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ANSWER ALL QUESTIONS

The pass mark for this paper is 60 percent.

EXAMINATION INSTRUCTIONS

|. References may not be used.

Hand-held electronic calculators may be used.

12

Put your examination number on the outside cover of each book used, and on any
graph paper or other loose sheets handed in.

(95}

NB: Your name must not appear on any answer book or loose sheets.

4. Write on one side of the paper only.
5. 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.

7. Graph paper is available from the invigilator.
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QUESTION 1

Consider a thin. infinite. eiastic piate umrormiy stressed. Driil a circular hole
of radius R in the plate. The distnbution of stresses arter the hoie has been
compieted. for plane strain condition. is given by the equations:

A

Calculate the magnitudes of the stress and strain components at a point r = 1,5 R if
p = 50 MPa and R = Im. Also, determine the strain energy density at the same

point. Take Young's modulus and Poisson’s ratio to be 50 GPa and 0,25

respectively. 15 marks

B)
(ii) For the following given state of stress. find the magnitude and directions of the

principal stresses.

o= 2.5 kPa

Il

o,= 12,5 kPa

Ow =-13,0 kPa

(iii) Produce a clear annotated sketch that depicts the orientation of the principal stresses
with respect to the x-y co-ordinate axis and the specified components of stress. The

sketch needs not be to scale. 10 marks

TOTAL: 25 MARKS
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QUESTION 2

A)

B)

The pnysicai strength and eiastic propertes of rocks are dependant on the rate of

The strength of rock under dvnamic load is significantly higher than

loading.
[t 1s obvious that

under static load (e.g. tesung machine loading rate.)
determination of the strength propertes of rock dynamic loading is important.
particuiariv in the case of an extractuion where blasting and dynamic abutment

stresses are present. Two methods of testing are used. Describe one of these

methods and illustrate the resuits that vou would expect. 10 marks
Theoretically there are four possible types of ground movement as represented in
the convergence curves below. The convergence is that of a stope.
(i) Comment on the type of deformation described by these curves.
(ii) Comment on the probable level of stress under which each of these curves
would occur.
(iii) Comment on the ground conditions in which you would expect these
curves to apply.
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TOTAL: 25 MARKS
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A)

QUESTION 3

h siightly weathered granite with a domrnant
joint set dipping at 60” against the direction of the drive. [ndex testung and
logging of diamond driilled core given tvpical Point-Load Strength Index
vaiues of 8 MPa and average RQD of 70%. The joints which are slightly
rough and slightly weathered with a separation of <lmm are spaced at
300mm. There are three sets. Tunneiling conditions are expected to be wet
The tunnel is 10.0 m wide. ¢ m high and 200.0 m below surrace.

A tunnei is to be driven throug

(i) Calculate the RMR value using the Geomechanics Classification System
after Bieniawski (see Table 4 4)

(ii) What stability problems would vou expect?
(i) What blasting technique would vou recommend? Elaborate tully.
(iv)What monitoring programme would you initiate to check on stability?

(v) What types of support would you consider to be appropriate and why?

B) Calculate the apparent cohesion of a joint surface at a normal stress of 2 MPa,

using Barton's equation for joint strength. The following parameters are given:

Base friction angle = 30°
Joint roughness coefficient = 7
Joint wall strength = 40 MPa

20 marks

5 marks

TOTAL: 25 MARKS
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QUESTION 4

A\ boom. 20 m long. supports a load or I 200 kg as shown below. The cable

A)
BC is horizontal and 10 m long.

(i) Calculate the forces in the cable and the boom.

(i) Depict the situation using a force diagram.

NN .\\\ BN T e e W N B

10 marks
B) Calm{late and plot the relationship between energy release rate and mining
span for:
Sm = 0,75. Take H=2000m,v =0,2
G = 30 GPaand p = 2 700 kg/m’
Use / = 400, 500, 750, 1 000 and 1 250 respectively 15 marks

TOTAL; 25 MARKS
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TABLE 4.4: ROCK MASS RATING SYSTEM (AFTER BIENIAWSKI. 1989)

Yery favouraole

|

Dip 0-20-lrrexpecuve of sirike*

Drive agunu dip-Dip 45-9°

|

Unive against dip-Dip 20-45°

Fair

i-\. CLASSIFICATION PARAMETERS AND TIiiEIR RATINGS
‘zrameler | iange ol values |
Joimnt-nag >iu MPa < U MP3 -4 MPa IMP2 For (his ow range -
' Sirengin  cirencil index H ] | | umianial compressive
af eet 1t preferred
! | ntactreck ! Larasial comop. >o8MPa , L aS0 NP2 204100 MPa i 2550 MPa 5.25 | is5 <1
I =atena ctrength ! ! | MP3 0 MPa | MPa
I Halng f 5 3 i ' 4 = 1 1 | 0
Sonld care Quamy KQO I AV il TS YU 0% 75% 15%-50% <5
2 Rating i 7] ; i 13 | B i j
| icacing ol uncontinuines | >2m S8 2.m 200-600 nun | =-200 mm | < o0 mm
3 Raung | n ; i5 in | El | 5
‘wery rougn surlaces Shightly rougn suriuces | Shylhily rougn surfaces | Siickensived suriaces | Sofl gnuge >3 mm
Nat conttauimis Scparation < | mm Separauon < | inm j or thick
Candiion of discontinuities | No separation 'Sligluly weathered Highly weathered Gouge < 5 mm thick or
) tSee E) Unwearinered wall rock | wanis wails or Separatuon > S mm
Scparauon -5 mm Cunlinunus
Continuous
Raung Rl | 23 | 20 | 10 | 0
jinflow per 1010 None l <10 l 10-25 25-125 l >i25
llunncl length {1/m) '
Ground |tJomt water pressi/ u l <U.1 0.1,-0.2 f 0.2-05 > 0.5
5 water | (Maior orincinal ob l
! General canditions Cnmplctely drv | Jamn | Wel i Dnppine | Flowing
Raung 15 [ i0 | 7 | 4 | 0
0. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Sirike and dip onientations Very favaurable | Favourable | Fair | Unlavouraple | Very Unfavourable
j Tunneis & mies 0 J -2 l -5 j -10 I -12
Ratings | Founvauons 0 | -2 | -7 | -15 [ -3
| Slapes 0 , 5 i .15 ' 50 J
C. ROCK MASS CILASSES DETERMINED FROM TOTAL RATINGS
Rating [ 100 81 i 30 ol 1 60 41 | 40 = 21 | <2l
Class numper | I | T | i i v | v
Description | Very goodruck | Good ruck | Fair rock | Poor rock , Very poor rock
D. MEANING OF ROCK CLASSES
Class numbper i l ] m ! 1% f v
Average stand-up ume 20 yes tor 15 m span f I year for 10 10 span | week for 5 1n span | 10 hrs for 2.5 in span 30 min for | m span
Caheston of rock mass (kPa) > 400 ' 3100-400 200-300 ' 100200 < 100
Friction angle of rock mass wdeg) | > 45 l 3545 i 15-35 | 15-25 <15
E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conuiions
Disconunuity tengin (persistence) <im I-3m J-10n l 10-20 m >0m
Rating L] 4 2 1 0
Separation (apernure) Nnne <01 mm 0.1-1.0 men ' 1-5 mm >5mm
Rating 6 5 4 1 0
Roughness Very rougn Rougn , Slightly rougn , Smooin Slickensuded
Raling 6 5 3 1 0
Infilling {guuge) None Hard filling < 5 mm Hard filling > 5 mm Soft filling < 5 mm Soft filliog » 5 mm
Raling 6 4 2 2 0
Weathenng Unweaihered Slighuy weatnered ' Moderately weathered Highly D
Ratings 4 5 k] I 0
. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING®®
Strike perpendicular (o tunnel axis | Sinike parallel (o tunnel axis
Drive witn JipsDip 45-90° ] Drnive with dip-Dip 20-45° | Dip 45-90° i Dip 20-45°
Favouraole | Very lavouranle i Fair
|

Fair

r

Unfavourable

shadowed by the influence of the gouge. In such cases use A.4 dircctly.
=aModified after Wickham et al. (1972).

»Some conditions are mutually exclusive. For example, if infilling is present, the roughness of the surface wiil be over-




