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10-Crientation
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13-Spacing
14-Mechanical properties
15-Rock mass strength
16-Hydraulic conditions
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18-Slope dimensions.
19-In situ stress
20-Potential instability
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PARAMETERS

1 - Geology

2 - Folds

3 - Faults

4 - Rainfall

5 - Freeze and thaw

6 - Previous instability

7 - Intact rock strength
8 - Weathenng

9 - Number of sets
10-Orientation
11-Aperture
12-Persistence
13-Spacing
14-Mechanical properties
15-Rock mass strength
16-Hydraulic conditions
17-Slope orientation
18-Slope dimensions
18-In situ stress
20-Potential instability

cause + effect
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Abstract

Today, the stability problem of rock slopes in open-pit mines has become more
important with the increasing growth in their working scales. The complexity in failure
mechanisms of these large scale slopes causes the conventional methods to be unable to
analyse and predict these events thoroughly. The major reason for this issue could be
addressed to the large number of parameters controlling the stability and also the
interactions among the parameters. To overcome this problem, a well-known systems
approach named rock engineering systems (RES) has been considered in this research.
A conventional expert-based coding method has been used in definition of the
interactions in most of previous applications of this approach, which that is not able to
explain the interactions correctly because of its subjectivity. Some efforts have been
made to improve the approach through combining it with other theories, but they have
not been practically used so far in any important application. Therefore, in this research,
it has been tried to improve the systems approach in some ways, so that it could be used
in the open-pit slope stability problems. In order to do so, in first step the conventional
RES approach has been applied to a general rock slope stability problem in a region in
northeast of Iran to observe and examine the results of the systems approach. as a
preliminary validation on the utilization of systems approach in the study region, the
stability of investigated rock slopes were analysed using an empirical method (SMR)
and the results were compared. The comparisons showed a rather good coincidence
between the given classes of two methods. In the next step and as a new idea, a general
improvement has been made using incorporating the probabilities to the coding process
of the interaction matrix in the RES framework. This probabilistic coding methodology
(PESQ) proposes entering the probabilities of each coding value rather that assigning a
unique value to each interaction. In this manner, whole the approach has become
probabilistic and has no longer been deterministic. In the third step and as one of the
major contributions of the thesis, a new Mine Slope Instability Index (MSII) has been
developed by applying an optimization in the algorithm of a previous improvement in
RES approach including utilization of the Artificial Neural Networks (ANN) which
codes the interaction matrix in an objective manner. To do so, eighteen parameters that
can be easily obtained and rated in the field, and that are important for open-pit slope
stability, have been employed. Their corresponding ratings have also been proposed, so
that the MSII can be computed as a simple weighted sum of ratings for all parameters
considered; to minimize subjectivity the weights are computed, in the context of the
Rock Engineering Systems paradigm, using an optimized Back-Propagation Artificial
Neural Network that has been trained with an extensive database of worldwide open-pit
slope stability case histories. Results have shown that the ANN provides a highly
reliable RES interaction matrix, and also that the selected parameters are important for
open-pit slope stability. Slope (in)stability hazard levels have been defined based on
MSII values and the predictions of the newly proposed MSII have been validated by
comparing the predictions with the actual (i.e., observed) behaviour corresponding to
ten independent case histories that were not used for the ANN training. An excellent
agreement between predictions and observations has been found, with only one (out of
ten) cases providing an incorrect prediction. Therefore, it is anticipated that this index
would be useful in the predictions of instability potential of open-pit mine slopes in the
future applications.



