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QUESTION 1

You are designing the mining of the lower portion of a pipe shaped ore body. The upper
part of the ore body was extracted by open cast mining.

a) Describe in detail how the mining span required to initiate caving in a pipe

shaped ore body can be assessed using rock mass rating systems. [7]
b) Sketch the layout of the undercut, draw-points and gathering drives. [6]
c) Discuss the changes in stress that will occur in the gathering drives during mining
using sketches. [6]
d) Thence recommend suitable support for the drives and drawpoints. [6]

[25 MARKS]
QUESTION 2

A massive tabular orebody is dipping at about 30° at a depth of 70 m to 200 m below
surface. The mineralized zone is on average 25 m thick and 250 m on strike. The
mineralization lies on and above the contact between massive dolomite and an
overlying sandstone. The sandstone extends above the mineralized zone.

It is intended to mine the orebody using open stoping, drilling upward from drilling and
loading drives on the contact and using remote controlled loading.

a) Draw the mining layout in plan and section. [6]

b) Describe the geotechnical investigations required to assess the stable spans which

can be mined. [6]
c) Describe how you would assess the stable span of the hangingwall. [8]
d) How would you control the hangingwall span considering the mining method. [5]

[25 MARKS]



QUESTION 3

The figure below is a schematic representation of a section through a cut and fill

stope.

The stress concentration factors at the crown and sidewall can be

determined using the following equations.

Crown:

oB/p = K —1+ 2K(H/W)/?

Sidewall: cA/p = 1—K + 2(W/H)

Kp oAl H

Plot graphs of the stress concentration factor versus the H/W ratio. Use H/W
values of 1,2,5,10, and 20 and K=1 [12]

The stress concentrations in the crown and sidewall change as H increases.
How will this influence stability? Briefly suggest methods of managing stability.
[5]
Describe, with the aid of sketches, how you would carry out pre-reinforcing of
the crown using long cables. [8]

[25 MARKS]



QUESTION 4

The following stress field data has been determined through elastic modelling in an area
of a mine:

622 = 30 kPa.m™ (vertical stress gradient)

h = depth below surface

ke = 1.5 (000° - 180°) (k-ratio in the x-direction - horizontal)

kyy = 2.5 (90° - 270°) (k-ratio in the y-direction - horizontal)

The principal stresses are aligned with the co-ordinate axes. The rock mass has a
high joint density with a uniaxial compressive strength of 180 MPa. The horizontal

excavations are greater than 6m x 6m.

4.1  Calculate the RCF at 500 m depth below surface for:
4.1.1. a vertical ore pass
4.1.2. a horizontal tunnel orientated East-West and

4 .1.3. a horizontal tunnel orientated North-South

In each case, describe the stress distribution (elastic), expected fracturing,
ground conditions and support requirements for anticipated mining-induced

stress changes (no seismicity). Use annotated sketches as required. [18]

4.2 The depth of fracturing (Rf) around an excavation can be estimated using the

following relation:

30, — 03
R = {a * (0.5 + 1.25 * (—)} —a
O—C

Where a is the (effective) radius of the excavation.

Calculate the depth of failure for the vertical ore pass in question 2.1, which has

a 5 m diameter. [3]



4.3

The main access ramp follows a continuous downward spiral inclined at 9% to
access the underground workings. Which orientations of the tunnel will
experience greater stress-driven fracturing? What strategies could you suggest
to the mine manager to minimise the effects of high stress concentrations? How

will this benefit the operation in terms of cost, safety and productivity? [4]

[25 MARKS]
TOTAL MARKS: [100]
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Hangingwall Rock Density (Tonnes.m-3)

Gravitational Acceleration (9.81m.s-2)

Yield Strength of Rock Bolt (kN)

Design Beam Thickness (m)

Number of Rock Bolts required per m?

Table 7.3.14 Support recommendation for geod ground cenditions (RCF = 0.7)

Casze Primary support Secondary sapport
(Tvpical requirements) (Typical requirements
Static siress | “Spot’ mapport where necessary (Split Sets, | “Spot’ support where necescary (rock smds,
conditions rock smds, efc.) etc.]
Stress changes | “Spot’ support where necessary (Split Sets, | Fully grouted tendoms = 1.5 m im length
anticipated rock smds, efc.) mstalled on basic 2 m pattern.  Suppor
resistance: 30 - 50 EN'm”. FRope lacing
(zidewalls only)
Seismic activity | Split Sets or temdons = 12 m in length, | Fully grouted (pref yield) tendoms = 1.5 mim
anticipated installed as: close to face as possible, on basic | length, installed on basic 2 m pattern. Suppon
2mor 1.5 mpattern.  Support resistance: 30 - | resistance: 30 kN m’, Mesh and lace
50 kN/m” (hanzinswall and sidewalls)

Table 7.3.15 Support recommendation for average ground conditions (0.7 <= RCF = 1.4}

Case Frimary support Secondary support
{Typical requirements) (Typical requirements
Static stress | Fock smds or tendons = 15 m in length, | Steel stapping or rope lacing inteszrated with
conditions installed as close to face as possible on basic 2 | primary support tendons; or gunite.
m pattermn. Support resistance: 30 - 50 kN m’.
Sitress chamgzes | Fuolly grouted tendons or steel ropes = 1.8 min | Bope lacng and wire mesh imtegrated with
amticipated length, mstalled as clese to face as possible, | primary support tendons.
on basic 2 m or 1.5 m patierm  Supporst
resistance: 40 - 60 kN/m®
Seismic activity | Fully growted (pref wield) tendons or steel | Rope lacing and wire mesh imtegrated with
anticipated ropes = 1.8 m in length, installed as close to | primary support tendons, plus optional guniis
face a3z poszible, on 15 m or dowble 2 m
panem. Support resistance: 80 - 110 EMm®.




Table 7.3.16 Support recommendation for peor greund conditions {RCF = 1.4}

Caze Frimary support Secondary support
(Typical requirements) (Typical requirements)
Static siress | (If necessary) gumite to face, then fully | Steel wire mesh infegrated with primary
conditions gronted fendons or stesl ropes, length = 1.8 m | support; optional gunite/shotcrete.
on basic 1.5 m pattern, as close to face as
possible. Support resistance: 30 - 110 kN/m"™.
Siress chanzes | (If meceszary) gunite o face, then fully | Fope lacing and wire mesh integrated with
anficipated eronted stesl Topes or yielding tendons, length | primary supporr.  Add integral gunite in long
= 1.8 mon basic 1 m or double I m pattern, as | life tunmels. If mnecessary, additional
close to face as possible. Support resistance: | hangingwall support comprising grouted stesl
120 - 230 kN /m’ ropes
Selsmic activity | (If mecessary) gumite fo face, then fully | Fope lacng and wire mesh integrated with
anficipated gronted steel ropes or yielding tendons, length | primary support. Add integral gunite m long
= 2.3 m on basic 1| m panem, as close o face | liff nmnsls If mecessary, additional
as possible.  Suppomt resistamce: 220 - 290 | hangingwall support comprising grouted stesl
kM m” TOEs

Induced radial stress in the x-direction at a distance r from the centre of a circular

excavation with radius R:
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1} Determine the most likely mode of structural failure in case

study using the figures below:

Tl

Gravity Fall  Slabbing

Sliding

2 Y Mext determins the gravity adjustment factor, £, based on
the failure mode using the appropriate chart below.
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