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QUESTION 1 — DEFINITIONS

Define the following terms and where applicable give the symbol and units used:

11

1.2

1.3

1.4

15

1.6

1.7

1.8

Homogeneity
Rock mass having the same mechanical properties at all points, consists of the

same material throughout.
Poisson ratio

e Is the ratio of lateral strain to the axial strain in a body under the influence of
stress —

v=" ‘% (no units as it is a ratio)
a

Shear modulus/modulus of rigidity
e A combination of youngs modulus and poisons ratio into a single modulus
e Also known as the shear stiffness is the shear stress divided by the shear

strain.
G =E/20Q+v)
Bulk Modulus

e Is a measure of volumetric stiffness under normal loading conditions and is
given by:
k = E/30Q—2v)

Potential Energy

e Potential energy of a body is its ability to do work because of its position or
State
Pe = mgh

e This is the work a body is capable of doing when moving from one position to
another relative to the gravitational effect of the earth. Unit of energy is
Joules,J.

Kinetic energy
e Kinetic energy, which is a measure of the ability of a body to do work because
of its motion.

Ke =1/2mv?

Slabbing
e Breaking off of thin slabs from the rock face as a result of high stresses in the
rock around the excavation.

Yield
e When there is departure from the elastic behaviour in the material and some
permanent deformation occurs.



1.9

Mass
¢ Is the quantity of matter in a body

e m(kg) = volume(m?®) x density (kg/ m*)
e Density(p)

1.10 Weight

e Weight is a force
e Weight (force) = mass x gravity
« What is weight of a block with mass 1000kg = m x g = 1000 x 9.81 = 9.81kN

[20]

QUESTION 2 — GENERAL

Indicate if the following statements are, True or False

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8
2.9

2.10

Boreholes drilled in high stress intact rock exhibit immediate spalling or dog-
earing. TRUE

Diurnal distributions of seismic data show a pronounced peak in seismicity just
before the blast occurs. FALSE

Since closure rates in shallow environments are low and horizontal clamping are
absent, stiff local support is required to control the hangingwall. TRUE

Sequential grid mining involves a grid of pre-development with breast mining up
to dip pillars left intact. TRUE

Wherever possible, tunnels should pass closely above or below pillars and
abutments to ensure minimal damage as a result of high stresses. FALSE

Cave mining is a term used to describe the practise of supporting only the
immediate working area of advancing panels and allowing the unsupported back
area to collapse in a controlled fashion. TRUE

Stoping is considered steep when the dip of the strata exceeds 35 degrees.
TRUE

Depth of fracturing ahead of the stope face is directly related to the ERR. TRUE
Ride is the differential obligue movement between the hangingwall and footwall
and is affected by factors such as reef dip. TRUE

Overstoping is an effective method of protecting off reef excavations from the

effects of mining induced stress changes. TRUE

[10]



QUESTION 3 - SEISMICITY

3.1

3.2

3.3

Define a seismic event.

Sudden release of in-elastic energy in the form of seismic waves.

Define a rock burst.

()

(2)

Seismic event that causes damage to underground workings or infrastructure

(Not what is a faceburst looked for “damage” not violent)

Draw a basic seismic system layout. Annotate component of network clearly. (5)
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3.4 The following two plots were obtained after while analysing the seismic data

recorded by the seismic system:
3.4.1 Plot A - What is shown by this plot and how can it be used? (2)

Time of Day Distribution

Number of Events

Time of Day

[F<oe>-10m>-00%>- 108 5=20]

Histogram of the time of day of the seismic events that occur. Management can
determine from this when blasting is occurring on their shaft and the re-entry time

period after blasting.

3.4.2 Plot B —What is shown by this plot and how can it be used? (2)
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Probability Table and Recurrence Times
ML=-0.6 ML=-0.4 ML=-0.2 ML=-0.0 ML=0.2 ML=0.4 ML=0.6 ML=0.8
Mean recurrence days 7.053 10.407 15.550 23.688 37.236 61.819 114.269 278.625
Pr{14 days) 0.862 0,73 0,594 0,445 0314 0.203 0.115 0.049
Pr(30 days) 0.986 0.944 0.854 0.718 0.553 0.385 0.231 0.102
Pr(20 days) 1.000 1,000 0.997 0.977 0510 0.767 0.545 0.276
Pr{180 days) 1.000 1,000 1,000 0,999 0,952 0.945 0.793 0476
Pr(365 days) 1.000 1.000 1.000 1.000 1.000 0.997 0.959 0.730

Histogram showing the number of events per magnitude range. This plot is used

to determine the seismic hazard that is associated with the specific area.

3.5  Why will a seismic network be installed on your mine? (2)



To determine if any seismic events area occurring

To determine the possible location and sources of seismicity

To send rescue operations to the correct location where event occurred
To determine the seismic hazard of working areas

[15]
QUESTION 4 - SUPPORT

4.1 Draw a load deformation graph showing/depicting the following

Yield load
Yieldability

Brittle failure
Initial stiffness
Energt absorption
Pretension

P209 Handbook on Rock enginieering practice. (8)
4.2. Sketch the following mesh and lace patterns:

4.2.1 Basic 1m square lace and tendon pattern
4.2.2. Double 2 x 1.6m diamond pattern. (4)
P212 Handbook on Rock enginieering practice.

4.3  General rules of thumb are frequently used in the design of support systems

within the mining industry.

4.3.1 What is the rule of thumb length of tendons if the width of the tunnel is
2m?

1m tendons 2 x span or height of excavation

4.3.2 What will the rule of thumb spacing be of the tendons mentioned in Q4.3.1
above?

0.5m Y% length of tendon
2)

4.4  Sketch the typical stope fracturing pattern at a depth of 2000m below surface.(6)
P121 Handbook on Rock enginieering practice.
[20]



QUESTION 5 — MINING

5.1 Redraw the following sketches and indicate how you would:

5.1.1 Negotiate the geological structure ahead of the stope face on plan and

section: 3)

Understoping
on waste

Redevelopment
A’ on upthrow
side of fault

Sectionon A- A’




5.2

5.1.2 Re-establish the face after the panel collapsed:

®3)

Collapsed

face

Collapsed area

Dimensions a and b need
careful consideralion

<_b__*|

a8 4

A represents pillar dimension and b wide raise width

Draw an underhand and overhand mining configuration. Annotate sketches

clearly.



OVERHAND

Remnant<_

Mining Direction

Mining Direction

Dip

UNDERHAND

5.3  Describe the mining method Room and Pillar mining with the aid of a sketch. Pay

attention, type of ore body, support and when is this method selected. (8)

Used in:

e Flat-lying ore bodies with an ore dip up to 25

¢ Ore body must be relatively shallow to prevent leaving excessive ore in pillars
e Must be fairly uniformly with grade for mechanized mining

e Strong competent ore body with low frequency of jointing



Method:

5.4

Ore is produced from room which serves as multiple purposes as access, airway
and transport drifts.

Pillars generated as ore remnants to control roof rock and global response of the
rock.

Pillars are arranged in a regular grid pattern.

Close performance of roof spans and pillars are required.

Roofbolts in HW and pillars.

Pillars can be left permanently or removed on an orderly retreat way by inducing
collapse of the immediate roof (backfill to be installed if pillars removed).

Minimal off reef development, roadways established inside production stopes
and mined out stopes serve as transport roads.

Describe the mechanism of breaking rock by explosives indication the
importance of stemming, burden, hole length and hole diameter. (6)

Stemming is used in a blast hole as a plug to prevent the blowout of a blasthole.
It is often a clayish material with enough strength to confine the explosives in the
hole and to allow the explosive energy to be transferred into rock mass, thus into
breaking the rock. Using effective stemming could reduce explosives
consumption significantly, since only 50 percent to 66 percent of the shothole

then requires to be filled with explosives.

Burden is the distance between top holes measured along the face, and also the
vertical distance between top and bottom holes. The correct burden will ensure
proper breaking of the rock, along the entire length of the panel, making it easier
to clean and support the panel.

The length of the hole drilled should be approximately the same as the stoping
width (on narrow reef). It is extremely important that all holes be drilled to the
same depth so as to ensure an even break of the rock, and leaving a straight
panel, which is easy to clean and support. Mminimize the damage to the
hangingwall and to the installed support.

Hole diameter plays an important role with regards to the amount of explosives
can be inserted into the hole. Overcharging can result in damage to hangingwall.

[20]

QUESTION 6 — GEOLOGY

6.1

Briefly describe how sedimentary rocks, metamorphic rocks and igneous rocks
are formed. Give an example of each rock type. (6)



6.2

Sedimentary Rocks

Processes such as weathering, corrosion and corrosion result in the soils and
pre-existing rocks near earth’s surface being changed or broken down. These
particles are transported by wind and water and subsequently deposited. In a
favourable locality these deposits are built up in layers to form sedimentary
rocks.

Examples: sandstone, mudstone and shale, conglomerates and breccia’s,
limestone and coal.

Metamorphic Rocks

Pre-existing rocks that undergo a change in texture or mineral content or both
as a result of high temperature (thermal metamorphism) or high pressure
(dynamic metamorphism) or both (dynamothermal metamorphism) are called
metamorphic rocks.

Examples: quartzite, marble, hornfels, slate, phyllite, schist, gneiss,
migmatite.

Igneous Rocks

Igneous rocks are those that have solidified from molten material (magma).
Examples: granite (biotite, muscovite, hornblende), syenite, diorite
(andesite) gabbro (norite, anorthosite, pyroxenite dolerite, basalt),
peridotite (dunite, kimberlite).

With the aid of annotated sketches, describe a normal fault, a reverse fault,
strike, true dip and apparent dip. (No Sketches no points) (9)

Normal fault
A fault is a naturally occurring plane of fracture across which there is relative
movement. A normal fault results in a ‘loss of ground’.

NS

Loss of ground

Normal fault



Reverse fault (3 marks)

A fault is a naturally occurring plane of fracture across which there is relative

movement. A reverse fault results in a ‘gain of ground’.
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Reverse fault

True Dip (1 mark)

Dip (true dip, major dip) refers to the steepest slope of an inclined stratum.
This is always described by a direction (always down dip) and the angle between

the horizontal and the bedding plane.

Apparent dip (1 mark)

Apparent (minor dip) is any inclination other true dip along an inclined stratum.

Strike (1 mark)

Strike is the line joining points of equal elevation and is the direction along an
inclined plane in which the dip is zero. Strike and the direction of true dip are

always at right angles to each other.

Strike

Sketch of strike, dip and apparent dip

[15]
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