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ABSTRACT

Introduction: The present study was conducted with the objectives of identifying the human and
organizational factors contributing to a drum fall accident, classifying these contributing factors based
on the Human Factors Analysis and Classification System (HFACS) framework, and prioritizing safety
recommendations using Multi-Criteria Decision-Making (MCDM) techniques.

Material and Methods: The HFACS technique was initially applied across its four levels to determine
the human and organizational factors involved in the HP drum fall accident from a rotator within a
manufacturing industry. Subsequently, the proposed safety recommendations were prioritized using the
Best-Worst Method (BWM) and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS),
based on four criteria: effectiveness, initial cost, reliability, and maintainability.

Results: The contributing factors identified in this study included inattention to the longitudinal movement
of the drum during rotation on the rotator, as well as non-compliance with the rotator’s loading capacity
relative to its mechanical strength and associated equipment (HFACS Level 1); failure to conduct a
design risk assessment to identify critical points related to structural balance and stability (HFACS Level
2); non-adherence to the manufacturing sequence (HFACS Level 3); and the omission of a mechanical
locking system for the rotator on the rail and failure to use certified rotating equipment with specified
capacities (HFACS Level 4). The three safety recommendations identified with the highest priority were
“using certified rotating equipment with specified capacity limits (relative closeness coefficient = 0.822)",
“adhering to the standard drum fabrication sequence (0.749)”, and “the on-site presence of a supervisor
or foreman (0.698)”".

Conclusion: The ultimate objective of safety management systems is to propose corrective safety
measures based on findings from accident analysis. Implementing safety recommendations as a structured
framework not only prevents accident occurrence but also establishes protective layers that mitigate the
recurrence of similar accidents in the future.

Keywords: Accident, Human Factors Analysis and Classification System (HFACS), Safety recommendations,
Organizational factors.
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1. INTRODUCTION

Accidents and their underlying causes remain a
central focus of safety and human factors research
worldwide. It is now widely accepted that accidents
represent a complex systemic phenomenon,
meaning causal factors exist and interact across
all levels of complex socio-technical systems.
Acknowledging that human understanding of
accidents is incomplete, and it is expected that
accidents will continue to occur is not necessarily
a function of poor investigation but reflects the
inherent and evolving complexity of how accidents
happen. Consequently, the methods used for
accident analysis are crucial for understanding root
causes and identifying areas for systemic safety
improvement.

The role of human factors in accidents is
undeniable. However, the approach to investigating
these factors varies. The Human Factors Analysis
and Classification System (HFACS) has proven
particularly useful across various domains.
HFACS, applied in industries like aviation, mining,
and healthcare, is built upon a foundational model
that describes four levels of human error, each
originating from 1) unsafe acts, 2) preconditions
for unsafe acts, 3) unsafe supervision, and 4)
organizational influences. HFACS operationalizes
this model by providing a detailed structure with
causal categories at each level, moving beyond
simply blaming the individual at the sharp end.

The analysis process begins at Level 1 by
identifying unsafe acts, such as skill-based
errors, decision-making errors, and perceptual
errors, as well as violations. Level 2 involves
the preconditions for these acts, including
factors related to the operator’s condition,
environmental factors, and personnel factors.
Level 3 examines unsafe supervision, such as
inadequate supervision. Finally, Level 4 investigates
organizational influences, seeking failures in
resource management, organizational climate,
and organizational processes. Research suggests
that effective countermeasures must be based on
a comprehensive framework that includes these
higher-level factors like organizational culture and
workplace design.

The ultimate objective of safety management
systems is to develop corrective and compensatory
measures in this domain. One approach for deriving
safety interventions and recommendations involves
considering the relationships between failure
pathways and proposing corresponding corrective
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actions based on input from practitioners and
end-users. The objective of such methods is to
ensure comprehensive coverage of various failure
types and safety interventions through systematic
allocation of countermeasures to each contributing
factor.

Safety professionals often have differing
perspectives on the importance of various safety
recommendations and their performance. To
reconcile these diverse viewpoints and select the
most suitable recommendations, Multi-Criteria
Decision-Making (MCDM) methods are highly
suitable. These methods are designed to handle
problems involving uncertainty and multiple, often
conflicting, criteria.

Heavy  industries,  particularly  boiler
manufacturing, are high-risk environments due
to complex activities and hazardous operational
processes. Despite significant safety advancements,
high-consequence accidents remain a serious
challenge. Therefore, this study was conducted
with the following objectives: (1) to identify the
human and organizational factors contributing to
a HP drum fall accident, (2) to classify these causal
factors using the HFACS framework, and (3) to
prioritize proposed safety recommendations using
an MCDM technique.

2. MATERIAL AND METHODS

This study employed the HFACS to investigate
a HP drum fall accident within a boiler
manufacturing industry. The process involved
identifying causal factors across all four levels:
unsafe acts (including errors—perceptual, skill-
based, and decision-making—as well as routine
and  exceptional violations);  preconditions
for unsafe acts (encompassing environmental
factors, condition of operators, and personnel
factors); unsafe supervision (including inadequate
supervision, planning inappropriate operations,
failure to correct known problems, and supervisory
violations); and organizational influence (involving
resource management, organizational climate, and
organizational processes).

Evaluating safety recommendations is a
manageable task in retrospective accident
analysis where a specific event sequence has
already occurred. In this study, based on prior
research and established criteria for assessing
safety recommendations, four key criteria
were selected to evaluate the proposed safety
recommendations: (1) effectiveness, (2) initial cost,

189



https://jhsw.tums.ac.ir/article-1-7311-fa.html

led from jhsw.tums.ac.ir on 2026-06-20 ]

M. Pajoohnia et al. / Application of the Human Factors Analysis

(3) reliability, and (4) maintainability.

Based on the findings derived from the
HFACS method, 20 safety recommendations were
identified and proposed for accident prevention in
the present study. To prioritize the identified safety
recommendations, a structured MCDM approach
was used. In Best-Worst Method (BWM) method,
experts only compare the most important (Best)
criterion and the least important (Worst) criterion
to all other criteria, significantly streamlining
the data collection process. This method was
used to determine the relative weights of the four
criteria (effectiveness, initial cost, reliability, and
maintainability) based on input from domain
experts.

The Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) was then
employed to rank the safety recommendations.
The core principle of TOPSIS is that the optimal
alternative should have the shortest distance from
the positive ideal solution and the greatest distance
from the negative-ideal solution. The TOPSIS
procedure was applied to establish a final priority
ranking of the proposed safety recommendations.

3. RESULTS AND DISCUSSION

The analysis identified several contributory
factors for the accident. Contributing factors
included the non-compliance with the rotator’s
loading capacity relative to the mechanical
strength of its frame and associated equipment,
coupled with a failure to ensure uniform load
distribution between the drive and idler sections
of the rotator.

Furthermore, significant supervisory and
procedural failures were determined. ‘This
encompassed inadequate supervision, planning
inappropriate operation, failure to correct known
problem, and supervisory violations. Additional
contributory factors were the absence of precise
markings, non-adherence to the standard tank
fabrication sequence, and the lack of a formal
standard operating procedure. Deficiencies in
technical execution were also prominent, namely
the failure to conduct precise inspections of the
rotator’s connections and related equipment, the
absence of a standard procedure for accurately
determining the diameter, length, and center of
gravity of selected drum prior to operational use,
and the failure to utilize a specialized and properly
trained workforce.

In this study, five industrial experts participated

[ DOW!

in the criteria weighting process using the
BWM. The results of the safety recommendation
prioritization revealed that using certified rotating
equipment with specified capacity (possessing
inspection certification), with a closeness coefficient
of 0.822, constitutes the most critical safety
recommendation. Furthermore, adhering to the
standard tank fabrication sequence and the on-site
presence of a supervisor or foreman, with closeness
coefficients of 0.749 and 0.698, respectively, were
ranked second and third. In contrast, the protective
layers for the load monitoring system and precise
marking were positioned at the lowest ranks. Other
safety recommendations, such as tank deviation
monitoring and automatic rotator shutdown
system, standard operating procedures, and the
standard procedure for accurately determining
drum diameter, length, and center of gravity, were
placed in intermediate ranks.

4. CONCLUSIONS

The application of the HFACS technique to
the drum fall accident from a rotator in a boiler
manufacturing industry identified causal and
contributory factors across all system level. These
contributing factors included skill-based errors,
perceptual errors, and routine violations at Level
1; shortcomings in the technological environment,
coordination, and planning at Level 2; inadequate
supervision, planning inappropriate operation,
failure to correct known problems, and supervisory
violations at Level 3; as well as deficiencies in
organizational climate, organizational processes,
and resource management at Level 4.

Subsequently, industrial expert judgment
and the HFACS findings converged to identify
critical ~ safety recommendations for the
accident prevention. These include the use of
certified rotating equipment with specified
capacity limits, adherence to the standard drum
fabrication sequence, and the on-site presence of
a supervisor. Furthermore, other essential safety
recommendations are the implementation of a
standard procedure for accurately determining
tank diameter, length, and center of gravity prior
to operation, coupled with ensuring a uniform load
distribution between the drive and idler sections of
the rotator.

5. ACKNOWLEDGMENT

This study was supported by the Tehran
University of Medical Sciences and Health Services

Journal of Health and Safety at Work 2026; 16(1)


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

M. Pajoohnia et al. / Application of the Human Factors Analysis

(Grant no. 1403-4-294-74914). The authors highly
appreciate the support. The authors would like to
thank all subject matter experts who participated
in the study.

6. ETHICAL CODE
This research was approved by the Ethics

Journal of Health and Safety at Work 2026; 16(1)

Committee of Tehran University of Medical
Sciences (Code: IR. TUMS.SPH.REC.1403.148).

7. FUNDING

This study was supported by the Tehran
University of Medical Sciences and Health Services
(Grant no. 1403-4-294-74914).

191



https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

PIPIAA Oolaisn 11€e6 ylgs /1 oylatd /14 sla

§ AL Julod 43 (il b )T sy i g S iy (5 5 510
0 3Lino Wiy (5 S ot ) (i O 95 9 3 N 3wl SO 5 sy ol of
gl S T s 3 (63 90x0 oyl T (gomsld (15 L 093y (i po

Q‘ﬁ‘ ‘Q|).QJ ‘Q|).QJ ;i..u).n |o5l.c olKisls sw\..\.efv ouSisls ‘(5‘45)-" w‘dﬁ) (eI oj)f‘
Ol LT (o lobT (S pole olKisls IS oyl § (5148 ,> Coblagy (cwdige 09,5"
Ol el s 09,5« Jamme 5 oyl ceodls a1y

VEEN /P i ipds g R AR PR

oxin =

2 el eyl (gisdins ol 0 Loghas ol 5 50 Slojles 5 sl ule bl 3 by ol anlllae dwckia
ool by (ol (slrarogs (o Caglsl s (HFACS) (Sl sl )92 (gu adlo g Jeloxs o JLS Lo ol
s plol ojlare iz (6525 e (Sl SIS )

biw diol> ;0 Sge Slojlw g Sludl glo g1 poed g mhaw ez 0 HFACS SCasS o] 5 o)
oolatal b (soleriny (ol Slo arogi G Wb a8 IS0 Gudlg S S50 58Sy, 63, 3l el
ggw 3 Globsl Sl cadgl a o (oisu il jlne Jloz bl 2 TOPSIS g (p 5o = (e )
B3 ,5 ancaslsl 6 iy seess

SrS L Cedrb ey Sule) pae 9iy; 9y 2 S (e 3 el Jsb CS > az g pas ila aidly
sobte a4y b Sy obs )l pas (HFACS gl zdaw) (carriage) oas)oasS slaasly  SilSe cunglae b 905,
axi8s g cole Jlgi cule ) pac (HFACS pg0 o) o5l (5,0l 9 Jobss b Las o gl o bolas slulis
oy 895 25559 (Sl (S 8 e dnd pas (HFACS g mhans) (28 Dlaiiiss 5 Jgamee 5 il
2 SS90 Jelse 5| (HFACS p oz mhaw) (aseive gla cod )b b jlo aclinlid oaiils 5 Sligan 5l eslainl pac g
Oliaaz 3l oolaswl Jolis caglsl oy i (gl)ls ouls Slulis sial deogi du . dingy aalllas ol jo ol olas,
YY) plys el o laslind Jlgs cole ; (003 o po= < AYY) Laseino slo <od,b b lodelonliss sasls )5
mdy(’,F%A)J.ZA)QJJaL)L)CAwJ:)w)wB

3 Jols ozl qoll (Mol el lalul @8l ¢ sl e Gl olod SO 15 S A
G Sy Dol £98g 3l s a5 a8l Lol o9zl laie 4 gl slodog (gilwosly il dol> o
Dles s (6 Kt 00|y asliie olge 1S5 51 bl sladyY slou! b aSh S o

ol sl iSTo o ca lo dersiy il 52T (outes dicls g ol s sl 353005 OIS =

omidil@sina. tums.ac.ir :a5\5e Jgias oo g5 Suig xS o 3

)5 oyl § Calbrlagy aslilins


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

S L)) SO o el slaasY slvo o a5 wins o
s Sl yoren (Y44 +) Reason .06 y5 oo
Sges (Gamaiws Glei g Bl atws 9o |, wol> &
5 S5l slacanSn Jols ST slacass (F)
A e alolddl g Lopiins o5 i Sl slo L3,
S92 g0 sroyi> plen lety ally g Wsd (oo Lol
2 SYsb ooy Do glp & s oy GlaaY o
S Nedse 48,5 ool (Js 4l vgzg lejle
Tripod § HFACS dale> ;| dol> [l sla ST 5
(0) Wilazdly drwgd  gumSgas piy Jdo wlul  Beta

TS el sladae yo Sl oz Slmhan oz
ol )8 oo 56 sum gl p o e a5 Wil ead
coroall yllas (¥« sleslo @b O 5o be mohaw
ax 51 el Jleel (F g ool Jloe! slabs i oo (Y
Olaize (3,55 092 aden sl (ol glaJoe o)
ot Sludl Gllaz 4 |y Gol> ladss 5 (el 0)e>
koo o ol 68,80 Gl oY Gl maw Ll wls
Wiegmann 4 Shappell a5 Jloj b sgeii aill1, 28l
I, JHFACS « sl glas aul> [Lsls S (Y++))
cde aiws 19 ou5 1o 5,0 HFACS [Lale .aiols dswgs
o s Jalt sl sl s oz 5 Jslee 5
el Sl s 5 S5 o oy o
(7)) Sl

,o 1, HFACS S5 (Y+VY) o),Ken g Lenné
G Ul (528 )8 (Gane e ol VY Lo
T Oy 4z 51 as ols las bools Judow auxd
S e Sligzs 3 colawl b s e &oles slas,
Lol el 0090 (YY) glasyl jo |15 5 (AVA) o
5 S clacadled b L o Boas b ol o
Olbe o 0 SYlondle 5 adis Jlug 5l syl o0
iz HFACS Coz e (bl oty plulids Julge
slallas folss a5 ol odnline |1 ST D90 4 agio
Mo (1OV) wlalss (15F) & )lge 05 51 AU
Slojle glaanl @ gla gl 5 (107) (Su5d Lo

1. Human Factors Analysis and Classification System (HFACS)

1qw

dovdo =

Slegdse Sl plzmen b o] g5y e g ol
Sl 1o, 56 5 (ol (Slisdos sla S 50 salS
Wdpdy (I jsb 4 (ST.(1) aiten Gle plp 5o
PSSR VRIS VRPN CE S S ATRCIN PESPL Gt W
plos )3 (o Julge &5 (gme (nl 4 caiid odizey
9 4Bl> 092 eloizl = 8 oz Slaptune Tolaw
Gl 00 (yled] Cpizan (V) 03,1 Jolas LT juul s 5o
lizmes ol g G JolS olgm 51 Ll 5o a8
ol sales 7y eloiml - S8 odizn ot o
Ol oSl e Sliind 5l (b plore 4 & el
Lol @olgm slas ) ogon o Jleim | Sauzy oains
Slidod plaasie 5 Glidze o5 glagds; nlpl
S o ooliis] Eolym iy b el (gl sl
Oz g sl ady, el oLl S s a4 S sl
Sgedpy Wlgiige S 50 pancas ol A1 polo Lt
(1) ks mgee jlows by

S ol o sla SaST 1 6,las b s ai
dighge bl Sojglseinl glo SIS plyze
o &l oS Wl ol e b S5
wnled anas Gldl g o b gle @ ) (Jis
3 e Vsb sl 1 olem Jalse a5 johiles
o O9ad 9 Pl e g (9 095 Gl
Obles | 095 Cuo)d (Bl ame 4y g WS (o0 (S
oledy slacwSs 5 ally shls laglojle caijluge
saile Jsiio HWail 51 ooy Jsb 5o 45wt sousie
slo ceSS b all gyl b akie ploj )0 g
oLis 1) g wisls B s 5 ons il yon (S0505iSG
o anb i gle ST sled bl Laies oo
Aol oo Reason cudgw yn Jow «SO5e)gued]
s oY hls lesls ,2 Jae ol bl
Shilo aS 009y LocanSs g lallas ol y jo dusis g £oie
G ole e ]y 2B laaY ws @dly 5l ol
@la o> 4 plgs (oo |) (ABlg 5 (ol sty oY
& Sy olsm dgad andi iy slo Y ) ez

11500 )lg /1 o)lails /14 sl (S (iag) § Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

5 Solain selFue mlis o gl laasis
bl sl 4 5 sl Dloladl Coenl a0 550
2 sl coal Gt gsbaw a1, Wl el cnl )l
@ iz slagyy elaisl g olerig (Gl el
slagyie pelasl () ) 0) aes co Bgw s S0kl
olaazin 5 olpse & Glize glaazls & iz
Iy 2o ol il a5 aas o 1y Sl ol ool
Slr ol Slaladl o gy QB 5 (Sl S5 12
OF) aS pgw alie wolg> olas, 5l 6,80y
975 Cualad pas a5 (53)l50 5 'MCDM sla 3,
Jol5 Sledlbsl lads Lo a sloal Jleo lgie 4y o)lo
ki (S s S D3l 5| b ol
loos Pluwe b ablie gl sl cases 0 (1Y) s
Ao 5,05 o STal @ |y b Shg opl a5 28lg
Sl drog Gon 4S5 amlie Sy (0T) ws
2)ls 0929 Sl iz bagi b o1 (2l 4 5 ¢ el
Srdy el (bl slasle (g s Oyl 4
5 S sle Gl o Sles alio 5 il
S, 8529 (gl alzloe

P9y 3l Blae i e Sz aslllas ol o
3 gy ol 0,8 esliiw! (BWM) (p 5o =y yige
olaxi o)ls o g 0ad &l Slo) Jawgy YoV0 Lo
=S 059 O S Sl s () sle Al
adlas jo (pzmen (V) wiley Jlos @ 1) bl
b drog 2les ook 4 gl TOPSIS b 5l pol>
ool Slo)lre bl g3leidny (Fenl el
TOPSIS (SiS5 o 43,5 0,45 0l (ymt (& yeS
ive S > sl Yoon ¢ Hwang lawss b sl
pogdo cpl (ol y gy cpl .ol ools axwgy MCDM
J= oy 5Ty alold o S Wb olll a7 a5
ire Jloayl ol 51 1y alold o 52ty 5 St Jlony
O10) asb asls

Jdo 4 he adg mlio ohg (S mlo

1. Multi-Criteria Decision Making (MCDM)
2. Best-Worst Method (BWM)

11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling

ohSes g S 0}y (IA)e

S o pase (Oldes caslial (553,400 1 .09 (1F0)
SO L olyen ollack Slojle 92 5 (oo il
5 Wang .(V) wo,5 5,155,188 31 Jelge S0 dax 3l
Dy 53 Sgo Jalge (g polaie 4 (V2 V0) o] 1Sen
il slpleizle sl 5 cole glcols o bsiw
Yo f Jlo sl @olem cpl 51 56,158 VeV aallas b ad e
oobwl g aisges colaiwl HFACS oSS 5l Y-YF U
woly el Sl Laily) 5 o lo s
2 s higal dgaaS «Jiwy 5o ciesl 2T ylass
Sloygd slagemyil pas 9 )15 Jore 15 (gal Co o
oz, Jelse (5w 5 Sliad Jgome )
ol lads, Je a5 ol astie yioes Ao dlol>
OSilesy oS 15 Comdlo pas I 36 Boes oly>
S0 s9e 53 Al g e )0 Sl SUL o)l

(A ol 039y i gy (sly glas )l o IS
sy ol yo cwl oy pl 0 Sl g el
Goudiws g glull o 4> 51 HFACS o> )l>
Sl e ghais Coll g 0ezge )yl
b 0 (69505t 0 )15 Lol icenl apde Sluil o ,Sles
Ml s sad @l el s sla S ol ugas
gl laganaib oz b » o o el
ax 5148 1> g wuales ol il a8l el sl
ol 1y bolag, 5l 61,8 el cunl Saw iols>
Lodonl b dade ol asloe slasil il bl wsas
Oew ol slacgagase § Jase Sl 4y axg
gl o Uhg, 5l (S g ek Shgtius ol
Olee bLI )1 28,5 1l 1o sl sl dogi g Ml
» ol Hblie Clladl @l 5 cuss sl s
Ml g S glgil (6 iSTas idg 5l Ll
ez @bl Gblis gle Y 5 (Mol sl
(V) ol Sl Jalge 51 SOy 4 b Sl aiapllas

19K


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

AP SRSl
9 Loatppd 3yg0 dole Cpand
Gl Zaals
wrllijl Cage ol lonia gl
1 il (gl gl

U budpn Sileslbl g5l gaz
il

l

9 wobojla (glo peatls | lualich
b dlsls slasy p pign bl
HFACS (LS5 jI aalizuil

)

oS il Calol a8l algieias
(i yinsl (5les duumgd)

ST

ke lama s (je Jasald
b i 5l dassgd | ilijyl
BWM gy JI oalizl

b iadl gles dawogl (gals dudy
TOPSIS Ligy jl 3ldzuwl

s ol oo ol ) JS3

Lol> b Lo &EME/L;);[@.? -
4 b2 ye DMLl (5] oz i (ol e sl
(St slatisle 5 Oliges o8l 5l o le alol>
ol 59 07) (S Sdl g (38l bl 5 Lo CuaBge
SMbl g5l per cuz e kx5 adllas
L Gols Jdoo awlys ols asdlas o0 000,85 ooleku!
SNl mlie 4S5 L s HFACS ozl 5l (65050 e
odels b ausl bisludass sbaslas Joli alfais
(oo 3l auosl  Slaslicn) Sloaw b gw)y s o
SNl plol (o3l 5,15 9 22! slasbs,
lize glaasly 5l Jels il Jold oigd alas
659655 HSE (5,005 5 Slpess Jd 5l Crio
OB Cl o) 5 b i 5 s el s
Gopa> Ohga dud> paix b b aslas oy
LB Ohyge S8b,s Oledbl aaw, glil 4 Uy
Slaalice JALM: u_:‘\.\.ue ‘_gl.mc;w))_) ‘meta.n 5] 05)1.9

190

Slles glanls 5 oazmn b colld conle
Vo Sy b )5 globe alaz i wo,blray
P by i 092y b Wghoe Oy
sl Oild g waly Gl @ole> g9l (Sl aie)
G G SO g a4 LS b () jo was
bolbs (V) Gaa b ol adlacs o oplply ojls aslsl
plys baaw aisl> o e Sbjle o Sluil sla,ei518
ool 2 5 elge (nl ganaws (V) gids, s, S
b ol G anog (ganoglsl (V) g HFACS Ll
o plnil ojlme Wiz (655 el sl 3 5l ooli]

B rey =

5o oolaiwl gl a8 HFACS og, casllas opl o
PR E U WA PR W N PV PES W e
ke Sy )0 5y 9, 5l el el sl s
ol e )5l8 ) S s 458,515, gy g
Ay oo lid 1) ol dslllas

11500 )lg /1 o)lails /14 sl (S (iag) § Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

ohSes g S 0}y (IA)e

R s
PRE SOl elge
[ I I 1
oo & Aol jo il
LA ERCRTRY cailzdl Elle L e e T 5 s Calss
g 3 Gy by oot asln (=3
Py T ’ ol Jlos! (sl bl 5 ‘
heme Jalse 69,8 Jalge
[ 1 [
Se b Lo PRI Ol P Shadl gl 2 e &9 Solal

PEmpE

oollasls ad el

Seslysd e
Catlads

83 [ (S5elp b Cagaze

pr gk otlls Jloel

Lol slalss
| [
1 [ 1
G5 e glollas ‘ )l e slallas Sl sbalkas ‘ O,y wlalss ‘ bl olalss

HFACS S5 JS ksl Y JSUS

Jlesl lp Ll iy o (V) (ol Jlosel mhans
b o Slojlo Slsb o (F) 5 ol mhaws (F) «oyaull
ol Bl lasisn HFACS Lss g, 5l eoliciul
i Aol 385 5 (o) Sl )8 sk yo i e
(V) Kgd oo
Jeel ololiss Lol a8 gl csol> Julow alSan
HFACS a5 b=l 5l ool (HFACS \ zlaw) eull
CaSl g ) gl bl bganail |
sools 5l oolawl Jolds 5,50 oyl S o oolaiul
oS cul alss b s 4565 gonaib gl 9240
o bl (e el b ULLS Slie) (pelels bags

11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling

GFig) 9 00 caml plys @il €935 Joro 3l paiivnns
7 sae lels b aslas g 09> ge Sbla> Sl
235 ploxl

S, o g Sl 5 Slojlo slo)s5E plules -Y
HEACS iS5 jl oolizal b 4isl>
sl aolas 3 HFACS [lisle 5l wadlbs opl 4o
Sl sloyssl Lot e ail lsls ans
OV w0 )3 oolaul aol> slas, o Los gluil g
5 Sl Glo Sl SLSS cpl ¥ JSE L sillas
() 0A) ayled oo (g s whans Yoz o 1, il

19¢


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

3eolaul b wol> olas; jo e Sl 5 glojle
o Sal, 1995 (gom o5 HFACS Ll gzl
o1 ol 5 Jolge ol 5 Slbas S
Glaal p ay oad glulls caSs Je o &l o9
bl sl a5 (Dol Slaladl il >
Ol ecales joau0 )8 slpriny ge lolis IS ol las
GanZogdsl obj)l laylae (85 Hlas o L le aoys
gll (el lodogs (5 e 9 5 50 b aiad
S HFACS ozl b sl Jolod oS5l g i3
gl anlp 8 e gsba )3 e Jelse (olulis
28y pllaie pllas al> po ez )0 (ol Gl 4o
FB cash blE 4 e Jelge o s al>
LSS el aladi o gl opgo alo o 10 09 alslos

"

Gk 3 ol e Mol 4y e s iz
ol a8 o5 b a3l L e o lae
2L blie sl Olaludl slping pguw a0 .08 )8
arog adsl Custd p)laz e pe o g (e s
pas g gloe 51 Lol allidS con 4 el o
ol bl ol 59 5 shol slaanT s b Yol
ol drogi Vo oo il B (nl (old (295 0ed
5 oad gluls e slo s 5l bacosi ol og

s g3l HFACS alises zglaus

ol slo deogi b)) gz 2lo)le iy - F
Shail 5 ol Jelgs HFACS [lisls olul
Solos sl gl arogi g olulis diol> ooz 1 Sge
iy S olgrig alie 5 T @ole 5l 6,08y ol
a4l plin sl Sow HFACS Lils az 51
S ole 4 boyleles Lol ol ate pol> (ol a3l sl
aile alge (VY) S Lzl 1) Glarogs o aiiles o3
(F) 5 Slisebol bl () cadgl a5 (V) oz 31 (V)
ol Olaladl o Shoe (2551 sl (s 23 eess st
Sl jo sbla> slo aY g ol Sl o
53 ke laz (VO LVYT) Wl o0g ouST 0,90 aisds

ol anllae o sl Glo aog o)l Cuz ouds

19v

£ du dallaz aws ;o .ol oalds alol> £485 4y yomio g
5 e lallaz folss a5 wiloads oy a5 cwlusl (gl
it (Sl slallaz 5 (5505 praad lallas oo lge
il g g, iz Sl Jols alalss aiws
WYY LY ) el

4 (HFACS ¥ zhw) el Jleel slab b s
O (roull Jlasl £9834 40 a5 o o o Lil (ol aiags Loyl
Joloe o sl ol Loyl s s dws Jolds rlas (] 05510
ey ghe Sl (69,8 v ny Jelse g e
3,8 oo ki o 1 (6990 «peull & las ey HFACS
O Sl 0090 cawlioal b axilas 0gzg L o las a5
Oeeld (6l Cadlge Cuo b (13503 wal 8 Sy 0
Sy sl eqlosaly Al Gk 5l el cnl g o
Jolo e gl d9dioe e baggie 5 o)l
2 et Sldes celial g5, by (JSUL o)l
el gl Slalss g onds aslil e G Lo
Sheslw 56 mlaw HFACS Ll (o 6 k> mlaw
5 BEnSE J5s 4 oSl by il 5
G A3l 50 a8 wies lejle SYL (o e ol
30 0,8 0550 Silojlus g_)‘).».sLa 3 awe dw lails
acly g Slojlo o2 b Cupae Jold S5
VYY) cwnl Sldos canliob 53,

bl ol Jlos! s 5l Yoo o) glaws 53
I omho o aes Oilhe g e glallas ool
o rCadgaste (el Jlegl glab o i
b 4 Sl gl Cupse o ceS 5 Sy, s
3 SBL oolas sl ia olgs yo glais
g5 Sl ot globis Gl ele il Vo
Jole cpmizmly ¥ alw o Slles cailinl (53, 4ol y
(YT el oais glulis Slejlw

(o] sl deosi) S5 an] Slolid] sl -1
Copde sptaw ol Boe Sl 4 g b

She S g ool Slaladl gzl g rgad o iel
ol aopllss lolid 51 s g Lsly ol 5o e

11500 )lg /1 o)lails /14 sl (S (iag) § Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

ke acgorms Glo 1) Glome o SluenleS
WS atiie 3520
ple @ Cad i Jbee Gbuz g e X
wl> pl o «(Best-to-Others o) o las
@ o |y e slre ez i Gl 003 55 vl
3 e sae Gl eolaiul b o9z g0 sl las ples
a5 ysba les oo ateine {1,2,...,9} acgeme
ey Sk A oae gl Gl caiaolid ) sae
Az Sl ;S50 Jlere 0 Cand o i Hlso 0 e
O e g pamge (5510 LSaS daaslis p
2lem 15 &0 4 (Best-to-Others vector) p plw

:.)y

ABO :(aBl’agza---aaBn)
Gt e ez s Ol Sk @ ol 0 &S
2ol ] o5l Jlake g aib o C, bt ey
'o)‘d )‘)5 .]:13 23 "'sno).l).
Db 0 S peeual @l o (! o ((Others-to-Worst
here G2 4 G |y o jlre 51 SO p0 e 5 e
{1,2,...,9} acgezme | zmimo sae S 5l eslaal L
9 2lp Coenl [Silo ) dae oS (g sbay tayled jasioe
5 0590 Jlas ol Sl a5 caime las 4 sae
el (0l 0 S
o & pomge (g5l0y ST dpanslie ol xS
Others-to-Worst) ;Lxe (3 5oy 40 S b ylzo pls

g vl 5 & g0 4 (Vector
Aow :(alW’aZW""’anW)
S € Sl gz Oliee Sl @y o p0 S
o3k o ol ] e 5 Wibise € (SN e @
Sl 18 j=1,2,...,n

Jowe leolaiwl b o )lire ags slogy g dmlzo O

11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling

ohSes g S 0}y (IA)e

Hsieh ¢ Chiu ;0 i8S Gldlas jo o ad 5 1S
@by o Sl glhas slas; 5 Jee Jelge (Y015)
0305 (olwlils HFACS L 1) (65,5il98 (65,1045 g o
e ez b1 MCDM sl by, 5l (So Cuidan b
s, S S sl )5 see slasil il ol gl
L slonler Caro jaasis duw Qlﬂ adllas 4o (VF)
Sy90 sbaslre 039 et 5o JLo VO 5l i I Al

il o8 )l axllas

ol slo 4oy by sl Lro (o 09 i =0
BWM 4, ;/ oolizul b

ool Sl 5l 8 al> e j0 00l (Byee JLre oz
Ll g (339 Gt ez M Gl (o (339 5
o)lrediz x5 el At b3S, 5l Ol (o0
o9y 5l Al g3 g az g7 b canlllan (] 50 10505 oolaul
9 SSISS 51 (S0 gy (nl 0 S eslitul BWM
039 Ot 50 Cdo ol )l Gua b aS el MCDM o
795 Slwlie ;0 5L Ol 286 g bajlns
BWM g, diwz p sblie 3l (SO sl onls 2l
ailyd Jie alie MCDM slacSuSS plo 4 o
795 Slalie olass s (ol bl Julos
O Om el LS gy cnl o Sl 5L )90
S bl (o Geizres 5 bjlee plo byl
P> ety JRalS 4 e a5 5l oo plonl b lins
yol> aslllas ;0 .(VF NY) 00,5 oo 3ls 0,90 slaools
9 Obmebl bl sl aso  (ci50 STl Sl (59
ol sl avosi Dbl 6ln &S Sy esd Sspe
dh> Glaasie) o p2 Sl pelul p ol Gy e
2005 el Jolie ulol 2 (29050

P8 eds 5o i les acgesme glolis L)
{€15CnsCyt xSl loslins 5l Glasgaze
Dod o0 glolid Wigd avnlie 5 b5l b oS

@l o gl o Dle (% g e e Y
0258 3B o) (i slene il o0 wams
O A S Glsiead) i e g Gl (nete b

19A


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

&)l s s polie ) Js..\b

q A A 14 [ s
IvY Ity YIvY AV ATARS \/EY

0als 555 o3l & el )b b byl (ol 5l Blyml e
Cawd 4 (V) dolae J> &,k 5 8 T (6 4o Jlade g
L& odel Caws 4 Jladie 6 duolio b oo ] (oo
oo 5039 & aiion lade ;0o a5 ()55l Ll
oobol 3 85l F 5 wsl o @l Y Jeu po ol
130,85 oo dulrs () ala)

E*

k= CI (max &) ®

oy jleolecnl b ias] (slo diogl s 4, -F
TOPSIS

Sl S aSS (50,0, 5 5l (S 3.5 TOPSIS g,
G 5 b)) @ &5 Sl o)lesiz (6 xS prea
9y rl dlopee (B Ll il laan S
OrreS b dinge 43S a5 el ol Ly 08 0nl
S alols on iy 5 cote Jlonyl Jorol, 511, alols
GolS slo coge ol amsls e Jlos] ool
@ Sl jls g Slewlre (Solo @ plgs (0 o) 2
4y oz 9,5 o)Ll B 53 o 5l 53,9 slaosls
0855 5k 5o L 'TOPSIS (g ol 6l dnogi (s
(FTV) a2 a8 5 )1 5 Jol e

ol yilo ol rpenal eyl S5 L)
bl ol g ogbioe JSi5 L n g anS m L
{a,,a,,...,a,} &S peeas sloan S 5l lacgezs
bl g a5l (Dbl 5 9sd o0 4i8)S Sl o
2565 0 o8l {6h65,0000,) Bl 5l Slas gone

X11 X12 Xln
X = X21 Xzz XZn
Xml Xm2 an

1. Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS)

199

Y Y \ agw

Ve -Iff ofee € i) 5,53l Ll

o, lore ait slagyjg el o opl jo r ot (g5 ya0b
S YT S N R S R (AN AN

v,

Jw
WW

minmax{%—aw , I M)

J
slagjs Egeme & 9l o0 Jo ST Joo 0

6)“.&4 Lbu)s ‘sol.o.v 9 ML \ l) ).3‘).3 od.a]&.wbd.g
ozl als el

Zn;W_le, W,20,(j=12,..n) 2 ¥)
=

2,5 o9l pj IS @ Glge ) (V) Joe

min &
@S gl a5eS
_B_aBj —§ a(j:1>2; ;n)
J
—"—ajw < ,(j=1,2, ,n) )
w

jbre ane slagyy (1) dole > L

deale & 5Ll ate Jlode 5 (L, W)
bl jelaie 4y g 5Ll 25 annlxe £

65l e sl o3 BWM ] 51 ol b
e oIS als 5.5 1B i 50 lnsl
Sl g, (nl o glad 6,155k oliee (2] ST
by b gl dz b ) lslio a5 ams o ol 5

aJJ.a u-" B .J.")‘é u.a.an.c aBanjW =dy, 6)I§)Lw

11500 )lg /1 o)lails /14 sl (S (iag) § Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

s JTo..\.l‘ J=oly 5 V;r oo JTo..\.l‘ J=ol, 1,lse
(Sedoyef by 2iodgus) jlxe g9 ulusl y Jlixe y0 V;
23,5 (g0 pain pj ks, Gillae

«(beneficial) wiedgw slo,lire -

VJ.* = max{V

1j°

VajoeeViy}

2j00 0V

vy =min{V,.Vy .V |

2j00 0y

(non-beneficial dibo,é L slanie sla,lso -
«criteria)

Vj* =min{V VyiseeisV, }

1j? mj
4 :max{Vl.f’Vz/"'“’Vm/}

Coie Jlosl ol 5l an;S o alold aculxe £
Jlessl la ool 51 T alols i35 50 (6l 1 giio
25 SYolee SeaSa (A adal)) iio g (V abail)) cue

:»)53)‘5@ A.WLZA

d = Z(Vi/ -v; )2 )

d; = Z(vij_v;)z ()

Jleasl Uzl 51 @, ans alols gF ] jo a5
siie Jloasl ol 5l @ a5 alols 47 5 V' Code
..\MLGA V-
coy2) Jloasl U oly a5 (cons (05 dnsloes Y
J>ol) 4 G A5 e (ornd (S005 iy (035
g (A alaly) 0ed 0 00l iules CC ol b ‘J—lo.\il
Jloasl Joly & @ auys (Soop oliee oosmolis

cc-_4 @)

11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling

ohSes g S 0}y (IA)e

Ol oaiaoplis X paie o pwle cnl o

C, e v axg b g S Come )l Lo See

Gyl Al 4 b ) aadlhe ol e wil

oo oLl Jlre ;0 S o 4y 35 Covonl i

AXVIPIN S FERLVON-Y B ¥ W IR U g PHS et

VRN - IRYPURPEIET SN IS FRCONS PREPSSRN KR
2l (o0 abgpo slexe 4

Sl e o ol 50 puenal o Sl g3l Jle i Y

doazly (g5l lesy 5 boslne Sgliie slo pwliio Bl

2 osd oy ylaie 09 o0 (Slo ey prenal ( lo
lge sy 0 alaly 55k 5l yaie

Xij ()]

Awd j=1,2,.,0n 5 i=12,.,m ol o a8
a; 43S oad Jby Jlade KLl 71, uizen
Ml’g;" C]- )L?-"-"@w.. ]

W, ol L€)oo @ adly olais! g Y
PR RLNON- BN SUPPRVT-X A BAIPL SR AP R ¥ P
adlas ;o ol bjlae plo b awslio jo jlas ol
9 BWM 5l (S0, b ane slogyjy (et pol>
A5 D ygeo ey R 5D 00 g pE5 Sl e Billas

by ool )3 15 3 o Lo s ilo s ¥
Sgdige o pd My 03l Jleyi jlakie 3 W, Jlre 12 59
(F adal)) 098 Jol> s ()59 el o Lo b

Vi =mn;xw, )

a; 4u3S 1o i 00l Jloy ke VU ol o as
Ml’ «<? CJ- )lt?-"-" L S

2 sly i 5 Cute Jlowsl gla ool (s 0

Poo


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

Bols Splod JS ¥ JS5

Olad s 4 g el ) (59 95, <S> 4 e
@y oad z)le b il sy aqelS b (S J08 pnins
&9y J_,clf 0)9..54.3(:‘)050..\.5; ul.‘); UJL“" Ja.ij

ol 03905 bogias jglone Sl jpxd (B g Cpe

Gl S5, s s il 5 ilojlo sla,si5T5 -F
Sly alold 595 aS sl lis dol> o gl
(Joad 5l el alols cole, g plys 25 oasils S i
OIS (52 (> 3 plys (Job E8 > 4 dx g pue
sleslitul pogas 50 212l (hs b Ggse Joallygiws
elS L S 85 s Gl (ol Il o 4905,
Joy 85y 00l I eS8 5l 6T sl e (S
ey 3l edliiul pas g () 59y 2 eale S EuS)
S Jsbo &8 > s i (S5 9 08, S 2
Sloessae B35 g sl A5 L (S Gl
o, Y Jgor g aiol> olas, ,o yise Jelse
50 Ll ol 5 ol olas; 5 fige Sludl § Slejle

w85 o islei |, HFACS (S5

ol sl aogr lolis -1

oo 5l Lol gl azily ol 1 ol allas 4o
(bl 4Y) sl plBI L aogs Ve iol> Judow
arg g HFACS Jlzslo olol » dols 5 (g, Ky o
i) 3,5 Sz 5 lolels Lt JS Sk o
ool gl lo dog (gak 4, e g (T
S pdy Ojpe 2bs)l slalas

Pol

basl =

Lol> 7,5 -)
VRl il olags, 5 S0 V)0 by 4o
HPgg 3l plys G jlid cou (5w coln o515 50
e i3z Slles (o 53 (PO ()8 G L
2 el sl 58y oy p0 05 boin H9idy) 55,
ssbie 4 Slhles g el 3 (B2 sleygids) s,
) VT la (oysk ubl 2 (>l 5)l90 (1,2
Bol> e 4o 09 plxl Jl> jo  Jls Sladleo (ot
il Sz B Sy &) S Sz glnl S
(hed o 5o il ooy Sl P Sl gl 0 setix
B9d (o8 (gwide Cro dy (Jobo ES > oo ey el
Sl G S ¥ g9 o @l 4 >
958 Jlosl s jomie aalsl )3 g 00l y9i5s; b 252 59,
5 e Job5 bgier Cales 5o 5 Jlie Conw oaiils S
o o)y Sanl 0l adgs o Loy 4y iy, SBp
ohaals al)lbl 5 wlaius wlaslie Gulul 5 gl
T S5 W8 Jree pad Seop b as obs (las e
A8 pals omae g J5 sl s 4l 4 i,
ol s e o Slizndl 5 5 s 0 g
ool 00l ply3 Sy o a9 £z Ol JI sl
wrails 18 alads b o ey, S e yiou S xSl
033 ol Ldlae 5 (Y Coons ) pl> (Jsbo gl oets
& 1y 00l 5 polidlonsls 5 (g9, cmdVLST > o
Sele cde Caonnd il T Sl e (V7 USKS) Sl 00905

(il Coomn 0aiils 5 oo 4y (39 LS i0l38l ¢ gy,

11500 )lg /1 o)lails /14 sl (S (iag) § Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

ohSes g S 0}y (IA)e

HFACS sl ool 3 aiols 3l s jise Jolgs 3Y oo

HEACS oo

iz oaslia 5 T edle ipls (Faugs Glime (b ln etz odalie 5 &85 (ISl pos - 2 e slb
D9h (oo AR )20 azx g pae S wplis (Sugs oliee b ke
0i,lagS5 5 (Carriage) o oxte (sloaly Jolis atly Sligas 5 550ds, (Seilfle VLAl 51 a5l pac - Shol sl
g s Sligad Casgume s 4155855, 055,89 S e glo (A o LSS w8 pos - ooall Jleslz ol gl
el oas plowl j51s) 9,5558 5 S e slo At e b S8 @
(Carriage) oulueSs (slo 4l (SlSe Coaglia b 5559, (655, Sodybs el Sole pac Oy lalss

ol 4l g el gloasss o 8 Slatine )0 oddchy i el JIgi ipl o ol gy cole, poc -
el o Cule ) salpsas (5,8

(Carriage) ou,lagSs slo 4l (SlSe Cuglio b y505) 655,k byl conlis Zole pac -

B ¢ . . . S [l bl St 1099 gl
29559y 2550 9 S e slo S )b SIS, @ pae - ;
- oml6 Jlas!
. . plos (bl
Je 39 JBUL Gy j5a5 pac - . .
Srorebiy g
oy S5 g y5g) VL ) 35S (o3l plowl pas - 5L o
(Carriage) o ,JagSs ol aly (Solse Conglio b 55, 6 Sk oyl cenlis Cule, pas - ?
Je 30 JBL L ey 50 poe -
Slilos 5l Gy LBl e S8 55 50 9 Job a8 335 (el S Syllial (2l By, 392 pas -
0wt 35l sty s shol lizl (59 @i ol 2 HP drum (a5 5 o o 85 Copmo 5,00 0
L o J3b o 5l Olipas coas aiile) plys (> )5 b (A5Is lizl jo Ol bl pls e sl ;
R . . PP an . 0t s Sy ebp
Rl g Jols pas 4y e gd9e (ul 45 B 050 J& T 0 oS 0 Y 6,55k (ol Slakad il
el o0y & ylas- o
(el )l 5 ol (k) (b Sy (b)) plosl e -
(Carriage) ol slo aly (Sile cunglivo b 575, 65k b )b cenlis culs pas -
25559y 3,55, 5 S e Sl Adu o )b SS9, e pae -
(ool J9)) (SolSe oFaSS s poe -
s 59y R 59y (SHKe T U i da poe -
aolialsS slls @l 5l eolatul) asie glo cud b s aslinlis casily 3 Ol 5l eoliul pas -
(L:“)jlé
Sldos 5l G 1B 03l J& 55 50 9 Jsb b 533 eend S 3l (plp2) (g, 9575 pos - .
C)La\ 50 Sl e
Slop ose . u)Uaa 1o th\.u
) . . ool asly SCaw .
b 4 (AL Sy b)) S5 szl pas i(elys il 5 Gl (ALB) (b S Sl plsil poe - ol
Lalss oz 9 (b locins alolid poe 4 s ojlo 55l 5 Jo 2 Fge Sl LW oLl
el 0l s i3> 5 (618 L 0 el
25559y Sl (paass bisel @)l pae -
ous gel 5 pmasie S (59 3l (55 st pos -
(1) 5 555355 O ooled s (i) (ST s 5l ooliusl poe -
phd (s Olme (b Gl stz ol 5 355 T edle pue -
(Carriage) ous lagSs sl aly (Sl Cuoglio b 52, 5565,k Sad )b ks Sole, pos -
5 e sl 5l plaabl 5 (2l sl (e el b 50 J 1S S il el JI cule, pos -
Pl 395 sl wiile (SBl,20l 5 ounts ploxil (JIgs cnl Gobo ol (65092 5 Slige coSlo gal> 1o 4y al> o
4&'0;&]\5?54{&‘)&%;)Q@lﬁl‘?hbﬁhﬁdb‘&‘)ﬁf&-ﬁﬁék ol Gl
15 ot mietie gl sillae lho el cums o) g Setigm 5gneceiles olha 3250l ol pue =
el 0z plogl Sge job 4 (8 Slais
oS Gz g sl a (30,5 b (25 il 558 pae -
aolialsS glls Sl 5l eolatul) asin glo cud,b bl asliulis casils 3 clsgas 5l ool pas -
(=33t
0539y 9,558 5 S e b A G )b SS IS @ pos -
11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling Pop


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

HFACS s ool aisls 513 3 jige Jelos 5F Jgia dols!

T T G

(Pl 5 59555, o oled el Gl (a8 L 5l elisia pae -

el cole Jlg cale) pas -

25559y 65 SOPY) gillas ol sladyg 3925 pas -

4alalss (gl)ls Sligas 5l ooliwl) jaseie o cud b b jls deliwliss susils )5 &lygans 5l ooliul pas -

(;r"))'l-)

Slojle 9>

(o by 5 ml (P) (o S bl s -
(Carriage) sus,lagSs slo 4l (SolSe Cunglio b 52y, (6505 )b cud )b conlis Cole) pas -
S i 5 sl B0 b S Gl S s -

Wly Dl5p25 9 5559, DY I 380 (il plonil e -

25559y GlS aass higel &l pae -

(el 5 555555 O ooled s (a3 (oS s 5l oolinl pae -

el csle Jlg cole ) pas -

555555 68 (SOP) Slles ozl (sladys,; 2925 pac - Slojbo sl
Slles I Gy Sl ol J8 55 50 5 Jsb )b 353 s Sz 0jllal (o2l (g, S92g pos -

Solop oxe

(Pl Sk 5 el (b) (b Sy (Sl ploxil e -
(Thrust Roller)  SilSe o545 5529 pas -

) 895 5 5555 (Sl () a8 pns 4t pas -

U i )la el
Syl

3o e Tl olan oo Sl (ansis 5 Sl ol 052y pac -

el o G Sl sl (86 iy, ogs CaBss ailels g plio Slyil panseis 5 Al albole 392y pos -
(plys Gl il 5055 o § J S i) ANt-AIift e 5 oolinul poe -

bRl e 3925 pos -
N

bgLﬁ.a si«.:).:..\.c

aalinalsS gl)lo lpgas looliwl) jaseie o cud b b jls delwliss suiils )5 Sl 5l oolaul pas -

(‘:‘))’le

(Carriage) o)l slo aly (Silse cenglin b 9755, 65055 )b nls 2ole s -
2555y 0,550 5 S e sla iy e )b SIS @ pas -

2539y S (eaasS Gijeel &Ll pos -

o 5ol 5 maiiie 5 (o 3 505 o o -

labidon p (S praai 2l 50 oS Jelge 5
e QB3 Gl g (2l BWM (g (e
Cuaio 09>l opd gyl (pl o b gy
Er il Jld b bjlae (85 (9wl o
#3059 sl GBS slasglad 5Ll
derh s osk 5 BWM (S5 5l ool b b Lse
5 stas gl sosmsolis a5 Cd,F E [PV b
ol adllas o (F Jsoz) cl bagliad (o 550
0 ok ) deasl Liel 5 oLL bl sl o
B 5o Jlo 18 6 &l (koo b paitie 8,05
G5l 255 (rizet 0 5 eoliiul abgy o Cunio
IV 51 yeS) Jsed LB 8ogamma ;5 bacgliad &S ol

BWMudj))/OJL@.uJ/L &)LM 8 c‘h.ub:a -r
anlyd o gwio s 5l 8wy dsdllas pl o
US)LM BWM U’“ﬁ) )‘ oolaiul l.’ LQ)LULA Ga:ou)j
TR pass mhaw a5l aisg Jlo FY sgu>
i)l (eSS Mass Sl Syl 5
‘olf)ls P HeTeR @Lﬁw O g Nog (..\...u)‘
wdigs WS Wy ($5leSS axly Sy pe
(omzred il s sl eaige 5 mlio
o3 Juo V8 Ly 5 ol 58 ()5 Al eSilo

O 9 ¥ Jslox)
35 g oadslulid (slojlone 4y (20055 sslatess

11500 )lg /1 o)lails /14 sl (S (iag) § Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

ohSes g S 0}y (IA)e

HFACS (o a8l bl 1 5l adllas )5 ol glo aogi ¥ Jgis

GOl (sl pludl ] apogi
(Thrust Roller) Sl o5 a.sG
Jio 695 2299 (Silo (o5 Y2
S0 p YT b olan 550 Syl (ausld 9 ol aibobus

O30 o2 3l Gl B2l 31 (LB iy 515095 ABgi ailobus g (3350 Bl il andidd g il ailolu
P39 3555595 o ool el Sl 91 (gl (Ko s 5l oo lal
(plyd Syl H5095 prammai g J yS i) ANt-AIift w31 oolisw!

b Rl e
plyo el o luibuwl Jlgi cule,
295259 5035 SOP) ldes 5 luilin! glaasg,

Jomo 50 BU L Gy sl Sl Oy i
s g a5 U 415 daliwlid ol ,5 ol a3l ool
(o3 aaliaplgS gl 1o &l g 31 oolisiuwl)
oyt Sldos 51 Gy (A1 ¢35l B 3550 9 Job B 3259 oyl g & lilinsl (212! 09
slon

(0350 sk g ool (>1pb) (2 1hb Sy 255

O (SHgs ol Gl gl 359 6l el
6l 3 (Carriage) o5 yxio slo 41l (Slo oglio b s55553) 6525t b b il ale
255459 00 5l0gSS
2559y 955 R 9 S pe G i (o Hb S8 2598
R0 52 3 5k 4y B0, s 5 iyl J S
5 (Carriage) & yxio gboasly Jolis ainsly 51521 9 yoaiy (Swilo VLT 1 gloy90 (o3
XSRS
25559y § )5 (s hgel
w0 hjgel 9 amarkio H5 (595 31 5305 0 4

BWM s, 3l eoliinl b b jlre o00y59 alo o o BansSes 6 SGdl S oo Sledlbl :F Jgoe

- Vel S
Y £y
Y b--% &
\ O 5l i
- V-0
f Yo
- - (JW) 6,5 aislw
\ Yool G
) el s
f o] gl IS OHlars o
- el ks
Y 2
) Cans o b ol [ lgie
Y o5
11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling PolE


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

ol 3l S @y eS8 lie Sl S 900 Slaskine 10 Jgoo

WV 55 sle wul8 Ste 5 Axwss () (6551 doos Gl9) Sl (ciis A8yl (olied)lS E1
1 e L ol IS sy ixis o e Ayl plis E2
1 HSE .l s e piige ) ki s E3
0 A5 Dl (6 IS g Sl eend Sy o Sl (s Al (olit)l5 E4
AAj Bl (oo pB)S B s sl E5

o )lre 6,550l 5 5 ol F Jguzr

LS IE S
AN i4 ERY 4N <Y - YVY «OAY Y oo
Y0 c o AY CARE -\Y0 < OVF Y o
VAN AR <O ERTA YV f oy
CePY- - X0 - ¥o ol oo B oy
- Yo Yoy V0V o eSilee

0.135
S

Olbaabsl colild

0.307

0.157

adgl 4 s

0.401

0 0.1 0.2 0.3 0.4 0.5
BWM s, jl odliel b baylas ool :€ JS
ot Ll Ll s bl o el e el g ey @Sk 5l Gl el ol e wnb
ol Lols blas plo s lolis oolgrin 5yl o bl Slglie oIS

BN wJSd.J LSJJA:)».AJU ;/Jj.efw 9 d‘;’:-Jj‘ LR ‘ULM.QJa‘ )L:..:u BWM L}“’ﬁ) )‘ od..c];’lwaod.g CJL..: wl.w‘ 5
(F IS8 085 )18 gam glacaglsl  Olsiear /T2 039 b pal Glo apogs o250 ]

Pold 1100 jlgy /1 a)ladds /14 sla (5 (iay) g Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

O35 B 38 5 g Job s 580 uad Cua o lailinl ol b,
Gl o Slibos I iy bl

0559y 9,558 5 S e b i G )b CSIESy a5

piein gl b B b I aalialid oaiils 5 Slygas 5l eslina

doe 5o B L Gy jgam el O e

el by s it JIg cole,

0

ohSes g S 0}y (IA)e

01 02 03 04 05 06 07 08 09

TOPSIS SSS 5l oalatal b o ol W‘ S duogi o etes 10 Jimé

Slojle sle,eSB ow) g HFACS SasT 5l onlal
ol Judos ol o ploil ol olas ) 5 dee Sludl g
Mz 2 58 55 sk 4 el ats (paix oS Sl
Wgd e 1,55 HFACS zhaws
Jol s o ol adlas la adl, ulol 5
sl i sl casdlas 90 aisl> o HFACS
il ol 5 s, olass (Sl glas
ez oy dol> olas, 0 Jge Julge alox
Sals 9 (9, dnby ‘5’ sl b oles 2 (e
b loayg, g0l 4 Boes g wimd oo &) oddiin pod
wilg co lallas ool cosiie Lo e o5l ! slacs,loe
b ladiges Wgd ell slocasdee 590 4 i
lossle (5,5 JSs 5 az g sanaslsl pae Jolis o
G cde pas daadly olw! .l G ol 5,18
S5 olyieds o3 Fags i s il 5 80
lolis pols adlhas jo aiol> slas ;) o S5e Julge
b Ol p e sl oz ly 0 a5 wd
Ol 5 Hobbs asllas bl 0 00,5 o (gons
flonl e )0 Bdas Olgs 5 ciee glallas oY) )
e Rt R R N SR
Orlple s Wsdiee JyuS oadin el s b 055

11600 )lgy /) d)ladd /14 ala (5 (iasl § Cublagy aslilng

Ay gl esliel b pieal slo deogi sdiad, -0
TOPSIS
Olis JrS g sl Gl oy o) mls
L lodebiwlils casls 8 Oligzs 5l colazwl as™ olo
cayd b (ol aslialss ghl) jaxie cud)b
Cpee (gl dog Grppee AVY (S5
Gy caley Jolis (ol Gl aos (rizra D98 o0
cape b oo ;0 B L Conpy s jea g plyo cole
5 £3° Soad; )o coifa PN 5 VTR (Soy
ol slo Ao s blie 5 (D JS2) 425,515 g
ol slr G ISl 5 )b b e pla
B F 8 sy aoml 5o el (Swse Gl
Blmil asid g ol aible asle do 4oy plo
Shboe o lliul gladsg) ¢ )9uds) 509 395 L el
ol 380 s Cge ol ol b, 9 (SOP)
WS 18 Gl slaas; po Gile B S e 5 Job
Y Jgo2)
oy =
S5 o ooly #y wols ol Bas b ols asllas

L()Wj)éa))‘(a‘)o Jog.u...u bob))byu}bma

Poy


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

« (A3 (5lo)e35(6 (53dy aBb § JalaT elwaw sp5)5y

TOPSIS (S5 1 ool b ol glb dpog? ey el Y Joo

Sl ant] oIS oy

Sadpoays  Jlouyl i alols Jlouy! 3 alold

(CCy) dy) & A
)< - DAY 7 .00
1 - A\ N e
VY B I\ 5
2 .Y - AD e
VY NG i .08
Ve LAYy L LAY
Y - ¥vs BT - AY
Y - V¥4 e LTy
) .Yy SR -0
v - 52A R L FF
) - AYY SNes CoVY
f .55 oA - %D
q - 834 29 C o f)
14 £V A X
Y - 0% <o YA . o5¥
v sy LAY )
V0 - OYF AP -V
VA I ) sy
Ve - BYa YA By
A SRy C LAY )

35,5 oyl g (Sws obml 4 e Wy o0 5,
Sl glallas 59 4zt Sl (S Culed o &S
slallas 3.5 (Y- + ) Cebi 4 Celik asdllas .(VV) 50,5
e e Jale ooy Sl o 1, e e
Slals 5 OLlee g e slalla>  ogdle 03503
(V-Y) ol)Ken g Lenné aiile Slllas jo a5 159,
Solg> 10 (Y+19) ol,Ken ¢ Naghavi g ;yoles o
ol asdlas jo wiloads 3,155 1SS, jsame glad
V) les,S Wyl gl ids i STl slallas
pas asle) (STl slalls lojen go8g (VT 14
2 e gballaz (LS o (Sl wVlasl w )b
(e oty bl o AT was e lid Ol

PoV

(Thrust Roller) Slse o545 \
Jos 695 2 o5y Sl oS S8 s Y
Sye oYL olen plys CBlzul aseis o b Al Y

b ey, JSogs Lalgr alelw g plye Bl il Larsis g Gl alelu

el a5l G Gl sl
P10 5 55y Crm oled el Rl sl (SeST S [
(plys Bl =l 5095 i g J S i) Anti-drift asboles 4
Ok Gl et v
ol el s st g cole, A
55555y 605 SOP) (gililae o failinl sloays, 4

oo 50 BU L ey s y3 s gl D, e ).
i sl b b bl deliwlid oassls 5 il gz 5 eoliiwl -
(o3 aolinalss slls Slipas 3l oslail)
O3 J& 3550 5 Jsb )b 353 sl S Sylailinl (ol 2l ) B
G0 0y Sldas 5l - L;\l:u;l
(0= b 5 ol (H1b) (b S Sbj)) w
O (093 Ol SRl Gl 80 IS edle ¥
w2 Sl Cunglie 4 o 519 6565k Cudib el e '8
Wsly Sl 9 59555,
2539, 9,550 5 S e sle o G sk SISy w8 V¢
sSn 5 3 ok o 0,8 b G5yl S W
ol als Sliazs 5 559, (SelSe VLAl 5l sl 0595 (o3l A
0d3,l0gXs ¢ (Carriage) S e slaasls
5558y SRS (pasS G0l "
o (Bigel 5 masie 5 So5 3l 515 o AN

Al 13 sl allsse BT oje> 5l 2,15 el
degozman) ;o > g cpl Gl SN digel Sy
oy aS s el Sojosle sy u P o
5 ly>l S pgon (Jyans 5 LT Slles gy S,
slallas (7)) 00,5 oo Jbb 0,8 8T wls S5,
559y SHe LA 5l (pw )il pae b (STl
(Carriage) S i slaasly Jold aily Slyga 4
PRl e Slasagyy GalS 5l (SAL e laeSS
S (St & ales 5o 5 0
Asghari asllas gl Qg oo e SEL L oyl
&5)‘;)':’ pae aS Sl oals uLw) (Y’YA) ul)Liw 9
ol slo i 5 )5 5T 51 Gy ez gs Sl

1100 jlgy /1 a)ladds /14 sla (5 (iay) g Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

LS Caddge ln sy Sl (Gl e Lo
yotms D)5 15y o P90] e slotal; @l 5k |
5 ool G2l el ol ol slaGsie
Jsb jo Sldes cnlio (63, doli .ol (ylsg sl IS
= 975 Sl S Cupde e o3l Sliles
ol g Naghavi asle Sldllas L aisl opl 008
g ol ST ST Sy ) e a5 (V4 19)
Sl S )95 9) )1 10 SOP G laié el
Sl (YY) 00,8 Sldas 5 (STl slallas 4y >eie
Sl oy50 ST R sl @ e sl Gl e
5 Yl lipabl CoklB b Sliagns 5 eolital il
2 Sy Jelss aboz 5l el )5 slo ay, (nsw
S sle Lnoe ;5 D3le> 5l (6 Kty 9 (Senl S5
5 Slee Lo @ Blad Leallygis Hlais (1Y) ol
5 oollad CoaS  asly (HFACS gl mlaw) il
o dg) a9 cnlplo S3lailoe aale 55 6554l
@S Sl pladl S oSy S 5 Sldes
o2 9 Nled Kty s 5l o wilg o a5 ol
sl ol 5o Sl ol sz lr
Slosle 92 polai (elge HFACS )z o )3
anl (Slles o laliul slaays; S92y pas wile
Sz olaibinl ol gy d92g pac wile Slejle
O P e JB 55 0 9 Jobo )b (550 Gens
slaz, e 5l (F e plsie a gl oy Sliles
cozl 5o Sble Jelse o asas Slolil adol>
el e gl 538,56 oleie 4 HFACS
2 s 5556 5 ogde b ol o Jelge
o glS Cosii Bkl g peiien nd jobdy (e
Slr |y die degozmo ) Slilee 5 (5,08 zolaw o
w8l () aiS e wal el Jleel 5 lalbs 4,
ol (Y-YY) oK 4 Oliveira dsllae sla
Dly> o )l 51 Jalse 51 (o plgre w0 1) Slosle
Al aizmed ol o0ges 518 Sl mleo
SBU Giigel 5 aerd o Joallygins oo sla

Al edged o138 Golg> olaz, 5 See Jelee 51

11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling

ohSes g S 0}y (IA)e

Dylee 3929 b (2 Wlgi oo SaaBye SThol 3 cSs
Byo S s il ple 005 e el (6 S el 4
Casii 5 0358 B Sllee ol (B9l
Slp ol Gilwand slogiisel o exdge 25T
ey B 4 (69,0 hgy Db S0

«5,9L8 /15l Jlas 5 ;0 HFACS pg0 mlaw o
Saglio b Hoids) 65k Cudib cls Sole) pae
259 pae g (Carriage) o )logSs slo by SOl
3559, 0550 9 S e sla i G JL S leSe
G yokd lae aivg ol olas, jo Sge Jelse dlax
Floo 5l (rpmg el Jolds a5 5)ls o) La1  Lalge 4
o 255 5 it b alar | palegi 3 21
5 by Jelse plodezr bl Sinles sla S
aS el ooly ylad addS glaadl g oo ygumlogs]
ook o ol glabla> 4 YT pile jupss pos
Sopde la pha ispllss g2l pas 5 Lo
3 soand las sl g Dligan 5l eolaiwl g ()
oo sl Lo )3 D3lg> Bl Fge Jelge alex
WS (oo @8l B (6 i 93 digids oS (] ain
slalhs g93g Jloio! puitns o8 g pdiins pobo 2y o5
OB Ol 2 1) S)lee (e slallas 5 (STl
sotin ol ol axlllae (gl axdl (1Y) ams e il
(Sl glalkas jpa> )5 (S &5 WS e S |,
@ Wlg e Dligzs QB L (b o S8 el
a8 Cnow a3 1) i 1593 byd i SO e
5 i Semy @byl po)) el cnl ams Bom
@) lopeste 5l Gy Sl Jis (&8 )5k
A oo LS b9

ol casllas pl ;o HFACS sgu w0
5SSl Oldes call (65, albp ( SBL
pa i s Gl g ent axslis Sie ool
pas ol cole Jlg cole ) pas (380 g laScdle
G83 (o3 plol pae g 3 jllinl (o2l (g 292
Foo Jelge alox jlatinly Sl 9 95, SYLal ||
gt ( ) B 0oz )lr j0 og Aol slas) s

PoA


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

sl S ot golpiion gieal OMEoe g b dogs
5 ilwooly (gl 5L 0,90 mlo (Ban 4y oliws o
g 5 55k 00l Bonsl 51515 5 90 (e es IS
arogi byl 2 NS Jelss ple 5l Ol yass ploxl
AFF 707 sl o ool sl
=S5 ey xSl bl asdles
lolis gl azepllss g0,5y5, HEACS-MCDM
Al sl slo anogi ooyl g ol olas; e
1 alacaogame b asllae ol o ol b sl 08,5
o adllae slo Cogdguzme alex Il 039: gy,
Slasglad » 4SS 5 ol Aol S 2 35 08 4 ol
G Cuglsl 5 (2 (s Jole 0 B e
sty x50 4 Slcldlas 3 se o)lal
Coalad pae el 6l 63 ojleniz (655 el
i Soglgl il 2 )0 B 13 S slaglas 5l 5L
63l ko osblay 5,5 oo Sl sted] linirogs
STAMP! L (oot S&5 p (e Sl SSS L
5 sb>nt by, jeslr Judov jshie 4 TFRAM L
Ol el e s Aoyl diol> slas jo edioey
Olrse ln 63,1 sl (lsie 4 Wil oo aslllae
My @lis ohgd (S mlio )3 Gl plaasis
Cldaoy gilwosly 0,8 18 colatwl 5,90 hgs
Slizs 5l eolaiwl Jeld cadganuglgl sl
cobo olailbinl Jlg cole,y g b0 jga> loasliulis
G5k el 52,800 2 53 el & 50 4y WlgS oo
03,5 pleol Jawyy (3901 5 laays,
) oo Gl polo adlae glaatdly doe op)l8
42 )LSs g (b iz pladlaal p S B o e
(oo g (g 8l Sy gl )3 Sged e
Slies Ol 5 b slanld el (59,0
S rdbghe pi5 plee 4 (L S, L)
& Slatie (gw g wax SYVgane dang 45 >

1. System-Theoretic Accident Model And Processes (STAMP)
2. Functional Resonance Analysis Method (FRAM)

Poq

o 5l b ayg; (Slaj 59y 4 g (el S b o
Sl odds dsgs diol> laz ) 5l (6, Kin 10 Jge Julge
aS awo oo Hlis asdllas 090 aiol> o (VY ,VY)
Consl (S o5 @lin 5l 610,55 2 3929 b plesles
e (pl Copde g parass o ole S Gl
ol Sladle gl az )y Dj9pd el ol il
colis syl p (b asile (Slojle slaanl B 5
3l ST Gl mlin Sy ke 5 g
SIS ] ol gl bl 2 2l aalllaa 3
Slalddl g o apoys @isl> Jud=s 0 HFACS SasS
(il ol jlre oz wlol g slering Sl
)90 Sy yend g 9 linalbl bl gl any 52
adly olol p il gan Soglgl g 483 15 L)
S35 5l el by Lol (pgas )3 adlllhs ool lo
S S (goleidnn (ol Pl drogs iy 9,
S5 e Jelge bt gl oz ol
gz 5l oolil (V) Jols wind gloles HFACS
oolatul) Lasine sl cud b b s asliwlis ousls S
Sy ale) () o3l abanlsS shils Sl |
3 HBL L gy jaas (V) pljo colo o laibi!
GBS G Sz bl ol gy () (Jore
Slles 5l G (L) 03B J&5 55 70 9 Jobo o yhas
sla idu om )b SIS e (B) 5 )lor o
Slelsdl g o dogs W3g 5idy; 3,558 9 S e
L laolags, aalS b S s nSsly sl iad
sla drog (oLl Wed (oo dl)] oglladl Bolse
o yd 53 liebl CollB byl 4 aly Sl
plociul § (S L6 do )b Jod Ul (2l o
5o oy, g g giesl aleladl 36 el byl
0,8l ollgs ( 2l Boa L gllas o, Slee & )50
L sl 5 Jobo 5o 3,Shec bl Lol ol
2lr o Caglie Ul rane (Bolai o)l 53U Cou
bl ) pladl o5 gel b 38 comslio 5 a5
@il 38 Fee Ol dlex 5l ols St Sl o

11500 )lg /1 o)lails /14 sl (S (iag) § Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

oY Cugli 5 alin Sols> l (6 pKiy 50 (ot
iloaroled 5 g s p5 o ales Lol (bla>
25259, sl SOP) Slles slulinl slaayy,
@ dlgice GO plS 5 paas glagijsel (b g
SIS aygilpl Sllee 5 (STl oo e (S5
Slosle slocslon; Cosli (mizen il L
5 Ol slept Sbxl @b 5l Sl S8
Sy Capde glaanls jhanul 5 gloyss (w3l
5o el I8 laze jo gl 95 9 )lse plu 5l b
oo 45| HFACS-MCDM oS 55 b3, et sl
Al oo alive mlio g ol plu @ aslllas oyl jo
Aoy Ganluggl g S5 Jolse aneplla olulis o
Al 4ol ol joo 4y el gl ses] loladlle
Olpse w0 )5 g (helow 9,509, cnl 5l s Sone b
) 05> sl gl wiilg oo Caio Gl S el
ool Glacinlans Lidu Sl g ools Larass Suiedas

aaps olisl gyls Jaee Sl

SOl os =
IRTUMS.SPH. >l oS L asdlas oyl
oBiils gt o Ml aieS alws REC.1403.148

ol €535 15 505 590 0lyt8 S8y sl

S1oed g S =
5 e i e 5| i ol e
S eyt il Slass 5 S pole Al
Colem b a5 wil o 1403-4-294-74914 ol 4,

Q‘)‘er' G’»La)o w‘..\.er' Slevs 9 ;...u).» ‘a9lc oKisls

ol 00 |

11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling

ohSes g S 0}y (IA)e

Lol (Sl slo el sl waled (e g 5 L]
Rl 2 e g Sty S e Sl
Slaio b jlpl o See Glbail Sy o 5,5k 5
5 el g 00,8 oo b o] il g (b
LK slr ol Shles slaays, (giluansly
Syl & gy jsbar a5 Sl g ooemmy Sl
Shol Glalas  als 4y wilgs oo w3lo oo oyl 059
gl 5 05l e Gell Jlesl mla o Sliles
Fhe a5t g Solgx 5l Slojlo 6550k Cosi  Slojle
Al o0 Comenl 5,65 5L slo adl>

p el See plys b Aol (ganaes o
Sl S 92 pac (b s i alse S
& W g el Jlg cole; pas (owaige
ol Oz E98y Ok ool 7y )l v5eS
(995 ey Goj90l (b 50 6,05k 4 5l Sy
Gr5 0 g 555, )8 Slles o labiul slaayy,
OSJB lapinen aex D) oS gial Dl
el (S

SpS Al =
Glogbs, wuSs 5l eoliiul L ol adllas

el 5 leles 4 TOPSIS s BWM (HFACS
Gol> 0 Jie Slojle 5 Sludl slo, S aepllas
Gazg b.osl, beade Cate S o el beaw
Slodsbiwlis oasils )5 Sl 5l oolawl alol> gl
ol ojlaibinl g cule, (asrin sbbeogd b L
Olpe 4 Jome j0 JBL L Capye jpax g gl
W glols Mol obdadl Lol slacy gl

G wlgF e a88L Ll &0t basogs nl sl

Plo


https://jhsw.tums.ac.ir/article-1-7311-fa.html

—

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

o (P31 5l)gI51 53y alab g JalaT eluwaw 15)5)

REFERENCES
Mahdavi M, Ghasemi F, Omidi L. The application of
a systems thinking-based risk assessment method to
identify hospital emergency evacuation risks. Hum
Factors Ergon Manuf Serv Ind. 2025;35(3):e70001.
Ghasemi F, Kalatpour O, Salehi V, Omidi L. Why
are emergency responses ineffective and inefficient?
Lessons learnt from past events. ] Loss Prev Process
Ind. 2024;90:105335.
Salmon PM, Cornelissen M, Trotter MJ. Systems-based
accident analysis methods: a comparison of Accimap,
HFACS, and STAMP. Saf Sci. 2012;50(4):1158-70.
Reason J. Human error. Cambridge: Cambridge
University Press; 1990.
Ghasemi F Zarei E, Ahmadi O. Tripod Beta
methodology in incident investigation and analysis
of complex systems. In: B Sk, editor. Safety causation
analysis in sociotechnical systems: advanced models
and techniques. Cham: Springer; 2024. p. 93-121.
Wiegmann DA, Shappell SA. Applying the human
factors analysis and classification system (HFACS)
to the analysis of commercial aviation accident data.
Washington, DC: Federal Aviation Administration;
2001. Report No.: DOT/FAA/AM-01/3.
Lenné MG, Salmon PM, Liu CC, Trotter M. A
systems approach to accident causation in mining: an
application of the HFACS method. Accid Anal Prev.
2012;48:111-7.
Wang Y, Liu C, Xu H, Geng X, Wang Y, Liu Y. Analysis of
the causes of falling accidents on building construction
sites in China based on the HFACS model. Buildings.
2025;15(9):1412.
Chan WTK, Li WC, Yeun R, Wang T. Creating more
viable safety recommendations in accident investigation
by revising the human factors intervention matrix
(HFIX). Int ] Ind Ergon. 2025;107:103743.

. Salehi V, Moradi G, Omidi L, Rahimi E. An MCDM
approach to assessing influential factors on healthcare
providers’ safe performance during the COVID-19
pandemic: probing into demographic variables. ] Saf
Sci Resil. 2023;4(3):274-83.

. Omidi L, Bahrami M, Dolatabad KM, Zakerian SA,
Azam K. Mindful organizing mediates the relations
between group safety climate and safety-related

behaviors among operating room team members.

Pl

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Perioper Care Oper Room Manag. 2024;34:100351.
Omidi L, Dolatabad KM, Pilbeam C. Differences
in perception of the importance of process safety
indicators between experts in Iran and the West. ]
Safety Res. 2023;84:261-72.

Ghasemi F, Rahimi J. Failure mode and effect analysis of
personal fall arrest system under the intuitionistic fuzzy
environment. Heliyon. 2023;9(6):e16606.

Rezaei J. Best-worst multi-criteria decision-making
method. Omega. 2015;53:49-57.

Hwang CL, Yoon K. Multiple attribute decision making:
methods and applications: a state-of-the-art survey.
Berlin: Springer; 1981.

Vanden Heuvel LN, Lorenzo DK, Jackson LO, Hanson
WE, Rooney JJ, Walker DA. Root cause analysis
handbook: a guide to efficient and effective incident
investigation. 3rd ed. Brookfield, CT: Rothstein
Publishing; 2008.

Asghari F, Hemmatjou R, Ghahramani A. Investigation
of human factors contributing to accidents and unsafe
acts of employees and their prioritization using HFACS,
DEMATEL, and ANP methods: a case study in the rebar
production unit of a steel manufacturing company. J
Health Saf Work. 2025;15(3):627-50.

Wang J, Fan Y, Niu Y. Routes to failure: analysis of
chemical accidents using the HFACS. ] Loss Prev
Process Ind. 2022;75:104695.

Celik M, Cebi S. Analytical HFACS for investigating
human errors in shipping accidents. Accid Anal Prev.
2009;41(1):66-75.

Ghasemi F, Gholamizadeh K, Farjadnia A, Sedighizadeh
A, Kalatpour O. Human and organizational failures
analysis in process industries using FBN-HFACS
model: learning from a toxic gas leakage accident. ] Loss
Prev Process Ind. 2022;78:104823.

Patterson JM, Shappell SA. Operator error and system
deficiencies: analysis of 508 mining incidents and
accidents from Queensland, Australia using HFACS.
Accid Anal Prev. 2010;42(4):1379-85.

Paul P, Maiti J. The synergic role of sociotechnical and
personal characteristics on work injuries in mines.
Ergonomics. 2008;51(5):737-67.

Shappell S, Wiegmann D. A methodology for assessing
safety programs targeting human error in aviation. Int J

Aviat Psychol. 2009;19(3):252-69.

11500 )lg /1 o)lails /14 sl (S (iag) § Cublagy asliling


https://jhsw.tums.ac.ir/article-1-7311-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-20 ]

24.

25.

26.

27.

28.

29.

Sklet S. Safety barriers: definition, classification, and
performance. ] Loss Prev Process Ind. 2006;19(5):494-
506.

Hollnagel E. The art of efficient man-machine
interaction: improving the coupling between man
and machine. In: Bainbridge L, editor. Expertise and
technology: cognition, human-computer cooperation.
Hove: Psychology Press; 2013. p. 229-41.

Chiu MC, Hsieh MC. Latent human error analysis and
efficient improvement strategies by fuzzy TOPSIS in
aviation maintenance tasks. Appl Ergon. 2016;54:136-
47.

Omidi L, Salehi V, Zakerian SA, Saraji JN. Performance
optimization of human factors and safety performance
using an integrated DEA-TOPSIS approach: a case
study in the process industry. Soc Sci Humanit Open.
2025;12:101766.

Omidi L, Salehi V, Zakerian S, Nasl Saraji J. Assessing
the influence of safety climate-related factors on safety
performance using an integrated Entropy-TOPSIS
approach. ] Ind Prod Eng. 2022;39(1):73-82.

Omidi L, Moradi G, Salehi V, Khosravifar M. A multi-

11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling

30.

31.

32.

33.

34.

ohSes g S 0}y (IA)e

criteria decision-making approach for prioritizing
factors influencing healthcare workers’ safety
performance: a case of a women’ hospital. J Saf Sustain.
2024;1(3):173-80.

Jahanshahloo GR, Lotfi FH, Izadikhah M. Extension of
the TOPSIS method for decision-making problems with
fuzzy data. Appl Math Comput. 2006;181(2):1544-51.
Hobbs A, Williamson A, Van Dongen HP. A circadian
rhythm in skill-based errors in aviation maintenance.
Chronobiol Int. 2010;27(6):1304-16.

Naghavi Z, Mortazavi SB, Hajizadeh E. Exploring the
contributory factors of confined space accidents using
accident investigation reports and semistructured
interviews. Saf Health Work. 2019;10(3):305-13.
Oliveira SS, de Albuquerque Soares W, Vasconcelos BM.
Fatal fall-from-height accidents: statistical treatment
using the Human Factors Analysis and Classification
System-HFACS. J Safety Res. 2023;86:118-26.
Petroleum Safety Authority Norway. Guidelines to
regulations relating to management in the petroleum
activities (the management regulations). Stavanger:
PSA; 2002.

PIp


https://jhsw.tums.ac.ir/article-1-7311-fa.html
http://www.tcpdf.org

