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TODAY’S MINING SUPPORTS THE ACHIEVEMENTS OF TOMORROW

= Everything we depend on is either made from
minerals or relies on minerals for its production

= Renewable energy, electric vehicles, and
commercial space travel will all rely on an increased
source of materials we need to mine!

= South Africa has a proud history of mining and
especially with the early development of the field of
rock mechanics
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OVERVIEW OF THE SOUTH AFRICAN MINING INDUSTRY
= 2020 — Mining contributed R361.6 billion to the country’s GDP
= employed 451 427 people

= South Africa has a huge mineral endowment
= ranks first in terms of PGM, chrome and manganese reserves
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Gradual decline of the South African mining industry

MIining gross domestic product
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Gold production in South Africa

1000tonnés
in 1970!
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Employment in the South African mining industry

Employment numbers In mining
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Rock engineering research to help turn this around!

= Rock mechanics is a theoretical and applied science of the mechanical behaviour of rock

= A branch of mechanics concerned with the response of rock and rock masses to the
force fields of their physical environment ~ N——

= We still do not understand many aspects!
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Research required in South Africa

Many of our economic deposits are tabular orebodies (flat dipping, thin seams)

Mining
direction

direction

Excavation
height
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“Home-grown” rock engineering research required

Still many unknowns in rock engineering associated with mining tabular deposits

Leon Commission (1995): “Furthermore, as no other region of economic significance has
similar geometry, no mining industry outside South Africa pursues the solution to this problem.
The solution must therefore be found in South Africa.”
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Historic development of rock mechanics in South Africa

= Prior to the 1950s, mine layouts were based mainly on “trial and error” methods

= Two key factors resulted in a more directed research effort

= Therockburst events (caused by seismicity) in the deep gold mines was recorded as early as
1908

= The Coalbrook colliery disaster in January 1960

= |n 1952 the Central Mining — Rand Mines Group commissioned a CSIR research team

= |nvestigate if the stress around mining excavations can be determined by mathematical
analysis

= In 1956 the Transvaal and Orange Free State Chamber of Mines agreed to assume
sponsorship of the research programme
= The research effort was accelerated in the 1960s by the Coalbrook disaster &
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The Coalbrook disaster
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The aftermath of the Coalbrook disaster

= Pillars over an area of 324 hectares collapsed

= Rock mechanics research to find a method to determine coal pillar strength was given
priority

= Salamon and Munro (1967) published their famous empirical coal pillar strength formula

W0.4-6

h0.66

- 0,=7176--— MPa

= Widely accepted in coal mining industry up to the present day
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Numerous underground experiments to verify coal pillar strength
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Major breakthrough in gold mine layout design 1960’s

Elastic theory adopted

— #
Ui, !7 7 'ﬂﬂll‘ T—. ll'

e Y

» llllll!llllllll!\

[/
m n.mmllllW

IIIIW s
] mw,,;ﬂ/// ﬁ%%

Al

ERPM LTD
PLAN OF K & L LONGWALLS

Displacements in hangingwall tunnel measured for a
period of a year while longwalls below it advanced

Measured movement agree well with elastic theory

A o ® O

n

(o]

STOPE FACE POSITIONS

17-9- 61

reef

8-2-63

measured
movement

movement
-------- predicted by
elastic theory

STOPE SPAN

17-9-61 — 325 feet
8-2-63 — 1160 feet

34 678001 12 13 14 15 16 17 ® 19 20
BENCHMARKS
HORIZONTAL SCALE — 2 cms = 100 feet
-

Prof Francois Malan — Inaugural address — 29 July 2021

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
A4



Elastic theory made stress simulation possible

Electrical analogue and early MINSIM simulations in 1970s and 1980s

Coded by Prof John Napier

And the popular design
concepts of APS and ERR were
born!
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World famous South African personalities in Rock Mechanics

Evert Hoek
(Hoek and Brown
criterion)

MDG Salamon
(Analytical solutions
Face element o A

principle) NGW Cook
(Elastic theory)

Z.T. Bieniawski
(Rock Mass Rating)

Wonderful foundation laid. Need to build on this.
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Drawback of elastic theory

= Cannot simulate the fracture zone

= Cannot simulate the time-dependent response of the rock mass and mining rate
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Recent developments: Allow for face crushing in models
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Details of the limit equilibrium model
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Fracture zone

Parameter Value
Intact strength intercept, o 60 MPa
Intact strength slope, m; 7
Initial residual strength intercept, o’ 4 MPa
Initial residual strength slope, m 7
Final residual strength intercept, o' 2.5MPa
Final residual strength slope, m; 2
Effective seam height, H 55m
Intact rock Young’s modulus, E 70 GPa
Intact rock Poisson’s ratio, v 0.2
Intact seam stiffness modulus, Kk 16500 MPa/m
Fracture zone interface friction angle 30°
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Closure data recorded from an actual stope

12
= Cannot simulate this time-dependency
with elastic theory 10
8.6 mto face
8 0.98 mm/h

= Earlier attempts to simulate with
viscoelastic theory only partially
successful
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Simulation of closure data with the limit equilibrium model
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Two different advance options:

Can now simulate mining increment size and mining rate
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Currently testing this approach on actual layouts
A current area of research

= Closure measurements and seismic data to
calibrate model

= Need to verify that a failure model restricted to
the plane of the reef is useful approximation
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Design of rockburst support

Rockbursts caused by seismicity still a problem in deep gold mines

3 P o3 g F & P o 4 E b
Damage to an access tunnel Damage in a stope face
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Key functions of rockburst support

Reinforce (strengthen and control bulking)
Retain (prevent fractured blocks falling between reinforcing elements)
Hold (anchor reinforcing elements in stable ground).

Rock mass
bulking

Retain
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Area support in haulages versus stopes
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New generation mesh

A current area of research
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Thin spray-on liners

A current area of research
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Current research on hard rock pillar strength

Bord and pillar layouts used in shallow manganese, chrome and platinum mines

front benching

benching of
thicker parts
of ore body

Source: H. Hamrin, Guide to Underground
Mining Methods and Applications
© 2007 Encyclopadia Britannica, Inc. (Stockholm : Atlas Copco, 1980)
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Effect of depth on extraction ratio

Most operations use the empirical Hedley and Grant pillar strength formula from Canada

= Hedley and Grant power-law formula for pillar strength

W0.5

Os = Kh0.75

= Design for a Factor of Safety F;

= The extraction ratio eis a simple decreasing linear
function of the depth A

E

pillar

_(b+w)2—w2

(b+w)?
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Effect of depth on extraction ratio

Low pillar strength will make the
mines uneconomical at depth

Critical to understand pillar
strength much better and this is
the current focus of my research

Extraction ratio
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Home-grown pillar strength formula required

Uncertainties about power-law formula
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Simulating pillar failure and time-dependent scaling

A current area of research
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Pillar failure caused by weak layers

A current area of research

Level 1: Pillars no damage

visible

Level 2: Pillars intact but some
scaled material off pillar edge
Level 3: Pillars partly crushed

/ Level 4: Pillars crushed but
some core visible at the top

Level 5: Completely crushed

pillars

/

@ Closure meters
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