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Abstract

In the occurrence of geomechanical risks in underground mines and choosing a suitable underground
mining method, one factor and a set of factors are closely related to each other. Studying, ranking, and
determining the importance of the geomechanical and geological factors affecting the selection of
underground mining methods from the point of view of the relationship and interaction between them helps
to choose the best (the safest and the most profitable) mining method before starting the mining process. It
can also help to design a better and safer mine and to reduce the subsequent risks. Therefore, according to the
importance of the subject, in this research, using the fuzzy DANP method, ranking and determining the
significance of the factors from the point of view of the existing relationships between them was done. To
conduct the present study, first, the influential geomechanical and geological factors in the selection of
underground mining methods were studied and recognized. Then, the fuzzy DANP method was used to rank
and determine their importance. To implement this technique, questionnaires were designed and distributed
among experts, and then 19 questionnaires were received to evaluate the factors. Finally, by implementing
this method, the final weight of the criteria was calculated, and then they were ranked based on their
obtained weights. The results show that the factors of rock mass tensile strength (0.115), discontinuity
spacing (0.113), in-situ stresses (0.109), and geological structures of the deposit with a weight of 0.107 have
the highest rank, respectively. Therefore, the abovementioned criteria are the most important among other
factors.
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1- Introduction

Selecting an appropriate underground mining method to extract minerals from a deposit is one of
the first and most important decisions in mining engineering activities from the perspective of
safety, productivity, and economic issues. Different parts of an ore deposit normally vary widely in
geological, physical, chemical, and structural aspects. Depending on the deposit's dip, depth, size,
shape, and strength of the ore and host rock, several technically feasible methods may be adopted
for a particular ore deposit. However, safety, financial, economic, and environmental parameters are
the most important, and due attention should be paid to these parameters to select the safest and
most profitable method. Therefore, choosing the most suitable method for an ore deposit is a critical
and challenging task because it complies with a set of criteria [1]. The influencing criteria in
selecting underground mining methods are interdependent, and a relationship exists between them.
This issue can cause various operational and geomechanical risks like roof collapse, subsidence,
rock burst, etc. [2]. Therefore, there is not a single factor but a set of factors related to each other
that can lead to different accidents. Hence, finding and prioritizing these factors is vital to choosing
the safest and most profitable underground mining method. In the present study, the fuzzy DANP
technique, a hybrid approach of the fuzzy analytical network process (FANP) and fuzzy decision-
making trial and laboratory methods has been used to study and rank the geomechanical factors
affecting underground mining method selection.

2- Methods

This research identified the geomechanical factors influencing the selection of underground
mining methods. Then, the fuzzy DEMATEL technique was utilized to examine the cause-and-
effect relationship of the parameters. Finally, the fuzzy DANP technique was used to extract the
mentioned criteria's weight and rank them [3, 4].

3- Findings and Argument

In this study, the Network Relation Map (NRM) was first drawn using the fuzzy DEMATEL
method to show the interrelationship and dependence between the geomechanical criteria (Figure
1). In the second step, after calculating each geomechanical parameter's final weight, each factor's
importance was determined and ranked based on the obtained weights. According to the results of
the calculations and investigating ten geomechanical criteria, rock mass tensile strength and
discontinuity spacing factors with a weight of 0.115 and 0.113 are the most important parameters,
respectively (Figure 2).

4- Conclusions

Selecting the best underground mining method among many alternatives is a multicriteria
decision-making problem. The important factors for mining method selection include geological
and mineralogical factors, geometrical features of deposit, safety, environmental parameters,
economic variables, geographic characteristics, and local considerations. The effective criteria in
selecting underground mining methods are interdependent, and they have a relationship. This issue
can cause various operational and geomechanical risks. Therefore, there is not a single factor but a
set of factors related to each other that can lead to different accidents. Hence, finding and
prioritizing these factors is vital to choosing the safest and most profitable underground mining
method. In this study, the fuzzy DANP approach was used to rank and determine their importance
after identifying the geomechanical factors in the selection of underground mining methods. The
results show that rock mass tensile strength and discontinuity spacing are the most critical factors,
with values of 0.115 and 0.113, respectively.
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Figure 1. The Graphical display of dependence Figure 2. The final weight of the geomechanical criteria
between criteria influencing the underground mining method selection
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