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Objective: “This research assesses the seismic resilience and vulnerability of Sanandaj’s
water distribution network in Feizabad and Baharan districts using the Analytical
Hierarchy Process (AHP) and Geographic Information Systems (GIS).

Methods: It aims to pinpoint vulnerability factors and suggest resilience-enhancing
measures. Data from 40 active faults (>10 km) within a 70-km radius were used to map
Peak Ground Velocity (PGV, 35-39 cm/s) via attenuation models and Spline interpolation
in GIS. Geological and soil data came from geotechnical studies, and pipe details (material
and diameter) were sourced from the Kurdistan Water Authority’s GIS unit. AHP
assigned weights to PGV (0.460), pipe material (0.243), pipe diameter (0.182), and
geology (0.112) for vulnerability analysis.

Results: Findings indicate Feizabad’s network is 81% low vulnerability (low PGV, steel
pipes, Quaternary alluvium), with 1.2% highly vulnerable (asbestos pipes, shale). Baharan
has 34% high vulnerability (high PGV, ashestos pipes, shale), with 13% low vulnerability,
reflecting lower resilience. High PGV, asbestos pipes, small diameters (<100 mm), and
shale soils drive vulnerability.

Conclusions: As Sanandaj’s first seismic network analysis, this study offers a basis for
mitigation, recommending flexible pipes and early warning systems, and provides a
replicable model for similar regions.
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EXTENDED ABSTRACT

Introduction

Rapid urbanization in Iran, where 75% of people live in cities, underscores the need for resilient
water distribution networks, especially in earthquake-prone areas. Sanandaj, a city of 530,000
in Kurdistan Province, faces heightened seismic risks due to its proximity to active faults,
challenging topography, and outdated infrastructure. Managed by state water authorities, these
networks are critical yet vulnerable, with failures risking water shortages and public health
crises. Seismic resilience—defined by a system’s ability to endure and recover from
earthquakes—depends on structural integrity, geological stability, and operational capacity.
Key parameters like PGV and PGA influence pipe damage, yet studies in Iran often focus on
major cities, overlooking places like Sanandaj. This research bridges this gap by analyzing the
seismic resilience of Sanandaj’s water network in Feizabad and Baharan, using AHP and GIS
to assess vulnerability and recommend improvements.

Methods

The study combines AHP and GIS to evaluate Sanandaj’s water network resilience. Data
included: (1) seismic profiles of 40 active faults (>10 km) within 70 km, extracted from
Geological Survey of Iran maps (1:100,000 scale); (2) soil and geological data from
geotechnical surveys (211 boreholes, 9 wells); and (3) network specifications (pipe materials:
asbestos, steel, polyethylene, ductile iron; diameters: 32-800 mm) from the Kurdistan Water
Authority’s GIS database, targeting Feizabad and Baharan. PGV and PGA were computed
using calibrated attenuation models, with fault lengths (10-37.11 km) yielding magnitudes of
5.98-6.67 Richter. A 274-cell grid (1x1 km) was created in ArcGIS 10.8, and Spline
interpolation (RMSE=0.0235) produced PGV/PGA maps. AHP weighted PGV, pipe material,
diameter, and geology, with consistency (IR<0.1) ensured. GIS overlaid these weights to
classify network vulnerability.

Results

PGV ranges from 35-39 cm/s and PGA from 0.346-0.358 g across Sanandaj, intensifying near
southwestern faults. Feizabad’s network shows 81% low vulnerability (37,550 m), tied to low
PGV (~36 cm/s), large steel pipes, and Quaternary alluvium, with only 1.2% (564 m) highly
vulnerable due to asbestos pipes in shale. Baharan, however, has 34% (16,978 m) high
vulnerability from high PGV (38-39 cm/s), asbestos pipes, and shale, with 13% (6,766 m) low
vulnerability, indicating weaker resilience. AHP ranks PGV highest (0.460), followed by pipe
material (0.243), diameter (0.182), and geology (0.112), aligning with findings that seismic
motion and brittle materials increase damage (e.g., Toprak & Taskin, 2007). The GIS maps
reflect fault proximity, enhancing reliability. This localized approach outperforms broader
studies by leveraging specific data effectively.

Conclusion

This first-of-its-kind study in Sanandaj highlights Feizabad’s high resilience and Baharan’s
susceptibility, driven by PGV, pipe type, and geology. It validates AHP-GIS as a robust tool
for seismic resilience assessment. Mitigation strategies—replacing asbestos with flexible pipes
and installing early warning systems—can reduce vulnerability and ensure water availability
post-earthquake. This framework is adaptable to other seismic zones, aiding urban planning and
infrastructure protection.


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

Assessing Seismic Resilience of ... | Sharifi, Nayyeri, Nosrati 99

Keywords: Seismic resilience, Peak ground velocity (PGV), Water distribution network,
Analytical hierarchy process, Geographi information systems.

Author Contributions

The following statements should be used “Conceptualization, Second author and Third author;
methodology, Second author; software, Second author; validation, Second author; formal
analysis, Second author; investigation Third author; resources, Third author; data curation, First
author; writing-original draft preparation, First author; writing-review and editing, Third
author; visualization, Second author; Third author; supervision, Third author; project
administration, Third author. All authors have read and agreed to the published version of the
manuscript.”

Data Availability Statement
“Not applicable”.

Acknowledgements

We would like to thank the Honorable Vice Chancellor for Research of the University of
Kurdistan for the financial support in carrying out this research.

We would like to thank the Honorable Reviewers for providing structural and scientific
comments.

Ethical considerations
The authors have observed ethical principles in conducting and publishing this scientific
research, and this is confirmed by them.

Funding

This article was financially supported by the Vice Chancellor for Research of the University of
Kurdistan. This research was financially supported by the University of Kurdistan, Faculty of
Natural Resources, in the form of a student thesis research by First author.

Conflict of interest
The authors declare no conflict of interest.


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

N

ligtl
il oKl
St O yblo Ui Jalo

YOAA —OVFF 3 Kig oI UL
Homepage: https://khu.ac.ir

5 9 30 Gae T Q)98 4w 559T Wl L)
(T s 59 590 axlllao)
TS il M7 gy 3 [V oy I
shaidashrifi1987@gmail.com :asbll, .oyl eraiius ¢ lisd,S olKils s ailio 00K ¢ 555058 )30555 09,5 )

ab.nosraty@gmail :aeblly .l pl craiiw (ybues,S ol ¢ rmbs molio 008G «(655)98 590855 09,5 ¢ Jgtuune i g5 .Y
h.nayeri@uok.ac.ir :4ebL], .yl y! ziiiw (ylwd)S oKl ¢ ruds mlio 041> ¢ 55909890055 09,5 .Y

WJlio ol

il & bl oMbl s 16565 050 b g (ol ol il (B9, 3l oolinl b gy () 18
Fo Jelss b asloy 3l il o gaties 10 olae 9 3Ll Bblo Ol g a8 (o pdyunl 9 55l
e Sl Sls cdlug; opl gyelolb Linlisl glp oy Kaly 9008 slulis |y e pl g pdicuml y
sloodls jloalial b o8 (ymof e poo Aty Jolis 4 (il (69l 5 5,138 ,8b (sl al ) 2 g3y (g,
(GIS) bzee )3 (Sxials Lailyy (5565 Sy g oo (%09 Ve lad )3 pioghS Vel it Jsbo L JuS ¥+
S5 sloadds jl SB «(55ols8)90955 (ulidinej S SRy 355 glyiul (Ml (s> b 9
i) caa )8 glpl gl bl Cope woly Sl adld iz g kb sloodls 5 wlid 0 g
SB il (o) oy Ay (slojlne 4 (23059 b (olpedliad il by &b 6yl
whilyis SleMbl uww g A odlaisl /VAY 5 /VFY /WY /[¥5+ olayio b cudpay adg) jlad o i
A 43,5 54 (g pdyl (sloadss 4 g oy ool Jlee! sl

YL YD diold ;0 gk pud 039d5me )3 ‘o) Cab pur A dlaoger @095 45 Amd oo L ol adl
By 63Y 8 sladlgd ey (e Sy iy b 2 SLI A8 sladlgl 20)3 AV g sl 436 1 e s
Voo 5l a8 b b il (sladg) Jo 4 VY 5 5 o8 syl il o iglsS cipl SB 5 oS5
sl adbate ool (VL 6)gl0b oimsLis & eyl )13 0b5 (s il il > Jud S g o o
dibs )3 i b s g gl (Slodlg) Y (o) S puo iy > 4 4 a0 )3 YF e 5o Lol
diaia gl S 65l 0dimdlis 48 3 5 o (6 phscama] didbs 3> 1)V g L5 L 6]
g sagke Voo 5l a8 jlad dadlg) sl Gui sV Jlie Jol (g pdyanl GRI3E) p S50 Jalse cun
] s @it 3 )l s ¢l bl aiten gais @SB b ey 3 65513
5020 6l 101" (gl line lgiee o] @l .l o0l plosl |y 5l o O i oS
A3l Ol @59 s (53lapslis g o5l

Zoyo yhid glagiun (gl g il Cush i Bllasl sladly) I oolitul aSle  Slolgid 306 pS Ao
A8 S sl oy O el )3 (e SIS g 03l (I3l Sl Sl cnl spslecls Bl e Al
A oo ol il Lulyd b (slo el 505 50 aldie Sllllas (gl (g2l e g

o £o

sty dlie

VEF VY sl U
VXN /o8 i gy B0
NS ARAVEN W F Iy

o jlgunls

& o]

ol @iy &b syl
sl podludus oo

il GleMbl g

(8 oo (i b (63,90 aalllac) 35wl )3 (s e T @i 45 (63l (s (VT ) dblise ¢ i g £o2le o M oy b D inw]
http//doi.org/10.66224/jsaeh.12.4.4 N\S=AY (¥) VY « Laxo liblsio

N0l

BY NC

il oy 1yt



http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

JFeF oF oylois Y 0,50 o lamo lpblio o lds Sudni aA

A0AA0
2o VO ol )3 el 03,8 Iy (6 i ool NS 5 Suelil ol asle bl loas u*-"b Loy ]380 L
Slosiart 9 MRS @il b)ls (g ped (S5 55 Gl SiB (G e S luy g AS (oo (S5 b ) Crar
adld s dnols  clod i @l sl bl Swuscuwl 5 039 paisa sl sl g ol

ol esabadl bl olol yy Cilieo (gl yuiS )3 &8 il (g0 Of @i 4 el o5 ol o amlisl 31 (S
9 (st (i e b g Cmanr I 0o 2 35 1) s (0] e § (61055 g ol (el
il g 41Ky Slaludl gy sl ol 03,5 ba (60 Capde ol slapills 5l (S ]y lmaSid ol gyl cugls
(hSen g ol VY (), San g (cqmge) Canl 5595 1 (lotrg Cuenl jl Alj aile  Solgs ply p3 lmasus ol (6,0l
(VoY

3 e (pl DSl ol Sl g anb gla yii b ablas o oSl opl oUlg Jold (g o g—l &9 S 6)9L,;U
(VY cohlSar 5 ol nl) 3515 (Sis o] o Ol 5 s (o358 o Sh il Cooslio (e & b i

ol sty il 050 o malo (SUM plp 0 (g0 gi el d)ﬂgl} 5 bl Juloo @ (gdamio sla yimgh
5 oras goass (GIS) aldlie Mol st (g gilodse able abpiy lagdy, j| Clllas
15 5 (PGV) g0 sy diiiy (PGA) oy ol it ailo (slojy) (glayial )b lod,S onlazl (g,lel (gla oo
o gy (50 B S )))8 g5 390 waSid (g pdpcam] ()] )3 5lS o as s lsisar (POD) e ool U
Sladlbe o5 a5 Jlo 5> ailanily 3 005 4 b3k B9, 9 (6 Ll canss w0l,d o 0,5 cunsld b s dxwgi y
G35 (slwodls Sl oalisul g ¢ o g (B Slo o Sl (S 5 ely slB0,Sg) doils (s o sloaSid ()50 b 25
651l 5 (stoal Gl el aladslyy B A8 o S8 Laye (slagylojls o (s o 42 oSl bty (sl
WL el awlie loludl ol #8lgs )0 5 03,8 gl ol &

S il (Sooll diile g sladoly wlgi o o ol wiusw 4 ol (a5l 5L (o)l las] Lyl ys )
@ > adgl Jalpe 53 pldl loj coyle ol 50 b asls ol yod o |y e JS 5lg )8 9 Ol 39008 o jlos 4 gl avalg)
Bl 53 3 (505 ) o] (6 il s Cagis b A8l o osin il 5 Sty el |5 el e o LDl
ol yuS Ay c@ilio 3gueS 3l U oy g bdy cull (Ol ol cle a o umb S piaaw 58 (oole

Oy b Jlate | @395 45 g lacamy ¢yj5m «JUa] i Jolid Ol (pals itsns cilisee (linl (6 gl o
il 00 plol hliseo (gloyoS )5 (2565 A5 dlny i (Jal) Sl pl s il (gliz] (sl Ll
o) gl a4 (S an g gl 039 o)l (Sgyud (ola el )b g aSs (S0 Slusgas bis p 3 pete lallas el Lol
5 olory) Lo (VeYYiohlen 5 Tyabla) ngi8 (VoY (ohlSen g (eibie) g Wl byl gl aiej ol

! - Hoekstra
2 - Shadabfar


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

49 A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

&reaghS VEF Colus 5 (WAB ol Lol 5 50) 55 )10 OF e Cmar b lpl ) 53 liwd S il 8 50 gaiias 0
dngi ooy o833 (JUb slaJuS LS (615515 (el (Bl Seg llpd s 4 ITAY lpl BSEN e 15 50)
5ol b plio (Sogll aiile (Mo sl (55l 3235 o) ol o g aSd (Sogu058 5 Ll Sliges, )
St r5lb gy eaycnlil B30 5 (50988 Sile S aed ol 5 5 oS daste (gla S2uSlS 5 oy 5
ey Ay (85998 dn S CusBga g Jgbo Ao IS ,L Jelge Juloo b Gais ol (sy900 syl i
b b o iy &b Gndiusl 2552 3 (o8 (Jao (AHP) (islye Al Jilbos gy 51 edlizal b «islos)) ol
A Jalgd drwgs

SxS5 IR (IS g e bulpd s 4 &) it (s 0 O @i & il (s plya] s sais Lol Claal
5 e glayiehl @jg add aws b (8l (o 3 518 2V o) (w3 Do (laJuS ©)glre 5
! (23 Ujg 9 S5 9 SB g (Sl dmdlg) jad 5 uin (PGV) (nj s diiiy 9 (PCA) (e Ol aitn Jald
Jelge 51 0zl b Ul g8 45 csyshol byl sl (dlae (Jo ) 5 (AHP) (oolpo dlanbus Jloxs 51 ozl b L Jole
bl g A5 jlad cunaing slaadd B o)y (A w0jg (pl 13 gole Sldllas 95 4 g b (gl ()l Hg5e
5 Jolie dnais wl,) 5k 5| Sl e imaly cpl gl NS 2985 o bblin GleMbl yumw Laixs ,3 |y 4Sub (55l
Rl g 4Sed (b dgme (silopglie ol SBT3 (b plpde 4 sped e 5 (Y e 4 (38 SIS
o3 dl)f e Sldlae gl (@98 i 5 45 oS (rnbo GO il 3 el 6yl

Jolo )15 Wit ol 2 (sloj ) Sl b)) > oS (i85 (PGV) (e oo pr dindin 9 (PGA) (o) Qlid il
50U 5 il 3 S50 Jolos 4 (230355 sl ylimodiz (6 el Sy sb9) plgieds o (AHP) o5l pedlle
ol 05 43,5 S &y S o]

ol led S w1y (s «,;] S sladlg)  Siuwsls o (PGV) ) G o sy Cy Al (g00sio (ola jimng
S o Joo A5 plp po ol g pdicasl b)) S lajell | (S plgiea (PGV) & wimd o Ui llllas

owe) e g Aty 9 (PGA) oy ol diniin w5l (glojy) slayiolb 18l oy p 4 (eousio Ollae 35 olpl o

2ol ol 4 g oxima s (il ) s ped o i 4 5 (PGV) (05 o poo Al bl 09 53 (I3 il
g bolas gloj) i )" plgie b sladllae 15 (WM) gldolo g (s cosl gloj)) il (2b3))
)l Wlie )3 (WYAF) o)Samg (8515 53,8 (Byme a8 Bl Ghlie 13 sudlS Jolo i ], (PGV) ' olyas o ol
(PGV) " ool 3 506 o (slaaSd slojy) 550l 2b3)" b (V++8) (spm8 g 3blage 38 b py slacss
ol YL (PGV) 3 1) scias ladlg) (s pdyml 5 oy oledeol O @iy &b )3 ol Jlno lsisase IFY (5 L1,
500y

156 MGIS la b 1 oslizl b olas s ol Jasl s glog) coyslsl o)l 5 (VEer) olylSad o oonsls
2 55 (W) o) Kan g (sjuje 53,8 Judod 00595 4SKud puitine é s jguody g JWl bghas 0 1) (PGV) (cm/s 35-40)
oy ks £ 5 b (em/s ¥O<) YU (PGV) blo )l " sin ol p oliss, syl cloaSiss ;s byl canss Jubos™
olis g 5yl ST SB Ll s g jhad g s LS 5 (PGV) cuodl 5 (S jobdy clillan ol 3,8 aoli 1) nl
2 Ol oS s pdycaml 2 (2P B b e Sla bl S 4 (BT 3blie 3 ohge (PGV) &8 sims oo


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

JFoF oF oylouis Y 0,90 i olrro il pbloio o lis Ldoi \RK

o3zl b (65 Sy a5 LS oy pigylas gloaigs b Ke" adllas )3 \YAY Jlo 5 o, San 5 03ljabloe
sl s} Jolse §) i lsiees (PGV) & paiio sl 5t (a5 12,30 4lls) (AHP) (il soslucs o
YL (PGV) L gblis ,3 48 w3l L 5 0l olais] (PGV) ol (glojy) Jolse 1y /¥ 559 AHP 5l olizl L Ll
sloj ) il el g 35 st o Sy il ol il oo I8 lod o @i 45 Gyl (B0l SB
@39 4Seb 2 45 31 5 sr95m 5> (WAF) Gaodgr A3 bl )3 & (6l » (PGV) a5 B b onimalis o
Oyt il sladlgd g Amd oo &) oo Voo U e Jlad b gladlg) )3 lnalg) Sl (it o doms) dm ol 4 O
5,15 1 syl

S 5 3 Slomn clsiear (PGV) J odlisl > (saiytrgy tigy saimsplis S5l cldlle ol (S ooy
9 S)l) ediislis u‘"a)j Bblie 0 (PGV) Julos (sl glal (VWAA) pldsls g cuwe did ol s d);xwi
a1y ol dae 3,8 (Yo rR) oS g9 oblsg g il o yid o )bas ygoas (AHP) L1y o (VA5 o, Ke
P dg iz 0 (W) e g (ia5e ingjdl I (olad Jloo (V1 o) phlSen 5 (ols oy (LS (g0 o5
Slalllas 908 wile oSS ¢l ol b .b5dg0d wyyr kS Jolge JUS 3 1y o] (WWAY) ), e g odljadlae g 5>,
(sloy JaS) bgas iy 5505 5 el 5 435 (Bl cslaonls J sgioes oolitl s 2ed ojs5 (sloeSd oliia > gl
s o pglie il b« geniSs cauwsl) do) uin LS 5 (PGV) cuerl p b yimgh ol ol dopuio @595 (slaSis
5 e slaodls b 503,18 Slidss 4 L Lol wyls aST (5 piveal cépl) S lals o (5l 5,50 clad)
25,84 olnl b o sloaSid (siluge 5 Sy Capdo 0 |y @l ol b simd o i ) gatdyity (gjlo o

5 il L5y 3 bl o) Cmal eimd s b O @i 4S5 (PGV) pooj o puo ity bl
» kg eYlail pbals ol ol 1) (PGV) 355 adlas )5 (Yo o)) ' (S e 5 JSulo «Sygl, sl el (sl
VAR g8 35 b b (V+V) TGl e 5000l oSTyg5 il ploze PGA 311, ol 9 1538 (5yme ol (slmaSius
Ao il g BB jebas |y g casls 55 pp oS 5 (PGV) o wls lis S

w{w ).3 1) (PGV) u.‘i.) c‘;m 6)193 du.wy l.) (Y' ) ') .Yu’_? .%—lg.) cJLQ .rbl .(_51’ 9 .d.) .(_,’5 ‘6)91) 91 c.d‘s “5319
oSl gl 5e (sikme |y (PGV) YA collSem 575« dsianyp in S ol @y sloaSis o ploale § cuts
23,5 35T S £ b 1 g Ldged Byme it sl jhad 5 ot L s ed

ol 3,15kl lgied CMIS YO YL 13lie b1y (PGV) «(gy9p0 Lyidoi S ;0 (YoYY) o) Ken 58 5 coud
oo b (Y0) o)) g STpg tinls o)Lis ¥o CM/S 5l iy (PGV) 1) oaiiSs sladlg) (YL (¢ pivcan (PGV)
(PGV) 35 (V++¥) bt 5 ¥ 5 ) (281 0338 105 1y g5 (st 13 i £ b (PGV) bl ¥+ 1) g 435
oy ladlas (5 (VYY) o, Kan 94 Bobls ool slprin (8l S L oyab sble j (o pbicanl Jul>s Iy,
Yl (PGV) o o8 wials ot 5wzl (8] 3blie )3 ulS (g)line 1y (PGV) il g3t ol 45 2 55,05 L
o yimgs oyl 3,8 oolatwl slad oo gl GIS 5l g e )ly (g cansls &5 (i 6bo) 5 008 slaalg) YA cm/s

'~ O’Rourke, M. J., & Liu, X

2 - Toprak, Selguk; Taskin, Filiz

- Wang, Y., O’Rourke, T. D., & Hall, J. F.
* - Farahmandfar, Z
>-Liu, T
- Chen, X
7-Eguchi,R. T
8 - Shadabfar


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

KR A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

olyo g ipy SSE 13 0hg iyl AT O g5 oS o i g b olrale > (PGV) i 40 LS &0
O oty Iaingsy ol b bl (ilme |y o] ((SeiS555 Lyl g gl ouiiSd Gl epglio Y g8) gl i |y
o bolyon g p s S 3 0550 s 48T T wigh e 3 cuts g o glaals > (PGV) b p 40 )LS
w3 i 1y sty DS & 3 5 sl (3 plien o ol Slilas

€l ALA Silo ol Jaallysiuss 1 (V- YE) han o " s o (VAAY) s alligs anlllas asile | sligioe ol sy
cass Jloin] POV ieljil b a8 wlools ol gl 5 wlo,8" edlisal (PGV) Lol 51 ladly) couks Jlais oy
San 5 TBL daixe g (Y- +q) ohlSan 5 STys Sembos siilo 6,500 Sllllas il o ialidl ansi b sba Wadly)
03194 (PGV) a5 wlo3,S 485 5 wilod,S Lous) 039m 38 (605 by (ssl,S g dniws 3blio )3 1y PGV 1l 3 (¥+1Y)
(V7)) TSt 5 gseIln lagl aiile oo yimass el 52 0sMe S oo i) lnalg) s 53 agee i3 alaslps stz 59
ol 4 Wlosls s g wled,S iy 5 PGV Lokl 1y (o ppivesl @olsi (Y1) 8 Llusg¥ il 5 uadsiosss 52l 5
sile llls «uly )3 0S5 o oo ladlg) 4y Ladls 5 Cge (slbium] ot » ilS Lasls K lsieas szl
S ases silopslio 5 (Sl )3 (PGV) ol 2 5 (Y13) ohlSen 57 oS 5 (V+10) oilSen 57515 Sigas)
O g s glaasSids (cloj)) osl syl 5 e 6olme olsisds g e stall ol &8 Slools L g les,S A8 (50
lnaly) CanSid 53 (glodiiS s (POV) Lt &5 5,05 45T o503l 52 B stimgls ol cslS by 5,5 51,8 ookl 5,90
255 )5 dog 3y90 ) plp 53 (s Of (SlaaSd (6)gl b gm0 (sl oaiul slaisiaydely 1 L g 30

o9 (wlwivgy

Wl 3 590 (3LS1 i g y0ld .

AL 43 dFV b adB 00 5 423 ¥F oldl i Job 5 oS g b Of @jer aud (6yglb (bl Bun b Giagdy (!
9 Cawl 00 &8lg b yd e 3l (6550300 ¢ Lawgio glai)l )0 g ABBITYY 5 ax D YO U adBd V0 g a0 YO oldls Sy o
@ily asis Jdogy Shue sloadil o (ool (gl labyy Guk )l e g (huogi sl 5l ool L
(PGV) (o) ooy disiir 9 (PGA) (o) Ol iy ol oy il slajially iy (sanaing g gl
(VJS) ol b plosl O 595 aud (S0 58 liasiio g glidope; sla Sy

' - Donald B

- Li, Weinan

3 - Bata, Mo’Tamad

* - Halkijevic, lvan

5> - Laucelli, Daniele; Giustolisi, Orazio
¢ - Zhao, Xudong

7 - Li, Qian


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

1FF oF oylas i)F 0,90 o Ao Ol pblio o las Ll AR

45"(}‘0'E 50'4':’0‘E Sﬁ‘(z’O”E 00’(:'0"E 65"0.'0‘E 70"!2’0"E

4

N S
/VSJ{\_NN\‘\«-V)M \\13 A [N “pte g als L&

El P P, [ ] s o

2+ < &, e

3 N ™y \>—~\_ =
{-,xv’ T LR /") -g

35'0I‘0"N
L
W,
e’\\
t(
{
p—
v

0 20 40 80 120 160

O‘)g" )y.&f, Ot&»b; db’uﬂ‘ » adlo 390 390 L.sg.g,o .\JSW:

)U G;'S) 9 Wosts.Y
longs] 5l ol some 45 T gjof 45 g S 5 poliime) 3 cslodosia ol Lol 43 dus 3 Slia g slaosls
5 b (gl o 15 030zl allB 5 ool €5 e 6yl am i csing (£ylS Bn b pitane bl ) ol 5

D Oy gl Ao


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

VoW A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

625000 650000 675000 700000 725000 750000

St Uy -%u
10 - 20 km

20=30%m 0o 5 10
PRI, 30 - 40 km — — i OMOters
...... T

TXw (5 h0gkS Vo glad 53 &Blg (g iaghS Vo 5l Gl Job b S @595 ¥ IS

o 0b By Slawbre > Jlad glo JuS ks a3l b lad e Gldllas (gl o) diwgy 50 by JuS o laws & as g5 b
2 by g Sl cudlad (asdS Jlo Ve dle) Gasuin Jloj slaojl ;o a8 s b JuS (Jld sla JuS 3gu
Cgume Jld JuS 1) ool Ve 5l o Jobo b slay JuS a5 b sla JuS Gl jlae leidl YA« asl oyl ol
2 xS 5 ey ¥y 05)) 425 alies) oy soghs Ve 3l Gt Jobo L (slalS YA+ aslipyl sillao 5,8
olidone) loadds I oslinal b coles ) &5 €85 )3 Jlb la oS Cluil ls gt S50 (sptogkS Ve glad
oglS YVANY B Ve Job b JuSY e 905l yiovin Olalllas g (giiiw a5y Videvcr e o Lio) joudS aolidipe olojl
5 oS Jsb el (235 sl oo ol ATCGIS 13 (silososdy b In o g5 5 b colatieny (plolis
¢ LSLQWL“’)-.’.) Ls)a..\g‘w] uu.blf Lgl/u Oy Sy g ol dis Slawlxe ) (u] &)y L;Lhd.iw:) oKl U ui alold
Olosl (lidopej 4 oS5 51 &b 6yl g shosy) glsel Jisl 8T > 4 55 SB g i (slaodld
eSS g55 aleS YVl ookl aS(VWAA) 131 g bdews bawgi &S gaiinn b 03gime (SiSTg85 Olalllas g colidh yee
s Ol e Sl g cladhaie (b (slp iy a gl opl (Y- JS5)00 )5 4 s (gy9ls,5 JyuS ols A g

0,8zl (gynad b VY v gl adii ] plee aSld g giiian (6 kb 039A5e Al

Ay iz dor 5| oy SleMbl g g5 a8 asds Jold gaiw o)l)le 9 3Ll jad bl O x5 a8 Slasuie
(¥ JS5) 05 381 lian S Sl oo GIS oy 31 (e oo Ar==¥Y) 8 (3955 5 sl ety auns])


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

1FeF F o )laids Y 0,90  xo Ol pbolko g lad fdxi

VoF

Sy ojlmediz (63,505 olyieds (AHP) (ool yedlades Lo (g 5l Slallas (390 jgome () K0g 039 Blanl & 255
30,5 odlau! (ARCG|310.8) &)l ey oo (GIS) ebdlye

678000 681000 684000 687000 690000
o
=3
=4
w
=
3
ol ¥l BEUOASHIIEN 000 eersessemssememmessiscseiseaaey
=3
b=
o~
-
f-23
Ll
5 H
S, :
3 ;
g ¥
=3 N K
@ £ &
«
% e
%
F)
8
81 }
=3 H
=23 -
3 -
H
8 :
g i
2 :
2 e - B
a o™
N
sy} "'é ﬁ»’g
—_— o s
o o o5 1 2
—— o Kilometers
S SWS

. gt 2

T 341 b 9 o1yl 2T &9 S b W) i g 598 ALY S
odls 6)9]3,5 .,\.a.o)LJ a5 ol L5|41>).o.\..> LS’\"-")Q AJ)]) ﬁ'ﬁ 5 LS)’?("’ u] &»)9.: dhbd.sw.» 65\4)...9 LS)-”\"W‘“’] Lfl"))‘

Ay 9 (PGA) (o) Gl it dilo (yo (ot (b yiol)ly ol 5o

A,y Julod g (gpudejy) sl el )l alne

Jdod g o) (i oyl mijel slaadd and gm el gy 90 (i ol cwl (PGV) o) ce
2039 9 s> sl eyl (olad o (gl by, cpl Ngad oo o pid GlSsa b g zels & g0t (AHP) (51 pedlides
Lab ab S IS 4 gt b Ol @58 &b (63l g sl 2 S50 elge


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

ARIA A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

[ oy i [&é}--\ pmmmm e [ el o2 pias iy a3 %]
— \

’
| 1 1
' o . :
* . T omge Ah -
b Al sl cod Clids -2 i E =T
1 . .
slas 5 4diEy mlmiad ) -7 N Sirigy =7
1 1
1 ]
. (. L= woala g 30 &
[ Jiai AHP QOD}“ ‘ ' , [e@ o2ld (g )3 )SJ
\ ! ' I A
: 1 1 . .
L L. ": : = : S !
1 : I - ," ladla) ——— == :
w03 -7 N _I_',
. i .
R ] e s - /
S sl ) jgala B f- 4t le 3 ) ~{ €D wi) Eonaia
.. " :
S -7 ! ! TSNS TS Bt
] ] ] [}
PGA s PGV -~ ! ' Llgy ======= ’
: :
! \
[ L il b az )i 5 saHSad ‘QEJ" ‘ \"[[& lfe ) J-‘MJ
H [
1x1 4satkm 4 ) Saay - -
! ]
PERPRTTS S D-UIEBT LN
b 055) sagei . ¥ IS

opl 1) b o yad zain 0 1S 0 (G ytoghS Ve lad )> adlllandjge odgize )y il sladeis olulid b anl)é o)

bl JUb (sla JuS (YA« + acbipyol wilo) (38050 (slod luslivl § oS @i a5 (Sl Bilgw & 405 b lad

olidimej Olojlo (oulidiye) oadds Sl (Blogej Anlyd g (loj)) Blgw iaghS Vel Gl sk 05z (le)line
(VJg) 805 ololid g gl sl 933l siomis Sllllas 5 (ki 45 Vi) e vee e v uldo) jodS

axlllas 3550 B39u5%0 b (ol (glpdud Olaseiin .Y Jguis

lass Job 89,5 Gy,
e FoshS Y — - /\ ) )
WY SiaghS Ve — Y/ Y Y
a0 FoghS e — 4/ ¥ ¥

@5 g S il gadlS laasls plgisa (IR) cad g (MS) A (5)3 amlrs «sjdoj) Clallas )
275 by ol 2 Yoo &Sl S50 sl )55 alims et iliseo Juolgh po o] 1 g 3l slodont
ly 35 oo ol il s a5 Jb ) wl A o9l p3 oasdljl (65,50 oaims Lis wgub oo dmolre JuS Job 4 g
)‘ oslazwl b lhui u.:l)a)).‘ uly ‘ JL:B lebJa.»f LS"L*’L‘“’ )I o™ J'&f‘_;o EWTY (MM') b.h»c)’tol UJK)A L)»L.QA wLwl 2
Jsb b Jbd JuS 00 gy Lailg) ol ad cod JuS 0 4l (850 plgisar polie ool (1:kes (V Jgi2) (220 alaly oz
S5 B0l JuS 5l pdn (Y Jgds) el canddy yida SIEY B O/AA o (S5 aiels 9 505 Jlae! joghS YV B Y-
Hlo (Bl Joloo g JuS ¥ goome )3 cplply )5 (0 )18 Sy So

SRR 93 o a3l AI315 G545 3)01 1 (2,25 Latlg, ¥ g

Jge? all, 85l
Ms = 4.07 +0.98 log (L) Poekw \
Ms = 4.20 + 1.02 log (L) S99 9 el e Y
Ms =4.10 + 1.05 log (L) Caanl 255 9 3g Y



http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

JFeF oF oylois Y 0,50 o lamo lpblio o lds Sudni \of

Jge b o o lows
Ms = 4.30 +0.95 log (L) Jrole g (yus prel ¥

S e wliso A5 us (10) o 55 a8 s auwloxs (V daly) Jighe g uaspnel daily b I po olide 5 a5 conis
ool o5 55,5 (Ms)
lo=1.3Ms + (0.0) Valal,

ol Olsee il dotiy jlalols (aalEl L a8 T )0, &g 5 Dl (S0 ol (lie 0 315 sl il 4y a5 L
Lo 5 i) bl clold yls Jolse (36 cow (ials ol o e halS (glej)) glgel (Suials” Lo o
35905 el Lalg) ol L sl (5)950 S ul (siloro (sl (Sxials Llg, jloslil 3l )15 dilais ey
2le docd oy (sl )] 0 LoplSe Jiloo 4y g A8 oo wald |y 09l 1 590 sladdxe o a3
lSen 5 Ll Sunls dla 1 odliel b cilies Jolss 15 @b o imghy ol 50 S e SaS ol s slaeSis
0185 o 1yl ol slad o3 on (slad oobal 1 ol 5 oS WY+ 1 S Jlgh sl o5 03 Al
b oS sl gl 5 dlaly ol 51 ozl gy 3l s Slotel LB ol pmm i dilate usli e bl el |,
oa ly Gl olgh 3 035 ) 355 (535 o S8 (53l Jie 3 o a3 5 (5S8] JB s 50
W35 dadis ) alols L8l tmgs ol Sllae e3gioee Ale 01iSTyy 5 Sdaie (slo S b Liblis 3 0304 jlu oo
el (Y Alaly) (VY el g GloSyg) b sl re lSen o iy (Suials dlal, L il () 5 0o ptlS o
el 25 ©ypod dal

Y abal,

IR =10+6.453—0.00121R—4.960log(R+20)

(JY o olie) aidyge oo 5 a3 (IR

d3)5 o9l 3 wastlo

(sosk) Ju 5l alcls R

oy 5 o o) i sl sl ly (5055 (sl sl (S Lol Sl eolizl b olyan S0 5 (5 drlons
Lalyy o Jlo > ol S il (sl Jso lyr (omolio I3 b Lol b S 5 o cypmal S 5 2 sl
Sl sl b)) Sl o Wil oo bpe (PGV) 5 (PGA) & 1) ©oa sy 5 Slighs

25 Lailg) 3l o3kl b (PGV) Ll s pus i 9 (PGA) bl ol attis Lol (ypo) (oiuis (6l sl ¢ popms
Sl o Soko > sugetilo o b pn iy 5 S 4y s S0 |y 05 o5 (8 al) 5 (F ) s 5 s
oo LSy 5 bojlu A5 (Swelos Sl 2L sy Sl @b)lpl slosalin slaosls b gllail 5 < lsebl
54 0 (pesd Mgl oo

2yl blsl bejle p)ls (slag s b pudiins jobods el (gloj ) dlugy (b > e (s iSs Gliis Sl 5" (PGA)
o) ool 5y 355 (Slopipn 5 A5 o (s sl b ol bl Sl (sl stz POV) &5 Jbs
ol 2 A5 e DIl oy ol Cusal 1 Blop laaSid (g pdical oS ) ohigar da el
ol iy lgel Cas s g O (550 4 it jobods apenges

Logah = 0.041+0.3 lo ¥ aba,
(cm/s?) sl Glus :ah

logVh =0.63+0.25 lo b b,


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

K% A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

(cm/s) a8l ce s :Vh

Iy TE

Tk 30 39 (a0 o> S ol 31 (U Juli .

docdloy; @pdical g slos) Slble (bl )3 S ol 5l (S plsieds e i ool (alad Jlos
ol 2 S e w2l 3 1) (PGV) (8] csjus iy 5 (PGA) (8l Gl aiin (IR) W)y s Sl 595 5> el
WY (sla sl b plaie (glaSed @ (Gldllae 0391000 piiiw joed gaw 3 b jiall (pl dtwgn @595 4 (oliwd sl (ingh
5 Lol Jolod B b cgainaSiud ol g (g VA X <23, V0) Joho YVF JoliS ggeome )3 oS Al i (6 yioglsS
2525 5 Jgho o alols 1 plodl ol i aSd (gl oha94 e wlie 53 A5 SISl e o By i3l
Mol b alols s ple G o) (3903 45 03,5 duwle AICGIS 3316 5 5> Point Distance )3l 5l eslawol b Jld JuS
FHR) abols (55208 bl 2 (IR) Wil ad (Joboo p2 (sl 092 Joboo YT 5 (3] (Lol sladaiia plgicd) JuS ¥
O 808 alre ()25 Ll 5l odliiul L (PGV) 5 (PGA) ydlie g 9 45 (35 (10) G935 s o i 9 JuuS
Jskos YVE 51 S5 2 el 4 (PGV) o g (PGA) ol (IR) o polie 5 50 155 duunsS & pg0y Lnodl
CBAiE A4S g dtwgw zobaw 4 byl b ol us ool oligys anT48 15 639y (slaodls lgicds 39y 00 duwlo
B dlie g oy 3590 Ml 9« Siom S (IDW) (355 alols ugSine Jols Joliio (2lig)> (S9) 4w (2l2b @jes
Sl ool it (sl 3] (g 5lmo 45 05 ) (RMSE) s olaspo csSilio sl 1 ooliol L g po 3.0125)5
1wl 5 Gygods (RMSE) Jgo,d .canl (8ly polio | uess polie

5 abal,

=l i i Zi
eSS lade 1 ZN
blg slass 0
il 0 QI (Y Joaz) )3 gt joed 03gd5%e 13 (2lig)> Slaedy) €3 awlie (b)) b

SW9,3 B gy CE duglie ¥ Jgun

Spline Kriging IDW y3 g,
+[-YYD +/A oD RMSE

425 sl pYL s 5 (RMSE=.0235) L oMol gy i (Slachy) amali Sl ool <o) @l 4 425 L

b sl canlio SLSU Olynss o0 5 odly (g plaie Judoay YU cds (pl b Q] was olad mje ol adds

(VITE VI oo d3; us aeb Jole oligy pls. .cwl )55l dalaie o aduis glaol)l (20,05 Ol cunls

ool gt b doje gl Al o dusloee Sl an 03)5 ARd g Al gali b doye S (gl (JB e ulide

sy diding (30 9 =35 9) o ) (PGA) (pej i ditin iz sbayiall @jos (o 9 Sligis 5 (055 Laly,
(0 JS) 13,5 5,91, (35CM/S- 39CM/S) o


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

1FF oF oylas i)F 0,90 o Ao Ol pblio o las Ll VoA

3915000

3912000

3909000

3906000

3903000

B e ]

- High - 38cmis
- 0 o5 1 2
Low - 35cm's —

T 3ed 3995%0 33 (PGV) pae j CaS g it &2395 0 JSd

ol 3yglp Slgsreny sl gaiiw ddlaie cleduS e adids b (duis (gla ol x5e5 odd ags (slaaids Sligsen

Cga jl Olus diuin 9 ey Ay ¢« S5 polie badyglp doe bl daase @1l 1) blaS 4 (S0 b b el b
B S 5l 6590 dold 0 a8 Hpe Jlod 5 Jlod Caoms 4 ] 505 Jled sla S & &S gt 4d (oyE
..))l.) L;..a.mlf d.ﬁa)

oS53l 1 aSL (PGV) 5 PGA) il (o stz sloyiolly 1 (26 e & Ol 55 a5 5 Sl (6 oyl
Tlae Jo ol JeoSS 50 S else (s Ol @ o adgd aSud sl (Shy 5 (wlinme) 5 (Sisler9e97)
Sla S g b cloyd Cusdge Gres Sl odimd lis doMs jobds da Sty onl Limeh 290 63945 y3.Nigu 0
B) Guas (o) Y ol L]y 5 ( 38 w30y Cullad (ool 815055 L ol porr il oyl it ddlaie (gloj)
Fo V3l pres (bl gaw 3929 b blodly JS5 1 035l9n (o) 9 o 5o YO b) (slaslsg) dule g opd o o 35 50 53 20 ¥
(GIS) LLdls SleMbl g buse 13 (WAA) 36 g bies (S5 Oldllas 5 (wlid o) (sl 4}l ool
ly olil (JoSa g 1S o0 o3 1) locdlu 5 (s placanl g A5 Olblbie 538> Juloo oISl wlosd (il o098,
Hig oo e Sloj)) Sy polr (L) 3 iz oyl
g Slasie (et gl jlad g juir (wlidine) 5 (Sol8i9e93) Sl SRy (o) (o lajiell p 0gde


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

V4 A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

» UNW),;L ] CanSl L8y g slojy) (b i il )0 Cuoglae 048 puns dS ddly) i WNigd o gylae (gAlS

o oyl 9 9LT ad BbLo O 82595 sl Algd Sl ladidao . P Jgor

LT yaud adlin
dilaie | b Sy | B onpSes | Jsb slas Ay gy
sblyad vo- A Vovay YA Connl
S o - vy YYIVY \a- ol b
sLi s Ao Voo 1994y YA O
bl s I I \ay Y >Y g
Ol aibaie
ol vo- Voo TSVAN f- Comjl
ol Y Y YooYV Wy ol b
ol Y vo- Yvor A ol
ohleg b Y. ¥ \i 3Ygh
A Y Vo FSYA FAY o

Gblie in qatis b ol @jg aSid | (ise 90 D deoslsy &y o yiued lacudgize J> 4 chmgly ol 5
g3l elg) i Jols prasi £ lss) sl i2sge (S3d Slaseie b OBl il gl ol g 2Ll e
bl Gl ws okl b daee 3 S Jsb g ptoisdee Ar e BTV SI) ladlgl Jlad (3¥9d 5 (e <ol
o5 oamd Lt o (6 )gl3,S liasd S il (glis] o ppto GIS sy 148 dmosls ol ¥ Jsd) 1355 25l (GIS)
S o ol sblie cpl )3 sloj ) (s plpaml Jlos sl sl g dten 4 (So3b la Shg o 405 b
(AHP) o8 50 dlandes ol .Y —1
o3lisl (AHP) (5loaluks Jilow (o) 51 clly il )3 gt 1o Ol s a5 olaly (ol sl coimgfy ol o
La Lo & (23559 03l il poabudo & o Bluas 355 L (AHP) sl o linetiaz (6 S maonsdl sl 330 (551301 &5 43
& ypsebaE) WS oo w2l S ) il cilise olse b Atopllss 5 38> s ISl daigliad (63l )y g
a5 (AHP) 118 5 olhlag g 2Ll pad dilaio 93 oytaod 53 (686 Ol @i 4Ked (o)) o 5503 b adllas oyl (V- -A
il 255 9 B)lixe 2165 035 U 22,5 12l (6 )5ks (b3l 5 oy ale dliodads calo ol Lol dlo yo
2 o inled (S8l,S g |y a5 5 o lixe «Bun oS Cuwl (Slyedlidis (e sl AHP (s 55 ss

i 3 gl 18 ol g ol sty ol polis 1) b Ll lalsy gs 5l Gimgy ol oledlde
sl (VoA & o) ol e (S50 SlblL)l g2 88 gl 5l pedlads BMS yy g g0 Ly 5 (gl
s 2l jle pdaw dw o

Gan (e b Jgl awrads T (oo cilpedade calo b Gimgly cpl ) (AHP) (oilpeabudes Jilos 4218
pos s ALA Jaallygiod ol py sl o el jlab calg) iz (PGV) Lo lono pg3 s (055l 6y
(Y JS8) 2255 (23 plojl 5 Gl (3L dawgio o8 o5 (is) Waany 35

! - Ghodsipoor
2 - Ghodsipoor


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

JFoF oF oylouis Y 0,90 i olrro il pbloio o lis Ldoi e

(AHP) (o1 podludass Jaloxs 53 B jluro linb 55 (59 0 Jgo

S by ojdlayi i
PGV (o} oy dindin | (37-39CMIS) 3L LISAY
(36-37 CM/s) Lauwgie . /YO
(35-36 CMIs) S )5V
b e lalog, il ./soy
Pl céyl /Yo
e RV
Ayl > Y ey
obsld Y
O RAYNN
Can] -[-¥0
gl b (>500 mm) 5,3 /5
(200-500 mMM) Lawgie \af
(50-200 mm) 58 VN0
(<50 mm) Soe8 LS RN

b dawsie o8 0F (L) cilie Sl ool v o @ 4SS gl b 2 e Jelss 51 S (s 09
Cawd & (AHP) (sl jodldis Julow ) jl ookl L 5 (295 loawalio 3ol jl agjy ool (ol 0 dpslors (315 (s
(0= Jgi) sl 45 5510 by (6 dpipml 2l )3 o (o Cponl 0aimd S ol o (359 -loel

@YU Cotl | (295 sladunlio ) ondplsl slaciglad (4)5ls < (AHP) (olpedlabs Jibs 013 5
i)l lp s (golol gla a8l 386 o Bl haie )5 ) (&S glacglad & S o (el | sl )15)55
5 e Camd & (IR) T )55l £ 5 (L1) Teo)55Lob Ll (A max) Yoy Jlae (3,58 deuslons b s iS5
ozl Jelgs (olos sl )3l 5 cpimgls cnl )3 298 o0 4i8)S Jlas 53 Jg8 JB s lgie /Y I i ()Ll
g aigliss (65l onimd i &8 15 dbes +/\ 51 a8 asliipnj g gl b ly) uin (PGV) 305 et yos diin
90,5 (6)Sslx Sl glalad | asl wad o il 38l 1y 2ol jliel g > il & awyp opl wcanl Hlas oo & Lo pae
(7 5] Wloads ploxl (A8 (g 5 guone (Blate (bl 2 las S maenal 4 A0 0 (Lol

B loro (5 )5l (e 5 Jgie

o )_max 1.1 I.R J9*§ JB s d)gjlw

PeV) | Yy | s | on <1 b
g»lwu“’) y/aaq —o /O N <N\ J“-’L
dy s ¥/ YA N o[+ </ “"‘:‘l’
d‘j?“ e ¥/EA Y JoNY <N J“"l’

iy i b ol @i 4 lojy) il (2bjyl dl 8 55 (B3l (sl 5 s lagis dnwlons I

ool BB ad)S 54 A5l 4l pdicas] b yglol Gl s Sl @S lpl Glpsa bkas Sl
Pl Jele o s Coanl s gl s (:Sle o9 b ol sloosllo s 5 lajlas (295 dunlie I 48 o
b (PGV) cyre bl oy s 48 3 s ults S o by e o pgerdy A (6)sly i b (4 ppdyeceras] 2wy

- Analytic Hierarchy Process (AHP)
2 - Largest Eigenvalue
3 - Inconsistency Index
* - Inconsistency Ratio


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

BN A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

ot bl )3 (i Yl cul Ay BB exiad LS oS s aBLS e 00 5SS Glyiear <P Ll 0
Sl 9 18)S )15 eam Slpe 3 NAY (59 b gl JlaB o IVFY (59 b dlg) i sl (yde sladlg) o (shoj)
bl 1y 580 a8 Y (539 b ol (sl Shg o o 50 08 a5h Al o gesly 50 45 (58 sl S
(V Jg)
Srirew! @5l 53 Bylae s 0jg Y g
e | 2 09
(PGV) -JE5
EUN WS <IVYY
dgks | DAY

wolidope; | H/NY

185 )5 oy dyge ol 5 95 0 e red o me A (i b 6yslb b Jelgs (ingh ol
Sl a9 (PGV) (prej sy diitiy Ale (o) s (slagial)ly Jolis ladlg) (83 yiy (s laseitio ()]
(8599890955 9 (wlid e «SB Slasuie (PGA) (o)

Wi, = 2:(19I X W; 4l
i—1

(PGV) (0 oyt (o) (o> gl yiel)ly (oo 1 lndlg) Jlad o > Jold a8l (S038 Slasedio (o
ol 35156 a5 3 2 (PGA) (yp0) Sl iy a5 Jlo 13 )l bdlg) (s iyl 1y byt
S5 S)le dy b oolitwl a3 i5u s sl (GIS) obdlyie GleMbl i j @Sis (o] 2bj) lp
(7 alaly) oo s & Jole o 2lad 039 03 oo o) 2 oamd 039 oy ool Egame Sl ol 5o a5 g
il oS
)90 GiZe 2l O3y ot W e
pHT Jole oled 0)jg Wi o
0yé g dg puix aib 55 (PGV) aib (g (Jle plgis @) plil Jole 4 bgypo ab (s (g ek Wi o
(N=4) (imgh () 3) Sge Jolge dlaiin o
ot 5 b (odindod 3L 5 Laugto S S b ol i Yoz 55 5 <88 L5 FEY BN ojl 5 ales cslas
2 &l)) 4t g ol g (s A (s cuml 5 gl OB L e g e Bble Ol @i aSs bl
(7 Jss)
B (lacglis sximdlis gt wed e g 3Llpas ailaie 9 ) b Of @i 4w el L) @B
cdaw ()l o) 4 5l oy A+ /A5 dgds bl o ddlaie p3 .ol adlaie 93 'yl s plocawl 5 6yl maw > a9
Chpl SB L gy 2 S8 5 pacdes 100 b oV i b ladly) el Baes 45 cunl o8 (sl
13 &b 3l 2> VY Lo bl o085 oYL (5ol 51 it ) 48 sl 005 ey Jolge S 5 oyl el i 1gS
ol gites Jid S (6 53 oo Ar B b ] slaalg) Jolis &8l b5 (L3 (sl (sl adlaia o)
b srtar ) 35008 5 sodhe A0 5B g 103 ¥F gl (i b sladlgd (YL 2> s 4y e ddlate ¢ Lo o
o5 S gaw (gl dibate oyl )3 aSed Sl 8oyd WYY s wcul 5155 1 (oY (s pdvcanl 1 paiin Jud S5
colia oS 5 5 4 5L b dilaie o8 amd e b5 Wil () sl sl Ve B b 5V slaaly) ol &S ol


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

JFoF oF oylouis Y 0,90 i olrro il pbloio o lis Ldoi VY

YL doys s 4 ke dilate 45 b 3l Joygip oYU (opglli J epglio S5 i g caslio b dnaly) i
(A Jga2) 20 s pdpcamsl 1l SLelidl 4y (6598 55 il SB gty 5l sladlg)

678000 681000 684000 687000 690000
3
2
2
8 -------------------------------
&
2
.
8
g
a
!
g i
2 i 5 i / V4
2
8 {
- " B i P
o g et ..).
4 w e
Myie »
N 0 o5 1 2
——— e — — loMeters
= S S
------- s s N2y

TN e T aud 9 o) leg O 23395 A (639 sl Ais & JSUS

TN s ol 9 3T paud (sl O @595 ladly) 4 (6 pdcumw! (b3 S . A Jgas

ailis | gpdicaml | () Job | sy
sl o oS VOO - A a5
Lawsgio A5¥ WIYA
T R T
sbj s osf VA8
oble oS sY5S WYY
bugie VEYVE TY/VA
sb; vy VA/FE
obj ks \FAYA AAZER

byl sladels g pdicuml Slb wlwl g O @395 syl aSwd b Sig A Jogso

Cpdcaw! | () Job Lo yd (o o) shad Ayl i SB i | PGV (cmis)
oS \AANZ 5 Vo- Y $5lsS <yl A7
L gie YEEYA Ys Vs ol - i | sl cayl Y
ol vy Ve Voo okl T e YA



http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

VYW A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

Srdcawl | () Job o (o shuo) s Ayl i SB i | PGV (cmis)
NISPRS \YOY¥ VA . Coml T Juid YAID

Wolgiiut 9 5 5 42l

05eal (265 el oo stz (gloyrol)ly Jlaie 5l aljl; s 5 i 1o o g A 4T3l LS gy ol b
D) lwgs 4ol e Ble YA/ B YA/F dly 13 (PGV) (e Cas yu diniin 9 () I¥OA L /Y 05l 10 (e ol diiin
Vo glads o Jlad JuS Fr olols 3o,k jl &5 cwl (PGV) awsbes (o SBMS 50 calllae ()l dis 3 g8 alads
e A5 cas bas daol olies) olg cmess (Vi) eee e wlide) wlis e (slaaids j edlatul b (6 ytegkS
(sl yosiz AnT 8 cpl & W plosl pixe 228 slagbs, b (PGV) 4 o] hds 5 e Saials’ Juo s (MMI)
b dtndS loodld diwgn (sloddds puw (gl Db Liol8l a5 BB jsbay Jore slaodly p aSS L) e cdd
& & 05 oo (=RMSE +/+¥Y0) sl L (Spline) (hey 4 olisys 9 (GIS) oldl e SleMbl g | (555000
(+INVY : b opmoj o NAY i) jlad o /YFY :dg) uis JPGVA60)a lae 4y (230459 o (AHP) (il pedluls Juloo
Sl o adlaie > 1) b i xdaw 4 1y o die S & g0y i ol Jlas! (sl (GIS) 1 oalisul ¢ s plosl
oyl S g oS5 s b o3V cladlg €MIS 36 390> ol (PGV) I 5L o5 (s plocamwl dibs )3 aSs aopp AV L
3 (Jed S > SogS Jhad b il sladlgl) ol do )3 VY s a8” Il 55 ald ojlis 393 51 (g puKouix (59ll 5 5168
95 4345 L il i 55 4Kb 2o y> VY L ol dilate (bl 3 088 5 35 (b i i
38> dobro b «0)S" &l lyes 3 (PGV) 51 IS Los as” (WAA) g5 9 (s g dl3l0elS & Cond idghs o
Jedo e |y b dlg) cunsls 75 a8 ((WWAY) ) Ken 5 (gole 4 5 ¢ SaalS (gilw e 5 oo slaodly i i (PGV)
Orimen )5 adye S8 g Saels 6350, (SPIINE) (alig)> 5 (GIS) 5 (AHP) (Jas plésl b ciisyy ey oLas
dalllas cpl sl plosl bty lig > 32 4T g |y el Gl 45 b3l 4 (VF4Y) e g Slawis Sl
S gly ol 4 i (2B slaimgR b b )3 01> (glelan Mo b5 (55l dive S (it § (PGV) dmslors g, L
odly 4 5l e (PGV) il iy dewlre b idghy (pl 30)S awyp Sy cladljly 1o 1y (PGV) &S (Y2 +Y) o
5 hSdy o2)ly Sh L widg S hete Al oS p &S (V1Y) iSd g Shugi 4 Cunsd g (A8ly Sy,
&S c(Y"’\"’) O‘)lm 90> )gl)g 3 (e G ).".o.ln g(uﬁl)fyy ‘Jw: Sk ngJuS) T New ]m‘).w LS‘)-? o,\..i}d)'l.w@y
sl p0 00 5 (SPliNe) b i olig (PGV) alBMS dusbre b adlllas (pl c55)S" 3.0l 03 i slosls L 1y (AHP)
45 sl 035 35 2900 (glooly qalio b (glo e (sl oy llasil g gy 923l sl sloatis ) ol (GIS)
Nt ot 5 pllas] by il le ola)Saly Sl L Sl o)l 48T @i (G52)00by 2 s
2 d‘b)).‘ t_gv.u.:) Co o d‘).: dy L5J9§” 9 29)° )JI).9 &9 LSLQD.)L) » Lfi‘w Oldllao dLhw.)gJ.?bo )] e
w2 o S Sl slacsley;

SIS Sllio Mo
aledl b 3590 sl ) g loa S oley 1y (IUS) Jgol pole imgly ool it g plosl )3 (S M


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

JFoF oF oylouis Y 0,90 i olrro il pbloio o lis Ldoi V¥

NLLEET B

idlge gy JS5 4 Loyt dlie 5 By € lie wdl o Jol odtuags 43)) o)l 4l Jobs i

s daosls kol Juloo g 4550 cliwlxs plodi] daodls ‘5)913).? 5 u;:glnﬂ pll dadiges &;lwoslel PSRN P RNVWPY
Wlde o giiin A ol g OleMbl yuudi o

5 il ol qmls JyuS g o)y oo plsl Jole » o)llas (yinghy (b slilly (slaial) slisl 1pgd odinngs
Al g5l ol

lie il g aallae cinghy » o)llas (yimofy (Sl )3 €8 Lo celilly jolive dliwl ipge ot 5

Ko ol

Sb b

oliwd S o8l Byl 5l tagh ol 5l Jbo culos il plos] liwd S oBisly il Cogles (Jbo coles b pols dllas
ol 0as plodl a1 Tl o gomiild dolibly Dilaghy LB o rds milio 0Ll

S5 o
5! Cpred g o0 d)]/ﬁmlﬁ» ).él> T3] L;]);‘ 0 ‘_,’JLo Colos )L>l;'> £y Ob’.w))f ol&Kusls B gR p yxo CAstv.o )'|
g )l ale 5 (s 5L (slo s &l s 4 p e gl


http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

ARIA A € (R | . ij ol g0 st O &1 gi 4 (5550l b))

References

Abdollahzadeh, A., & Shahriar, S. (2018). Locating high-risk zones of quality crises in urban water
supply networks using AHP analysis (Case study: Tehran water supply network). Journal of Passive
Defense Science and Technology, 9 (2), 15-28. (in Persian)

Alavi, S. M., Masoud, M., & Karimi, E. (2018). Assessing the resilience of urban water network
infrastructure against earthquakes (Case study: District 2 of Tehran). Human Geography Research
Quarterly, 50 (4), 977-991. (in Persian) https://doi.org/10.22059/jhgr.2018 .228869 .1007424

Azimi, H., Amin-Salehi, F., Ghorbani-Nia, Z., & Norouz, A. (2020). Selecting suitable locations for
emergency water supply reservoirs after an earthquake using the AHP method (Case study: District
5 of Tehran). Journal of Sustainable Environmental Research, 1 (2), 93-110.

Azizi, M., Eghbali, V., & Yazdani, J. (2017). Analysis of pipe failures in rural water supply networks
[Conference presentation]. First National Conference on Water Consumption and Waste
Management, Tehran, Iran.

Bata, Mo’Tamad H., Carriveau, R., Ting, & David, S. K. (2022). Urban water supply systems resilience
under earthquake scenario. Scientific Reports, 1-14 .

Chen, X., Zhang, Y., Liu, S., & Wang, J. (2024). Seismic vulnerability assessment of water pipelines
using (AHP) and fragility functions. Earthquake Engineering and Engineering Vibration, 23(1),
155-168.

Donald B, Ballantyne. (1997). Reliability and restoration of water supply systems for fire suppression
and drinking following earthquakes. New York: National Institute of Standards and Technology.

Ebrahimi, A., Mortaheb, M. M., Hasani, N., & Sadrolsadat, S. A. (2017). A conceptual framework for
assessing the resilience of urban water distribution networks [Conference presentation]. 1st
International Congress on Interdisciplinary Research in Urban Planning and Architecture, Tabriz,
Iran.

Eguchi, R. T., EI-Naggar, M. H., & Hall, J. F. (2004). Seismic vulnerability analysis of urban water
systems in alluvial zones. Journal of Earthquake Engineering, 8(3), 321-340.

Farajmandfar, Z., Piratla, K. R., & Andress, N. (2018). Seismic vulnerability of urban water networks
with diverse pipe materials. Water Resources Management, 32(6), 1895-1910.

Halkijevic, 1., Vouk, D., Mostecak, H., Posav¢i¢, H. (2021). Damage assessment of water supply
networks due to seismic events using vulnerability functions. Gradevinar,73(7)737-749.

Hoekstra, A.Y., Buurman, J., Van, G., & Kees, C. H. (2018). Urban water security: A review.
Environmental Research Letters, 13, 1-15.

Hosseini, M., & Sadeghian, S. (2009). Arzyabi-ye asibpazin-ye larzeh'i-ye khuthut-e luleh-ye ab dar
Tehran [Seismic vulnerability assessment of water pipelines in Tehran]. Journal of Seismology and
Earthquake Engineering, 11 (3), 123-135.

Kamranzad, F., Memarian, H., & Zare, M. (2020). Earthquake risk assessment for Tehran, Iran.
International Journal of Geo-Information, 9 (7), 430. https://doi.org/10.3390 /ijgi9070430

Laucelli, D., & Giustolisi, O. (2014). Vulnerability assessment of water distribution networks under
seismic action. Journal of Water Resources Planning and Management, (6)141 .

Li, Q., Guo, E., & Yu, T. (2019). Study on seismic safety evaluation of water supply pipeline networks.
Cluster Computing, 22, 6647-665.

Li, W., Mazumder, R. K., Bastidas-Arteaga, E., Li, Y. (2024). Seismic performance evaluation of
corroded water distribution systems considering firefighting. Journal of Water Resources
Planning, 1-22.

Liu, T., Zhang, L., Wang, M., & Zhou, M. (2022). A review of seismic resilience metrics for water
distribution systems. Scientific Reports, 12(1), 1-15.

Mirzaei, N., & Gheytanchi, M. R. (2002). Basic parameters of earthquakes in Iran. Daneshnegar.

Mousavi Bafrouei, S. H., Mirzaei, N., Shabani, E., & Eskandari Ghadi, M. (2014). Seismic hazard
zoning in Iran and estimating peak ground acceleration for provincial capitals. Physics of the Earth
and Space, 40 (4), 15-38. https://doi.org/10.22059/jesphys.2014.52404

Nariman, A., Fattahi, M. H., Talebbeydokhti, N., & Sadeghian, M. S. (2021). Assessment of hydraulic
resilience and return time of Sadra city water distribution network under earthquake. Iran-Water
Resources Research, 17 (2), 204-221.


https://doi.org/10.22059/jhgr.2018%20.228869
https://doi.org/10.3390
http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html

[ Downloaded from jsaeh.khu.ac.ir on 2026-06-08 ]

[ DOI: 10.66224/jsaeh.12.4.4 ]

JFeF oF oylois Y 0,50 o lamo lpblio o lds Sudni \Rl4

O’Rourke, M. J., & Liu, X. (2001). Seismic design of buried pipelines. National Earthquake Engineering
Simulation Consortium.

Permanent Committee for Revising the Iranian Code of Practice for Seismic Resistant Design of
Buildings. (2014). Iranian code of practice for seismic resistant design of buildings (Standard No.
2800, 4th ed.). Road, Housing and Urban Development Research Center.

Rahimkhani, A., Ghodrati Amiri, G., & Mohammadpour Lima, M. (2009). Seismic evaluation of buried
pipelines under the effect of peak ground velocity (PGV) [Conference presentation]. Second
Conference on Oil and Gas Pipelines, Razi International Conference Center, Tehran, Iran.

Samadian, B., & Fakher, A. (2019). Providing geological and geotechnical information for the
construction site of Sanandaj city. Journal of Engineering Geology, 13 (1), 1-20.

Shadabfar, M., Zhang, Zh., & Li, Y. (2023). Seismic vulnerability assessment of water supply networks
in Qazvin, Iran. Soil Dynamics and Earthquake Engineering, 171,108954.

Sheikhali, M., Asadollahfardi, G., & Emamzadeh, S. S. (2020). Vulnerability assessment of water
supply facilities using the integrated RAMCAP and AHP method. Amirkabir Journal of Civil
Engineering, 52 (5), 1205-1220.

Shojaeian, A., Farahani, S., Behnam, B., & Mashayekhi, M. R. (2021). Seismic resilience assessment
of Tehran's southern water transmission pipeline using GIS-based analyses. Numerical Methods in
Civil Engineering, 6(2), 93-106. https://doi.org/10.52547/nmce.6.2.93

Statistical Center of Iran. (2016). Results of the 2016 National Population and Housing Census: Tehran.
Statistical Center of Iran.

Toprak, S., Nakirek, M., Kog, A., & Katakli, H. (2015). Seismic damage assessment of water networks:
Van earthquake case study. Earthquake Engineering and Engineering Vibration, 14(3),455-468.

Toprak, S., &Taskin, F. (2007). Estimation of earthquake damage to buried pipelines caused by ground
shaking. Natural Hazards, 40(1),1-24 .

Toprak, S., Taskin, F., & Koc, A. C. (2009). Prediction of earthquake damage to urban water distribution
systems: A case study for Denizli, Turkey. Bulletin of Engineering Geology and the Environment,
68, 499-510.

Wang, Y., O’Rourke, T. D., & Hall, J. F. (2010). Fragility functions for water distribution systems under
seismic loading. Earthquake Spectra, 26(4), 1161-1181.

Yazdabad, H., Kabiri-Samani, A. R., & Ghaffari, M. (2018). Seismic behavioral fragility curves of
concrete cylindrical water tanks for sloshing cracking and wall bending. Earthquakes and
Structures, 14(2), 95-102.

Yousefparish, Y. (2015, December 14). Investigating the effect of earthquake on urban water
distribution networks [Conference presentation]. International Conference on Research in Science
and Technology, Kuala Lumpur, Malaysia.

Zhao, X., Chen, Zh., Gong, H. (2015). Effects comparison of different resilience enhancing strategies
for municipal water distribution network: A multidimensional approach. Mathematical Problems
in Engineering,1-16.



http://dx.doi.org/10.66224/jsaeh.12.4.4
https://jsaeh.khu.ac.ir/article-1-3495-fa.html
http://www.tcpdf.org

