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Abstract

Keywords

Background and aims: The identification of accident costs and their modeling
can motivate industries to establish safety systems. Storage tanks for oil Domino phenomenon
derivatives are among the significant industrial facilities that consistently
contribute to domino effects in the oil industry. Thus, this study explores
the economic consequences of fire and explosion domino phenomena in oil index

refinery storage tanks. Graph theory

Dow’s fire and explosion

Methods: The current study employs Phast software to determine the heat
flux, while R-statistical software and the igraph R package are used for graph
modeling. The centrality measures (i.e., betweenness, in-closeness, out-
closeness, and all-closeness) for the tank graph based on the thermal threshold
of 10 kW/m?and 15 kW/m? are evaluated using R software.

Fire protection of oil tank

Results: According to Dow’s fire and explosion index, the hazard level of these
tanks is high and intense. The results indicate that the lowest and highest values
of Dow’s fire and explosion index relate to kerosene and pentane and naphtha
gas, respectively. The evaluation of the contact area in a domino effect scenario
reveals that this effect can increase accident costs up to 2 times. Moreover,
implementing essential safety plans such as a fire alarm system reduces accident Received: 2022/07/4

costs by 50%. Accepted : 2024/03/15
Conclusion: The application of graph theory enables graphical modeling of

domino scenarios and identification of the most vulnerable tanks concerning

trigger potential and expansion of domino effects. The most vulnerable tanks

are prioritized for protective measures, such as active and inactive safety

barriers. Overall, the impact of implementing safety plans in reducing fire and

explosion to protect the tanks is similar to that of a fire alarm system.
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EXTENDED ABSTRACT

INTRODUCTION

Flammable and explosive liquid storage tanks are
prevalent in refineries, petrochemicals, petroleum
warehouses, marine terminals, airports, local fuel
companies, power plants, and large manufacturing
facilities. One of the most significant threats to these
storage tanks is the risk of fire and explosion. Typically,
fires in storage tanks can lead to the dispersion and
overflow of fluids, creating explosive hazards. Upon
receiving sufficient energy, a fire or explosion may occur
in these tanks. If this event transpires as an explosion,
the blast wave may have a destructive effect on nearby
tanks, potentially leading to catastrophic consequences
concerning safety, health, and the environment.

Oil tanks in the refinery carry substantial safety,
health, and environmental risks. Therefore, it is
imperative to conduct further research to investigate
the economic effects of the fire and explosion
domino phenomenon in these tanks. Domino effects
encompass an initial event that impacts the installation
and commissioning of the device, followed by one or
more subsequent events that also affect other facilities.
The spread of damage can be spatial (areas not damaged
in the initial event are destroyed), temporal (the same
areas are affected, but secondary events occur with a
delay), or both.

In light of these considerations, this study aims to
evaluate the economic consequences of the fire and
explosion domino phenomenon in oil refinery storage
tanks.

METHODOLOGY

This research was conducted in an oil refinery
storage tank. The refinery had 111 types of tanks,
including fixed roofs (cone and dome types), floating
roofs (internal and external), and spherical. Given the
wide range of tanks according to the refinery’s aerial
plan and plot plan, 10 spherical and floating roof types
of tanks with different dimensions and capacities
containing final products (e.g., gasoline, light naphtha,
kerosene, and pentane gas) were evaluated. The steps for
modeling domino scenarios and analyzing vulnerability
using graph theory are as follows:

1. Identifying the different scenarios causing
domino effects: Possible initial scenarios were
identified based on the tanks’ contents and operational
parameters. Intense pouring of oil products, jet fire,
fireball, pool fire, vapor cloud explosion, and BLEVE are
the events that may create a domino effect. Regarding
the leakage type, the scenario of the complete gap in the
connections of the studied tanks will be considered as
the selected scenario.

2. Modeling the fire and explosion consequences:
The aim was to model the consequences of this
accident. In this way, it is possible to determine the
amount of damage caused by thermal radiation at
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different distances from the scenario location and
evaluate human damage (maximum number of losses
caused by fire) using Phast 7.2 software. Steps to
model consequences include discharge modeling step,
propagation, and scenario effects.

3. Consequence assessment: After modeling,
the consequences of the events are evaluated. For this
purpose, the amount of losses and damages caused
by the final consequence of the scenario (radiation)
is calculated. Consequence assessment in this study
was performed to determine the mortality rate. Probit
equations were used to calculate the percentage of
people affected by the radiation scenario caused by fire
and tank explosion.

4. R-statistical software: R-statistical software and
an igraph package were used for graphical modeling
of domino scenarios in graph format. At this stage, a
graph with specified characteristics was modeled and
plotted. The centrality measures (betweenness, in-
closeness, out-closeness, and all-closeness) for each
node and consequently, the vulnerability indices of their
respective reservoirs were calculated using functions in
R software and igraph package.

Graph modeling was utilized to model the domino
effect, following these steps:

1. Step 1: Identifying and gathering information
on possible threats and hazards. At this stage, the
significant hazardous pieces of equipment (10 tanks)
were considered as graph nodes.

2. Step 2: Determining an accident scenario for
each tank.

3. Step 3: Determining and calculating the tanks’
escalation vectors (heat flux) according to the accident
scenario.

4. Step 4: Identifying probable target tanks by
comparing threshold values and escalation vectors
(heat flux) obtained in the previous step.

5. Step 5: Determining the weight of the graph
edges. These weights are used to identify probable
target tanks in graph modeling.

6. Step 6: Obtaining the graph model by entering
the weights of each node (which shows the domino
effect of each tank on other tanks) into the R software
and igraph package.

In this software, firstly, the weights of the edges and
nodes of the graph model must be specified. Next, edges
and tanks weights were analyzed as nodes considering
the weights as inputs. This model calculates the
centrality and betweenness indices using the software.
Finally, the model was interpreted, and its vulnerability
assessment was performed using the obtained indices.

Accident costs assessment

Accident costs were determined based on the radius
of exposure and area of exposure of each tank, using
the fire and explosion index. Due to the unavailability



http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

of actual prices for a tank accident, the last tank
construction contract at the refinery was used as a
reference to determine the price. The cost of materials in
the tank was estimated based on global product prices.

The effect of implementing safety plans on Dow’s
fire and explosion index was determined by assigning
the lowest score to the C3 fire protection factor. This
factor includes fire detectors, steel frames, fire water
units, special systems, sprinkler systems, water curtain
systems, foam, manual fire extinguisher monitors, and
cable protection.

RESULTS
Equipment as a graph

Equipment can indeed be modeled as a graph by
representing important and hazardous equipment
as nodes of a graph, with escalation vectors such as
heat radiation and overpressure serving as edges. This
research utilized R software and the igraph package
to model the graphs for the study. The tank area
was evaluated for 10 tanks, and two thresholds were
considered to determine the heat flux threshold (heat
dissipation) that could cause damage to adjacent units.

According to Table 1, Tanks 6, 4, 5, and 7, in
that order, have the highest betweenness index,
indicating they have the greatest potential for accident
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propagation among the 10 tanks. Based on the all-
closeness index, the most probable sequence of tank
involvement begins with Tank 6. The in-closeness
index reveals that Tank 3, a spherical reservoir, is most
susceptible to impact compared to the other tanks.
Lastly, Tank 6, with the highest out-closeness index, is
most likely to trigger domino effects.

Comparison of 10 tanks with heat flux threshold = 15

Considering the heat flux threshold of 15 kW/m?2 for
the heat dissipation rate among the 10 tanks, the graph
of these tanks and their relationship is shown in Fig. 1.

According to Table 1, Tanks 3 and 7, with the highest
in-closeness index, have the greatest susceptibility to
be impacted compared to the other tanks, in the order
of their appearance. Tanks 7 and 9, with the highest
out-closeness index, have the greatest susceptibility to
triggering domino effects. Based on the all-closeness
index, the most probable sequence of tank involvement
starts from tanks 6, 9, 8, and 10, respectively. Tanks 7,
9, and 4, with the highest betweenness index, have the
greatest potential for accident propagation among the
ten tanks, in the order of their appearance.

Determining the fire and explosion index
General process hazards are the major factors in

@ @

Fig. 1. Graph of the relationship between10 tanks based on heat flux threshold=15

Table 1. Centrality measures for each node

Ten tanks with a threshold of 10 kW/m?

Ten tanks with a threshold of 15 kW/m?

Tank All- In- All- In- Out-
Betweenness closeness closeness closeness Betweenness closeness  closeness  closeness
index index index index index index
1 0 0.052994 0.034002 0.012366 0 0.011111 0.011111 0.011111
2 0 0.056465 0.028531 0.057637 0 0.013841 0.012384 0.013841
3 0 0.072674 0.072307 0.011111 0 0.013841 0.013841 0.011111
4 0.291667 0.072939 0.031201 0.074906 0.013889 0.013986 0.012384 0.013986
5 0.25 0.084317 0.034294 0.081367 0 0.012384 0.012384 0.012384
6 0.347222 0.084674 0.034807 0.084674 0 0.012384 0.012384 0.012384
7 0.25 0.072622 0.033356 0.069541 0.055556 0.015873 0.015831 0.015873
8 0.097222 0.072939 0.034507 0.072939 0 0.015504 0.015464 0.015504
9 0.069444 0.05848 0.03202 0.057045 0.055556 0.015831 0.015873 0.015831
10 0 0.053163 0.031456 0.053163 0 0.015464 0.015504 0.015464
¥
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Table 2. Fire and explosion index calculations

Light
Blendi Plat Plat
Name of the tank S.R.Kerosene ending C5 Gasoline & & Gasoline Iso Gasoline  Gasoline
Naphtha Formate Formate
Naphtha
(F1) 2.1 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55
(F2) 3.4 35 4 35 35 35 35 35 35 35
Process unit hazard
factor 7.14 8.925 10.2 8.925 8.925 8.925 8.925 8.925 8.925 8.925
FyXF, =Fy
Facto MF 10 21 21 16 16 16 16 21 16 16
Fire and explosion
index 714 187425 187.425  142.8 1428 1428 1428 187425 1428 142.8
DowF; X MF =
F&EI
Limited . . . . . .
Degree of hazard hazard Intense  Intense High High High High Intense High High
Radius at risk
R (m) 18 48 48 36 36 36 36 48 36 36
= F&EI * 0.256 (m)
Area at risk m? 1049 7234 7234 4069 4069 4069 4069 7234 4069 4069
Table 3. The loss control factor
L trol credit S.R. Blendi Plat Plat Light I
0ss controtcredt ending o5 Gasoline & & Gasoline 1t iso Gasoline  Gasoline
factor Kerosene  Naphtha Formate  Formate Naphtha
Cy 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73
C, 091 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Cs 0.46 0.46 0.72 0.46 0.46 0.46 0.46 0.46 0.46 0.46
C=C; XCy; XC3 0.30 0.30 0.49 0.30 0.30 0.30 0.30 0.30 0.30 0.30

determining the damage caused by accidents. Exothermic
chemical reactions, endothermic processes, transportation,
handling and storage of materials, enclosed or internal
process units, access to the area, drainage, and spill control
are the six factors that determine the general process
hazards. Special process hazards, which are the major
factors affecting the probability of an accident, contain the
factors for toxic substances, pressure, low temperature, the
quantity of flammable/unstable materials, corrosion and
erosion, leakage, and using flammable equipment. The
process unit hazards were estimated by multiplying the
general hazard factor and process hazard. The product
of the unit hazard factor multiplied by the material factor
determines the Dow fire and explosion index number
(Table 2).

Determining the loss control factor

Various methods are available to control hazards
and operating conditions in the workplace. These
factors were analyzed in the form of the C1 process
control factor with items of emergency power,
explosion control cooling systems, emergency stop
system, computer controls, neutral gas, operational
instructions, review of material reactivity, and other
process hazard analyses. The C2 material separation
factor included the remote control valve, drainage and
leakage control, and automatic locking. Fire protection

factor C3 included items such as fire detectors, steel
frames, fire water, special system, spray systems, water
curtain, foam, manual fire extinguisher monitors, and
cable protection. Table 3 shows the loss control factor.

The costs of the domino effect

The costs caused by the domino effect were
investigated and compared with normal fires.
According to graph theory, Tanks 4 and 7 have the
potential to create a domino effect in heat fluxes of 10
kW/m? and 15 kW/m? Next, the contact area of the
costs caused by the fire and tank explosion during the
domino phenomenon was determined accordingly.
Table 4 shows the results.

The effect of implementing safety plans in reducing fire
and explosion

In the present study, the effect of safety plans was
evaluated. Safety plans in the Dow’s fire and explosion
index were considered in the fire protection factor
of C3. The results showed that a lack of safety plans
leads to more than double the costs in the event of an
accident.

DISCUSSION
At the flux threshold of 0, =10 kW | m?*, Tank 6,
with the highest betweenness index, has the highest

f
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Table 4. Tanks with the possibility of creating a fire-induced domino effect

The val

The value ; \;}al ue
of the
of the .
I m
L Contactarea  Contact area in terms The total contact area
Tank Type of the  Fluid in . . . terms of
Row ) in terms of of the domino value of the area in

number tank service . the

Dow’s index phenomenon tank terms of .
, domino
Dow's henome

index pheno

non

Floati 2033-2021-2022-
1 TK-2027 OMMIE Gasoline 2026 6.950 14.45 272
roof 2028-2026
Floating .
2 TK-2033 roof Gasoline 2028 2032-2031-2028 6.950 13.73 21.6
potential for accident propagation among 10 tanks. CONCLUSION

Also, at a flux threshold of 15 kW/m2, Tanks 7, 9, and
4 show the highest potential for accident propagation
among the ten tanks, in the order of their appearance.
The costs caused by a domino effect were evaluated
and compared with normal fires. Afterward, the cost
caused by a domino phenomenon was compared
with the cost of accidents based on theDow’sfire and
explosion index. Finally, the costs caused by a domino
effect were investigated and compared with normal
fires. According to the graph theory, Tanks 6 and 7
have the susceptibility to domino effect propagation at
threshold heat radiation of 10 kW/m2 and 15 kW/m2,
respectively. The costs caused by the fire and explosion
in tanks during the domino effect were determined.
Domino accidents can double the cost of an accident.
Khakzad et al. (2017) studied the application of graph
theory to cost-effective fire protection of chemical
plants during domino effects. They reported that
active fire protection of installations with the highest
accuracy and passive fire protection of installations
with the highest betweenness score are the most
effective strategies for reducing the vulnerability of
chemical plants to fire-induced domino effects. They
found that the lack of fire prevention equipment
increases the potential costs of damage to the plant,
which is consistent with the results of the present
study. Ahmadi et al. (2020) reviewed atmospheric
storage tank fire scenarios: costs and causes. The cost
caused by domino effects was eight times higher than
that of events without domino effects. In the present
study, the cost caused by domino effects was twice that
of events without domino effects.

Identifying the costs of accidents and modeling
them can encourage industries to build safety systems.
Oil storage tanks are among the most important
industrial installations effective in causing domino
accidents in the oil industry. In the present study,
Phast software was used to determine the heat flux,
and R-statistical software and the igraph package were
used to model the graph. The centrality measures (i.e.,
betweenness, in-closeness, out-closeness, and all-
closeness) for the tank graph were evaluated using R
software based on the thermal thresholds of 10 kW/
m2 and 15 kW/m2. According to the Dow’s fire and
explosion index, the hazard degree of these tanks
was high and intense. Results showed that the lowest
and the highest value of Dow’s fire and explosion
index is related to kerosene and pentane and naphtha
gas, respectively. Assessing the contact area in case
of a domino effect showed that a domino effect can
increase the cost of the accident up to 2 times. Also,
implementing necessary safety plans such as a fire
alarm system reduces the cost of accidents by 50%.

ACKNOWLEDGMENT

This article is extracted from a master’s thesis
written at Shahid Beheshti University of Medical
Sciences. The authors thank the refinery employee, the
Faculty of Health and Safety officials, and reviewers
for collaborating in this research.

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

How to cite this article:

Mousa Jabbari, Davood Eskandari, Patrick Johnny. Investigating the Economic Consequences of Fire and Explosion
Domino Phenomenon in an Oil Refinery Storage Tanks. Iran Occupational Health. 2023 (01 Aug);20:13.

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



http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

http://ioh.iums.ac.ir

“'-\

[
dl/)/b/&/l" E
9 T w—
-4
AR TR DU —— 3
=

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

i ol Yl &Sy 40 il ylriil g & 3> G09S SN (5OLAS! Sldoly (w3

5 Cubligy 0aSiild S eul g (gl 48 Cudligy (wdine 095 ¢yl eyl pag ¢ty Mg (S 3y pale oKl 68 lauze oMl (ol Cliins 1S pe wliwl 15, L wge

Ol el e sinitg daed (S gy pole olKuily ¢ ey

Ol (IR e i daad (S pole ol ¢ el g cudligg 02K S el 5 gl 48 Cudligy (wdine 0g)S Lokl 15 ySw] dgld
Patrickjohnny1974@gmail.com ., ¢ )y ¢ e dated (Sb o pole olKutils o) g culigg 01l it ghonl 15l ol IS (gume odivun g5 ) 3 il S 33l

Lo jlgaals’
iang2 o
DOW il g 34> asls

SIS
i yjlbe G il ol

VVENY  icdl s gl

VEYNYINO  tbpds o )b

oJ%S\?

ol Glapiins Sl 4 mlio (gel Cut 4 Bl e oyl giluie 5 Goles slaan e olulis 1Bad 5 dixoj
@lg> 593 3 0lgen &S Nt (gixto Sl (it S| S 1 Olinda (gjlooydd il le ol 3 A8 S8
OBy il g 5y ginegd 0y (g3lail cladely (cw)p Bual Jiagh (! I Al o Phe Cil Caxivo )D ginegd
2,5 pbol  REY cais S i

igraph s jl eslisl b GlS (gledae 5 (5l )l s sl PHAST Jljdle 5l jtmgsy el 53 oy 22 099,
S 3L 9 IS (90 GaSLE (o (S35 (30 (S35 sl as i (g 35 PRI R (puagineliy Jljdle 5
5 sl R l5le 5 3o,k 5100 KW/MT Ve KW/M' )l ailen] olel p S j3bxe B3 (<l

Gy 0adls 8,5 B b 9oL edgaoe ;> DOW il g 500 adls 4 dn g b )0 ol jlas an )y tla &l
ooleS b ()] (g D dsslone VAVIFY il Ui 5 oy (3B 53 9 (03l (o p2eS) VY s € (350 )3 )loxil
e ilil ) ol gladiy il VB Wlgs oo ginegn didls aS by )Lis gisegd olydy bl &g

50 Geizman 0w il 1) dol> laanja ol ¥ G Gilg oo siegs Aol aS ols )lis s 16w o
bl oo Solg> anie (a0 B alS B> slibl g G Mol e Jod Sl (el Slag b 1)
.g:w/o.uliuﬁ)/)‘f:éﬁ'ua ué)w

Dl 2 Sy las 2udo

:dlilo ol 4y sbciwl oguls

Mousa Jabbari, Davood Eskandari, Patrick Johnny. Investigating the Economic Consequences of Fire and Explosion
Domino Phenomenon in an Oil Refinery Storage Tanks. Iran Occupational Health. 2023 (01 Aug);20:13.

awl 438 55 3900 CC BY-NC 4.0 b sl ST aw s 33940 & alliio ¢yl plibaisl™

Iran Occupational Health. 2023 (01 Aug);20: 13. 4



http://ioh.iums.ac.ir
http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

O3B Hlxiil g 3> gingd oauay (solaidl sladsly (o)

A1 oot Slal (5590 25T 5 e bli o0 1S
ol attiie gwyy Oyl o aisly sl gicegs ol S
oV b Sl (559 5T 1 50 Jlab il
Sig o151 (Jbas) s e cblasg c8s ol
e solez 5l sl Ol5ee 2Vl b Sl
@lord Slcnl G iyl 25 50 b5 2!
Slods 4y gy ISL 5l eas Wl (6,5 15l ol yo
3,559, 5l oalaiwl LY VD) 5,y 9 ol3S (M) Wigy o0
a4 bgy o Sl loo ,o a5 wiols Las GBI 6,655
35 yoio kil (0 YL il aST (60 la0 ¢ o lionds 9y
ales il 1) giegs Sl 31 o iy wildly o sl
alwsa) Slasls oz opl golwlas i o g
5 DD o Syl 8 jsboar Wlgs oo (B2 pl o il
() oo als | gegs &l il yols & Jless
(el Sl bl gl oBagYh jo cii 3l
p3Y W ol oo oen sl e amme S g (bl
obaidl Sl (pw) S st Gl iagsy ol
dpdy plosl (be po il g B2y giaegs oy
$3) 2 o Sl Gl asdly Jald gneg ol 3
b Sy S350 oKiws s5lsl el g e
3590 Sl (g9, p aS o)l Jlis a |y gaw alol>
ol (5958 4 455 b ooy aalys 08 56 5
A0 g it 9 5B i b Colus g olasd
lagy] 5l cbilis Coanl g WolSiyVl o b lizie
oisi l Bas I el (5550 Sl B> 2l o
il 5 Ba > ginegs sduny (goladdl slaaaly (o)

SIX OP9)
S oKV S (g3lve 55 (30 3 B ]
i Jold aliBes glail jo yi5ee V1Y slay .ol plod]
(2B 5 (1) 55leds i (0S5 (g y5e) <l
SOFS 4 azg b aidbioe pugme 0 595 9
Plot plans @ls,m s Gub oKVl jo 5
o9l i 9. (59,5 Elgil )3 (330 V¢ slaw 82V
S S L o5 ol Sled sloos y51 % (sl
2Ly Dglite slaced;bb g olal o by 5B 9 aphw
o e plailncd )5 18 aslllass 90 55 BYs
el oadonls HLas ) S o (69 )90 axlllas (o gy
Sipp g G el p (e Sl
STy el ool g, 5| JSine oS5
O3lee 9929 035 plnil i 0)lge (38,5 5 0 b g

dodio

5 ol B 5 JUaztl LB el 0,155 e
5 5 sleod 51,8 (sl )Ll o garig 2y doolSigVL
(e CS g Gl i deolSag 3 by el
il bals 5 asbe )3 sod g Slaul olaolSy
5 Jlaztl 5 Slisle g5l ibn (1) 35 e
Sozrge SLl 4y 4295 b 5 (55 UsS Sla by, a4 lndl
VO U o 5l asiles so oy5Bee ol (V) g so aiS-Los
VO hyls bawgie jgboay aiilgs oo g aily anils as e
e aslen Jlesl LB Slyle (V) awsl gl ) e
0 e ()50 jo i g s S e S ¢ i e e
Y) &..:9....:‘5@ oﬁ:}é )L.i'.é oo L’ )M‘ L§L°‘> JEREW
e S5l 0233 3 )3 Gy £585 IS ok 4 (¥
5 29790 Sllage 5 Vb (0l o) w5 (S5
Ol 5100 5 oo 6 lomdil Dl ylas el 0925 4 5 o]
Sl o0 i ygl G 4y (65,31 BB Jlade 4y 3Lk
oy 3T ) 31235 ol (s9m 231 el
Sl o jlail 31 0 00l slow] g0 s (59, ,lona]
o Sy e 03,5 sl oS 30 1y
AL Al comsg S ailgi o g ool I3 ).._>L,
WS ol (asmme Sy g (Sblag (el slaely
()

Ll a5 a0 o lid ouls ploul slo g,
e 5 1TV 485 Jlazxll 3 > 9 1OV 489 Jlois!
ol YYO g - didied giogd ooy Je o 5ol
Solgm I 7Y 4 als so lid cgiragd 000y 4 yoxin
Blio 0 LYA ( olasds dlae (53lwo 33 slo Joxe (o
ool 7, SUjlas slge Jul slio ;0719 5 ganl)d
gy dndlae SG(Y-Y) o Kan 5 gans!.(F) ol
il i3 55 59mtsT LYo g gyl (55,
S0l ¢ 3z ]y oyl aisls plxil (6 paues! Las b
S Sl (g3l S (il (gm0
6)5‘@.?' )i;‘o égl.bc 9 oYl “i:oly Lngob ol.i’b
80,5 gadads |y dol> Ve Yanie g Jleg win,S
cde ay &019}%‘“/\ as slo ULM.s W) r:l.?_r_;\ 6“”(5‘*’))'.’
LgUa:}J,chZ\&‘Q‘ﬁ.egd)jﬂlézY' ;aa..md,cb.c
s 5513455 ol 7+ syngs ST L
cde o i adclo Colol og g9 ae 4 ¥ 4
ECTRT SR (ZYVIYY) k_;b.«m L}A‘?—C )" GM:L: olas
b gl poaie ailes STadgil) ginego Ol SlaS Solg>
S5 (V) Sl 00gs gings 51 ygds Eidlg> ai3a )
S,k o )15 lgre Co gladlia (Y4 VY) o) 1S


http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

OHes 9 s bz (owge

890 asllao 2 u,u))_vu?d'u)bu LfL“B B JS.MJ

sl (35e) (gai] 3 Sliss 4 00 )ly Sl s
Prpitow ).“..sl., Cod a5 ol 8l ws o dwlxe jglaieds
wlazd Foays dols 35 lxiil g 5 o 51 il pieis
I, Caalp oYoleeads oolawl Probit o¥olee
b plas pyalal, b olg o IS D900
36 2 R
Y:§+%ln(tx;])4 (\)
Ly 4l o aglye Gl el Olie ¥
Sl 0 ey Dy o ()l dndS e
alal) 5heolaiwl b d(Y) casly e anwlxe 3l o

~ y-5 . (1¥-5
P—0/5{1+|y_5|ef( 7 )} ()

£559 Joe ;o DP Comoz 2595 LY alobas oS 5L
abaly oll 5 (N) 0l so aziS a5 g0l 8l slaws Sl

N =jP><dA ()
A

(%) ((’:3)-6)3-4) )ubwawb ColaotA

R&)["/')Gj/ﬁ/'
gl (SIS Silodoe sl asdllas ol )
ot 3 R el 3l 5 O3 B s sl
&lg 5l eolaiwl L .(VW-1Y) w5 oolail igraph
Ca3S o slapasLiigraph aiwy R l38le 5 50 09250
SERE IS DU ST IS

G ] Gradlge axil o g e ,S 5l Sy sl

Iran Occupational Health. 2023 (01 Aug);20: 13.

Ly aesd wlge i Gt Jlais! b st i
J9bd B § (53,5 (e 0929 il g Jlanal LB
S99 OPw O97g walllaed ge 3B dbgme o
Ol 8925 pas (S0 yias! 3B plu oy o Lideos
@IS ol Jds 4 B J S 5 gl Sz S
S 9529 pas ( glas il ol [lus als
u)l.?u: S99y ¥ d.:).‘> <labs| )15055 9 030sS S wl.’
S it oS S5l il (e 092y g gl Chds
JUES] s (385 o2 2 el WS ou s 25T 51 50

.oé)i‘l}jm

g il oaiiSol | Cilite slags i yLolis
Sl el )b (rizad g (350 (9,0 Sb gt bl
w08 ololis ady) Ses glogylin o llac
(ST By oo Olge WAl By g )Y gene
oy g ,Bu pl il gl & (o G
ginngd odudy sbwl Sllgs b slaslayg, s3> BLEVE
Sl Gz cpl jo 55 uid ggs Hhaisl ol e
(oanyge o) SVl LelS A 4 by e
A aid S s o bl gg )l lgreas

ST (s jlo Jxe

ol b/
33,5 ploxl @slgz el (b3l sbwd e 5l
b ool 5 Sl ol lal jshate ol sl y
Bup 00 )5 o dulre (pirid) oo,k Slys el
2095 o Ol s aslllae ol jo waly (25

A



http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

O3B Hlxiil g 3> gingd oauay (solaidl sladsly (o)

u)l.?u) LSALOJ [“")‘OJJLSA Sl @800 u)l.?bc J.al.w
Oy 3a sl gl bgze cpl o 35290
O3B slp ol e aliw] Lol (55,5 45 YY)
0, =10Kw/m* ailiw] 9o ;o abga (pl jo slailgin!
Sl bl 3k shas as 5 )l 10 0, =15Kw/m’ 4
AR VTN e 595 0% kS slr Sl
90 oyl Sl Jdoals a8 5 L s 0, =45Kw/m’
aladloe a8l g el Cola 2ol38] jglaieds ailin]
Sl kel s gyl L aliw] s o &l
A ‘C\) u.w‘ 009.3 )5[?LA 6Lh~.\>‘9 aQ w] g0 as
wais ailiw] lade cdl> p i @alllae opl o (F
@ Jload Dbl @pe e p SlgghS Ve pln 206
Sl Al b ailfos 5l 15 sla asls dcul=a
O yinnsS il i slyl0 £ 0 Lo 3500 s
& o lods (350 1 e -l AilS00 1y 5le Lo Aol
Oy ydion 45 At g0 y5be oy T5lom 9 F o Led e

R | P PO PRV E WOV g VOwe 3}

Sl ol L $ilew] Lulwl p 4500 ) 5o duglio
14
VOKW Im* ol &)l Lo asbiw] (28,5 a5 oL
ST Wl 3 e yo &yl il e sl
g ad,5 Ll o Loyl bls,l g ailfos 5l 4 by e
(S9x (S9OF (A (Soo5 slaatli (own 4
O3te SIS gl Sl (a3l 5 5 (g0 ezl
O VKW Im 5, abiw] bl ailSes
5 Voolad oyt winin a3l mls 4 axg L
O3l Ol diol> (308 Joadly G piten (118
aS Cawl ¥ ojlads 35w ey 3 e (ol s - dii ailS o0
23,15 O3lre Glee yo Iy ddole (1S fesly (i

@

Sl e ol o a5 saias dwlre Loy T bl 5o
Ablbior p) oy lagl SIS

5ol s yslaaz 5 plobis Jgh al>po o0
30,5 bl Bl las g Slagags

ol g2 )lw o0 51 S0 50 sl epgo al> 50 50 0
'M "Jc“o 3

sloyloy ol gy )lw 4y azgi b pguw dl> 10 100
D paseie (03 (5,1 )LE) s

slaylo g 4.3L’;...f|ﬁ.>L"o'.A Gazg bl a>ioe
werine Jlizl Gaa i (5l [LE) wpais
0,5

O3l s sl SIS sladls (339 ey Al o0
Al aseie gl e o Jlisl Gae
@ SIS Jos 055 o slagyjg 99,9 Ligraph )l 53le 5
J.A" Cawd

Dolo> (olodsy 1o sy 057

2P eladdydz gl Loly gladi i o)
4008 paseia jlondil g (55 851 (ALl 0 (5
ol glaas jo @5‘9 slcwda cwiws pas o
&l olBioVb o oyt el ols )| 3 1 BT 150 S
590 Olge a s (il solazwl olg> o 4 ja vgge
lolid Jpame Gz slace:d Bk 5l 55 (55
ol el sloz b syl 53U Gl e 10
ili 55515 4 DOW k3 3 > (ol 19 s
.._\..;‘,ooloo),o.so,{):;.QSC3é%)_>)o
Lassly 5 s
alSoo yjlxe

o adllas 5y90 b abge (owyp 4 I

= ®
@

Ve ailol b alos j3lre 4y bgsye 81,5 .Y JSUS



http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

@i oS bl e YV ) plp ol 5 el
3,5 Al (i o lxdil g 8> Dol S,
VY sd e (e 0 )lmiil 5 B slaasla
VAVISY asli opllas g L j0 9 bl o S

OF) s b

ol gre S jlael (556 pons

Ll 5 olbd S8 sy e sloiy,
151 LB o aS o)ls 0gzg L5l o Slles
Slapias (5 sl 3 slopnl L CLanls s
«Dlilee 5] ladl B395 pitans ¢ lonil ] S 000S's oo
slaJosdygiws (> 55 (s ieals sla] S
Jelodi9a 325 plw edlge (608 25T (6 05k ¢ Slibos
3z j5S s 18 () 20,90 T8 Oyl
(355 458 s ol J 7S s sl Jolis C2 0lse
¥SB 5 o )lsf? J-"‘éyﬁ S 5SS
(o Lo, S0l slapn | Jols €3 5, > yo cbola>
SlBpians 09 i ¢ SLES 25T O (o318 Sl
(s gl seile e ol 0oy IS
Cblis Sl ¥ b ol bl e LS el
32,8 U5 556 5 slge silalaz 45556 (> 5
el Cewd a4y 015 9,0 J S 55518

C=C/xC,xC, (1)

ovlad el 55,] s

J9sz )2 45 O3 0 (Pyme ) gl &y dzgi L
on3 5 (ateive )il 5 (559w AP LS aulxe )
P wled 4l o)l SO 3% 2 sl ol
S8l sl 4z b eizmen 10,8 (e Sism i
PO S5 055 pll lads ol uled aU 5 )
35 o JBIo olge o)l ol eolinal gl Lo
A e Sl 5k Bk

Fhragd oy (slodija
s Seegd oy 3wl AU glaass ja aslsl o
Ol dnlie g branse pl el Caws @ Glp g oS
Oy Sl azgi by )5 bl gole o> b
33 Faegd oy Sl il SIS 4l 3L V o 7
oS WlaslSISKW /m* g Vo KW /im* Gl sl lis
RS giaagd 0ddy dloul s wled 4l i)

0,5

OLHlen 9 5 )bz (owge

Sl g G Pl e
(F) azl$ ogac Olphas 551 delo

)l e sl el 42,1,8 saga ol ol
ot JiSly o opl o aiiis Aol S
S sanl B slausly S5 slaas! s dik S
B Sy $9, 2 x5 WS Sl s 4
Sl elmlr (JUl o )90 o0l 18 5 a5 s o
Jesl LB alule b g ajl5 asul Ldo 4 slge 0,5
a8, i 5 /AD eSBF LY gl Jluilas o b
WJLML‘LJ‘D@MM;]IGJ)Q AR ‘5....1).“»&)5»5[5
Jbesl BB Slule Jas! gl oo phmmw (3050
b azd Sl s Gl sln ) e YL

(F2) ayy[[8 jols Sz ;5518 dnslno

Jlis! a8 s Lol Jolge o539 01,8 il las
Slge aiile 3)lge alez 3l 3)l38 o b aiol> g3,
Slaubl/ Jlesl BB olge lade o olesnS «)Lad o soms
Jrido Sl oslitul (1S (Gl B g (53555
3loolatnl ¢ jaedl 5l yieS (Lid gudsd cpl joaiil o
€ U595 ple)S JobS pianns (Jxtine Ol
S35 2 b AeSme 4l s 4 Jlgs Slies
Slge ;oS .l ouls a8 )3 LA 0 yaw alilel S,
Nl oo Caws 4y gy Sllas 0 /Y Gyl e
1ol ooV olge clilage Sllas aSol 4 azgi
MWV SNCTORYA GPSURIN FPRNA St

FY au s asly ol dalo
s eS6 G o ol b ol b asly ol las

F3=F1*F2 (A)
DOW ,lxil5 gy > oL

dac dlge ;S B 5wl il ylas (6551 O o Lol

5l aS S oo ain |, DOW =il g 53 > el

MTwoydjﬁup)b@U&Pu&uﬁ}&gb
(V%)

F,xMF = F & EI )

I DOW il § 5 > (a3l sleal) 3l



http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

O3B Hlxiil g 3> gingd oauay (solaidl sladsly (o)

Plot plan 5 Jlsa acd b suisw cpl 0
Sl Bl 5 (59,5 Elgl 50 (3Pee Ve slawi iYL
S S L i ol Sl sloes 51,5 o5l
ey Dolaie glacud b g olul o0 C5 5 b
Sl sl b (gl 5l abin] s jglateasads
Gliol 9 wgd oo yslme slaly 4 ol crge 45
peabad 3 i 50, =15Kw/m’ 9 Q, =10Kw/m’
Godxin sla a1 )F 4y ,las 1o alold pagie ol
45 losel 5525 45 LE Slasis oy jslaiods
Sarls doxjl co38 e sl asls bl ple 4
Slr 05 paFliailshaie o (So05 5 St
90 4 Olgee bl Caz 285 i o b ol S
08 s () (S35 g (s (Seop Lo
R N A T S E ISt ee
ool 3 S5 sla e, A0 Gy Sl oY slopls
STz g agee Sluewli Jiolad LI 00 )5 o (i v,
O3z Gileny sbajloy 9 BT G Logs, O g0
&gy o] aom sl e HLid b g )l Ll oles
Jae GBS S5 90 Glsion | Sl o daJl
993 (5L

B JF mideie S (SKop a3l o

5 G Al o il slog sl szl 5T e
il
gl e el bk gl b e
» el slegyb 285 18 Goins 9o GadoS
5o cbla> g5l 0 DOW =il § 5, aslo
LgLa:w.‘;.ﬂ Jols a5 8 518 ax450,90 C3 B>
“595 cg_j °‘>)-.f. ‘)J&ufw‘ (SLQ’W ‘°)"9 W
Loablbieo B cblas « guws cuisS Jogelssiile
Gis ol 5o el Glpyb Glzl pas 4 azg
)Q;C».jél.é} By Vo LIRS PR SUSEUIL OX S Y PY S
2B Ol b0 gl caioged <8l 0C3 5 >
orpdeie 3 Bl iy Sl slagb
)_.SL,\.‘> o ealo 0 yol L}")”YL’ slael ‘503‘5 u)Lw.‘>
G poe ,Sily a5 wile ) hael [Lael Sl
Sy Dl g Jlzl jrals o jlais e S
WSl S SO 1 Lol [5aST sae aS (g y0 o]
Sy JAS oo b 5Vl iblis 20 Sl
oaslice JBY Jouz o mls a5 ol sl
Grlp 90 5l Gham e caimolis mll Lol ge
Jon Doz 5o bane )3 el sbagsb sl poe

siwegd oy plSin (jlbe 3 sloxiil g 51> 5l (U slaanze (uyp Y Jgie

Gasoline  Gasoline s
<)
TK-y.vv TK-v-vvy
VEY/A VEY/A DOW (F&EI) =il g &, sa>lo
\nd \nd (50) wL@S gl*;:» Y
¥ D L :
\WIVY VIO OWoasls ooy (g1 1 el o Sl i) .
Y\/# YVIY gings sloai 3o
NIBYY# AIRBA [P0l Yo fpaben) b o)l cnaine
\Y/YaY \ZINPY gegd sladas jo
Y- Y- o5 3 552 S5 el 4556 v

Y/OOYYA YIFAVY

\ TN O/ 04y gaegd sloas jo

[72V] (Yo opben) (2dly & )lus i A



http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

Sl 5 G lagasls b ol aslie 5 loas e ol
Gb Vg F oo Sl 4 axgi L eys 5 slxDOW
laylh )0 giregs oauay olml Jewily SIS o ks
sy SISl N KW m? g Ne KW /m® 5>
P )3 Gilre o bl 5 By 5l (S8U slaase
giuogd ddl> Cawl 000 ,S attine ginegd ol
g0l iulidll, dol> s an s 0l ¥V U lgs oo
G4,k 0,5 lgre Cos gladlie (MY -V Y) ), Sen
Dl (55951 31 48 poiing e cliliz 53 SIS
o ol 50250l plowil giage &l 13T 1,0 o lienss
St (659851 ol po Jlad cbiliz b jaseia
STl Jld e cblim g c8s liee u YL L
o5 szl (s lie oY L Sl
lord Slaeul iyl 2ol )0 lagl
Sl 4 giegs &l 3l el g, 8 25T ply e
G2 3l 6 i Sl 9953 55 Gaods (nl - g o0
3 Sles Jodme sboanje 38, YU el ablio
Slezep slilo pols iz b aS cl oads oKauYL
S 9y0 axdllas (V) (Y- V) )], Sen g (gaax] .ol o
Gilwoyd G35 il J¥s 5 gl ls
Slplas Solgs aije caisls plol (6 sl jLid
D3lg> an 38 5l des plp St wilod ST 0o ) i
(SOlg> ape 3G (nl 5o Cewl 039y ginags Sl oo
o9t olg> an e Wl u Y oS o oloul giege Sl 5las
Wilgs oo 82,2 5l AU giegs Lol el 004y gings
3 B @olg> g pasinl sl 5l (S 5 Glereas
oolatwl L () (YV0) j,u, g oIS 09l ais 5 Lo
Sloli sy aS wdsls las GBI S (6655 0,509, 5
el YL ghhlo aS” (60 g ¢ o lionts axlg 4y by o
Lls 1, F=9° O3y il oo (ginlinn 55 oo
Sl i ol gilalas @l ) g winlys>
ssbar Wlg o (B> plp o cbli> aliwsa)
ginogd Sl 51 ols &, Jlaisl g Gals (glada>de L8
b gy (YY) ) Sen o Kb ams rals |
3150 50 sagd Slayg, S ol 45 (g Pl (555m 5551
Sl az ST aiols GLas (g3l 3 5 33l
W lo ) giags slag, SO olml Ul oleday Sl
plil g w2 3l Sliazs cpeul Cdls sl & g0 4o Ll
ol VTl co rals Jleit ol sl oSy Sleladl
B el oo § cule ) osl alold axilis> 10 i
208 )5 o0 Dl b wled 4l ialS 5 Loyl )i ylas

OLHlen 9 5 )bz (owge

O3 wogden ST F o )lads (i I il
¥ ol B o)led 35 sl wilojle coi 5 a4 o
S205 a3 el p o Canl V330 9 ¥ (55 o
Se S VNN ojled b 3o (G ¥ P S
rlo 4 S (2 FJB BT Cel (59,5 55
Srd b Gt sl e Ol (b
Slr 2 ey parliys cwl (e pla
oyled e (gm Sl lade (i 7 o )led (555
@lely Jenily cnyitin lilo i lsiea #
03w Glee 53 3P0 (bl el (sl s olse
Tl o s Slylo aS sl B 0 )lels oy 3500 dilBos
a>g3d 50 Wb a5 Sl (glo iy Wole> (g3lailel,
e Sl sl bl (35 0 b oyS IS
WlFos yile o o Oyl> Jlissl Gl sl VO
29 bons S paseie alfes (il 4 bgype SIS
Ot A o)led 35 sl (A (Saoy Pl &
LIS G5 Olyea A o)led (35 (G Cenl jlade
Ollom sl 3l plo 5 68 8b (e
aS Cawl Voo leds (350 ilBon y3lee Lo 4o 5o
2255 Lol (36 b 5l 6 e 1)l
Ot Vojlod (35 sl (2 ) (Se 5 a3l 4
Sl o3e Glaredr Voo jled 35 (g Cenl lade
] Glo gy Solg> (gillely sl o i
ojled e lfon il Gl ;0 (y3%e Cnlilm
Eolym glel, Ly i ghls a5 el @
2 e 35 8 450 90 Wb &S Zewl (glo o
2555 S5 25 Jiono 3 S (Se055 ol ol
o 3395 00 STV o lads (35w 3l (3l (s
9 A osled 330 A ojled o35 sl Wl )l i 5 4
el Vo e
Oy i Lalo 0, =10 kW /m? Lo ailewl yo
Olee ol (1708 Jondly (p s Gllo 7 ojled
o Lo 3500 o o les oy 35e il L sl A0y 5le
Jonily (i aSaiina V5 0 5l ol 5 amyg ¥
Sl abeal joails oysbe lesys 1) ol b s
Gl 5 Vool slayie 15KW /m’ ) >
alfes ;i ploo diol> (8,2 Jouilly (o ydin
oS Canl ¥ oojled 350 oibe plilom caius
23,5 O3l Gl yo 1y ddole (81 by oyt
dagliie g giogd oy sbml 5l (LBU sloai o (o)
el s 4y (gl g0, alowil ole gla gy, b o]

\Y



http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

O3B Hlxiil g 3> gingd oauay (solaidl sladsly (o)

REFERENCE

1.

Bashiri E, Farahini Farahani H. Examining fire and
explosion crisis scenarios in oil warehouses, second
national conference on critical infrastructure protection.
Tehran, Malik Ashtar University of Technology; 2018.
[Persian]

Gurjar BR, Sharma RK, Ghuge SP, Wate SR, Agrawal R.
Individual and societal risk assessment for a petroleum
oil storage terminal. Journal of Hazardous, Toxic, and
Radioactive Waste. 2015;19(4):04015003.

Moshiran V, Ghasemi Kozekanan A, Sadeghi Yarandi
M, Karimi A. Fire and explosion risk assessment using
the optimized DOW index (with fuzzy logic) in a gas
refinery, 11th national conference on occupational
health and safety, Tehran, University of Medical Sciences
and Health Services; 2018. [Persian]

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.

Yazdi M, Nikfar E The principles of explosion protection
in gas and petrochemical industries Mehrarzan-Fan
Avaran; 2014.[Persian]

Shahidi Aliabadi A, Kalatpour O, Zarei MP. Assessment
of the consequences of fire in methane gas tanks in
a gas refinery. Occupational Health Engineering.
2016;3(1):51-59. [Persian]

Ahmadi O, Mortazavi SB, Mahabadi HA. Review of
Atmospheric Storage Tank Fire Scenarios: Costs and
Causes. Journal of Failure Analysis and Prevention.
2020;20:1-22.

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):1652-6.

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;73;143-63.

10. Reniers G, Cozzani V. Domino Effects in the Process

Industries, Modeling, Prevention and Managing.
Elsevier, Amsterdam, The Netherlands; 2013.

11. R Development Core Team. R: A Language and

Environment for Statistical Computing. Vienna,

Austria:R Foundation for Statistical Computing; 2009.

12. Csardi G, Nepusz T. The igraph software package for

complex network research. International Journal of

Complex Systems; 2006.

13. Jabari M, Ali Babaei A, Kaousi R]. Vulnerability analysis

of the tanks of one of the oil refineries to chain accidents
caused by fire based on graph theory. Iranian Occupational

Y

& 325 A

olatl slodely (owyp Sual egn ol
Sabo S S5 3 9 jlndil 5 B> gregs oy
IRl b Gigi onl 5o s S alsl aIRAVL
a3 gilwJoe 9 &)l L s sl PHAST
R ogidalip l38le 3 o igraph a5l eolaul b
S0 oIS (S35 Gl APl oy s 5 el
SIS slp S 23 5 U5 ($9)0 230 (Gg
g Ve KW/m™ 5 l> aibial bl 5 ailfes 3l
opl s ax 0.0l el R l580e 5 5 b 51V O KW/m'
S9a> DOW jlniil g 8 > (ald 4 a2 g5 b (3l
2ol g By glegasls (e S 18 a0l
L g by )0 5 0ol G yieS VY ddes Sl 5l
4l gl gyt - dpesloes VAV/EY asls oyl
aol> a5 ol ylid ginegd sduay dlw] O jgo 1o uled
oRlPl ]y ol gleanze pln VB Wlsice g
2lp Y U il o ginegs dol> aS olo ylid gLl .o
Sl il ioren cams a1 aiol> slaan e
Gy slibl g edlel s ailon oY ool slog b
Al oo Solem a3 gas,0 00 yLalS

G slo Cooguo

25 3lee @ Ol oo G Gl sl Cudgase
g5 o)Li’;‘

2 oMbl 4y ol cows 3l LU sl cosgacs e
45 (25 5280 5] o bl (B 0 (epad gy
503 g gy St LT, wledlbl Sles5L

Oy 380 (6,15 Cead 5l AL sla Cusgama e
Ol g 03

Golwandl8le 5 cuas 51 AL slacgsgacs o
009 pixal g ouls S8 glraseus 5l eolal o 4

L3S 58 ol sl sy

P g g

Cyan ol ol 5 000 asbinll 5l Alie oyl
S e (Shp pgle o8l )3 eal glis
asls oo p3Y 0> Baniny cwl sadzl sl
WYL LS 5l 0g dleres S5 il
5 Sl g Sl eaSal lagh Vst
=S5 @)l g plsl o f; b asm bl ol pslocis
S elel wsols (6,b gt oyl


http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-15 ]

[ DOI: 10.61186/i0h.20.1.164 ]

Fanavaran 2011, [Persian]

15. Yang R, Khan F, Neto ET, Rusli R, Ji J. Could pool fire
alone cause a domino effect?. Reliability Engineering &
System Safety. 2020 May 16:106976.

Iran Occupational Health. 2023 (01 Aug);20: 13.

OHes 9 s bz (owge

Health Journal. 2021;18(1):201-219. [Persian]
14. Stareh H, Ghasemi A, Mardani M, DOW fire and
explosion index, American Institute of Chemical

Engineers, first edition, Tehran, translated by Tehran



http://dx.doi.org/10.61186/ioh.20.1.164
https://ioh.iums.ac.ir/article-1-3419-en.html
http://www.tcpdf.org

