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Abstract

Keywords

Background and aims: Due to the high amount of flammable materials, the
tank farms are vulnerable to fire-induced domino effects. The present study Domino effects
tries to analyze the vulnerability of the crude oil tanks to domino fires, in one
of the refineries of Iran. The purpose of vulnerability analysis, is to determine
the tanks with the greatest potential to initiate and propagate domino effects, in Graph theory

order to manage the risk of domino fires. Fire protection

Vulnerability analysis

Methods: Graph theory and centrality measures (betweenness and closeness)
were used to model domino scenarios and analyze the vulnerability of tanks
to domino effects. The ALOHA consequence modeling software was used to
model the consequences of the accident scenarios. The R-statistical software
and igraph package were used to model the graph and calculate the centrality
measures.

Results: The possible domino scenarios in the tanks were modeled as a

directed graph, and the tanks were ranked based on the value of betweenness, Received: 2019/09/17
out-closeness and in-closeness of their respective nodes (which represent the Accepted : 2020/07/01
potential for the propagation of domino effects, the potential for initiating

domino effects and potential to be affected by other tanks during domino

effects, respectively). Also, based on the all-closeness measure, Also, based on

all-closeness measure, the most probable sequence of tank involvement in a

domino fire was determined.

Conclusion: The use of the graph theory, allows the graphical modeling
of domino scenarios and the determination of the most vulnerable tanks in
domino scenarios. The results of vulnerability analysis using graph metrics,
can be used in the field of domino effects risk management, and the most
vulnerable tanks can be prioritized to be assigned to protection measures.
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EXTENDED ABSTRACT

INTRODUCTION

Tanks are one of the major hazardous installations
in the processing industry, including refineries, which
are used to store crude oil and various petroleum
products. The presence of multiple tanks containing
large volumes of flammable materials that are adjacent
to each other, makes the tank farms vulnerable to fire-
induced domino effects; therefore, only by analyzing
the accidents related to tanks individually, the risk
management of tanks will not be sufficient, regardless
of the possibility of chain scenarios among tanks. Thus,
the present study tries to analyze the vulnerability of
the tanks to the fire-induced domino effects in one of
the refineries of Iran. The purpose of this vulnerability
analysis is to determine and protect the tanks that have
the greatest impact on the initiation and propagation
of domino scenarios, in order to manage the risk of
these chain accidents. In the present study, the graph
theory model has been used as one of the new graphical
methods to model the domino scenarios between
tanks, and also to analyze their vulnerability. Graph
measures have so far been used in studies related to the
analysis of the vulnerability of the process industries
to domino effects caused by terrorist attacks (1, 2), as
well as accidental failures (3-5).

METHODOLOGY

In the graph model, the hazardous equipment
are considered as graph nodes, and the probability
of accident’s propagation between equipment is also
indicated by the weight of the edges between the
nodes. Modeling of the domino scenarios between
tanks as a directed graph, makes it possible to
analyze the vulnerability of tanks to domino effects,
using the graph measures. Using graph measures,
the vulnerability indices of tanks (that represent
the potential for initiating and propagating the
domino effects) can be quantified, and thus tanks
can be compared with each other, in terms of their
participation in the onset and propagation of the
domino events. The steps to model domino scenarios
and analyze the vulnerability of hazardous equipment
using graph theory are as follows:

1. Identifying the major hazardous equipment as
graph nodes: This case study was conducted on 9 tanks
containing crude oil. In order to model the domino
scenarios in the studied tanks as a graph, 9 nodes
corresponding to each tank were considered.

2. Determining the accident scenario for each of
the hazardous equipment: According to the type of
equipment selected for the study, chemical contents as
well as their physical and operational conditions, the
accident scenario was considered (both as an initial
accident and as a domino-induced accident) for all

tanks, in terms of major release and the pool fire due
to the immediate ignition.

3. Determining the escalation vectors according to
the accident scenario and calculating their severity:
Considering the pool fire as the accident scenario
related to the tanks, the corresponding escalation
vector of the heat radiation was considered. In this
study, ALOHA consequence modeling software was
used to model the outcome of the pool fire scenario
in each of the tanks, and to calculate the intensity of
the escalation vectors in the location of other tanks.
ALOHA software has been used in various studies to
model the consequences of the release of hazardous
materials, including toxic material releases and
various types of fire (6, 7).

4. Comparing the escalation vectors with the
threshold value and determining the probable target
equipment (determining the graph edges): In order to
determine the probable target tanks related to fire in
each tank (which can participate in the formation of
secondary scenarios and escalation of the primary
accident), the values of the escalation vector (here the
thermal radiation), were compared with the threshold
value (15kW/m2); in cases where Q, (the amount of
heat radiation received by tank j, due to a fire in tank i)
was greater than or equal to the threshold value, tank j
was considered the probable target of the fire scenario
in tanki, and this relationship was modeled by drawing
an edge from node i to node j. By determining the
edges at this stage, the graph structure was formed
qualitatively.

5. Calculating the weight of the graph edges: For a
meaningful modeling of the domino scenarios in the
form of a weighted graph, the weight of each edge
was assigned as the ratio of the threshold value to the
corresponding escalation vector value of that edge (3-
5); thus, if the heat radiation value corresponding to
an edge is greater, there is shorter distance between
the two nodes connected by that edge, and the effect
they have on each other during a domino event is
greater as well.

6. Modeling domino scenarios as a graph and
calculating nodes’ centrality measures (vulnerability
indices of the corresponding equipment): R statistical
software and igraph package were used to graphically
model domino scenarios in a graph form. R software
is an open-source statistical programming platform
in which, the igraph packages can be used to generate
graphs and to study their properties. In the previous
steps, graph nodes, edges between nodes, as well as
the weight assigned to each edge were determined.
At this stage, a graph with specified characteristics
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was modeled and plotted. Using the functions in the
R software, the centrality measures (betweenness, in-
closeness, out-closeness and all-closeness) for each
node and consequently, the vulnerability indices of
their respective tanks were calculated.

7. Equipment vulnerability analysis based on the
graph measures: According to the graph theory, the
betweenness index of a node, shows how many graph
nodes are in need of this node in order to communicate
faster (with fewer intermediaries). The higher the
betweenness of a node, the more it is able to facilitate
the spread of an effect between other nodes in the
graph. From the perspective of the accident propagation
between tanks, it is also argued that the tank with the
highest betweenness index has the greatest potential
for the propagation of domino effects to all tanks. The
index of in-closeness of a node in the graph, indicates
the speed of access of other nodes to it, and the higher
index for a node, indicates that it can be affected by other
nodes in a shorter time. The higher in-closeness index
of a tank, indicates its high susceptibility to be impacted
by all studied tanks during different domino scenarios.
The node with the highest amount of out-closeness has

Vulnerability Analysis of The Tanks of an Oil Refinery...

a faster access to other nodes, and can affect them in a
shorter time. Therefore, it can be argued that starting
an accident from a tank with the highest amount of
out-closeness, can cause other tanks to engage more
rapidly and lead to a more severe domino incident. By
definition, the all-closeness index for a node, shows the
extent to which that node has access to other nodes and
the extent to which they are accessible. Thus, this index
can show the capability of a tank to have an impact on
other tanks, and also the susceptibility to be affected
(damaged) by them during domino effects collectively.
It is possible to predict the most probable sequence of
the involved tanks in a chain of accidents, by using this
index (3, 4).

RESULTS

The magnitude of all escalation vectors were
calculated by modeling the defined fire scenario in
each tank, using ALOHA software. Table 1, shows
the intensity of the escalation vectors related to
the fire scenario of each tank at the location of the
target tanks. A graph with 9 nodes and 40 edges was
modeled using the R software, and the weight of each
edge was assigned. Figure 1, shows the graph drawn

Table 1. Amounts of the thermal radiation (kW/m?) caused by fire in tank i at the location of the target tank j.

, ) 1 2 3 4 5 6 7 8 9
1 - 20 - 50 - - - - -
2 17/5 ; 85 60 40 16 - - -
3 - 45 - 25 60 69 16 36 -
4 25 34 25 - 85 - - 16 -
5 - 17 34 44 ; 23 - 66 17
6 - ; 35 - 23 - 88 60 )
7 - ; - - ; 41 - 25 61
8 - ; 15 - 35 35 25 - 85
9 - ; - - ; 16 35 43 -

Fig. 1. Graph modeling corresponding to domino scenarios in the studied tanks, using R software.
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Fig. 2. Comparison of tanks based on the centrality measures.

in the R software. The target tanks related to the fire
scenario in each tank and possible domino scenarios,
are shown in the plotted graph. The values of the
centrality measures for the graph nodes (tanks) were
calculated using the functions in the R software. As
figure 2 shows, tanks 6, 4, 5, 3, 8,2, 9, 1 and 7 have the
highest values of the betweenness index (susceptibility
to propagation of domino effects), respectively. Tanks
3,5,6,2,8,4,7, 1, and 9 have the highest values of the
out-closeness index (susceptibility to trigger severe
domino effects), respectively. Tanks 5, 8, 6, 3, 4, 9, 2,
7 and 1 have the highest values of the in-closeness
(susceptibility to be impacted during different
domino scenarios), respectively. Tanks 3, 5, 2, 6, 4, 8,
1, 7 and 9 have the highest values of the all-closeness
index (potential to trigger severe domino effects and
to be impacted during different domino scenarios
collectively), respectively; thus this arrangement is
the most probable sequential involvement of tanks in
chain fires.

DISCUSSION

Vulnerability analysis using the graph measures,
not only makes it possible to identify critical tanks
initiating and propagating domino effects, but also
by using the results, helps in the initiation of plans
for the safety management of these accidents. Just as
the removal of the node with the highest betweenness
index from the graph, leads to the greatest

disconnection in the graph structure; the protection
of the tanks with the highest betweenness index, also
leads to the interruption of critical paths of accident
propagation between the tanks. Protecting the tanks
has the greatest impact on other tanks (the tanks with
the highest out-closenessindex), and also prevents the
onset of the most severe domino scenarios. In studies
conducted so far, various approaches have been used
to manage the risk of domino effects. A study by
Khakzad et al. (2017) on the optimal allocation of
protection strategies against domino effects, showed
that active protection of critical equipment that
initiate domino effects, and the passive protection of
critical equipment that propagate domino scenarios,
is the most effective way to reduce the vulnerability
of the chemical plants to domino fire accidents (5).
Therefore, the effect of fireproofing (as a passive
protection method) four tanks with the highest
potential for accident propagation (tanks 6, 4, 5, and
3, respectively), and the use of sprinkler system (as an
active protection method) for the four tanks with the
highest potential to trigger domino effects (tanks 3,
5, 6, and 2, respectively) on the vulnerability of crude
oil tanks’ layout, has been investigated. To quantify
the vulnerability of tanks’ layout subject to domino
effects, the graph out-closeness score (average of the
out-closeness scores of nodes) was used. In the case
where there is no protection, the value of graph out-
closeness is 1.32, as Table 2 shows, the protection of

Table 2. The effect of the protection measures on the vulnerability of tanks’ layout (out-closeness score of the graph).

Protected tanks Out-closeness score of the graph
Tank6 0.65
. f Tanké6 and Tank4 0.39
Fireproofing Tanké, Tank4 and Tank5 0.28
The type of Tank6, Tank4, Tank5 and Tank3 0.18
protection measure Tank3 1.24
Sprinkler system Tank3 and Tank5 1.03
Tank3, Tank5 and Tank6 0.93
Tank3, Tank5, Tank6 and Tank2 0.91
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the most vulnerable tanks, especially fireproofing
the tanks which contributes to the propagation of
domino effects the most, can cause a significant
reduction in the vulnerability of the tanks’ layout to
domino fires.

CONCLUSION

The graph theory model, is an effective approach
for graphical modeling of domino scenarios, and
determining the most vulnerable tanks in terms
of their potential in initiating and propagating
domino effects. The non-probabilistic nature of the
graph model, reduces the size of the calculations for
vulnerability analysis and the duration required to
do so, compared to the probabilistic methods. The
results of the vulnerability analysis using the graph
metrics, can be used in the field of domino effects
risk management, and the most vulnerable tanks can
be prioritized to assign protection measures such as,
active and passive safety barriers. According to the
study, the protection of the most vulnerable tanks
(by fireproofing and using the sprinkler system), can
reduce vulnerability of the tanks’ layout to domino

Vulnerability Analysis of The Tanks of an Oil Refinery...

effects. However, the cost of implementing protection
measures is also important in choosing the type of
protection measure and the number of selected tanks
to allocate protection measures (prioritized based on
the vulnerability indexes). Given that the protection
measures usually require economic justification due
to limited financial resources, the vulnerability index
of tanks’ layout (closeness score of graph) can be used
in conjunction with other decision-making criteria,
for selecting effective protection strategies (such as
cost of implementation) and achieving the optimal
economic solutions.

ACKNOWLEDGMENT

The authors would like to thank the Shahid
Beheshti University of Medical Sciences for financial
support of the research, and to thank the safety experts
and the HSE officials of the Oil Refining Company for
their cooperation in the conduction of this research.

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

How to cite this article:

Mousa Jabbari, Ahmad Alibabaei, Amir kavousi, Mehrnoosh Rezvanjah. Vulnerability Analysis of The Tanks of
an Oil Refinery to Fire-Induced Domino Effects Based on Graph Theory. Iran Occupational Health. 2021 (01

July);18:14.

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



http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

Vg’/’ b g 3 Al

http://ioh.iums.ac.ir Yl k=t

VRN = VA o0

\

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

10 3% § ©019> 49 Camd Sl OISV 1 (U ¢y JbRo (5 P T Judxs
S5 4 0 gel! 2 &> 3 b

Ol (O et e (B3 pole oSl ¢ el g cudlag 008 IS ol 5 (gl celige (poiges 09) IS Larre oMo 5l )| liiod S po il 16 5l (owige
ol el s A (S5 pole SIS Capte 5 (S bigel o 215l S S 6,3k 09 ookl 1 srbly e e

ol sl s A (S5 pole S a5 iy 1S s lgpni 05,5 il 2 guiglf yuol

I IR s it e Sy pole oKy gl g Cubligg 01Kt ¢ gintio el 15)) ol IS (Jgtns o #) 10l (319 5 (95 R0
mehrnoosh.rezvanjah@gmail.com

o.\.n.i?

Lojlguls Silwoyd sly & At olK2a Y dloxjl (s30T wlio pre jralojblbin Slusls | (S 1B g dixe
oy eoles 2 JUadl B slge 1 oVl po (e dsie ()50 3929 45 (oo 51,8 03l g0 (95UsS (285 (sloodygl )b g Pl i

D Copde oulplh Ojloie plicawl B 3 G5 (Sl ol g8y 4 o ) bl il dbgme (K5 ©pgloxe
IS 4y loyzss slogy s 8y Jlazol J) ko b 5 35ite &yp0; gl 4 bgyye ol Lilodig o L ot (30 S,
ol bl S AL S (e ] L 4l allan o 4 31 8l I e ol

RO N S NS PV NV B N PETR PES NV e B P SIS JOR
] @olgs ] Sy Ca o jolaiody (gloyuzs codlgs s g (gjlwilely Jpuusly

Szl s g (610205 sl s g5l Jbe sl o35 5 (slapadls 5 IS e ks 1 aalllao cpl 3 2 oy 32 (09
Sl olS Shgots bl ple b 528 Jlainl g IS (slao)S &jgoas adllasd jge 5o ol 0 o3lizul ()jlke
Sl i Jumsly) (glo 28 alss 4y Cmd (500 (sl (slodilie oS dplome (gl Blosd (gl Jss SIS
Sy il ggby pSin (e plo | 6yt Jamsliy cislo s @l (5llely Sl iloke oo (slo s
WA EN S o)l slopasls oy & (Slopass @l oy plSin ol oty ] Jl 6yl 5 ciloe sl 2 ()58 Lty
Solyy (il de gly sl o ooliiwl i Jblie (glao S JS (005 g (B (05 (2B (Ko Cu S pe i

A3l s ol sslme o3l & o5 2 3 G g8 S 0 & )l el e dnslre 5 @3l gl

9 R oylol Jl3la 5 o ,S o3 o (slaasls dulxe 9 BLS (gilwJre clp g 0nd odlitul ALOHA soly (g5lo e

ol 28,3 5118 03litnls g0 igraph diw,

O3 > Jaime (slo iy gyl 5 Wl 01,5 pasie 5y )3 oy sl & bspe B il sl 4Bl

i) bl blze slao S CoiS o slopadls e (ulul (e il 01 (gloas e SIS Sy pson

ey o St gl e Slper (+/V0TF) Caity pals e cn VL gl (pjee 8l 0208 dunlie K30 b

OFote U o Olgsa (VVEF+) ()l (Sod5 el oo 5L )l o35 0B s sl s ol S

oot Gl e lgie (AAD) (Bl (S35 4adls (VL Gyl (e g (slonss il (s3lslely Jously

e (JS (S35 Ga3ld ol 2 pioned L LIS s (Sl ol plSn 10 (b0 5l (6l Jresliy

Cawl 0490)5 asuidie sloypon; s gy e 53 (ibre b 1S, I

e g O Ol sl bl (SIS siludae Il SIS w080, s doud

el ol s S oo @l 3 1) slo oy olsmr (3728 5 (g3l iy ST 5l G Sy ]

O3 oslaiuls ge (lo oy Dol Sy Cupie ey wiili oo SIS slagaSld Sl esliiul b (6 3]

I3 Caslsl o Ul s Jleb el @ilge wiile mblim ol (olansl (sl oyl o5y 5 2y

alaslgs (330 dsgorme (5 pdymmml (RIS (l5es Glgin Geizmen ST Su S e slaat s Sl eslital i S

i asetin |y bl Lol gy olansl slaylSal, Gy b ol 515 05,5 drloma |y ool ailse (s5lussly

w/o,ww)/)féﬁb:o Ué)w
D 2l Sy las gudo

WAA SIS icdly go)ls

:llio oyl s slciw! o gl
Mousa Jabbari, Ahmad Alibabaei, Amir kavousi, Mehrnoosh Rezvanjah. Vulnerability Analysis of The Tanks of
an Oil Refinery to Fire-Induced Domino Effects Based on Graph Theory. Iran Occupational Health. 2021 (01
July);18:14.

ol 43855 3920 CC BY-NC 4.0 b sl ST aw s 3 3940 4 alliio ¢yl plibassl™

Iran Occupational Health. 2021 (01 July);18: 14. 4



http://ioh.iums.ac.ir
http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

s (g oolRaa Vb 31 (ST (3l (5 pdyams Julos

1@Vl e Ggiome (e 3929 [ railaid 513
FO0Ss Oygloe o (el LB 1,aST) Mio)bléu olge
MQGA L}“‘"}B‘ ‘) (_g‘o)..}u) LQLQ}’)L"‘” 6955 JLQ.&‘
QY/\C) A.x.ll.la.oo)y 6“’)—:—75—;} ui:.)‘j:;- ).Sl e
Ol 51-(V0) Wloaisolou!l adgl 5 > G 310 (dusyo
)Lc—‘ ool ezl o5 5 oYL Cenl 5l slo o
A Golsslely Jele (g 5wl 3o, alndS Gole>
1F) Sl 009 3> law b Gloyuzeiy ol as o
Sl abgze o (g 5l &> S gs8s i plo
590 30 Wlgh e JLisl BB slgs seize y3lre
azgi kol 09l 1) asgamme S5 00,5 15,0 5 )
o> 58y Vb Jrmsily g 43S ol bl @
ol aslllas i (6 jlwo o3 Slacels 45 (glo pum
LTS P R VR E N SR CYSVOW) R WES 2
Ry )‘ wa LS“’):‘:-’.'-;} Qoly &959 O S )5....5
bug caddll)l (ayym ulol o (lo o ol 4
S b glailel, 5o suelo dolsie &l dcgommo b
ol plo «(F) el Jlazxt glo oz &ol? @ iy
oS g 950 50 1) 80 G S Gt &S Sl G5bre
L alidee (3B il winlys (slo oy (slogy liw
Sleogas (i5e g9 dlax ) gouste Jolgs 4 azg5
G518 Camdae ] IS Ll b g sgine Slge
sl Jeily lylo (o g Sligzs plo le ;o (350
Solg> (68 IS 0 Sl Glie Hhaisl  Sglae
U L PO Ly B KRS E P - P AR CLOWE P U 3
adgldol> S 484 5 o (lo oy Solsm (5 5lasll
@ﬁmo}wﬁugwémgjw}wuou
3l san &S Jo 0 0ad co Slo iy slags Ll )'l.éj
S )l 595 p ol 5 S (Vb Jaslsy 5l 5
301y 6 i Olgas «igh alol> (>0 aS 50,09
digled oo YL il e Eolg Lo 095 & jglne
Sole oo ,Sug, e a8 Salxl Clalllas o
Gilwans YY) e) Ll gla iy, dlex )
(YA-YF LF V) SIS slasg, 9 (YY-TY)
oy woly> Sy b)) 5 il jslasets
Laxgibla g, 5l plaS o aS wSlais 5 )1 8 colaswls g0

doddo

b A g oo ABS Jolgm Ay (lo oy Lolg>
2S04 e axly SO o adgl dol> G 485 o]
adgl ol olulaS slasgSay g o brasly S0 ol
g s (S15 (Souzmn Jdo 4. (A) wb o A0S
&l eole> u-" sl @;b; )l ‘6“’):-:-7.‘;)' Eolg>
S Ss 2 S g 00n ;0Sy JeSo LI a5 o
SrS Jo ol €9) Wlesges aST o1 51 ol
Slo iy g lw é@‘ Slasin 3l dol> \u.dl.a
asle) adgl wol> S cgloyuzy dol> G b ol
Mlse S jglme ooy (350 o 5o 32>
1055 o0 S gohaw 5 5 Dolg> (g lwilel) e ge
Egomays D3lg> 0y M slassly o lagSa
U5 nS (A) 09 dalgs adgl dol> sladwly 5l sagas
g ool (So50 Sl s 4 Ygare dol>
Sogd SlSl el aS sdign oo 58y 4 adsl diol>
55 Je ol igton oanal T3 sy 53la
S o1 5l 56 5l gt (B gl 3550
QG Gaile; cuwl coge wilgi o a5 cnl Byais lo
(V) 09l diol> i S g H5lme slausly

Wad co lis axsds wolg> Ll a5 jebyles
2 st @l e 0gS (glojeay ole>
Lgl.a:)l.?r_é.':‘ JL..c (_gl).g .(\\) ..\3‘0.)9.3 Lg..\.._;‘)_e c;l....o
935 )0 b 5B (g5lwe 35 Ll o gt
Wl Sl Al PO S e 4 e VAAY g po
18 Sy 5l degocme 3926 5 55 FO -
3 @ ol Yoo b pslus jo puoren
LS 53 AL iy (T olse (55l S wiLly
T g salonil Jsbo g, o5 0l (A > £98 41 yomie
YY) cisldS gl sloses o &)l g 75,200
@ Olgse 3 5988 10 50 (slopuay Dolge alex
Ol o as 0,5 o LU VYAV Jlu jo ST wjls adol>
(sorla iy Shedoml 9l S il Sy o3
Vo sl Ghaw oo S 5 jolme 02y (Slng 40 et
3 S semdigyn Aol (V) Al fgemme,s i
& Glopziy Wolg> 51 (6,550 diges 33 VYA 0lo 0
adlas 3.l (VF) ol jouS 2l o aiugn £48s
Slogas (guyp a5 (Yo 0) GKen 5715l
Ol (S okwo 3 g_:LMM.wL oS (gl oy olg>
Slopzy Solg> (om0 )0 lacudlad 5 (SLl plu

4 Pool Fire
5 Vulnerability
6 Reniers

\4

1 Propagation
2 Escalation Vector
3 Darbra


http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

adlllas ol 52,8 alowl BILS sla sl 5l aolizl
O o & bgyye ol gl sl (55l o 1
IRl 5l ol 4 by wais Gl acule 4
Omizas - eolatwl (YY) ALOHA wels (5le Jowe
e of lapasls avloe g 15 55le o sl
1,8 eolaiwls 9o YY) igraph aies ¢ (YY) R ()Ll
Shorke bl (omgiaaliy baze SO R lile 8 8
oy a g e ol yoigraph a5l eslaiwl b g coul
sy o] lasis adlhs 5 Gz gladdl,S
oo 5l ol ol ) eolizal U aalllae ol o
aegaze (& o] SRalS gla) Sl g iy
S 03 7 el Blse polais] 5 )b 5l sl
Ly 3590 (5o 05 Sl liw 00iRO by 5 5 514 ]

85 1B e

I3 0095

e ol glapasls g 815 kil ol addlas )
52 BN (S e (8 ] Jal
oslital & > 5l (U lopuzy Dols> 585 4y Connd
S oz oo 5 L o aalllansd g0 o350 -
Sl o059 slarleS &g lag] oyl dSol>
S5 O yg004 Sl yummiy (glogs L ioled b g sl
Sl >l drbre 85k 51 (B (6 pdy ol (SIS
12855 8 (o030 )T Blie sloe 5 Py S e
3l e ai T8 515 Fie, S o aliess jlaens
a2 ol o3l (6 iy Jelo g (glo yoniy ol
S5 o atls 4y by jo iy jlas 5 SIS 4,13 (3 yee
wilaid 3518 oolatwls g0 (6 pducam! Julog o A
Jaiiay aalllas ploxl oo g 055 c0 4231
03,5 o0 ol

S5 b
) S22 Go(VIE) o 55 5 52l 315 o5
5l glacgazme g VIV, v, oo v E o 55l (glacgaze
Al dlF ST e cusl E=le e e} lagleS
Slaws b plp BLS G Voslasl g () T slao,5 olaws b
..\.u‘ysa d‘; g_i: 6L®OL¢S el (m) u—‘ LgLaQLoS
wlyo,5 9945 Sy (e b Jhigzr b S O g0
SlLE S aigd ools lid waisS o Jeate 0S5
4 il oo g goue polie Sl slaegee lagj

4 Safety Barriers

5 Centrality Measures
6 Order

7 Size

Ohles 5 5 )bz (owge

oo 5 ble 51Tzl plej csgucme 5 adlllas Bua
ozl (SBLS slatsy - diiwd 13,55 n 355 (atse
¥) SIS 5 (YOLYE) aSlis Jow dYA-YH) ' s 50 4
Cozlr wlgse el glaig, b awslie o (¥
o7y lo e slogy Lo 3l sl T (slie
Silodend oy, -aiiS wald YL Cilpe Sols>
5 Slopxy Dolg> Joob jew Wilgi oo (2974 5
ool S (gl Joe S 511, T (i
Lalys o Logas T gog nobey Gy cnl Casgasms
Lol dalllas 15 (F+) sl el blite ol g s
Sl 23 ST sl 1SS ol 31,5 Jas 5
e 5 O3 Gl (sloyoz sloge )l (g 5leJoe
OIS (S, elonds oolial o] (6 iyl ulow
QT o aS w‘vbdwsruo; )“ 6“‘-“’9‘*’.“ )‘QCAQ.?
Joe o oileioe Jaite KouSo @) 05 95 (LS 0
sloe,S lsieas ((y550) jaalo bl Sljgas IS
i oS Jlaio 5 aigh a8 L s SIS
Ol slapleS” 0jg bawg o Sl Gle ol
g\l (gilwJoe ((F,1) 0gd o 0ols Lis oo 5
Mgz SIS Se Ojgen il Gl lopx;
ol 5l ool b a5 WS e oald |, ISl oyl
Sloyzsy oly ply 5o (i Gpdyae] SIS
oolitul b oo by 05 )18 Jelodisn 125 9,50
Srdies] loadlie Jlgie SIS slagasls |
(glo o3 olgor oS (55l Jonley) 5l500
&S )Lawe oliae a3l e 2 )b ol 5l 5 9505 (o5,
SeaSe b loyomiy Sols> S g 5T o lag]
s o 55556 B1S slaasls -ogei dulio
G | p oo spdycanl Jlod 4 b e
5955 ez 3150 sdlolon] (glo yuzei ) iolg> a
oolaiwls jae (O-Y) Solay slacunsls yuizen (V)
ais sla il abre 4 53 pas ailazd 518
oolaztnl b (glo oz s olgm (g 5lw Jo ainl,8 0 diol>
Sasd balyl yo (s 1) gy ol 98BS 4l )
NS SUR TN RS foppe:
Sl iyl aslllas Cooal @ azg L
Doly> 58y A Sl (5 ()b ezmed (Sl
O Baaly ol adllas (B> 5l (S50 slo s
G 5 Sl Joliy i sl olke
L )9aS slaollaaVl 5l (Soye slojey Soly>

1 Bayesian Network
2 Nodes
3 Edges



http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

s (g oolRaa Vb 31 (ST (3l (5 pdyams Julos

ol 0gd se ool Gl € (V) ol b g el
L owgdgo ools las € (v) slai b a5 IS S
3 S (o3 L 53 laplaS g 51 ich o
(V) oS oo S 5 1, >,

1

Ce—out(vi)= S dij (Y)
. . 1
Ce—in(vi)= z.dji )

i go dmlona ¥ 5 ¥ aolan 5l oalitul L oS Lao 5
Jlade (1Sl Oy @ 35 8IS lp (oo el
Seslnl L (C (Q) &I &l )b Soyp

(Y) sl dmslona 115 ¥ aloles

(G)- > Cc—out(vi) 5)

n

Cc—out

5 SIS S ppods (sl pmiy S0l (il Jde A 8
o polbo iz 6y il

Sl @yl Jelos ) (i ol 50
L Glopy Solex a cas L;..\.;.‘J)é/d)‘uo).fg}é
0318 7 2% Al pedual> o &gy GBI )T 4y Jlas 5l ool
9

Ol e jreeloyblove Sl e () 4l e
S5 sloo,s

sloslatwl b (gloyumsy ol (g5lu Jow Jol o8
S5075) ot oo lolne Dlieazs (yaad (31,5 e,k
JURBl BB olesd olge 51 (VL ez s
Slaxiol & gilwo s o3l anle il LB L
Iy Gloyuzsy Solem 4 yawion ol b g glslel
5 Gy (O el GBS slaeS g (w5l
s €F0) sl 5,55 2V Copanl 5l o] S
Al 1) gloony slogs )l sln] culils Solg> oyl
Sinldaz g bodio )5 axrlb go8g 4 e wiilg 0 g
O3B D3ls> 1 5 i 418 S bl Dlalllas ull
Soly 2 Pt 9 ol S Gjloe 4 g, e LaelKan VL
anlllas (! LYV ,YF) Col 004y (5550 25T £ 5l diol>
S 8 pls Sl g o3P N S9) R 809
anlllaos jgo (y3e 28,8 plmil )5S (glaolayYL

Ol o digdenls Cans B1LS sl yleSL oo )5 51 S5y
Cialed GECVEW, W) Eapym s S 5
035 Syl0p i 5 W g W ol )5 a8 058 e 00l
SG o i bleS 5 o S 4 ouls cols plais
Sllss @ 05 4V 05 | oS SO oy IS
P Vo g oo 5TV 5l as cul laleS g lee 5
L iz Sl nl )0 05 5o 5l 4S5 ebay £00 )5 oo
el M )" ns“'“‘j ‘r).’.‘““ S 0,5 e Q‘?Sts"
255 j3e Ol b i (Sle 05 o5l T o a5
Vi 05 3l e (2 F0lisS Jobo b plp V9V, o alold
g go 00ls i dij= d(vi,vj) g0ty g Sl V. 0,5 &
o asls GBI s o alol sgpie ulol
S92y 4 LAl S Claxie guw)p jshaied oo
alox3l Cu3S o o asls o] le jo 4 Wloow!
oL il gl o T (035 5 Tt sla sl
5 09 g0 00ld HLis C (V) & g0 V. 0 )5 (gl i
aS ol Sldo sl coed Slo ) dloles bl 5
SIS 50 503 sleo Sl yoms (ol 005
O ol oaims lis djk(vi) aolrs (pl 100,85 o0 13
(i#]#K) 0S o ygue V05 545 S V, gV, (sle S
el V, 5V, oo 3y alold snimo ylis djk IS N
L 0t oo y3e v, 05 SILTaSenl (28,5 S0 o (50,
Bl 00,5 o blasul ) doles 5l a8 joblen .
5 s 35 ¥l i e 45 G5 5| a5 00,8
SIS 50 655 (NS g gk YLl alad 4y

Sy e

, dik (vi

Cb(VI):Zj,k dj(k ) (V)

Slasiin (ow)p ey )3 500 Joliie a>ls

Gl Seop Leli il Suoy Lesls lals
@ ol bleS cuz B85 Sl bl of S
e T )5 (a0 5 Tl (Suo el g
Slass &y90aV 0,5 slp ()5 (o aSlh oS
o5 31 BIS slao S S8 4 oy 6l oY slapls
g o 03ls GLis C | (V) slei by g 95,5 o0 <y 15V,
olaxi b pl v 0,5 6l L3 (o asls uen
SIS sloo 5 500 51V 05 4 sy sl o3 slopls

1 Walk

2 Path

3 Betweenness
4 Closeness

5 In-Closeness
6 Out-Closeness


http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

O3 3 G Sl lp apdse Coluw Sla>

Sopliw 4 azsi b i (glo, L Gt pges dlo o
a..\aibdlé;).’a'i)é d.aol}&ywlﬂa‘fdb).ad‘)b
3,5 atie abgrye wals o g9 3l sl
2 0 asl> g4ds 5l Jol> wais Sy o3l s
@ 4y Lol anbre (3l ple Jove )3 55
Gol> ol plyiedy g5l B> (2855 S0y
sl atais o) blise asazs o pey e 4y bgyye
SilwJow lp adlae ol 0. (Ve) ol ad 3 s o
5 O3B 5l Sy gyl B syl ey
OiBe ;500 oy wauis glalo p ud dwlxe
238,5 solazwl ALOHA ey (g5l oe l58le 5 5
S slasaly iledae sl ALOHA - l5dla 5
Elgil g som Slgo i alax ‘},,Aio)latézn Slge yiola,
Cewlazd S 118 oolawl 050 alizee lllas jo 5 >
LFV-¥a,Y.9)

g ailiw] Jade b i slo s duglio 0, lg> al> o

(S5 sloylas) Jaim] i Sl e

Gol> £985 Sl jo a5 b el al>ye ol o

ST U 5 o0 e I SeplaS (e o 0 4y
aalgs S i diol> 18l ol g 49l slag lw
O g Jleixl Buae Ol ol gl oS
e b 2gd oo Sle agais sl s Lawgs LT aS |
Wb Bos s (6.5, Joe o waid Jlo Sl
yebate cplas ol bl asous ASLLZMT)‘AEA}‘JSA_?)};
> 10 1045 (5, > miais sl j0) agais o polie
10 15098 )5 aolie ailiw] jlade b o awle 13
A1) oe a8 (F)l o piads jlake) Qa5 (6350
Sl b 55, (WS o 8l y0i 35 5 (82 > £959
PRYE TS VR COveR PGS PRV SR EIPRINPY T JARV:
G o 5 O ygody abasl ) cpl g o asd 5 1A o 55
b yleS i baso 8 (gl Jowj 0,8 aio S 5l LS
A S S 5oty IS Ll e ol 3
alw] Jlade anlllas pl jo a5 ol oY &S ol S8
Sl @, Ban SO il il gl wais
Ao Vel i lejoas sl VO kW/m? L iy
O SO0 ke (V1) cnloas a8 5 a5 o
VO KW/m? by golas b i )], aul G e

Iran Occupational Health. 2021 (01 July);18: 14.

A o g 039y 55lid s ghlo 5 SO auedl g4
Sl jl (e wlitin (ggiome (yjl00) 095 yglme oyl
Cod Hilre pleile caits o055 (6 5YL Sl
)‘| u)l’“’ 9 6 ool QLM; \ o)Lg..i') Ji.» O (e
VE/PY o5 glasjlSloads (6,138 70 ) les A Y o Lo
YYIY 5l Gleos g yie OA JIOYF 5l Jhad (s
Sl jehaeds .ail oo ol 5 le ax 0 YO/ I
Oygody aslllass jge il 5o glo iy slags lw
NP N EUSTIE NI L I

Jl e sl ol splew s jpg0 alo s
uolo yoloee g
od bl Wlpgad g6 a4y azgi b als o ol jo
Lilyd Grzes 5 plewd Shgie @allhs ol
24 byrpe aisle gl dag] Gles 5 (S5
0250 D)0 £ 4 4295 b ond ) (atiiie g
‘(pl."> ) L@Q‘ ey e ‘SJL&.MAJ ools 9 (‘i’)""‘*‘”‘)
Olyeds oo g adsl (S92l Dlgreds wo) sl (g2l
Sialey &0 ()3l ded (g1 (VL Sl e (62 )L
2 TG e Pl e sl Gy ol 5 'S5
Slles Llpd g (b sliwl (plal 5ok a8 57 )1
Aol Ce o Ojg0a 592 Ll b aalllaes e e
el e oz 5ok (s el p e VIO L
Loyl lse slos e Ve b ply ol s s (5 505l
Gl S (Jlw ole ¢y 30 ,5) ol 5 6l a0 FY
15 TS lons 5 AYA b il o s, €
borly o O ded o9 p Olpee ol i85 LS
o o7 45 (pl & az g b eizmen 00,8 (28 1A
Ehew 8 el S yie Y Sl i b
Verr bl e 5o Gl Shp Gle, 4 bs e
2 5 Gley Jome (YA wd aid )5 )l )0 pie oo
33,5 (28 (g0, (30 (33 &S5 Sho i)

1 Major Release
2 Immediate Ignition



http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

s (g oolRaa Vb 31 (ST (3l (5 pdyams Julos

bl g Sl syl Sl pide al>yo
oo ,S (sl CaS e sloasl anlxe I e
Syge oo Sapm b Bliie Slig (s i
od Bl Gy yas 4y azg b 285 18 Loy
sl glae S a5 joboles Coi als ol
WS oo Wyl BIF o |y ahuly md YL Cods
oSl on i 0 S St s Ol
Q& Glopon Aol SO L adgl olas ) SO S o
Coin atls cplplo wwuls salgs oawlye b,
Clag lew S )0 jupes SO ool sasmolis
Seaxlg) YL Casn 1)1 g 5 ol (glo i
O dol> hxS ol) golds i (caumo b S
B (oo ezl o8 wales ] Ko Sljges
Gl 0,8 S owyiwd lime dl 4SS aigS ol
Soke 90l g wesee plas SIS slae S Koo
(_g‘oﬁ.?d)' ;’;.5‘? .bl_'z_:‘ 9 6}‘“\3‘°‘) 5o M gSa ;M.L'LS
Ll s jo adgl Wol> £48y o ey o]
e GFJET Gl ol YL o Sesp
WA dlg> degesme S )0 (60l (lo iy dlol>
05 Se s Sole (e (Sesp Ll
Slog )l > Sl 53 1) s o Cbie
B Sop als aes oo lis B slo e
DS Spdyrml B g Solo om0 5
Ol el g0 1y (glo ey slags liw plSia lag]
0,5 S Ole oo pamll ol ool b ass go
slaglw ;5 (il b 1550 Jlinl e 5 oS
(D) 09 dlgz a563> (o s

asidly

sy s3lodae 5l Jolo @l i ol
38l 3l ooliinl b sty (gl o dnslons 5 gy i
008 (55l e B pizmod - Cowlons a5l ALOHA
oolitul b 2o 3 e slopatls daslore 5l Jol> bl
adlge bl 5 3l 5 0us,S @LIR l5dle s )
loods dulie 08b (6 23]

OB Getd g i slo )0 dlons I fol> gl
:RY)

20 odbiiy p15 (&> S92yl (ileJoe @2,k )

)|

b S bl aids Vo 5l 5 e oleyooe slp )
5 95 dlaeld (g 5wl B, SO Bow s leica
33,5 YL a5 1o (590 )b (5,5 IS g 09>

SIS sloples (g dawloes ipmyy alo o

@ Cmd oo oo Sl 55 (6 gyl Julo
el BLF Joe (Bl 08 g3l Sloyuziy Loolg>
BLS Jae )0 09250 s jleS 0l aiaS oS jsblen
e Ol e waid sl o saims L
aS Cewl p3¥ ¢ g0 O ygods abaly ol ols Lis 6l
&S slaisSa b plaisl blsS 4 goae Slasine
Shlce wais sla oy o3lal b gooe Slasin ()
P 039 03 GBS Heanil b e baleS
bsgs a5 oS 99 [ Ftm abold » LS Sl
Oelpls oyl cd¥o wigd oo Jate 0SS 4 eSS o
@ Cal 0,8 90 ol Flias el caumslis
gl loline g oo (g5lwJoe (gl bl (en
ObS 2 s oy ST S B s sl s
I8 e 4y (VOKW/M?) ailiw] [ladie s &y gody
ool plas! s o1 Jblie (5, aiaid) wais
R T R CR
30 Glo yieS alold snimolis )leS SO L bl
2ol St 550 5 QleS Gl lawgd oisd Jate o S
ol Glo yuziy Aol Jgb yo K0S

Cgots Sy slog ) liw (il Juto jpind dl> o
L;[@y[.w) L@o;w;ﬁd&‘p[w M[ZA} J/})’
(Blio Oliga i/
ST siledae ly s ol e
@bl l58le 5 5GBS B o (slo oy (slogy s
Lo SGR 15816 50005 oolawl igraph a., g R
Sleslawl b oyl 5o a8 sl 5biyie (5 o] (s giaals
S Sigaslas g BIF 0 dei 4y )lg5 coigraph aiu,
Lgl.@ul.os cd‘; (_glbo)f J.d J.‘>‘fo ) u}‘q)).a QT
4 odlodls plaizl iy fizmes g oS ol
S CPTE UV ISR IR VR VI UL I N PN S P WYY
o5 5 00 (65l o codld i Slasein b 81T
R l58le 5 50 05290 wilgy 5l oolatiwl b s 1050 )5
S0P ad Cu3S e sl jasLi igraph a4
IS slp U5 (K05 5 ()15 (Sesp (Al
)Jal.u.,e Q)Lz.o Lg).’..\.»v.:.w—‘ Lgl.:M.éJ}n Ax5,0 g L:bo)f


http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

Sl @i jlade g oaduas 15 K00 Oy A
Sl ) oyleds Jgu el oys F aulxa oyl 280 50
PO B> Sl & b e ais slals
Ol s oo L3 (T Bum (il (655,18 Jore
Jsaz ;0 VORWIM? 5l i 5o penits ol s

Kloays I el

slogy,lew b jBleze SIS gjlo o I Jol> amls
Co e sloarls dewlre 5 ojbre o (sl
oo, 5
039 SIS slapleS s Baa (e (raaed 5l g
Saie Cd O jgody @l S5 a5 aigS len S »
dwlome a8 o] bl s lo p ar auais il
F oY oled ol & Slxiljl wiges plgieas .03 )5
it ) ojleds 35 50 By (o)l Bue (3l
o5 oleS Sus s (V2N Vo a) o5 sl ples o
0 kS nl 59 - 090,5 e (2> fo S

OHes g )bz (swge

L;Lm)lo).g 415 ALOHA )‘)3‘[0)4 )| sslaral b O 2
Yoo leds JS& 0 dges (5l -0 ,8 dulee wsouis
6%)M}|Job‘;}|yé¢mdgbyf,b4pb
ALOHA )‘).9“&)4 )‘ oolanl L O O)Lo.«f: O 30 B>
MARPLOT l58le 5 5l eolawl b g oays )3 asin
ool d.».’am u)L’LA @Lul?' AL (S9y ¢ {¥Y)
e ais alin] Jade yelel p s 4l oyl
Ls?)|).>- v WV} QT ) as |) 6“"59"‘7“’ 9 Cewloads
s o Gl el V0 kWM 5l a8l o
0 les (30t a0 co LS ¥ o leds S aS jeboylen
O G el Jleisl Baa yjlke VO m?
ol mians Jlade a5 glaigTa s O o)l
O 4 ) (nljl Ceend 5 Su0 3 5o (8L
KW/ FFKW/m® AYKW/m? b ol s 5 40 o lads
4 .cwl YYKW/m? 4 £ kW/m* Y¥kW/m* ff m’

2 G Syl 4 bgrpe Ban 3w CuS 5 uen

(S T -

200

100

meters

0 } } it Y

200 100 1] 100 200 300
meters

| greater than 15 kW/(sq m)

sl ,l580e 5 51 oolitul b a8 (auais ailiwl Jlade uluwl 1) 0 ojleds (5 10 (g 5l 3, 0 bgrre Bas 5l g s asb .Y sl
Lwloss jaxie MARPLOT g ALOHA

JBam (iEe (658 e 01 e 58 B 58y 5l A6 RW/MY) 5> wtnts polie ) Jgor

q A 4 2 o i ¥ Y \ Jl
- o- - Y- - \

\# f- - AD - \YIO Y

v$ \§ #4 e Yo - £0 - Y

\$ - - AO A vf A i

\Y 44 - Yy \ai vE Y - I
£Y g AA - Yy Yo - - i
£ Yo - £ - - v
AD - Yo vo Yo \0 - - A
\as Yo \$ - - q

Iran Occupational Health. 2021 (01 July);18: 14. WY



http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

s (g oolRaa Vb 31 (ST (3l (5 pdyams Julos

o> 03B gl 5l 6 30 530 Jenily) (J3Is (G035
o lads (3 aiiwd 10,95 0 (lo oy slog ,Liw
Gilwlely Jeily) () S0y pesls jlade
FFX DY o el 3 aiins (Glojuze ) Sole>
oy A=l jlade B s Sl S 4 gV ) A
5 i (pl Koo leds rativn Jls 95 IS
ol (g3lailely il a1 oyjloe 25 pdyms]
ol 8889 ple (3l plo 3l 63,80 5 slo o

D ﬁ‘}: Q)jwag

ol adlllesyge il ragh cnl e

ozl o] blize sloe)S oS gloasls
Soged a5 Hsbles caials (gaidly (o35 g S
Slade cp e Ghls £ oo )leds (35 das po oyl )
coip Ol g Casl (IYYR) oy asls
P i 2 VLY 50 F ojled 5l
BLE alas bl 5 a0)ls dsllass jge 3 A lee
sholass ax aS weo oo i 0,8 S G Ll
abuly L) S00Su b Smpe L) slp 15 gl 5
P05 G S 4z e Suials 0 (nl 4 (S
Cslad S 13 65 o e p0 0,8 T (grm il
2l Gm A Se S St )0 5 2Ll 5
OiBre Ol dol> i il Glaie 5lols BT glee S
Dt I e R
S a3 0 YL IS (350 45 098 o0 Yo
Sbog Ll (55 sl (5 e SIS (7 (y5500)
halye o 50 G35 ol ST cnlplo el (glo oz
Sl e 055 By s oo sl S

O3B o slo s slagy )l b Bline SIS (g5l e T S5l
R 58105 51 ooliiul b aslllaes g

(1050+=+/%) § (10T =+ /YD) & )9t i 5 4
FrgoS AL OlS G iy men 40l b
23,5 3o oo R l58la 5 sloslaial b ondsippes (leS
rlasl ws 4 azsl b llae 523 LS 2 05 9
LR I3l 5 5 oabpmms i BLS ¥ olests IS .l
S Sl 4 bgrye Bas e ams oo (lis
SIS o Jeizs lojezsy sbagy )l 5 (35 2 )0
LS st ) it ol i b s
LSS glooS gl oS loasls polis
By dsloee R I5816 5 )0 99250 mlss 51 oolinnl
u«’l-w‘ » u)bu \ o)Lo..i': )‘09,«3 ) .(Y o)Lon JB»)
adlze) o] bl slae)S S e loasls
Joges @llas -Sloods duslio 55055 b (g pdsam]
AT AL DF S o)l 5l cady ar ) ojlads
o) ot (oL ke 5t s ¥ 5 )
A D o lads 3 caias (lo oz ) Solg> o i

(03Be) oS 5 S o sl oadiarlons o35 o slaasls ¥ Jous

&5 Sasy omsls B S s RS- it 2 oo ofe

\ \ <IYA-D \
V/EYPY V/EYPY V/-aff c[e YOV Y
\IVES - \IVES . V/Yavy <IYVEY Y
\/Yavy V/Yavy V/Yavy AN ¥
V/OFVE V/IOFN Y V/AYAD AR A
VIYAYY VIOYA- AR NARAN4 4
AV 23 V/Y-Q \
VIYYYY VIYAYP \IFAYA AT A
+/Ad44 «1A0AN ARRI «[+\YA q

Y



http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

—t
&

—

—

CuiS o sasls jolie
& &

O a)La...;

Ohles 5 5 )bz (owge

W, w5l
S (Sop asls
J5 ooy sl

(5 e (o yad S8y el (215 (S0 35 jlade
S9) Slgiee § S plojiae )3 53,5 K5 slae ¥
3,8 Pl iz lgies alplo 00,13 51 lag)|
a3 slade 5o YL gls (35 5l By g0 a5
$lg5 oo Sy Sy b (Y o)leds (y350) ()15
Sl a e g oals (b plo (ol 1550 Cge
Olgso s leds 00,5 (550 al (Slo iy dSol>
Jeily oo Gl ¥ oo)led ie a5 S
Lngg.i)L}.w d;LhA | Lg‘o).:.?d)‘ C’_':.>|9> ng‘..\.‘a‘o‘)
By S 989 ¥ SO 50 oad (5l Joe (glo s
2 4l B, g58y crge BilgT o ¥ (g5 j0 adyl
o f eed A 390 A gV F DK Y o el il
L ogs Ban (il adly g0 5o (il al S Se
2 (S L Cilpea 1) aiols 5 o0ged Sl
Olee 0,5 <SG Gl U5 (Su03 ol iy ya5 ol
NS nAom s e g oo Sl a0 3 Ol (o s
ol S o 2 1an 0 Lt plg & jgoas ) by
& Oye So ol S Sl wlgs go el
sl ol (B8 Jlaiol eizman 5 ()l ple
O azgi biaws (L IS oygea ) Gl a5l
G 5o O &850 Jlixl JIg g se Y
VO A E X DY o,lod 55 & goh | oz
ool 2 e gaas, waz g L) o8 i g
V loges jo JS' (o5 a3l
slpasls I eslial b spdycan! Jolos
5 Sl Sl e @lebl Bl e SIS
WS oo w08 ) slopmiy o> odims b S
o2l S e sl ol oe o gl 5l (6 S0 e b sy
0,5 B> aS &eS ylar 0,5 (53,40l p s olem
A & e SIS Sl ety sl o 5L ol

ez Jpud Saw az o YL U 1) Lol o 2l
QL’;;.;\” JS.:I)).) 00 C;jLuJ.\.o g_éljfdf)jlool.o.b-é;
DX o lods 3 51 G 2 40 30> E999 QRS oo
M F e a8 Sygeys Kas g 3 0ed ol o
OiBre as Aol 5 ilS (o ge ..\319.’;(5@ 0,5 &>
593 4y bgyyo Bus (y3lre lg0 iy O g0ty aLlg o0
Lgb‘a I\ o)Lo.,i} U)'?“ \ )‘094.3 d.al.b.,o ..\d_:l.o.’ ).’L».n ‘)
Sl (VAVAD) (J3ls (o035 asls jlade o 5 i
\ﬂ u)l.?m) \c 5‘“ ‘? ‘/\ o)Lo..i'; u)l.'?r.o u.u).)cb uUu*‘-'B
0oL o YL (ain plp (003 als sllo ¥ g
S s (o asls gl 1) s (SGep
53 $loo,S s S Sol BS 450
olid 0,8 G lp el ol og SYL 5 QT
Lo,S plo 5l Wilg oo S Hlojide ;0 a5 das
Sy 5 By ge8g F JSh 4 azgi Lo iy 50
O ol 350 Wilgh oo ((sloyuziy slogs L dlaulga
At 535k 03 el y35ke 45 S b o5l Slie
8053 Ban 10 o,leds 35 auiles oo lowdiiue a5
oS Gyl 3l 58 ) ojleds 35 Jle jebas i
)|)§ )...)l.: S |) In Oy ..\.3‘53‘54 Y Oy 4 aol>
ol e A3l (Soop el og SYL Law
@ by o @olg> 51 T YL (6 156 sasmsylias
Ope ) Slogad 4 dz i bl axdlland jg0 550 plo
B ooy by jlade YL Gllo Yoo Ll
B o)leds 5B cus 5 ol g casl (V/VEE)
Vobe o1y (B (05 als niin ¥ 97
A e &5 285 )ls aalllaesge (e

¥



http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

s (g oolRaa Vb 31 (ST (3l (5 pdyams Julos

Moged Cenland,SlE ) 390 il asgenme
oA shl o Sy ileg s HSEY
FF ol b cud 5 ) dols b xS Jewdls
Ol e degazme (g pdyeml G2alS 51, (7 50
O3B &S Gl eals 5,8 gilhJow cpl joamo e
o, Slae glils & ,as dlge l colawl b jlais ge
9 g,u..bia.n)g 6;».».»‘ sodu.Sg_n.a u,u.uy MLA) Yb
aS Cowl a8 Wlowy s 5 spore (oSl sl g
SIS Ja 5 bl o1yl 56 58,8 1555 sl
7o Oow 6‘)‘.’ 0l 31y (e aS ol ol ua).e
S8l 0 895 jglme (e Sl (Sl b g adds
Coos 4SS o S0 leas (FY,FF) wuS o
GJslﬁ.ogﬁng;JIJme)ooT)%mo;
K255 ke 5Sla) OIS 25 (Koo sl
Cewlodlds  ooliswl (U)L?"" JJGL«.M LgL:bo)f @)l’"
Silog,ao b aws o (LIS T bges &5 jsbles
wisl> o S slassl o i gl e e
S WY 5l 3l asgazme 6 iy Ol oo
olS YA 4 (5l g2y bl pladl m oS
NS JPRN CCTUUU EFCTRUOWIE PN FEOW BN O N EOUR IR
ol (jlilely Jowily (5 o 35 ez
p (Y 950 & o,leads 3l s @) slo
Ao oo Hlis e acgasme Lgﬁ;\i%.w" oS
Joo 5o Gl 4l oul 86 38,5 Ll
oddﬁblal.w 65)‘)> oA aS Cewl ool uojs d‘;
SalS do 0 Fe e 4 IS el 4 pore (350 )
o] gilwdoe o abla> slaginn © isu il 4
O Y logei aS e ylen - Cawl ooy o8 dsy0 Y o
Sl i LIS o e et b 483 e
Ol 50 Ayl panns &5 (go iy S0lg (5 3llel
SaalS /Y W VY 5l y5bke degemme (6 ool
Logas o5l o] 5 cbli calpliy ol
Wlgi e oaimo 1S Sl (il siled el
Sloyuzmiy Solg> a5 s (350 Ac gosxe (6 s ]
ap Jonll was oS 2 BB Gl 4,
pladl go5 Gl jo 50 sbl> sba,Sal,) (g5lwosly
raalie yulul ) o3l jlolass ax aS cpl 5 bbla>
ol Coeal Pl 65,8 13 Codgl e (6l
o mlie Cusgame s 4 Ygore a5l 4 az g5 L

5 Availability
6 Effectiveness

10

bl 38,8 o LS bsly o Jladil 5 StanS
e e b S 2SS G VL il (3
Dgdse Oilre Olee Aol (S Sl sl s
SIS U (ndn &5 (g3l ) cdidlne (pizmen
e cn i s G3le) Wl ) (sl ple
SIS Gl Wlgee ()b Seop als
Jelos bl 6 S gl (slo iy Slog Jliw (2 g
o2l 31, el ol LS ke 5 onlisl b (6 s dgccnns]
oS )lie Gliee 551 3l (i Syl S 05 o0
Caslsl 5o gloyey ol by 5 £9,5 5 lag)]
w5 Splnl Slalllas ,3 S S8 blis Sloldl
sl Copde jsliied ilize (las,Sog, Sl
' S35 ilad 318 solatul )50 (glo iy aolg>
TS gl 0S5y 358 b (Y2 ) (o Ken
Sl slouly Gund gl |y bpasls jl lacgome
5 5 Slalllas (FY) wiles,s a8l)) ganl b als o
Slyo cyasl 0y oo 5 iay! Jolyd e b bl
4 S gloord mlio Gndyc] J20 Gl
aSslog gL (FO,FF) cnloas plosil slo pumei y Eolg>
Ol el Jelgp asile 1S (el slao S0,
S 5 (soten GRS Wl s Sl blre (slaasy
e ezl Ll b atsls glo iy olg> S
55 Sl izl Sk aljo 4y bgyye iy bag)]
olamdl slacysgame b (5,15 po e Jb 5o Slacels
(SIS el g, LS )0 098 50 945, (Shiles g
Slye Oloreas a5 Jladpud g Jld ol @lge 5l oolicia]
@l o pSelr sl Wb oo aSlil (So938l e
Slo 2y Slagliw (S 5 g9y0 ol 3L
en 5 oS adllae (F5) cawl Coranl il
2 bl Slaladl ags plaisl ase; o (YY)
5T s cbla> aS ol lis (glojumy olg> ol
i 51T led e cbili o ST il Sl
AR5 wsloyezs; g liw odims 5 uS il
o il olio S pdycn] 10l 2 oS0,
O 45 (0) a5, 5l 5L (glo yummy Bole> 4
S Olrear) (s3log ol b adllas ool o bls
5 o3 S Sz (3l (JUad e cblax o)
cblis (g, S lprea) Syl itasas 5l ooliiul
Syl 22l8 ST Gl (3l (sl (b

1 Cozzani

2 Inherent Safety

3 Active Protection
4 Passive Protection


http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

SIS )l s el

Yt
Y Y
Vo
o A
o
V8
.Y
plaSomn 7 oy

OHes 5 s bz (owge

¥ 9% O OgF & e YobF&F e

oas cblis 3l

O3l aegezme (il 28I 1 (sl Slags i soim i yinS Sl (3lre s3lu s b Y loged

plasoms T e

Bg¥ o3 Fab ¥ oy T o D o

ol bslas u)l’“‘

O3l degerme (gl 2l (o slag L ST Gl 3k (sl S el s 3l olial 5T Y l0500

alllae (glocysgizms | S a5 cenl S5 LLE
sle el g e i slog o )“’L' rol>
Lg as w‘ o..\.oy‘wécb G:‘Lu » uBLD...c Y .E.:‘).w
ol T plosl ISl 5z (o) Cudgame &y ax g
Lulys g i slo el )b s codlad 9929 Gidgh
5lgs oo ALOHA 18le 55 slasogs oy 52
piris) wals glayley polie o a4 e
G, Culeiyd 5 WS eadaculxe (5]
Ol 5 09h Jols ile o 5 pdycanl I Gglite
oslo cnyp,S 9 SHp sl el e adlas
solatwl y3bee Solg> g \lw silwJow sl (Lo
Sl (g oo FelS bl 4 ol (gl ol
u;”"‘:"" g v ple Glp 1, wolg> aely
oS e sasli g ol plxl AlBlas O )0
‘) (u)l’“ 6)"“\-’"‘-‘“’—‘ Lng\.éJ;.a) d‘)f Lgl.coo;
0,5 dpule Iz & jgods j5Sde slagy L sl
i sl (Y1) o San 5 olSL anlllae o
oSk 1 ISl o il i pdscal
Sy i cov entale LS sbasls
(YY) cosloadd solaw] waliske

el i (golatdl az 5 aiejl iblis lolad
awgeze Gpdyoaml Jlad) SIS () (o3
S5 peoeal loslne plo LS 5o Wilgi e (o3l
sl an e ail) bl sl Sal, Ol o, g0 yo
S, Sal, 4 Sliws cge g 9gd a8 S IS 4 (]
00,5 golasl aigy,

3 esliiad b g pivecm] Jubw 5 Jol> gl
ua.»..a.?u o L(bui é)g)Lf » OBBLC d‘; 6LQQA>L~4
2 Sy Srytebn )0 Wlg oo (Sienl @lge aie
589 plie -3 5.5 18 oolitul 5 )90 13 (5 ladl Lyl
S Gypeys Logas b )0 Glopxi g >
S Aline oyl L o s 4 5, il 8IS solie
Sldas Cuglgl )0 Cunly oo (3B plas aS Cossl Coon]
Ok s 3B (6555158 0055 18 G o Ll
Labl Sldes Coglgl jo (slo mony wolsm ol Juusls
Slo i (slog liw (52 5y €585 5l wilgi g <30 >
allae b )il 5B @ 1y BT L es)S (g Ssl
055 Sy 9 53,5 Lhgals aS sls Las (Y A) ol S
T S 2Pl ke (n S b (plaass
(FA) cel o > labl ags Sl

\#



http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

s (g oolRaa Vb 31 (ST (3l (5 pdyams Julos

made domino effects. Reliability Engineering & System
Safety. 2018.

3. Khakzad N, Reniers G, Abbassi R, Khan E. Vulnerability
analysis of process plants subject to domino effects.
Reliability Engineering & System Safety. 2016;154:127-
36.

4. Khakzad N, Reniers G. Using graph theory to analyze
the vulnerability of process plants in the context of
cascading effects. Reliability Engineering & System
Safety. 2015;143:63-73.

5. Khakzad N, Landucci G, Reniers G. Application of
Graph Theory to Cost-Effective Fire Protection of
Chemical Plants During Domino Effects. Risk analysis.
2017;37(9):1652-67.

6. Jabbari M, Kavousi A. Consequence Analysis of
Flammable Chemical Releases from a pipeline. The
Fourth International Conference on Computational
Sciences and Optimization (CSO 2011). Kunming and
Lijiang, Yunnan, China, April 15-19, 2011.

7. Jabbari M, Atabi E Ghorbani R. Key airborne
concentrations of chemicals for emergency response
planning in HAZMAT road transportation-margin
of safety or survival. Journal of Loss Prevention in the
Process Industries. 2020:104139.

8. Reniers G, Cozzani V. 3 - Features of Escalation Scenarios.
Domino Effects in the Process Industries. Amsterdam:
Elsevier; 2013. p. 30-42.

9. Necci A, Cozzani V, Spadoni G, Khan E Assessment of
domino effect: State of the art and research Needs.
Reliability Engineering & System Safety. 2015;143:3-18.

10. Cozzani V, Gubinelli G, Antonioni G, Spadoni G, Zanelli
S. The assessment of risk caused by domino effect in
quantitative area risk analysis. Journal of hazardous
Materials. 2005;127(1):14-30.

11. Cozzani V, Gubinelli G, Salzano E. Escalation thresholds
in the assessment of domino accidental events. Journal
of hazardous materials. 2006;129(1):1-21.

12. Khakzad N, Reniers G. Application of Bayesian network
and multi-criteria decision analysis to risk-based design
of chemical plants. Chemical Engineering Transactions.
2016;48:223-8.

13. Abdolhamidzadeh B. Present a model for evaluation
of domino effects second level in process industrials
[Thesis, Phd]. Tehran: Sharif University of Technology;
2010. [Persian].

14. Rad AH. Quantitative Risk Assessment of Domino
Accidents using GIS [Thesis, M.Sc]. Tehran: Sharif
University of Technology; 2011. [Persian].

15. Darbra R, Palacios A, Casal J. Domino effect in chemical
accidents: main features and accident sequences. Journal
of hazardous materials. 2010;183(1):565-73.

16. Abdolhamidzadeh B, Abbasi T, Rashtchian D, Abbasi

v

Gl e lp (gredguw Hlpl BIF 4l Joe
Sl Bl Jotioes L5‘°)'.¢-7F;); Slog L i_;i-*-"‘)f
Omizmad g (050 alez3N) (gai 18 lio jelo ble
Slo pzsy dlg £ 989 o i by T (6 pdo o] o
SN0 g S S 3S pe sla a5l eslaiul o]
553l ISl J!‘“ 31 03 i pds e Gl oo
Sgad pateive o] Lawgs slo yomiy slogy i (5 S
Jelow 5l ol ol 00,8 o SVl sla g, b
2l oo SIS slaasls l eolatul b (g pdscal
oolaiwld g0 (sl yuon s olem sy S o A,
lasl sln Ol el 5 WS 8
o Jld e g b sl milge aile sblas> Sleladl
sl el 3l eolaiwl b pizen 25,5 1,8 ool
asgerme & pdyees] (20 (e Glsie a5
99,5 debra |y (ol @lge (53luosly alanslgay o)
bl Sloladl aigy olais! o, Sal) & b ol 5
Sloladl 5l & ).;l.':")..él} SR 4O dgad asuiie |
aegore Spdyoa! o p G plp o cbla>
o3ld lis (glo yuz y Golem s G axdlland jg0 oy 5500
Lgl.d:)lib‘) ol 6‘)-.’ solazdl cs'l"))‘ S5 fal:;d‘ W
Slalllas 5o (5l dsgazee (5 pdyam] (Lol aig
355 s Olise Sl ssbar 005 o loiiny T
Gilwosly ((Jbo mlie Cuogams 08,5 o o L aS
O3B slolasi ax 6l y g sbla> loladl 5 cqi ax
(Slo gy g liw oaims By g Silel Sl
O dsgerme G pdyeal Ho 1y Gl S e
23,5 dalez sl

‘S;‘O)Jé 9 ,&m.’ y
HSE o )lol [yl gt 5 sima] (Lol 157 5l aliwsgin oo
ol sl plial 6 Ken cul i 2Vl oS

e oo (S8 ,08 g i G

&lw

1. Reniers GL, Audenaert A. Preparing for major terrorist

attacks against chemical clusters: Intelligently planning

protection measures wrt domino effects. Process Safety
and Environmental Protection. 2014;92(6):583-9.

2. Khakzad N, Reniers G. Low-capacity utilization of

process plants: A cost-robust approach to tackle man-


http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

facilities. Industrial & Engineering Chemistry Research.
2018;57(11):3990-4006.
Chen C, Reniers G, Khakzad N. A thorough classification
and discussion of approaches for modeling and
managing domino effects in the process industries.
Safety science. 2020;125:104618.
ALOHA. US Environmental Protection Agency, National
Oceanic and Atmospheric Administration. Available
online at: https://www.epa.gov/cameo/aloha-software.
R Development Core Team. R: A Language and
Environment for Statistical Computing. Vienna, Austria:
R Foundation for Statistical Computing, 2009.

Csardi G, Nepusz T. The igraph software package for
complex network research. InterJournal, Complex
Systems. 2006;1695(5):1-9.

Freeman LC. Centrality in social networks conceptual
clarification. Social networks. 1978;1(3):215-39.
Sadeghi A, Jabbari Gharabagh m, Rezaeian M, Alidoosti
A. Fire and Explosion Risk Assessment in a Combined
Cycle Power Plant. Iranian Journal of Chemistry and
Chemical Engineering (IJCCE). 2020.

Asghari B, Omidvari M. Probability assessment of
chemical liquid release at floating roof storage tank
in the oil refinery by fuzzy fault tree analysis. Iran
Occupational Health. 2018;15(4):8-20. [Persian].
Chang JI, Lin C-C. A study of storage tank accidents.
Journal of loss prevention in the process industries.
2006;19(1):51-9.

FRED, Failure Rate and Event Data for use within Risk
Assessments, HSE 2012.

Atabi F Ghorbani R, Jabbari M. Assessment of safe
distance for five toxic materials commonly in the
accidents of chemical road transportation using
ALOHA and PHAST software and CEI index (Case
Study: Tehran-Qazvin Highway). Iran Occupational
Health. 2017;14(4):42-35. [Persian].

Jabbari M, Sajjadi S, Hossein M, Gholamnia R, editors.
Determination of Airborne Quantity and Consequence
Analysis of 1, 3-Butadiene Release from a Petrochemical
Plant Pipeline. Applied Mechanics and Materials; 2013:
Trans Tech Publ.

Beheshti MH, Hajizadeh R, Mehri A, Borhani Jebeli
M. Modeling the result of hexane leakage from storage
tanks and planning a emergency response programm
in a petrochemical complex. Iran Occupational Health.
2016;13(1):69-79. [Persian].

MARPLOT. US Environmental Protection Agency,
National Oceanic and Atmospheric Administration.
Available

marplot-software.

online at: https://www.epa.gov/cameo/

Cozzani V, Tugnoli A, Salzano E. The development
of an inherent safety approach to the prevention of

17.

18.

19.

Ohles 5 5 )bz (owge

SA. Domino effect in process-industry accidents-An
inventory of past events and identification of some
patterns. Journal of Loss Prevention in the Process
Industries. 2011;24(5):575-93.

Cozzani V, Salzano E. The quantitative assessment of
domino effects caused by overpressure: Part I. Probit
models. Journal of Hazardous Materials. 2004;107(3):67-
80.

Cozzani V, Antonioni G, Spadoni G. Quantitative
assessment of domino scenarios by a GIS-based
software tool. Journal of Loss Prevention in the process
industries. 2006;19(5):463-77.

Antonioni G, Spadoni G, Cozzani V. Application
of domino effect quantitative risk assessment to an
extended industrial area. Journal of Loss Prevention in
the Process Industries. 2009;22(5):614-24.

20. Zhou J, Reniers G. A matrix-based modeling and analysis

21.

approach for fire-induced domino effects. Process Safety
and Environmental Protection. 2018;116:347-53.

Rad A, Abdolhamidzadeh B, Abbasi T, Rashtchian D.
FREEDOM II: An improved methodology to assess
domino effect frequency using simulation techniques.
Protection.

Process Safety and Environmental

2014;92(6):714-22.

22. Abdolhamidzadeh B, Abbasi T, Rashtchian D, Abbasi SA.

23.

24.

A new method for assessing domino effect in chemical
process industry. Journal of hazardous materials.
2010;182(1):416-26.

Zhang L, Landucci G, Reniers G, Khakzad N, Zhou J.
DAMS: A Model to Assess Domino Effects by Using
Agent-Based Modeling and Simulation. Risk analysis.
2018;38(8):1585-600.

Reniers GL, Dullaert W. Knock-on accident prevention
in a chemical cluster. Expert systems with applications.
2008;34(1):42-9.

25.Reniers GL, Dullaert W. DomPrevPlanning: user-friendly

26.

27.

28.

29.

software for planning domino effects prevention. Safety
Science. 2007;45(10):1060-81.

Khakzad N. Application of dynamic Bayesian
network to risk analysis of domino effects in chemical
infrastructures. Reliability Engineering & System Safety.
2015;138:263-72.

Khakzad N, Khan F, Amyotte P, Cozzani V. Domino
effect analysis using Bayesian networks. Risk Analysis.
2013;33(2):292-306.

Khakzad N, Amyotte P, Cozzani V, Reniers G, Pasman
H. How to address model uncertainty in the escalation
of domino effects? Journal of Loss Prevention in the
Process Industries. 2018;54:49-56.

Ji J, Tong Q, Khan F, Dadashzadeh M, Abbassi R. Risk-
based domino effect analysis for fire and explosion

accidents considering uncertainty in processing

VA



http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-10-27 ]

[ DOI: 10.52547/i0h.18.1.201 ]

s (g oolRaa Vb 31 (ST (3l (5 pdyams Julos

46. Khakzad N, Landucci G, Cozzani V, Reniers G, Pasman

H. Cost-effective fire protection of chemical plants
against domino effects. Reliability Engineering & System
Safety. 2018;169:412-21.

47. Landucci G, Argenti E Spadoni G, Cozzani V. Domino

48.

effect frequency assessment: The role of safety barriers.
Journal of Loss Prevention in the Process Industries.
2016;44:706-17.

Khakzad N. A graph theoretic approach to optimal
firefighting in oil terminals. Energies. 2018;11(11):3101.

9

44,

45.

domino accidents. Accident Analysis & Prevention.
2009;41(6):1216-27.

Khakzad N, Khan E Amyotte P, Cozzani V. Risk
management of domino effects considering dynamic
consequence analysis. Risk Analysis. 2014;34(6):1128-
38.

Cozzani V, Tugnoli A, Salzano E. Prevention of
domino effect: from active and passive strategies to
inherently safer design. Journal of hazardous materials.
2007;139(2):209-19.


http://dx.doi.org/10.52547/ioh.18.1.201
https://ioh.iums.ac.ir/article-1-2919-en.html
http://www.tcpdf.org

