Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

Pll-Poo Oilaio 1WA jul /W aylad /9 sla

ool 9 5318 0595 3 (o (i ) Tuko (S Sy S Cu gl g L)

U g o) (5,519 0 0 49 dilaio SV 40 (59 90 Axfllae taaS Ll Wi (5 W

Toaly cgadbasl 55T e & bl o 5359 e
Ol el eolpl cds e &8 1 o(HSE) Gy dammo g Colilags o ol 09,5
Q‘)—l‘ ‘O')ﬁj ‘()‘)ﬁj olKiils ‘gs‘"é oasiils s Lo 00l (HSE) Sy e 9 wl.\pf aL;Lo.;“ 55; v
U‘)"‘ ‘U‘)‘ef ‘ﬁ.S),.cl W olKislo nga.l).:.)..n 6[&3 W ) @Lua ‘SAAJW cuSisls v

WYF iy ol AVIE/NF sl o g b

oxs =

Lot pdil ol 6o ol 68 G 1 35 5 S alis 0 (s Lo sl Sy () koo
bl S G g sl e o S 5o 0 Gy e
SIS gla gy sl Cudgaze il JBlas s Boa b aslllas ol 1 .05 5T sed e 1, Y sleziel el
28,5 plonil S5 5 i (5l 0540 alilaie G o aaS Ll iz (6505 el 5 (5318 0,50, 5l ooliul L

Sty Jelge Coonl anslio lp B 9 i (6100 00 dlate o 50 addllas o STl DB 09
el o sl Jelse cnl 51 G 5o Jlade (s 6l iz oo 9 (285 Sl g Sl Bl (g485 Jloi>)
&z« Sb Lo jleslinul b (&5 &) & GLulid )5 i st plulid (aoe S o 4
Sy s 00litl (53518 ey (29,5 AHP I Sy Jalse (oo (35 S Sl s 2205 559
lo S ) Sugll a6l Soles )3 5 0B 005 (eSS (S e g (kS Jue Sl eslial bide 4 (56
00,5 ooliial J& 35 10 gt 45 by p (sB) 5 s e (St Lz (551

s Judo a4y il s Jule (oS codilB g 51 coals g8y Jliml) Sy Jalge o o dnlllas oyl o il a8l
Sgzg pas e 4y (S OO ady il Sy anslons o |y Sl (5 G s 039 025Vl 02
S8 Cancds Sollad b a sl (A g Sy (s e 4z 9 Coglyl o PYL el OMLBL @33 s
Sl olaisl se 4y oads olulids g dasee slo i o j3 1y (gu Coglgl pgo 4 L

35 65 S e 2 S (sl gy 41 s (g0l ) lonlons 4z STl (LS gl 16 oS s
glad Sz slallas ) Sl oz 5| S sl s slo Cudgazes (il Sl 4 azgi Ll o)l

W5 g0 gy ol (Ot )5 a5 o Codald pae (28,55 515 50 g b a5l (29,5 Sty (el ol (LS,

5 ol Blo Sy s Cuglsl 5 (2l sl oad I3 sl s Gl g, Gal el IS (L ST s
by oS 11 bl

sil8 slaio AHP il iz 405 ol c | iy j daimo (glo di « Syy 5/ 153NS Ola)S =

cheraqi@ut.ac.ir :a5\5e Jytums 0o g5 Sudg xSl o 3

)5 oyl g Cublagy aslilios


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

) 3)530) 1 (Ao () bans (sla Gy (533 Clgl § (L))

O el God 8,5 Ll 0 wiS axlee wap b,
slo ooliie Sl 09laial b o 58y JLasto 5 Can bags
Ol )5 5 s Cualad pae (2855 L 50 g (oalad
sl ls jo ol Sldllas i) (ol 0 0,5 o)Ll
s oS 1) olbgiesaie Ul ool bl 2
sl SAl 598 lacudgazme p i 0 4 ;084S
(£ .0)
sl b jloslaiul a5 Hlo Codgasme 4 azgi b
Sty o5 gz SLali IS slo 5lsd (gl paled
L) Y--Y Jls yo Aven ¢ Nilsen )51 o 5929 4
olwls, 5 a5y jadly (oahad sue 5JGT 51 oolaxu!
pae g9 cnl b oy p slo ol 51 (o 08 (o n )
38 Bhie (A) al oo 550 Bhate ) osliinl coalad
ssb a4 Sy (bl kel Gl g QL v sl
5 Alidoosti .(V+ ,3) el ouls solazwl 95 U (5,590
Sy byl Olsie Cow 055 alas o (V) ol K
asls Hedl Y Y Jlo jo 656 Glhaie L alg) bgls
pae 1 13,5, (il 3 55l sl CAMSs 51 o
Cudgaze (nl @3y sln 1 g 09d (oo (AL Caalad
oolawl Comlad pae giloJon Cqz 551 9,500,
50,5
Sl wwlp o b e g e 3l S
5 byl e o Gllid )5 gl ol 8l S,
Ol Bl 4y gz g 20l (o0 Sy o Zaglsl
sl (g, Gl Sl Olg (oo Glulid )5 ogldd 5
5,5 eoliial S (bl slo gy b 625 e
0OF) o,Kea g Fazlollah L)) o 0 (VY ,VY)
(\0) ol)Ken g Heydari (piz o2 9 Y-OF Jlo o
2l Wiz 655 el Gl by 5l Sl e o
gy S 022 993 S5 (2l e, (MADM)
5l ek Jolow 4525 g Aoz ;I MADM slo
Syl o (2 09wz SlF (o0 (V) (AHP)
MADM sl og, 5l eolazwl .(VY) 048 solaiwl S
Midy (o0 9 |y 625 el 21 (558 Laree 50
$lo,55518 (505 555 sl FAHP i slo o (V)

Pol

doddo =
4 o Sl @YU osalh cud )b 55 5 el mlo
31 Jols oladl mdle sliwly ;o a5 ls sy oo
gl (pl (wj bamme lo S G 5 o gl
b oy o 3l el (Sogll dga (Sogll ale
3wl pdl Clesl S Sogll 5 adhis aLS
il golio (BB (09 S 4 azgi bojg el 5, o)l
03,y sl ol g g axwgs Sl by e 5
T s e s
b abaes (n 5 mie 3l (S @ E9d9e (! &5 sl &8
Sl ezl )0 .(V) cul Al Jay 90l Glez o
slr B s ci mlio o G Lo o S,
Sy baze 4 il ol lo o 5l 608 iy
8 Sy 2l g e 2Bl (0 5590 Sl
b 5 cllags (il b lad e (2 o gl
ololis fed o] 5l oolaiwl b g aid; jled 4 o)
Sy o gyl & o (g5 00 )5 aioee Ol Jlas-
5 ol leladl gasy gl ‘QT Al 0 g
a5y (V) ages pladl SISl sl p3Y ol Jolais]
) Sy 2Lyl anld suuls isu da S, g
Yy o o2l ) Gl ol oS ses o Sl
e 1y Sy 5o Caglgl do Sy Lo jye5 0 0l
ol Ghels b Bdo e 1) p3¥ wlio a0 5 00,8
Sobe Jdo s llllas 5 oo 10 (Y) ols Lamass da
5 e ey Wl (i gl g, 5l YL ce e
Seat) G Suglsl 5 eSS Sz Sy Sl b
bl shls ba gy cnl wiz 52 058 (oo ool
el Lol il o YU Slslors oty 5 Solos alas
0T i oo 4 YU slezel el b mls b o
(S S gy A Sy o Zagdsl 5 oS (D)
Sl 4 05 (o0 aloz Sl as o)l ole Cudgame
Al (3 (20 Sl ) Dgldd S5 slallas @
OLeSs e Sy sbjlone (i (39 At poe (Sew
Seop by b St (895 Sy 2L 0l
b ol g Caglgl a5 1 aiss b (] Sy D¢ 32

1A sl /W o)ladd /9 sla ¢ )(5 (lel g Cublagy aslibod


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

g Syl 4 Ll Sen 1 sy axlllas 3,90
ailo Jlo 0 5l i 9 009 anllas 0,90 ddlaie o],
G azg bacab wlbs)l5 o OMlass 8
Sy90 dilaie Sty ol e lasl sgase olows
J.AL.» (6)Lo.w}~u ui:s)) Lg)LoT ml> JS sloss candlas
g 00g yol> aslas cpl Sbj)l e j0 (Wbl )5V F
i ped JoSiS Gl e a5 15 oales las 00
9y » adllae g oy n bl (G b lo
g olg> IS lase lulys g Las (YT sl
L daslas 5 Slaslie | solaw! @isds olase
and> g by abgye Jelie 4 Ll 5 o5T o 3
Slp g 6 50 WS plelid (b)) o8
Sl ool ge8y Jixl) Sy Jolse Coanl annlis
S o e et sl i o 5 (S clB
ol glols gl a5l plas o S, Jolge
Sl i Jloslanl b a8 O g0 4 lulis )5 las
s 039 e Sz e 205 65l ez (S
olwlis I8 i coshd poe 28, jshaie 4 (Chang
e as> 631 Sy, ol oolatnl ¢ gy Slalie o
A 0] peeST ¢ Sig ae g sk Jow | eslaial b
dlre (31 slo Sty o Zuglsl cu Ll o
28,8 1,8 oolatwl 5,90 Chen & Chen g, conds
bl plsl Jolie (oo Joo 5 aled (V) JS5
2 e Gy hee gl S o ol
Db o0 5B 0,50,

Slaolie plxil gl Glubis )5 Hla 331 jshaie o
9 o Cum )l e 6l GU Slle 4 5L (25
30 0)lge cpl 4 og o T L bl g5 slael amsls
ools las o )] abgs o slo oles ol yory a5 (V) 9o
0e5 L, Sbj &lle heslatnl b lolis ISl oo
oo Sy 5l ) lne 51 Sy Coonl b LS| o 1,
Loges pMel oo sla Lo 4

1WGA jaals /W ayladis /9 ala « )(5 iyl § Cuiblagy aslibng

ohBas g 5)98 ol

Kaya (Y- V) ol ouds oolatnl gllllas o Sy
oolaiwl b 0g> bz ;0 Y)YV Jlo o Kahraman
3y gsio adhie golows fuzzy AHP-ELECTRE
WS sy Caglyl (arme Gy Sy Gl S
oolatwl b Shahbazi ¢ Omidvari Y+V# Jls ,0 (YY)
ol sl Sy (s Caglgl 4 s fuzzy ANP
(o w2 (YY) win)S sladl consy lae ¢ cudloge
3 og> adlas o Yo VA Jlo yo o)) Ksa g Cheraghi
YY) wis 0 4 fuzzy TOPSIS sl p S, b3

il ly 3l sl sl (T 0 a8 ale g 50
odel Cowd 4y sl Sy LILE gy o oolaiu] S
3 9 63 olael anslin gly ail oo 558 D jg0 @
Slllas Sy 2l o b o ek Cagly) Az
(Y0) Yager A AVA Jlo ,o0 .(VF) Conloads pleil g0y
olo a8 55 e g, g5 olael (gass Coglgl sl
s gl |y Sl ig, (Y7) Chen NAAY Lo jo
ol sl (636 dlael sun Coglgl axil o g g5l
&lyp VoYV Jlo,o (YY) Chen ¢ Chen Ll yon o
S ad; al p oy 3B slael uiy Zogll
(YA) Cheng g, cars bl 40,5 B,k Cyz o Ja
ol slgrioy

byl sl b awloass o1 5 oxw adlllas ol o
dblaie SO g bame sl S g0 Saglyl g
5509y p (e Mz (Shgy G g Sh (Sl o
2 o8 938 ity amslh sz (5 e 5 53
olil FAHP I Sy Jelse (o (585 0039 12 O]
iz Sy 63l Bhate jlesliiul b s 09d (o0
iz Suglgl slp Ll 5o 5 anbne (St lareo slo
Chen 4 Chen g, 3l odel cuws 4 536 o S
23,5 o oolaiul

Mohey =
(b o2 sl Jow 5l eobs adllas ol o
0dl 03y oyt (69,5 g (Sl Yol ooy,
IS Hlolbia )5 51 e ol a5 3,k oy el

Pop


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

SHB 3)330) P (ATe ) bass (sla Gy (s3dy Saglgl § (b))

[
| ke S le iz ollid

l

Sl s 651 aox

I 5 i gsdy ozl Ll
s 11 Il e
2 2 4 bgye 225 LB

hee S o 4z

|

Sllis s

sly b oBays gl pax Sl
Sy Jolgs Coonl anylin

B

</ Chang’s fuzzy AHP
N

l

N
N

S Sy S T S, el e 03y e

s

o

\ Chen & Chen

s gl Sy gty sl
G5B SSus) 2 s shume

G 09) p (e (Fum s Slb Sy (G2 Caglgl g (2L planil Jolpo (sogedio Jure- (V) IS

9 Slaglio yo Loaza I b bl g5 sluel - () Jgu

5 7 AM
(E! 3! E)
(2‘; 3) VS
3 5 SM
(E' 25)
(1;’ 2) WM
(11,3 Fe
(111 JE

"= Y )

79 Sllie o fle (Lol Jl5 (9, » slacl ples
el jooge g el i She wls s 1) Lol
Loplppli Og g el j e alys 5 (a0,00,) b
s i o5l sue S a5 wisl o {L“,L,L]
ot (CR) Sl (i 0,51 o 4 Sy
slacl 4 (B) Jgo,8 b (531 slael lassl « > 95 luslas

Jade (8) Jsob 5l ooliiul b yuges o0l yous  oakad

Pop

5795 Slanlio ;o Sz | (s sl S Slls
lhe 5 olS Copanl

P 89B hF Coesl
5§58 S
S Sl
PR N JOWNY

sl Lg.jo Carod|

sae l dlie cpl jo (g5 slael Glizes glgil oy

) A~:(al,a2,a3))§‘ el ool colanwl i (g5
ool oT ansl e g3l sae 9o B=(bby0y)

(YY)
(4,0, ) (b,,b,,b,) = (a, +b,,a, +b,,a, +b,) - M)
(a1,a,,a;) O (b,,b,,b, ) ~ (ab,,a,b,,a,b5) - 4D

(l,ﬂ,ﬂ)@(ul,az,%)=(M1,/1a2,/?a3); A>0,AeR. (V)

1WA b /W s)lad /9 sla « )5 ¢ian) g Cublagy asliling


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

Sy Bolse 51 So 2 (S e ez
gy s b (@S Colld g Sl o g g8y Loz
hd sl el eolaiul gl a4 alae o) o a5
G de ol b jblae g5 slasl 5 b glo iie S
Ol )57 glad jo Cuxlad pae 28,5 i )0 jslaise
(VY Jgaz) o ool

iz 51 Sy dsle sl 4 adlllae () o
b Sy Jeloe 0ol oslinal b (Stas Lo slo
39 &z 5 b Sl S el 5l ool
(TY) Gl 00 oolain] Sy puadds Sz olge oy

O39) + (@iS culs x ans el 39 (A)
izl x g48g Jlozxl y39) + (i ol x il as
G Seuy ) S0 = (g8

Seagy W a2 Jelse o9 3 @ axg b
O sl el Bals Cvs 4 (1 90 4 ]
ooliiul b e (g5 Jazes (sl ai g 0551 g oyl
@ 4, 4k (YY) Chen g Chen (golginy (s, 5
il 0350 o Sy gy 4l a pladl (&5 35 6

(Jloy e 638 dae (1) Joo,d 5l oolannl bl
SrS Al G 058 (o0 b o lailiu] > o

ohBas g 5)98 ol

M =al+4zz—o—a3 )
CR :% ¢)

oals 5 (7) Jgerp 5l (cr) )55l a3l &5
898 0 Jol> (2) Jgoz 51 (RI) Bolas 5,55

Cl =1 )

nosadl (oo e ple oy jlie o Shp A, oS
el 1o 520 Ky b oS Al o Sy olge oloas
Bl Wl caws a4 <) 5l 5 g RS
39 Oyl Sgldd g 0gs Joud LB il
23,5 aloxil loazme Wb ¢ 2y Slaslin o o ases
S a9 b(2gy Slalie (o ile o5 Gl 5l
035 b Al ol (5Ll jlake § LSas lulis)ls
4 (V) Chang asws 56T 5l eolicul b « lolge oo
sdel Cews 4 slagyys a5 Col S T o s

il oo (38 e g gxbad slacl O jso 4

(¥+) Bolas 5,55l (a5l —(Y) Jgux

e 1 A Al 4 O

£ L B el slass

: ; A0y e el ol asls

A SRR NI TR O TR AN R T 0 B R PR B

Sy Jolge cumni (51 yBLco (63U pwolie g (Sbj e — (V) Jgur

(8,9,9) Max

1WQA Jal /W o)laid /9 sla « )5 (gl g Cublagy asliling

Poic


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

SHB 3)330) P (ATe ) bass (sla Gy (s3dy Saglgl § (b))

Sae o ke Szl g oSl Wb g o 50
AOY) 5 OY) o Jge,9) K RUWRYE o lastiwl (o518

v

. . . .
_% ta, ta,; ta,

f”.”

N

)

(g 4y Go3,l (VF) Jgeyd 5l eslnl b 51 50

Bl o Cawd 4 55 vae 2 sl

STD .

Score(’i:)zxg,'Jr(Wg, —J’,;;) ! X(J’A-l-+0-5)wi' 0%
“oybowgbww)mduw

WDl (oo (SR 4, OY) Jgo,d )‘ ol Cowd EY) )l..\}.,o
Ghlo a4, o lade oS S,p &S Gl 4 a

Db oo )l o YL

e (558 306 58 155 35, (1)) 5 (1) sl Jga 3
a5 e sl S p3Y oo s @ (xA__,y[r)
o5 o il 636 sae 3l ciled 4 =(apasapa,m ;)

A

Jbyi i g ooe G 4 wibw; =1 ga,=a, S

1F—| 4 ai/ ai/ ai/- =
Ai ( 47 > k > ’WA‘
(ail*’ai 2*’ai3*’ai4*;w i ) .
9
k =max (ailaaiz:am:amal) .i=12,..,n *)
s
Y (ax'}*+ai2‘)+(ai4*+ailt)(w‘ 7)’4') \-
X = v O+
w (ai;_aiz*)_'_z
N (am*_ax 1*) .+ .
V= 6 i a, #a,; Oy
w -
A . * *
- if a, =a.,;
7 if a;, i4

ady
Sk Sedl
e G- Iy 5 S5 Sl
Sk Sl

lga ;95”

e G301 — O SB Fofl
Ty S Sogll

Sk el

lie 31— Ign 5 S Foll
%3 ;"5]]

lga Sl

abe BT - lga g S Sogll
lsa 5 S Sogll

iy sl ol s SB (Sogll
Ty S Sogll

e BT 5 S Sogfl
Sy T Sogll

Sk Sssll

ol gl srals’

ol gl uals

e Y1

lsn Sagll - (o551 30

ke BT - S Sogl

alie B31— SB Sl

o B3I - g Sl

olie 301- S Fofl

o B3I - g Sl

Sk Sl

Oigl Y a3 - Isn (Sl
oigl &Y e - lon (Sosll
O3l &Y e 55

S 5 o Sogll

olie 01— S Sl

b B3I Iy Syl

aolie 301 S _Fofl

S 5 T Sogll

LLIA)

ol (3wl (s § bz b adr —(F) Jgu

oS 9 5 B

lals sl

rorginsl o) b

192 3 oy yae slajl8 iy

Sy Sl 2,

S Ll s

EEp

B s 63 Slale i

abge )3 3lge (i) 9 (gow Sl b selate
o by ot selaite

abgme )3 3lge () 5 (sow Sl b selate

by o aslaie - K0 Sy olge (5 108 30 - Clib ) olge bgiu

O3 59y 009 ol iz,
e S35 Olse
Slge (B 5 Setd

ostbe ol i)

3t oluls ol

ol G pae

ol e

S e

g B pan
o5 5 089y BP3
097 oS el S et

S8 s

Lse 4 VY-YY (4658 55 o0 o]

Lo 4 1Y= (05553 55 (s o]

Sk )3 0% Gl ol il o9 b,
Sl B g S

Sdgyaee g, s

B e

Slgyed g, s

S sl Al wdg

B Syl gy

WS g S G908 5 sY LArgas

Lo yoy50udl 3 G855 59,5 2y po b 4l
s sls &) pass

ik s sl sl 5bl caz ey Sl sl
IS, o8

ol

Sliglojl Cqz (555 Aiged

Slislesl alosl

o5 Lialejl o pleard Slge gl 4S5
Sliglejl plomil 5l oaile (Bl (oabeards Slge ado
ol Ltalojl LT 5o leans Slge (gl 4S5
Gl oS o g

o o] Slelad 5 ol slo o (590 s
Z1 Ol g sy sl 4y 50 45

s ui"):

& Bl

b ol Slabad 5 ol Sl el 599 o
Pl s o (ages

3 5 O3S b JgoS (sl oS5

35955 oLl oo 5

2l VT8 IS sy 5 )5 S
Pl ¢’V.';-.e:f' S5 sy 5 S eSS
Pl DYl s eVl s o8

ol (900 4 (53,93 35 olge Ay g gl )5
1 ol ol ayses

b g (2 g

S NS gl ot

Jr glgl pans

O 2y o il ass

Sz ol (s9d Conds

Slgy0ee Sl piers G5, el

Sy B L e 38015 ol e
o ol oo Sdg 000 s sl oLl 5L
Sy 5l

2 > < v & 6t —

1WA b /W o)lasd /9 sla « )15 ilas § Cublagy aslibad


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

V) Jgaz 50 a5 a0 anulbre Sy Jolge oo
ASb oo oanline LB
O Sl oSy Jalgs (o 039 w5l
el a0 b w51 ST e S, Jelse
LU as aules S,y ob))l geaasin 055,18
Sopp pgar jo |, 095 Ll (V) Jeuz 5l eolazul
ebolid ) b 4> YO 6l S, Jolse
odnlive J;ls 9] o)Lo.&"a deq- I FURRVELY ul“ IR
b acs I S o6 Sn,y am a0l
34 WS san Suggl b o] e 5 sl
el OMT (/\) J9A>
sl (g slacusgaze p gob; Slalllhae (S
3l aua,8 50 dllie pl dedde isu j0 a5 jeb les
slalas 4 cowlus meaj..\muﬂu.'fwdlv

ohBas g 5)98 ol

bast =

(F J592) s banmme sl aviz oLl 5l gy
Sl el S Sy ) Sin S o e
Sty Baeze gla a1 G pa Sty el e
S5l oz SedlS )l gy a5 xS
S S xS CehlB) SIS Sy 30 pursas 3
o 1 b bl (SandlS Ko 306 = sy JLoz ¢
Lo o ae soled gl oae (plas a5 aule
3k (oo oaalive BB () Jguxr )0 ¢ (Fum

SoS a4 oads plwlid s au> gui Cuglyl sl
LG ad adss lobid )5 ) bl cooledn (B,
dmlie (ogaz )3 1) 355 Sl (1) Jeozr 5l oolinul
Jsoz o a5 a8 Gl Sy else Sl G (o
Sl 00l ooy isles ()

Sy Jolge anslio o Glulin )5 )l 4y azgi b
Ol 9 S5 (25 Slalie mile (7 Jgo2)
O38 4zl 50wl b (CR=0.006) o (5,550t

o ) bz by A SIS iy 4wy —(B8) Jgur

¥ ¥ ¥

Y £ ¥ 5 ¥ WY
4 ¥ \ 5 ¥ Yy
Yy Yo ) 5 v VE
Yy Yy ) A ¥ v
Ye ¥ ) 5 5 Yy
Ye ¥ \ ¥ 5 Y'Y
vs YA ) v ¥ 0
\ Y¥ \ ¥ ¥ \
\ Y¥ \ ¥ ¥ ¥
\ Y¥ ¥ ¥ \ Ve
0 Y¥ \ ¥ ¥ A
8 il ) v Y A
Yy Y \ 5 \ "
¥r V6 \ Y ¥ Yy
Yr \$ \ Y ¥ Yo
Yo Vo | 5 Y %

1WQA Jal /W o)laid /9 sla « )5 (gl g Cublagy asliling

\ \Y- ¥ 4 o Y\
\ VY- ¥ A o "
¥ as Y A 2 5
f % ¥ o 2 Vo
¥ % ¥ o 5 \$
5 A f o € ¥
$ A v 5 A ve
5 A Y o A YA
5 A Y o A ¥
\ Yo Y o o YA
R vy Y 5 12 WY
AR \Al Y 4 4 AR
" VY ¥ v A ¥a
V¥ 7Y Y Y \ Yo
Vo $ ¥ o t \
\$ % v £ v W
\# [\ 4 Y ¥ \ \id
A ot $ ¥ ¥ Y.

Poy


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

SHB 3)330) P (ATe ) bass (sla Gy (s3dy Saglgl § (b))

Sy Jolge dmmliio 33 lulid )5 olEays —(#) Jgur

WM WM
SM WM
SM SM
JE JE

WM EQ
JE JE
JE JE
SM JE
JE JE

WM EQ

WM EQ

WM WM
JE JE

WM EQ
SM WM
EQ EQ

JE \
EQ Y
JE v
JE f
EQ )
JE $
JE %
WM A
JE Q
EQ \e
JE 1
JE Y
JE VY
WM i
EQ V0
JE \#

Sy Jolge (o (939 = (V) Jgazr

VAN -,raf

P e e Sl ) Esose (nl oges
OMD & po g g W,S (Byme Sy (2l w8
a5ile (655 el sl o) il 990 ()
2 0)S dpog 1) Sy )l sle Gbs, L AHP
Slp AHP og, 5l a5 ol 1 ogdle 5 ol asllae
Seasy bl e Sy Jelse w2 s
)ﬁ)ewpx&éﬁ)ﬂ)o%m&oom1
9 Sy elss G 7y Slanlie yo 5 Glulis )8
G955 3l Sy Jalss 51 So 5o rend 0 e o
sl 00 485 000 (538
@ Cowles Cusgame (05 Siby e
el Gog (g e 4 glad SzeS slallas
Aol sl goloiin hsy 50 (S5 S,
5 b Sl llse G 0 po O)ge 4 S 0e
Hu a5 jsb olas ol osliinl Sy Jolse 555 oz

PoV

-fro e 039

WSewy sl Gjy AT pae WSS
Ly o Sy 5] (o0 Sy 5l ot
Suglgl &5 sl 65 @ Lo (] Sty Sae (09 Koo
Sad 58,5 a0 S axlge wo s bl e T o
oolizsl b )] g8y Jloiml 5 Gy bauzmo &) ]
Coald pae (18,55 Sl o g alad gl b
sohie 4 dslllas cpl jo 0l o lolin IS L s
Seay 2ol Shay 3l e Cudgaze (ol G3ges Bk
Wz SRS e 5 S5 050, 2 e ol
A eolazwl dasls
0 O Sy 2l a3 ety Slalllas
Coglsl 5 2l 4 jo (lulis IS glad as was
Nouri a5 5,6k 4 3,0 ol 00 s, o
LYY Jlo o a8 Gl dlas ;o (V) o) Ken

1WA b /W s)lad /9 sla « )5 ¢ian) g Cublagy asliling


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

ohBas g 5)98 ol

o) o s dr (658 (guds 4y —(A) Jgu

wiS el £939 Jlozx| Sloas iz o)l

ok Ay o)l D .
(Score(R;)) (Ri) S S 03¢
1 1.782 (4.06,5.06,6.06)
2 1.7729 (3.82,4.82,5.82)
3 1.7694 (3.73,4.73,5.73)
3 1.7694 (3.73,4.73,5.73)
3 1.7694 (3.73,4.73,5.73)
6 1.7595 (3.30,4.12,5.12)
7 1.7551 (3.21,4.03,5.03)
8 1.7497 (3.27,4.27,5.27)
8 1.7497 (3.27,4.27,5.27)
10 1.7466 (3.21,4.21,5.21)
11 1.7424 (3.12,4.12,5.12)
12 1.7392 (3.06,4.06,5.06)
12 1.7392 (3.06,4.06,5.06)
14 1.7379 (2.88,3.70,4.70)
15 1.7344 (2.82,3.64,4.64)
16 1.7313 (2.91,3.91,4.91)
16 1.7313 (2.91,3.91,4.91)
18 1.7192 (2.70,3.70,4.70)
19 1.7155 (2.63,3.63,4.63)
20 1.7078 (2.39,3.21,4.21)
21 1.6998 (2.39,3.39,4.39)
22 1.687 (2.21,3.21,4.21)
23 1.6732 (2.03,3.03,4.03)
24 1.6551 (1.81,2.81,3.81)
25 1.6523 (1.78,2.78,3.78)
26 1.6414 (1.60,2.42,3.42)
27 1.6412 (1.66,2.66,3.66)
28 1.6284 (1.54,2.54,3.54)
29 1.5947 (1.24,2.24,3.24)
29 1.5947 (1.24,2.24,3.24)
29 1.5947 (1.24,2.24,3.24)
32 1.5869 (1.18,2.18,3.18)
33 1.5576 (0.96,1.96,2.96)
34 1.5395 (0.85,1.85,2.85)
34 1.5395 (0.85,1.85,2.85)

31 el oals plsil YV P JLo jo a5 (YO) Omidvari
Jelse e (2 035 sln Chang aswgs 5T s,
alox 5l aagline Sldlae ;o Ll .oy 5 oolanl Sy
03y oy o Buckley g, 51 (YY) L,Ken 5 Hu
< FYO s e b S s Jele cadlas o) ol
Jls ;5 (¥%) Ekmekgioglu 5 Kutlu ledlas sibos
Omidvar 4 Y+\# Jls ;o (Y)Guneri 4 Gul Y- \Y
= 539 2y Ot Vo VY Lo o (V) Nirumand
Hu aslas ;o a5 cosl (53 LB ols plaisl ogs 4,
5 Rahmani asdllae 4 Y4+ Jlo ,0 (YY) |, 4

1WA 10 /W a)laid /9 sla ¢ )5 (ies) § Cublagy aslilnd

VL VH MH 6
L VH M 31
VL M VH 24
VL M VH 28
VL M VH 30
N M H 14
N VH ML 7
VL MH MH 17
VL MH MH 19
ML MH M 21
L L VH 29
L M MH 15
L M MH 16
N M MH 22
N H ML 27
VL ML H 13
VL ML H 26
L L H 25
L M M 18
N H L 8
ML M ML 4
L M ML 2
VL M ML 32
L ML ML 5
L M L 12
N M L 9
VL L M 33
MH L L 20
VL L ML 1
VL L ML 3
VL L ML 34
VL M VL 11
L ML VL 10
VL VL ML 23
VL VL ML 35

9 ez Gy 3l Ve Jle 3 5 (VY) ol e
230,5 oolatwl 595 axlllas gl «Sus; Jolse
O O)9 AP pas Cudgazme (33,5 Byl sl
ol FAHP 5l golerig (hgy 50 «Smy sbajlne
aloz 3ol eolaiwl Sy ol o (29 (9
5 (YY) Buckley _%g, 4 ol oo FAHP la s,
G99y b9y 90 0,5 o Ll (YY) Chang axwgs 5JUT
ookl (goblyj Clallas o a5 asily oo 0,05 1 slo
Omidvar ailes Sldlas g asllas cpl jo 0l oays 5
s Rahmani 4 Y-\V JlLs ;o (YF) Nirumand

PoA


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

) 3)530) 1 (Ao () bans (sla Gy (533 Clgl § (L))

Sy ady conl o8 aS eolpiiny hg, 3l eslaiwl b Ll
Az 90 cpl S e 1) s s sl S, 5
4 sl W8 4 Wl Sglite (ga Suglgl A5)1 Il
Sedlad Sbl 4 sl (Bl g Eu; (G baore 4
s> 4 |y sai Caglyl pd a4l Gl G Cend
Colled bl 4SS g Bpae dos Ll ol plaisl

28,5 )18 gan Coglsl e A o e 9,055 005

SyS axmis =

G aglsl 9 (bl Gl sy, asdllas opl 5o
Rl (ohyy jshie 4 g e gla S,
Sebie 4wl 0au0 T slpiiny (S sl g,
Ry A Camd golpiien (g, P ool plas
aalaie S gy e sla ;i...,_;.) «SedS” sl
9y 9 S g,y Jawg 5 g cdi (g5l0 5 0y
ol lis bl i )S I8 )y 950 (soleiiay
sl gy lo Codgame aile, Jlas 4 g a5
«glad J:-DS slalas 4 Covnlus dlos )'I SIS
Pyl S 5l (295 Sy wle ul LSS
Ll gy cOlwlicd, IS Hlas o coalad pae 38 55 LS
Ui Oloy SeedlS sl (g 4o S (g0lgidn by,
s ;i.,..l) ¥ 5'3‘5 ad, Sl )olé Lol a)lo )L,.‘ Y
by crl el S8 Ll 0 e 1) iy Jaore
o Caglgl 9 Qb lp el SO sla gaie g
b = l)b}..,.; 1) Culoge g ‘5;.0.11 sl d.,..,.l)

Poq

= 039 Oy o VoV Jle yo (YO) Omidvari
w2l polaisl gsdy Jlail Jole 4y Sy Jelse
Shasm < ¥AF i 39 b Jele ol addllas ol o L
Bl olasl ogx 4yl pgo ad; woals Jule
YAV Lo 5o (FY) ol ) en g Hosseini lallas 4o
N0 Jlo jo (FA) o,en 5 Ghaderi (o> o2 4
S5 g, 5 eoliitul b Sy (o Zugll a5
b el 595 o &5 (KB OB wdgs ol plosl
S5 e 2 sl ol (Sogll alez | (s Lo
ey b slo acz Caglgl (VL 0 008 e
& S Dol udys s adlbo ol o .85 18
b9y 5 coewlio DSE 295 v D925 pue e
Cogdgl (YL VVAY e gan ad, o3l b solerins
ols olaizl ags 4y ool Slolid au> YO oo o )
3 Semy ol Caglyl jao j0 Wb e
Sy golpiinn Slaladl aloz 510,35 )18 o o s
Lol e ¢ ) b Az pl S halS
Sligle;T plool 5 cslie SN i ginnes >,
1085 ol azg 5hls 5,5 o Ll LSl § T plae
g Bran (S Lome slo iz (ST b,
G 9 S, i w9 1 9,095 00 5 Culled LIS o
AL Gl Gl et Ced el s 4wl
Obew ok Soglsl (2 FYL 5 LSy SeadS St
Sear)y ala g plp Sde 4 Sl moly o5 ol
Ot G Caglsl ¢ Sy b aiz 50 (nl S
Bl o ydy Bl SIS g Sl eoliiul b g

1A sl /W o)ladd /9 sla ¢ )(5 (lel g Cublagy aslibod


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

10.

11.

12.

REFERENCES
Jozi S, Esmat Saatloo S, Javan Z. Environmental
Risk Assessment of the Olefin plant in Arya Sasol
Petrochemical Complex using Fault Tree Analysis
Method. Iranian Journal of Health and Environment.
2014;7(3):385-98. [Persian]
Brauer RL, Mohammadfam (Trans.) I, Mirzaei
Aliabadi (Trans.) M. Safety and health for engineers:
Fanavaran; 2016. [Persian]
Ghosh S, Jintanapakanont J. Identifying and assessing
the critical risk factors in an underground rail project
in Thailand: a factor analysis approach. International
Journal of Project Management. 2004;22(8):633-43.
Chapman C, Ward S. Project risk management:
processes, techniques, and insights: Wiley; 2003.
Braglia M, Bevilacqua M. Fuzzy modelling and
analytical hierarchy processing as a means of
quantifying risk levels associated with failure
modes in production systems. Technology, Law and
Insurance. 2000;5(3-4):125-34.
Grassi A, Gamberini R, Mora C, Rimini B. A
fuzzy multi-attribute model for risk evaluation in
workplaces. Safety Science. 2009;47(5):707-16.
Nilsen T, Aven T. Models and model uncertainty in
the context of risk analysis. Reliability Engineering &
System Safety. 2003;79(3):309-17.
Zadeh LA. Fuzzy sets. Information and Control.
1965;8(3):338-53.
Kang J, Liang W, Zhang L, Lu Z, Liu D, Yin W, et al.
A new risk evaluation method for oil storage tank
zones based on the theory of two types of hazards.
Journal of Loss Prevention in the Process Industries.
2014;29:267-76.
Lavasani SM, Ramzali N, Sabzalipour E Akyuz E.
Utilisation of Fuzzy Fault Tree Analysis (FFTA) for
quantified risk analysis of leakage in abandoned
oil and natural-gas wells. Ocean Engineering.
2015;108:729-37.
Alidoosti A, Jamshidi A, Yakhchali S, Basiri M, Azizi
R, Yazdani-Chamzini A. Fuzzy logic for pipelines
risk assessment. Management Science Letters.
2012;2(5):1707-16.
Nouri J, Omidvari M, Tehrani S. Risk Assessment
and Crisis Management in Gas Stations. International
Journal of Environmental Research. 2010;4(1):143-

1WGA jaals /W ayladis /9 ala « )(5 iyl § Cuiblagy aslibng

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ohBas g 5)98 ol

52.

Omidvari M, Mansouri N. Fire and spillage risk
assessment pattern in scientific laboratories.
International Journal of Occupational Hygiene.
2015;6(2):68-74.

Fazlollah A, Mohammadfam I, HadgiParvaneh MJ,
Omidvari M. Introducing a method for Health, Safety
and Environmental (HSE) risk assessment, using
multi-criteria decision making (MCDM) techniques:
a case study in power plant construction. jhsw.
2014;4(1):55-64. [Persian]

Heydari M, Omidvari M, Fam IM. Presenting of a
material exposure health risk assessment model in Oil
and Gas Industries (case study: Pars Economic and
Energy Region). jhsw. 2014;3(4):11-22. [Persian]
Saaty TL. A scaling method for priorities in
hierarchical structures. Journal of Mathematical
Psychology. 1977;15(3):234-81.

Othman MR, Idris R, Hassim MH, Ibrahim
WHW. Prioritizing HAZOP analysis using analytic
hierarchy process (AHP). Clean Technologies and
Environmental Policy. 2016;18(5):1345-60.

Lavasani SMM, Wang J, Yang Z, Finlay ]. Application
of MADM in a fuzzy environment for selecting the
best barrier for offshore wells. Expert Systems with
Applications. 2012;39(3):2466-78.

Gul M, Guneri AE A fuzzy multi criteria risk
assessment based on decision matrix technique: A
case study for aluminum industry. Journal of Loss
Prevention in the Process Industries. 2016;40:89-100.
Cheraghi M, Eslami Baladeh A, Khakzad N. A fuzzy
multi-attribute HAZOP technique (FMA-HAZOP):
Application to gas wellhead facilities. Safety Science.
2019;114:12-22.

Kaya T, Kahraman C. An integrated fuzzy AHP-
ELECTRE methodology for environmental impact
assessment. Expert Systems with Applications.
2011;38(7):8553-62.

Omidvari m, Shahbazi D. Assessing and Prioritizing
Health Safety and Environment Risk in Hospitals
(Case Study: Shahid Beheshti University of Medical
Sciences). medilam. 2016;24(1):43-54. [Persian]
Cheraghi M, Omidvar B, Eslami-Baladeh AA, Jafari
HR, Younesi AM. Corrective Actions Selection in the

Safety Risk Management Process Using Mathematical


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

) 3)530) 1 (Ao () bans (sla Gy (533 Clgl § (L))

24.

25.

26.

27.

28.

29.

30.

3L

32.

Modeling. jhsw. 2018;8(3):283-98. [Persian]

Chen S-M, Chen J-H. Fuzzy risk analysis based on
ranking generalized fuzzy numbers with different
heights and different spreads. Expert Systems with
Applications. 2009;36(3, Part 2):6833-42.

Yager RR, editor Ranking fuzzy subsets over the
unit interval. Decision and Control including the
17th Symposium on Adaptive Processes, 1978 IEEE
Conference on; 1979: IEEE.

Chen S-M. A Knowledge-Based Method for
Fuzzy Query Processing for Document Retrieval.
Cybernetics and Systems. 1997;28(1):99-119.

Chen S-J, Chen S-M. A New Method for Handling
Multicriteria Fuzzy Decision-Making Problems
Using Fn-Iowa Operators. Cybernetics and Systems.
2003;34(2):109-37.

Cheng C-H. A new approach for ranking fuzzy
numbers by distance method. Fuzzy Sets and Systems.
1998;95(3):307-17.

Pedrycz W, Gomide E An introduction to fuzzy sets:
analysis and design: Mit Press; 1998.

Saaty TL. The analytic hierarchy process. New York:
MacGraw-Hill; 1980.

Chang D-Y. Applications of the extent analysis method
on fuzzy AHP. European journal of operational
research. 1996;95(3):649-55.

Hu AH, Hsu C-W, Kuo T-C, Wu W-C. Risk evaluation

of green components to hazardous substance using

Pl

33.

34.

35.

36.

37.

38.

FMEA and FAHP. Expert Systems with Applications.
2009;36(3):7142-7.

Buckley JJ. Fuzzy hierarchical analysis. Fuzzy Sets and
Systems. 1985;17(3):233-47.

Omidvar M, Nirumand E Risk assessment using
FMEA method and on the basis of MCDM, fuzzy
logic and grey theory: A case study of overhead
cranes. jhsw. 2017;7(1):63-76. [Persian]

Rahmani S, Omidvari M. Assessing safety risk in
electricity distribution processes using ET & BA
improved technique and its ranking by VIKOR
and TOPSIS models in fuzzy environment. jhsw.
2016;6(1):1-12. [Persian]

Kutlu AC, Ekmekgioglu M. Fuzzy failure modes
and effects analysis by using fuzzy TOPSIS-based
fuzzy AHP. Expert Systems with Applications.
2012;39(1):61-7.

Hosseini H, Dana T, Arjmandi R, Shirianpour L
Environmental Risk management For Construction
phase of Oil Fields Platforms (Case study construction
phase of Reshadat oil field). Human & Environment.
2012;10(22):33-53. [Persian]

Ghaderi S, Rahimi A, Hedayatifar M, Arab Najafi
SM. Environmental risk management and assessment
of Tehran urban &amp; suburban metro by using
EFMEA method (Case study: Sadeghieh terminal).
Journal of Environmental Science and Technology.
2015;17(2):61-71. [Persian]

1WA b /W o)lasd /9 sla « )15 ilas § Cublagy aslibad


http://jhsw.tums.ac.ir/article-1-6166-fa.html

Downloaded from jhsw.tums.ac.ir at 10:44 IRDT on Friday April 10th 2020

Journal of Health and Safety at Work Volume 9, Issue 3, Autumn 2019

A hybrid fuzzy MADM model for environmental risk assessment:
A case of an oil and gas exploitation area

Hedayat Noori', Morteza Cheraghi**, Aliakbar Eslami Baladeh®

1 Department of Health, Safety and Environment (HSE), National Iranian Oil Company (NIOC), Tehran, Iran.

2 Department of Health, Safety and Environment (HSE), School of Environment, College of Engineering,
University of Tehran, Tehran, Iran.

3 Department of Industrial Engineering and Management System, Amirkabir University of Technology,
Tehran, Iran.

*Corresponding Author Email: cheragi@ut.ac.ir
Received: 2018-09-07, accepted: 2018-11-27

ABSTRACT

Introduction: Evaluating environmental risks in the oil and gas industry is essential to prevent irreparable
damage to the environment. Using classical methods for prioritizing environmental risks does not achieve
high-reliable results. Therefore, the aim of this study is to minimize the limitations of classical methods in
a typical oil and gas production zone, by using fuzzy logic and Multi Attribute Decision Making (MADM)
approach.

Material and Methods: After forming an identification and assessment team including experienced
experts from different organizational units in a region of exploitation of oil and gas, values of each risk
factor (likelihood of occurrence, severity and detectability) related to identified environmental risks are
determined according to their qualitative opinions represented by linguistic variables. Relative weights
of the risk factors are calculated by applying the group Analytic Hierarchy Process (AHP) in a fuzzy
environment on expert opinions. Then, fuzzy aggregation in the linear form by considering the weight of
the risk factors and a method that is developed based on the center of gravity are employed in evaluation
and ranking of the risks.

Results: In this study, the severity factor has the most important contribution in risk assessment compared
to the other risk factors, since it has the highest relative weight. Raw sewage aspect resulted from absence
of appropriate treatment system has the highest priority and spilling over of acid that is caused by chiller
cleaning stands at the second position in the identified environmental risks.

Conclusion: The results demonstrate that although the proposed methodology requires greater time
than classical methods, it is able to determine the risk ranking more practically because of minimizing the
limitations of classical methods: high sensitivity to judgmental errors, considering some risks in the same
index group and ignoring uncertainty in experts’ opinions. Proposed method is a proper alternative for
classical environmental risk assessment technique, and capable of prioritization and evaluation risks in
terms of safety and health.
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