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CHAMBER OF MINES OF SOUTH AFRICA

WRITTEN EXAMINATION FOR THE CERTIFICATE IN ROCK MECHANICS

METALLIFEROUS & COAL OPTIONS

PART 1 - THEORY 12 May 1997
EXAMINER: Mr GS Esterhuizen
MODERATOR: Mr KR Noble

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

ANSWER ALL QUESTIONS

A pass mark is 60 per cent.

References are not permitted.

Hand-held electronic calculators may be used. (No pre-programming.)

Put your examination number of 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 one side of the paper only.
Show all calculations on which your answers are based.

* In answering these questions, full advantage should be taken wherever
necessary of your practical experience as well as of the data given.

Unless stated otherwise, assume the density of quartzite is 2 700 kg/m®, the
Poisson ratio is 0,2 and the modulus of elasticity is 72 GPa.




PART 1 - THEORY

QUESTION 1

Intact rock strength

(a)  Anumber of compression tests were carried out on 50 mm

diameter samples of quartzite.
The results were as follows (results in MPa):

Test: | 1 2 3 4 5 6 |7 8 9
o |0 |0 0 5 5 5 0 |10 |20 |
{180 [183_ |75 |201 |198 [207 531|244 | 269

Make use of the graph paper to plot the test results and to determing the uniaxial
compressive strength of the rock, the friction angle and the cohesion. The (
equations on the attached page may be of assistance.

10 marks

(by  You have determined that the above rock tends to split by
extension fracturing when the extension strain (negative strain) is
greater than -0,03 X 10°. Determine the minimum strain for test

No. 6 in the above table, and comrnent on whether the specimen
may have failed aowing to the extension strain. The intact rock has

an elastic modulus of 52 GPa and a Paisson's ratio of 0,22.
5 marks

(c)  Which of the following failure criteria should provide the best
representation of the rock strength in the above case: Coulomb

criterion or Hoek-Brown criterion? Motivate your answer.
5 marks

TOTAL 20 marks
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QUESTION 2

Jointed rock and rock mass behaviour

()

(b)

(€)

When creating excavations in jointed rock it is always
recommended that the support be installed as close as possible to
the advancing face. Refer to the behaviour of joints under shear o
justify this practice.
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 in jointed

rock,
5 marks

Make use of the attached classification table to classify a rock
mass for which the following data are known;

The rock mass contains one well developed joint set which dips at
70° to the South. A few randomly oriented joints have been
observed. A tunnel will be developed from East to Wast through
this rock mass.

Intact rock unisodal compressive strength: 162 MPa.

Rock Quality designation: 88%

Joint spacing: 1,5to2m

Joint condition: Slightly rough with infilling of 1 to 2 mm
Groundwater: Dry

Make use of the classification parameters to calculate the uniaxial
compressive strength of the rock mass using the Hoek-Brown
criterion. The m-value for intact rock was found to be 12,5 based
on triaxial strength tests. Comment on the validity of the strength
which you have just calculated. The equations on the attached

page may be useful.
10 marks

TOTAL 20 marks
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PART 1-THEORY

QUESTION 3

Sfresses in the earth and monitoring

(a)

(k)

Determine the horizontal component of the tectonic stress if the
following stresses were measured at a depth of 500 m in norite:
Horizontal stress 22 MPa in all directions

Vartical stress 15,7 MPa :
The norite rocks have an alastic modulus of 88 GPa, a Poisson's

ratio of 0,25 and a density of 3 200 kg/m®. Assume g = 9,81 /s’
; 5 marks

The measurement of stress in rock is a task which must be carried '
out with great care. Name and discuss three factors which may
cause inaccurate siress measurement results when using a triexdal

atrain gauge. .
& marks

You have been given the task of monitoring a vertical shaft whilst
mining is taking place in the vicinity of the shaft. it is not expected
that the shaft will be damaged, but as a cautionary measure, the
management would like to know whether there are any risks o
safety and equipment during the mining operation which will take
approximately 18 months to complete. What would you monitor,
what type of instruments would you use and what monitoring

programme would you recommend?
9 marks

TOTAL 20 mark!
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QUESTION 4

Analytical and numerical models

(a)

(b)

(c)

A vertical shaft with a diameter of
& m has been excavated by a boring
machine. It is intended to drill

vertical ore passes close to this shaft. o4

You have told the mine design i g
staff that the ore passes should be at g_z
im

least 20 m away from the shaft.
However, they are reluctant o abide
by your recommendation and want
to place the ore passes 10 m away PUXHVIEWY, g
from the shaft (skin to skin) as shown -
in figure 4.1, Make use of the
equations for the stresses around
circular excavations to demonstrate
that your recommendation is valid.
The following data are available. Horizontal k-ratio = 1
(Hydrostatic), horizontal stress = 50 MPa, estimated large scale
strength of rock = 140 MPa. The formula for maximum tangential
stress at boundary of circular excavation is on the attached page.

Figure 4.1 Plan view of proposed shaft and ore-
pass

The proposed layout is as shown in figure 4.1
The equations for siresses at a point in the rock mass near a
circular excavation for a hydrostatic stress field are on the attached

page.

g is the field stress, ris the radius of the excavation and R is the

radial distance to the point of interest.
10 marks

Assume that the stresses at the proposed ore pass position are
high enough to cause rock failure. Sketch the approximate
location and type of failure of the surrounding rock that can be
expected, and also explain why this failure would have more

serious consequences in the ore pass than in a tunnel for example.
5 marks

You intend to model the above shaft and ore pass using a
two-dimensional elastic numerical model. State briefly the
shortcomings of such a model and also state how the extent of
potential failure around the excavations can be determined using

the elastic model,
5 marks

TOTAL 20 marks
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ESTION S

The following stresses were computed at a point 1 m into the sidewall
of a tunnel, using a two dimensional stress analysis program:

o = 4 MPa, o, = 192 MP&, Ty = 44 MPa.

The x-axis is horizontal. The program assumes plane strain
conditions. The rock properties are as follows:

E =65 GPa, v=0,18

(a) Determine the out of plane stress and determine whether this

stress is the minimum principal stress.
7 marks

(b) Calculate the strength of the rock at the above point and
determine whether it will fail if the following data are available
for the Coulomb failure criterion:
cohesion = 12 MPa, friction angle = 32¢. Indicate the
orientation of the Coulomb failure plane relative to the

excavation sidewall.
3 marks

TOTAL 10 marks
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