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ABSTRACT: The need to use minerals in recent years has led to the development of the volume of  Review History:

mining operations and, as a result, increased mining depth. With the increase in the depth of mines and as  Received: Nov. 26, 2023

a result the number of geotechnical/geomechanical parameters/variables with uncertainty, underground  Revised: Feb. 17, 2024
mining activities can be associated with hazards and risks with catastrophic consequences. Choosing  Accepted: Mar. 24, 2024

an appropriate and safe underground mining method, studying, and ranking from the risk assessment Available Online: Apr. 19, 2024
viewpoint along with mine design from the early stages of mining can lead to the reduction of life and
financial risks. It can also be effective in preventing accidents. Considering the importance of the subject,
in this research, using the fuzzy WASPAS technique, it was being studied, ranked, and determined the
importance of some of the most important underground mining methods from the perspective of risk
assessment and taking into account the uncertainty and risk of geomechanical parameters. The research
started with the design of a questionnaire and a survey of experts. Then the fuzzy WASPAS method was
implemented. Finally, by performing relevant calculations, the final weights of underground mining
methods were determined and they were ranked. The results of the research show that the methods of = Fuzzy WASPAS
Room & Pillar, Sublevel Stoping, Cut & Fill, and Sublevel Caving have the highest weight, respectively.

Therefore, compared to the other methods, the method of Room & Pillar has the highest and the method
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of Sublevel Caving has the lowest potential in creating risk and instability.

1- Introduction

Underground spaces and mines are usually complex
projects with variable and wuncertain geomechanical
conditions; Hence, it is in an environment with high
uncertainty and high risks. On the other hand, with the
increase of mining depth in underground mining methods, the
importance of risk and geomechanical uncertainties will also
increase. The existence of uncertainty and various risks in
underground mining will lead to the occurrence of potential
accidents [1]. Therefore, choosing an appropriate and safe
underground mining method, and studying and ranking these
methods from the point of view of risk assessment can lead
to the reduction of life and financial risks and be effective
in preventing accidents. The Fuzzy Weighted Aggregated
Sum-Product Assessment (WASPAS) technique is one
of the methods that can be used to study, review, and rank
underground mining methods according to the purpose of the
problem. In this article, the fuzzy WASPAS technique is used
to rank the underground mining methods (taking into account
the uncertainty and risk of the influential geomechanical
factors) from the point of view of risk assessment and analyze
the results of its implementation.

*Corresponding author’s email: map60@aut.ac.ir

2- Methodology

In order to determine the best and safest underground
mining method, the fuzzy WASPAS technique is utilized
in this study to calculate the weight/score of underground
mining methods and determine the importance of each
method [2]. The fuzzy WASPAS method is used after
recognizing the important criteria and asking the experts for
their opinions. After identifying and determining the weight
of the contributing criteria, the final weight of underground
mining methods is computed. Ultimately, the mining methods
are ranked.

3- Results and Discussion

for each underground mining method, the K value was
computed using the fuzzy WASPAS method. To determine the
best and safest underground mining method, methods were
ranked based on their importance and weighting factor. The
calculated K values (weighting factor) for the underground
mining methods are displayed in Table 1.

The findings indicate that the mining methods of Room-
and-Pillar, Sublevel Stoping, Cut-and-Fill, and Sublevel
Caving have the highest weights, respectively. The results
show that the Room-and-Pillar method has a greater potential
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potential accidents [1]. Choosing an appropriate and safe

Table 1. Ranking the underground mining methods underground mining method, and studying and ranking these
methods from the point of view of risk assessment can lead

T to the reduction of life and financial risks and be effective
Mining Method K K Rank in preventing accidents. Therefore, the fuzzy WASPAS
technique was used in this study to rank the underground

Sublevel Cavt 0315 4 .. . cp. ..

Suble‘-el e ) 0.174 5 mining methods. After identifying and determining the
i m : 0.293 weight of the contributing criteria, the final weight of each

Room-and Pillar 0617 0.340 L mining method is computed. Finally, the mining methods
Cut-and-Fill 0.350 0.193 3

were ranked based on their importance and K values. The
findings indicate that the mining methods of Room-and-
Pillar, Sublevel Stoping, Cut-and-Fill, and Sublevel Caving
have the highest weights, respectively.
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Fig. 2. Classification of underground mining methods
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Fig. 3. The most widely used extraction methods in underground mines around the world
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Table 3. Linguistic terms used in the research, and their fuzzy and crisp equivalent values
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Fig. 4. Final weight of underground mining methods and ranking them
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