 2 MPa, usig Barton’s equation for joint shear
strength, The following parameters are given: Base [riction
angle = 30°, joant roughness coefficient = 7, joint wall strength =

40 MP’a.
5 marks

TOTAL 20 marks
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PART 1 -THEORY - METALLIFEROUS & COAL OPTION

QUESTION 3

Basic principles of stress and strain
1) The following strain components were measured at a point in rock

€= 0,003, ¢, = 0,00012,  y_=0,0005

Determine the principal stresses in the x-y plane given that the
modulus of elasticity is 72 GPa and the Poisson’s ratio is 0,2.

5 marks
1) The following stress state exists at a point in rock:
= = 20 MPa
o, = 40 MPa
B = 10 MPa

a) Make use of the Mohr civele diagram (o depict the stress state,
immdicate the maximum and minimum prinecipal stresses.

b} Indicate on the diagram how vou would determine the normal
and shear stresses on a plane whose normal makes an angle of
157, measured anti-clockwise with the x-axis,

c) Make a free-hand sketeh to ilustrate the orientation of the

principal stresses relative to the x-y axes,
10 marks

i) During the elastic part of the stress strain behaviour of rock,
does the volume of the rock icrease or decrease? Make use of
an example caleulation (o show the effect of the Poisson’s ratio

on the change in volume.
5 marks

TOTAL 20 marks
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PART 1 - THEORY - METALLIFEROUS & COAL OPTION

QUESTION 4

Stress and rock behaviour around excavations

1}

1)

[nitial farlure of rock due to high stresses may be predicted by
using elastic numerical models. If the falled materal 1s
removed in the model, further failure will oceur; this process
could continue indefinitely in numerical models, In practice,
fallure does not continue indefinitely, but stops at a certain
depth into the walls of an excavation, Make use of an example
of a tunnel to ustrate why, in reahity, the failure comes to a

halt in the sidewalls.
5 marks

Acireular excavation with a diameter of 4 m 15 going to he
developed by a tunnel borer in rock with the following stress

field:

o, = 43 MPa
{Jr - GA MPa
T, = 22 MDPa

Determine whether failure will take place in the skin of the
excavation if the uniaxial compressive strength 15 120 MPa.
Indicate in an annotated free-hand sketch the location where

failure 1s likely to initiate on the periphery of the tunnel,
[0 marks

If you were asked to evaluate the relative merits of a concrete
Lining or rock bolt support for the above excavation, using
numerical models:

a) what type of modelling method would vou use and why?
b) whal input parameters would you require?
o) what will you look for in the model to decide which

support type 1s likely (o be the most successful in
controlhing the failed rock?

TOTAIL 20 marks
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PART 1-THEORY - METALLIFEROUS & COAL OPTION

Monitoring

1) You have to monitor the effects of mining on a pillarin a
platinum mine, Mining is to take place in such 1 manner that
the pillar is expected to yicld over the next two months, You are
interested in determining the strength of the piliar and its load
deformation curve, beyond its peak strength if possible. There
is a possibility that the pillar will yield by punching into the
footwall, Mining has just exposed the pillar and it is
unfractured at present. The pillar measures 5 m x 3 m in plan
and is 1,4 m high. You will be able to access the pillar trom a
safe accessway during the experiment.

a) What parameters will you monilor? Motivale your
ANswer,
b} Deseribe the types of instruments required and sketch

their layout relative to the pillar.

c) FExplain what problems you anticipate in obtaining the
post peak characteristics of the pillar.

o) [xplain how you will establish whether yield is taking
place by failure of the pillar or by punching into the

fnotwall.
15 marks

1) The use of ground penetrating radar is being advoeated as a tool
for "seeing” into the rock around workings, What can you “sec’”
with this method?
Name two potential applications and state brietly the current
Limitations of the method.
5 marks

TOTAL 20 marks
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