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ABSTRACT : As part of the methodological study concerning the block modelling techniques in mining
applications, a study was carried on, in an open pit uranium mine. A geological data collection of several
benches shows the presence of a large sets of discontinuities corresponding to complex tectonic episods. Each
set of discontinuities is characterized by statistical distribution of parameters. Those data have been introduced in
a block generator software (RESOBLOK) which reconstruct the three dimensional block structure. RESOBLOK
allows to take into account the tectonic episods, when identified. Different simulations can be achieved, the
problem of the large number of simulations will be discussed. The block data base generated with RESOBLOK
was used as an input to the Block Stability Analysis (BSA) program. BSA uses advanced “single block
stability” algorithms. This study allowed to classify the benches and to qualify the instability risks. So that the
miner got an idea of the action : monitoring and/or reinforcement. This methodology was found more interesting
than the classical methods to study the benches stability in an open pit mine.

LINTRODUCTION lity of blocks on the bench scale, techniques of
stereographic projection allow a qualitative approach |
of the problem. Nevertheless, these techniques are |
not well adapted when the sets of discontinuities
show a certain spatial dispersion.

s In open pit mine exploitations, the stability of the
" slopes can be considered from the aspect of the full
slgpe or from the aspect of a bench. In the first case
dimensxons are selected so as to guarantee long-

‘. ;;ablhty, taking into account the ultimate The methodology to study block stability in a
. '_ns of the pit. For such design, several  fracrured mass, we describe in this Bl
exist (HOEK & BRAY, 1981) depending on  ogted and im proved. This methodology is based on

of failure (plane failure, circular failure ... pjock modelling kb WAL gmtly
developed in recent years.

The proposed approach will bewmw
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re examining e mmbi ! lity of the two zones
previously modelled, we shall briefly describe the
principles of the method of stability analysis adopted.

2.4.1. Principles of the Method

The method is fundamentally based on Warburton’s
algorithm (WARBURTON, 1981), analysing the
stability of single block. This analysis is carried out in
two steps :

Geometric Analysis : tests the geometrical
configuration of the fixed faces initially in contact
with the block whether they permit it to move. If so

the direction and the nature of the movement are
determined

Mechanical Analysis : in the case where the block is
removable, a safety factor is calculated indicating the
likelihood that such movement will be prevented by
friction. Thus, three types of movements are possible:
Direct fall, plane failure, or wedge failure.

This algorithm was supplemented in order to allow
for rotational motion (tilting) of the blocks (LIN &
FAIRHURST, 1988).

The BSA (Block Stability Analysis) programme
thus designed (ASOF, 1989), depending on the block
generator RESOBLOK, makes it possible to analyse
the stability of blocks by several iterative processes :
when a block is unstable in the case of a given step, it
is removed from the assemblage of the blocks and the
analysis is carried out with the new geometrical
conditions produced.

2.4.2. Characteristics of the Joints

- According to the different tests, the rock (granite)

and 45 kPa, and an

Fig. 3 : Local instability wedge failure

wedge formed has a volume of about 6 m3 (figure 3),
Back analysis of this rupture, using BSA, enable yg

to obtain several couples of values (¢,9) corres.

ponding to a safety factor (F) equal to 1. Among the
latter, the couple adopted for this study of stability jg

¢ = 25 kPa and ¢ = 30° values approaching the
properties of the rock.

In order to complete further the results of the back
analysis, tests on the joints are planned using the
methods of BARTON in situ and laboratory
experiments (HOMAND et al., 1990).

2.4.3. Stability of the Bench AB |

The geometric model of the bench AB wasg
described in the previous chapter. Stability analysis
with BSA was carried out using 50 simulations, all
the blocks were found to be stable. In effect
orientation of the different sets seems favo "
stability, including that of the flat structures. 1H
corresponds with what was observed on the si
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Fig.4 : Distribution of the total volume of unstable
blocks (F < 1) for 50 simulations

4.51 m3. The distribution obtained obeys an
exponential law of parameter A :

1
= —eeeee = 0.22

m
The validity of this adjustement can be easily
verified by comparing m and o, which are equal in

the case of an exponential law.

The probability (ct) of having a volume of unstable

blocks of more than V, 1S 3
o =Prob { V= V,) =Exp (-A*Vy)

Thus, if we estimate that the “critical volume” is 10
,m;a. there is an 11% probability of having a greater
~ volume of unstable blocks. Very obviously, the idea
of “critical volume” is difficult to estimate and
nands more investigations on the site to enable us
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Fig.5 : Optimum number of simulations

bench, calculating different probabilities for a given
critical volume.
- to quantify, comparatively, the eventual reinforcing

pattern of the bench.

Thus, this variable is of especial interest for
comparing different situations. Other variables, such
as the “volume of the largest unstable block”, could
introduce complementary elements of analysis.

imum Number of Simulati

In the stability analysis of the bench CD, 50
simulations were considered. However, the question
that we may ask ourselves is : How many simulations
must be used for such a stability study ?

In order to answer this question, let us define the
variables :
V; : Total volume of unstable blocks of geometry i
corresponding to the simulation i.

Ay, : Average of the V; volumes in the case of n si-
mulations.

Oy, : Standard deviation of the V; volumes in the case
~of n simulations, “



Fig. 6 : Stability problem of the block (1+2)

number of simulations is 40. In a general way, we
have shown that :

For 40 simulations an error of about 5% is
committed as to the parameter A. This procedure must
be reviewed if one is considering other interpretative
variables.

3. CONCLUSION : CONTRIBUTION AND LIMI-
TATIONS OF THE METHOD

The main criticisms of the proposed procedure are
inherent in the method for analysing the stability of
single block. Among these criticisms are the
following :

- Only the forces exerted on the plane failure are con-
sidered in the stability study. This may result in over
conservative analyses.

- The fact of considering the blocks independently can

- conceal an overall instability. For example, in figure
~ 6,block 1 is geometrically stable, block 2 may be
stable (large slip surface), while block (1+2) may be

Nevertheless, compared wit
methods of stability analysis based
projection, the method proposed offers

advantages :
- Visualisation of the assemblage of the blog

tuted. g
- Integration of the statistical parameters of diseg
nuities, which permits the use of several simulag
and the probabilistic interpretation of the resulgs,

(BSA) allows for rapid execution of the programme 53‘,
and, consequently, easy interpretation of the resyly
This method may likewise constitute a first approach,
making it possible to determine the critical geometric
conditions to be studied by advanced methods, for
example the Distinct Elements Method (ITASCA,
1989).
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