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DY2O¥9N DXPNYNN MIIWNN TANR NINY ,NYNN D DNODINV TN NHPINN IR NYTN
NI MITIN N0 I DPNDIDINDY OMIPNNI HY DDINN .NPNN O NN INPI
YNINNY MDY NIYINI dNJ2 )N NONN D> DNBDIIV TIXRY (Mw>6) MPIn NNTR MDYV
DNPNN NPNYNL 29 PR DNY MND MPIN INTR MTYIVW THON 0NN Ny o3
NPTN ADIYOM PYNND ,PTON DMNN DPINA NYP NYNAY NIAND DI1DOW 72T ,D0MPN
NP2 DXVNN DWONN TNX ,)D DY NN DMPN DOPNNA DOPI) NPHRTN MM .IVINY
MY .NTYIN INKDY NYA DD NYIND DY D ,NNTR NTYI MY NIV MDY 1NOND
DMPN ONPNND P YWNIN INMA XD PYTY ORIV ,DWNIN NN’ N2 MDVND

JPDINDT D72 NNYRD NITY MINM DDIN YN NONTD

N2 MDVUN Oy ONPNN DN NNYNRI NIRY NN DN SN2 NONITI NN NPNYN
NTYI DY NMYNIND INRD TN THMPOYY PNIDN TPXIDT NNY 1NN VPN Y51 1NN
DY TY NNYT 20D0 , NPNYNA PYIHOYNIN DY NN TRN NN MDYNN MY .INTN
YN NNPNTI NMPN NPNVNL OOPIIN NN TPXIND 1D 12YNY OMNIND DNONIN INM NI
NOWN ORIV NHMP RO OPN TY NYYNY ,TI0 TayN0 INYKI NITY INNM 0115910 0N
-2 SV UNNN YIPNY DY VNN YNNI YN 1NN VIYPY NNDIDM YN DNN NAVYNIND
ANND T MAVING YPIP MTHN DY IWNY INYXI DAY INNM 011NN O¥INN

DMTR NTYI DY IMYNIND

JHazus nn1pnnn 0XWnNInNn MOIN HY DI NIDNI NYNINND TYN NPNONN NTIAYN NIVN
PN JTNIN .ONIYI NPIPN NPNYND P33 5NN DY MIN1AL INWUNRIN 2DV NN DONNND NN
YN TININ DN NYIA DINY DINDNINON NOYIN Y12 HY NIDINT NWYI NMPNN NPNYNI
PIN PAVNN JPNN DIPOY T OO NPNYN DY DMWY DNDY PO MIND NND OMINMN

NI DY DY NMYNIND INRD Y055

PR OOYTOIN AYNTY IMPN PNV MOIYN XD YN VIYPY NIDINN N2I1DY NN PYTaY »1oa
DYIN N2 DY YN MNMIYY NIDINN DY VOPN YNIPA MNMNRMN ,ONIY NPT YW NanIna
YN NNDID NI HRIWD MIDINN NHXND NINONI .NDNYNRI NITY NNN DY) OM1OIN
NP MNI NPLNPD ANTR NMTYI DY NPNRTN ONY INNN ,NMIPN NPAYND P JTNIND

=6.5 -D NYaAP) NHTIRN DY NRXIW (7ADIND YWININ) NOIND MNDY (V1IN YINIS”)

NI NOIWNI YDNRN MMV NOOP INKRD 0P 10 <D yap) nTYIn Py  Mw
NPIVNN NPOVNN NPNN 9D 7Y ,DIPY YOI ITOINY PN MDTOIN IDAPNN ,NPINIINON
KpaibUlalanlanl

MR 2NN VNN ONIDIN JPNNN DIPMIOY N2 MXID NPININON MINIIN
JNDIYTY .DNIPNN GOINY 0 12 T2 JPNNY MNANN PN DTN Y N2T NYOWN MY ,MNDon
VIOONY DMAY TRINNN INM NP MIVY DINPINN WX DN NI ,7A9ND Winan” a
I NNTR MY 292 TRy IWRY DD N2 1PN ,NNY NN 7191 7w NN

.52% 9 231 3212 191N MNAY 7> PNY MIANDNN RN ,NTYIN TPIY TIND 0PN



;PN MO DIINN N2 DY (XDND TIPann % S DXNNNI NITHIN) TIPONN NN ,NNPNNNA
30 MY 79% 0> 14 NaY 49% 0> 7 NAY 48% 0 3 N2y 28% ,TAN O MY 27%
NHIPIN TYR NNIYRI NIY NINN DY TIPANT NI RNXITY 12 19 .0 90 1Y 87% -1 ,0M°
3 92y 49% ,TNN DY 1Y 48% :NPNY NNMAN (1IN WINNY) NNTR NTYY TPd Tno

.02 90 2y 95% -1,0°13° 30 N2y 91% ,007 14 N2y 70% ,09° 7 712y 68% 00

M2 NN Hazus N NIIYHNI NPXIDIN NPNYNN NIPNN DIV DY NURIN 2OVN MXNIN
99 ,NNYNI NITY NNNNY DMTIINN D¥INN PN MNANN PN NN P20 19IN TIND N D
NPNY D91 YN DX MNIM DIV NHRTPNNN MIDINY HNIYIA NPIN NHRTN DY INND)
129N NTYIN INND ,OOPT NWINYT MWD ,NYIN INXD NNTR NTYI MY 27 YD
YANY  NMIVPNN NPNYNN ONIND TN YN NNITNY AN TN IR DIDOYINY DMNIND

AD¥NNN HITHY, 0NN

DYNIDIN ONIND NIPNNY P NMINN N2 Hazus NNNOVOY DY 7NN 7PN
NPN YNIWI NIXIVNA MOINND DWMY MTHDN NN NTIAYA 1INV 19D HNRIWA
VN ,ONIWA Hazus 1 N0 DY DNRNNNT NN NN NN DXTIND T2 .1PNION NdYN
MY NN DX PINDY IRIWI NOIWNN DY NHRNNN DPIN 22OV INY IR DW»Y TPYNnD

TIMIND LPMID DY NPNVNN M DY NN



NYan A

YN9Wa Hazus N 59N 01Y» 1.1

e.g., Quennell, 1959; Freund, et ,5vn5) N5NN O ONADITV TINRD NIPIAN HNIY> NP TH
NOONN NN INPA DYIN DOPNYN MOIWNN TN XNV (al., 1968; Garfunkel, 1981
D> DNIDIV TNIXRY M»yay MxoNT .(Garfunkel, 1981; Ben-Menahem, 1991 5wnbd)
TNTRN DTV, INTIPN NINNA PIY MPIN DHTR MDY MDY DY Hund ymwninn i Nonn
NN (Mw= 7.2) nnTRn Ny (Shapira et al., 1993) 1927 2 2 nn»invw (Ms= 6.2)
Shamir, 1996; Shamir et al., 2003; Baer et al.,, 2008 and ,bwnd) 1995 1 Na*NXM
Marco et al., 2003; Amit ,5wn5) D»NDYD WYY DMPNN Yy Doanna .(references therein
Guidoboni et al. 1994; Guidoboni ,Ywnd) NPT MTYY DV ™MDV T (et al., 2002
Mw=) npin NRIX NDYIV RN NPnn NMNN (and Comastri, 2005; Ambraseys 2009
NOYTY DY DD VYN NVYYND PNVDXNIN TWNN 13D .Y Y31 DRIV WNINND N> (6-7
Salamon et al. 2009; ,5wn5) NHTNR NYTYI YT HY NP NMNINRN DIYN DMIONI HNIW]
NYNYNI PN D00 NN WIND NYIVE MVIY NNAY MNPN TN DY )9Y .(Avni, 1999

N IT 7IVN PWNY INPI MWD DIIITH DNKN .D2IDN0NN DININD NN MYTIN NOTIM
, D200 DY NO0N NN DX DYIN M0 TINRD NNNDIAY NIAVINNDD NN DY NN

.(Sokhi, 2000; Agrawal, 2004 ,5¢1n5) 2N792 DOYVIND DMDPOM NPNVNN
Manos and Clough, 1985; ,5wn5) nynwna 19 PHY D1NY MN MPIN INTN MY

INYINDY 0PN 0IN MPNNn (Chang et al., 2003; Byers and Asce, 2003; Fikri, 2009
YN IO N2 NYTHNA YDOYIN YWNRD D1NN DPINA NN DY DINND NDID TON
Begin, 2005; ) nnnxy NXY 1912 DY HY IMYNINND MIIN0NN DX PIYNDY 100,000
NYIAP IWIRD IOX ONNNDOM OININNIN YN MYy N (Hamiel et al, 2009
195 NN TPNVNN JPNN DX TIPANY ,NTYIN 7PN NNXIWY IR 1950 YNN NPVDMPNIVT
NNYURI NITY NINN DY MI2N INX DIN-1A DY MIAN DY INPP AT TIIRD ,NVDVLLD N1NIAN
MTYI ONIPNNN NN TIPOY MDD DIVWTN NI2 NPNI DXTHIY DN DN YT DY DNYINHY
12298 NPIPN NPNYN MNIPNN NIAY P1IY TINNN DT MINT 10N 2APY .NMY MNXIYI NNTN
D213 DN IWND JPNND DMONID OMDTIN ONN) DY DMV INTR MDY DY 00INNY
NYONNY NNYANY DNON JPNN DY INNYMONN APY DYND 1MWNY THN JPNN P2 O NP
,NMIPN NPAYN NIPNNY NPIVIA PII NPINN NNAD Y732 190 INTR NMITYI )92 IMTNY
DDANNA DOINWN PIIOYWNIN NNY NNDIDMI AWUN NYINI DAIWN NOIYHN NHYINI TN DY
2 5V MDY0N PHIN ,HWND) 0M1OTIN DMIN) DY DINY TPIN INNN NNTN MY NHXW DY
AN OMPNN MNYNN MNIPNN DY (DX9IN
VPN 951 NP2 DM MDWYN OHYA DIPNN DN NNIYRI NITY NNNM DMID1 DOYIN YN2
Mo INTR DY DY DMYNINND INRD TN THIMPIYY TPNIDN TPRIDT ANRY 1NN2
SV D17 DN ,NNTX NTOYI INKRD NP2 NM2IN NMITIY IOY P ONX OIPNNY MIDYNN



DY) DMIDTY NI MNPN 19D DN DN TIND DMWY DN (DNRIY NINA ,HWND) O¥9IN N2
NYN APy DIVNY DOYY PYWN PN (2011 ,DINIVWITID) NHTN NTYIT DIPY DIDY
NLINNY 91D NPT MDY N9 OITNY DIRY NNYNRI NITY NNNNY DDIN NI NPY
MMNIND NN PR, ID0N NPNNN PON DY NNIAYN ,2I1I90N SANN  PYN SV NP
ININY DN DNYNN NPODNI DWW NPND OMIN QDN .OMNXIDIN YTNIN MIINNI)
DONIDT DIV YNNI T NYNAD

DNN dN22 OOV DXAN ONXIY NAND 7P DINTRN DY TP NN NVNnng
NN NN NTYY DV NIPN2 PIdND X ONPY DAY NIPTHN DIANA DMIOINN
YOI D29 DXANRY 17 N0 DMP NINAY MY 7OMINN M2 ,HwNY (2011 ,DINIOWITIY)
ANV 17 wYN NY PV NN ODIND N2 DY ,)D D .MIAND DY MY X IPY
NYA DMASN IMTNY 10N APY DR DX NPONNTY 7NN NI NPV MPONHN
NNVYNI NITY JNND WHRYY TYNIY MIN NDMIP IN DDIN N2 PN NOMIP .NPIN NNTR NV
YNIDIN JPNNNVY ,TID DINN NXT YO .DNYNN NYIA IN INNNN NN NINN DY) NS
NTNIY NN TN NMIYHYN .IIYRT DYDY 1PNNI N OOIN N2 TRONY INY DI N
NY NPIN NNTR DTV INROY 27 N0 DY ,NNTR NTIYI 292 THIY 7PN XY ONRIDIN PN
ON 2PN NIND DO D19V NNY DIPY NMNYRT NITYD 132D IN TN OIN M P
SNTRD DTV TPIND

, D510 OXYONIN 1901 NINKRD NYYL NN INTX MTYID ORIV NYTH MWD TNSD
SV NMIPYMY DTN DRNNA NPDIVIIND YN DN NANN PIIN YD MNY MDIYN DNINNY
NNWT AVMNY  NPNYNL P OYWNIN DY MM TRN NN MDVYNN MY .DNTRN NV
NMPN NPNYNA DXPHN NN TPNIND 1972 12WNY DPNIND DNONIN INM XY DY TY
MYRD NITY NNNM D190 DXDIN YN NONTD

VIYPY NN2IDA AUNR NNX NAVNIND NN INIWI NHNMP KD 0PN TY NUYND ,TI0 92N
NNVYNI NITY NNNNY D191 DIINN -XN2 DY ZNNK IR NYA VDN YNNI YT 1SN
ORIV NNTR NTYI DY IMYNIND INNXD TN MAVIND YPIP MTHN DY 20 wWnY

DMIPIN MIYY >T> DY NNMH 022 NRTPNNN DIWININD MIN DN NIV Hazus NN
Federal Emergency Management ) ©YI0 Y281 911779 YONITIN N0 2 DMWY DIIINNND
(FEMA, 1997; FEMA, 2006a,b) (Agency (FEMA)

P YTOIN DY NNTR MTYI DY DMV DYININ NNAY TRND NYINI) NIIND NIVAND NIND
Buika, 2000;Kircher ) 27n9N8a nN5XN2 NN MIDIND D39 PIY YTHINY NMPN NYNYNI
NINNY MYIN PMOVIW) MINND NHYY MNINKD DMWY (et al.,2006;Tantala et al., 2008
Gulati., 2006; Ploeger et al., 2009; Korkmaz., 2009; Erdik et al.,, >wnb) 27nIN>
(2010

KOERI, 2002; Crowley et al., 2004; ,5vnY) MINX DXYWNIN MINK NNDIND INNVYIA

,D2392 P AWNY NNYIDYY qona Hazus N M5 (Molina et al., 2010; Edrik et al., 2010
NDY MIOND DORNNA NPAVN DY TRND 2N PHN N2Y P31 TPNIN NI AWND D) 191D NN
.NY2INA DYOINNY YTIIN



:(FEMA, 2003) 9°y2 j0 0»n0IND 01N NPNNA P DY JTNIND NIDINN DY MNIm

(DIMD9) 2N INNT DYV STHPNYNN PN DY YPIpn MTNn by 2wonn (1
N D92 NIPN TPNYN JPNNL NN PN 22D dDVPOD YN HAPD IWINND DMININ
N2

MIYAINADY (MY NIMIPY) PRI NYXPNA DY DDIANNK MMNPNN NYNIVYNL PN WD (2
MY MM WHN1A PRI DY MINN NNY

PN NPNYN NPNN DY NN MDNY D27 7ODP INIP DNIMP MOINA (3

SYW DIPOY ID TIINN NN MIVIRNDY NPTIN 7OIPOW 1D MNIPY MN»P Mcna (4
SNTRD DY DY TMYNIND INXD DNON NPN JPHN

WY PND D700 TN NI T DY INSONNA SN Hazus-n 79N Sy 0w»n 7ONN
1T 1IN DUV 7B55WNYS WINAN” DY NOXIN NINAL 191D INNRD ORIV NIDIND NN DY»D
MO NN AR NPT MTYIY PN NTYN DV nVoNNN INKN (Tavron et al., 2007)
Levi et al, 2010; ) 5N N> 10 Hw nNLY Y5 Yy DYHID OIVININ NN HNIWI DIVWININND
.(Levi and Salamon, 2010

DYYNINN MOIN DIV DY 555N MYUNIN ADWN YNIND ONN NTYN NVSNND OXNNA
P NYNTN YW ONURIN 2YwN ysann qon (Levi et al, 2010) Y82 Hazus nnTpnnn
msinn (Levi and Salamon, 2010) YNawa pOTY NadIN DN NIPNNI NPHIVNI
NTN NTYY ORI NN SY DNLYA VIYPY NN AR IPTA Hazus n)DN2 NPNIYNRIN
Y90 DML P ;NPINRIVPOD MTHN DY 2PN NIDINN DY NN NN D 1D NVNPD
WHPOND PN YNINN G0N HYIYD PO NINN INNI DY JTOIN ;2NN DMWY DD
-1 YV NOIYNA POTM NN DN MOIYN DY DNOPNNT NINTI NPORIY HNVYN MOIVND
LDONNNA NPWOINN MDY N> T, Hazus

7T YD NPNY NININN DD AR W Hazus-N YW NNNOVDOY 7172 19IND YYD NINSIND

NPIN INTX NDYI IRIPY (VI TPNUN NPNN ,09)2) DAY DOPR) NN SWw)
ONwa

9pPNNN MIYN 1.2

: DMIPOY DOV DYDY 10N 257 TIIX TONN NN ORI Hazus-1 NIIYN DY DM
D1 20V (3-) DMPN DIPNND NPNVYND NNOVYS NI (2 ,1PD02 NNINOVYS N1 (1
N2 NN PYTAY NN ORIV Hazus NDIN DIV DY POND 1PNONN NTIAYA PYNIN NIVNN
NMAYN .Hazus-n YW NNV HNIWID NPINN NPAYN NN DY NDIDM NNXNNA MIIND
YR DY NNNM OMT91D OXDIN-NA - NMPN NPNYNI NTPHNN NINONN

oY DMYN PN OTOIN DY 2NN MDD NPT N NTIAYA H1INNY MIDN MIVH
SN NOTH MOIYNY IUPA MIDINND NMNIN N1NY NIIYNA HVOPIV NMMPNN NPNVYNN
N2 NN PYITAY DTYN NTIAYM INND VI NNN AT VPRI DI NNTR NTYY INIPY



MMPY DY NDDIANND NOXN HNIYD NPINAIN P NIMPY ITYN) DN NIDINN DY DIW»ON
DY NNNDY OIN NI PN DX PHITHI TIVNY NNIN NY2 NNDIDI PR NPRPINN
NPNN DY MITNYL SOTN IPNND PONN INNN NN XM PONIYVN ININT MIYRY
NPAYN MNPNND PR DY RN VNN SON YPI .INTX MDY 292 NPIVNN NPIVYNN
MDY TONSPN MIB0D NN Y90 Hazus-n 1IN DY wnnwnd PIr1ma yam nmdn

(FEMA, 2003)

ANMYNIN NITYH MINHIA 09NN 'Naa PN YN 2

MTNNN 0N YYD TIT2 NI MTYI DY IMYNIND NY2 NMPN NPV NIPNNA PN
YPIP MY YPIPN 291 DPTO MNNINMD APY DINND DI 512> NIN OMYD TN ,YPIPn
NPIVN NPNYN 2N PN NPSPND JPNNI THOYNND DYDY NIANY DD MODINM
11 ,DMNIINY DPNDN 0NN N Hazus-2 INMAY (MY MMPY) PN NPIPNAD 1Tl
TONYNN M YN D12 MON PN NN MRV | Lognormal-distribution Y% 010
YOIPOIT 2901 NN N (PGD) ypapn Swoo N (PGA or PGV) ypapn nTiund oxnny
NDIIN T2 HY NYYI NN RPNV 2202 IWINKD PN .PNWNA P10 >mMIanon (15 0 P2)
LONNN2 PN NPEPND DV NOYIMN YPIPN MITRN NNDAND TINN YOIPOIT 19010

MNMN DNTR MDY INRD NMPN NPNYN MHIANI OPT) DY 928 PN DY DOINNA
Pre-) nnTN M1y 0912 DPRY D29 (1 : NMY NPHDMO MY MNIY PN NPSPND
7192 0NV 01N (3 ,(Low-code) N5 NnI2 NHTR NTYIY 0»NA DNV 0NN (2 ,(code
v PN N33 ownd (High-code) nmay nnHa o»av 0»an (4 ) (Medium-code) nna
ST NITOYI 292 THY INRY M1I2DI ITH OVITIVD 1722 1PN 297 N2 IPN XINY)

SW UNNYNY TATHI DOONIN DITIN PN NVPEPNY DOOINNY OMOTIND DIVNIN D
(FEMA, 2003) n5) 5ospn mNoos nman 910 Hazus-n MM

DYI0VNIN L,(MIINND MY ,TNN DTN ,HWNY) DPNOINNN DIVNION DY DDINNA
Sy MY2APNN OMVLDIVLLON DMIVNION (PN1YN NN YIMIN N NN NO DWND) DOOTINN
:(FEMA, 2003) n1555 1) 719 wnn pin NPSpNS Noyan » 1

P MNAD/OTPNN PR (4 N1 P NN/ PRI (3 0P P MINAD /5P P (2P PR (1
NP (5 0TPNNn

DYPWIY NMIPY Hazus-n NN NINRMN YN STPNYNN NNV PRIN NN OXNNA
IN NI TIPONN%) NP \PNND TIPoN NnaY MmN NNy (Restoration functions)
90 30,14 ,7 ,3 ,1) DOTRN DY DY TMYNIND NYN DI 19010 INKRD (NIONIVNPN%
(ATC-13, 1985) (o

NPY T DY MUND D12 YN0 JPNN DY DIPOYN 1IT DY 1IWOINN MY [ TNNN NN
MNPNN MHARMNY MMPYNN NNXR 53 5 (1PN N1LDY YSHND) DPVLDXVLVLDN DMIVNIN
DMV MNYNN



MNP .3

995 3.1

N9 NP> Hazus-n Y 111190992 NNYRIN NITY DNNM DODIND PN MM NYHNOLN
PN NN (1 : 025 19010 MODID )N PIY TPTNN NND PIHORIVT MAWINN NIIYNN DY
TPNPINRD MOPTNNXIPN NYID NPAYNN NPNN DY MOPTNRPN NHNNN 2NN NPNN
NYDIWY DORNN YN RN NIPNN TPNVNN 1PNN TYY (2 ,Hazus-n N3N NNV MOYY
(4 ,0IPOY T MMIPYY PN NVIPNS DY DMIVNION NYIAP (3 NPT TP NYIAP)Y NOIYNA
, MV 90N [, NNWUNIN NITYN TINN DY DODINN M DY ,)1D) DMIWN DIVNIS NYIP
THPNYNN TP NN ONNNA DIPOY IIT DY P DY NPIRIMD (5 ,(NODNWN M3 NOIYN)
.139IN2 DXOIDINY NMINIINNIN

SV ONM WNLNY Hazus-n S¥ NDIN DX PITAD APOYa NN SNONN N7YTH NIVNY INKRD
ND PYTY NN IOX NPNYNA PY YTOIX DNY NN NPYTI NPORIY NPV NPNN
DIVNINY PN NVXPND DY DIVNIN VINOYW NYYI DXL DMNIND PII NVIPND TN
NPNNI NPNVYNIN PN NPHTINY YTI2 .HDINA DIXRNNI DNV 29D DIPXY 1IT MMIPY DY
DMPNND VOPN I¥IAPA ONIPNNN TN XTIV DN, TMPHNND P NMPNN NPNVIN
.(Pre-code) NN MTYI 91 DI NIY DN DNV

MADN MXIN WY, THINVYNN NIPNN DY MITNRYN MITHIND DN NIDND M) NN NNAY >TD
,(High-code) Nnmaxo MnTR MTYIY NNYRIN NITYN NINNM DINN YN MITHIY NITHN JN2
YINWIN DIPYVN AT MNIPYY PRIN NVXPND YWY NNTRD NTYI DY D0VNI9N INY TUND
DINSDIY DNWYN DMIVNIIL DNV TNYA HAPY NOIVNN NI NN PITAD 1N T NPV RIY
UNNYNRN DY IDIY 2951 DMYN DMONOWNNN DIDNN DSN DINMPN DN ONNNA ,MOIN2
NOMPY TV PR PR’ DY ANNN P DY MNI WNN IPTI DWNININ TN D3 MN1AY ,NNND
nyn o> 90 - 30,14 ,7 ,3 ,1 INXD JPNNN OV NIPON MNI IPT 1D MO .NuoNmn
SNTRD DTV OV NMYNIND

SV DWININ MY NN NMPN NPAYNI PN )THIND NOIWHNN MYN) NN PrTad o2
N IMNA (21 (7ADIND YNAN”) NINN IMNA (1 :NNN O PRYN TNND INTR MY

PO, Mw = 6.5 -9 TPOLVLYON NTYIN YW NTIVONNN NYAPI DIPHN NI (1IN YININ)

2010-2011 DV WYY MDY NYIANY NP1TNID OXNNA (1 IPNR) 1P 10 -5 yap) NTYIN
L YTRM NDNIVN NTYN NNTR MTYID DIV NTYNI

UK (1997) Boore et al., ¥ mNHN AINNVH YY 100NN MIDINA 1AWINY YPIPN MTHN
YONIVN pNa NN (Shapira and Hofstetter, 2002) mxINNN Nand 97015 D) NWIY
Sy 100NN NPNDXON MTHNN DY NN VN 413 YN DNTR MTDYID NPHRY 13D
) MPNNY DOXNNA THPNVNN DY NI12INN NN NN NPTIN WX (FEMA, 1997) Vs30 noow
YO0 NDY D) NONMNN DXAPNAY ,NLYN M9 HY DNIVOYN DIVNN 30 -2 NYINNN NN
MNON MY Hazus-n S¥ NWNI MTINNY NPIDVINDIN MTMD .NPIDOVINNDD PMNON

.(2008) Katz et al., 1> by nnwyIY NIOVINMIN NANN YY 1DDINN HRIWIA MYHDN MNVYNN



01991 09N *Na 3.2

NOYND DI OIN N 24 YOO Hazus-1 ©INN N2 DY OMNMURIND DIVON TNSD
YR MMV YOI Hazus N O NOIWNY DDIND N2 DY YTNN MMWYI NHNNN INND

A2 9PNR) NOWNN DY NN NP 0D YN Hazus-n v vOpn '8apa

NPINDINDL DDIND NI THN ,IONXIYII DDIND YNAD DPNIND DMOTIN DIMANND ITYN2
D>y 0PN DNV YAPI 12 110 (URML) 0915210 07wy 0205 )MV 1I9INI NPIYNRID
YINYIN DIPOUN DT MMIPYY PRIN NPIPNS HY 0007190 INY .(Pre code) nnTN myTyID

Hazus-1 15 NNo50 9 1nNY 295

MIYNRI DY NN 3.3

NINN 117 MIND OIPN MRMN Hazus-2 NNYRI NITY NINN DY INYNRIN DIVON TNND
A(399KR) NHVYNRI NITY

DOYPANN MTHN ORIWI INUYKRIN DY INNNY DPMND DO DIAND ITYNa
¥ap) 19 19 (URML) ©p9an 0wy 09305 )Ny 19N NPIYRIN NPINDINIDA
2T NINPYY PIN NPEPND SW D0NI9N INY .(Pre code) NHTN MTYID D PHy DN DNY

Hazus-115nN250 177100V 95 IRWVIN DIPPYN

PIRSIN 4

050 *na 4.1

N IYPY MINA NNYXNA WNVLIN VOPN 8P IDINY DMIDIIN DDIND SN NI DO
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NYRIOIN NPNYND DINY PYON ODIYIN PN DX ISP PIT P92 TIND ) (4
NP2 DIVN ONTNN TON INND 1D PN YTOIX INIY NPT DY ININI NMPNN
.D»NOUNNN DXOYNNN DT NPV 29N MLINNN PD2APN NIY

NYAYNY P NYINN NN PIORIWWN” Hazus 1 NNOVYS Y MNIND MDD DNNNA
YN HNIWI NXIN NIDINN DIVHY NIRII,TPNINN NTIIYA NNV 195 NMMPNN NPNIDIN
Hazus 1 n259yn 5¢ NRRNNM NNNIINND NN DX DITHND T2 .NPIVAN QR NPNIIN NIYN
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single hospital and single medical care station or to the group of hospitals and group
of medical care stations.

For example, hospitals located far away from the epicenter of the "Hula scenario"
were subject to minimal damage only. On the other hand, hospitals located near to the
epicenter may reach as much as 52% probability to moderate damage (at least).
Correspondingly, the functionality level (defined as percentage of full functioning) of
given hospital near to the epicenter (""Hula scenario') is predicted to be: 27% for one
day, 28% for three days, 48% for seven days, 49% for 14 days, 79% for 30 days and
87% for 90 days. In addition the functionality level of given medical care station near
to the epicenter ("Jericho scenario") is predicted to be: 48% for one day, 49% for
three days, 68% for seven days, 70% for 14 days, 91% for 30 days and 95% for 90
days.

The Hazus software has many advantages, which can be very helpful both before and
after an earthquake occurs. Before the earthquake it can help to prevent, or

at least minimize, the expected damage in the hospitals and medical care stations.
After the earthquake, the Hazus simulations can support these emergency agencies by
providing a stream of information of how severely the infrastructure facilities were
affected.

The capabilities and advantages of the Hazus sofware in providing infrastructure
damage estimates in Israel, as were shown also in this study, indicate that full
implementation of the software in Israel is certainly possible and surely is an essential
task. In order to increase its reliability and consistency for operating in Israel, it is
important to complete the adjustment stages of the system including the calibration of
the appropriate parameters relevant to Israel. Furthermore, it is essential to increase
the cooperation and collaboration of the authorities that manage the infrastructure
facilities with this national project, in order to obtain the full and comprehensive

scope of records and data.



Abstract

Israel is situated along the Dead Sea Transform (DST) which is one of the most active
fault systems in the Eastern Mediterranean region. Based on paleoseismological
studies and modern seismic records, strong earthquakes (Mw>6) triggered by the DST
at any time and cause severe damage in Israel, are inevitable. Experience shows that
the resulting damage to essential facilities such as hospitals and emergency medical
care stations may further cause severe disruption to normal life aspects, both human
and economic in the affected country. Therefore, simulating multi infrastructure
damages is one of the most important tools for proper planning and early preparation
for possible future earthquakes, as well as for mitigating the expected risks.
Nevertheless, scenarios of the potential damage to essential facilities at the national
level have not been developed in Israel as of yet.

The purpose of the present study is to apply the advanced Hazus software (US made)
and develop various damage scenarios for the central hospitals and medical care
stations. Other goal is to assess the potential damage in real time by using multiple
algorithms on a national polygon network. These algorithms are designed to evaluate
the damage to various types of essential facilities (central hospitals and medical care
stations); and to predict its post-earthquake recovery time. Last goal is to develop
preliminary estimates of damage for the central hospitals and medical care stations in
order to train the national emergency systems in preparation for the expected strong
earthquake.

In the process of adopting the program for the computer system specific to Israel and
developing its capability for damage estimation, two synthetic earthquakes were
simulated. The two scenarios were run for the northern Dead Sea region ("Jericho
scenario'') and Hula valley region (""Hula scenario'"). The two scenarios resemble
an Mw=7.0 earthquake and focal depth of 10 km.

After inputting the two data layers into the system and running the simulations, the
Hazus sofware was able to obtain estimates of the expected damage, and recovery
time for all of the examined facilities.

The results show clearly that the location and the scenario region of the examined

facilities have a major influence on the amount and type of damage, whether caused to
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