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Abstract

Due to the location of Kerman city on the border of mountains and plains, there are several faults in
its vicinity, some of which can cause very destructive earthquakes. The city has a very old central core
in terms of architecture and is mainly made of brick and mud buildings that have a high level of
vulnerability. Based on this, detailed and scientific studies of seismic vulnerability are among the
necessities of Kerman urban management. Therefore, this city was chosen as the study area in this
study. The information research and analysis methods were database-based methods and ELECTRE
FUZZY model. In this study, quality of buildings, household density in a residential unit, width of
passages, distance from the faults, distance from medical centers, access to the fire-fighting station,
access to green space, access to temporary accommodation centers, and land use were examined. The
results indicated that the 4™ and 5" urban areas of Kerman City were the most vulnerable areas against

earthquakes. The vulnerability zoning of earthquake risk in this city revealed that the areas of high
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vulnerability were 28 and 23% in Zones 4 and 5, respectively. More than 50% of the area with high
vulnerability rating was located in these areas. Also, Urban Areas 1, 3, and 2 were in the next ranks of
high vulnerability zone, respectively.
Keyword: earthquake, fault, old texture of Kerman, Vulnerability
Introduction

Due to the location of Iran on one of the two seismic belts in the world and existence of many
faults in this country, occurrence of earthquakes in the Iranian plateau is normal. Due to the location of
Kerman City on the border of mountains and plains, there are several faults in its vicinity, some of
which can cause very destructive earthquakes. The city has a very old central core in terms of
architecture and is mainly made of brick and mud buildings that have a high level of vulnerability.
Considering the importance of the issue of assessing vulnerability of cities to earthquakes, as well as
the issues of geography and urban planning, GIS method and spatial and descriptive data of the main
components and behavioral elements were utilized to make an appropriate estimate of the risk of

earthquake and determine the effect of each vulnerability factor in the mentioned city.

Methodology

A descriptive-analytical research was done through data analysis method according to database-
based methods and by using GIS-based software. The physical factors of urban planning in this study
were as follows: 1) quality of building, 2) household density in a residential unit, 3) width of passage,
4) distance from fault, 5) distance from medical center, 6) access to the fire-fighting station, 7) access
to green space, 8) access to temporary accommodation center, and 9) land use. Fuzzy model was used
for weighting the factors and the weighting factors were placed in a function to identify vulnerability

of the city fabric using GIS.

Discussion

Fuzzyization could be done directly by using algorithms or logic expressions. The method of
number Fuzzyization used in this research included the two methods of direct and expert calculations.
In the expert calculation method, after determining the amplitude of changes in each parameter, the
domains were classified based on the previous studies and then, they were manually calculated
according to reality and weighted according to the experts’ opinions. After matching the areas
specified in the detailed plan of the city with the comprehensive urban plan map, the boundaries of

urban areas were carefully determined and then, each parameter was given tabular information in Arc
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Map. After assigning the data to each layer, weighting was performed according to the vulnerability

spectrum of each parameter. The classifications were based on the previous studies and research.
After obtaining the fuzzy data, the ELECTRE method was used to integrate the fuzzy layers with

each other and deduce the final map that showed the effect of each parameter in vulnerability against

the different real risks of earthquake.

Conclusion

By investigating and evaluating the seismic vulnerability of Kerman City, analyzing the
information collected based on database-based methods, and using the ELECTRE FUZZY model and
the mentioned criteria, the high vulnerability of Kerman Regions 4 and 5 were determined. In general,
based on the vulnerability zoning of earthquake risk in Kerman, the areas of high vulnerability were
obtained to be 28 and 23% in Zones 4 and 5, respectively. In fact, more than 50% of the area with
high vulnerability rating was located in these areas. Also, Urban Areas 1, 3, and 2 were in the next
ranks of high vulnerability zone, respectively. The percentages of medium vulnerability areas were 13
and 15% in Regions 4 and 5, respectively. Moreover, the percentages of low vulnerability areas were

59 and 62% in Regions 4 and 5, respectively.
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Figure (1) Steps and indicators used for urban vulnerability to earthquake risk
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Figure (2) Location of Kerman city
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Figure (5) Fuzzy map of earthquake risk vulnerability in Kerman due to the parameters of Quality of
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Figure (6) Fuzzy map of earthquake risk vulnerability in Kerman due to the parameters of Distance
from medical centers, Distance frome the fault and Width of passages.

£ o5 %e &

Ol S 5o A5 b s pdioenl g LK Le
g o eslizad (3 LI Sl bl e il Slab o duad) sl ol A58 A sk
i Gla 5 2le il il 5 UK L a3 slaanY Gl sl 545 slaesls (g5lacssl
U Ol 5558 13055 el s 0630 laaid b ol ol o3 5 0 ¢ EleCtre 2, 5l Cilises gla ol

AL 31y s oslize s blie ol 5 g pdicanl j3 ull e

- s R < e «
»” N

E e e B e

ELECTERE FUZZY Ju &
3 £
" [
- »
‘~ -
- . — p— i

ELECTRE FUZZY 25,4 0b S 3 55 435 jhs g pdaml 2k (V) K&
Earthquake risk vulnerability map in Kerman city by ELECTRE FUZZY method Figure (7)

@eTwe sPuwe STavE STrrME
.



VEY Oles) b o led M by FF Jlo (asee 30,000 5 5 Ll i e

Sl J gl 03, SSsley s Gaseta OF slaadl bl 5 tass ool 53 4 Solonil gla jtass U
ol [y S slme Gl (6 iyl Olon o310 B el ad 5 YAR s sllal 5 sl 55 4l G
(JoS 51l b bLiE 55 Ol S b il g ad 5 Adlate )3 (G glaasly b S e i W5 55
S gl Ol Ol 0518 51 (6,8 alsls 1o 4 il 2ty oS 51 alioll a o S ool il e
03 a5 deme 4 b pe Bl cp Soge Do JuS 5l baesle Aol oo 0o 5 oS o e o 0l
OS5 0L 5 2 ool 4l Sslite oS b Shs v x5 b JuS o > Ly el ke )5 ki
Lol (oS b el Ol 5 655 5 dob Jalse 55 0 53 L dlb oS 58 e e 0TE)
JS mm ales ls S L alols o a8 oS Ole S e § i 55k e 4 S s pasie gode
Sipsim glaanl wlalp plee 500 b BLSSI 5 cioeen sl )l O as a5 oS ol (935150 51 S
A0S Sl S gl Ol 315 ¢ 585 pl80m Al iy JuS ot Gbla 5o plas (2,5 a8 S asiia
S 53 s (gl 1 (st sl Ladlamt L (5505 b 315 oK g6 plae 03525 8 20 Sl 2
s e (OIS Ay 5 o5, i 1, 0L Sl Jas oo e, lods 5 sliel | latads cdas o 1 3
b p&a s sl W5 51 B0 Sl el s e el 5l SG e slalias sy s 3l o] jena (5 i
Ol Sl 5 LS 35T 51 e a4 o s a8 505 o 315 dal s ailaie OUSL (gl a8 e sl
I35 il 53 St Olse 315 315 355 6508 Jbo 5 Sl Sl Oass )l Ol (Bl 2 35
s3I e 3 tdalS e a5 53 il s ) 0 Gl ST 4 (S5 2 sd e w28
e 1l o bl A5 ke 53 8 pdcal 2 58 a8 LS ol 5 Sl slags 8
5 IS a5 oLan 5 550 dly a3 Comer 3L G ge S 5Sme dly a3 I8l 3L oS1 S

el Ol S e il > Cile (g pdsn] Sl Sl 5 J gl S e sl b

Ol S g bl 3 cilius (g sl laagy Comlows (V)) Jgdr
tabel (11) The area of different vulnerable zones in the areas of Kerman city

oS St L st (5 ] 25 ] Ol S g Gbla
Loy AN SRS doys Ve \
doys A4 Lo s 0 doyn Y
Lo s AA Loy Y Loy A Y
Ao s 04 Loy VY Aoy YA ¢
Loy Y Aoy Vo Aoy YY 0
S S 4o

A s Jie gl el o)l 5l aS plaaml wlad 5 sy opl 5o 4 Sebl Olallas 4 4 55 L

i b e bl e A STl Bl S b plae B Camdy Sl 3 el Sl 35 s pdin]
50 Gblie) Sl OF Gyl bl 5 5L Jold a5 g3 (655 o dilate . Cola sblis puodin b 5 plae (550
Olazl o 5528 5L (55 mml 48 20l jne (50 5 ISS Blduy OIS Olarl o 5l sldad w0 a5 L (8



14 Oy\Ken 5 o sl 085 ELECTRE FUZZY Juas b 435 5 bl gl 55 55 Sl skias,

a5 55 oK KuG b el Glasblis 5 oS (2,0 e w0 B 5 S Sl plas e
35068 b ol 5 uas0ll S Ay o Ll 8l (ST G s s Ll WS sl s e
Sl So Sl G &S a5l 51 6ol g - slaonl gl laad b BLISI 55 5 g g G sSes Sladl g slias
Al s Laglpls sliias 558 o 0dus e (8 ailate) oy idu 3 Lted Sl OF 3 5 sSs Ay s
S 3,03 558 Ay s 1l (ST s o Cands S oS Lol sden ) 55 ISl E @ Y
Ol 53 as,y,LSa ISl 5 Alas Bloday Laly pls Ol poe sl CodS o 53 nl 0l e 8 L 5o
a5 Sl ol & pl930 S 5 plosls A cplaal ates 4w 4 Ole S el Al sk s 558 e 1B )
Shaksls Jodos 5o el ol w35 (6 g £ GbLe 55 5 a8 Slacil ps plasl and 5 plaaS Slaly o i
Tl 5 5SIm ol i Sl 5V Glans Shoe 5l g Gl Sl Aol Ol Jramin sl Sleys S1 e
Lol el o8 5503 3 gmy Sloss 58,0 V18 Olo S jed mhane 53 3 50 DMl il 35 ol LT by
Tl 03 s L (oo s (e 3o 50 SlapaLE Sl Kes (Sl oS S et el G5 0 R
ot mlial o 2as el 13 (g A el Sl sl wileas A3 S pKs 4 s sl ol g
sla e li 5l SO eadis 5 o ¢L_<;.a o s ds Ol e ol s pls S S rals
Cr i s Ll 5l S aS sl sy ols S Ol S gl Osal i 3 ol oS Sl kol ) 3550
3L JeeS ) O35min T L das e 51 BB 0L S e f Al oS 5l 1S 3
o Laisa ol s Slescstbe gl ol oY 5 g8 Oles s Jle s s sl 05 83505 x|
03,0 Cley |y oddipad s o bolesaale 5l S s sd e edalie by 5o 350 Suley S50
035 05 5 s el el e L a3 5 ps S 8T S & s astld ) S
3 Shes s Ll S e 58 adlles s ge Sl 5 Sl Shlest 2alS sl @ gea Slasslal (sl
i oL Gl el 355 gl g 83 5ome 3 oSl [ plad (g Yo di Gy 1 LA T GlaelSany
Sl Ol ol oY 5 55 0 oK s Fl Bl sl L3 pmamen 1S L3I Ol S gl o
A 53 e Sl gl el 5 5L slaliad ST a gl 4 8 s el sl 53 e OIS 5
Lo i 53 el cnl oS15 5555 g0 0y (35 0 Sl io 53 O ol LAl &S ol (sl Siasolis Ol S
a plar 5 5K sladsly ade saasolis 50 ol glag )8 als Jew il S dlail>- 5 Sl
5 bl ol Solgss il 8 1 B bl L3 s 5l (Sl a8 il e 5 L slas
w5 b edd(s)slpar DSl |dos ey o 5 Ol S e los T (sl 4 by e Gla s
Sl sl [ Sie glalas 5 Electre Fuzzy Jus 31 g ,So e« Sledbl oL — oz sla s,
Colas OLa S et s ad s e (g pdoal (shuaigy 53 IS sba ol Dl S e300 58 bl sl
G, L ol dio s 00 51 iy cmael o3 VY0 diaie 5 5 oy YA/E aidaie 5 5L (5 ool
g s glaas o3 e Y Y ) (e bl rames sl ol W1y bl cnl 3 3L5 (6l
V0/0 ailais 53 5 Aoy VY o dibae 3 o gie (6 o] Comlis do s pimman 3403 1305 5 pdband

el Lz y5 NY/0 4.&]4.:,«):;.,\,\4);0‘\/2@)zééﬁgwiwwwﬁjwy



Ve Ole b olad A glo M Jlo (Jaome (50500, 5 Llae Y

))b)l_'zg.h’riok—\ﬁéb@}W}W\a@obﬁj%éﬁgy}gﬁéuﬁjsf,:\.:Lhm
LSL_AA_LNG\S&LM‘wab@M}rbu@l.g6‘)‘2}%6}5ﬁ&ég¢)y‘ﬂ:‘)bw{]ﬂ;ﬁw|.b;daﬁ
osls olantl syt a1y adlave ool ol 5l (o3l5 i W6 K 5 eda)l aals &b s ol o ¢ o o
Gl O s sl s laas gazmn 5 515U 51 JSCime oS sl g S Sl 5 655 0 Jise Jold 5 0 ik
RS ﬁ.)t{ J))\LJUT}MJS‘JAcﬁJB Lg:}iwwo LgLAM)\MéSL;\WB-Jbuo\MM
s o33 S @LJLJjSJm sl Lae o Electre Fuzzy Jus 6;0*@45@}2 g3l el @b
u)du;)@)‘chiwbbkuwb‘f}kb}w)fbdbﬁ%&fOJJJ45(\‘.’«')0‘)&@
e 5 (6 L ‘ng-jfél_aui_sg)sj_la}o\j-_:ﬁd.\x_&b Ols (wjui@?%m&‘ﬂé@%ﬂ)
sy Jlast s 3 os e e ol g s se lassle a5 L e Sl e Sed Cse 3l pla s

dole s s oo b

83 gm0 3 LSl (5l 2351 (ITAM) Lo e S5 ol (14205 ol ((Sohomns ¢ pmims 3l 50
Ll S ST s Mows 153,90 dalllas) (oLl hor DM (s 51 oslital b 35 Rl 55 (s
S sl galadl g el 5 13 GIS 5 )8 el

i 32508 L 0L S Ol A3l Jhs gunang (1740) s ¢ and el 15 il ply oD
5 e pske Mall i 58S ey AHP (51 pabides Jos g 51 ealiul 5 GIS (o3l i Sledlb!
RS S A

s 37255 b Ol S Oliwl 55 3l s gangs (WAY) dms o ol I3 e ply oo
olis Al «@hpy (55L8) (sobmaizr (5 8 pmandl a2, S ekl 5 (i) ol o LM
Dl S b gt o5k — (ke 5 Slaies o sle

L 9ol s S 51 o g (6 im0, .(0FAT) slalist il e (g olis Lo b ool (g L]
AV (VY Jaee ol blsve Ues . Jud )l g 155,50 anlllas GIS Lazms ;3 TOPSIS 2y, 5 ealin

S SLaolis (pLald (1Y) e (s o3 blmsh c almacd ((Shen o5 e s ¢S5
rs 3 eslial L OF 55 5108 5T gle allie ol Sl 5 aoes Sl bl 53 b jgd 520
O N Ol oy S pide by 5 (ool Aol 58

Wl K hlanl Ol ol g 8 ey Sl bl 54895, 50 55 (1YAE) dee (e O 50 (g llax]
Jsl ol

(Gt (S 9SS g Dldos (1Y) el il s ol o s S50 oo o 3« il 0L
CLLES 5 wlid e Olojlw 0 3158 oDl bl 5 01, 5 S kg A3y s 5 S5 U3
oS s



Yy Oy\Ken 5 o sl 085 ELECTRE FUZZY Juas b 435 5 bl gl 55 55 Sl skias,

S AL g S e sl L 5s N5 51 S G ] o (1Y) Lo e Jis 5
o3 o (358,50 85 Had s A

) OTAY) v (5 (o ol 08 (pmime 0I5 (o (olod (i sadin (S5m0 sy
O g (513 s ¥ it 15 ) gs dalllas GIS s Fuzzy AHP Jus b i sbaolezsbe g pdscml
AR AT VA of S-S\ UL PO U P P TN P A WY

Co s e yilen sl SVlis ae game W gd 55 O pu o e (VYA [l e 1 35 S| o ¢ 155
5 oKl ¢ b L sl sl e s 30

die Ly ad3ly il 03 by (SLelRE 38 (5 s o] (solaaigy (YD) (e Sl i DL
NAEY (YN Jams (532000l 2 5 Wilar 5l Ot g G355 25w (52,90 andlas AHP

A= ey a5 250! (T e (Sl e Gl i sl (8 4 s e 31500
JAV=VY () 67 Sl Ll a sla i ss Topsis g Ahp 5.als b fuzzy sl 51 eslaxel b 5 55

LSBT L Ol S g (glao) ) fas o (740) ol il (55255 s o5 S| ssbe ol 15 ibe L ol
FYT AN Sl (0S8 5 Sy S ok Wme ¥ B3 Sladie shuaigy 75 3 GIS 5,8

L ad s s bbe pls 53 6 Sl Judowi .(0¥AQ) W15 5 ) o Olule (018 50 (g il candols ((galslus
Yool e (63,8 Slid & (g S 4300 163,50 Adls ) ELECTRE FUZZY 33,
44 e (o)

93 b OB LS gladsly a5 3 e bl Jolge 50 (1YAQ) ier (s o il 3 5 molule
e oS Dlidd &0 gl her Ol w5 (551 Ghate 35, L (6 g2 OIS sla laons
Ya-or (VI (Lol e

U JPTNSVR - V0| VC WP SO FYUSO ISpUVRVIN( ) LIPS U VORI Ve oo [ P WO P DU I e
AT O b Jame Sl bloe Elos OB piims doms (53,98 adllan (43)5) acb O blows

s iS5 )bl (sla Jolow 51 eslital b Ol S Ol W35 s auarg (1T il 5o
Ol 5 50l & 5V sl Ve 5,03 Ol ol cwdige owlid e eaeil ldgs  ode dsllad | o guas
V-4 ¥4

s e Balihas Ol S (gl b - ST L s a1 5 5 6 i (OFAY) el ol e
YOo-YAO o 0V-0Y &)l ‘rm)'g Jle e U,Lo

el Bl S st glacdly g pdg el Ol goiyphan (17AT) Gilos (Sl (g 55 028
ANAV0T A Slad N0 505 canw s 5 LBl a & 00 (630 Gl sl lae

B ged (5,8 339w p sLCIL oLt IS as0ble js 3 Ol pw Sy pde 38O ais  Slal
sl ol (6 e (el dndy (Al Wl IS LBOLL L((Sag,y o) STy s taadllacs ;4



Ve Ole b olad A glo M Jlo (Jaome (50500, 5 Llae e

35l 53 S S Sl s i b5, (T4 Jlam ol (pmima Sl 5 e g ¢ Juoleslsz 3
AT Q) (slaidae 5 s e sl iass 5 Sldlas (O, 6ol 4 4 adate (65,5 50 anliae)

b i 5o b g (6 sl Ol sty OYAT) e smns s (S looms ¢ o2l 5 (5 53
TV-Y0 (000 as Sl e 5 Ldl a5 50 b 163590 X ged 0 Jop)

Jelie 55 0l S g3 sladlazsle (g pds ol (stivaigy (YA Wil (550k Sar LS e (L bl

T 5l a5y 53 S AN 5 (5l gt g s i pale 55 GIS 3l aslizal b 433
ARV

33 FUZZY-AHP S 5 Joe sabizal b 533 s 5,0 OFR8) sl i « ool o w(53U15 S oy S
b il s s s (0 g B0 S Al 53,50 Aalll) (65 ol 5 dn 5
WW-40 (A)Y

SLacdl (K5 s il (25,0 OTAY) Lot S50 o Gl 3580 by Sl
e sl tass Sl ol 48 ¥ Akt (65,90 K ged RADIUS fi; 55 A5 55 6 5
V0=V DY (6 ed 65l

A 83 g b S (g pdy el ITAY) elomad ((255lr pmmms ¢ 2V o Slacks otign (S350
A=A VPV St Ll a sla rass (VY dalats taadlas 55 50) A0 ol 55 01,6 4 555

2 S e Blel 5 pd el b5, (1TAT) S5 g (58 ol dosms (308 s (Bl
OV Sl clasms 6L 5 Wi Ao (gl 165590 Andllae) ELECTRE Jubo 51 ool b &35 4
AV=Y )

Antonioni Gigliola, G., & Cozzani, Valerio. (2007). A Methodology for the Quantitative Risk,
Triggered by Seismic Events. Journal of Hazardous Materials, As sessment of Major Accidents.
Bazazan lotfi, S., & Rahimi, M. (2017). A Study on Vulnerability of UrbanNeighborhoods to
Earthquake (Case Study: Farahzad Neighborhood, Tehran). Journal of Civil Engineering and

Materials Application,1(1):1-7. https://doi: 10.15412/J.JCEMA.12010101.

Estrada, M., Zavala, C., Lazares, F., & Morales, J. (2012). GIS Tool for Calculating Repair Cost of
Buldings Due to Earthquakes Effects (CCRE - CISMID). 9th International Conference on Urban
Earthquake Engineering/ 4th Asia Conference on Earthquake Engineering, Tokyo Institute of
Technology, Tokyo, Japan, pp 1695- 1698.

Sadrykia, M., Delavar, M., & Zare, M. (2017). A GIS-Based Fuzzy Decision Making Model for
Seismic Vulnerability Assessment in Areas with Incomplete Data, ISPRS Int. J. Geo-Inf. 2017,
6(4): 119, https://doi: 10.3390/1.JGI. 6040119..

Saafizadeh, M., & Bagheripour, M. H. (2019). Evaluation of peak ground acceleration for the city of
Kerman through seismic hazard analysis. Scientia Iranica A (2019) 26(1), 257-272.

Shamsipour, A. A., & Shekhi, M. (2010). Zoning of Sensitive Area and Environment Vulnerable in
West of Fars Province using Fazzy and AHP Classification, Physical Geography Research
Quarterly, 73(73):53-68.

Wang, X., & Triantaphyllou, E. (2008). Ranking irregularities when evaluating alternatives by
using some ELECTRE methods. Omega, Vol. 36, pp. 45 — 63.


http://dx.doi.org/10.15412/J.JCEMA.12010101

