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ABSTRACT

Introduction: Barriers play a critical role in mitigating risks and preventing catastrophic incidents in
process industries. Human and Organizational Factors (HOFs) significantly influence the performance of
safety barriers. This systematic review investigates existing frameworks and methods for assessing the
impact of HOFs on safety barrier performance.

Material and Methods: A systematic search was conducted across the Scopus and Web of Science
databases, following the PRISMA guidelines. The search aimed to identify studies presenting methodologies
for evaluating the influence of HOFs on safety barrier performance in process industries. Data were
subsequently extracted from the 16 included studies.

Results: The 16 studies included in this research presented various methods and frameworks examining
the impact of HOFs on different types of safety barriers, including technical, operational, and human
barriers, across industries such as oil and gas, chemical, and steel. Barrier and Operational Risk Analysis
(BORA) emerged as the predominant framework among the studies. Research on operational and
human barriers, which depend on human actions and procedures, frequently identified factors such as
competence, training, communication, and supervision as key influencers of performance. In contrast,
studies on technical barriers highlighted the importance of assessing factors such as maintenance
management and procedural compliance.

Conclusion: This research highlights the critical role of HOFs in safety barrier performance within process
industries. By systematically reviewing existing methodologies, the study identified their strengths and
weaknesses. Findings underscore the need to account for uncertainties in expert judgments and the
interplay between HOFs in evaluation models. The integration of fuzzy logic and Bayesian networks is
proposed to enhance evaluation processes. Future research should prioritize the development of unified
frameworks that address the limitations of current approaches while expanding their applicability across
diverse industries.
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1. INTRODUCTION

Safety barriers are essential components
in risk mitigation and the prevention of major
incidents, particularly in process industries.
These barriers, designed to prevent, control, or
mitigate hazards, exist in various forms, including
physical, technical, operational, and human/
organizational ~measures. While traditional
approaches have primarily focused on the technical
aspects of barriers, an increasing body of research
highlights the significant influence of Human
and Organizational Factors (HOFs) on their
effectiveness. Understanding and addressing these
HOFs is crucial for a comprehensive assessment
of barrier performance and the development of
effective safety management strategies.

The impact of HOFs on safety barrier
performance has been underscored in numerous
studies and investigations of major incidents. For
instance, research estimates that up to 70% of
accidents in the offshore oil and gas industry can
be attributed to human errors and organizational
deficiencies. This recognition has shifted the
emphasis from purely technical analyses of barrier
failures to a more integrated approach that considers
the complex interplay of technical, human, and
organizational factors. The need for such a holistic
approach is further accentuated by the growing
complexity of modern industrial systems, where
barriers are no longer simple physical components
but intricate systems involving interactions
among human operators, automated controls, and
organizational processes.

To effectively manage these complex systems
and ensure optimal safety barrier performance, a
thorough understanding of various HOFs and their
impact is required. These factors include operator
competency, workload, stress, communication,
procedures, training, organizational structure,
and safety culture. The interactions among these
factors and their influence on barrier effectiveness
can vary significantly depending on the specific
context, necessitating the use of tailored assessment
methods.

This systematic review examines existing
methodologies for assessing the influence of HOFs
on safety barrier performance in process industries.
The review focuses on identifying and analyzing
different frameworks and methods, highlighting
their strengths, limitations, and areas requiring
further research. This synthesized knowledge is
vital for advancing the understanding of HOFs
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in safety barrier performance and for guiding the
development of more robust safety management
strategies across various process industries.

2. MATERIAL AND METHODS

To thoroughly examine the existing
methodologies for assessing the impact of Human
and Organizational Factors (HOFs) on safety
barrier performance, a systematic review was
conducted. This review adhered to the PRISMA
guidelines, a widely accepted standard for ensuring
rigor and transparency in systematic reviews (refer
to Fig. 1). The process began with a comprehensive
search of two prominent scientific databases:
Scopus and Web of Science. These databases were
chosen for their extensive coverage of research
literature in various disciplines, including safety
science and engineering.

The search strategy was meticulously designed
to identify studies that specifically addressed the
assessment of HOFs' influence on safety barrier
performance in process industries. It involved
utilizing a combination of keywords related to safety
barriers, HOFs, and performance assessment. The
search was conducted without time limitations to
ensure the inclusion of all relevant research in this
area. After removing duplicate studies, the titles
and abstracts of the retrieved articles were screened
to identify potentially relevant studies. Those that
clearly addressed the impact of HOFs on safety
barrier performance were selected for full-text
review.

Two researchers independently reviewed the
full texts of the selected articles, applying predefined
inclusion and exclusion criteria. Articles providing
specific methods or frameworks for evaluating the
impact of HOFs on safety barrier performance
were included, while studies that only mentioned
the importance of HOFs without detailing any
assessment methods were excluded. Disagreements
between researchers regarding the inclusion of
articles were resolved through discussion and, when
necessary, consultation with a third researcher.
Data extraction was performed independently
by the two researchers using a standardized data
extraction form. The extracted data included
information on the study’s approach, methodology,
industry domain, types of safety barriers assessed,
and the specific HOFs investigated.

3. RESULTS AND DISCUSSION
The systematic review identified 16 studies that

Journal of Health and Safety at Work 2025; 15(1)



A. Azarmehri et al. / A Systematic Review of Methodologies

S
§ Records identified through .
ff:-) databases searching (N =217) RemovI\e]d_d;g licates
E Scopus =56, WOS = 161 (N=<0)
=
=
( \ 2
2 Excluded records after
'E Records after duplicates removed title and abstract
% (N=177) screening
2 (N=143)
( \ v
d= Full-text articles
= Full-text articles assessed for eligibility excluded based on
=) (N=34) study criteria
= (N=18)
) v
g }
'z Papers included in the systematic review
E (N=16)

Fig. 1: The PRISMA Flow diagram of the literature search and selection of studies

presented methods or frameworks for evaluating
the impact of Human and Organizational Factors
(HOFs) on safety barrier performance. Analyzing
these studies revealed a concentration on the
offshore oil and gas industry, with a particular
focus on hydrocarbon release risks. This emphasis
likely reflects the industry’s high-risk nature and
the potential for catastrophic consequences in the
event of major incidents. However, the limited
focus on other process industries underscores a
significant research gap, highlighting the need for
further studies that explore the applicability of
existing methods to diverse process industries and
a broader range of barrier types.

A variety of safety barriers and corresponding
HOFs were examined across the included
studies. This diversity underscores the complex
and context-specific nature of HOFs' influence
on barrier performance. The review identified
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multiple methods and frameworks for assessing
this impact, with the Barrier and Operational Risk
Analysis (BORA) method emerging as a prominent
approach. Specifically designed for analyzing
hydrocarbon releases in offshore installations,
BORA systematically identifies and evaluates Risk
Influencing Factors (RIFs) that can compromise
barrier effectiveness. However, the review also
revealed significant limitations in existing
approaches, including reliance on expert judgment,
neglect of interdependencies between factors, and
the static nature of assessments.

Addressing these limitations is essential for
developing more robust and reliable assessment
methods. Study sources recommended the
incorporation of techniques such as fuzzy logic
and Bayesian Networks (BNs) to improve the
accuracy and comprehensiveness of assessments.
Fuzzy logic can effectively address the inherent
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uncertainties and vagueness associated with HOFs,
while BNs are capable of modeling the complex
interdependencies between various factors.

Future research should prioritize the
development of integrated methods that combine
the strengths of different approaches while
mitigating their limitations. This will contribute to
the creation of more effective safety management
strategies that account for the multifaceted
influence of HOFs on safety barrier performance in
process industries.

4. CONCLUSIONS

This systematic review examined
methodologies and frameworks that evaluate the
influence of Human and Organizational Factors
(HOFs) on the performance of safety barriers in
process industries. The “Operational Risk and
Barrier Analysis” (BORA) framework emerged
as the most widely utilized approach among the
reviewed studies. Challenges in the development of
such methodologies were identified, including the
inherent uncertainties arising from expert judgment
in weighting HOFs and the interconnectedness
of these factors. To address these challenges, the
integration of fuzzy logic and Bayesian networks
was proposed, aligning with the recommendations
of the reviewed literature.

Furthermore, the importance of continuous
assessment and monitoring of HOFs during the
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operational phase of safety barriers was emphasized
to ensure their sustained efficacy. A critical finding
of this review is that the impact of HOFs is not
limited to specific types of barriers, underscoring
the need for comprehensive frameworks capable of
evaluating a wide spectrum of factors across diverse
barrier types. Additionally, the reviewed studies
revealed a notable focus on specific industries,
particularly the offshore oil and gas sector. This
concentration highlights a significant gap in
research, indicating the need for future studies
to broaden the scope of applicability to enhance
the generalizability and practical utility of these
methodologies.

In conclusion, this analysis demonstrated that
disregarding HOFs can lead to an incomplete
understanding of safety barrier performance,
which may compromise the effectiveness of risk
management strategies in process industries.
Future research should prioritize the development
of integrated methodologies that consolidate the
strengths of existing approaches while addressing
their limitations to effectively evaluate the influence
of HOFs.

5. ACKNOWLEDGMENT

This study was conducted as part of an
MSc thesis supported by Tehran University of
Medical Sciences (Ethics number: IR. TUMS.SPH.
REC.1402.134).

Journal of Health and Safety at Work 2025; 15(1)



PICo-PIV Oiladw 11€61€ jlgy /) a)laids /10 sla

&0 & 55 os 3 Slojlu g il Jolge il Sl 5t Sloi gy Seilodiuns 930

Sl 2 @leo 53 (e
Tl ol pos g0 5 e (540 )3T LS ke

Q‘ﬁ‘ ‘Q|).QJ ‘Q|).QJ L;».u).l |o5l.c oKisls sw\..\.efv IRUEA Y ‘)15 L;.od‘ 9 6‘45)’ wl..\.ef (e 05;‘
Q‘){l ‘Q|).QJ oy oy oKiils s‘_;ou).i 'n5l.c oaSisls 5)15 gf“‘"‘ 9 6‘45)’ w‘d.ea (eI 05;r

VY0P (s Gl D F/YF el o gl

oxin =

st ot el Gl 5 ol Sl 53 35,5 15 55 il il e 95 Le ol 55 o
IR (i 9590 (ol Elga 3,5des p Jalse (0l 55T b3l sl |y 29290 laghy) g loosz o o Slatnnns
.dbb‘so

Sl Jeatlygiws Cole ) b & uisluglog? § € g g5 00ls sloolSsly 1o Silatumns ozt 5 g9,
2 Slojle 5 sl Jalge 155 o3yl sl 1y ailagi, o Slalllae 8L Ban b gz 0 plosl Lo
S,ly axlllas V& 51 515 0590 (sosls e s ploxl caings ools &l gail 8 mlio [0 eyl ailge o Sloc
W88 zlgasl jiegh 4 ead

Sl Jelge 35 o)1 10 a5 wilos S @il slocsa b gl bs, pols (idgh 4 0o ol anlllas 1 1l aidly
cats dlos )‘ 6@1.&.«0 )‘ Lg‘oojl.mf aols » ‘5:Lm.’| 9 ‘S»lz.l.o.c &:‘5.4 9 ‘5& &:‘54 J.oLm “5‘».4;.)‘ &:‘5& &‘y‘ » ‘S’Lo)L.u )
szl Ol 4 BORAY L €aile 5 Slilos S 5D 0285 18 o) 3050 3¥35h 5 oo 15 5
lalis oo Shos 38,30 s olie ay Ty o llai 5 bl e isg0] aadlo auile Lolge el iz
S o 0SB oty 560455 5 rass g ko diilo e )l o) 2 lalllas 28 e oas 15500,
ol iy el wlge o ,Shos 5 Jlajlus g Sl Jelse (5 y9e (K () 42 GiR55) (] 40 16 S A
632l @lis 53 el e 3 Shae yr Jalse cnl 53l ) 610 45 olocsz 5 lotg) Selostunsas 5950 L
S50 coanl y aST o Stmghs ol ol slaatily 51 Sy i ekt Ky o cind 5 g bl wibas )
Gl O elas g lojl g (Sl el & (200359 50 QLelid S (slatglal )5 35250 Cualad pue (28,5
G mgh ol sloidon i soaSiid g (o351 Bhaie 3ol Ll cpl o il Sb5 )l sle Joe dxgi o Lalse
a0y gl slacysgamms oz ge (sla iy (Sblie Lo (e oS i dxwgi |, a2 LSy plocsz lr 0k S

w2 (S wlis jl 6 fgamy ek |y Loty nl o)l aels (mizres il

il o il 3, Kas s o ilojlr 5 il folpe o casl aile 353015 O3LadS ==

a_karimi@sina. tums.ac.ir 455 Jytme sdiam g5 Sy xS Cas #

)5 oyl g Cabblagy aslilins



oS all 4 g Conloads (o i asules b slaolayg, b
35,50 Jelgo» s oo 5,3 b cow 1) 8 Shee o]
bl g pudlas )V S5 .(F,Y) 040 o0 a5 «aile 5
REX P RA PR VRN P

5wl Sy ymalS o gl &ilge Cocenl
] 428,81 ,8 dz g5 000 i oo laslinl g Lo o]y gims
o ol 5l o o il 20 «(A) Seveso 1T Jasdl jgiws auilo
IEC:61508 (slas Jailiwl ¢ (1) (PSA) %59, s o
Sl &lge (1Y) 18O:13702 4 (V) IEC:61511 «() +)
Seary b loe )3 oy 4 wily> £9dg Sl (55 el> 50
7 glee priz it Gl b sl 1By 590 YL
ol 4y el o (551,39 515 9 ki il o (S
ooyl b g sl Sloladl o 8 slaians oo o0uzeey
2 ol @lge aid (Ko Sy S o (6l Slosls
o5 e aloz 110,05 o )3, gmemsg i lis
905 sl By slapians g )Lid labl sla ot wiile
ool Lyl s 2iSTe wiile slojls Sloladl (ppioean
OF) Gl Soj90] sloaali g

PRk e (Fao Sl (5938059, (S ez
Sl Sl 0 55 (roal Blge ,5 (S Al 4
ool (S e 5o wganl glio o oo |
Siie slaizb 8 onizn (bt aSl i
s o Sl sl ygill ey oOLolss Lolis a5
ol ) wigd oo Sloslo sloan] B 5 Sogs J s
R85 S 5o el ez ool &g I s
5 ot slosyliad aler 5l il Jolse Lol
S sl (glosbe Dl 5 Sl sl sl
OONF) Conl milge digs o, Slos g 50

2 ewoll 85 (HOFs) * Slojle 5 Slusl Jalge
5 &l Kty Ll ey 31 s g 4l Lapiees o)
S Jo 30 (1Y) ol 331 Bols> £535 5l (6ol
Dy 9y o (B slael S b 4SS slaaas |
Fluo o odle Slallan 03950l (ol 009 az g5 50

5. Petroleum Safety Authority Norway (PSA)
6. Human and Organizational Factors (HOFs)

11€01€ )lgy /) dylaids /10 ala (5 (iasl § Cublagy aslilos

Oh5an § spgepT Lople

doddo =

2 SYsb dnle ¢ el gl PMasl sl
Mo ol atsl 6las IS ol ails ilises aylio
2 oS ilse wiile ((Siib SLlix gy buas
klos o> 5l GrSolr sln slol> Ui 5 Jom
0j9 0l (V) 0 35 yade g o oolawl col> | adss
3 e Slaptans G938l (ST 9 axwsi b
2 Sy ol g9y Jemily (b8l 5 anld mlo
JolSS T b sl 58 ol Slse pove qilio
€ gas o ooy Jol a5 oo 4y ol anly (505
iz glyl oS5 g Sbla> sasie glaaY 4 a5
3 nTsl sl ol 5 slins, oot oS s
BB b o ls o,lal byl aely 2alS 5 Sols> 59,
(Y ol asls sl &ilge 05 g Sy w2y
03,8 o lsl T 4 (V+¥+) g a5 jshailan b= ol b
5 0,0 05z O sl Glaz oad adpdy iy e
"Bl glaa¥ BT oy, el (srenl @lo pspie
(S b 4 Lol el gl afol> sla Jos 5 (LOPA)
o caile b s ol ol SLladl € cioy] wilge»
Wl oo ol @l S aiin ST s slaslag, ol
5 b Gloile 5 Glles (o8 jaie uair Jlo
Bas a5 was all 1) sl 0 Ses iz L S gy o
4 oS & ablas Y pagie (1) WS oo (pnd | &ilo
g Jozmt 2lS sl bl pladl b pites K5 lgie
5 Ogdioe iyl ol 4 jaie slayg, S as b
(F) o)l « pal il b il olins

ASLs siihale Jao asle wiol> slaJus
358kos S50 (bl iy gty oo 5 BT) T Ggaly
ol @l S Ol o0 45 (5 )5k @ e (el &g
2 ol G arwg e Blie )0 g lsie 4 )
o Skee laie 4 «aile 5 Shoer L(T0) 35 L
@3lg> 2ol L J 7S (505 sl slp oad 6550l

1. Safety barrier

2. Defense-in-depth

3. layers of Protection Analysis (LOPA)
4. Bow-tie diagram

ppp



w (3l Jalge 3G (i) slogivy) Siiladwam j)e

| el gile

aolo/olag gy b pliy o
) shs

¥ el @l

Bl 2 I35 3l Jolge

(P ol oy (o boil U5t — €aile o 138 50 Jalge? 5 €aile o, Shoo? ylee bl 1) JSi

iz sboaciz (i 65900 Slallhas ;o 4z 51

S plS gaa )0 Ll id S )18 () 3550 (el &lse
©lge 0 Slee |, HOFs ,5b a5 sla g, 0 by
(LR ol el sauis wloﬁ, Wlos ,S @lﬁbl 6;.9.31
slely ey, a5 cul Glllas p aiepllas (55950
5, Slos p (HOFs) Slojlo 5 Slusl Jelge 156 2L,

ilos )5 a1l esl &ilge

B rey =
Geb g wieplli Sjgo 4 ol (55950 adllas
Sl 0l r:l.‘>r.|‘ (PRISMA) La).').' Mbwb
» Sl Casgime g Sl gz glen
\# ,o Web of Science (WOS) 4 Scopus slolSiL
Ly Sldlas ololis gly ol plul Yo VF (gYe>
853 Sl 58 g2 9l ol (55950 i b
safety Jold obooslgands s OR ol jlie 5l oolatnl L locl
safety instrumented .operational barrier barrier
=l 0,5 sgame Bua L protection layer 4 system
b o 2855 plodl (fmgh 3550 ) 4 g2ter
human Jels  oleeslgads 9 AND &jle 5l oolaul
human .organizational factor human error Jfactor

aisk influencing factor «and organizational factor

ppp

olss ¢ Slojls ally (Sludl slalls 5 (28
ly> 595 kol Jelss Bloe 4 oloiab (38 oniomy
SIY a8 Cnl oads 00 cpess (VA) a5 eie
stz Lo 4 55 5 cad mlio Jolold @olg>
S (8 Sl ol > 45 0nilo LY gools &, gLl
390 0975 3l s g S0 i (V) 09l 0 0ols
& o8 o sl el ) ol Stngsy 35 505 wols>
&‘}4 iz (V) sl oals s Feol> IR
e 51 (5% ) olipalel llB b 5 5 ia
S8kee e Glosle 5 Sl Jalge oSl 09d oo
(7)) W88 oo 5l el &ilge
CaliSie sladir 9590 )3 (5 )9 0 anlllas ooz (5356
&l (5590 (Voo F) Sl el ool &3l ) ol wlgo
(ol Blye gla g 5 bgamail wiy )l S 5e3 L
G950 (YY) 5d (V) el ool plowl 8 0l8uys 5l bues
Slalllas 95,5 @il el &ilge 8 90 yo Slalllas 5 Sogas
il @l Cu pike g @lge (st lge 5595 221,
2 e oo g silude j0 b agsy S8ty g 0903
OHen g lgs dalllas o pasaz 0 (V) ols Las | eols
S92 gleo ;5 (el sz iapllas (59,0 (V2YY)
byl o e 5 2l gl 4y g wiols el olars

) axsls

11€0 1€ )y /) dylaid /10 sla (5 (iay) g Cablagy asliling



OOlobg 9 g2 @S (ys 5l plebl ol
Lngolf;”L% )0 )55;\4; (_gL(bcijﬁ.lf sja.».:).a SYlae LS"L°3
A 9> 9wz ju5 Google Scholar g ScienceDirect
Lngolf;”L% )| 6)‘)S3 Yl Bi> 9 'aLéo‘ )| o
adsl 50 4 St o o Ky, 50 Sl
WS Bds al> e el jo il Slgteen adlllacs 4
I1e0 yob 4y oilendly Ylde (o0 Sa iy al> o 4o
O e § S5 )3 oy 9j90 Sl 90 Loy
oobel ) el L;>|).lo Cd S bl 5 ooy

oy g oo C‘)’“‘“" lrosls 53ged (V' Jga

W9y ek ged

OWEas g syt Lyl
performance 4 performance influencing factor
oS Sllllas el Cawds =S sbw o shaping factor
Syge ) (Slosler 5 SLadl Jolse) @lge 2 S50 Jolge

Wl ololid wisgs ools j18 )y
JB e oS Wagr (SYUe caalllas @y 399 L
Jelge 36 & oy 4 g 00 uytws o lag)]
sl mlge 0, Sles 5 (HOFs) Jbojle 5 Sl
e > L nlete ozl b (b, o g a3l
Sl 4y Bro a5 Y cplply anil 00,5 &l
b9y g 9 005 oylil wlge 3 Sles 3,1 > HOFs
W B addllas laaisg 00,5 &l oS L g2
Nisy, o aiig el |t Sy 4y o lallns
Dad g, adlbs 5l 55 0es Article oyl g4 g

0 gy Dlalllas glvosls aods ) Jgus

i 5 sl Jolge

)2 990 (HOFs)

ol glge g9
(e ST

sl Gly 59y BORA
L) g,e il S,
P ls bl
)l Bk 5l bgSw
255 el lge o Shos
QRIFs _JG& ,5) HOFs

o]

sy o35, ARAMIS
S e sla ol plesl
ool Sy 23l 5> (S
2 e Jalse 53t
il gy olizabl oLl
Sydise §ilussS

o590 ab » Risk_ OMT
948l angs BORA
3 RIFs jaal> g3l ]os
PACRANTSE S {pyes:
Sliles gilge 8 Slos

6958 sl Sy
Ml (Ko L5)
Lo 5 (Sog b )8
aily sl Sy (68
Led aicly (Saezm)
e JAS (Sl
O b oy o))
L) ol Jolse

(Slyeas S e AL

5 Sl G905 2l
(OOF ooy 5
)55l g (Sals
Pl o g slekail wages
doayy, ( Saolos 5 LL3)|

Glaal 5 opils

86 b else 55, o -
el sl aritos
5 o sl il
ey alie Jelge) (333
(BORA
e Jolge 190 gl -
o) S gl ji5e
Ca e ( Sl
Gasz o pas (ledlbl

(g oo oo g (28

1160 1€ )lgy /) d)lads /10 sla (5 (iay) g Cublagy asliling

Slles 5 2 &y

&lse eyl
&lse g g )lflecs
L) 2 e

Shles @lye

Ol 9 o9
(YF) (Yer$)
. Oy g Sl
s Sl
E (YD) (Y++5)
S5, BORA
oy (Yoof) Sl
).9
(Y$)

Ol 9 g

(YV) (Y++4)

L sls oS S

2 & ARAMIS g\ F9S 9

Y S, & (YA) (Y+e8)

o
&

Ol 9 v g

285 @l (Y4) (YY)

2 Risk OMT

Ll RULSEI

(Y+) (YAY)

ppic



o 3l Jaloe 135 (AL sloube) GaTladumm j)

P9 paiSe gund gl

o gy yr Dlallas (slaosls aodls> ) Jgus dolol

Sl 3 sl Jalge

5 3y90 (HOFs)

o) Blgo £
swix D50

LBORA &l » 5,
Al Julos 5 ool
<38 (AHP) sl
eyas 5 ol Lol
9 pesd sloculed
SIS

&y s, APPM
ol oyt Sy (25))
P Lol gl

slaShg 85
Sl Sy dagSe (ol
Lyl o RIFs ¢ oo

BORA Ll ; s,
2 Slpess S5 sl
o955 Sl 50 b 13>l CIF
slesl 3,k ;I RIFs
S Soeal Julos
(CIA)

=S bl slr )
Ol B> Smm; b
BUESIERY PG VRV WO P VES
RIFs 5k 5 gilse o285

BORA ulul 5 i,
Ohsd Sy Sl sl
2 Gros oo ol
sl @Glse ol pelsl
RIFs ;i85 )l ol g

)l slr s, @l
s » HOFs sk
» OIL) el Sz LS
SISs ildas ;6

PPO

BORA (55, olul 5

ol s Gl Jolse
) Sk ey Led 5l 2L
oo Tl 5 & e
O el Jolt Slosls
S sladeslygins o laays,
Slbls,l g o)las ol

BORA (55, olul

ARAMIS iy, Lolol 5

i (Credibility) Lzel
5ol L85 il ol
5 Slblal S5 o1 b
OS5 ol 5,500

(IS 5 e L ke
Ao gy Lzl Loyl daeys,
b )5l «oalSl5 bl

hisel g Dbl Boa

Shles &lse

-oly Uy e
Sl
RUSLBTS e
BOP) ol

B s
ol Sl
G55 Jlnl & oo

&lse 5 (SISs)
Shles

s Gillae
ARAMIS

olar J 58S it
S Sl i =
oz olysé 5l
BOP)

ool ot
BB L5l 4 eme
(SISs)

Bty Sl o)
R oy
> BORA
.
< APPM
oLt
§ i g5l s BORA-
b3 CIA
0y Ojloee St i)l
S o] (DRA) Ls,
-
< BIRP
ol
r-'b <)
ol mlo » HOFs
SIL

11€0 1€ )y /) dylaid /10 sla (5 (iay) g Cablagy asliling

(R (o

l((7-|‘57 ("r....‘;,

1 1S

RULSLENRS
(Y9) (Y-\A)

(YN oG g5
(YY)

RULS R T
(YY) (Y+Y+)

oo g oo
(YF) (VoY)

RULSE Y
(Y&) (YY)

Ol 9 SCigd
(Y7) (Y)+)



odd oy Dlalllas slaosls a2 Jaus aolol

il 5 Sl Jolge

5 990 (HOFs)

ol @lgo g9
@I 090

OWEas g syt Lyl

Li> (ol 97l )|

16 55 SIS flisabl colils 5 Sl Jolge 51 clacgome ceot] (Gl i ER E_ )
{ wwgly 9 (02>
56t Gk Sl Slles ek - HOFs) sljlo 585 il @ jeme | soulp e HOFs 13 T
HOFs @l st ¢y pow odis S3 Lakin (SISs) Ly S 5'5— R
I ] -
GilossS sl (s, )
Glpl d s g iils
Sl sllas Jloz! jﬂ)")‘ ‘):‘-"su-j | e ey il Cais L E
> LIPLs ,s (HEP) DT SR Bl sl st $ilest & ohlKon 5 93
I “ep Sl o RS (FA) (¥¥2)
aad Operator/plant ) (Human IPLsy = 7 %" IPLs 3
3,SLas o0 S X gl Ct’/\
(interface
(PSFs)
2 e By, 4| 5 =k slaaelip ol
(2
L, sl des Hlob 51l ls oo )laeSS 5
il @lp ae izl g Heilnl Al (655 g et c.
S 0 LRCS o Skee coizgel dadugy 4 saial JAS sloptn Ve Curio 35be ) \? ohffen 5 Ko
2 9T S SR (RCSS) Sy, RCS Q (Y4) (Y+YY)
2RSS0 Jelge (85 gl g (6 S e 2Ll &
(PIFs) 5,SLos R

Web oL 5l allie V7Y slass cadgl (g9 gt 4o
Yy Lc9w Scopus oL 31 allas bF 4 Of Science
Aol Bl 6)L,SS dlie Feolanl s cdl s
3haads 5 leie cwyp b adlie VEY sl ow
e s Gk Sl ale e 13 0005 2 )5 adlae
VB olass w55 Jene 58,5 155 0 b 5 Allao YF LulS
Oolzels F S s bl pols aslllae (gl alie
a3 o Lz PRISMA Jow (wlal iy baosls (jo3ls 5
sy pb Jols SYls jo Conl Pl glaosls
Coio dalllae g, ddlas 0,55, @lio il Jlo
Sl Jolge (o) 2 3590 (ol Bl 55 canlllan 990
P9y paiSe gedes g (ow)yp 990 (HOFs) Slejlu
el 0 03,81 Y Jgaz 40
ol e Siegh A ead o)ls aslllas VP
Mt Glojle 5 ladl Jalse glee |, (bLS)
Ol wulp b et Gl 5 Bl 0 Shes gl
Gilhao el ool ools ioles ¥ ISS j0 aS wies 0

1160 1€ )lgy /) d)lads /10 sla (5 (iay) g Cublagy asliling

ol ol 59 b lie S0y b ol Sitagiy
L s) g 5o 5 5558 5 oy 3y ko 51 Lo O
20,5 Jad g Jo pom Sdaghy S

255,535 st Ve kS )
Critical Appraisal ;| oolaiwl L |, <o S Sbj)l S
31 Sy a5 wies pledl Skills Programmer (CASP)
() col Jlaws 00 b S 25l sl ) sl
(Voo 8) 55l 9 9,500 Jawgs ool &l f sleaioy b 3ollas
alwd aw @ oyl caas Wbl 51y eVl oy
1) ol g bawgie Vb CoieS 30,5 guail
Slel bl oyl gamaids gl cWlEe b5, anl )8
b 23,5 ol s (s sie (a0 5 bt daesil
2 lp CASP Ylgws &y Gwly codinmngs 93 52 ool
Gl Ve IV B O YL coas Glasl Ve 5HA L alas
25 e Gl CeS 1 5l a8 g bawgie CukeS
bl Sl 5l e SVl 5590 50 Fhoe 93 o (ol
VoYl ceaS b allas VW Jols as cais )57 38lg5 coaS
A llin V7 legasms dawgio coaS L dllie

117



w (3l Jalge 3G (i) slogivy) Siiladwam j)e

y B

3
Y

» 9>,CA..~..> g}a)b )| OM‘:L“JL.N Sldlas
(VY = slass) Sledbl slaalSl
Scopus = 65 , WOS = \#)

&)l)ia O)"& Bi>
(f = olaw)

AVYY = slaw)

G55 S e Bi> 5l my Yl

5 Olane wlal o OYlae i
oéﬂ.i?
OVFY = slows)

ookl OV B
adlas sle Lo
OA = olaw)

; P
_}\ (YYF = olow)
3

"
( h Y
)
a andllas 4 oass g Ylie
Bi (OVF = slax)
Q
AN J

(PRISMA) gy Joallygiss ool s c¥lie sl agl 3 ¥ S

Syl 5h OVl ol Bas osdplonl (o) Gk
ool gl sl )l ¢ ol @l o Shoe » HOFs ,5G
b3 05529, b (Ele [t (ol b 2013 (o)
SB35 GIL) " ] (S el oS s
Sl 039y (3,50ee (2bj)l 9 Ly po (2L QL]
(Y JS)
(HOFs)  glojle 5 Gldl Jelse 5,
e gl 4 0add)ly Slalllae lee )3 eddi o)
O F S 50wl oo 00,91V Jga 4o axsl illas

el ol yo ioles

4. Safety Integrity Level (SIL)

PPV

Ol y2 oddom)p Slejle 5 Sl Jalge (S5 0l
2 N85 Jelge (RIFs) 'S,y 5 08,35 Jelge
(PSFs) "5 Slos oams S Jelge ¢ (PIFs) s Slae
5o 4 W oldlls a5 55 o sonline o] opdle
wlais sy sblis sbay b el wlse j o
Sleladl 4 bose a5 ailge) Sl / Slles &lge
xS sl Slles Glroged g oy, o Sl
5 S35 51 45 lge) (35 e 5 (Wl Sie Boly>
(h.\.u).vtsa L 09.’> J)S.Lo.c d.a.’;u 6‘14 ‘5.3 LSLDW
1. Risk influencing Factors (RIFs)

2. Performance Influencing Factors (PIFs)
3. Performance Shaping Factors (PSFs)
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2. Expert judgment
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1. Barrier and Operational Risk Analysis (BORA)
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2. Barrier Block Diagrams
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4. Accident Precursor Probabilistic Method (APPM)
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1. Barrier-Index Risk Prediction (BIRP)

2. Risk Increment Range (IR)

3. Risk modeling - Integration of Organizational, Human and
Technical factors (Risk_OMT)
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3. Human Error Probability (HEP)

4. Independent Protection Layers (IPLs)
5. Human Reliability Analysis (HRA)

6. Safety Instrumented Systems (SISs)
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1. The fuzzy Decision-Making Trial and Evaluation Laboratory
(DEMATEL) method
2. Leading indicators
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1. Common Cause Failures (CCFs)
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