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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.
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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
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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.

CONFLICT OF INTEREST
The authors declare that there are no conflicts of
interest regarding the publication of this manuscript

ACKNOWLEDGMENT

This article is extracted from a section of a
master’s thesis and a research proposal approved by
the Iran University of Medical Sciences. The authors
acknowledge the financial support from the Research
and Technology Deputy of the Iran University of

Medical Sciences for this study. They also express
special thanks to the expert panel members.

FINANCIAL SUPPORT

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: 24751-2-4-1401).

AUTHORS’ CONTRIBUTIONS

In this project, Hossein Ebrahimi and Ali Asghar
Farshad were responsible for project implementation
and supervision. Gholamhossein Helvani and Neda
Molamahdizadeh handled the necessary coordination
and data collection. Seyedeh Melika Khareghan
Moghadam, with the assistance of Hossein Ebrahimi,
wrote the article

OPEN ACCESS

©2024 The author(s). This article is licensed under a
Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license,
and indicate if changes were made. The images or other
third-party material in this article are included in the
article’s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is
not included in the article’s Creative Commons license
and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To
view a copy of this license, visit: http://creativecommons.
org/licenses/by/4.0/

ETHICAL CONSIDERATIONS

Ethical issues, including plagiarism, informed
consent of participants, data fabrication, publication,
and repeated submission by the authors, have been
observed.

ETHICS CODE

This project has been approved with the ethics
code (IRIUMS.REC.1401.923) by the Research
Department of Iran University of Medical Sciences.

How to cite this article:

Neda Molamehdizadeh, Gholamhossein Halvani, Ali Asghar Farshad, Seyedeh Melika Kharghani Moghadam,
Hossein Ebrahimi. Investigating and Prioritizing the Root Causes of Safety Challenges from the Perspectives of
Safety Experts, Supervisors, and Employees Using the FAHP Approach (Case Study: An Iron Ore Mine). Iran

Occupational Health. 2024 (01 Oct);21:10.

*This work is published under CC BY-NC 4.0 licence



https://ioh.iums.ac.ir/article-1-3664-fa.html

http://ioh.iums.ac.ir oS

i

VoAEY S VYN 090

X b

Al

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

Sl g 6ol Lol )5 0o 3 (sl Sy (slai y S s o glgl 9 (w5

Ol elirg lpl (S pole oSl cbliny 03Kl S el g gl 48> Cubligy (wdine 0g)S 10315 (Mo Mo 10

Ol O O (Blo dad Sy pole oKl wusligy 00Kl 5 el g (gl i Cusliny (wdine 095 1 glgls CmodE

Ol Ol ! (S pole oSl cudligg 0a5iils S el g (gl 48 il (wdigs 09,5 S CeMw Sliiss 5,0 W 8 yhuol e

Ol Ol RS ol (S pole olSsily cudling 0aSiily codlus £185)) 5 cudligg (bjge] 09,5 ol (S5 Sulo Bipw

Ol el ol (Kb pale oy autlagy oaSly S el 5 ol 48> Culigg eine 09)5 IS Cudbige i S 0 (Jons odian s #) 2 ool il (s
ebrahimih@iums.ac.ir

oS
t‘”°3'5 ’“ls 5 S B S ¢S emanad glaby, jl edlatul 1 )b 3 (eodate el ol (ol 18U g dinoj
ol iy, e S Cuglgl g (owyp cdslllan cpl Bus .l HI0)e3 1 UL Cuenl jlitus  Slusl Gl oo § iz oSy (gl Jis
il il D e S ) GUSHE g iy e ¢ grenl (Lol 8 oW I el sl il glady, Jle
FAHP P cdS pbgl s o ¥ yd ddllas pl dg ol S ase S )0 s anogs dalllas S g sy cpl oy 12 V9
e WA00)5 e (e eal gl il (ol adyy e lgis a dlge g lasee Ul Orble bl e o Jole iy Jol als o

B0 sy Coglyl (B s s g (FAHP) (6516 cilyo s Jilowi o) b jgSo e cpgd alsjo )
llis )8 g cglite calisee (glamolSd 3l el slo (il (gl ady) Jlo s Coonl 4 3l )L dalllas golis Lo 4Bl
L5392 031 (s (139 (/¥V) SUT pmiblo Jole 4y US)S g (+/FY) lad] Jole 4y oyl o poo (< /BY) s pto Jale 2y o)
ol solFays (lejlu 10 053 sl 25 g Sl bl 09,5 o aS ols las axdllas bl 16 S Al
Ceo b Sy plge il e isd Sialen 5 o e Sewps ST lacglis b il (el S5e e 4y cons
gl yomie (g SlSie 4 ol San gl 418 5 0ayol ST Lol cig, 5 4y eul 55 (6l
AARAVA VAN SO (PR TR
Y 3gp Wlio o sl plio Gyl 435S gt 45 S o Tl B ks im0 5 T
pole olKiily Clidizs Cigles (g I 45 Cuwl Ay awlii)lS dols bl ] geiio dlio ] 05 S los 2uio
DOVEY=1=1=1+F) 1o &) Caw] 0 Jbo colas o)  Sip

WeYIEIY e ik d)b

o oyl 4y sloiw! o guiy
Neda Molamehdizadeh, Gholamhossein Halvani, Ali Asghar Farshad, Seyedeh Melika Kharghani Moghadam,
Hossein Ebrahimi. Investigating and Prioritizing the Root Causes of Safety Challenges from the Perspectives of
Safety Experts, Supervisors, and Employees Using the FAHP Approach (Case Study: An Iron Ore Mine). Iran
Occupational Health. 2024 (01 Oct);21:10.

ol 438 55 5920 CC BY-NC 4.0 b sl ST aw s 33900 4 alliio ¢yl plibassl™

5 Iran Occupational Health. 2024 (01 Oct);21: 10.



http://ioh.iums.ac.ir
https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

(V) Llosg Guame S5 Lolg>

3 el Ll S sl Olsl8 sl B o8 e
Godste ilgw g D3ly> £48g wald lizes (yolas
g S0 G;l.aa)b Sg2g oauddlis A5 s
Caivo ol jo o Gz Sl 5l sesl Co e
SS9y pas (S ol Lol b 5l S el
5 ol 2 9o Jolse & o galz 9 4z )15 o
() ! [0 (59, » byl (6,135,350 o950

otlae sl QI s salS Slegde 51 S
gl Jdow jo LS IS Gglate slaolSaus pleol g S j0
Gl Falaw jo LSS el el guéﬁ)mbﬁ
aS iyl Jglae sleolBays g wlo o Yaere Slojlu
Co e s ,Sog, g iz 5l o )_3:&.3\53‘5@
Jolse 51 b aulgs oo lauglay ol 0,108 30 e
Adinn «Dasd mhaw o Lol CoaBge aile (goase
@l Sasdee g g Gl Saed ()8
AY ) asb

olSays glas g sl 1o ge Jelge £45 A axgi b
g pleal a4y yol8 a5 wl axwg ol Jow b el 5Ls
s 4wk bjae cpladl boglds cpl Jlov
ot b Lo RS 5 (oS sliesls algy S sl
9 WS el g gl Sie ez )ly S0 )
@ Jeelr s b as e | oSl cpl Gluoe a
AV W3l Sl las il sl g s aebin
3y 2 Sriem Ol 3l sl s (VY
Sldlae ;o (LSS Galids rolSays pleol Coonl
Sl ools lias Slidod gl .l ool plowl o
S, g Ll (Dl 20 b« pinl sl (gl S
ol OVF ) cs s b ol zshuw sl o LSS
Sllas L (LSS a5 (ame oo )0 o 4yl
el 19,55 2 (@l Sl i gy, (£5iie
(0 ,\Y)

sloas lai g o518 sl 6,950 drwgs L VA9 ans (o
o S S o o) o laesiz (6 S e
oolaiwl g dxwgs (VY ,VF) 0l Byme oul flwo
Jelod ale osls (e 6 S pread Lo,
Fuzzy Analytic (FAHP)) ;b <l aldw
S Cepse 4 &lg . (Hierarchy Process
JSTL PR CL IS X St PO D) (YU I Y6 O
Slalgl 5 558 slassls plesl 5 Sy ISl b Lo iy,
9 Wghios yrbe 5 pne g F330 Julod 4 09290
b e Supae 5 (b ol (@b ool ]

Oy Bes 5 0015 (sagolle las

dodio
s g b Sazn sled b o5, 5 0 Cais
Ll (o] EgD90 4 059 ax g5 diejls o] b Lo e
()8 sl o 3 SU ks 5l G laie a4 oo
Gl e b olisl o 3 S8 oS aitin oo S
Dgd ymie el J> g gu> Doles 4 Wlgh e
YL oles cudilage g (gooal ojlol 5158 wlal 5
51 b slags o 5 ool ‘ul.a.l) Ole sastio
Gk (V) cl mlio [0 pl 0P Lo ya ase 0 )8
YoM A oy olpl bl S aVle o)1
aS cwl ool &) olpl olul S olee o dSol>
w‘w‘éo‘)&brﬁjﬁfﬁgwéw—‘ VAP
6ok Comal fpolae o Sljlas als ol ply (V)
Lilete 5 adsd dagd 4y y2eie Wil co a5 Lz o)l
it Lol Gubo cpaiomen (Y) 040 9 olaidl ogupn
Solg> olaws (elaiz! 5l Glojle o 3l 0ul
Ol 4 VYAY Jlo )0 00l dewy o] 5,157,157 51 b
ol APY wlaws ol 51 aS cosl 00g dlol> VARNE
Foo slatn; Jle o oo g ololid (Jdo e 4
ool o)l Glotng Coenl s (il Ho Sl
Wl 6 g e asile alisee Jle danie sla i ,l55
SN P PR O BT S U O LY PR S PN
He lye 4 (ol la)ls) 4 azgi pac g conlis
) wiloass assliss &)UQ\AM &o‘y )‘ (5)[::.»&.3 &@‘
Dly> 595 53 Jelse (n e 5l (5o Sl Jole (O
QG daxg pas i o Gludl glalas Lol oals (SS
slalb> 5 Gl sl Jodll g Cole ;) pae Dl
L wsid o)l cwyo 4 ST polas [ ool
8 Mo b Slpes ol wsd g ols>
(A) Sl (Gone 23l9> 590 50 Jelse (n e 5 S
ol S92 9 (Supd bt bl &S Gose Lo
A 5o ls> 59 50 She ele G Glaieds Wil o0
Lyl s Lo 4 Yeeso ome slalaxe 05l 48§
ey bl alex il i BB e 5 STl
g9 aS Wlosls lis Sladed (Vaiins Dolg> 595

o‘).o.b sOéLb.I.w‘ 0)9.0 9 OMC‘)ZI-MJ‘ b‘yo LS‘LQ&;).@ 9
P r el Jale dagl coslial cypaa b

9



https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18]

el QLB IS oS s 5l Gl sl e ety Jle ot Cuglyl 5 (o)

O gl sle Gl Gl Jelse (el

95 Sl b dolistins y sbow|

}

O iy bl g b anlii ) JooSS

}

s ools 5JUT

adllis ol oo sl ) S0

oo e slo il (ol aiyy Me ni i sl Al o
(ol 5o (Sl p Sise Jle @80 CSLl g qmy
a5 5 Goly LalS Cqzr o bl
@ oS glads, He Gl Ll cpl ol sl
Wigh oo Sl gl slagille (Lol Jle lyie
dele & o5t s bl o)l Slofag Zoen
Ol @ dlge g oz (DY dle (Ll i a0
O e Sl glagidly p e lasy, Jle
O -F) B 5

ol sleidlz o iee Jle g Coslsl im0 Al o
QJM
G Saglyl sl FAHP SGss jl als o ol o
3 o SSS ol al eolanul s Ls_zl..*,L;..i; He
SlpaS culo lrasin ( pSpueai ;0 9o sla by,
slacglad o 0sz g0 Slolgsl § Coxlad sue b aglse

Y= VA D) 35,91 oo o2l )3

10,10 0929 (g0 geul sl il oles o
Sy ol AT oSl sla g, 5l eolatul
Sl Oluyzs g it sollaus silo o
ol Bas cal Jloyes g oYL Coeal 5l s
sl glaty, Je o caglyl s (o) caddllas
OLS B g by oo ¢ Sroul Ll IS oS aus 5l e
Dy e oo

OB w9y

RO pll dl> 10 ¥V jo dsllas 09 o S (e
Sl sl W g s ol ado; Jle gl dl>ye p0
Aol Judoss (o9, L epgo alyo 30 5 (et (y0lre
el Jolpe) S5 aia00 5 gai cuglgl (556 Sl e
Ao oo lad 1y Lieg

Iran Occupational Health. 2024 (01 Oct);21: 10.


https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

Oy Bes 5 0015 (sagolle las

Sblie (56 dluel g oxlinl 3y50 3bj ke . Y Jgus

o 53 slael b8 Joleo Sy ohle
AR ) ol Cooanl
OX0) Y b (5
(YON) Y P sr R
BYQ) f 69 ol G5
(van) ) o 5y

S bl 5l Sy e sl LSy (hg 09 (o)
b s

Esdgo Hlulis, 5 o ;| oledlb] g Liils S -T
CadeS calaly a3 £9dge Glulid 5 &S lie
2 9 MESue e ) BB pliebl LB
@lid Gl e 5 B30 glaaidly 4 s
wslis Ligly 9,50, Sl b Bas Gl @
Sl pxi S2d (gu diwd 1 aS 30,5 ool oads
Exoye Ol )5 aass 1 xS o sln b
b slp el Mol (L e S oo colatul
L ok by j0 DDl b llS L a5 polis
B A Sl sl 09l e 0dls plis egias
ol b las,e polie b ool jer o« SuST 0pl o ais,
slacl 3l s (pl 0,5 cdslin V' Jgu 0 lgi oo
30 A5 shgy el 00,5 colain] Sl e 53
(YF) el oals a3 )3 5 4y L3 Sldlas 31 (g b

FHAP aolics,y 4 -¥

=95 Al L lo coad posd Jule O 4 a3 b
b Jo clacl Lzl o b delicas 5 ol bl Ox0
JeoSS 0955 9550 50 (oSS Dlovnogi g s S 8
atwlgs o o slacl 5o sols lagyT 4 o aslidw »
Vo dgs o as Sl sl e 5l colasl L Lo
S 2 e Syge yo |y 0gr ks el sawl
Shsin 33 0,8 b o S ol RS, e
Fw &5 Syg0 50 HBamozuwly daosls (5,9laex
Sl i il Hlae Slsl 0l 0,50 40
Al lddse 4

ol aisy Me san Colsl 5 20 s -F
ol JooST sl dsliiw y Sledbl dl> o ] o
3,90 FAHP ST aelp 5l oolaul b g zl,5el

sy s Jse 8 wlol p sl ol 5 13 LI

RAE 5l (S Sl gy 09500 48 @ Sl
acgazs 5l oolizusl b a5 ol FAHP (clacSoSs
9 Lib)l,:_:.o < 9) 6‘\-*“-.’.&‘ O&a‘ ‘&lp- Sa.l.m Lg)‘lé
Szl d>le pide () )0 .0,9] 0 o2l 81 o Lrs s

(YY) 09 o 00ls 700 Sl g, & FAHP

s A S ol <)
OB ALS &S b dlawd s gl solB g, Ll
Ju o)l 0gzg aslllas ya slp (e 5 oI L
O e Glulid )5 51 (e Sl JSae b
& ls as @L?;.S—‘ e dl el Lol ojlail codgae
a2 g Gl piion a5 0l 092 saastie o 4
el og,5 ojlasl st ails gy 0550 dio) yo |,
Slows o) B gn 4t 4 (YY)dilowe 3L S8 Lo
b b m o)lmesizr (605 oo (sl Laael aige
o0l LSS masie Yo B Ve 5l Yeome by S
oFaus aunlie a5 b Bus @ axei L (YY)l
wej 5o el GLelid) 8 g Gl e (WS
095 2 3l e O 3 o W g (il sletlls
OLSL g by cgims] Gl 571050 5 ol
5 G anle Jlo Ve Blas) o5 a0 ulel
Lwas globs ore sl slo il b ool
Slowsy g ool aid,S bl oals olulis of 8l
Lg‘)" A 43‘)‘ daxlao L)""j) 9 RV Syg0 4O L;.m
Oeed HBasS oS 8 S slas bl s
b ailo e 20,5 oo )l aS Sledbl ja 45T wals
[y 09> addle ouls olulid ol 8l a5 S50 10 .lo g0
Gges gl 5l win,s o slpl e oy oS5 glp
Al zols asiyl gl oS a8 8 by o bod o
oald &8, i Ve o e ol wll anslae LB
O3 Jo e Fass o8 ,0 a5 oyl 5l sas
Syge Ao, SSs il g 5] o slls

1 Subject matter experts (SMEs)



https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

sl Gl )5 ol 5l (el slatlle slass, Jle (s Saglgl 5 (o)

olelis )5 olBaus 5l ol o sl la il
aalllae (ol jo 09 Gane QLS g Glas s 2]
slge g oo (VI pile (ludl ccg o Jole
O Gl lailly p Fge sl e plyie o
O Je o Caglgl aalio Sz 0000 ) (s
OUSH g b e e gima] Lol IS oS ays 5l oas
Fu Jolds e O 55 Sy 4w FAHP g, o
Sl QLS B 5 Gl e ol Ol ) 5 5
Jeaz j0 8,3 o ¥ Sl S g00 Slasin 05,8
el oo 1LY

bl I8 8,5 s 6l FAHP clole ol
Sl 6Bl el oals &L Y Jgam jo Je
Sgr ¢/ VY Jobas gl

Bass I canl amie ¥ Jguz 3l a5 jshailen
Gt i le g Cupae o del plulin)lS
SIS 1, e el sla il 5 G S

Ol g s 3 13 o 6l FAHP Sl s
=l ol Bkl Fp cwl sal @lI T Jaam o
Oy ooV Joles

Baps 5l ol ozt ¥ Jgur 5l a5 pobjles

99y ol el ool alsy Sl by, 4 FAHP
Sl 3B a5 (Sl alede Judod oS 5
Slaslie o yile lal o 00l 150,85 5 lg 51 s (YY)
aoz e pile cpl lal ol s ool sleol (g5l8
2 8 dnle 656 oS e Loy g Sl 2 (g5
plsl il Jloy 5 lo,giSl Comer )l azyo colys
b, (559 o ol (g5l Jlo i ol o waus 5
ady, He asonds ools y3g el 5o F axie
Olwliss I8 oBaus 5l He ol oz 09,5 dus Jags (4l

3,5 g Caglsl QLS g Gl s (s

ST &7 tpalno -0
Ep odel Caws a4 mls SbL 5l plaed! lp
5 oola!l b (Consistency Rate(CR)) ,15;L
3 0be) (rl Geb b il p2e g eSS b,
oS L) e le de ()55l (e 45T (550
(YO) vien 5500 o aslae el

b asl

OB iy slael ) ailo 5 (ke Y Jgoa

(JW) 415 sl (W) o o s Sy
VF/AA £ VIYY YAIYY £ Y/OA gs'*-"-.’.‘ OL.»L;.'Z:)IS
VAN E £ F/OA FYIVY £ F/VE &3l 9 puw
\OIP0 £ 0/PY Ya £ o/vY OL’\S)IS
u;ag" OL»‘.;D)K Qlf)é J.) d‘)’. FAHP uLuul?u @La Yy Jg.\é
039 il Jboy 4, . " . ; . 5 ;
. X X Sk Si g i 4z y0 58 S 5 axwgi S 5» (5518 goxx pre
L )gus8 bz Ty
NN NN Ve Voo NMee Voo Voo ONe e ffe Yy VAEY VEAY Q. Ca ke
ST ST N (Y ER R VR S VY YL I Y1 . SENYLE SR RVI) AFA ARt obs!
N R SNA Viee Voo Y DA Y N ofeA F1a¥ oYY YA N oiilo
Y Y SN Voo SAY Y NE YD NE A £150 ol ¥ YIAV e
/ / / Y5 e / / SN Y e YIAY Yivs Y/ Slgo
Oy B s o gl FAHP ol b ¥ Jg..\?
039 &3 Jloy 4z, . . . . " ; ;
. N i SK 5 Si oo 5 a2y 638 S i drangd S o g3 zox S
b5 LY =y
WA A e Voo eIAA elBA e YD eIVE efeA a1 £/YY Ire Ca e
“IFV S IFY Ve Voo Nee o Aee Ve B SRY SN O VEY VAR obws!
¥ ¥ ¥ i i By JEE O ANY Y yAS Yi-v NS T il
SN SV A Voo Y. XYY Ve YA NE L efeA IFY 4. YIAY buze
/ / / F v / SA DY e e YIAY ¥ YIEA Slgo
q



https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18]

Ol Ban g 00ly (gagalls las

LSS B s o sl FAHP ol =W 0 JB'A?

039 Siw Jboy 4y

: 3 N SN IEFREIY G S Ay shaw 32 (536 zox PrgY)
b, g5 L e =y
NS A SIYE Voo SO YR Y XY ST efeA FIAY PAY ¥ IONRY
Vs v VY Vee o Ae SVY A BN Y Y AAY SI6F fIAS obus!
Y Y Voo Ve View Afee Nee o8 FY O GAY O AYNY O AYA SIfB YT il
v JYe -/ Voo JEA LAY e SYA XYY AOY FIYA  FIPE Lo
RS Y A YA Y AY SN Y Y £ YAE  YIOA slgo
0.6
0.5
0.4
ay
ABA)
he}
9 03
0.2
0.1
0

el plalid HiS

Ol g s QLS s

OB R 098

B e mobsl mayl il mlhae @i

U 5 s oo ol GLoliid IS o803 51 ol (slaille 2 j3ge (ladsy Jle 59 .Y JSU

He lbaw sy oBaus 5l ojls (g in 59 Sl
S I o il 8 coglgl jo T ile 5 Sl
58 e g Ll VT pile Jle LSS oE s

3,8 18 Syl

39 0,lg0p (S o g ooy Lyl i o 4 olee

ailg oo ol b aiyls 18 alisee wolg> (6,20
P65 4 Sy e a8 anil gouaie Jle 5l (o8L
@bl gy cnl 518 e 30 OIS (el
5 Dol fall 4 Wl oo Mo cnl 335 oS 5
adllas ol jo.auS S olee 4o (6,8 Loyl s Sgupo

Iran Occupational Health. 2024 (01 Oct);21: 10.

S 9 it oS 4 dlge g Gludl el
sl 1y Hase gl gl il yo il

oS, o8 U sl FAHP clibw b
=l ol G5l Fp cl sals @l1 D Jaas o
Dgs ofe el Jolso

Bass I casl jaie O Jgoz 3l a5 ghailen
sl 1y Hase gl gl (il jo 1ES oy S

(gl QLSS 09,8 aw gan Coglsl s
! 00l 43‘)‘ Y Ji..: B OL;S)Lfﬁ UL..M:).’).M:

owlis )5 cwl azie ¥ G514 jshiles
O Coms Folate oBass (USLS 5 liw o o Sos
O o Sl Gy p fee lata, Jle s
5 e Jelgs gl Glolis S a5l asjle



https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

sl ol )5 o ass 5l sl lo il slacy; Mo o Cuglsl 5 oy

Slrog 3 olSauo 5l sl (Ko 0925 ol b il g0
sl el SLSy o cogyl e opl alise
Nlgi go aliSes (gloog I 5as 5l (gais Cuglsl glas )l
Aol sl yaxe gesl (59, g Cde g e I
slads; He aond Coonl a5 0ls Lis anlllas gl
Sglate B sle 09,5 olSaus 5l el sla il
oaolis wilg oo ollas o olas pl Log
dlise sloacz oSt 5 )5 Oglite loyes
Graeln b Vaone a5 ol lulid IS .ail o]
Soenl 55 gl g Gl S (o0 5508
Do a5 ¢ S (5o 59 b Lol aiiS o aul 1) o o
N Sldes ladacs 5 lag] 55 05 saumslis cul
g asyls LS, b s bl 1 aS i 3 s .0l
Sl Jole sz LS5 L3, 5 Jleel vals S0
5 ololis )5 asly o gl Gl il Lol cde )
ools 18 pgs Caglsl o 1, Gl Jele 5 b o5l 5]
Sl G Sl 5l Loy ] )0 0aims lis 45 wiog
Jdo byl pl 50 ol cwl cagl Lads> o
2y dele el eo¥T pile b pgloe g pudius Jolss
(5"’“" ul.ul.u.u)ls 9 ul.u.u).’jm RURAYY) ool )|)3 wjjj‘
S QSM as ‘..\J‘OO; G’b))‘ W).._J ‘) 4.9.]9.0 u)‘
sl 5 SIS Jlas 2 lap] 55,05 Jds &
5 b b e (6,5 ,0 ,bl> @'QL;S)LT
S sty FB Gy by pare onl ol ks
slaois yglnl g Glan yw Wog ols 8 4y
Gl Koo 45" Wi gy 00l plaiz! Jole plas 6 50eS
Slge il oo e plag] i 55 65 saumolis
Jole ol a0 (LSS Lasd a5 04 lole colaiul g0
Jayrc LQLQQS")K’ )i.’L..s w‘ysa FLY ..\.)09.: oslo m‘
DS oo 5 ol b b jobo a5 45 0Bl (0lg0 4
ol iz e 4 20039 0 laoglas oyl
Slagids 9 Sloyd el 0g)F o a5 wad s
He v cos Folate slolBlaus (ble o 055
oo Je (23059 )3 D9l Nl el p S5e
(s Glelid 5 lawgs fame jo Jasl o il
e e
By daoglar cpl ol aily gl sy
Oleie 4 ailg oo g Salad 5 Co oo Gy

)|

S o eols e 5l (S oy 4 Cupoe
(s pde sl ISl cul ole jo Ja]
ol glacuwsls Gzl D)l dags S s
2 e 56 Wlgioe Sl 9 @lie oo g
Copde Al Ay gase olg> uliél L ralS
1) o) ol sl sl,2] 5 905 b el IS
5 QLS 9,8k s S)la5 5 3Y (sl bis0]
ol g o e BB dge Wl oo Dl
WWU‘M?&’L& S e S ol yolee
pae b gaad Dlpgan loolaiwl o)l oxe gl 4o
e oly> g8y 4 Wlgi oo Lol caslie ()l
Olaabl g caslie mlie arads b b Co pae 050
el gl Dl Sley San 9 NS
YV ,Y5) ams i3l

5 L Seear dajls, ol glal e
ool (el 58 (sote B 5 (LSBT slas Shes
sae 5 ol slo s sl o bl glallas oS o L]
D9l e gz Sl 5oy 4 Wi (S el
5 LS iluoniaily aslr g pets glasise]
ool ol al, alaz 658 el Sim s ol
ol Gilidl g Sll slallas ralS 4 Wlgs o aS
FOYA) S S&S

2 i ok 4y Wilgi oo Goles 5o gs‘a-*-"-" bl
(ool Sy % 56 LS sl
sHe alox ) g_s’l""“’ﬁ) 9 Cagb, oo dop CodlS 005
sl a8 ,50 folee Sl aillg oo A aiiis
Spin 5l ooliiul 5 Ll (pl mes o poe
5 ke Dbl (1alS 4y wilgi oo canlin J 8
ane T opeile (F) F) WS (KaS tms) Sgu
S Gllame 5 Coew Lalyh (s eolitul Jods 4
cowlio (Ll 35l pglae Ol jeesd 5 (5 IS5 4 5Ls
Wlgi oo (g s sl leslitul 5 g ()l
Slge (YV) oS S ol rals 5 (ciesl Sgupe @
Olye & wlgioe s polae 50 (Bran dlge 5 (o
S SRy 9 CodsS Wgd aBlid el p ke e
s il olga jloolinl  Gane dlge (glood 9 (50503
shele alo sl ladilons oo o pae 5 (olasd
RURC IO N X SURY RVRTY I JURC RVCINS
OF YY)

Mg oo ol Slotler slady, He o Zaglyl
He ol J55 lp Gl g b plie parass )


https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

G5 A

30 0,lg0 « S,z g oduoro Lyl o 4 jolee
ailgi oo Wolg> cpl a5ls )8 alisee Wolg> (6,20
2y e S 8 il goane Jle 5l A
Jole gty aslllan ol 50 5,35 o 3l oS5 e
@ Bpas g g Lae (YT pile oLl oo poe
A3 e el slo sl ata; Jle (e
oo Sl a0l lis dslllae gl Wl a8 S
@lise golSans 3l sl slo il (ol iy e
@liswe Yo 20055 50 gy (pl g glate
ot g Oloyas gelul p 095 52 a5 dms oo (i
P e @ o Solite laeliags (plojla ;5 095
5 Cupde Cawyd £y daglay pl adle sesl
syl gl e B SO lgie 4 allyl o cigd Sinlon
Sl (fSoe Xl a8 )5 0050l STl caig, )15 4y e
walllas ull 4 a> g L. digd jone (g OIS &
o 1) (el Gladiizr ooled & placelon (g
Ouad g il og S den Ol bl 5 g cols
w2yt e ol GLalid )5 G it Sl S0t
ol Blae 390 55,15 Jobs 5 2oy sl bayil ) 5
Ore Fosl o sl )| o Wl so o glsl e g
3 A ool 4y aulgi oo 0 ,SGg, (pl Al ge
S5 obul 4 e 9w SeS oS s o laglas
s S Siales g el 6l s

&L olay
L CORr- FA I g S WL R CEL S L L VWP
.é)ldd S9>g Jlio &_JL> 6‘).3

S colos>

Gl 08 wld )5 el LG 5l e allie oyl
Sy pele ol Glias Cglee (ggw | A5
SYSYEVOY b a8) el sad Jbo cole> ol
OF-F

S Ol

ST culs, o ool i Jolis B legoge
g ouzme Jloyl g il da ools Ja o FaisS o5 ,5
el oads Sole ) B ain g Sgmjl )5

Ol oS
ARIUMS.REC.1401.923) 1otz b oy

Oy Bes 5 0015 (sagolle las

ouob ST Ll gy L5 a4 el sl )l (gl o 3 S
Dl e (Ga OMSie 4 Cawl Ko (Xigus 428 ,S
(Y0)

oSS =) & g o bolSass glas cude 315
Sgape -Y Las‘_gjjw Sl u,,.:bsl 9 olSuss
£S5 Oged o)L’b‘ ‘54.0.)‘ Lgl.cbsz.w 6‘)‘." 9 6}%)4"[-.’)-.’
iz slrog,S lawg calize Jle 4y 20559 5o
5,5 b 5l oyl @glae Sp0 snsmolis Wlgh e
gbdﬁwam\wa‘ u.a‘ b 05:>5.ou|).'a.>
Sl (Fae 800y 105 009 oo S50 5 el
S 151 01,00 o 5l hles ], Alts S ot
b oylosle walizes slacaglsgl (8,5 Jlai o L .aslesy
2l s >k 1) rgsie (ol sloasly asilys o
@ ool e g Sl alf 4 e &5 wS
PV X9) 095 o S5 gl gl

pas =) 4 olgy oo olSags ogley saie Sl 31l
ouol Hlas =Y 5 o olay Jlam! olidl g Siales
®30)9 ) Sgld ST.ages o )lal gals” Jle (385
Sl (Soe (Mgl Copde Sy & Sl e o
ooy S b ol Slapalds sgw 5 laolds 4 e
e SIS Wlgr co el b 0gd lojle o alithe
el el 4 g aal ansls SIS e (55,
2305 5o Lol S 098 e el slaasl
b SIS Jle 5 o8 a3l 51T 4 e
L e Olas il (Sew caigd 48,5 00u0L oy ,S
Lysilnl ST Jlbe glore oy Gaalidl Mo 1 L
Sl 2 S g wd Copde 4 (7S Coenl
oS o) O ol ol (San iS 5S yed
NP azs 350 yieS WNgd oo (el Cupde Lawy
(¥ YA) 5,5

@ 5le oo anlllas (l g8 bl liasillas g8 bl
oy Lis IS sl Loged o)Ll clesl 5l B i S ps
sod) slogtlly il s adlbs Gac 5 Comale
,» FAHP o505, 65,840 pumenr .ol
odam3 LS el sla e laty; He gaucadlyl
3 SRS Ayl slaghs) 5l esliiul 9 s
Syree YU |y b Jlael a5 coul iz oy

adlae gl Cosgazme | tadllas lacuoguse
S 35 Aged dged 0,Lil Sguzme (5T Aiged 4 (g5 (oo
5 Cudgase ,Sbles Wlgh oo wiedan Jlaisl e
@ls &5 Iz il golae ple @ @l (6 pdypmess
el 4 13 s 990 ol oae o 610 e

\Y



https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

sl Gl )5 ol 5l (el slatlle slass, Jle (s Saglgl 5 (o)

deficiencies: analysis of 508 mining incidents and
accidents from Queensland, Australia using HFACS.
Accident Analysis & Prevention. 2010;42(4):1379-85.

6. Liu R, Cheng W, Yu Y, Xu Q. Human factors analysis
of major coal mine accidents in China based on the
HFACS-CM model and AHP method. International
journal of industrial ergonomics. 2018;68:270-9.

7. Ghasemi R, Abedinlou R, Alimohammadi I,
Abolghasemi ], Ebrahimi V, Rahimi J, et al. The
relationship  between  emotional intelligence,
personality traits and safety behaviors in metal
industries workers: Confirmatory factor analysis.
Work. 2021;70(3):909-15.

8. Onifade M, Said KO, Shivute AP. Safe mining operations
through technological advancement. Process Safety and
Environmental Protection. 2023;175:251-8.

9. Rahimi E, Shekarian Y, Shekarian N, Roghanchi P.
Accident Analysis of Mining Industry in the United
States—A retrospective study for 36 years. Journal of
Sustainable Mining. 2022;21(1):27-44.

10. Bonsu J, Van Dyk W, Franzidis ], Petersen F, Isafiade
A. A systemic study of mining accident causality: an
analysis of 91 mining accidents from a platinum mine in
South Africa. Journal of the Southern African Institute
of Mining and Metallurgy. 2017;117(1):59-66.

11. Arezes PM, Miguel AS. Risk perception and safety
behaviour: A study in an occupational environment.
Safety science. 2008;46(6):900-7.

12. Zohar D. Thirty years of safety climate research:
Reflections and future directions. Accident analysis &
prevention. 2010;42(5):1517-22.

13. Labodova A. Implementing integrated management
systems using a risk analysis based approach. Journal of
cleaner production. 2004;12(6):571-80.

14. Vinodkumar M, Bhasi M. Safety management practices
and safety behaviour: Assessing the mediating role of
safety knowledge and motivation. Accident Analysis &
Prevention. 2010;42(6):2082-93.

15. Dolan E, Lees B, Sheu C. Safety climate and safety
behaviors in the construction industry: The importance
of workers’ perceptions. Accident Analysis & Prevention.
2015;81:243-51.

16. Saaty TL. Decision making with the analytic hierarchy
process. International journal of services sciences.
2008;1(1):83-98.

17. Schuh C, editor Fuzzy sets and their application in
medicine. NAFIPS 2005-2005 Annual Meeting of the
North American Fuzzy Information Processing Society;
2005: IEEE.

18. Sitorus E, Cilliers JJ, Brito-Parada PR. Multi-criteria
decision making for the choice problem in mining and

mineral processing: Applications and trends. Expert

Y

Olpl (Ko pole olfisls wlibi Ciglas g
ol 428,518 00l 5490

OB R 9 &S )Ll

Szl oli b ol e g sonlpl o 25k 0l 5o
QM)'LC 6l asls odge p ‘) UT)., u)Ua.: 9 059,
Sl aoz 5 p3Y (Sialen oolj (gagedle i 5 gl
b paie 6,5 1o sopw il asls sl 1, oleSlll
il 050 (g |y allas ol bl s S

31 o yiwd
cos dlie cpl VYFO (b)ovins col, o5
Creative Commons Attribution .. Ul y0 s

(o Fd 3358975 750 pr by pie AJBL Al 1o o
69y » Jbixl Olpss S5 4 bate CC joe 4
S 50 7,0 0ol jeme sliul 4y 1) ils o dlie
oS jezme (pl Ho Wl dlie ol yo b ol
G0 JBol a allae jlael glawly jo aSul Ko gl

595 S lae (10 55 730 O g0 0 bl oud asin
<l o 4 pile oninnsi Vb jemma 5l 51,8 Bolasl L

Sl &JG yasels )“ 5)|oﬁm' S 5> 95

Creative  JlJloys jome damlice jslaiea
ax>l e »; Slis &« Commons Attribution ¥..

1090
http/creativecommons.org/licenses/by/f.-

References

1. Ghassa, S. A review on epidemic illnesses between
miners and available laws to prevention from them.
2017.

2. Bagherpour R, Yarahmadi R, Khademian A, Almasi SN.
Safety survey of Iran’s mines and comparison to some
other countries. International journal of injury control
and safety promotion. 2017;24(1):3-9.

3. Yarahmadi R, Bagherpour R, Khademian A. Safety risk
assessment of Iran’s dimension stone quarries (Exploited
by diamond wire cutting method). Safety Science.
2014;63:146-50.

4. Dodgson M, Vandermark S. The challenges and
opportunities of globalization and innovation in the
minerals industry. R & D Enterprise: Asia Pacific.
2000;3(4):3-15.

5. Patterson JM, Shappell SA. Operator error and system


https://ioh.iums.ac.ir/article-1-3664-fa.html

[ Downloaded from ioh.iums.ac.ir on 2025-07-18 ]

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

and classification system--HFACS. 2000.

Hoek E, Brown ET. Practical estimates of rock mass
strength. International journal of rock mechanics and
mining sciences. 1997;34(8):1165-86.

Witter RZ, Tenney L, Clark S, Newman LS. Occupational
exposures in the oil and gas extraction industry: State of
the science and research recommendations. American
journal of industrial medicine. 2014;57(7):847-56.
Groves W, Kecojevic V, Komljenovic D. Analysis of
fatalities and injuries involving mining equipment.
Journal of safety research. 2007;38(4):461-70.
Donoghue AM. Occupational health hazards in mining:
an overview. Occupational medicine. 2004;54(5):283-9.
Hustrulid WA, Bullock RL. Underground mining
methods: Engineering fundamentals and international
case studies: SME; 2001.

Wang C, Wang J, Wang X, Yu H, Bai L, Sun Q. Exploring
the impacts of factors contributing to unsafe behavior of
coal miners. Safety science. 2019;115:339-48.

Hallegatte S, Shah A, Brown C, Lempert R, Gill S.
Investment decision making under deep uncertainty-
-application to climate change. World Bank Policy
Research Working Paper. 2012(6193).

Walker WE, Harremoés P, Rotmans J, Van Der Sluijs JP,
Van Asselt MB, Janssen P, et al. Defining uncertainty:
a conceptual basis for uncertainty management in
model-based decision support. Integrated assessment.
2003;4(1):5-17.

Acharya NK, Dai Lee Y, Man Im H. Conflicting factors in
construction projects: Korean perspective. Engineering,
Construction and  Architectural
2006;13(6):543-66.

Clarke S.
implications for the development of safety culture.
Journal of Organizational Behavior. 1999;20(2):185-98.

Management.

Perceptions of organizational safety:

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Oy Bes 5 0015 (sagolle las

systems with applications. 2019;121:393-417.
Mohammadi H, Laal F Mohammadian F Yari P,
Kangavari M, Hanifi SM. Dynamic risk assessment of
storage tank using consequence modeling and fuzzy
Bayesian network. Heliyon. 2023;9(8).

Mahdinia M, Mohammadfam I, Soltanzadeh A, Aliabadi
MM, Aghaei H. A fuzzy Bayesian network DEMATEL
model for predicting safety behavior. International
journal of occupational safety and ergonomics.
2023;29(1):36-43.

Chang D-Y. Applications of the extent analysis method
on fuzzy AHP. European journal of operational research.
1996;95(3):649-55.

Skinner R, Nelson RR, Chin WW, Land L. The Delphi
method research strategy in studies of information
systems. Commun Assoc Inf Syst. 2015;37:31-63.
Somerville JA. Effective Use of the Delphi Process in
Research: Its Characteristics, Strengths and Limitations
1. Oregon State Univ. 2008;2007:1-11.

Soltani A, Marandi EZ. Hospital site selection using
two-stage fuzzy multi-criteria decision making process.
Journal of Urban and environmental engineering.
2011;5(1):32-43.

Gogus O, Boucher TO. Strong transitivity, rationality
and weak monotonicity in fuzzy pairwise comparisons.
Fuzzy sets and systems. 1998;94(1):133-44.

Grote G. Safety management in different high-risk
domains-all the same? Safety science. 2012;50(10):1983-
92.

Zohar D. Modifying supervisory practices to improve
subunit safety: a leadership-based intervention model.
Journal of Applied psychology. 2002;87(1):156.

Reason J. Human error: models and management. Bmj.
2000;320(7237):768-70.

Shappell SA, Wiegmann DA. The human factors analysis



https://ioh.iums.ac.ir/article-1-3664-fa.html
http://www.tcpdf.org

