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ABSTRACT

This paper presents the results of research that
has been undertaken in order to develop an
improved method of determining the strength
of hard-rock mine pillars. Pillars are found in
various shapes and sizes in all underground
mining operations. Prudent engineering design
requires that if pillars are to perform as desired,
both the pillar strength and the pillar stress
must be determined. A detailed pillar stability
study has been combined with an extensive
database of published pillar case histories (178)
resulting in a new “hybrid” pillar strength for-
mula, “The Confinement Formula®, that utilizes
classic strength of rock methods combined with
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empirical methods. “The Confinement Formula”
utilizes a “mine pillar friction term” calculated
from the average minor/major stress ratio with-
in the pillar core. Statistically, the new formula
provides better results at predicting pillar
strength for the combined database than the
best empirically it pillar methods that currently
exist. “The Confinement Formula” allows for
the determination of the strength of mine pillars
with an increased level of confidence over pre-
viously applied methods.

Introduction

This paper presents & new method, “The
Confinement Formula”, to be used for determin-
ing the strength of hard-rock mine pillars. The
method was developed through a combination
of detailed research at Westmin Resources Ltd.
and the assimilation with all available published
hard-rock pillar case histories. The total com-
bined database contains 178 case histories that
represent pillars that are classified as stable,
unstable or failed.

Traditional pillar strength formulations were
reviewed and “The Confinement Formula” repre-
sents an advancement in pillar design methadol-
ogy that takes into account the factors more
common when dealing with the strength of rock.
Empirical strength formulae developed to date
have generally used the pillar width/height ratio
as a primary input factor for pillar strength deter-
mination. This is in contrast to conventional
strength of rock methods, whereby the primary
input factors are the major and minor principal
stresses on a sample. This paper presents the
most common historical methods, a summary of
the databases used, and the methodology used
to develop “The Confinement Formula”.

Historical Methods

The strength of mine pillars has been the
subject of extensive research work in the past.
The primary focus has been for coal mining oper-
ations, where large regular arrays of pillars are
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developed during the mining of coal seams. In
hard-rock mining, research has been much more
limited. The most notable works are that of
Hedley and Grant (1972) and more recently, the
work of Hudyma (1988). The limited amount of
work on pillar strength determination for hard-
rock mining has given an insight into pillar
strength behaviour, however no methods that
can be used with a high degree of confidence
have been developed.

The empirical strength formulae developed
to date have generally taken one of two forms;
(1) the "Shape Effect Formula”; or (2) the “Size
Effect Formula”. Equation 1 is the general form of
the equation that these strength formulae follow.

Ps = Ke[A + Bx __')] .............. (1)
where,

Ps = Pillar strength (Mpa)

K = Strength constant related to pillar

material (Mpa)

w = Pillar width (m)

h = Pillar height (m)

A, B = Empirically derived constants which
when added equal 1. In the case of the
"Size Effect Formula”, A is equal to 0
and B is equal to 1

a, b = Empirically derived power constants. In
the case of the "Shape Effect Formula”,
aand b are equal

The “Shape Effect Formula” infers that for a
given rock type, a pillar of a given shape (pillar
width/height ratio) will have a constant strength,
independent of change in size of the pillar. There
are two variations of the "Shape Effect Formula”.
The first utilizes a linear relationship between pil-
|ar stress and pillar width/height ratio. The second
utilizes a power relationship between pillar stress
and pillar width/height ratio.

The "Size Effect Formula” infers that for a
given rock type, a pillar of a given shape will have
reduced strength as the size of the pillar increases.
This formula is @ modified power formula where
the pillar width and the pillar height are subject to
differing power terms. The use of a “Size Effect
Formula” was adopted due to the belief that sam-
ples of increasing size would have a lower rock
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mass strength due to the increased number of
structural features within a sample. It has been
shown, however, that above a sample size of a side
length of 1.0 m to 1.5 m, the resultant decrease in
sample strength due to increasing sample size
becomes negligible (Hoek and Brown, 1980).
Empirical strength methods for hard-rock
pillars have been developed and can be fit to
the existing pillar case histories. To some
degree, this is accomplished with ease due to
the limited number of case histories available,
and the narrow range of pillar shapes in each
database. The detailed compilation of the pillar
databases presented here allows for the devel-
opment of a more detailed strength formula
covering a broad range of pillar shapes.

Database

This section presents the pillar databases
that were used in the development of "The
Confinement Formula”. The databases have
been analyzed both individually and as a group
for this study. Five of the seven databases occur
within massive sulphide orebodies and all occur
within a good to very good quality rock mass.
Combined, these databases represent the accu-
mulated state of knowledge for hard-rock mine
pillars. The work of Lunder (1994), Hudyma
(1988), Hedley and Grant (1972), and Von
Kimmelman et al. (1984) is presented in sum-
mary form below.

A research project was undertaken at
Westmin Resources Ltd.'s Myra Falls Operations
as a cooperative effort between Westmin
Resources Ltd. and CANMET. Information was
collected representing pillar geometry, pillar sta-
bility, and geological conditions. Pillar stability
was classified on a five-level scale ranging from
“5" failed to 1", stable. Pillar stresses were cal-
culated using three-dimensional boundary ele-
ment techniques and calibrated to existing mine
conditions. The unconfined compressive strength
of intact pillar material was determined to be 172
MPa. A total of 32 case histories were collected.

Hudyma (1988) presented pillar stability data
collected from 13 Canadian mining operations as
a M.ASc. thesis. Pillar geometry and a three-stage
pillar stability classification were used to develop
what Hudyma terms the “Pillar Stability Graph”
method of designing rib pillars for open stope
mines. Pillar stresses were calculated using two-
dimensional fictitious force and displacement dis-
continuity boundary element methods. The uncon-
fined compressive strength of intact pillar material
of the pillar case histories varied between 70 and
316 MPa. There were 47 case histories.

Hedley and Grant (1972) presented a pillar
strength formula based upon observation of pillar
stability from the Elliot Lake mining district in
Ontario, Canada. There were a total of 28 pillar
case histories, of which three represented failed

Fig. 1. Schematic illustration of pillar stability classification method used at Westmin Resources Ltd. and the common

pillar stability classification.
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pillars. The pillar strength relationship was present-
ed in the form of a “Size Effect Formula” based
upon the work of Salamon and Munro (1967). The
unconfined compressive strength of intact pillar
material was in the range of 210-275 MPa.

Von Kimmelman et al. (1984) presented
data collected from the Selbi-Phikwe Mine of
BCL Ltd. located in Botswana. Pillar stress was
calculated using two-dimensional displacement
discontinuity methods. The unconfined compres-
sive strength of intact pillar material was 94
MPa. There were a total of 47 case histories.

Pillar stability data of a more limited nature
was used from the three following sources:

« Krauland and Soder (1987) from the Black
Angel mine in Greenland;

* Sjoberg (1992) from the Zinkgruvan mine in
Sweden; and

e Brady (1977) from Mt lsa Mines in
Australia.

The method used to determine pillar stress
can play an important role in the assessment of
pillar strength. Methods vary between the rela-
tively simple method of tributary area
theory/extraction ratio method to more complex
methods such as two and three dimensional
modelling. The databases represented here have
used all used one of these stress determination
methods. While each method uses & different
means of determining pillar stress, it is the
authors’ opinion that the resulting values are
comparable. What is important is not necessarily
the stress determination method used, but that
the method can be calibrated the other case his-
tories in the combined database and the fact
that the method used accurately represents the
pillar stresses within the mine in question.

d

Table 1. Pillar stability classification criteria used at
Westmin Resources Ltd.
Pillar stability
classification  Observed pillar conditions
1 No sign of stress induced fracturing
b " Corners breaking uponly
377 Fracwring inpillarwalls
"Fractures </ pillar height in length
" Fracture aperture <Smm T

4 fractre >/ pillar height in length -
Cobiae i, rECIE Qporlfe a5 M IO MM
5 Disintegration of pillar

“Biscks fallngout
...Fracure aperture >10 mm
Fracture through pillar core

Pillar Stability Classification

As a pillar progresses from a stable state to
a failed state, there is increased visual evidence
of pillar degradation. Increased jointing, blocks
being released, and the need for additional
ground suppart are all evidence of a pillar under-
going failure. A detailed stability classification
method has been used at Westmin Resources
with a high degree of success, to quantify the
relative level of pillar instability. Each of the addi-
tional databases used similar stability classifica-
tion methods.

Figure 1 is a schematic illustration of the
pillar stability classification method used at
Westmin Resources Ltd. Table 1 is the descrip-
tive method used to classify pillar stability. Table
2 lists the pillar stability classifications used for
each of the databases in the combined data-
hase and the “common pillar stability classifica-
tion" that was applied to all of the databases.
The stability level that has the greatest scope for

database with corr ding individual datab

Table 2. Common pillar stability classification for ¢
classifications

Combined Westmin Hudyma Von Kimmelman et al. Hedley and Grant
database Resaurces (1988) (1984) (1972)

L Sl s NI S 1 e Crsned
Unsiable " Class “2°-"4" Sloughing . Class "8, "B/C" Partially failed
Stable Class "1” Stable Class "A" Stable

CIM Bulletin = Vol. 90, N°® 1013

g4

an(
Stre
Sire

ins
acc

Shs

The
Cot

Cot
Equ

gl



Bulletin

Determination of the strength of hard-rock mine pillars

Table 3. Distribution of pillar stability classifications for pillar case histories in the combined and individual

databases
Pillar stability Combined Westmin Hudyma Von Kimmelman Hedley and Others
classificati database Resources (1988) et al. (1984) Grant (1972)
Failed i b 1 LD 5
Unstable .32 L D e : 9
Stable 58 2 % 3 : 3 [
interpretation is the "unstable” classification. Ps = (K*UCS)®(Ci+Ca + kappa) ........(3)
This classification can also been referred to as
the transition zone from stable condition to where,
failed condition. Ps = Pillar strength (Mpa)

Table 3 shows the distribution of the case K = Rock mass strength size factor

histories according to the "common pillar stabil-
ity classification” for each of the databases that
make up the combined database. There is a good
distribution of pillars in the three pillar stability
classes from each of the databases with the
exception of Hedley and Grant (1972) which had
only three failed and two unstable pillars.

Pillar Strength Determination

As shown in the previous sections, pillar
strength has been assessed using empirical rela-
tionships that relate the pillar width/height ratio
and a rock mass strength term. The computed
strength is then compared to the predicted pillar
stress in order to assess actual or predicted pillar
performance. Conventional rock strength meth-
ods (Mohr-Coulomb, Hoek Brown), however,
make use of the applied and confining stresses
on a sample when determining sample strength.
‘The Confinement Formula” combines these
two approaches to develop a “hybrid” strength
formula that utilizes a "mine pillar friction term”
and empirical strength constants. The empirical
constants were determined in order to “best fit”
the strength curves for the case histories in the
combined database.

The method presented here, like those that
nave preceded it, represents pillar strength with
wwo multiplicative terms, one representing the
n-situ rock mass strength and the other that
zccounts for the variation of pillar strength as a
result in the change in pillar shape, This is gen-
eralized by Equation 2.

Po:= Sizesbhaplier. Noves el kit (2)

where,

#s = Pillar strength (MPa)

Sze = Strength term that incorporates the
"size effect” and strength of intact
pillar material

>nape = Geometric term that incorporates the
“shape effect” of the pillar

e development of each of the terms in “The

Zonfinement Formula” is discussed in the fol-

owing sections. The general form of “The

Zonfinement Formula” is represented by

Zguation 3.

UCS = Unconfined compressive strength of
intact pillar material (MPa)
C1, C2 = Empirically derived constants

kappa = Mine pillar friction term
Pillar Size Strength Term

The only common strength data available
for the combined database were the unconfined
compressive strength (UCS) of intact pillar mate-
rial, It was determined that the “size term” in
Equation 2 could be replaced by product of the
“rock mass strength size factor”, "K", and the
unconfined compressive strength of intact pillar
material. Detailed analysis of the individual data-
bases was performed and the ranges of the "K”
values for each of the databases was deter-
mined. These values ranged between 30% and
51%. The results of this analysis led to the defi-
nition of the average “rock mass strength size
factor” to be 44% of the unconfined compres-
sive strength of the intact pillar material.

Pillar Shape Term

The “shape term” in "The Confinement
Formula” makes use of a new term to represent
pillar shape called the "mine pillar friction
term”, kappa. Kappa is determined from what
we have termed the “average pillar confine-
ment” which is used in place of the pillar
width/height ratio for the purposes of assessing
“pillar shape”. The "average pillar confinement”
is defined as the ratio of the average minor and
average major principal stresses at the mid-
height of a pillar. Empirical constants have been
applied to Equation 3 after a detailed analysis of
the combined database. The method used to
develop the "average pillar confinement” and
the “mine pillar friction term” is discussed in the
following sections.

Average Pillar Confinement

A means of utilizing the "average pillar
confinement” in a pillar strength formula has
been investigated. Numerical modelling using
different rock mass failure criteria show that
the mid-height of a pillar is the first point at
which the factor of safety against pillar failure

drops below one. A two-dimensional boundary
element modelling exercise was undertaken to
determine the relationship between pillar
width/height ratio and the "average pillar con-
finement". The results of this modelling exer-
cise showed that a relationship between pillar
width/height and the "average pillar confine-
ment” does exist. Equation 4 was found to
relate pillar width/height ratio and the “aver-
age pillar confinement” with a good degree of
accuracy at a modelled mining extraction ratio
of 75 %.

1
Cpav = 0.468 |]09(% +0.75ﬂ < R )
where,

Cpav = Average pillar confinement

w = Pillar width (m)
h = Pillar height (m)

The advantages of using “average pillar
confinement” in the place of pillar width/height
ratio for strength determination may not be
immediately obvious. Where pillars are of regular
rectangular or square shape, the pillar width and
height can be acquired readily and will accurate-
ly represent the shape of the pillar. However,
where pillars are of iregular shape, or are con-
fined on one or two sides, the “effective” pillar
dimensions are not so easy to assess, Usually a
best "guess” is made on what to use for pillar
width/height ratio. Using the average pillar con-
finement as determined from numerical model-
ling allows for a correct assessment of the
“shape term” in pillar strength.

Mine Pillar Friction Term

“The Confinement Formula” utilizes a term
that resembles the effect of increasing the fric-
tion angle of a material. This “frictional” effect of
mine pillars is determined from the "average pil-
lar confinement”. For a given “average pillar
confinement” value, Mohr circle diagrams can
be constructed and an effective friction term
determined. As the average pillar confinement
(and pillar width/height ratio) increases the
slope of subsequent Mohr circle plots result in
what would appear to be a decreased value of
the friction term. Using the complementary value
of the slope gives us the “mine pillar friction
term” used in “The Confinement Formula”.
Equation 2 is the formula for the “mine pillar
friction term”. Figure 2 shows the relationship
between the “mine pillar friction term” and the
“average pillar confinement”.

1 - Cpav

kappa = tan[cos"(m)]

where,
kappa = Mine pillar friction term
Cpav = Average pillar confinement
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Table 3. Distribution of pillar stability classifications for pillar case hi in the ¢ d and individual
databases
Pillar stability Combined Westmin Hudyma Von Kimmelman Hedley and Others
classification database Resources (1988) et al. (1984) Grant (1972)
Falerh o ity 18 LN S et 6
Unstable S L 9 ik i 19
G i R — i : 5 B
interpretation is the "unstable” classification. Ps = (K*UCS)®(Ci+Cz « kappa) ........(3)
This classification can also been referred to as
the transition zone from stable condition to where,
failed condition. Ps = Pillar strength (Mpa)

Table 3 shows the distribution of the case K = Rock mass strength size factor

histories according to the “common pillar stabil-
ity dlassification” for each of the databases that
make up the combined database. There is a good
distribution of pillars in the three pillar stability
classes from each of the databases with the
exception of Hedley and Grant (1972) which had
only three failed and two unstable pillars.

Pillar Strength Determination

As shown in the previous sections, pillar
strength has been assessed using empirical rela-
tionships that relate the pillar width/height ratio
and a rock mass strength term. The computed
strength is then compared to the predicted pillar
stress in order to assess actual or predicted pillar
performance. Conventional rock strength meth-
ods (Mohr-Coulomb, Hoek Brown), however,
make use of the applied and confining stresses
on a sample when determining sample strength.
“The Confinement Formula” combines these
two approaches to develop a "hybrid” strength
formula that utilizes a “mine pillar friction term”
and empirical strength constants. The empirical
constants were determined in order to “best fit"
the strength curves for the case histories in the
“ombined database.

The method presented here, like those that
nave preceded it, represents pillar strength with
wwo multiplicative terms, one representing the
n-situ rock mass strength and the other that
accounts for the variation of pillar strength as a
result in the change in pillar shape. This is gen-
eralized by Equation 2.

Ps = SizewShaplie s, avns, b o it (2)

?s = Pillar strength (MPa)

Size = Strength term that incorporates the
“size effect” and strength of intact
pillar material

nape = Geometric term that incorporates the
“shape effect” of the pillar

e development of each of the terms in “The

Zonfinement Formula” is discussed in the fol-

owing sections. The general form of “The

Zonfinement Formula” is represented by

Zquation 3.

UCS = Unconfined compressive strength of
intact pillar material (MPa)

(1, C2 = Empirically derived constants

kappa = Mine pillar friction term

Pillar Size Strength Term

The only common strength data available
for the combined database were the unconfined
compressive strength (UCS) of intact pillar mate-
rial. It was determined that the “size term” in
Equation 2 could be replaced by product of the
“rock mass strength size factor”, "K", and the
unconfined compressive strength of intact pillar
material. Detailed analysis of the individual data-
bases was performed and the ranges of the "K"
values for each of the databases was deter-
mined. These values ranged between 30% and
51%. The results of this analysis led to the defi-
nition of the average “rock mass strength size
factor” to be 44% of the unconfined compres-
sive strength of the intact pillar material.

Pillar Shape Term

The “shape term” in “The Confinement
Formula” makes use of a new term to represent
pillar shape called the “mine pillar friction
term”, kappa. Kappa is determined from what
we have termed the "average pillar confine-
ment” which is used in place of the pillar
width/height ratio for the purposes of assessing
“pillar shape”. The "average pillar confinement”
is defined as the ratio of the average minor and
average major principal stresses at the mid-
height of a pillar. Empirical constants have been
applied to Equation 3 after a detailed analysis of
the combined database. The method used to
develop the “average pillar confinement” and
the "mine pillar friction term” is discussed in the
following sections.

Average Pillar Confinement

A means of utilizing the "average pillar
confinement” in a pillar strength formula has
been investigated. Numerical modelling using
different rock mass failure criteria show that
the mid-height of a pillar is the first point at
which the factor of safety against pillar failure

drops below one. A two-dimensional boundary
element modelling exercise was undertaken to
determine the relationship between npillar
width/height ratio and the “average pillar con-
finement”. The results of this modelling exer-
cise showed that a relationship between pillar
width/height and the “average pillar confine-
ment” does exist. Equation 4 was found to
relate pillar width/height ratio and the "aver-
age pillar confinement” with a good degree of
accuracy at a modelled mining extraction ratio
of 75 %.

"
Cpav = 0.46 |]og(% +o.75ﬁ gk @)
where,

Cpav = Average pillar confinement

w = Pillar width (m)

h = Pillar height (m)

The advantages of using “average pillar
confinement” in the place of pillar width/height
ratio for strength determination may not be
immediately obvious. Where pillars are of reqular
rectangular or square shape, the pillar width and
height can be acquired readily and will accurate-
ly represent the shape of the pillar. However,
where pillars are of iregular shape, or are con-
fined on one or two sides, the “effective” pillar
dimensions are not so easy to assess, Usually a
best "guess” is made on what to use for pillar
width/height ratio. Using the average pillar con-
finement as determined from numerical model-
ling allows for a correct assessment of the
“shape term” in pillar strength.

Mine Pillar Friction Term

“The Confinement Formula” utilizes a term
that resembles the effect of increasing the fric-
tion angle of a material. This “frictional” effect of
mine pillars is determined from the “average pil-
lar confinement”. For a given "average pillar
confinement” value, Mohr circle diagrams can
be constructed and an effective friction term
determined. As the average pillar confinement
(and pillar width/height ratio) increases the
slope of subsequent Mohr circle plots result in
what would appear to be a decreased value of
the friction term. Using the complementary value
of the slope gives us the "mine pillar friction
term” used in “The Confinement Formula”.
Equation 2 is the formula for the “mine pillar
friction term”. Figure 2 shows the relationship
between the “mine pillar friction term” and the
“average pillar confinement”.

I =P
1+ Cpav

kappa = tan[cos™'( R (5)

where,
kappa = Mine pillar friction term
Cpav = Average pillar confinement
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% were one stability classification in error and
fa were two stability classifications in error.

immary

A detailed pillar stability analysis, com-
1ed with & compilation of published hard rock
ne pillar data, has resulted in a new npillar
ength formula, "The Confinement Formula”.
he Confinement Formula” utilizes a “mine pil-
“friction term” based upon the “average pillar
nfinement” which was determined based
on a detailed numerical modelling exercise.
he Confinement Formula” has a higher suc-
ss rate at determining pillar performance for
2 combined database than the empirical meth-
s that have preceded it. As with any empirical
sthod, calibration is required for a particular
nesite in order to use “The Confinement
rmula” with a high degree of confidence.
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ZIMINE 97

imine'97, Zimbabwe’s second mining

exhibition and conference, to be held
in Harare, November 10-13, 1997, has
attracted enormous interest from interna-
tional exhibitors who are eager to stake a
claim to Zimbabwes resurgent mining
industry and use the exhibition as a gate-
way to the metals and minerals explo-
ration boom taking place north of the

country’s borders.
Heading the overseas rush for exhibi-
tion space in Zimine is Britain’s

Department of Trade and Industry which,
as part of its intensive marketing cam-
paign for Zimbabwe, is sponsoring a UK.
Pavillion for British companies.

Likewise, in a move to assist South
African companies to market their prod-
ucts more aggressively on the interna-
tional scene, South Africas Department of
Trade and Industry has increased its spon-
sorship of South African companies
exhibiting at Zimine. They can now
receive up to R40 000 in grants, R10 000
toward the transportation costs of
exhibits and, in some instances, can qual-
ify for a 70% allowance on air fares as well
as R500 per day subsistence allowance.

Zimine is endorsed and supported by
Zimbabwes Chamber of Mines, the Asso-

5TH INTERNATIONAL
SYMPOSIUM ON
CONTINUOUS SURFACE
MINING

call for papers is issued for the 5*

International Symposium on Conti-
nuous Surface Mining which will take
place in Wroclaw Poland May 26-29,
1998. The symposium is organized by the
Institute of Mining Engineering, Technical
University of Wroclaw. The previous sym-
posia of this series were held in Edmonton,
Canada, 1986; Austin, US.A., 1988; Prague,
Czechoslovakia, 1991; and Aachen,
Germany, 1995. Although the focus of this
symposium is on surface mining, papers
on the application of continuous systems
in underground mining will also be con-
sidered. The aim is to provide an opportu-
nity to present and discuss the state of the

NEWS IN BRIEF

ciation of Mine Managers of Zimbabwe, the
Zimbabwe Drilling Association, the
Association of Mine Engineers of Zimbabwe
and the Association of Mine Surveyors of
Zimbabwe. A biennial event, it is held in
conjunction with Zimbex, the countrys
highly successful trade and business exhibi-
tion which, in just four years since its
launch, has doubled in size in terms of both
exhibitors and visitors, and now boasts
more than 500 exhibition stands.

Adding his support to Zimine is
Zimbabwe’s Minister of Mines, Dr.
Eddison Zvobgo MP. He states: “Zimbab-
we has tremendous mineral potential and
is noted for its variety of metals and min-
erals such as gold, coal, chrome, copper,
lithium, graphite, nickel, asbestos and
now, platinum. The industry is growing
rapidly, accounting for 45% of the coun-
try’s exports and contributing approxi-
mately 9% toward the Gross Domestic
Product (GDP).

Zimine '97 is organized by Exhibition
Management Services of South Africa,
Thomson Publications Zimbabwe and
Trade Fair Investment U K. It takes place
at the Tobacco Sales Floor, Harare from
November 10 to 13, 1997. For more
information, contact: Exhibition Manage-
ment Services; Tel.: +27 (0) 11-783-7250;
Fax: +27 (0) 11-783-7260.

NEWS IN BRIEF

art and future of world-wide continuous
mining. The working language of the con-
ference is English; presentations in Polish
and German will be accepted. Simulta-

‘neous translation will be provided.

Exhibition facilities will be provided for
firms and organizations wishing to display
products, services, software and literature
relating to the themes of the symposium,

Intending authors are requested to
submit an abstract in English (one to two
pages, double-spaced, including names,

: , telephone numbers, fax num-
bers, e-mail addresses of all authors) to
the conference secretariat: Continuous
Surface Mining, Instytut Gornictwa, Poli-
techniki Wroclawskiej, pl. Teatralny 2,
50-051 Wroclaw, Poland; Tel: (71)
3438684, (71)441201; Fax: (71) 448123;
e-mail: paszkows@ins.ig. pwr.wroc.pl.

The chairman of the International
Advisory Board is Professor Lech
Gladysiewicz.
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