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Abstract

Background and aims: Multiple safety challenges exist in mines. Therefore,
using decision-making methods that can understand and model various
perspectives and human experiences is of great importance. This study aims
to investigate and prioritize the root causes of safety challenges from the
perspectives of safety experts, supervisors, and employees in a mine.

Methods: This was a descriptive-analytical study conducted in an iron ore
mine. The study was carried out in two stages. In the first stage, five factors—
management, human, machinery, environment, and materials—were identified
as the root causes of mining safety challenges. In the second stage, these causes
were prioritized using the Fuzzy Analytic Hierarchy Process (FAHP) method
and expert opinions.

Results: The study results showed that the relative importance of the root
causes of safety challenges varied from different perspectives. Safety experts
gave the highest weight to the management factor (0.52), supervisors to the
human factor (0.47), and employees to the machinery factor (0.37).

Conclusion: The study’s results indicated that each group has different
perspectives on the factors affecting safety based on their experiences and
roles within the organization. If these differences are properly managed and
coordinated, they can be used as opportunities to enhance safety. However, if
ignored, they may lead to serious problems.

Conflicts of interest: The authors declare that there are no conflicts of interest
regarding the publication of this manuscript.

Funding: This article is derived from a master’s thesis that received financial
support from the Research Department of Iran University of Medical Sciences
(Project Code: 1401-4-2-24751).

Keywords
Root Causes
Safety Challenge
FAHP

Mine

Received: 2024/06/3
Accepted : 2024/09/10


https://orcid.org/0000-0001-5036-9736
http://ioh.iums.ac.ir
http://dx.doi.org/10.66224/ioh.21.1.379
https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-07-05 ]

[ DOI: 10.66224/i0h.21.1.379 ]

EXTENDED ABSTRACT

INTRODUCTION

The mining industry, with all its complexities
and associated dangers, requires special attention to
safety. Mines are among the most hazardous work
environments, where even the smallest mistake or
negligence can lead to serious and even catastrophic
accidents. According to the U.S. Mine Safety and
Health Administration, the rate of fatalities, injuries,
and work-related illnesses in mining is nearly six
times higher than in other industries.

Therefore, identifying and managing the root
causes affecting safety in this industry is of particular
importance. Numerous reports have identified various
causes, such as inefficient management, inadequate
employee training, lack of proper safety standards, and
neglect of safety behaviors, as the main reasons for many
mining accidents. The human factor is considered one
of the most important contributors to the occurrence
of accidents. Human errors, such as inattention
to details, failure to follow safety instructions, and
mistakes caused by fatigue or stress, can lead to fatal
accidents. The equipment and machinery used in
mines, if not properly maintained or poorly designed,
can result in serious accidents. Equipment failures
or technical issues are among the most significant
factors in mining accidents. The mining environment,
which includes physical and atmospheric conditions,
can be considered a contributing factor to accidents.
Mining environments are often prone to accidents
due to dangerous and unpredictable conditions, such
as ground instability, the presence of toxic gases, and
unfavorable weather conditions. Research has shown
that the type and characteristics of extracted materials,
along with improper management, have been key
factors in some of the major mining accidents.

Despite numerous efforts to improve safety conditions
in mines, numerous incidents and accidents still occur,
indicating gaps in understanding and managing safety
from various perspectives involved in this industry.
One of the main reasons for this problem is the lack of
an integrated and comprehensive view of the factors
affecting safety and how they interact with each other.

In this regard, research shows that not only

technical and environmental factors should be
considered, but special attention should also be paid
to human perspectives and experiences. The aim of
this study is to investigate and prioritize the root
causes of safety challenges from the perspectives of
safety experts, supervisors, and employees in a mine.

MATERIAL AND METHODS

This research is a descriptive-analytical study
conducted in an iron ore mine. For the study, ethical
approval was obtained from the Vice-Chancellor
for Research of Iran University of Medical Sciences
(Ethics Code: IR.IUMS.REC.1401.923). This study
was conducted in two phases.

Phase 1: Identifying the Root Causes of Safety Challenges
in the Mine

The precise investigation and identification of
factors affecting safety in mines is a fundamental step
towards reducing accidents and improving safety
standards. In this regard, selecting the root causes
that are recognized as the main contributors to safety
challenges holds special importance. Based on literature
reviews, five factors—management, human, machinery,
environment, and materials—were identified as root
causes influencing mining safety challenges.

Phase 2: Prioritizing the Root Causes of Safety
Challenges

In this phase, the FAHP technique was used to
prioritize the identified causes. The implementation
steps of FAHP are outlined below:

1- Establishing an Expert Panel

The aim of this study was to examine and analyze
the root causes of safety challenges in mines from the
perspectives of safety experts, supervisors, and mine
workers. Therefore, three separate expert panels were
formed, consisting of safety experts, supervisors, and
mine workers.

2- Preparing the FAHP Questionnaire
Based on the five identified factors, a 5x5 pairwise

Table 1. FAHP Results for the Expert Panel of Safety Experts

Fuzzy composite ~ The degree of preference of The degree of Normalization — Weight of

Fact F f each
actors uzzy sum ot each row expansion Si over Sk preference  of preferences factors
Management 9.90 14.13 1842 0.21 040 0.70 1.00 1.00 1.00 1.00 1.00 0.52 0.52
Human 6.37  8.68 11.71 0.14 024 045 060 1.00 1.00 1.00 0.60 0.31 0.31
Equipment
and 3.95 5.23 697 008 0.15 027 018 057 1.00 1.00 0.18 0.09 0.09
machinery
Environment  3.87 5.04 6.65 008 0.14 025 0.14 053 097 1.00 0.14 0.07 0.07
Material 2.05 2.36 287 004 0.07 0.11 0.00 000 024 026 0.00 0.00 0.00
Y
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comparison matrix was created.

3- Weighting and Prioritizing the Root Causes

In this step, data from the completed
questionnaires were extracted and analyzed using the
FAHP method in Excel. Based on the weights assigned
to the root causes, these causes were prioritized from
the perspectives of safety experts, supervisors, and
workers.

4- Calculating the Consistency Ratio

To ensure the reliability of the obtained results,
the Consistency Ratio (CR) was calculated using
the Gogus and Butcher method. According to this
method, if the consistency ratio of all matrices is 0.1
or less, the comparisons are consisten.

RESULTS

The aim of this study was to investigate and analyze
the root causes of safety challenges in mines from the
perspectives of safety experts, supervisors, and mine
workers. The results of the FAHP calculations for the
expert panel of safety experts are presented in Table
1. The inconsistency rate of these results was 0.0017.

As shown in Table 3, from the perspective of
employees, machinery had the most significant role in
mining safety challenges, while materials had the least.

DISCUSSION
The study results showed that the relative
importance of the root causes of safety challenges

Investigating and Prioritizing the Root Causes of Safety...

varied from the perspectives of different groups. This
difference in viewpoints could indicate varying work
experiences and emphasis on different aspects of safety.
Safety experts, who usually deal with safety planning
and policy-making at a macro level, tend to focus
more on the importance of management and safety
policies. Supervisors and operators also recognize the
importance of management but to a lesser extent, which
may indicate their focus on operational aspects of work.

Supervisors, who have direct interaction with
employeesand closely observetheiractionsand behaviors,
identified human factors as the primary cause of safety
challenges. Safety experts and operators also placed
human factors as the second priority, reflecting their
understanding of the significance of human resources in
maintaining safety. On the other hand, operators, due to
their direct and continuous interaction with machinery,
prioritized this factor the highest. Supervisors and safety
experts rated machinery as less important, likely due to
their focus on broader issues and safety policies.

Employees, due to their direct engagement with
the work environment and its associated hazards,
gave significant weight to this element. Supervisors
and operators assigned less weight to this factor,
possibly indicating their greater focus on other causes.
Materials used were only deemed important by
employees, which could reflect concerns related to the
materials they work with directly.

These differences in weighting the various causes
indicate that each group, based on their experiences
and roles within the organization, has different

Table 2. FAHP Results for the Expert Panel of Supervisors

Fuzzy composite ~ The degree of preference ~ The degree of Normalization =~ Weight of

Fact F f each
actors Hzzy sum ot each row expansion of Si over Sk preference  of preferences factors
Management  3.34 4.27 562 0.08 0.14 025 020 058 0.88 1.00 0.20 0.09 0.09
Human 7.86 11.43 1545 0.19 037 069 100 1.00 1.00 1.00 1.00 0.47 0.47
Equipment
and 5.05 7.07 986 0.12 023 044 1.00 0.63 1.00 1.00 0.63 0.30 0.30
machinery
Environment  3.82 4.90 642 0.09 0.16 028 1.00 031 0.70 1.00 0.31 0.14 0.14
Material 2.48 3.00 384 0.06 010 0.17 0.68 0.00 0.26 0.56 0.00 0.00 0.00

Table 3. FAHP Results for the Expert Panel of Employees

Factors Fuzzy sum of each row

Fuzzy composite ~ The degree of preference of The degree of Normalization =~ Weight of

expansion Si over Sk preference  of preferences factors
Management  3.11 3.83 4.83 008 0.13 022 051 024 0.55 1.00 0.24 0.09 0.09
Human 4.86 6.54 887 012 023 041 1.00 0.72 1.00 1.00 0.72 0.26 0.26
Eaui
quipmentand oo 908 1277 017 032 059 100 100 1.00 100 1.00 0.37 0.37
machinery
Environment 4.64 6.28 853 0.12 022 039 100 097 0.69 1.00 0.69 0.25 0.25
Material 2.58 3.14 4.03 0.07 0.11 0.19 0.82 0.34 0.09 0.38 0.09 0.03 0.03
y



http://dx.doi.org/10.66224/ioh.21.1.379
https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-07-05 ]

[ DOI: 10.66224/i0h.21.1.379 ]

Molamehdizadeh N, et al.

perspectives on the factors affecting safety. The
variation in prioritizing the root causes of safety
challenges in the mine by safety experts, supervisors,
and employees can have both positive and negative
impacts on hazard control and the improvement of
safety systems. When these differences are properly
managed and coordinated, they can serve as
opportunities to enhance safety. However, if ignored,
they might lead to serious problems.

CONCLUSION

Mines are always exposed to various incidents
due to their complex and hazardous conditions.
These incidents can result from multiple causes, each
affecting the safety of workers in some way. In this
study, five factors of management, human, machinery,
environment, and consumables were considered as
root causes of safety challenges in mines. The study
results showed that the relative importance of these
root causes varied from different perspectives. These
differences in weighting the various causes indicate
that each group, based on their experiences and roles
within the organization, has different perspectives
on the factors affecting safety. When managed and
coordinated properly, these differences can serve as an
opportunity to improve safety processes, but if ignored,
they can lead to serious problems. Based on the study
results, developing policies that cover all aspects of
safety and are based on the opinions of all groups, as
well as holding regular meetings between safety experts,
supervisors, and operators to discuss and prioritize
safety issues, can be effective in improving mines safety.
These approaches can help make optimal use of the
differences in perspectives and lead to a safer and more
coordinated work environment.
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