[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

g YA B8 SOlmis IFAY 50l O ojlad o) oy ((slad o obligy owkige aloms

g 3 Ao

3 00t b (5 515 3159 Jull sliolSiust sist  50lgor (shads y o Jukod g 25
ol S 3 50 Shs Ol g Sl 5o Ko

felad fooleu! g""*fu Ao g1l (805 Jeslol 3l g9 e acb

VRAYIVIY iy WAYIB/N il o )6

oWS>

4

@‘j L;.L.J‘\Jﬁ Sl sl Sy ool el Pl Sl sl ¢ 55 Slada, o 4 g Lol L;,ﬁi.:;dj::s:ﬁp.—:d.\a} L)
Lj__z‘LwL..:d sJthLrj.ﬂL? A.JLE.A 4&»\)&:&.&)3 .,\Jl; WL> &..w.i) J:’J'i‘)‘" 6&)@[;&%);}%@}55}'}@ ;5:’"“'.’*4 LAJ-@«:J Q%JJ ol

Nt rb_u'\ 6,@)L:5J;zéuati;ﬁ1);)@)ux\j b ple glaely 5 glass, e Jdos 5 6o Shas sla i

(FMEA) of 13l os 5 w52 5 ks oV 5 (FUHA) (65 Shes Sl kot SJUT (255 53 Olejen 6,8 )0 b s tgmy 5 S35
ST sy 5l sl g Mo os 5w 5 ol S (238 el Lol Sy S 50T ol an & cnSs 55 Sl ool
s S eslizal Tie(Bow (isob

whd b e ladely o 3 n3ls Lol Slsy g5 03 e psmeS (=0 NEY 5 FP=0/YY) SGIKe e 5 o5t (=078

50 S 5 Sy 03 3l dul b sladsly Sl J RS s 5 JB e S e a5 5 sl e g8 5l oS0y 1§ 7S 4ot
st.y wL.A U;}) “’<'3. Ju‘j;& céj...: wﬁjlm); gﬁ'iLé" 6&&%{}6\@)&5&}5}f\j}} C‘j»&bﬁé)ﬂ)} m;dua.n u_y‘).) oalaial
Al gl b ol bl J S 5 glads, e plabs

Jx',’.ti J.:L?u" ‘&"‘.'.) Cmiﬂ-xﬁ ‘LSJ@"; )@ ‘)L.:ﬁ J:.LEJ &L@bli:.v‘d“\ isl> :L&aj‘;.\:ls

Ol e Oldes  Sa 5 ?-’L" JLisls W Sl wdige 03 S (glad i Cuillg edige Ll b8 (6 smedils

Olen Oltas (S ole ol (gl o Cubllgy pilign 05 S (mdlig p ke Sl S50 ¢ gltd > Sl wdige omnasss (5] 553 (5 mtils Y
Ol

Ol Oldan S5 pJ.p S 5ls (Sl Sl pdige 03,5 (il Nl.p Slids 58 e (glad - Ciligs pwdige LIS (J st o 5) Y

Mohammadfam@umsha.ac.ir : s =S e

Ol 0L G e 08 5 ¢ G 3 lases 5 sl cdlig ol E


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

B\Kan 5 5l (55 i bl /Y0 ’g

3okl gsds (ol g 0ads sl glac b g DAl aay i
30 ol Oyl e g il el il logs 1 (6 i Coonl
Sl oad o 5 5 3b el 05t 5o sunlp plio
[v-4]

sloans o bl wolg> Lalaie 5 sl 3 b 5 olnl 5o
IS5l e pSele [V Jewlatily o pSata o, 5
sl G835 9 ol Gl s (S S0l o g5
process safety )san 1% sl oy aiile )55 po gal
oelgd szl s ol ) Y](management of osha
3 09zge mlio QYL iz & sl Saa b gl 5 09250
Sy 2yl @S Sl (x4 x>y Ojgp0 (el
15 a5 TBS (slaelSiny aile glacyles ;o pyas 4 il
Sl ,ld g58y Dyge 3 a5 Sl 1B bl (WS S
ol Gl Gl b e Sl a4 Jbo g SL
23,5 oo

ax,0 70 les o YO-PS JLad b 5 andllas 5,50 0ly8 jo
TBS olSis] o,y CGS olSin] aly) byt 3 b 3 coles b
5 o alg a3 a4 oSl 4 (99,9 55 Wlg) s w00 5 e
29,5 oo @) o] 5l ) b Sy 55k 5l cales 5o

w85 el ganlp mlio Sols> (55, gounie s
g bl Sy giledoe 5 bl 59 5 00 flien &S Zul
s [Y Yo aYaa] codazils mlio ol o G
g8y e, Jle Jlow 5 plulid anw) 5o (Sl Sldlas
ools (Sl 5 gute 455 gt ilinslio elazd § alowl Bioly> ol
5955 53 TBS laolKiny| sunlp wolys cud cua pine
S gl @ols 5l (ads Ll ol ged 5 il sad 9750
Sl e Glaolol o (oole sortan Koo Bk oS
i) die; 55 ool dallhe iSE a5 0ol i pele
~olSs] iz 5o sl ol Jle Lo g 5o 5 S,
wdrg b asllae ol plodl &y 13 sl o plowl (slo
ol e oby (g Sl @les b Bols g8y (YL il
905 o] iy 5| iy s ol

oz I Al sla by, Bols> He Julow 5 a5 sl
el made 5IGT g Ly ys i ¢ (ole sl (b9, lse U]
Jelos 4y (S il g wils (&S 5 Ly cnl ols v
W a3l s ol (nl aS im0l 3 0o g adiles (103
bly 286 ey (l oo (B 5l 00,5 oo @l s 25

doddo

okl é.:l.\..a B u.»..o.‘b‘).: 9 oduso )lMAA.’ 6[.%&5‘)5@ 4:.,..49.:
5| o] addd aS sl 00 s jualo ble molio 40 0%g 4
3509y Wb et E98y 5l e 9509) 4 g8y 5l w350,
o ool i, Jle S5y plelid ab o woe

S ot S Clesls i gan b S5 @olys o
B e o 585 ool 5 ol sl )l 5 o
s bl ol slaasly s glaty, Je glolis asle sblasl
sladay Jle Jelos 5 42525 (10,65 plonl gige @ o] 8
2 bl g Jlsdl LB oleerd Slge ol by (ygzmen (Jols>
5 ol g Rl sl Jole (56900 5 S e
[\”] Sl 6MT)$ c5>‘)']° Jl} 3o Ls O¢>g0 Lgl.fzn.\>|5

Sl pie sl So(SEVErE accident)ayas oly> S,
DBlos Sy molz 9 380 il oS 5 sy S S prea
5 &5 ol 48 F &0 0Ly Sl 3 Sl o
s gl by Gol aSlh wad (6 pKiday wsad Eoly> 48y
€589 i, Je 5l BT piline pol ol as [0,F]al rals
SrSian (P Ao (7S L 0gy 0B B wly oo 3l
21 plonil olg> £939 Joiome slagy b (5952 U545 9

(Federal Office of Il 5 4yl bghs sl o)l
bl el ool jolate 4 Yoo\ Jlu Lo Pipeline Safety)
St g (SoSems Gblie 4 Ol Sl 6 Sel> 5 (S
Gblio nl g jls alio G Jeolgd ralo,ble iyl gl
ol g axg caladl sl 5l Gas ko)l 3 GLlail 5 )y Sy90 1,
ol by seio ble Ojgloee jo SLe g Jels ol 31 ey
Solsm N5 36 Jolss Sas az o 2l 5 seele ble sl
[Flaslgo lopsls ! 256 Jlmiil 5 3 ,> wle

ol sloolfins] wile glacole ©lp g9o90 (pl 4 azg
YL o515 L bl )5 g 0l JB1s o oS (508 315 ,lad
il o Sl Lo pladl

as ML(S'Q )on.;‘ 9 d")? @L@Oli..w)‘ u.....’> )Q k5]»0‘ ué‘?


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

g YN L W laelal gl sl glaty, Mo od 5 450

Sgd g pils Solidl 15 5l el Hlas oS canl onimolas ¥
G 45) Sg Geizmed 335 o0 LSBT lE Sy Jlae
Vas, 8 e, Ve Sy ) g kS gy Jlo
Vas, g Conl et CaSs 0l &5 b jhas g8y (sonuimsylis
ey o0 4 s Jlas £48y Sl osias (Lis

Sl (eee a2S) ol AiS s sl e
oS b aShy) saimsplis ) ag, a5 glad, ¥ elie
9 Sy doyde ok ogdll slaylas i 15 551> 5 9750
5 apiets Sl illas conims)Lid ¥ 4, 5 00,5 oo 5]
VI

ol 5 aal, S35 S5 Sy FUHA (g0 Shee s 5L
Slr Slakews 5 Sl (355 Iy 5w (ol 5T 6l
ol s 330 2Ll Gk ) S, 95 atie
5 6o,Slas glallas g b aii g s 5 506 Soly> 5l FUHA
San aesee 8 byl 95 | o Shes slades egu
ol (60, Slas S IUT dlngy gt Olas s FUHA
Fin sl 3 sl 0 o Slee b3
(60 Slos wlilas ol og, p) sl 29> o)l FMEA
s SO Sy slaS cons glin (Gl (el slo Sles
ool gam al> e (60955 45 WBlioe e Slagisls
V]
0w (oLl (s Suw ) (b))l ipgmw alo po

S g8y SFisfe o ol (KI5 ibne Jao S, FTA
B o lid Sl ol iz oS 5 31 alule S aol>
e s 25 ol addly pb 4 Ygare atulysl diol> )l
Sgd o Aol ol ymie a5 Sglite glael, LT ol 09l o
dslne 4y OB oo glaosls iile by 00,5 asin |
el g 420 SSS abl o asdly cnl )5 Slids 5 Lo
Judzs g 430 dlas o0 Sole gdll> g0 dw jo e S50
P sl s Cop0 (o8 v g 4y s o5 S
IV 55 o ool Jyb 5 i s

A gbogls alelid lan das oo el ce
(RPN) Sy Coglgl sae 048 9lcamsdy g anllas 9,40 ol
Olaasin jpax b paads gldy )5 n b s oo
i i elSnn) 51 sazT,b s (slo a5 ol 5 gied
s Wb by Sy ugll sue a5 Slblre gy wisg 35
alais a5 aly sloslys, £s8s Jlazsl gl sl gl 50,5 gy

@l sl olulid dacusSs Jle glaosS sln o3Y
ol 9 b e 4 il oo 69, 8des Slaali g olge Cuis
Ay &) ez 0 s Uy & aleds, l adlas
G G5l 5 andllae Slaal L g w)ls G slaSaSS
20,8 oolazwl sy
5 5o, Shos sla i oLl Bos Ly ol adlas 13
il 5l 36 s el 5 aty Jlo oS 5 S Julos
3 osliil Ly g 0m 0y9y0 5loid ool clmolSiyl o 5L
s FMEA ( failure mode and effects analysis) sla s,
plxl Ssmb ;U1 s FUHA ( Functional Hazard Analysis)

CadP ov9)

adllas al>ye oz b B oy5e vl b bl I e
el 25 g0 a ond (el G 5l Sl b ol

TBS oliws | Jol5 bl 1 gl al> o

A9 y90 gan 1 aly 4 bgype Sledbl plai al>po )
Cosdye Joli a5 0 5 (gslaenr jlmisl Sy b)) cux
Plot plan, P&I1Ds, ) Ls.)..\.:—‘)s slbans ! LS’L“'B‘)"’

6[.@4;5) scli.»...\u.." QS’LU&Q 9 LSJLAJ[} L_sljbm ‘(PFDS
\>|5.A L;)lw 9 k;")"j uo‘9.’> soli».m_v‘ u‘,:.o.u 9 @L..Lo.c

svgy jl eoliwl b wlhs HLubll :pgd al> o
FMEA ¢ FUHA

pos oS> Wibeo oy ook Cundl Al e oy
Sy g bawly (18,5 oauol s wogilly Dl bl o luliss
wbolis o ghanul 5 a5 iy, S FMEA .LmQT sl
Jz! jmals L Bids jglaiedy a5 abl oo i S5 <li!
Pl (s S s 3 bl (Silunitee 5 (a5 £58
V] ogi o0

QSL‘" 9|),>‘ L;’Lhﬁ’l-b-hﬁ’ U‘“’“A FMEA u“B) )‘ oolazw! L' ‘J.u‘
)‘ oolaw! lJ 9 ol @IML»-M ).u l.QuT JLo.ol C;La:ua.o.‘ ‘W
Slyp b e el e S, a0 (Jeme sl b,
ol plaase 5 (553 Sl elaly Hlas Dald gunad,
ady g0yl glosle oy g sy daore (LSS (gl slons

\yay }x\g{ An GJLQ.-: Al 0,93 5‘5|df- c,..ib\.e (Lo UQ&A


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

3IGT 51 ooliswl b coutn Slaggy LT ioylen al> yo
Bow tie Sgmb

slagisy (Sins 5 Soe 5l BOW-TIO) Sgnly S5
S5 09,0 slad 4 Solg> g58g e Jdo 5 4520
Lot ez 0 S 5 5l ool canl slows! ¢ Ldos S loduns
J—dos g, (Event Tree) slosy, oz, 4 (Fault Tree)
58S eaie laasly Jleisl auloe jglate 4y olayg, <o
ool 5)50 s F) el (Sas olasl asdly SO £485 O g0
@leiin ob Lok, e 0 slals e 0 10055 0 8
L @l ) e Sl 5 5 L Gl 5y slaasls
350 sleasls Jlotsl 4y azgi b o) Jloisl a5 558 0 (rone
ol o as S IS la g, szl [Ve]00,5 oo dnle Slayg,
) hlisia o131y b s sloJ 35 o 5 el
5 TBS (laelSiyl (slo iS5 5 5505l s 3 (1l (cond
L85 O go oSl sl asll o gline

bt e ypilS Sy, sl sas Sloslore gl | Jgor
a Sl 5l oy e e plas | TBS oS! jo ool o luliss
FUHA oSS ol ulal o 5 olulls jlas slaygls
Olaaiio jpax b paass glady 15 &b I FMEA 4
Er b 989 Dt (e dbgye Slles g3l 5 (i
SLappls SSSS sl Fhd ade i az)s g ke o3
5Sia s e b el 51 4385 (s oLl
aS ol olis adlas s w8 gl sl S, Codll sae
S 4 b0 TBS oSy Sy o gll 3 (3 5 i
i) jlasd ol o Sl ai a5 alb e (RPN=YY)
Sae pgd ag, (Lmdd) ¥lasl g ag) (S 3l amy o)l
O Jgazassls olaisl sgs 4 |, (RPN=YY) S, caglyl
SAoolSias] o oo g8y 5 5 Cand Jais] ¥ Jpio
Ep g cusS Jltol cp Fote q@ls il p s e (L5 1, TBS
, FP (failure -/v%) Helb slayls, 4 baye ai g48y
£58s &5 5 s Jlais] a5 (2 +/¥¥probability) =
(Y Jsi2) 09 (SlSe Jle s boyyo ( =+/VFY g FP=+/\YY) Lai

bb&aﬁ K] .>|J ‘5‘3}..;'- abld /YY V’gg

ML g Bz Sl 5l sl oS C3 0 g5lo oS g9,
200,5 solazwl [

el Juaiol vy Sl Jole £33 5y asly oS (53 fge 3
dslroy; Syg0 4y TESEO by, 5l eolinwl L akal,
[Va]ae,8

P bl gllas 55, Jlais!

(Ugore 5o oJsone) colld g5 yo K1

(Sloj Suo b ey aily) g ol o o K2

(P9l Ol 4 dianly) b8l p] )1 CoieS” o 0 K3

(ool 0925y Conxbge 4y diasly) Colad Sl bl gy KA

(olosy o5 00latas¥l Jgms 4 disly) (09365 )] oy o KD

b oal wlashys, om wibie bl ooy addl o
Jliol coles p0 9 Sl slaslyyg, Jloizl (Sl slaolay,

25 bl Gk ajlyye oS5 Gl Bkl (el sl
0,5 Al
aojly ;s S 5 (uile

P (B)xP (A.B) =P (A) :AND Gate

OR Gate: P(A+B) =P (A) + P(B) - P(A).P(B)

ek ol 18 stelie mls 50 diol> g0 3 e sl
).))u)ytboRo)b)éL:CchAdubl}‘\.wg.,usj.:JL».A

1l
P(A+B+C) = P(A) + P(B) + P(C) - P(A).P(B) -

+ P(A).P(B).P(C) P(A).P(C) - P(B).H(C)

o S ley g Jlosol oaims lid s 3 b g Plogd o

(b oo


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

7 Z Z
g i Y\/ }\S)Liéd?mdha&'”il SRl B sl 6‘4..."1)‘}1.9&:6}4.1}’.6

el Sy gy 52 ulo
¥ . 38052y
g e Gpléye S ey
é poimiat
i
g kit
Detonation/ Deflagration
0.6 _ ]
‘b. 0.1
1 e wilygh A g 59 it
& Firchall’det Fire
£ ¥
1 G ||| S 5
& i (0.711) ol bl
T E Confined Vapoure Cloud
;i- 0.6 —
E L
. . 0.4 -
. > 04 Wl AT
Flash Fire
¢
E 05 T
5 "; B \1ﬁr§|5ﬁs
[
-1
Samb LT iy 5 eslizal L TBS (sbaolKims) 55 K 51 58 i 50T g - ) K2
5IUT 5l eslanal LY Sl 50 a0 F) sl S TBS o5
1348 ol L aalllas gl ol s o3l (LES 55 Sgml (e s2)esds £ Jozo! o4 g5
= 1y Olge pols s 5l aS slge el Giole, G Slis s S
g—39 E— 5 J—ixl oS Ll o)l ol s s o el sl
o5 L5 51 45 (glaaolsy o o  +[FAY 5 <FP- /YAl o e v slp Jo
VARA v/ e
s WCE), Ly ol Jomil il o cranl 3l ] / S
) L . VYD AR BBl e
IV Ll e o 985 0 9 eSS Jladzl (5 e o
(-IYPY 4 =FP i
ol |y aalllas cpl 5o oadplnl (Sgnl 5JUT aw 5 V S5 258 el il ol slaasly g48g &5 g Jloas!

Lopl ol cams jo 5 gllas ©5 )0 G G 0 oo by ol oa b aols (LS ¥ Jsos 0 TBS slaolse oy

\yay }:J_L.i‘ Al BJLQ-.: Al 093 ‘&5'4jj" g:,..’::l.\.g._» wu\.’-@.ﬂ Aleu


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

S\ 5 5l g5y 4abli /YE “g

5 ol ol oaisS alad o 5,605, b ganl B bLS I 6,185
Jlad a5l i Gialil @Bl po olSius] el el coles 5o
bl oo byl
698 S Il 5l asdlas cpl jo s e 4 g diies S0lg>
slaogls 5l (i g8y Jle plulid cox FTA (2, olo
oolatwl 89y 48,65 5 YL S,y 5l B Al o j0 a5 (g ks
aS ol las las C o (oS ey Al e gl () S
Sl Jle g sanlp Jle (ol slajls, Jle o fole an
allan 3,50 olSimg] 55 (22) a5l w3l g3y Jle o ote
He VA5 luly Jle FA) aii b Jle PV goomme ;o 0l oo
ol 8 wg o (o) p 0590 ol Sy, 985 40 (Sl
s VS sl e FTA (g, a8 Julos Sbles 51 Sl
Ol S 8 cuis ol vy, cqm g, ol szt
S 3158 s Jozl a5 ol lias aadllas gl .ans o
BUS{S S-SR P R D FARV-SS PR WIR U U CTR | g PR
asllas ol o ond glolbs Jle Jdo @ ol (Soe S
5 Gl Glcuss (all la,ls; 55 Jliml was &,
Alp ey A S 158 S5 68y 4 e (SOl
e 0 i el gl L8y aST cnl < NYY g < /YVA /YR
hol asdly ols 2, 50 1) o (S (Sl lagall
(Y Jgaz) &5l (S 5158 ois) Uas o550

5 Sl gloali £485 Fy a5 ol lid asdllae @l
e a ol ol ol gds @ e (Sl 5 suld
ole popie aibise Jlo yo y0 NFY o < /YES /FFE
Py el dols g485 a5 cusl Sjge cpl a4 slael oyl
st il a4 Jle YIVY o Gl @ Sl sla i
S Jlo Ve (Sl sleai glil 4y Jlo ¥ e un
3 Lled coe sleolling! Glles gy o Sl Jle il
L as (Y V] ool oois dnlme Jlo YIT g /o ol sy
S oolainl wilgs co ol pl cde il oo )55l anlllas ol gl

0 leslainl L LS cusd 5l ol ol sleswly Judos
Jezl oy, o0 slaasle o .cal oo ools olas slayg,
0l oolo ol TBS sleoKiws! O Sg>g0 @‘9.@ g 48,> 3g>9

B e plg Gbaels g8 £ s bl Y i

g/.“ . J‘
SONE IR
S Jlaz>! el Ll
(Jlo
/egy YREA i
5638 S
VY /ey 3
J}b)s J':Jl
YEY YAsk! BICE EAEN
AV JAR] SWSL T
JJEAL YAL el Sl

By o 00,8 dilre Sy Cuglgl dlael aSo ! 5l g
30 .90,5 |yl onls (_,’_:L...)L.w St Gl gls ST gl (e
O ey Sl 4SS K gllaz 0 a5 dllio oyl
B o Loyl slasg, cas )0 ol ot 4 09 Sy Cuglgl sae

el oals ools las VUSS o Sl 561
3ol g, cs e leazli l slas ol gl Cys
‘LS‘)“-’T)S L5“‘°“" ;]A ‘&M..l) ).,Jlj LSL‘“&") 5o o.)...i‘:d.j‘)‘ slaosls
anlllas o oaisasll (glaosls 5 [VJIS pal (powids (cwdige o]
50T Sldllas ;o Yaone 33,5 solitl [8] )] Kan 5 (5 shn>
il g I8 1y s pl il 585 i (sanl b glasins
5 ol ad,> Jlasl [V0]os S e iy +/F |, SlLSL
O (S 03l g a8 1> aslie Slawi 392y 4 g b L;)_._'>l.'
A 5590 slagy s s oo L3late 5 L5 350 i o
abgy e Jolas 0 Ygane olelll ol 45 03,5 oo drlone

G5 Al g Sy
s oSl 5 FUHA 5 FMEA s, legan sl gl
O OR SISt I it aS ol (las g0 515 jLed
L5 228 5l el cpl a5 () Jgam)cwd Sy Cogll sae
coils Jlyan abg e laasie plu s sl Slansce L

b 3 b it o ol Sl G LB 4 el ol e


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

g YN L W laelal gl sl glaty, Mo od 5 450

slesle 5 Sl Blast Proofing e 51 solatul o
g 5 i 5l Ka] lptacw 5 solaiwl olKiw! Gl
GRS g g Sty 1 35 e dnlllas gl el 03,5 eslial
Codll Sl el sla)ls; falS cer Gl gleeess
Sl Sleludl e 4 Cand (6 b

Jol S6 plsie 4]y Ol Geal (b Olsien crizen
Gl o B b e & CES B 0 e
il Dl a s G203l 5 SIS 5 e loan 3o
[Y¥]oib oo a8

Shoolanal )] 09 Bazx 4 lgs oo cadlllae opl g8 bl
Jolos iz Jolye )0 (oS5 Sjge a4 it o,
gy Caabd sac 4 g o o] lacasgama g &l bl
walllas pl jo colaiwl 050 Sy, o Judod g e e 0
5 62,0 drule Cga adgl Sledlbl STL ogu (colais]
els o)Ll Sl 5 IUT lsle jo oYl

rra> 4 2l slaslug; Giluand sam Sldlae cea
Ol 51 G808 0910 ez GLSL 5 Sl i Lol
55l 5 3ls> ol ey 5l Loy Jlo g Sl Sl
Sey bl wsle malr sla b, 5l oslinal b (] (oS Sens
5 L il 5T sl 98,8 o Sty (QRA) (oS
E3-55 sy 5 lge G Sati plp 53 wlge Sl g s 385
Sl Jlatizl a9 5L cis 5l iU oles sboowly
@l 00,5 ol 5 (aBly 5 e mls Wl e s
Ol sl dsdllae s of jan 4 coadolpiiny Ollllae
sl el slaSin ) Copae g 1) 5380 (655 el
&S oo p2l,8 TBS slo

G?‘.b).ﬁ

5 o=l 5 e o8 i 5l adlie Gl ai s gh awg (poss
Sy pode o8 uils glab > c bl wdige 09,5
ol aalllas Jls cylas 5 6, San b5 4y fuan

Syglier Joe 4 S0 08 5 S

WA IR N u*‘i) axdly olaz yo g LB

@lilis Caz oy asdly 59,0 Shg, <350 sl @l
sl 5 Jlais] 45 ol e 55 e 5l 56 Ll cslaolas,
051 el Joizmo les slaolygy nlo & S ol Giale,
13 TEAT 5589 25 5 +IYAE Lol e 5 i s (il
Al e sl bl sl o 5o (V ga)ail oo Jlo
b & o Bl il il Coenl Pl el
35 IV iy 5y 10T il i sl Lashas,
oSl (s e # o sy e 4 e o
wdl s &) g 515 (S35 £685 1 o )L pl lnall
Slaladl y bli> slaY 55 18,5 5 50 e 950 ol
5 5yh adllas ;o el oo 9y5l il £485 5l 05,5 Gl
28 sl 86 ol slaslg, owyp 5o Y]
S 5b QFF ) - il £485 Jloisl CNG slaolSiy
5 SSL T il oled sleslug, plo & cond 55 (o
allas ol Sl pilo adlls ol b oS og sl
Gl 2l sleslng, Jlos 50 [YYOL e 5 (05
sl il 5 Sst T (Slhgd T i a4 oig e
Eglite il anlllne s b 45 bl gody Jlaisl o i
dwlme gy ;0 Saldd Lbls 4 iy Selds cpl el
coyn slbesls ag (SsSz ) slus, gdy Jlexo!
Ay o oS pame Jelse 5 alse 952y o Dslis ol
Bl e aslllae 93 )5 482 mlie (5e L‘-’LGH 5 )b pl L]

el awlie ) pae clive Olllas plol pac [bl> 4
5 Sldllas 4T opl Conle [bls a4 K0S, b Sy Slalllas
Con asdllas opl jo lalhe il [0 Coslad pac 92>
o ldl o lse 5l it Slalllas o b b gl dwglie 5
2l oo 23!

Skl o 4 sl laslis, g3y RS g
Ao golan b gbli> slaay (2lb 05 oo st
Ohlus Sal fals cqz 5 G5 (i jlas s JS Ul 5o

\yay J"ﬁ\e: An GJLQ.-: Al 0,93 56'4}7}"- c,..i‘.\.e (Lo Alqu


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

1. Center for Chemical Process Safety (CCPS).
Guidelines for chemical process quantitative risk
analysis. 2nd ed. New York: American Ingtitute of
Chemical Engineers (AIChE); 2000.

2. Zarei E, Jafari M, Dormohammadi A, Sarsangi V.
The Role of Modeling and Consequence Evaluation
in Improving Safety Level of Industrial Hazardous
Installations: A Case Study: Hydrogen Production
Unit. Iran Occupational Health. 2014; 10(6):52-63.
[Persian]. Mannan, Sam, ed. Lees Loss prevention in
the process industries: Hazard identification,
assessment and control. Butterworth-Heinemann,
2004.

3. Eckle P, Burgherr P. Bayesian data analysis of
severe fatal accident risk in the oil chain. Risk Anal.
2013; 33(1):146-60.

4. Jafari M, Zarei E, Badri N. The quantitative risk
assessment of a hydrogen generation unit.
International  Journal of Hydrogen Energy.
International Journal of Hydrogen Energy 2012;
37(24):19241-9.

5. Jafari M, Zarei E, Badri N. The quantitative risk
assessment of a hydrogen generation unit.
International  Journal of Hydrogen Energy.
International Journal of Hydrogen Energy 2012;
37(24):19241-9.

6. Sklavounos S, Rigas F. Estimation of safety
distancesin the vicinity of fuel gas pipelines. Journal
of Loss Prevention in the Process Industries.
2006;19(1):24-31.

7. Dormohammadi A, Zarei E, Delkhosh M, Gholami
A. Risk analysis by means of a QRA approach on a
LPG cylinder filling instalation. Process Safety
Progress 2014; 33(1):77-84.

8. Jafari M, Zarei E, Badri N. Risk assessment of
vapor cloud explosions in a hydrogen production
facility with consequence modeling. Journa of
Research in Health Sciences. 2013; 13(2):181-7.

9. Zarel E, Dormohammadi A. Semi-quantitative and
guantitative risk assessment in the process industries
Focusing on methods on QRA, LOPA, DOW Index.
Tehran: Fanavaran Co 2012. [persian].

10 Abdolhamidzadeh B, Hassan C, Hamid M,
FarrokhMehr S, Badri N, Rashtchian D. Anatomy of
adomino accident: Roots, triggers and lessons learnt.

&l

Process Safety and Environmental Protection 2012;
90(5):424-9.

11. Jafari, Mohammad Javad, Irgf Mohammadfam,
and Esmaeil Zarei. "Anaysis and Simulation of
Severe Accidents in a Steam Methane Reforming
Plant."International Journal of Occupational Hygiene
6.3 (2014): 120-130.

12. Jahangiri M, Norozi MA, Choobineh A,
Narimanngjad A. Feasibility Study of Implementing
Process Safety Management (PSM) Requirements in
an Iranian Petrochemical Company. International
Journal of Occupational Hygiene. 2013;5(2):71-5.
13. Badri N, Noura F, Rashtchian D. The Role of
Quantitative Risk Assessment in Improving
Hazardous Installations Siting: A Case Study. Iran. J.
Chem. Chem. Eng. 2011; 30(4):113-9.

14. Mohammadfam |, Kalatpour O, Golmohammadi
R, Khotanlou H. Developing a process equipment
failure knowledge base using ontology approach for
process equipment related incident investigations.
Journal of Loss Prevention in the Process Industries.
2013; 26(6):1300-7.

15. Mohammadfam |, Kalatpour O, Golmohammadi
R, Khotanlou H. Developing an ontological
explosion knowledge base for business continuity
planning purposes. Journal of business continuity &
emergency planning. 2013;7(1):77-86.

16. Clifton A. Ericson |. Hazard Analysis Techniques
for System Safety New Jersey: John Wiley & Sons,
Inc; 2005

17. Hai-feng w. A Case Study on Model Based
Functional hazard Analysis. Rransactions of Beijing
Institute of Technology. 2010; 7:023.

18. Qinglel T, Guoming C, Lel Z, Janmin F, Li Z.
Dynamic accident modeling for high-sulfur natural
gasgathering  station.  Process Sdafety and
Environmental Protection. 2014; 92(6):565-76.

19. Abdolhamidzadeh B, Badri N. Qualitative and
guantitative risk assessment. Andishesara Press;
Tehran: 2011.

20. Khakzad N, Khan F, Amyotte P. Dynamic risk
analysis using bow-tie approach. Reliability
Engineering & System Safety. 2012; 104:36-44.

21. Sekhavati A, Norozi H, Shojaei A. Application of
Fault Tree Analysis in a Gas Compressor Unit.

bb&mﬂ K] .>|J ‘5}}-.;'- abld /Y7 .\"‘g-:s


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

%’ E YW/ 58 LS s slaelan tul b Sl glaty, Yo Jdod 5 450

Journal of Exploration & Production Oil & Gas.
2013; 10(97). [Persian].

22.  Jofari M, Zarei E, Dormohammadi A.
Presentation of a method for consequence modeling
and quantitative risk assessment of fire and explosion
in process industry (Case study: Hydrogen
Production Process). Journal of Health and Safety at
Work. 2013; 3(1):55-68. [Persian].

23. Jafari M, Askarian A, Omidi L, Miri Lavasani
SM, Taghavi L, Ashori AR. The Assessment of
Independent Layers of Protection in Gas Sweetening
Towers of Two Gas Refineries. Journal of Safety
Promotion and Injury Prevention. 2014;2(2).
[Persian].

\yay }x\g{ An GJLQ.-: Al 0,93 5‘5|df- c,..ib\.e (Lo UQ&A


https://johe.umsha.ac.ir/article-1-77-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-06-12 ]

Journal of Occupational Hygiene Engineering. 2014; 1(3):19-28 \!§
Research Article

Analysis of Root Causes of Major Process Accident in Town Border Stations
(TBS) using Functional Hazard Analysis (FUHA) and Bow tie M ethods

Fatemeh Khosravirad !, Esmaeil Zarei?, Iraj Mohammadfam®,
Esmaeil Shoja*

Received: 1 August 2014 Accepted: 22 October 2014

Abstract

Background and objective: To control and prevention of accidents, attention to root causes of accident
occurrence is very important. Safety risk of process units located in metropolis, must be always under control
and in accordance with risk acceptance criteria of the community. In this regard, the purpose of this study is
identification of functional failures, root cause analysis and incident outcomes arising from gas release in the
Town Border Stations (TBS).

Materials and method: Using at the same time of both methods the Functional Hazard Analysis (FUHA) and
Failure Mode & Effect Analysis (FMEA), identification of the failure locations and qualitative risk analysis
were carried out. For identification and analysis of the causes accident, Bow tie analysis method was al so used.

Results: Occurrence probability of identified top events was 0.71 and its failure rate was 1.24 per year. Unsafe
behavioral (FP=0.36, A=0.446) and mechanical causes (FP= 0.133, A= 0.142) had highest and lowest the
contribution in the top event occurrence. Vapor cloud explosion (VCE) had the highest probability (0.261) and
failure rate (0.243) among the all identified incidents outcomes.

Conclusion: Prevention of the root causes and attention to the human factors have the considerable contribution
in accident control in the process units. In the combined approach used in present study, if are considered to be,
the barriers role against of the root causes and incident outcomes occurrence, it could be an appropriate
approach for identification of root causes and control of the hazards process.

Key words. Root cause analysis; Town gas pressure reduction stations (TBS); Risk management; Bow tie
analysis.
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