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ABSTRACT

Water supply networks are considered one of the most vital infrastructures of a country, as they fulfill the
fundamental biological needs of humans, industries, and urban centers. Even a short-term disruption in
their performance can lead to severe economic and social consequences due to their critical role in
national interests. Therefore, it is essential to assess and enhance the resilience of these networks in order
to ensure a sustainable water supply during various crises and emergency situations, and to assist water
and wastewater companies in adopting optimal strategies to improve network resilience. In line with this

objective, the present study aims to develop a hybrid resilience model for water distribution networks by
integrating the ERASMUS and IRAM frameworks. To evaluate the resilience of a critical choke point in the
water distribution network of Babol City, assets were categorized into two main groups: reservoirs and
pipelines. Through questionnaires and interviews with civil defense experts and specialists from the
Mazandaran Water and Wastewater Company, potential disruption scenarios were identified for each
selected asset After defining the evaluation components and indicators, data analysis was conducted to

assess the current resilience status (RDR) of the selected zone. The results indicated that the existing
resilience level is insufficient. Based on the applied scenarios, a significant portion of the water being
transported in this zone is classified as non-revenue water. Additionally, due to the aging infrastructure, the
critical choke point is highly vulnerable to threats such as deterioration and pressure fluctuations Based on

field observations, several solutions were proposed to enhance both the capacity and sub-capacities of the
system, thereby increasing the overall resilience of the network. Following the implementation of these
measures, a re-assessment revealed a notable improvement in the resilience level of the zone.

Keywords: Resilience Assessment, Passive Defense, Water Distribution Nnetwork, IRAM, ERASMUS

This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY)
license.

Publisher: Imam Hussein University @ Authors

* Corresponding Author Email: nekooie@mut.ac.ir

Archive of SID.ir


https://creativecommons.org/licenses/by/4.0/
https://pd.ihu.ac.ir/article_208820.html
https://orcid.org/0009-0003-0313-8224

Archive of SID.ir

A .

57’:‘;:'4 J U{’M ":

90 ,ug,,?ﬂ, b

- - :(Hdb):\fofuf/ﬁfuhﬁ:/ub
Ll . v

PAA--A- ¥ 1S9 Sl Ll | V- - A-FAEQ soals (sl
iR 33— sele

GHA (3w )T aSiub ) (69Tl (S 25 Jdw (12933

L b 15394 dallow

. . *Y ¢ . w \ w .
PO S L N L S T LS R PR VE TRV YRV E TR IV 3
DOR: 20.1001.1.20086849.1404.16.2.8.4

VECELVY el b VEYNATY il gl
VEE/ BT el b VEYNY0 16,555k gl

oJ.;_S%

258 Gl ol b 51 (S 5150 g alio 5 sl s L3l (e oS el larets Gl yol (slaaSid &Sl 4 4z L
wlbaidl )0 oz cowlay e b @il o Sl LKl rils o 4 oyl o Slee ;o GowolieS wiz o DS g ool Cgusns
g cidizs slaglo ;o ol 4 ol (g yiss 5| Glabl jslaten; waSd (nl (6510l gelaw i) g 251 (o 195 00 dmelx el
Sl 0355 45 (5,51l s Sl g ] S 5 sl it sla ] 351 4 S rias 5 (5t 55515 Ll
ERASMUSHRAM Jas 55 5l 0asisasd S5y o] asish a5emds oy5hl oS5 Jhe i eyl iyl B Ll e 45 ol
bylas 5 (550 a9 4 | ool ol (bl s ©F mjer a5l (SIS angy S )5l (o sl & 0jpanl 4 oo
i 3 53 sl 4 Slyaiile slal laaiia s Jale o 428l 5 5 b eilnn 5 daliisy S5 & s 5 055 oS o)
Ssge g0 iyl 5 ool Jelod a2y slo el s adlie (e ) ey 0 e 0T b elite Jlazal slagy L condols]
ool o g ablai ]y o3 Srslols gy b Cox by wms o lid o] Cewdy ls ol as sy Jlais 90 iy (RDR) Sl
0 25 elS angy o ol jls oby Cwend Lo 4y poren el Bl ys ess o D aigy cpl JESH Gl adae poe gy L
255 Syl sl 2le) S, cShae wajl S 4y g e Sl sl iyl JLaS ST g (Sogus 8 Jlaiml wlagags
Jlatl 1 oy ity il ol Sl 0035 olgiiny utls aalys Lo a1, a5 (850l S b (il 45 Lncd b

b oo sanlie LB (5,510l Lol da Sl

ERASMUS dRAM (ol w595 aSis ¢ Jole yu aidlay (5,510l ob;,l v Slgauds

Al e s sl Slo tars oSl ¢ ke pud axdlay 5 owige (BEEINS maiizms o7 Ca ke 05| ol 15"
Jsins o0ay 5 -(NEKOOIE@MULAC.T) 1l e 5 5l o taro oKl ¢ Jole b aily 5 swiigeo (BIEEINS matizea ¢y Loils’
Sl e s sl o ctaro olKils ¢ ol pd wily 5 cwiige LIS matzes ¢ bobial |

el 005 55365 Creative Commons Attribution (CC BY) jsze tales g bl 5 o a5 col oljT o s b allie G allis oyl =
BY

Koz (©) (&) o pld s oS8l 15806

Archive of SID.ir


https://pd.ihu.ac.ir/article_208819.html
https://orcid.org/0009-0003-0313-8224

e gy zs

Archive of SID.ir

1FeF Ll oY o)lods (0 LS Jlw € Jole jud aslog»

Yoo

sty Sl Enle, gz o RS aleyas il
Slesbon; 6slols Gl b coitis alal) a5 Jole 2
o ol gy sl s ,o g ylols Dyl Al e w0yl
gy b aalsPl s blie ;5 4l Cnglie Ul sline
Cdil) amazr Ll 8 b Gndsd (Qdm od b)) S P
PS5l G @l 4 (aide Ce s 5 (G i 3Lkl
gy om0 9,0l VPl adlb e (ndyesy s b
Ul 5 o slaaely 5 ol sl (Sobel @504 (s
oS o ltie 5 SLSU Slpss 5l Johee 5 oot 2Lk sl
L Lo ye oloas 5 ol qjg a5 gomo o ,8koe gl 65k

Dol sy ol o
Ga9lols IS, slocad s 5 g byl (V) U3

Lol oamlive b8 cl s

Y sl

G iyeilladd AT \/5
sl © ) T gpica
e g ianas

(V9] 5l b b Lo 15 e L 501) JS

slats, egas 3 oalplxil Cldllas (gw)p 4 A5 (ol 5o
el oo Ba Sl ol &=y sleas s Sl el
Sleles slaplS 5 wlasuin caindplis (V) JSb Guizmen
Al oo Lo e, cnl 5l S 2
Ol 4 055 adlia o V] S 5 ey Lioyule
adily il po dpao et Ol aSd (S e 6 9lols
Ol g A yrand (sl (Alise slal il 5wl
903,5 (53lwas EPANET o ol aslids ol a5 S iy ya5
ool g WNTR 0l 0,lg WNTR oS 50 (635,9 (lgieds pumw

s ALl g aBlian wgi oz sleaSd 5,553

doddo —)

s Fa Olyiedn 088 e Sl slagl b g lacsla )
9 oalo J.».S_Mu ‘) )9_.“.5 ;S_> ulj_.ns Q}’“"‘" 9 Lmul.\.u (ABS 0
u’.l_.a‘ KW u‘}..cdu u..:l.’z-.u‘ le).t 60[;) )L..w.a &.A.o.l‘u\? o)‘yo.b
ul—MAJ Lc:o\..ub &‘5‘“ 0)5)_4l as 6‘@;4_! Ailewd ales
Locbo nj oml 4 Bshane Slaags pow 99 5l e a0
Irval st .

2Ol g 5 (B sla Samn e e b
¥ SIS pythe o Glsiea 55106 (Sl Sl
Locsluw ) opl &5 Gl ay ol ol ke 3! slo Jlu
ol eyl on Jal b 0 995 slac Il pglos ol
10 ¥ astn 5510l Gl sl 5o 5 g o120 ,Sa)
3 laegorme b) (ol P S5l 0 cilo ) 65510
3Bl leyiae 9 (S0 S LialS SUle (ol
)_>‘).> B \MBLM - 05)1_4‘- aS el J“‘oA-o‘ Q)S.Lo.i‘- a.la_...v
Jolds 55 1) i 3 Bl 5 @ S5t «Dlogs

Cilo ) gladilelu 5l cidu oleeas Sle ol slaabl
5 b L 5l o o] 58 b o] &S it Sl
SNy Sodel 5 g0l e u‘).ul.: OALS Py D0lg> b
e aSed S ek [V 8] cils aales s s Lilul g
o S22) (600 (Sl y ol a3l 652 S5 lgreds O
oads JSad (ol ol)lo) saliswe yolic g slizl 5l as (oouzen
LAl o8 (oyme olgiion

o3, e Jslse 5l T amje slaaSd Syl ez g b
9 Sl 05gs Lm)e,w )0 (P9 S 9 69@\ ..\.«i‘:) 4LS.CL<).~’>‘
WDl 518 STy (oo Dl By )0 sy eizred
e 756 o 4 aSd ol s o Slos Laa> ol ol
el aS Lanl Ga e asam>g b pope dwul g codl 5
oo il b sllhe) ca S ¢ oJlw ol SLS polis
Wbl oo GBS, ae 4y G lise byl S o (ol
S 00g) Lbd)‘b)e(.u 9 lAJ.Q(u ‘;v&‘ 6[1&49;)&0 )l LSi" o)‘j..o.b
Iyv, vy v Al

5 emeb a5l 3l ojls als slal, Al

Archive of SID.ir



Archive of SID.ir

1+ ek 515 (ools g (S555 ewaoma ygpuiems 185 il e 159 90 axlllan (5 e (Sl yoT A 45 (559TOL (o 5 St g

5 Sl bl 2 1) s Sy wiz a5 6,5l0b S e
ol 10y 0,5 0 50 Ol 58 Sl (S
A dgup 4 ResiWater o35, 50 [VV] () Ken ¢ ,Lo ol
i (6yslols Gl 5 4 ;i Coal (gl potie
Slagogs b a5 Ol a8 bbb 4y genly g )l g Sy
sbaredn a8 ols LS 039 (ol gl Aiad g g oo
Syl g (A3 L Ol ciS g5 g (et
Yo 2l L sl Sz anssi 5 55510l w5z )lr 2 cnlise
S

Jlosgan 2 5l slina [YY] o) 5 oo S3gSs
) GRA) Slez )51l Jalow 0,505, Sy ot Sean
=l 9 i 655l oo, GRA Giua Laisls slyrias
L polee) cle (slo) wagd @ axgi (g Jloil o5 >
oiulasl Gl gy ol il (A3 Ly ()5 casliat
sy i lise sla Sy b ool @i et sz 6910l
(Olge 35 5 LSl cLolis ) ConSt) Jamo cunsds cl>
Sy 5 6slols Ll 45 wms e i gl b eolizul
1550 el 4 i |y 5l sl S S
@l Sl S s )b al5 8 g 00l rals
Sl 3l 4 Lyl 5 ) e

Gy St 4 w055 Gaagiy 5o (VY] San 5 (5 81 92
a5l 2l sl s (ERASMUS) ol (g jlovarn s
lasgorma ool (g) Gl 3 ol 220 O @8 slaass
Pl ae Sese sl g 00,5 sbml I CunSs glag Lo )
2slise s ) (ol sloat 3o s 0 Shos (55106
a3l ead ganedSiwl 4l oo S a5 Sjg0 opl @
solie (o yee ) 50 Sliise «helod (sl (Bl O e
o=l (P8 0 S oo, e Sl ) e g9 Sy il
slaoling; (5) g 98y Syl oS Sl g cnl & o,
b e 0508 gl b (s b il (o aiile (oanb o P
G BB jebe 3l 65 Oyt laslayg, (s

e o 7y 0k )..;L L sbolasg, 5l
s oyl —¥-)

sleaSs 5,510l o)) sl ouaie Gla by, oSt

51 ool ladllas 5 Lo pus s Lol sl ozl ) s, o

5 ptd =B ool gy 4 5L o>y g (A3 ele ple

ols oyl bt ass,S Al wol Sloas ay laig e
Swod dlayl ) 2lai soles jo a3l ol ilidl as Jb o
Sy S oo s ooy 455 5 e b St

35 LAl )3 ;i g yesd sl 4 Jlo Laulyd o

‘SJLM:L.M: A Ly < Az 3‘5 o fd)_.a.n )Lla.u‘

Sl ploj caledys 5 wmS oy ad 4l n iy
Joee g 0jled wlasi 5 g )l ;o 50 Jloy Sl 4y s
ol 00yt g5l B 40 edsdcamw] slaaly)

slaig, 5l eslawl L VAL ())1Ke 5 (ssle o
J—5 GlojH eS > slaaddie loj ) &5 > Jloxa Jlos
Jla (a3l 4 az g s s 5051 s @ 1) o8 Jlas
5 428,518 Sliae (5 )hladl (Glo ol dlsie iansle Lo 50 o]
(g ol 4 ax g b b )] 6 slol il slaISal,
I Tt g )P s LS oy Sl pesi 5 S
bz by s pdyaaml (28,5005 Lol o el cus
ol el g ol sl ol sloasls 5 s5e505 )
JOMPREIT RIS AT

S @l wazilr o DAl sen 5 5 s
A Ll s o mis sleald ol a5z Jlles
o e Sl 55l g Laady) ol woly> 288
iy Fldes ozla L sile 1ed )0 f mish sleass
aglie 5 (2 5y3l0b 3Tl GBS g 0d )l el
s

Slm R) 6,510l pasls S [Y-] L5 5 g Mowus
oS el a0 p0 Jol> a5 ool sty ol e S
e ) el aleas iy il oo 5 0,5kt o
RU JCOUCT g GOSN [P PO S PRI PN JU 3
5 Olisaslig 4 R) sl (sl 4 wmo o (Lt e
S a1, WDN 5y o Shae b 03,5 oSS lciigs
5,128 Jo8 bl gl b O 5l pme slols il (1) <ol
bl ga s sy, S5l e sl anT B (V) g cuiS
35505y o dnng 45k ST LDV T Ko 5 sl o]
i)l Sl espslols b slayl (28,5 iy Ly sl
sboosz)lr jlesliul 5 352s Jdo 4 la WDN (55106

Loz ;o Les 45 Lo WDN (s3luad slo b, asle

So sl d 093 imgh 0 Wiyl S 65 (6,510l ol

Archive of SID.ir



Archive of SID.ir

VPP (bl oY o )losds (o0 3l Jlw ¢ Jole pud asdlug»

oY

G (09, Y
axdlaod ygo 00 g0 —V-Y

S ol b s T g8 ol Aty S0 )50 aslllae
wad a8 Salol 3 5l a5 Sldlas ;o cowal ol Jlais
slocusgase an Ly g oodaislis aBl5 agy olgcq
g5 ol 50 el 00 (638 6L X drgy Alie ol ) 39250
poe e (i digy (59l ol 5 (o n sskaten
A5 ol ol @i Ses B wlarine g DMl a4 (oo e

‘slduo u:’ﬁ‘\“ LY QLSS C:L?“I.A.Q:u ) od.m'ol:u‘ 6Lb‘5w)]3 6]0 9

s oo Gl |y LaaSed ol (o))l ez 388 Jlo ey
Lo g )53l s aaejls g s p ounzmy el 35250 sla b,
5 ol (oS ass gl o 4w yiws a5 Sites ola )l
Sllasil Lo gy (il 51 (65l (reized s oy Sl Ly
Slnagd Sl peh) Sluags @lise slag b Ll gl SIS
o i ol 00 5yl s lw ] (el gl g (ands
w2l g A 5yl ol jetiied (Jae (nga
Olise) a0, Sl adlio Lioxiw (e aF cdbaisls
St b3k slaan e 5 ooy Julos 4 (S e (o]

il ol gl 50

oS L ERASMUSHIRAM L Jos 5 oaisass 55 oo 5
5 o g Jole yue aBlay 5 5 5l acliin g dxlas
S PRV E N SRV PR PSP

Syl aw Sl ) &8y 5 Sile O

ey &l 9 au oy S0l
Ju e ) ety S e Y slaosls 3l aslil b oyl
e § S sl sl sl (g st
Vsl plazsl Y S L ResiWater Sob> g0 sl by Y
B SEHS) B SNy e
Aaglls Sr oy cai ¥ e gpleazr ) T PR N
) Gassame ol Y ] sl il RS g
gl JRUP T OO R VDY & ol syl Y Sl 3yl g0 Y
2 syl o el ¥ aols dlSl S ol ¥ Al b ol nbadF s
Sy S et Jeily gl O ey olesbl 5 oS Jo f

@ Sod oy laasls @ Orze g e gyl ey @ Sk oley 5 euSle @
Jbs oy a0 ol gl S b (Sl amlne Y 5 o3 slaodls bl 5y
oaiadst gloasls 5% K slpa 0 a5 ponlie ) aslicl g 4] 6l

: ofles awlie  _F Gy ey wx Ldlg SOy sileoa D :

SMacgsgine b s ; ol CehS ok S sjoly ¥ ; 2 6m ) a dy
gl 8 Slac gy 45 c0dal Cawty ks w13

"
*
£ 4
4§
y. /
Y. /
£ 4

. . . L N Cawdy Al .
s 5 ) b Gk ) ; oy o gl ) b oy ) ‘ O
ol i Y O E) i eSS ailae o ; s
2 g H H . ) : SOy
g | e H sl i . sl !
s Jolind iy ¥ - . di“t“u—‘ . sl esls R
- 5 B s :
Ll (5 sleex ¥ o e \ZF ol S8 LSl
Sodie dubr 0 o e . Slogie Jas gpb ¥ O S WSS
i St gloatsi Jbs ¥ oy dS s
e e glbs ¥ 5 s "y UI“J o i ol e F
o 3 - 2 - R @by sl Jae ey
ol § o ! Sy I
L6 ytslogls) g e S e S -2l sledy) gl L gl
SRt o e GIS T el gkhl

J Y [OWRVR ) o X
S ot F 1 s gy ¥ > e g sl

ady 5 )
.. . N . . e . o
ORCRNON <SS s sl el Sl sl f ;
5 S B ol ambre 0 T
TURI)

Lok oo 5 cuts )
’ ’ ::J 5 il ooy o Y

s g
dihie  gandidb  _f . . .

U 61' o s Jd 5 425 A

P e N s q

et ok sl oty

o) 9 Sl b

BESTEACE G
safsal, W) v
Sl 3 itz
L&yl

Ol mie et 6,510l b)) sl s, 4ods (V) S

Archive of SID.ir



Archive of SID.ir

\-¥ ek 515 (ools g (S555 ewaoma ygpuiems 185 il e 159 90 axlllan (5 e (Sl yoT A 45 (559TOL (o 5 St g

fams oo &) P Gl 4z -

Conz L] S5 a5 Jamo S5 -

Sl plaS PLs| jl puiitos 36 coo () Gl -

e 0 Gl (Sopd s ol Do 0 -
fowl gimwg ax yo ( PLS

Sz sandcawl 60, Shee izl &)l zhw -
Sl

Sae az> Pl gg,lw Ol 516 ,Baslb ey -
Sl

P gl 0 iy (See oz dld -
fowl plas

PSS JalS” (6 ndgcedS 50 o3lituls g0 slo)lne -

ol
bl cbaddse i —Y-Y-Y

e 8 6yslols b)) (S 5 b9y ol =
aalie 95 sl 5510l Sbj,l cg> (ERASMUS+IRAM)
slaan s (bl ;50 st oo ey 2, Shee
BB Ay ln (GplciS p anie 5 ol)) s pdyoais

S slas! bl jes ol aSus
«Silwdnd 5 siludse Gosb I Glioe aadlie ol Dl

93,5 6slaer laasie Sl L 5 slalbuls sl

6291 S5 g2 g0 gy b3yl 9 03l ki —F-Y-¥

(RDR)

S 6,510l gladauia |) PUSl S cus s pdy s p
S eS S510l i slaania b gl b argy 998 oo
sybiedny Sl 2eS glma e b ool b aigy 4 S
).,..L_., Goas jlade 90 Sl oo S9lols slaas ;e 4l
Sl o 05 drle JolS (9052 sl GO 5 aiailols
S slags )l )3 (655l0ls sg2 g0 gdg (2b3) 9 Julow
Glrools Cansly oo cdials (i ya5 g s pgo A5 j0 a5 Jelins

23,5 densloms (b illas (5,510l sloailie 45 by o

Das e ol 1) b el oldlae Cudae ) IS

alzo53te bl

: A N
o ‘ff‘ ‘I‘I
i v ‘j [
,ft{\: -;} |
o
[ ! X !
oy
_:’I T

! Recovery-Dependent Resilience costs

[YF] e s bl cunmdye 1) S5
b gy —T-Y
oS ol &9 slwasls 6)5191-7 bl =S 5 o, '-\-'-‘y‘)3
P 2 obh b oas ol pBapls © g0 4l adlas
25 T & o] B oS i gy dmlyS e ny 68 9,0
]

(L) aigy &y p25 —)-Y-Y

) oy S8 aie A Snnloon Judod o8 (gl 5o
Tl 25 0,190 4 by Lo caigy o jglateds oS by S
1ADO
300l plaS 5 a gy caes JSis glial s -
5 15 aslils ga o Julos
@l 2l S uil g (Soaly (K8 s -

i Sloj e Cpad -
Lb,.l)b.w w).n ) ol | -Y-Y-¥
S (L_.b) y)L_,.u}M‘ J...J.?u a_alo O.Lﬁasua-d.i 419).0 Qﬂl
atine 3,08 o 15U addllaesyge clu ) p a5 IO

1394 o8lo Fwly Wb SYI5w 4 X

Sl Joima SWS 2z -

Archive of SID.ir



Archive of SID.ir

1FeF Ll oY o)lods (p0 LS Jlw ¢ Jole pud aidlag»

\-f

Silwso yuro 1) 0, Sloe mlaw calizes
Norm = fttof ITSP(t)| dt )
:Q—l 4o as
sl Qo Jele :Norm
g JToasl o,Sdee ;TSP
(OR) &t (539106 4y 30 ~¥-¥-0
355 S pdeieiS p JS sloanze @) PUST s gy o o
Dgd oo 4185 Ay (5,910l A ye il o JBlos )

)]

SI+aXTRE
Norm

OR(d,RE,SP(t,)) = mingg
:OT 4o as

d LSl o 6,500l age sloa j» OR

O3 )5S0

olS 3500 gl L3O TRE

yJs oS alal, 4,510l LOR 5 RDR ,lie

Ol s comtuine PS50 algy S5 (59l b amlia jlataa,
SRS p calize glaspal) o Syl laan e
I, RDR oo 'y S 45 (gloasadl| ol yel, .o ,5 onlicul
3 rizen el 00,5 ol 8 ) (6550l Aty S S
99 Alio b & (g0 (53510l sladpe sy Cupen
U RO R S RO B SRR K JOWE?
5 o lal Ll el yo (6,35 asle s adli

91l iyl g g3l b5, -Y-Y-F

O JS2) sl slocud )b 5 g cudyb colis Sl o8
Pt S izmes 5 4ty 510 5] o sl
Locod )b ool colid ogdige (&5 @l 4 ke § )05 o0
aiy 5rslols i)l 5 05 (SisSx sl aletal; (y3zeen
Ivy ve yolask o ()

OLas 1y hegs g Baod ploxil (g (S sles oF) S

‘“"QQLSQ

(S1) Seninns 33T —V-F-¥-¥
Olee D9l i b el i 3 Shoe pp ST oS (roz ]
25 Pl e ol gally 0 Slos 5 argy Jais js0 3 Slos el
dlre S9-b oo s S0l G pdy S p Slej oye0 Job
Lo s iy 5,Shee sl b el o pikins slaslols L35G
23,5 Gl gwlis o, Sles

t

SI={ Of [TSP(t) — SP(t)] M

¢
dtg 133,90 3 Sloe TSP
agy P > 5 Shee 1 SP
(RE/TRE) JolS' 3gutg (612 (O ~Y-Y—F-Y
S Col 6 pin i b 3 s 5 sl 5 oolil
G &b LR 58,5 L ogl e g9 SIS £939 5l g
JolS e basy o5 slym W o5 o0 (RE) (g

TRE = fttof [RE(t)] dt )
JolS 39s0s sl 3 TRE
SrhoiS n sla 6 RE
55 9% 9yl Jold O 5 4t (65510l (oS 5 ko
s g0 lis 1) o 4 atnly (55T ansa

(SRS 4 atls 55510l s () anze ()
o Lot S 48 Sl o (S (55l
S e e () ol IS o 1) Lo s
RDR(d, RE,SP(ty)) = "ot )

d L1 50 5590l Slisl 4 ataly slaas ;o RDR
St 3 S
O)9 L,
JolS 5524 sl M TRE
3w dm o Jsle :Norm
Sl (350 At 5 JolS sk dgege N 00 (e

(sl Eitn o)l g00) Sloan ;55 slodilio 5 orns

! Systemic Impact
2 Target System Performance
® System Performance

Archive of SID.ir



Archive of SID.ir

-0 ek 515 (ools g (S555 ewaoma ygpuiems 185 il e 159 90 axlllan (5 e (Sl yoT A 45 (559TOL (o 5 St g

S gyt g 00 plowil s Slalso
ooliul 390 gl by g b Je 1S plasl

v

ol @9 85 g3l 2l keSS (oS 5 e el

/ e -
|
S e S s ‘
|
— e ! JLid G¥s -1 |
| -| ‘ of codw Y |
IRAM,ERASVIUS ‘ oy ¥
ay;-F ‘
| P ) i -l iy Jeo b ‘
! /
i \ | (g sl iy 33 ¢ 3ls] Y pl5 A‘J e
] | 4 N
| .
. RDR  gbjb s o € > B I r
i it ! @iyl gl il iy yui Yl _'_I ‘ bl el et ‘
\ / ‘
it S5l g g0 gudg b3yl g 00 Julo —F ol wla |8l S b 0
A =y — N | | TRE Sgute gl p W LB
i (I _ S . ) .
; A o w3l 629106 <) g 5,8k (b3 -0pE ! i
| elelgbewd b glubs | :
! . |
i i iy |<_ | i i)l gbasls ‘
.. |
' Ls,v»ve»hwsrbf : —_————y— — — ] ! 351 i 8 Sl - [
[ SpicuiSy Cdsl - ! \ SRSy gloj Y i
\ J i S p e =¥ |
@91l <l sy 5 39 41,
sk sl 5 g, (F) S
g jlow iy y2i g Slomyl 1090 p5 -Y-Y o g gl -Y

= deize uapd O L e (o058 slagyjliw al>pe ol yo

Seabistins 5 alias Jool> 48) bl b ©f g5 a5

s ¥ SIS an (Sl glhasile sll &8 08 raasie
el silog] (g bghs 5 o5ke) oo

53 Sl 5l pan gaely et plime alis s &

5 s ¥ a8 logy i 5o 5 3abs ¢ o as

g oo S LS O jgoa

P (12) aigg iy 5 gl 5 -

b s of s Sl 5l (X asgy) Jlais se (25515 argy
M)]c L_: )Lm Oli»-—.u-d‘ 9 u)_’?u &l J.AL.: ‘_s’l)‘é Awd g0
e VYOV Job U o) bglas 5 oS yin 50 YO ol
S )] J.AL..: o‘.\..f.\c\.'l_é)f )ng ‘_;Ubé.bJ > o] 00 LsCas
Y (g had o3l a5 Cewl PVC 4 JoSTs oz sl b «goV¥sd
g ol Gidigy Cot Cumes (udiored W05l (6 ke o YO U

Al oo 25 YYYY

Archive of SID.ir



Archive of SID.ir

VPP (bl oY o Loy (o0 3l Jlw ¢ Jole jud asdlug»

Wl

oéyﬂ

whls a2 0 Slags sleg b 25 :(Y) Jgoo

9 S9N s gl bglas )
ER%A ‘sa.:.w“— c..h )L?b )L&é Jm&‘

3 o5y 345 3 ly) bglas ¥
9 ol (oo s jLad BBl
u] él.‘?u“‘ u.CLi 9 03 ‘Ss‘LbJ)J él.’?r.l‘

oo Jel o g

9 (5358 s 5o gl bglas ¥
9 00uda] (S jeboay Lad oD

Sl aul

T

s 433 5 e Mt 0 (y55 )
ol 00 (o5 L)) £95 o]

s Wiy s ew s o o35 Y
el 008 ()Y 95 ]

s W g Jew s 3 e Y
el 00 (lawgio)Y 95 s

o ity g Jew s 50 35 F

ool 00 (LT g9 o]

S W g e g 0 o350 B
ol 00 (05 L3O £45 o]

(@

4313 5 e d2045 3 el gl )
oxd (@S kA €55 ol s

315 5 Joo Sag5 55 alg) bglas X
ol 00 ()Y £45 ] Sl

33 5 e S35 5wl e
sl 00 (‘Ia.usln)v 89.' u.:.u’i )L‘>~>

35 9 o oo 5 ) gk ¥
] 00 (bl.l))f 85.' g.a.:.w.i )l.?é

0315 5 Jow da0gs o ly) boglas B
0ads (3L 5 L3I0 g9 ol o

6

T P

Hao Of Ceodls d30g5 50 (e )

Sl 0005 ‘5,.3..»1 &R

yeba Of Cadlos wags 40 (e ¥
Sl 00 u.,‘...j )lP-é JA[S

e (Q

Archive of SID.ir



Archive of SID.ir

V¥ et (5515 (ol 5 395 eanons pganona 1y sl steld (59390 axlllan (5 e (Sl ;T A 13 (5591 OU (oS 5 Jiko (2995

(RE/TRE) JolS 3gutp (51 (53 —Y-Y-Y
Ayl bghas (I

TRE = [/[RE(D)] dt ")
A9 yres sladiy jo ggoe :TRE

Rrgnl pess S oY laan jo RE

e (@

TRE = [/[RE(®)] dt @
S3Losb | yend sloassy 3o £g0s :TRE
S3besb /pmeni Sz o3Y (slaei ;2 RE
S 90 o9 (25, g 03ls Julxi o Loz pl5 —F-Y
S8l
¥ 1= (RDR) (5,510 sloan jo aslxe 1y pl5 ol 5
lons 4 (gl e Tl X Ay 50 S9zge (2l o atws
5l as (Norm) JT oan] el o a0, Shee b, ggome
Cemwd ay S ilis) (e (29) 2 5L Jbjy gsere
Ol () Jgiz 5 oo il 95 4zl sl e

RO PR WK

Lyl Balie &y p2 pgu pl5 - Y'Y
Jols Ladigy 5,510l (o) sloadlze ot ais a5 jshailen
(TRE) s pnidyaiS n slaain 5 (S1) Seitoincen 5L
ol oals cpod 3 &g o olyls ans o L

(S1) Stons il -1-¥-¥

gl byl (Al
SI = [/ITSP(t) - SP(t)] ¢)

(Uoge L bl ) iy ool 2 Pl Jby (oo 31 S

a2 25 Jb, ggee TSP

P o a0 2] Jb) ggezme :SP

gl ass sl p3¥ Lo it

Oy (@

SI = [JITSP() = SP(®)] )
Logy )l ol ) G350 (20 0 ST b, ooz 518
O3 dllig) (PBrae @0 Jb) yee TSP
P G Gi3e (ol b ggazme SP

S3bosb e sl o3 0ot

Sal, Jloel 51 3 calises (slagy lus 10 X aigy (5,510b sloat o aslome (V) Jguzr

U359 Jow
RDR5 RDR4 RDR3 RDR2 RDR1
hls aws
AARIAR AARIAR VAYIYE V4/f4 RN O
FOVY-/AY ZOVY /AT \YEYA/QY INARZAR fYoayv/-a gl bl
ol Cwodw
Lo gs Lo
RDR2 RDR1
ks‘).‘)'o Alwd
YTV o3
HLiS BMis g  Soguw 8
gy yLw
RDR2 7
RDR3 RDR1
&l)b AW
\Yaay-ar \OYFa/AY gl Loglas

Normg, ;)= Jb,YFYYY. ...
Norm(y L= Jb, YYVAAT .

Archive of SID.ir




Archive of SID.ir

VFoF bl ¥ o ylosds om0 3l Jlw € Jole yul aidlag> VoA

Sl (03, s g Glasis) pglie WYLl 5350 (O
(W35 5 Ja) 5 Al sl

9l syl g 5 lisle b3l ey ol -1-F-F

00 & Senl 09 b Sl ,ol bghs iz s (F Sy o (29855l sl | b (oS 5 Joe

(L Y g Fages) ST Jds (yoges aseine o] azes a5 sols &l (o) agy (5,910
L5 o5 ol o Sl aigy 6ottt 595 WL b iy
3l aS sauo3b 5 Azlas Juols ool db 0 slaosls 5l solaxwl

o @ by e byl (¢
9790 SS9 550 (3,5 By g Sl e plwl ()

(4_])]) 5 J_‘_w) O °)|9_,° " “j‘)‘ L "-“"’)f i°l7°| J“b e ‘-’T 310 ALl gs“lf?lf A U"‘
Oy adogza o ol Glau g0 caai g el (V e . e i e Ea
(O] el X a6 slols L)) g g balaw ol an way

W‘ o..\.».';)db‘bﬁ
:dJ}J b}b} L .'a}g).c &lb)lib‘) (!
JKaly Jleel 51 o calize slag )l jo X aigy 6910l slaan ja auloes 1(Y) Jgu

RDRS RDR4 RDR3 RDR2
15 Az 14 /20 -[FY
VAYYE/YY VAYYE/YY VEY- YA VYOA/-Y YEADAY
RDR2 RDR1
\0/F¥ AIFE
RDR3 RDR2
YAYB3/0A AYAB/YY

0oia 315 RDR 09y do)d g o 4 s oy auylio o A S slol Slgil 4y slads e dule 5l

o a4 (F) Jsoz o IS o b ceslize sla Sl Jlos! ;)

Archive of SID.ir



Archive of SID.ir

)4 el (5515 sole 5 3555 leaame gyaas [ t il ptelh 169390 axdllan (6 tels (il )T aSds 5 (6381l (o 35 Jobo (9
X aigy ,Sal; Jloel 5l oy 6Tl sloaiszn culd 0o :(F) Jouz
N ¥ Y Y \
\AWA \AWA a07. YA 77,
\ARA Yy V& AIAYA AIAYA
2 Y
i
D VWAV
E
9
Y Y
for. for.

D oo DBl wrs o Gl Kai jsbay S sla Sl
plaosl 31 Gy i 8 Sloe 8l 1l ¢ Jloged o g anlol o
dle)&bb )| J5‘ Lgl.m%)L,.u) 6)51‘7’15 ;LES)‘ ‘_gl.bwl,:..w 9 ‘s:lg‘))‘

ol oadosls lis (coxin

6l_lb)lsk|) -ia.ujg 6)5T%JL3 sl_ﬁ.;)‘ 9 L;)L.}l_m ‘5»[_3‘))‘ c:l.u
b, Wal, gl a8 aes oo lis o F) Jga jo eolginn
G =S RDR a5 LSl o s olescas g bghas 4 o 50

G a1y a0l (65510l b a e ps g ol o

e
: |
| :
. W:J' Y a2 5 I
! > A = A I
! IR FASOY |
| ey i
wi> !
| ravy rarvy , |
| .
: I
| | - » .
! - > I
| \ Y sl — gloj ) v el —gloj .
: I
\— ------------------------------------------------- —I-

Sl dodlg) (sl chlaxio pglio 5 YLl (3501r) Wyl bglas & Lgypo Sl (ego Jlael 51 Gy 5 3 5550l (old ylogi :(8) JSB

(55 oYlasl

Archive of SID.ir



Archive of SID.ir

VPP (Ll oY o Loy (u0 3l Jlu ¢ Jole e acdlag»

| YIafE —
I L
. ATV ‘

i i [
I T T »
Ve b 59— ol

e |
USAAE S e |

| wia> |
Woss 1

1 | -
T T L
\ o 39— ok |

0)lo23 32 9290 GBS 5 5 38 (13,5 Bk g Sl prens plmil) (3P0 4 bgyye Sl gl Jloel 51 iy g B3 (55510l (ulB Jlages 1(F) S

(o5

So—rte GBI il S 00l rgaS by, el 53 4 a3y
Oy, Dlalllae @y S )l Sy g 280 0 ) g LB
adlie ol 55 ool gy sla gy oo WS g des e (LS
P9y ol rimren S8 1y e bu ) plo 4 6 pdypeess ol
S bo)Saly (o Fanae 5 e SBEL S Gelstee 4 oS S
sl e 2bsk aza g oloy 385 et b s e parads
S (5o SeS s 3 Shas 50 S9n Gl

a2y latejl X asgy (o Cundg () g (Sliee w35l b
haaie 5 oy b amlas o Jsle ot asdly Sllyll 5 SIS &
A3 cgr Laced b 5L 55 bl ol OLEL 5 Ol ojs>
gy ool o Shee ;0 S50 5 (5551l <] oatenisb sl e,
05 s (V) S5 O jg0s

e gliowd = 55 el sl Sl 5l 090wz ay aslsl o
il oalaisls X aigy Lg)jL.;L'; slews,b

G el e 5 et 3 0 (slaygl i e o

2355) Sl oSl 5 (e o a8y —

2 9 0P e Skl Jog s gl slayed ceal o

9 Sloygd 5 phite S0y (e 9 X Ay (29,5 5 59959
S yB) YT ) (g 5 e il Sjg0 50

(G pdyeis p eud )b g ods
Al ahal 5 o5 cilie Slagul 5 o isy Ll e
ozl § Olygs ‘;A..Slj; ()0 e WS >

S S azxis -F

ol glaaS s 5 g yslols Lialsdl o bl o5 by
B el g o )lanly Copae cgz o Gl (WS
slaaaly 5 e Sl A e g ol 5 (5 S
Caleiy g wily slocslo g g 4t 055 4 | s pLol e
S92 ge Coxdy et g (b3l b prizmes WS 0l dnsl> JS
&l aie los el CLsuil o plss oo () Aty (6510l
il sl b ol | gz 55 OOl 5 O slaS
2,5 il S5 09>
Gooaie Vo as ol e slaasis jo (60 ,Shee LS
Sleabdsl asbiion py 5l Jmols gulas aes 7 cul (S
Orid 45 a3 oo LS Glhsile il )0 059>l Gmaastie
o ol od ol o g8 aed Jatome Sl 5Ll
Ly e i 5 ) gl g 5 S35
4S sas e Hlas o wojl 5l Jols mls cwl O cwdlw
03,5 pdyccml Jlam 1) T 45 aty cpl 50 95290 im0 Pt
alis) Dogo (3L (@0 45 WBlios (3P Ay ;S SIKD S5z
9 00 BT (g abgome 13 5 ) (55 5l Sy, Kb 4
Jlos gl uizmen 05 g0 KIS 59N ol obl el alawlie
25 00BN (sexS  hs) 3l eslitl b X atgy (555106 5 5
ol pile (S 08 nl dgtas oS ad o0 (LA Rag3 (]
sbospal) jo LalSal; o5y o3ls 13 Codgl b 5510l
et S5myn BT 5 5 553 ol 53,5 ot 3 lyses ol 555
boadg sl dalasie 5 pglie SVl (0350l 5 (55 o)l0
A ylols lacad b oli ) & jgoan (o5 oVLail gl

NI

Archive of SID.ir



Archive of SID.ir

" bt (5515 (sol 5 5SS eanone pganoma 1y sl pteld (59590 axllian (5 e (Sl ;T At 33 (55910l (oS 5 Jiko (2905

[13] A. Abdar, "Complying with passive defense requirements in

water facilities to increase resilience”, presented at the Fourth
National Conference on Applied Research in Civil Engineering,
Architecture and Urban Management, Fourth National Conference on
Applied Research in Civil Engineering, Architecture and Urban
Management, Apr. 2017. (In Persian)
https://civilica.com/doc/611979.

[14] Technical and Specialized System for the Protection of the
Country's Infrastructures Approved on 28/06/1402 by the Standing
Committee (Supreme Council) of the Country's Passive Defense.(In
Persian)

https://rc.majlis.ir/fa/law/show/1792212.

[15] P. Gasser, P. Lustenberger, M. Cinelli, W. Kim, M. Spada, P.
Burgherr, et al., "A review on resilience assessment of energy
systems", Sustainable and Resilient Infrastructure, vol. 6, no. 5, pp.
273-299, Sep. 2021.

DOI: 10.1080/23789689.2019.1610600

[16] A. Mentges, L. Halekotte, M. Schneider, T. Demmer, and D.
Lichte, "A resilience glossary shaped by context: Reviewing
resilience-related terms for critical infrastructures”, International
journal of disaster risk reduction,p.103893,2023.

DOI: 10.1016/j.ijdrr.2023.103893

[17] A. Nariman, M. H. Fattahi, N. Talebbeydokhti, and M. S.
Sadeghian, "Assessment of Seismic Resilience in Urban Water
Distribution Network Considering Hydraulic Indices"”, Iran J Sci
Technol Trans Civ Eng, vol. 47, no. 2, pp. 1165-1179, Apr. 2023. (In
Persian)

DOI: 10.1007/s40996-022-00941-7

[18] S.M. Alavi, M. Masoud, A. Karimi, "Evaluation of the
resilience of urban water network infrastructures against earthquakes
(Case Study: Region 2 of Tehran Municipality)", 2019. (In Persian)
https://www.sid.ir/paper/138938/fa.

[19] W. Liu, Z. Song, and M. Ouyang, “Lifecycle operational
resilience assessment of wurban water distribution networks",
Reliability Engineering & System Safety, vol. 198, p. 106859, 2020.
DOI: 10.22059/jhgr.2018.228869.1007424

[20] G. P. Cimellaro, A. Tinebra, C. Renschler, and M. Fragiadakis,
"New Resilience Index for Urban Water Distribution Networks", J.
Struct. Eng., vol. 142, no. 8, p. C4015014, Aug. 2016.

DOI: 10.1061/(ASCE)ST.1943-541X.0001433

[21] O. Piller, F. Sedehizade, T. Bernard, M. Braun, N. Cheifetz, et
al., "Augmented resilience of water distribution systems following
severe abnormal events", in CCWI 2017-Computing and Control for
the Water Industry, 2017, pp. 8-p.

https://hal.science/hal-01609292/.
DOI:10.15131/shef.data.5363509.v1

[22] K. Diao, C. Sweetapple, R. Farmani, G. Fu, S. Ward, and
D. Butler, "Global resilience analysis of water distribution systems",
Water research, vol. 106, pp. 383-393, 2016.
https://doi.org/10.1016/j.watres.2016.10.011

[23] L. F. Gay and S. K. Sinha, "Stochastic simulation
methodology for resilience assessment of water distribution
networks", JCIS, vol. 10, no. 2, p. 134, 2014.

DOI: 10.1504/1JC1S.2014.062966

[24] NCC, National Cartographic Center, “Babol City map and
spatial information atlas. Iran,” https://fen.ncc.gov.ir/, 2021. (In
Persian)

[25] L. F. Gay Alanis, "Development of a resilience assessment
methodology for networked infrastructure systems using stochastic
simulation, with application to water distribution systems", PhD
Thesis, Virginia Tech, 2013.

[26] M. Zolfagari, A. Ghanbari Nasab, M. A. Nekooie, and S. M.
Hosseini, "Evaluation of resilience of West Tehran wastewater
transmission line to Firooz Bahram treatment plant”, Emergency
Management, vol. 12, no. 1, pp.1-15,2023.(In Persian)

DOR: 20.1001.1.23453915.1402.12.1.1.5

[27] B. Betty, "The book Security and Resilience of Vital
Infrastructure™. Malek Ashtar University of Technology Publications,
2019. (In Persian)

ERN S 5

SRR

Lol b S a4 (5,5l 5| 5L (33 (V) S5

&1y -0

[1] M. A. Nakoei, L. Sayadi-Shalmani, M. H. Tofighi, A.
Memarzadeh, A.Ali-Abbaszadeh, "Comprehensive Principles of
Protecting Critical Infrastructures in the Water and Wastewater
Industry". Malek Ashtar University of Technology,2023. (In Persian)
[2] "Strategic Plan for Protecting the Country's Infrastructure”. No.

16011/1/2305, 1402/09/25. (In Persian)
https://media.dotic.ir/uploads/org/2023/10/30/169866050544329600.
pdf

[3] M. Sheikhali, GH. Asadolleh Fardi, S. Imamzadeh, "Vulnerability
Assessment of Water Supply Facilities Using the Integrated AHP and
RAMCAP Method", Amirkabir Civil Engineering Journal, vol. 52,
no. 5, pp. 1205-1220,2020. (In Persian)

[4] R.Afsari, M.Hassan Ali Zadeh, "Analysis of Resilience
Indicators in Urban Blocks with Passive Defense Approach (Case
Study: Tehran Metropolis) ". Passive defense Journal, vol. 15, no. 4,
pp. 57-75. (In Persian)

DOR: 20.1001.1.20086849.1403.15.4.5.8

[5] Z. Mohammadpour, "Localization of a Hybrid Operational Model

of Resilience Based on a Quantitative-Qualitative Approach Based on
Developed IRAM Models in Water Distribution Networks", Master's
Thesis in Passive Defense-Crisis Management, Faculty of
Engineering and Passive Defense, Malek Ashtar University of
Technology, Tehran, Iran. (2024). (In Persian)

[6] P. Suchorab and D. Kowalski, "Water Resources Protection by
Controlling Water Supply Network Leakages”, International Journal
of Conservation Science, vol. 12, pp. 745-754, 2021.

[7]1 A. Nariman, M. H. Fattahi, N. Talebbeydokhti, and M. S.
Sadeghian, "Assessment of Hydraulic Resilience and Return Time of
Sadra City Water Distribution Network under Earthquake", Iran-
Water Resources Research, vol. 17, no. 2, pp. 204-221, 2021. (In
Persian)

https://sid.ir/paper/953172/en.

[8] S. Q. Shuang Qing, L. H. Liu HuiJie, and E. Porse, "Review of
the quantitative resilience methods in water distribution networks,
2019.
https://www.cabidigitallibrary.org/doi/full/10.5555/20193329434.
DOI: 10.3390/w11061189

[9] M. Maiolo, D. Pantusa, M. Carini, G. Capano, F. Chiaravalloti,
and A. Procopio, "A new vulnerability measure for water distribution
network", Water, vol. 10, no. 8, p. 1005, 2018.

DOI: 10.3390/w10081005

[10] A. Assad, O. Moselhi, and T. Zayed, "A new metric for
assessing resilience of water distribution networks", Water, vol. 11,
no. 8, p. 1701, 2019. DOI:10.3390/w11081701

[11] A. H. Abdollahzadeh, S. Shahriar "Location of Risk Zones in
Water Network Systems Quality Crisis With GIS, AHP Approach
Case Study: Water Network Of Tehran". 2019. (In Persian)
https://pd.ihu.ac.ir/article_204444.html?lang=en

[12] S.Givehchi, A.Vojdani Nozar, B. Malek Mohammadi,
"Evaluation of Easibility of Threats to Urban Water and Sewage
Assets in the Face of Intentional Man-Made Disasters (Case Study:
Hamedan City) ".2024. (In Persian)
https://jms.ihu.ac.ir/article_209341.html.

DOR: 20.1001.1.20086849.1403.15.3.6.7

Archive of SID.ir


https://media.dotic.ir/uploads/org/2023/10/30/169866050544329600.pdf
https://media.dotic.ir/uploads/org/2023/10/30/169866050544329600.pdf
https://dorl.net/dor/20.1001.1.20086849.1403.15.4.5.8
https://sid.ir/paper/953172/en
https://www.cabidigitallibrary.org/doi/full/10.5555/20193329434
https://doi.org/10.3390/w11061189
https://doi.org/10.3390/w10081005
https://doi.org/10.3390/w11081701
https://pd.ihu.ac.ir/article_204444.html?lang=en
https://jms.ihu.ac.ir/article_209341.html
https://dorl.net/dor/20.1001.1.20086849.1403.15.3.6.7
https://civilica.com/doc/611979
https://doi.org/10.1080/23789689.2019.1610600
https://doi.org/10.1016/j.ijdrr.2023.103893
https://doi.org/10.1007/s40996-022-00941-7
https://www.sid.ir/paper/138938/fa
https://doi.org/10.22059/jhgr.2018.228869.1007424
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001433
https://hal.science/hal-01609292/
https://doi.org/10.15131/shef.data.5363509.v1
https://doi.org/10.1504/IJCIS.2014.062966
https://dorl.net/dor/20.1001.1.23453915.1402.12.1.1.5
https://dorl.net/dor/20.1001.1.23453915.1402.12.1.1.5



