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Eumreipikés Ixéoeig Amoopeong ng Opifovniag loxupfis Kiviong Twv
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MEPIAHWH : Ztnv epyacia auth améd éva givoio 474 £MTAXUVOIOYPAUUATWY ATt CEITUOUG TOU
EANvIKOU XWpou £TTIAEXTAKE £va oUvoho 744 karaypapwy oTrd opidovTIE; CUVIOTWOES YIa TOV U-
TTOAOYICHG TWV OTABEPWV OXECEWY ATTOORECNE TWV TTAPAHETPWY TNG IGXUPAG OEIOMIKNG Kivnong
(péyioTn £BAPIKA ETITAXUVCN, pga, TaXUTATO, pgv KOl HETGBeoN, pgd) yia TOUg EMIPAVEIAKOUG OFI-
opolc. Ta Bedopéva Trou XProILoTIONBNKaY avTioToiKouV OTIC KATAypagEs 142 CEIoMWY (Kupiwg
amé pryHara kavovikfic Sidppnéng), o otroiol KaAUTTTOUV EyEn 4.5<Mw<7.0 Ko ETTIKEVTPIKEG G-
moaréoeic 1km < R < 150km. H avéiuon twv deBopévwy AQUBAvE! uTr' Oy TNV KATNyopIcTToinon
Twy edagikiv cuvAnkwy kard NEHRP(1994) kol TTpoTeivovTal EPTTEIPIKEG OXECEIG TTROBALYNG Twy
OpILOVTIWY CUVIOTWOWY TNG IOYUPIE Kivnong.

ABSTRACT: In the present paper, using 474 strong motion recordings from earthquakes in the
Greek area, new attenuation relations are proposed based on 744 records of horizontal compo-
nents for the peak ground acceleration, velocity and displacement for shallow earthquakes. The
data set used consists of records from 142 mainly normal faulting earthquakes with magnitudes
4,55Mw<7.0 and epicentral distances 1km < R < 150km. The data analysis incorporates the soil
classification according to NEHRP (1994) and empirical predictive relations are proposed of the
horizontal strong ground motion.

1. EIZACQrH

H exmmovnon kai WoBETNON OXECEWY OTIG-
OBEONC TWV TINWV TWV TIAPANETPWV NG I0)U-
PG OEIGUIKAG Kivnong (JEyioTn edagikn ETTITG-
Xuvan, pga, TaxutnTa, pgv kai eTaOeon, pgd)
givanl Eva kpioio otadio o KGBE HEAETN Otl-
opIkAg emkivOuvornTag. Mo Tov Adyo qutd
Exouv yivel didgopeg TTpooTabeieg oe Siebvég
emimedo aAAG kan oty EAAGDa yia TV EKTTO-
vNon OxXECEWY QTTOCREGNSG.

Mia Téroia oxéon orqv ammAf Tng Hopen, Bi-
VEI TNV UETABOAR TNG TIAPUPETPOU TNE IOXUPAS
OEIOUIKAS KIVNONG OE CUVEPTNON WE TNV aTTo-

oTaon (aveAQoTIKI Kal YEWHETPIKI amdoBeon),
KQI TO WETPO 1OXUOG TOU OLIouoU (ouviBuwg To
péyeBoc). H emidpaon mpooBeTwy TTapayo-
VTWY, (HNXQVICHOG YEVEONS, KATEUDUVTIKOTNTA
Kai Bidpkeia ¢ diappngng, edagiké¢ ouvonKeg
KQ.) amairodv TN Xpfon Meydhou oykou Oedo-
MEVWY.

H mpwtn avalutikiy oxEon amoaBeong g
pEVIOTNS £BagIKAG ETITAXUVONG TPOTAONKE
amo toug Miine and Davenport (1968). Euptiag
EQApPOYNG ETUXE N ATTANS HOPQIiG OXEoN TTou
TpoTeve o Esteva (1970), n omoia 6TTwe Kai
TRONYOUMEVH AQuBAvel uttdyn povov TNV yE-
WHETPIKY aTTéOBEON. ZTn CUVEXEIX Adyw NG
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aufnong Tou Oykou Twy OeBOHEVWY KO NG
ouvexoU¢ EykaraoTaong véwyv JIKTOwy eTmiTa-
XUVOIOYpaQwy  TpoTdBnkav  TTOAUGPIBUES
oxtoeig amooBeong. Exrevig avagopd oTig
TpooTadees autés eldIka yvia nig HMNA kal om)
onuacia Twy orabepwv Exel yivel amoé Tov
Campbell (1985), evw oe abiki £xBoon g
Seismological Soclety of America (:Seismol.
Res. Lett., Vol. 68, No1) mapoucialovral o
TPOCPATEC TIPOUTTABEIES YIQ TV TTpoTaON VE-
wv OXEGEWV 01 0TTOIEG AauBavouv utrdywn Kai
TPOoBETOUE TTAPAYOVTES, £T01 WOTE Ol OXETEIS
va €ival apkeT@ TTOAUTTAOKEG KO BUOXPNOTES
ot Trpoypdupara oeiopikAG EmKIvOUvVOTNTAG.
v Eupwmidikd-MecOy£Iaxd Xwpo Ol orpavT-
KOTEPEG TpoaTabeieg eival Twv Ambraseys
and Bommer (1991), Ambraseys (1995),
Sabetta and Pugliese (1996), Ambraseys et
al., (1996), Rinaldis et al., (1998).. Ixéoeig a-
TéoBeonC yia TTEPIOXEG TUYKAIOTC OTOV AuTIKD
Eipnvikd éxouv trpotabei amd toug Ohsaki et
al., (1980), Kawashima et al., (1986), Molas
and Yamazaki (1995), Si and Midorikawa
(2000) yia Tnv latrwvia, Loh et al., (1991), Ni-
azi and Bozorgnia (1991) yia Tv TaiBav.

Ao i apxég Tne dekactiag Tou 70 To ME-
wduVaMIKd  lvoTIToUTO TOU  AOTEPOOKOTIEIOU
ABnvawv (M) cixe apyioel TRV eykaraocracn &-
KTUOU EMITAXUVOIOYPAPuV vy atrd 1o 1982 10
ITEAK Acimoupyei oe £8vIKG BiKTUO TO peyahd-
TEPO BIKTUO ETTITaYUVOIOYPAgWY oTov EAAnvIKG
xwpo. Mera€l Ty Qopiwv o1 OTIoIo EYKOTE-
aTnoav EMTAXUVoIoYpagous TEpAauBavovTal
emiong o EMMN kai ro Epyaothipio Mewquaikrig
Tou ANG (EN). Emiong n AEH Asroupyei eifika
SikTua oTIC BECEIC TWY TIARAYWYIKWY NG HO-
vaduwy,

O Makropoulos (1978) péreive pia “péon”
oxéon améoBeons pe paon Tg 8 o agiom-
OTEC Kl TNV EAEYEE pE BGUN TIC TIEPIOPICMEVES
Karaypagic Tou EAANVIKOU Xwpou. H mTpwTn
gx£on amé Karaypa@iég Tou EAANVIKOU ywpou
mpotddnke amd tov Mamdiwavvou (1984} ue
xpAon 14 emraxuvoloypappdtwy. O Gcodou-
AIBNe (1991) e Bdon éva gptrAouTiopévo Deiy-
pa amd 53 karaypapig EKAVE Hia EXKTEVR ava-
Auon Kal TTpOTEIvE OXECEIS ATTOORECTG Twv pé-
YIoTWY OPIZOVTILOV KaI KQTAKOPUPUV TILWY TNG
£0QQIKAG EMITAYUVONG, TAXUTNTAC KAl METGOE-
ong, via SU0 eSAPIKES KATNYOPIES.

O1 TrponyoUNEVES TPOOTIABEIEG UTTOAOYH
OHOU TWv TTapapéTpwy TS IoXupis Kivnong,
BacicBnkav ce éva rEplopITpEvo apiBpud kara-
ypagwv 1axupng kivnong. Emiong £xouv Tepi-
AnNeBei omig oxioeig autég aBeBaidTnTES Kal
QTTOKAICEIC, AGYW Twv TIEPIORIOPWV GTAV £~
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Qapuoldépevn emefepyacia YnloTroinong Kai
B16pBwong Twy KaTaypapuwv 1IoXUpH¢ Kivnong,
Kal TNG YEVIKAS Taivounong Twy Tommkwy eda-
QIKWY guvBnkwy Twv BECEWY KaTaypaeng ot
BUo karnyopieg (“aAhouBia” kai “Bpaxo™), Ka-
1@ TNV TeAcuTaiq dekaeria n eykardoraon vEwy
WNPITKNAG TEXVOAOYIQS ETTITAXUVOIOYPAPWY Ka-
Bw¢ ki n avamTugn HETACEICHIKWY OIKTUWY
ioxupric Kivneng, éxouv augnosl anpavtikd To
Geiyya Twv EMTAXUVOIOYPAUHATWY KaAUTITC-
VTOC HEYGAO £UPOC MEYEBWYV KAl ETTIKEVTRIKLWV
QITOCTACEWY ME aUENOoT TWY KaTaypagwv cTo
kovTive edio. EmTAfov o akpifAg £TavuTTo-
AOVICUOC TWY UTTOKEVTPWY HE Xprian véwv po-
vIEAWV Bopnc éxel Teplopicel Ta o@dApara
OTOV KABOPICHO TWV ETHKEVTPIKWY CTTOOTACE-
wy.

H epyacgia auth amookoTei oty TpoTAoH
viwy OXECEWV aMOOBEONS Twv TIAPApETPWV
™M¢ 1oxupc £B5aQIKAG CTEIONIKAS KIvNonNg HE
Bdon 10 oOvolo Twv Biabéoipwy TTAEov agid-
moTwv Sedopéviv, Ta 0TI TIEMAGUBavouY
TIC Karaypaeés Tou Tpoépyovial amd To eBvi-
k6 OfkTuo emmraxuvoroypaguwy Tou ITIAK Kai
Tou 1 yia T0 Xpovikd Hidotnua ané 1o 1973
£we ko To 1999, Ta omoia £TegepydoTnKav pe
evigio TpOTTO. ETrTpécBeTa Xpnoiporroenkav
ke deBopéva amd peracaopikd diktua Twv
Buo goptwv kai tou ET. 1Biaitepn éupacn 66-
BnKe oTNv VIBETNON GIOTTIOTWY ECTIOKWY TIa-
PAMNETPWY TWV CEIOPWY ol omroiol BiEyeipav
Toug EmTaxuvaioypagoug. Emiong pe faon mig
BIaBEoIUEC TTANPOPOPIES YIa TIG TOTTIKEG EDAPI-
kE¢ ouvBnkes oTig Bfocig karayparig £yive
KQATNyopIOToiNe”n Twy BECEWY OF TPEI KATNYO-
picc kara NEHRP (1994) pe oxotd va Tepio-
piotoly 0 cQAApara oty extipnon Twv eda-
PKuyv ouvOnkwy. TEAOG O TTPOTEIVOUEVEG
OxX£OEIC OuyKpivovTal JE OXECEIS 01 OTTOIEG £-
xouv TrpoTalei eite yia 1nv EAGSa eite yia Tre-
PIOXEC HE TTAPOHOIO GEICHOTEKTOVIKG TEPIBAA-
AoV,

ZEIZIMIKHZ

2. AEAOMENA  IZXYPHZ

KINHEHZ

Ta Sebouéva TTOU XpnoidoTTaIienkav yia Tny
epyacia aurr ammoteAoUvTal ammd Kataypaets
TTOU TTpOEpXOoVvTal amd 10 £Bvikd JiKTuo £miTa-
xuvaioypaguwy Tou L. T.Z.A K. kan arré 1o Sikruo
£mTayxuvaloypapwy tou EBvikou ACTEPOCKO-
TEiou Twyv ASnvwy yia 1O Xpovikd B1aoTnua
amé 10 1973 £we kal To 1999, ATd 115 DIadEoI-
MEC KaTaypapég Twy D00 Popéwy YEVIKA Xpn-
cigoTroIoUVTal MoVO 60Lg TTARPOUY Ta KpITHpIa
TTOU QVQQEPOVTAI TTaPAKATW:

MAPTAPHE k(i CUVEpPY(Teg, Epnaipicéc oxéoels andafechc The 1xvpng KIVIIONG TV EMPOVELKOY cetopcv Ton Elin-
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a) O oeiopég Tou TTPOKAAEoE T DIEyepon
TOU ETMITAXUVOIOYyPAQoU va £XEl HEyeBOG OEl-
OMIKAG pOTTAC Myw>4.5.

B) H karaypaen va €xel PEyIOTN £DAPIKN €-
mrayxuvon PGA > 0.05g avegaptnra amod 1O
pEyeBOC TOU OEICUOU

y) H karaypa@n va éxel yéyiotn e0aQIkn &-
mrdyxuvon PGA < 0.05g aAAG va TrpoépxeTal
armré Tov idlo GEIOKO yIa TOV OTT0I0 UTTAPXE! KO-
Taypa@rn Me MEYIOTN €DAQIKN ETITAXUVON
peyaAutepn Tou 0.05g.
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IxAua 1. Karavourl Twv ETTIKEVTPIKWY ATTO-
ordoewv (R) o€ ouvAaptnon HE 10 pEYEBOC po-
mAC (Mw) TWV Kataypagwy I0XUPAS CEICUIKAG
Kivnong o1 OTToieg XPNOIYOTTOIoUVTAl OTNV TTa-
pouca gpyacia.

Figure 1. Distribution of the epicentral dis-
tances (R) as a function of the moment magni-
tudes (Mw) of the strong motion recordings
used in the present work.

O1 rapatrdvw Karaypageg EMEEEPYAcTNKAY
ME TN XPON CapPPWTA Kal KAataAANAwy yneia-
KWV QIATPWY, ME EVIQIO KAl OHUOYEVI) TPOTTO O
otroiog Treplypd@eTal oe GAAN epyacia (Zkap-
Aaroudng kai ouvepydreg, 2001). O1 karaypa-
Q&G TTOU QVTIOTOIXOUV OE OPIZOVTIEG OUVIOTW-
oeg gival 948. ATré 10 CUVOAO TWV KATAYPAPWY
Tou fAtav dIaBECIYES XpnoipgoTTonenkav otnv
TapoUoa avaAuon QUTEG TTou €Xouv PEYEBOG
Mw>4.5, dedopévoB 611 01 HIKPOTEPOI CEICHOI
Oev £XOUV ONUAVTIKA HAKPOOEICHIKA ATTOTEAE-
opara Kal evOolagépov yia TIG TEXVIKEG KATO-
OKEVEG. ETOI, TO TEAIKG CUVOAO Twv DEDOUEVIWY
TTOU ETTEEEPYAOTAKAUE OTNV £pYATia QuTr) aTTo-

TeAeiTal amd 744 kataypa@ég opilOvTIwY Ouvi-
OTWOWV.
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ZxAua 2. Karavoun tng MEYIOTNG £DAPIKAG ETTI-
Taxuvong (PGA) o€ ouvapTnon ME TNV ETTIKE-
vipikA amréotaon (R) yia TIG KATaypapEg 10XU-
PAC OEIOMIKAC Kivnong Ol OTToieg XPNOIMO-
ToI00vVTal OTNV TTapoUca £pyacia.

Figure 2. Distribution of the peak ground ac-
celerations (PGA) as a function of the epicen-
tral distance (R) for the strong motion re-
cordings used in the present work.

Ma T oupTrAfpwon NG BAong Twv dedopé-
VWV TTOU XPnoihotroiénkav otny Trapouca
epyaocia, ATav avaykaia n omrapgn TPoOoBeTWY
TTANPOPOPIWY TOCO YIA TIG TTAPAUETPOUG TWV
CEICPWY TWV KATAypagwy I0XUP¢ CEICHIKAG
Kivnong (eTTikevrpika, HEYEBOG, KATT.), 600 Kal
yia TIC TOTIKEG £DAPIKEG OUVORKEG TwWv OTAB-
MWy Karaypa@ng. Ma TG TTaPANETPOUG TWV
CEICHWY XPNOILOTTOINBNKAV TA ETTIKEVTPA TOU
vEOU KATOAGYOU CEICUWY TOU gpyacTnpiou Me-
wQUOIKAS Tou AlMN® (Papazachos et al., 2000).
Ma Ta YEYEDN TWV CEICHWY XPnoidoTToienkav
Ta pEYEDN OEIOUIKNG POTIMG, Mw, TOU IBiOU Ka-
TaAdyou, Ta otroia £xel deixBei 6T €ival Ta o
KATGAANAQ yia Tov KaBopiopd OxECEwWV QTTod-
oBeonc (Mamralaxog kai cuvepyareg, 2001).

Z70 OXAMa 1 TTapouCIAZETal N KATAVOUK TWV
MEYEBWY POTTAG, My, ME TNV ETTIKEVTPIKA QTTo-
oTaon Karaypa@ng yia 1o €mMAEXBEV GUVOAO
Oedopévwy. MaparnpoUlue 6T UTTAPXE!I KATTOI
KAVOVIKOTNTA Kal CUOXETION METAEU Twv d00
QUTWV TTOCOTATWY, N OTToia dnuIoUpYEi duoKO-
Aie¢ oTOV UTTOAOYIOHO TWV OXECEWV ATTOORE-
ong. Mevikd, yia pikpa peyédn, (4.0< My <5.0)
EXOUME KATAYPAPEG OE MIKPEG OXETIKA QTTO-

MAPTAPHE ko cuvepydrec. Epmelpikéc oyéoeig andoPeonc e oyxvpic Kivijong TV ETQUVELOKAOV GEIGU®MV Tov EAin-
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oTdoei¢ (rrepitmou w¢ Ta 40 Km), evw oeiopoi
pE HEYAAQ MEYEDN Kataypa@ovial OF WECQIES
KOl MEYAAEC armooTdoelg. AuoTuxwg, OTTwg
@aiveral kal gTo OXAHA 1, YIQ OEICHOUG pE E-
ysen Mw>6.0 uttdpyouv JIQBECIHEG TTaPATN-
pROEIC OE QITOOTACEIG peyahUTepeg amd 20-40
Km, dnAadn sxoupa ENeEIYn TTapatnpAcEwy
IOXUPWY CEICUWY OTO KOVTIVO TTEGIO.
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Ixfua 3. Karavopri g péyiomg eda@ikig emra-
xuvang (PGA) o auvdptnon pe 10 uéyeBog porig
(Mw) yia Tig Kcmvpa(pég 1oxupric osiouixi¢ Kivnong
01 OTIOIEC XPNOIKOTIOIoUVTal OTNV Trapolioa epyaai-
a.

Figure 3. Distribution of the peak ground accelera-
tions (PGA) as a function of the moment magni-
tudes (Mw) for the strong motion recordings used in
the present work.

I1o oxAMa 2 Tapoucialovral ol KaTaypap-
HEVEG TIHEC WEYIOTNG EDAPIKNG emmxuvcng
(PGA) o¢ ouvaanon HE TNV ETI'IK£VTpIKr'| arméd-
oraon. BAémoupe pia TTOKVWON onpenwv yia
OTTOGTAOEIG wg 40 Km kai npsg PGA uéxp! kai
100 cm/sec’®. Meya)\eg TINEG €mMITAXUVONG TTa-
parnpouvTal o€ un(psg QTTOOTACEIS, EVW MIKPES
emMTaXUVOEIG Karaypacpovml ge MEYAAEG aTTO-
oTdoeig, OTIWG Kal avapéveral apoU WEYAAES
TIMEG smraxuvong TTAPATNPOUVTA paKpla amd
70 KOVTIVO TTEDi0 HOVO OF EIDIKEG TIEPITITWOEIS,
OTMWG OF CLIOUOUG ME £VIOVA QAIVOUEVA KO-
TEUBUVTIKOTNTAG, E£10IKEG €DAPIKEG OUVBNKES
omv Béon Karaypaqmg KTA. AVTIOTOIXEG TTapPa-
mpnoslg pTTOpOUV Va Yivouv Kal oTO Oxfpa 3,
6TTOU TIapOUCIGZeTal N pETABOAR TG peylomg
£5aPIKAG ETITAXUVONG OE CUVAPTNON HE TO E-
yeBog potrrig, Mw, Tou GEIGUOU.

Ma Ti¢ TotrkéG £daPIKEG OUVOAKEG XPNOILO-
TTOIRBNKE N KATNYOPIOTTOINCN TTOU TTPOTEIVETAl
amd Tov NEHRP (1994) kai Tov UBC(1997).
ETol pe PAon 1@ UPIOTAUEVO  YEWTEXVIKG-
yeonyma oToixeia kararaxenkav o eSaPIKES
KaTnyopieg Twv OTABUWV Kataypagrig oTig S
Baoikég karnyopieg, A, B, C, D kai E. Na Tov
EAANVIKG XWpOo TO GUVOAO Twy OTaBUWY avrl-
oToIXEi Pévo oTig katnyopie B, C kai D, ol o-
Troie¢ kal TEAIKG vioBeTiBnkav yia kGBe oTaBud

KaTaypagrig.
3. KAOOPIEMOS SXEZEQN ANOIBESHE

Ma Tov KaBopioud Twv OXECEWV amdoREoNg
XPNOIHOTTOINBNKE KaraMnAo Trpoypapua BeA-
TIOTOTTOINGNG TO OTTOI0 YPAPTNKE yI' AUTG TOV
okomd. H ﬁs)\nmorromcn BaoioTnke OTNn HE-
0050 eAaXiOTWY TETPAYWVWVY OF Eva Bnpa HE
N Xpron g HEBGBou 1B1IagévTwyY TIHWY (S|n-
gular Value Decomposition) n otroia eMTPETTE!
Tov KaBopIoH6 Kai TRV avdAuon Tng EuoTadeiag
¢ TeAikAg AUong. H avaiuon autd rrav ana-
paiTNTN AOYyWw TNG OUOXETIONG TWV aveF,aanrwv
HETABANTWY Tou HEYEBOUG Kal TNG ETTIKEVTPIKNAG
amoéoraong, omwe éxel Adn oxohacBei oTo
oxrHa 1.

MevikG e€eTdoBnkav ol dto akdAouBeg pop-
@éc oxEoewv amoéopeonc:

inY = co+ci My +C2 |n(R+Ro) +C38 (1)
INY = Go +¢1 Mw + C2 IN(RZ+he?)"? + ¢3S (2)

6tTou 0 6po¢ S TeplypdPer TNV £TTidpacn Twv
TOTTIKWV £DaQIKWY OUVBNKWVY Kal o oTaBepég
Co, C1, C2 KQI C3 Eival TITAPGHETPO! TOU HOVTEAOU.

0] oxéoeng (1) kau (2) eival oXeDOV TAUTOONUE,
HE TN Wovn Dagopd 6m n oxéon (2) )gpnmuo-
TTolEl TNV unoxewpu(n amréoraon (R°+

610U hp TO «EvEPYO» BABOG TOU OEICHOU (Ba-
eog éKAUONC TNG OEIOUIKAG EVEPYEIDG), EVW 1
oxéon (1) £xel MO QITAOUCTEUHEVN Hopen yia
NV amoéoTacn, cUuPwva We TNV TTPéTAcn Tou
Esteva (1970) FeviK@ o1 OXECEIG TNG popcpr]g
(1) kat (2) gival oV TPAagn oxedov TGUTOOT]-
HEC, eKTog amé 1o kovTivd TTEdio 6TToU EHPavi-
Jouv UIKpEG DIapOpEC.

O UTTOAOYIONOG TWV EUTTEIPIKWV OXECEWV
TPORAELYNG TNG ITXUPAG Kivnong EYIVE pE Baon
povtéAo TTaAivdpépnong d0o Bnudrwy (Boore
et al., 1983; Spudich et al., 1999). 1o TpwTO
BAHa pE TN Xprion Tou ouvvou TV dedopé-
VWY TTOU KAAUTITOUV HEYAAO BiGoTnua HEYEBWY
exnunenxe n otaBepd Tou HeEyEBOUG TOU OEN-
ouoU, ¢;. Karomv TTPOoKeINéEvou va exnpneouv
ol utréAomeg otabepég kai va DoBei Eugpaocn

MAPTAPHS ko cuvepydreee. Epneipiké oyéoei; andofeong me woxvpng kiviong tov EMPAVELOKDV CELGPAHV ToL EAAn-
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OTOUG IOXUPOUC CEICHOUG XpnoidoTToInénkav
Ol GEICHOI TWV OTToIWYV Ta KEYEDN givai M>5.0.

Eidikétepa yia mi¢ €0aQIKEG OUVORKEG Ol
oxéoeig (1) kar (2) odnyouv ot pia avaykn Tro-
OOTIKOTTOINONG Tn¢ EMdOPACNS TWV TOTTIKWY
e5AQIKWY OTNV 10XUP CEICUIKN Kivnon HEow
€vOg ammAoU ypauuikoU épou. Zmnv Trapouca
£pYQTia XpNoILOTTOINBNKE Wia atTrAf] YPAuIKN
avrigroixia B&S=0, C=S=1 kai D=S=2 yia
TOUG TPEIG TUTTOUG eBQPIKWY ouvBnkwv (kard
UBC 1997) o1 omoiol mpoavagépbnkav yia
ToU¢ OTaBuou¢ karaypapng Tou EAAnvikou
Xwpou. H maparmrdvw avrioTtoixia €ivar avlai-
pETN, aPouU dev €ival avaykaio n TTOCOTIKA E£TTi-
dpaon Tn¢ peTapaong B>C xai C->D va givai
idia. To Béua auté oxoAiddeTal TTapakAaTw, Ka-
TG TN HEAETN TWV TEAIKWY OXECEWV ammdéoBeong.

MNa Tov KaBoPIOHO TwV TEAIKWY OXECEWV
amréopeons 1IBIAITEPQ ONUAVTIKOG gival 0 pOAOG
TOU «Evepyou» BAaBoug hy A TNG avrioToiXng
oTabepdc Ro. Mpémrel va onueiwBei 611 Bev gival
ATTaApAITATAG CWOTH N XPAON TOU MIKPOCEICHI-
KoU BdBoug, h, kGBe oeiopou, apou autd ou-
viibwg diapépel amd 1o péoo PAaBog £kAuong
NG GEIOUIKAG evEPYEIRG. MNa To Adyo auTd TTpo-
TEivETal N XpAoN Miag péong TIMAG yia To hy 1} TO
Ro. AuoTuxwg, n TIFA QuTr TTAPOUCIALE! TTOAU
EVTOVN CUOXETION ME TNV TTAPAUETPO ATTOORE-
ong, Cz, Kai BEV YTTOPEI va UTTOAOYIOTEI aTT’ €U-
Beiag amd ta dedoyéva, OTTwe £XEl OEIXBEI Kal
ME KATAAANAeG TTpocopolwoel Monte-Carlo
(Papazachos and Papaioannou, 1998). lNa To
Abyo auté uioBeTONKE N TiPr ho=7km, n oTToia
QVTIOTOIXEI TOGO OTO HECO 6pO TwV BaBwy Twy
CEICHWV TNG TTapoloag MEAETNG, 00O Kal OTO
HECO «evepyd» BABOC TO OTTOIO £XEI UTTOAOYI-
otei yia oxéon av@iloyn e (2) amé Pakpooel-
OMIKG armroteAéopara Tou EAAnviKoU xwpou
(Papazachos and Papaioannou, 1997), evw pe
Bdon Ta idia aroreAéopara, uIoBeTRONKE N TIMA
Ro=6km. MNa mnig PGV ka1 PGD 1ipég hy kal Ry
Trou exTipfRBnkav eivai 5 kal 6 avriotoixa. Xpn-
CIMOTTOIWVTAG TIG TTAPAMETPOUG AUTEG, UTTOAO-
yiotnkav pe T pEBODO TTOU TTEPIYPAPNKE KA-
TAAANAEG oxEoelg améoBeong Tng Hopens (1)
Kal (2) yia TIC HEYIOTEC OPIZOVTIEC CUVIOTWOEC
m¢ edagiknig emraxuvong, PGA, taxomrag,
PGV, ka1 yeraBeong, PGD, o1 omroieg divovran
ammd TIC akOAOUBEC OXETEIC:

INPGA=4.16+0.69Mw-1.24In(R+6)+0.125+0.70

@)
INPGA=3.52+0.70Mw-1.14In(R*+7%) 2+0.125+0.70

(4)

5
(6)

@

INPGV=-1.51+1.11Mw-1.20In(R+5)+0.29S+0.80
INPGV=-2.08+1.13Mw-1.11In(R?+6°) ?+0.295+0.80

InPGD=-6.63+1.66Mw-1.34In(R+5)+0.50S+1.08

o

INPGD=-7.26+1.68Mw-1.24In(R%+67)'?+0.50S+1.08  (8)

O TeAeutaiog 6pog kGBe oxéong divel Pe TNV
HOp®ry METABOAAC TO TUTKG OQAApa KABe
oxéong To otroio utroAoyioTnke amd ta dedo-
Méva. Z1o oxnpa 4 mapoucidlovral Ta Hedopé-
va TG MEYIOTNG £DAQIKAG ETITAXUVONG TX O-
moia Me Bdon Tn oxéon (4) £xouv avayBei ot
HéyeBoc M=6.5 evw Tautéxpova n idla oxéon
+2 TUTTIKEG ATTOKAIOEIG TTapouaialeral oo idio
oxfiua (4). H eutreipikn) ox£on akoAoubei Ika-
votroinTiKG Kai TEPIAQUPAVEI TO OUVOAO TWwvV
TTapaTnPHoEWV.
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IXAHQ 4. ZOyKpIon TNG EWTTEIPIKAG OXEONG
TTPORAEYNG HEYIOTNG £BAPIKIG ETITAXUVONG +
20 (TUTTIKEC QTTOKAIOEIG) WE TIG TTAPNPNHEVES
TINEC avnyHéveg o MB.5.

Figure 4. Comparison of the PGA empirical
relation with + 20 with the observed values
scaled to M6.5.

H HeAETN TWV UTTOAOITTWV TWV TTAPATNPNHE-
vwy ammd TIC TTPOPAETTOMEVEG TIMEG MEYIOTNG
e0QPIKAG ETITAXUVONG, TAXUTNTAS KAl JETAOE-
onN¢G O£ OUVAPTNON HE TNV aITOCTACT) KAl TO Mé-
YE00G €ival ONUAVTIKA OE EKTIMACEIC EMTTEIPIKWV
OxEOEWV TIPOBAEYNS TNG 10XUPAG Kivnong
(Campbell, 1985). Zto oxfjua 5 amreikovifovrai
Ta UTTOAOITTA (TTAPATNPNHEVES — TTPOBAETTOME-
VEG) TIMEC TWV HEYIOTWY E0APIKWY ETTITAXUV-
CEWV, TAXUTATWY Kal JETABECEWY HE TNV amméd-
otaon. H Karavoury Twv UTTOAOITTWVY HE TNV
amréoTaon (oxAHa 5) kabwg kai HE TO PéyEBog
Oev Tapoucilouv KATTOIQ CUYKEKPIMEVN £EAp-
Tnon. H HeTaBOAR TOUC KupaiveTal YEVIKA armd

MAPTAPHE kon covepybres. Epneipikéc oyfoeig andoPeonc g 1oyvpnc Kivioeng Tev EMQAVEINKDY GEISUMY Tov EAn-

VIKOU Y(Dpov.



6

—2 €w¢ +2 TO OTroi0 €ival OF IKAVOTTOINTIKN
oupQwvia e GAAES TTapOUOIEG MENETEG TOU EA-
Anvikou xwpou (OcodouAidng, 1991).
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IxAMa 5. Katavopr Twv UTTOAOITTWY TWV HEYi-
OTWV TIHWY TWV ETTITAXUVOEWY, TAXUTATWY KaI
METABECEWY PE TRV aTTOOTAON,

Figure 5. Distribution of the residuals of the
peak ground acceleration, velocity and
displacement in terms of distance.

levik@ 6Aec o1 oXEoEIC ATTOOREONG TTOU KQ-
BopioTnkav deixvouv v idla TTEPITTOU CUMTTE-
pIpopd. XapakTnpIoTIKA Eival n £midpacn Twv
TOTTIKWVY £DA@IKWY OuvBnKWwv n otroia odnyei
O£ OUCTNMATIKA €vioxuon TG 1I0XUPNAS CEICHI-
KA Kivnong o€ Mo «PaAaka» 84PN Ot OXEON
ME Ta MO «Bpaxwdn» Kal n ofroia €ival o -
vTovn yia TNV TaXUtTa (O€ OXEON ME TNV £TTI-
TAXUVON) Kal aKOMN TTIo £VTOVN YIA TIG PEYIOTEG
£daikég ueTabéoeig. Etmiong, n emidpaon Twv
TOTTIKWV E0AQIKWY OUVBNKWY gival PIKPOTEPN
yIQ TIC KATOKOPUPEG CUVIOTWOES aTré OTI YIA TIG
opIJOVTIEG, OTTWG YEVIKA AVAUEVETAL.
TYITKPIZEIZ ME MNMAPOMOIEZ EMIEIPIKEZ
IXEZEIZ NMPOBAEWHZ

H olykpion Twv TTPOTEIVOPEVWY OXECEWV Q-
mooReong TNG MEYIOTNG €DAQPIKAG ETTITAXUV-
ong (oxéoeig 3,4) UE TIC UTTAPXOUOEG OXEOEIG
Tou £xouv TrpoTaBei otov EAANVIKG xwpo (Ot-
0douAidng, 1991) divovrar oto oxnupa 6. ZTo
oxAMa auté yia duo peyédn oeiopwv M5.5 kai
6.5 ameikovifovral o1 oxéoeig (3 kai 4) TG TTa-
pOUCAg MEAETNG HE TIG QVTIOTOIXEG TTOU EXOUV
TpoTalei amd Tov OcodouAidn (1991) 1600 pe
Baon TIc EAMNVIKEG KaTaypa@ég I0XUPNS Ki-
vnong 600 kai £va evioxupévo deiypa £TITa-
XUVOIOYPOAUHATWY HE DEDOMEVA OEICUWY HEYE-
Boug potrrg 7.0<M,, <7.5.
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IxAMa 6. Zuykpion Twv PGA eutreIpiKwy Oxé-
ocwv 3 (paupn ouvexOuevn ypauurn) kar 4
(HalUpn JIAKEKOUEVN YPAMHN) HE TIG AVTIOTOIXESG
Tou @c0douAidn (1991) yia EAAnvikaG dedopéva
(ykpi OlaKEKOUEVN YPAMMF) Kal EVIOXUMEVWY
(YKpi OUVEXOHEVN YPAUN).

Figure 6. Comparison of the PGA empirical
relations 3 (black continuous line) and 4 (black
dashed line) with those proposed by
Theodulidis (1991) Greek data (gray dashed
line) and Greek data enriched with other strong
motion data (gray continuous line).

ZTnVv Tapamdvw cUyKpion TTPETTEI VA avaQep-
Oei OTI O OUYKPIVOUEVEG EUTTEIPIKEG OXEOEIC
TPORAEWNG £xouv avayBei yia eviidueoeg eda-
QIKEG ouvOnrkes. MapouoiGetal pia oNEAvTIKA
d1aQOPOTTOINON KUPIWG OTA ATTOTEAECUATA TWV
oxéocwy yia péyeBog M6.5 Tou opeileTal oTnV
ioxXupn £€aptnon Twv ox£oewv Tou OodouAi-
0n(1991) ue Tov ouvTeAEOTH TOU pEYEBOUG.

MAPIAPHE kon ouvepydrec. Epneipicé oxéoeis andoBeons mg oxvpiic Kiviiong Tov em@avelakdv cewopdv tov Ekin-

VIKOD Y(OPOV.



ZT0 OXAMO 7 OUYKPIVOVTAl Ol EMTTEIPIKEG
ox£0€IC 3 Kai 4 PE TNV QVTIOTOIXN N OoTToia £XEl
mpotabei ammd Toug Ambraseys et al. (1996), n
otroia utroAoyioBnke pe Baon éva peydho a-
PIBUG dedopévwy 1I0XUPAG Kivnong Tou Eupw-
TTAIKOU XWPEOU KAl TwV YUPW TTEPIOXWY. H oU-
yKpion yiveral yia 0o peyédn ociopwv M5.5
Kail 6.5 kai yia edaQIkEG ouvOnKeg oKANPoU TTe-
TPWHATOG.
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IxAua 7. Zoykpion Twyv PGA eutreipikwv oxé-
ocwv 3 (YKpi ouvexopevn ypaupun) Kai 4 (pauv-
pn OIOKEKOMEVN YPAMMN) ME TIG QVTIOTOIXEG TWV
Ambraseys et al. (1996; ykpi OlaKEKOMEVN
ypaupn) yia M5.5 kai 6.5 kai eda@ikég ouven-
KEG OKANPOU TTETPWHATOG.

Figure 7. Comparison of the PGA empirical
relations 3 (gray continuous line) and 4 (black
dashed line) with those proposed by Am-
braseys et al. (1996; gray dashed line) for
M5.5 and 6.5 and rock soil conditions.

O1 gptreIpIkéC OXEOEIC TTAPOUCIAJOUV Hia IKa-
VOTTOINTIKI Cup@wvia péxpl arrootdoelg R=30
km evw apxiouv kai atrokAivouv yia HEYOAU-
1ePEC ammooTacel. H uioBEtnon Odedopévwv
amd dIAPopa OCEICHOTEKTOVIKA TTEPIBAAAOVTA
o¢ peydieg amrootdoeig (R>50km) kaBwg kai o
DIaPOPETIKOG OPIOPOS TNG aTTOOTAONG OTOV
KOBOPIOUS TWV EUTTEIPIKWY OXECEWV QTTOORE-
ong amdé Touc Ambraseys et al. (1996), ptropei
va gival n €§ynon ¢ amékAiong Twv Trapa-
TTAVW OXECEWV.

O1 Sabetta and Pugliese (1996) pe Tn Baon
0edopéva 1I0XUPAE Kivnong amd OEIoHoUG HE
KAVOVIKG Kal avacTpo@d priyuara Tou ITaAIkou

XWPOU TTPOTEIVAV EUTTEIPIKEG OXECEIG TTPORAE-
Yne. Z10 OXAMHa 8 o1 OXEOEIG AUTEG OUYKPIVO-
VTal ME TIC QVTIOTOIXEG 3 Kal 4 TNG TTapouoag
MEAETNC.
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IxAMa 8. Z0ykpion Twv PGA euTTEIpIKWY OXE-
ocwv 3 (YKpi ouvexOuevn ypauun) Kai 4 (pau-
pN JIAKEKOMEVN YPAMMI)) ME TIG QVTIOTOIXEG TWV
Sabetta and Pugliese (1996; ykpi diakekopévn
ypapun) yia M5.5 kai 6.5 kai eda@ikég ouven-
KEG OKANPOU TTETPWHATOG.

Figure 8. Comparison of the PGA empirical
relations 3 (gray continuous line) and 4 (black
dashed line) with those proposed by Sabetta
and Pugliese (1996; gray dashed line) for M5.5
and 6.5 and rock soil conditions.

H xpnoipotroinon peydAou apiBpou Karaypa-
QWV 1I0XUPAC Kivnong CEICUWY ME avAoTPOPO
pnxaviopé yéveong amd Toug Sabetta and
Pugliese (1996) yia Tov kaBopiopd Twv ITaAl-
KWV EPTTEIPIKWY OXECEwv gival n mlavh £§n-
ynon tTng atmékAiong Twv dUo oxéoewv. Ta EA-
Anvika dedopéva  I0XUpAg Kivnong TTPoépxo-
vTal Kard@ KUpio AGyo arrd CEICHOUG KAVOVIKWY
pNyHAaTwyv.

O1 Spudich et al. (1999) mpdéTeivav euTTEIPI-
KEG OXEOEIC TTPORBAEYNGS TNG MEYIOTNG EDAPIKAG
emrdaxuvong, PGA, pe Baon karaypagég amd
BIAQOPES TTEPIOXES, OEICUWY TTOU TTPOEPXOVTAI
amé kavovikd pryuata. H oxéon autrh ouykpi-
VETQI ME TIC OXECEIC 3 KaI 4 oTO OXNpa 9 yia
000 OLIoPIKA peyEBN M5.5 kai 6.5 kal £daQIKEG
ouvenkeg okAnpou TteTpwpartog. O ox£oelg
QUTEC BPIOKOVTAI OF IKAVOTTOINTIKI) CUM@via
yia M6.5 evw mrapouociddouv pia atrékAion yia
MIKPOTEPQ MEYEDN TTPAYMa TTOU TTIBava OPEile-

MAPIAPHE kon cuvepydreg. Epneipikéc oyéoeig ambdoPeong mg oxupig Kiviiong Tev ETQUVEINKDV GELGHMY Tov EAAn-

VIKOD Y OPOV.



TQl OTO MEYAAO BEiypa IOXUPWY CEICHWV TA
otroia Xpnoipotroirénkav amrd Toug Spudich et
al. (1999) kaBopilovrag TV €€ApTnon TG £-
MTTEIPIKAC OXEon atTd TO PEYEDOG.
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IxAua 9. Z0ykpion Twv PGA eUTTEIPIKWY OXE-
ocwv 3 (ykpi ouvexouevn ypaupn) kai 4 (pao-
pn OIAKEKOMEVN YPAMMN) HE TIG QVTIOTOIXEG TWV
Spudich et al. (1999; ykpi dlaKEKOMEVN YPAW-
pn) yia M5.5 kai 6.5 kai e0aQIKEG OUVONKES
OKANPOU TTETPWHATOG.

Figure 9. Comparison of the PGA empirical
relations 3 (gray continuous line) and 4 (black
dashed line) with those proposed by Spudich
et al. (1999; gray dashed line) for M5.5 and 6.5
and rock soil conditions.

210 oxfua 10 armeikovifovTal ol EUTTEIPIKEG
oxEoEIC TTPORAEYNG TWV HEYIOTWY £BAPIKWY
TaxutATwy ( oxéoeig 5 kai 6) oe oUyKpIoN ME
TIC QVTIOTOIXEG TTOU £X0UV TTPOTaBEi yia Tov EA-
Anviké xwpo atd Tov Oeodoulidn (1991) pe
Bdaon mic EMnvikéG karaypa@ég yia MS.S kai
6.5 ka1 £daIKEC CUVOAKES OKANPOU TTETPWHO-
T0¢. 270 010 oXApa (10) divovral oI QVTIOTOIXES
oxEoeig TTou £xouv TrpoTadei amd Toug Sabetta
and Pugliese (1996). O1 oxéoeig 5 ka1 6 T0O-
POUCIAZouV CUPQWVIa WE TIG AVTIOTOIXES ITAAI-
kEG (id10 ouvteAeoTr) peyéBoug) aAAG n xpnol-
potroinon amd Toug Sabetta and Pugliese
(1996) karaypa@wv amd CEICHOUG avaoTpo-
QWV PnNyHAaTWV £XEl oav ATTOTEAEOUQA TNV OU-
otnUaTIK atmmékAIon Twv EAnNVIKWV epTTEIp-
KWV OxEoEwv ot €va guply QACHA ATTOOTAOE-
wv.
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TxAma 10. Zuykpion Twy PGV eutmeIpikwyv oxé-
ocwv 5 (ykpi ouvexbuevn ypauppr) kar 6
(uaupn JIAKEKOPEVN YPAMKN) ME TIG AVTIOTOIXES
Twv Sabetta and Pugliese (1996; paupn ouve-
XOueVN ypaupr) kai ©codoulidn (1991; ykpi
diakekopévn ypappn) yia M5.5 kai 6.5 kai £da-
QIKEG OUVBNKEG OKANPOU TTETPWHATOG.

Figure 10. Comparison of the PGV empirical
relations 5 (gray continuous line) and 6 (black
dashed line) with those proposed by Sabetta
and Pugliese (1996; gray dashed line) and
Theodulidis (1991; gray dashed line) for M5.5
and 6.5 and rock soil conditions.

O1 gutreIpIKEG OXECEIS TIPOBAEYNG TNG KEYI-
otTn¢ £daQIKAG peTaBeong, PGD, ptropouv va
XOapakTnpIoBoUv wg ol TTAéov aoTabeig Kal au-
TO PTTOPEI VO QavEi aTrd Ta avTioTolXa OQAAUQ-
TQ TWV UTTOAOYIOUWV TouG. levikd Oev EXEl
TTPOTABEI MEYANOG APIBUOG EPTTEIPIKWY OXECE-
wv améoBeonc g PGD. O1 TTPOTEIVOUEVES
oxtéoeic (PS) 7 kai 8 ouykpivovtal 0To OXHA
11 pe TV avrioToixn ox£on TTou £XEl TTPOTABEI
yia Tov EAANVIKG xwpo (©codoulidng, 1991; T-
91), Tnv oxéon Tou Gregor (1995; GR-95) yia
1ic HMNA «kai Twv Kawashima et al. (1986) yia
mv larwvia, yia M6.5 kai eda@IkéG OUVBNKEG
okAnpou TeTpwparog. O1 ammokAICEIG TTou TTa-
poucidovtal OTIC OXEOEIC QUTEG UTTOPOUV va
atrodoBo0v oTa diIaPopeTIKA dedopéva I0XUPAG
Kivnong Kal ot OIaQOPETIKA CEITUOTEKTOVIKA
mepIBaAAovTa.

MAPTAPHE ko cuvepydrec. Epmeipiké oxéoeig andoPeong g toxupric kiviiong Tov em@avelokdv celopdv tov EMn-

VIKOD }GOPOV.
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ZxAMa 11. Zo0ykpion Twv PGD epTreIipikwy oxé-
OEWV 7-YKpPi CUVEXOMEVN Ypauun Kal 8- paupn
Olakekopévn ypapun (PS) ME TIC QVTIOTOIXES
ToU ©c0doUAidn (1991, palpn ouvexduevn
ypauun, T-91), Gregor (1995; patpn dioKeKo-
Mévn ypauun) kai Kawashima et al. (1986;
Maupn diakekopévn ypauun, KEA-86), yia 6.5
Kal €daPIKEC OUVONKEG OKANPOU TTETPWHATOG.
Figure 11. Comparison of the PGV empirical
relations 7 (gray continuous line) and 8 (black
dashed line),PS, with those proposed by
Theodulidis(1991; black continuous line, T-91),
Gregor (1995; gray dashed line, GR-95) and
Kawashima (1986; black dashed line, KEA-
86), for M6.5 and rock soil conditions.

ZYMMNEPAZMATA

O1 TTpoTEIVOUEVEG ENTTEIPIKEG OXEOEIS TTPORAE-
yn¢ mpoékuyav amd Eva peydaio deiypa kara-
ypagwy 10Xupng Kivnong tou EAANVIKOU Xw-
POU OI OTToIEC KOAUTITOUV QTTOOTACEIS ammd 2
ewg 150 km kan peyéBn amd 4.5 ewg 7. Ao Ta
OXAMATA KATAVOMAS MEYEBWYV Kal ATTOOTACEWY
Twv €geTalopevwy dedopévwv @aivetal 6T ol
TIPOTEIVOUEVEG  EUTTEIPIKEG OXEOEIG TTPORAE-
Wne(3 ewg 8) Twv peyioTwy £daPIKWY OPIZO-
VTIWV EMITAXOVOEWY, TAXUTATWY KAl YETABEOE-
WV KTTOPOUV va XpnoipoTroiNBouv e acpaAsia
yia éva didotnua amroordocwy 5<R(km)< 120
KaI peyebwyv 4.5<M<7.0.

O1 Trpoteivopeveg OxETeIS (3 Ewg 8) ouykpi-
Bnkav pe AAAEG TTou £xOUv TTPOTABEI OE AAAEG
TEPIOXEG ME DIAPOPA OCEICUOTEKTOVIKA TTEPI-
BAAAovTa. Ze KOA} CUMQWVIQ Ol EUTTEIPIKEG
oxéoeig mpoRAewns NG PGA (3 kai 4) Bpébn-
Kav ME ) oxéon Tou TrpéTteivav ol Spudich et
al. (1999) ue Baon maykéopia dedouéva 1I0XU-

PAG KivNONG KAl CEICUWV TTIOU TTPOEPXOVTAI
amd kavovikd prAyuata. Or EAAnvIKEG kara-
YPOAPEG 10XUPAG Kivnong TTou Xpnoipotroirien-
Kav TTpoépxovTal KAt KUpio Adyo amd Oel-
OMOUG KaVOVIKWV Kal BEEI00TPOPWY CEICHIKWY
pnyudrwy. Mia adgnon tou BIKTUOU ETTITAXUV-
o10ypdewy Tou EAANVIKOU XWPOU OTIG TTEPIO-
X£¢ Tou EAANVIKOU TOEOU OTTOU ETTIKPATOUV KU-
piwg avdaoTtpopa prAyupara givar duvatév va
EMTTAOUTIOEI TO OEiyua TwWV KATAYPOAPWY I0XU-
PAG Kivnong HE onNUAvTIKEG EBAPIKES KIVIOEIG.

MapdAa QuTA OI TTPOTEIVOMEVEG EMTTEIPIKEG
ox£oeIg TTPORAEYNS TNG IOXUPG Kivnong Tou
EAANVIKoU xwpou utropei va BswpnBei 6m Ba-
oiovral o€ IKavotroINTIKG deiyua Kal KAtaAAn-
Ao yia Tov KaBopIiopéd TG améoReong Twv OEl-
OMIKWV KUPATWV.

EYXAPIZTIEZ.

H epyacia autdi exmovibnke oTa TrAqiola Tou
PoypAauparog «Zuhhoyn Kai ETTEEEpyaTia O€l-
OMIKWY OeBOPEVWYV Kal EKTTOVNON wEoU XApTn
oeIoMIKAG emiKIVOuvOTNTag TG EAAGDQG oup-
Barou pe Tov 1oxUovra EAK kai Tou EC8» pe
xpnuarodémon amé tov OAZIM. Emiong ué-
poug Tou £pyou xpnuarodotriBnke amd To €-
peuvnTikOG TTPOYpappa Tou OAZIM ut’ apidp.
20321 g Emmporrric Epeuviov Tou AlMO, kai
amé 1a mpoypdupara tou ITZAK, IT-15 kai
EVR1-CT-1999-40008.
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Paoparikoi ZuvteAeoTég Evioxuong: A§loAdynon kai ATrotdtrwon
NG HN YPAUHIKAS Zuptrepipopds Tou ESdgoug

Site Coefficients: Evaluation and Assignment of Soil Non-Linearities

ANAZITAZIAAHZ A.  Ap. MoAimkég Mnxavikog, ITZAK
KAHMHZ N. Ap. MoAimkdég Mnxavikédg, ITZAK
MAPIAPHZ B. Ap. Zeiopoléyog, ITZAK

AEKIAHZ B. Ap. NMoAimkég Mnyxavikédg, ITZAK

MEPIAHWH:  Z1v Tapoloa pyacia TTapousIGZovTal TTPWTAPXIKA OTTOTEAEGHATA TTPOOSIOPICHOU TWV
OUVTEAECTWV EvioXuonc(r aTTopEiwoNG) TG AVAPEVOUEVNG CEICHIKNG KIVNONG YIa TIG KATNYOpieg £5apwv
C ka1 D kard UBC/97 oe oxéon We TV Karmnyopia B n otroia Bewpeital wg onueio avagopdg. O Tpoa-
5I0pIOPOC TwV GUVTEAEOTWV Baocietal ot Bewpnrikég avaAUoelg HovodIGoTaTwy TOAU KaAd
TEKUNPIWHEVWY, EBAPIKWV TOMWV, HE TN XPrON CUVEETIKWY Kal TIPAYHATIKWY OEIOHIKWY JIEYEPOEWY a-
VINTPOOWTTEUTIKWV TOU OCEICHOTEKTOVIKOU TrEpIBAAAOvVTIOG Tou EAAadIkoU xwpou. Ta aroteAéopuara
OUYKPIVOVTQI WE QVTIOTOIXEG TTPOTEIVOUEVEG TIHEG KAVOVIOTIKWV SIATASEWV Kal QTTOTUTIWVOUV TN -
YPAUMIK oupTrepIpopd Tou eSdgoug amig Opdaeig oxediacpou.

ABSTRACT: This paper presents, preliminary results on evaluation of site coefficients of the expected
seismic motion for soil categories C and D according UBC/97 with reference to the category B. The
evaluation is based on 1D theoretical analyses, well-documented soil profiles, using synthetic and
recorded acceleration time histories, with reference to the seismotectonic environment of Greece. The
results are compared with proposed values of regulations and codes and assign the non-linear behavior

of soil on seismic actions.
1. EIZAFQrH

To péyeBog kai TO €idog TwWV OEICUIKWY BAABWY
TWV KATAOKEUWV TTOU £X0UV KATd KalpoUg KaTa-
ypa@ei O JIGPOPES TTEPIOKEG, QVABEIKVUEI TN
HEYAAN £TIPPON TWV SINPOPETIKWV ESAPIKWV GUV-
onkwv oOmv éviaon Kal  OTO  PAcHATIKO
mepIEXOPEVO TG eBa@IKAG Kivnong otV emipa-
veid. MoAovoT n GUUBOAR TNG TOTTIKIG YEWAOYIOg
gival KaBopIoTIKA OTn SIAUOPPWOT) NG CEICHIKAG
dpaong, wotdéoco o Tapdyoviag autds AauBdvo-
VIQI UTTOWN OTIC KAVOVIOTIKEG SIaTdgeis udvo kard
éva yevikd kan ateAn TpOTTO.

Z1ov EAK 2000 yia rapaderypa, n emmippor) Tou
utreddgpoug BepeAiwang oTov KaBopIoHO TwV OEl-
oKWy dieyépoewv Aappdvetal Kupiwg utréyn dia
HEOOU TWV BIGPOPETIKWY KATNYOPIWV £DGPOUG KAl
Sia PECOU TOU CUVTEAECTH] PACHATIKIG EVIOXUONG
Bo. H kavdragn twv £8apwv 6pws akoAouBEi Ku-
PIWS TTOIOTIKG KPITHPIO EVW Of WEYIOTEG TIHEG TOU
OUVTEAEOT QOCMATIKIG evioxuong epgavifovral
avedpmreg 10600 NG Kamnyopiag eddgoug 600
KO TNG £VTAONG TOU AVAEVOUEVOU OEICHIKOU Kpa-

daopou.

NebTtepEG aTOYEl, PACIOPEVEG OE CUMTIEPG-
OMATa TTOU £XOUV TTPOKUWEI aTTd TNV EMECEPYATIa
TTPAYHATIKWY KATAYPAPWY Kal peydAou apiBpol
avaAUCEWV HETA TOUG TIPOOPATOUG CEIOHOUG
Loma Prieta (1989), Northridge (1994), Kobe
(1995), éxouv EMQEPEI ONUAVTIKEG DIAPOPOTTONN}-
OEIC OTIC OXETIKEG KAVOVIOTIKEG dlatageig SieBvwv
kavoviouwv (EC8, UBC/97). O1 diardeig autég
agpevog obnyolv ae opBoAoyIkOTEPO BIaXWPIOHO
TWV €5APWY CUHEWVA HE QUOTNPA TTOCOTIKA KPI-
mpia (EC8, UBC/97) kai ageTépou avayviwpifouv
6T 1 @acparikr evioxuon eivai pn ypappiky ou-
vaptnon g éviaong g CEIoHIKAG Kivnong kai
Twv Tomkwv edagikwv cuvenkwv (UBC/97). O
TPWTOE OTOX0S Twv SiardEewy, TTou agopd Tov
opBoAoyikéTeEpo Biaxwpiopd, EmTuyXAveral Aap-
Bdvovrag utTéyn Ta edaoduvapika
XapakmpioTiké Tou utreddgoug (OTTwg v pETa-
BoAfj mg TaxUmTag Siddoong Twv SIATUNTIKWY
KUpdTwyv Vs), 1) rapapérpoug avioxis (MUEg amro
Sokiuég kpouaTikig dieiogduong N(S.P.T.) kal xa-
PAKTNPIOTIKG TG oTpwiaToypagiag. O delTepog

‘Pagparikol Zuvteheatéc Evioxuanc ASIoAGynan kal ATIOTOTIWAT TG UN-YPTHEIKAG ZUPTTEPIYOPAG TOU ESagoug.”
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oTdX0Gg, TTOU aPOopd OTNV EVOWNATWOT] TG HNn
yPappIKOMTag, emmuyxdveralr pe v uioBétnon
Suo Trapapérpwy evioxuong (Fa, Fv) étmou o oer-
oMiIkOS kpadaoudg Tou uTToRAGBPOU EVIOYUETQN OF
MIKPEC KOt MEYAAEG TTEPIGOOUG, aVTIOTOIKA, avAAO-
ya HE TV Kamyopia TOU €DGQPOUC Kal TNV
QVOMEVOUEVN HEYIOTN TIUN) TOU OEIoPIKOU Kpada-
opoU Tou uTToRdBpou.

Zmv katetBuvon auTr TTPOOPATES EPEUVNTIKEG
EPYAOCIEG PE OTOXO TNV CUTOTIUNGT) TOU POAOU TV
£6aQIKWV OUVONKWVY OTNV avopolopopeia TG Ka-
Tavouig Twv BAaBwv, katd TOUG TTPOCPATOUG
KATAoTPOPIKOUS OEIONOUS Tou EAANVIKOU Xwpou
(Tkalérac 1988, Pitilakis  et.al.1992,1998,
Bouckovalas 1997, Athanasopoulos et.al. 1999)
Kl OTOV UTTOAOYIGHO BEATIWHEVWV TTapapETPWV
mg edagikng evioxuong (Klimis etal. 1999,
Anastasiadis et.al. 1999), empBefaiwvouv Ta ou-
pmepdopara mg  Oiebvoug  BiBAioypagiag  kal
gvioxUouv v droyn 6T O ONAVTIKOi QUTOi TTa-
pdayovreg Tpétrel va  Aaupdvovral utdyn on
Slapdppwon Twv ceiopkwy Spactwv oxedia-
opou.

H mapoloa epyacia artroteAei pia apyikr Tpo-
omdBeia  TTPOCBIOPICHOU  TWV  CUVTEAECTWV
gvioxuong yia nig karnyopieg edagwv C kai D kard
UBC/97 oe oxéon e mv kamyopia B, n otroia
Bewpeitan w¢ Baoikr cuverikn avagopds (‘Laia-
K6¢ Bpaxog’). O TPocdIoPITHAS TWV GUVTEAECTWY
Bagiletan o Bewpnmikés avaAucelg povodidoTa-
TWV TTOAU KAAG TEKHNPIWHEVWY, ESAPIKWV TOUWY,
HE TN XPrion CUVOETIKWVY KOl TIPAYUATIKWY OEICUI-
Kwv  OlEyéPOEWY  QVIMITPOOWITEUTIKWY  TOU
CEICUOTEKTOVIKOU  TTEPIBAAAOVTOS Tou EAAadIKOU

XWpPOou.
2. MEGOAOAOIIA ANAAYZHZ

H peBoboAoyia Trou akoAouBnenke TrepieAdupave

Ta TTapakdTw oradia:

I. Mpoodiopioudg/EmAoyr] QVIITTPOCWITEUTIKWY
oeiopikwv diEyEpoEwv 0f OUVONKeS ‘paAakoU
Bpaxov’, (karnyopia B/UBC-97) Tou oeIopOTE-
KTovikoU  TrepiBdAAovTog  Tou  EAAadIkou
XWpou.

Il. EmAoyn evog apiBuol 1D edagikwv Tpooo-
MOIWHATWY TTOU va aviikouv oTig Kartnyopieg B
kai C kara UBC/97.

lll. YToAoyiouoG Twv XGPAaKTNPICTIKWY aTToKpl-
onc uHe OBewpnmkég  pEBGdOUG  yia TG
OUYKEKPIUEVEG OEICUIKEG DIEYEPOEIG

V. YmoAoyioudg Twv Adywv Twv eAQOTIKWV ¢a-
OMATWV aOKPIOTG OTNV EMQPAVEId HE Ta
avtigToiXa PACHATa TWV CEICHIKWY JIEYEPOE-
wv.

V. Zranorikry emefepyacia Twv AITOTEAEOHATWV
YiQ TOV UTTOAOYIOMO TWV CUVTEAEOTWV EVIOXU-
ong ot Siagopes TTEPIGBOUG CUVAPTACEI TOU
TAATOUG TNG CEICUIKTG DIEYEPONG.

3. EMINOMH ZEIZMIKON AIEMEPZEQN KAl
EAA®IKON MPOZOMOIQMATON

Imv mapoloa epeuvnTikr TTPooTrdBela Xpnot-
potroinénkav 800 ouAdEeg CEICHIKWV DIEYEPTEWV.
H mpwrn mrepieAdupave oEICHIKEG DIEYEPOEIG TTOU
TpoodiopicdnKav e EQAPUOYI TOU GTOXAOTIKOU
TIPOCOMOIWHATOG TNG TIETTEPACHEVNG ONUEIAKG
™NYRG 6Trwg Trpotddnke (Boore, 1983) kai Trpo-
CapHOOTNKE OTO CEIGHOTEKTOVIKG TEPIBAAAOV TOU
EMadixov xwpou ( Margaris and Boore,
1998;Margaris, 2000; Margaris and
Hatzidimitriou, 2001, Klimis et.al.,1999). ZuvoAika
Tpocdiopiodnkav 25 OuVvBETIKEG XpOVOIoTOpPIES
EMTaXUVOEWV yia PeyEBn oeiopwy (5.5, 6.0, 6.5,
7.0 kat 7.5), emkevipikég amoordaoelg (10, 15,
20, 30 ka1 50 Km) ka1 pe KOpUPAiES ETTITAXUVOEIG
amé 0.07 £wg 0.49g. H deltepn opdda CEICHIKWY
Sieyépoewv mrepieAGuBave 4 karaypageg Tou EA-
AnvikoU Xwpou (g€ cuverikes ‘okAnpou edapoug’)
Kat pia karaypaery omd To diktuo Gilroy oe ouv-
Onkeg  kKovmivoUu  Tediou  HE  KOpUQaiEg
emraxuvoeig amd 0.07g €wg 0.42g. Zta oxfpara
1 éwg 4 didovral pia ardé Tg TEVIE CEIPEG TWV
OUVOETIKWV CEICHIKWY DIEYEPCEWV (YIQ ETTIKEVTPI-
ki améoraon R=15Km), oI TMpaypankég
Kataypagés (Zx.3) kai Ta avrigroixa eAaoTIKA
PAaouaTa oroKpIoN G (ZXAMaTa 2 ko 4).

H emAoyr Twv £6a@IKWV TOUWV TTOU XPNOIHO-
Toiénkav oTnv avaAuan TTPaypaToTroIenke pe
Ta TTAPAKATW KPITHPIA: a) Va avijKouv O€ Wia ou-
ykexpipévn karnyopia eddgoug (C 3 D) xara
UBC/97, B) va umrdpyouv dedopéva Twv duvapl-
KWy IBI0TATWY  TWwV  £BAQIKWY  OXNHATIOUWY
KaBw¢ Kal To Baog Tou Ppaxwdoug uttofdadpou
Kai TEAOG y) va TTAnpouv oTo péyioTo Babuéd mg
aTapaitnTeS TTapadoxég yia v avaAuon HE po-
vodidoTara avaAuTikd Trpogopoiwpara (ETTimedn
ToTTOYpPagia, KAion utroBadpou, yewAoyikég aou-
VEXEIEG, KAT.). ZuvoAikG, emAéxBnkav 10
eSaQikég TOPEG, TTEVTE TTOU AVIIKOUV OTNV KATh-
yopia C kai mévie omv D kard UBC/97. Zra
oxAuara 5 kai 6 didovran Ta edagika TTPOCO-
poiwpara, oF TiHEG Tou Vs30 kabwg kai n
kardragn Toug cUpewva ue Tov EAK2000.

4 ANOTEAEZIMATA ANAAYZIEQN

‘Daoparikoi ZuvreAeoTés Evioyuang ASI0AGynan kai ATIoTUTIWON TG PN-yPaPHIKAG LUPTIEPIPOPAC TOU Edagoug,”
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O1 avaAuoelg Twv Oéka BQQPIKWVY TOHWV Trpay-
Matotroiridnkav  pe T Xprion  ‘looduvapng
YPAMUIKAS av@Auong’ oTo TEdio TwV CUXVOTATWY
(Scnabel et al., 1972), Ta amoreAéopara g o-
moiag  Bewpolvial  akpify  kai  EXOouv
XPNOIHOTTOINGEI YIa YEVIKEUMEVEG QVAAUOEIG EWG
3sec Kal TNV €KTIPNON TNS KOPUEAIag ETTITAXUV-
ong omv em@dveia (Finn, 1995; Martin &
Dobry,1994; Durward et al., 1996; Dobry et
al.,2000;Dickenson and Seed, 1996). ZuvoAika
mwpayuarotronionkav 300 emAuoelg (250 pe TIG
ouvBeTikéc Dieyépoeig kai 50 pe TG DIEYEPTEIS
TTPAYHATIKWY KATAYPAPWV).

Z1a oxruarta 7 kan 8 eGeTdderal yia KGBe karnyo-
pia edagwv, n e€mppor] TG Kopupaiag
gmTayxuvong oto ‘Ppaxwdeg umdBabpo’ oty TI-
M NG ‘avapevopevng'  EMITAXUVONG  OTNV
EMQPAveIa OTTWG UTToAoyioTNKav aTrd TIG avaAu-
oeic. Ta ommoteAéopara Ouykpivovial  HE
avrioToixa g SieBvoug BiBAIoypagiag kai evop-
YOVESG KATaypagég Tou oOeiopou Tou 1989 oTO
Mexico City, 1989-Loma Prieta kaBwg kai Vg
HIKpoU apiBpol amd v EAadiké xwpo. Oi eda-
QIKEC TOMEG TG Karnyopiag D trapousialouv
OTwg RATaV AVAUEVOUEVO £€VTOVN  UN-YPAMUIKN
OUMTTEPIPOPA Yia TTAATN OIEyepong HEYaAUTEPQ
amé 0.20-0.25g (oxnupara 11 kai 12) oe avriBeon
pE TIC €daQIKEG TOPEG katnyopiag C 6mou Tra-
poudiafouv evioxuon TG avapevouevng Kivnong
oc oUyKpION HE TNV EMTAXUVON ME OUVONKES
‘Ualakou Bpaxou’.

O1 paopaTKES TIHEG EMTAXUVOTG TTOU UTTOAO-
yiomkav 1000 WE TIG OCUVBETIKEG DIEYEPTEIG 600 KAl
HE TIG BIEYEPTEIC TTPAYHATIKWY KATaypagwv (Zxn-
para 9 kai 10) KaAUTTOUV TO EUPOG TWV
(PACUATIKWY TIMWV ETMTAXUVONG aTTd EVOPYAVES
Kartaypagés Tou diktuou Tou ITZAK ot 8o amrd Tig
Btéoeig Tou efeTdoTnKav (AVITTPOCWITEUTIKEG O€-
oeig :AApupos-katr.C kai Mopyog-kar.D), yeyovég
Tou anTodeIkvUEl 6Tl TO BElyHa TWV CEICUIKWY Oie-
YEPOEWV TTOU XPNOIMOTTOONKE OV Trapouca
epyacia givan IkKavotroiNTKG. O TIHEG TwV CUVTEAE-
OTWV gvioxuong uttoAoyioTnkav o€ SIAQOPES TIHES
mePIOdWv diaipwviag Ta EAACTIKG gaopara amo-
KPIONG OV EMQAVEIR ME TA QVTIOTOIXA TWV
oeiopikwy Sieyéposwv (Zxnuara 13.a.6.) kai PeTa
amd oTanoTiK EMEEEPYQTia YPAUUIKAG TTaAVOPO-
pnong umoAoyiomke yia KdBe karnyopia n
HETABOAr} TOU CUVTEAEDTI] EVIOXUONG OE ouvdpTn-
on pe MV TEPIGOO KAl TNV KOPUQAIa ETTAXUVON
o€ ouvBrikes ‘Wakakol Bpdxou’. H oxéon (1) Trepi-
YPAQEI TOV CUVTIEAEDTT) EVIOXUOTG KQI OTOV TTiVaKQA
1 Jidovran 01 THES TWV CUVTEAECTLOV.

Ln[F-/g(T)}=0e(T) PAe + be(T)+€ (1)

Otrou ag(T) kal bg(T) eival o1 GUVTEAEOTEG OU-
oxénong, € eival 10 PEOO TUTTIKO O@AAHQ
KavoVIKAG Katavoprg kai PAg n kopugaia etmiTa-
xuvon ot ouvbrikeg B/UBC/97 (‘wahakol

Bpdxou’).

Mivakag 1. ZuvreAeoTég oxéong 1.
Table 1. Parameters of equation 1.
T SC/SB SD/SB
(sec) | as bs Oc 08 be Oc
PGA | 0,965 | 0,638 | 0,274 | -2,188 | 0,543 | 0,335
0,03 | 1,015 [ 0616 | 0,280 | -2217 | 0,500 | 0,338
0,07 | -1,879 [ 0578 | 0,358 | -3,393 | 0,271 | 0,367
01 | -1539 {0485 | 0316 | -3613 | 0,319 | 0417
02 [ -1512 {0819 | 0,383 | -3774 | 0,711 | 0446
03 | 0288 | 0,666 | 0,276 | -3,016 | 0,789 | 0,437
04 | 0548 | 0425 | 0217 | 2402 | 0,839 | 0404
05 | 0500 | 0,345 | 0,157 | -2,003 | 0,883 | 0,347
06 | 0443 { 0310 | 0,179 [ -1,364 | 0,851 | 0317
07 | 0343 | 0305 [ 0210 | 0,744 | 0,791 | 0,303
08 | 0335 | 0,285 | 0,243 | 0,076 | 0,660 | 0,264
09 | 0318 | 0273 | 0,251 | 0323 | 0,584 | 0,257
10 | 0267 | 0237 | 0247 | 0,869 | 0471 | 0,245
12 | 0242 1 0206 | 0218 | 1,102 | 0378 [ 0,232
15 1 0,170 | 0,172 | 0,467 | 1,046 | 0299 | 0,216
20 1 0202 [ 0147 | 0,158 | 0,892 | 0,283 | 0,200
25 | 0,109 [ 0,193 | 0,175 | 0529 | 0,376 | 0,218
30 | 0157 | 0247 | 0175 | 0,041 | 0447 | 0,240

Z1a oxrjuata 14 kai 15 didovrai o1 CUVTEAE-
OTEG evioxuong OTwg utrohoyiotnkav amé Tnv
oxéon 1 kai Tig TiWEG Tou Trivaka 1 o€ didgopa
TAGTN diEyepong o€ ouvlbrikeg ‘paiakou Bpdxou’.
Z10 id10 oxrjua Sidovral o cuvreAeoTég Fa kan Fv
rou Trpoteivovtal amré Tov UBC/97 yia HIKPEG Kal
HEYAAES TEPIGBOUG, aVTIOTOIXA.

O1 ouVTEAEOTEG evioXuong OTTwG UTroAoyioTh-
Kav oTa £3a@IKG TTpocouoiwuara Karnyopiag C
Tapousiadouv HEYICTES TIHEG TTOU KupaivovTal
amd 1.8 éwg 2.0 yia epi6doug 0.2 éwg 0.4 sec
Kal SIa@EPOUV aTTd TIC TIPOTEIVOUEVES TIHEG TOU
UBC/97 6mou o1 PEYIOTEG TIKEG TrapouaiagovTal
ot peyaAUtepeg mepiddoug. Ot OUVTEAEDTEG Evi-
oxuong ota eda@ikd TTpogopOIWMATA NG
kamyopiag D kard UBC/97 mapoucidfouv peyr-
o1eg Tipég amd 1.9 £wg 2.3 ot mepiddoug 0.45
éwg 1.2 kal BpioKovTal OE CUMPWVIA YE TIG TTPO-
TEIVOUEVES TIHEG TOu ouvteAeaTri Fa kata UBC/97
otV TepIoXN TWV HIKPWV TIEPIOBWV. Oi BIapopEg
QUTEC OPEIAOVTAI KUPIWG OTO PAcHATIKG TTEPIEXO-
HEVO Twv OeiopIKwv Oieyépoewv TTou  Eival
TTAOUCIO OTIG UYPNAES CuXVOTNTEG OE CUVOUAOUO
HE Ta DUVOMIKG XOPOKTNPIOTIKA Twv £8agIKwy
TOHWV TTOU EEETACTNKAV.

5 LYMMNEPAZMATA
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Zmv Tapolioa gpyacia Trapouciafovral TpwTap-
XK@  amoreAéouara  TTpoodiopiopou Twv
OuVTEAEOTWV gvioxuong(f atropgiwong) g ava-
MEVOUEVNG CEICUIKNAG KIVNONG VIO TIG KATNYOPIES
edapwv C ka1 D kard UBC/97 oe oxéon pe v
karnyopia B n omoia Bewpeital wg onueio avago-
pdc. O TpoodiopIodS TWV  OUVIEAECTWV
Baoiotke o BewpnTikég avaAuoeig povodidoTa-
TWV TTOAU KAAG TEKUNPIWHEVWY, ESAQIKWY TOLWV,
HE TN XPrioN CUVBETIKWV KAl TTPAYHATIKWV OEICHI-
KWv  OIEYEpOEwWY  QVITTPOOWTTEUTIKWY  TOU
ociopoTeKTOVIKOU  TrepIBAAAovTog Tou EAMAadikou
xwpou. TMa ng 300 karnyopieg Trou egeTdoTKAV
UTTOAOYIOTNKAV GUVTEAECTEG Evioxuong Tou OE€l-
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024 a_ =0.07g
‘04 e e I3 A 1 " 1 i 1 3
b ——r— ey
02F M=8.0
00 Fiwe————

02F a, =01
0.4 o i 1 L 1 i 1 1

04 —v———————p——r——y .

02 F M=6.5 1%

Boo o~ 3

o02F =0.154]
vl A . 1.

Time (sec)
Ixfpa 1. AVIITTPOCWTTEUTIKA OUVBETIKEG OEIOI-
kéc Oieyépoeig (R=15Km kai M=5.5-7.5) Tou
xpnoigotroiiénkav otnv avaiuon.
Figure 1. Typical series of synthetic acceleration
time histories (R=15Km and M=5.5-7.5), used in
the analysis.

12 v T T T T T
5% M=5.5,6.0,6.5,7.0,7.5 & R=15Km
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o8
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0.0
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Ixrua 2. EAaoTikd @doparta emTaxuvong Oel-

pag ouvOETIKWYV BIEYEPOEWV.
Figure 2. Elastic response spectra of a typical se-
ries synthetic’s excitations.

OMHikoU KpadaouoU otV EMQPAVEIN CUUPWVA UE
Siadikaoia kamyopiotoinong kard UBC/97, Aap-
Bavovrag uméyn TV €viaon TG OEIOHIKIG
Kivnong Kai TN Jn YPOUHIKT GUUTTEPIQOPd TOU €-
ddpoug.

6. EYXAPIZTIEZ

H epyaocia aum extroviiBnke oTa TrAaioia Tou €-
pEUVNTIKOU TTPOYPAUKATOS Yia TV eKTTéVNOn Néou
Xépm Zeiopikrig EmkivBuvémrag mg EANGSag
oupBarou pe Tov IoxUovia EAK kai EC8, 1rou
Xpnuarodorteital amrd TOV OAZI.
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Ixria 3. Karaypagég emtaxUvoEwy TTou Xpnot-
potroiriénkav oty avaiuon.
Figure 3. Acceleration time histories used in the
analysis.
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Zxnua 4. EAaoTikd eaopara amdkpiong Tpayua-
TIKWV KATAYPOQUWVY TTOU Xpnoigotroiriénkav otnv
avaiuon.
Figure 4. Elastic response spectra of seismic
motions used in the analysis.
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Txfpa 6. Edapoduvapikég Topég oxediaouou karnyopiag D kard UBC/97 mrou xpnoipoTroiriénkav otnv avaAuon (o€ kGBe Tour avaypdgovral n Kararagn

kard EAK2000 kaBwg kai n Tipr) Tou Vs30.

Figure 6. Soil column models of category D/UBC-97 used in the analysis, (Below each soil-model the category according EAK2000 and the Vs30 value

are given).
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Figure 7. Soil models C (UBC/97): Variation of maximum acceleration at free surface with the synthetic
(open circles) and the recorded (black triangles) input motions.
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Figure 8. Soil models D (UBC/97): Variation of maximum acceleration at free surface with the syn-
thetic (open circles) and the recorded (black triangles) input motions.
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karnyopiag C (UBC/97): ZUyKpion TTPAYHATIKWY KATO-
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Figure 9.a Elastic response spectra at C site:
Comparison of recorded and calculated values using
synthetic time histories.
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Figure 10.a Elastic response spectra at C site:
Comparison of recorded and calculated values using
synthetic time histories.
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Figure 11. Effect of seismic excitation at ‘soft rock
sites’ on the maximum acceleration at free surface of
C category site, according UBC/97.
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Figure 9.b Elastic response spectra at C site:
Comparison of recorded and calculated values.
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Figure 10.b Elastic response spectra at C site:
Comparison of recorded and calculated values using
synthetic time histories.

a5 Edagikd Mpogik Kar.D-UBC/97
O  ZuvBetikég AieyEpoeig
A [payparikég Karaypagég

Emgdveaag/Bdong
NN W
o ;o

Mdyog Méyiotng Emraxuvong

01 02 073 ) 0.4 05
MAdrog ZeiopikAg Aiéyepong om Baan (g)
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Figure 12. Effect of seismic excitation at ‘soft rock
sites’ on the maximum acceleration at free surface of
D category site, according UBC/97.
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IxAMa 14. Méool ouvTeAEOTEG evioxuang yia e5aen katnyopiag C kard UBC/S7 yia SIGPOPEG TIWEG TNG HEYIOTNG ETTI-

TAXUVONG GE CUVONKES ‘WaAaKoU Bpaxoy’.

Figure 14. Mean site coefficient for soil sites C according UBC/97 for various values of maximum acceleration at

‘soft-rock’ site.
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Figure 15. Mean site coefficient for soil sites D according UBC/97 for various values of maximum

acceleration at ‘soft-rock’ site.
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MeéavoAoyiki EkTipnon ®acpdrwy Amroékpiong rov EAAnviké Xwpo

Probabilistic Assessment of Response Spectra in Greece.

MAPTAPHZ, B.N. Ap. ZeiopoAdyog, L.T.Z.AK.

MEPIAHWH: Epmeipikég oxéoelg TPORAewng o1 OTroieg Treplypdpouv TNV €§aptnon  Twv
TOPAMETPWY TNG IO0XUPNS €BAPIKAG Kivnong pe TO MEYEBOG TOU OEICUOU T ATTOCTACH Kol TIG
TOTTIKEG £BUPIKES OUVOKES £XOUV PEYAAN ONupacia oTNV EXTIUNCN TNG CEICHIKAG ETIKIVOUVATNTAG
KAl TOV QVTIOEIONIKO OXeSiaopod. H EAAEIYn OPWG ETTAPKWV KATAYPAPWY IoXUPN Kivnong eTIRBAAE!
TOV KOBOPIOUO EUTTEIPIKWV OXECEWV TTPORAeYwNng pe evdidueoeg peBddoug. MNa Tov okomd autd
BewpnTikéG TTPOPAEWEIC PTOopoUV va XpnoipotroinBouv agou emaAnBeutolv pE TA UTTAPXOVTA
dedopéva. Eva afiomoTo BewpnTikd poviéAo TTPOBAeWnGg ugicuxvwy £8A@IKWV KIVACEWVY gival TO
OTOXOOTIKO TO 0TT0i0 CUVOUGTEI CEICHOAOYIKA MOVTEAQ HE TNV Bewpia Twv TUXaiwv dOVICEWV.

ABSTRACT: Empirical predictive relations which describe the dependence of the strong-motion
parameters in terms of magnitude, distance and site conditions have a paramount significance in
seismic hazard assessment and earthquake engineering. Lack of adequate strong-motion data
necessitates determination of empirical predictions by indirect methods. For this reason,
theoretical predictions, verified against existing data, can be also used. A promising theoretical
model for predicting high frequency ground motions is the stochastic, combining seismological
models of radiation and propagation of energy with the theory of random vibration.

1. EIZAIQrH HeyeBwv M>6.5 kai Twv amootaoewv R<10km

MTTOPET va QvTIMETWTTIOOEI PE TTPOPRAEWEIS TNG

Tig TeAeuTanég OekaeTieg atov EAANVIKG xwpo edaQikAG Kivnong Trou  oTnpidovral Ot
HE nv avamTuén TWV BIKTUWV BewpnTIKA POVTEAQ.

EMTAXUVOIOYPAPWY £XEl  TTapartnenBei  pia OewpnTikéG  TPOPAEWeIC  TNG  eBAPIKNAG
EVIUTTWOIOKA — aufnon  Twv  Karaypapwv Kivnong o1 otroieg €éxouv emaAnBeutei  pe
I0XUpPr¢ Kivnong. Exel kataypagei onuavrikog Taparnenuéva  Oedoupéva  pTTOpOUV  va
apiBpég  aflomoTwyY  KATAaypagwy  10XUPNG xpnoigotmoinBolv  pe  acQAALIx  yia TV
Kivhong oeIoPwV  peyEBoug M<6.5 «kai TPORAEYn TG €DAQIKAG Kivnong Kal oO¢

atmootdocwyv 10<R<120 km. O1 karaypag@ég
autéc  PeAmiwovouv TNV IKAVOTNTAL  TOU
KOBopIoHOU HECWY TIHWYV TWV  EUTTEIPIKWV
OXECEWV TTPORAsyYng TWV Sidpopwv
TAPAPETPWV 1I0XUPAS Kivnang (MEyioTn TipA TG
edagikng  emrtdyuvong, PGA, kai  Twv
@acudtwy amékpiong, PSV). Na peydAoug
osiopolg ue peyédn M>6.5 kai atrooTtdoelg
R<10 km oi £da@Ikég KIVAOEIG WTTOPOUV va
TpoBAs@BoUV  pE  EMOQAA]  Xpnon Twv
UTTAPXOUCWYV EUTTEIPIKWY OXEOEwV. H EAAEIyn
Oedopévwv  OTIC  KPICIPEG  TIEPIOXEG  TwV

KPIOIMEG TTEPIOXEG MEYEOWV KAl QTTOCTACEWV.
AtroteAouv €éva peaAIoTIKO TPOTTO TTPOCEYYIONG
NG €KTIMNONG TNG 10XUPNG £DBAPIKNAG Kivnong
o6tav Traparnpeital EAAEPn karaypagwy. Eva
BewpnTiKO UOVTEAO TPORAEYNS uWicuxvwy
e0A@IKWY KIVACEWV E€ival TO OTOXAOTIKO TO
0Tr0i0 CUVOUACEI TO EVOIAPEPOV TWV UNXAVIKWV
yla Tov kaBopiopd NG £3APIKNAG EMTAXUVONG
ME TuXaieg KivAioelg uWali PE  CEICHOAOYIKQ
HovTéAa diadoong kal  akTivOBoAiag TG
EVEPYEIQG ATTO TN CEICHIKI TTNYN.
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To oToxaoTikGé  poviéAo  TTPORAewng
Baoiletal ot gpyacia Twv Hanks and McGuire
(1981) o1 otroiol £dei€av 611 n Tapartnpnuévn
PGA oT1ig Autikég HIMA ptropei va TTpoBAs@Osi
ME ETTITUXIO OTTG éva OTOXAOTIKO WOVTEAO. To
MOvIEAO Quté TIpocopolwvel TNV £8AQIKN
Kivion wg éva gupoTTeEPaTd TIETTEPACHEVNG
didpkeiag paopa AsukoU BopuBou KATAVOMAG
Gauss kol &vdG  QACNATOG  TTAQTWV
KaBopiopévou amd  ATTAQ  OEICUOAOYIKG
HOVTEAQ CEICUIKWY TTNYWV. XpnoIUoTToIRenkKe
ME emiTUXia ot BIdQopeS EQAPUOYEG TOGO OTIC
HIMA (Boore,1983; Boore and Joyner, 1991;
1997; Atkinson and Boore, 1995;1998, petatu
aAwv),600 Kkal o AAAeg TrepioxEg. EIBIKG aTig
AvaTtoMkég HMA TO HOVTEAO autéd
XPNOIMOTTOINBNKE pE OKOTrO Tnv dnuioupyia
EUTTEIPIKWY  OXECEWV  TTPORAEYNnG  Adyw
EAAEIYPNG KATAYPAPWV I0XUPNG Kivnong (Boore
and Atkinson, 1987; Atkinson and Boore,
1995;1998). lMoAu mpbdopara n xpnoipdTnTa
Kal 1 eQapuoocIuéTNTa TOU HOVTEAOU OF
di1apopeg TEPIOXEG TOU KOOHOoU
TTapouciacBnke amd Tov Boore (2001).

To OUYKEKPIUEVO LOVTEAO EXEl EQAPMOTOEI
TTPOKEINEVOU VA  TTPOCONOIWBOUV  GNUEIaKES
OEIOMIKEG TINYEG Kal €xel dwael afldmoTa
QTTOTEAEOUATA  KUPIWG  yia  PECEG  TIMEG
TEORAEYns. Mepaitépw  xprion 710 idiou
HOVTEAOU Kl TTPOKEIMEVOU va XpNnoIuoTToInOEi
yia KovTivou TTediou TTpOCOUOIWGEIS OTTOU ©
Tapayovrag TG akTivoBoAiag  kal TG
KATEUBUVTIKOTNTAG TNG OEICUIKAG EVEPYEIG
TaiCel TOV KUPIO pOAO, TO HOVTEAO ETTEKTAONKE
Kal  0f TIEMEPQOHEVEG  OEIOMIKEG  TIMYEG
(Beresnev and Atkinson, 1997; 1998; 1999).

Ztov. EAAnVIKé  xWwpo 10 pOVIEAO
Xpnoigotroinenke apyikd amd Toug Stavrakakis
and Drakopoulos (1990) pe oxomé va
mpooopoiwBolv  Tminég PGA’'s  pe  Bdon
KaTaypag@ég 1oxupng kivnong Ttou EAAnvikou
Xwpou. Me oxomd Tn HeAETN TNG OEICHIKAG
ETIKIVOUVOTNTAG Kal TTPOKEILEVOU va
EKTIUNBOUV KIVACEIG OXEBIAT 00 TWV dlapdpuwy
katnyopiwv Tou NEAK, T10 poviéAo NG
OTOXAOTIKAG TTPOCOH0IWONS XPNOINOTTOINONKE
amd tov Mdpyapn (1994) kai Toug Margaris
and Papazachos (1994). O Margaris and
Boore (1998) TTpocouoiwoav TOUG
ICXUPOTEPOUG OEICHOUG Tou EAANVIKOU XWpou
ol o} fo]le] gixav Karaypagei amod
EMTAXUVOIOYpaPous. Me Bdon ta dUo povréAa
TNG OTOXAGTIKAG TTPOCONOIWGNG TNG ONUEIAKAG
Kal  TNG TIETEPACPEVNG  OEICHIKAG  TINYAS
KaBopioBnke n I0XUPR Kivnon Tou CEITHOU TNS
ABrivag 1999, M6 (Margaris, 2000). To

MOVTEAO TNG OTOXAOTIKAG TTPOCOMOIWCNS
(onupeiakng mNYAS) XenolgotroinBnke
TTPOKEIMEVOU va €KTIUNBOUV Ol CEIGHOAOYIKOI
TAapdpeTpol 18  IOXUPWY  CEICHWV  TOU
EAAnvikoU Xwpou (Margaris and
Hatzidimitriou, 2001).

21NV TTapoloa epyacia yiveral TpooTrddsia
Kal eKTiunBolv o1 TTapdAuETPOl TNG IOXUPHS
Kivnong, Méyiotn edagikr emrdyxuvon, PGA,
Kal Qaoparikeg TIHEG TnG weudo-taxutnrag (5%
amooPBeong), PSV, pe Baon 1o poviého g
OTOXAOTIKNG Trpooouoiwong. lNa Tov OKomo
autd  XPNoIPOTTOIoUVTal KATGAANAG @douara
TTAQTWYV CEICUIKWY ECTIWV Ta OTToia  éXouv
kaBopioBei yia Tov EAANVIKG Xxwpo. O
OUVBETIKEG TINEG TwV eBAPIKWV ETNTAXUVOEWV,
PGA, kai ol avTioToIXEG PACUATIKEG TIUEG TWV
weudo-taxutTwy, PSV, kabopilovral yia £va
EUpU  diIdoTnua  peyeBwv 4 5<M<7.0 Kai
armootdoswy 10<R<120 km. Ta peyéOn kai ol
QTTOCTACEIG ETTEKTEIVOVTAI TTEPQ aTrd TG CUVAON
Ta oTroia karaypdgovral atov EAANVIKO Xwpo.
MNa tov okomd autd TpayparotmoloUvTal 121
TTPOCOHOIWOEIG dIAPOPWY CEICUIKWY HEYEBWV
KOl  QmooTAoEwWv. Ta AmOTEAECHATA  TWV
TTPOCOUOIWCEWY  TWV  HEYIOTWY  £3AQIKWYV
ETITAXUVOEWV KAl TWV QACHATIKWY TIHWY TOUC
ME TN Xpnon HOVTEAOU  YpappIKAg
TahivopouIong utroAoyiCouv EMTTEIPIKEG
oxeoelg mpdRAewng Tng PGA kai 1ng PSV yia
diagopeg 1010TTePIodoug.  O1 OxEOEIC AUTEG
XPNOILOTTOIOUVTAI OTNV EKTIMNON TNG CEICUIKNAG
eTIKIVOUVOTNTAG YIa TIG BIGPOPES KATNYOPIES
Tou EAK2000. Ta atmroteAéopata tTng eXTiNNONG
NG OEICHIKNG ETIKIVOUVOTNTAG CUYKPIVOVTQI JE
avTioToIXa Ta OTToia TTPOEPYOoVTal WE BAcn TG
OXEO€IG Ol OToieg €xouv TPOKOWel amrd
Trpayuatika dedopeva Tou EAANVIKoU xwpou.

2. MEOOAOAOTIA — AEAOMENA

To Tpoocopoiwpa NG cnpslou(r]g TNYRS
BaociZetal otnv apxr 6m, éva w’-eacparikd
oxnua og amooctacn R amd 10 urdkevTpo Tou
OEIoMoU, PTTOpPEi va kaboplioBei wg ouvdpTtnon
TNG GEIOUIKNG POTTAG Tou OgIopou, My , kai TG
améotacns R. TO OUYKEKPINEVO w -@aoua
piag  edagikiig kivnong e§aptdran amd
OEIOUIKN pOTTH, My, TN ywviakh cuxvémnTa, fo,
Kal TNV TTapdueTpo tadong, Ac. H ouykekpipévn
avaAuon aToxelel katd kOplo Adyo aTov
kaBopiopyd  mTapapétpwyv o1 OToieg  Ba
XpnoigotroinBolv  otn  TPORAEWn  £daQIKWwvV
KIVIIOEWV HE CUXVOTIKO Treplexduevo amo 0.5
w¢ 10 Hz. Exel deixBei (Margaris and Boore,
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1998) om éva ammAd BewpnTiKO HOVTEAO Egival
duvatdé va TpoPAEYPEl  PE  IKAVOTTOINTIKNA
akpiBeia dedopéva 1oxUpAG Kivnong Ta oTToia
Karaypdenkav — amd  avriotoixa  6pyava
Taipvovtag utréyn 1o péyeBog Tou ogicuou. H
avaAUTIKA Tapouaiaon mg HEBGDOU
TEPIYPAQPETAI HE AETITOHEPEIR OTI EPYATIES
Twv Joyner and Boore(1988) kai Atkinson and
Boore(1995) petaiy dAAwv. Or1 utroloyiopoi
ME Bdon TO MHOVTEAO TNG ONUEIOKNG TMYAG
gyivav pe 1o poypaupa H/Y, SmSim (Boore,
1996) 10 0TTOI0 TPOTTOTTOINBNKE KATAAANAQ yia
10 okomd autd. O1 TapAuETPOlI  TTOU
Xpnoigotoinénkav  yia TNV TTPOCOMOIWGCN
divovrai otov Mivaka 1.

Eivar okdémuo va avagepBei oto onueio
autd 6Tl oI TTPOCONOIWOEIS Aapfdvouv utTdywn
TOV Trapdyovta Twv £da@ikwv ouvenkwv. O
TAapdyovrag autog, OTwG  aivetal  OTOV
Mivaka 1, kaBopileTal KaTd KUPIO AGYO aTTé TNV
gl0aywyn KatdAANAwY GUVTEAECTWV Evioxuong
g €da@IkAG Kivnong e§apTwpevoug ammd Ty
ouxvotnta. EmAéynoav evdidueceg £daPIKEG
OUVONAKEG ME OKOTTO TNV KAAUTEPN OUYKPIoH
TWV ATTOTEAECPATWY ME QUTA TA OTTOIa £XOUV
TpokUWel amd TIC TTApaTnPnUEVESG TIMES. Ta
TOV OKOTO autd Xpnoipotoimnénkav ol
OUVTEAECTEG EVIOYUOTG Ol OTToiolI TTpoTABnKav
amdé rtoug Klimis et al. (1999), «kai
mepAappBdvouv  €8apn pe péon  TaxotnTa
BlaTUNTIKWY KUPATWV, 360<V30<760 m/sec.

Baoikéc mapduetpor o1 OToieg  €ival
KaBOpPIOTIKEG GTNV TTPOCONOIWEOT TNG EDAPIKNG
Kivnong €ivai n TapdpeTpog 1dong, Ao, Kai ol
TR —Kp TG améofeons Twv  UWnAwv
ouxvotiTwy. Or Margaris and Hatzidimitriou
(2001) pe Bdon emMTAXUVOIOYPAUUATA TOU
EAANVIKOU xwpou Ta oTroia kataypdagnkav armro
opyava IoXUPAS Kivnong Kal PE EQapuoyr Tou
W-TETPAYWVO HOVTEAOU, €KTiUnoav Mia péon
TaPAUETPO TAONG <Ao>=56 bar yia Tov
EAANVIKO XWpo. ZTnVv idia HeAETR eKTIUABNKaV
ol MEOEC TIMEG, <Kp> YIO TIG TPEiG BAOCIKES
katnyopies edagwv kard NEHRP, ortov
EANVIKG xwpo, D- petpiwg Xxahapd edden
(<Vs3p>=260m/sec), C-okAnpd, TOAU TTUKVA
edapn (<Vs>=560m/sec) kai  B-okAnpd
mETpWHA  (<Vep>=1100m/sec). Na v
katnyopia C- okAnpwv €da@WV EKTIUABNKE
Ty <k>=0.05. O1 Namaiwdvvou k.a. (2001)
XPNOIMOTTOIVTAG  TIS  KATAYPAPES  I0XUPNS
Kivnong Tou aggiopou Tng ABrivag 1999, M6, kai
éva €€IOmMOTO JEiyHa YEWTEXVIKWVY OTOIXEIWY,
ME Tnv idla katnyopiotroinon Twv edaguwyv
(NEHRP), extipnoav pia <ky>=0.045 pe Bdon
™V péon TaxutnTa SIATUNTIKWY KUPATWV V3.

ITNV TTapouoa HEAETN XPrOIMOTTOINONKE WG
QVTITTPOCWITEUTIKI TIUA yia Tnv Karnyopia C-
OKANPWV-TTOAU TTUKVWYV 80wV, <K>=0.048.

Mivakag 1. Tapduetpol TtOU  ONUEIaKoU

HovTéAou Trpogopoiwang atov EAANVIKG xwpo

(Margaris and Boore, 1998).

Table 1. Parameters of the point source model

in Greece (Margaris and Boore, 1998).

1516TNTEC ZEIopIkAC MNyNg

p=27 gr/cm3

B = 3.4 km/sec (Papazachos, 1990).

Ao=56 bars (Margaris and Hatzidimitriou,

2001).

1816TnTEC Apduou Aiadoong

Q: Q=275 (f0.1)%° {<0.2,
Q=88 (f/1.0)*° 0.2

[(BAéTre Zx. 3 Boore, 1996). H oxéon Q diverai

otnv epyacia Boore(1996), kai gival o KaAnf

Cuh@Wvia ME TIC TOTIKEG OXEoelg Q TTou

TTPOTAdNKAV

yia v EAAGda (Hatzidimtriou, 1993, 1995) 1.

Fewpetpikn AiaocTropa :1/r

Aidpkeia ;1/f + 0.05

18161nTEC O£0ng Kataypagng

Mapdyovrag Zuveiopopdg =0.707

2uvteAeoTég Evioxuong ©cong (Klimis et al.,

1999)

TiuA - Ko =0.048.

Me Bdon 710 TTPOAVAPEPOHEVO  HOVTEAO
TPOCOHOIWONG UTTOAOYIJovTal Of TINEG MEYIOTNG
gmraxuvong, PGA, kai weudo-taxutnrtag (5%-
amrdéoBeong), PSV, yla O1dpopeg
10iomrepIddoug. O1 utroAoyiouoi  yivovtal yia
didoTnua peyebwyv ammd 4.5 ewg 7.0 ava 0.25
TOU peyéBoug, dnAadni AauBavovrar uméywn 11
Tuég  peyéboug.  Emiong 10 didoTtnua
atrootdoewyv AauBdverar amé 10km  €wg
120km, KaI GUyKeKpIpéEva ol atrooTacelg 10,15,
20, 25, 30, 40, 50, 65, 80, 100 kai 120 km. Oi
QTTOOTACEIG  QUTEG  QVTIOTOIXOUV  OF  €va
didotnua ~0.1 Tou  AoyapiBuou NG
améoTaAcnS. lMNa o6Aoug TOUG TrOPATTAVW
ouviuaouoUg  Twv  JeyeBwv KAl TWV
QTTOOTACEWV UTTOAOYICOVTQI OI CUVOETIKEG TIMEG
TWV PEYIOTWYV TIHWV TRG emITAxuvong, PGA, kai
TWV QACUATIKWY TIHWV TG Weudo-TaxuTtnTag,
PSV via améoBeon D=5%. Zto oxnua (1)
Tapouciadovral of 121 UTTOAOYIONEVEG TIUEG
TWV  MEYIOTWV  €MITAXUVOEWV Ol  OTTOIEG
TPOEKUWAV HE EQAPHOPN TOU HOVTEAOU Yyia
di1apopa peyEDN Kal ATTOOTAOEIS.

3. ANOZBEZH THZ IZXYPHZ KINHZHZ
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O1  uTTOAOYIOMEVEG  TIHEG TWV  HEYIOTWV
gmiTayxovoewyv, PGA, kaBwg kai Twv 5%- PSV
peudoTaxutTATWyY yia didgopeg 1810TTEPIGOOUG
XPNOIUOTTOIOUVTQ! VIO TNV EKTIKNCT EUTTEIPIKWY
oxéoswv  TPORAsywns. O oxéoeig  autég
CUYKpivovTal JE TIG BN UTTAPXOUCEG OXETEIG Ol
OTTOiEG TTPOEKUWAV PE BACN TA KATAYPAHUMEV
dedopéva 10XUPAG Kivnong. Eival onuavtiké oe
Mia euTTEIpIKA OoXEon TrPORAEYNS TNG 1I0XUPNS
Kivnong o kaBopiopég Tou  padnuartikou
HOovTéAOu TO omoio Ba Tepiypdwer TNV
aréoBeon TNG 1I0XUPr Kivnong o€ ouvapTnon
ME TO MEyeBOG, TNV ATOCTACN KAl TIG TOTTIKEG
eOAPIKESG OUVONKEG. Mpokeipévou va
OUYKpIBOUV Ta amoTeAéopara Tng Trapoucag
epyaciag ue autd Ta omoia Adn €xouv
dnuocicuBEi gTov EAANvikO XWpPo,
XPNoIMoTToINeNKE TO 010 MOVTEAO ME autd TO
0Troi0 TTPOTABNKE aTrd Tov @c0douAidon (1991).
To pabnuarnkd poviéAo divetan amd v
Tapakdatw egicwon

In'Y = CO+C1*M+C2*In(R+R)+C3*S+0,/P (1)

o6trou Y gival n TTPoRAETTOMEVN TTAPAUETPOG TNG
eda@iknig kivnong, M 1o péyeBog Tou oeiopol,
R n amdéoraon, S n TAPAUETPOG TWV £3APIKWV
ouvOnkwv(0=aAlouBiokEég  aTTOBECEIC  KaI
1=0kAnpo mTETpwa). To P gival 0 yia 1o péoo
0pO TWV TIMWYV INY kar povada yia 10 HECO 6po
+ éva péoo TeTpaywvikd oedAua (RMS), T0
OTTOIO YIQ KAVOVIKI} KATAVOUI} TWV UTTOAOITTWV
ekppader avriotorxa 0.50 i 0.84 mBavéTnTa KN
utrépBaong Twv TIHwY NG InY. O ouvTeAeoTg
Ro, XPNOILOTIOIEITAl TTPOKEINEVOU va
TeplopicBei N TWR Tou Y Og  PNOEVIKEG
QTTOOTACEIG, EVW OE KATTOIEG  EPYAOIES
avagépeTal w¢  “weudo-Babog” (Boore and
Joyner, 1991). O miyég CO...C3, cival
OUVTEAEOTEG avaywyng TTou utroAoyifovTail pe
YPAUMIKA TTaAIvOpOuNon. ZTNV OCUYKEKPIMEVN
epyaocia, emedn o Tapdyoviag Twv e0APIKWV
ouvlnkwyv €xer Adn  AneBei umoéwn oTtn
EKTIMNON TWV TTOPAMETPWY  TNG  IOXUPNS
kivnong (PGA, PSV) e T Xxprion CUVTEAECTWV
gvioxyuong o Tapayovrag C3*S  oToug
UTTOAOYIGHOUG TNG YPAMMIKAG TTaAivdpdunaong
Oev AapBavetai uroyn.

AxkolouBwvtag Tnv idia dladikacia TTou
uloBétnoav o1 Atkinson and Boore (1995) yia
11Ig AvatoAikég HIMA, atrokAgioBnkav amd tnv
avaAuon ol OUVOETIKEG TIHEG  TTOU
utroAoyicOBnkav yia arootdoeig R> 50km  kai
M<5.25, Tpokeiyévou TO  Beiypa  Twv
OUVBETIKWY KATAYPAPWY VA TTPOCOHOIWVETA

HE TIG TTPAYHATIKEG OUVONKEG KaTaYpa®AS TNG
IOXUPAG Kivnong.

O ouvreheomig Ry kaBopicbnke pe 2
TPOTTOUG. 2TV TTPWTN  TTEPITTTWON  ME
KatdAAnAo mpoypauua H/Y (Koutpdkng, 2000)
06bnkav 72 mpég amd 10 O £wg 35  Kkal
EMAEXBNKE N TR TG omoiag To RMS  Twv
UTTOAOITTWY  TNG ATAV  TO HIKPOTEPO. ZTnV
OelTePn TTEPITTTWON XPNOIKOTTOINBNKE
TPOYPOUMA  YPAMMIKAG  TTaAivOpoOuNnong 1O
OTT0i0 EKTIPNOE TOV TrapayovTa R, padi pe Toug
uttoAonToug ouvteAeoTég avaywyng CO...C2.
2e QUPOTEPEG TIG TTEPITITWOEIS EQAPHOCONKE
KateuBeiav ypappikh TaAivdopdunon. TeAIKA wg
TAé0oV KATAAANAN TIPA €mAEXONKe n TR R=15
n omoia Tapoucidle wikpry Tip RMS kai
Tautoxpova  Bpiokdtav O IKAVOTTOINTIKA
CUMQWVIO JE TNV QVTIOTOIXN TTOU TTPOTEIVE O
©@codouAidng (1991) XPNOILOTTOIWVTAG
TTAPATNPNHEVEG KATAYPAPEG IOXUPNG Kivhong
Tou EAANVIKOU Xwpou.

Mapoéuoia diadikacia UIOBETAONKE yia Thv
EKTIUNON TwV OUVTEAECTWV TNG egiowong (1)
yia TIG QAOUATIKEG TIMEG TNG Weudo-TaxUTNTAG
yia didgopeg 1domepiddoug amd 0.1-2.0 sec.
2NV TEPITITWON TWV QACHATIKWY TIHWYV, PSV,
uloBeTiBnke n oxéon 1ng otmoiag 10 Ry
Tapouciale 10 HIKpOTEPO RMS. Ztov lMivaka 2
EMNQAVICOVTAl Ol OUVTEAETEG avaywyng Twv
OUVBETIKWVY peyioTwy emiTaxuvoewy, PGA, kai
QacpaTikwy 5%-PSV. H mpwtn ypauur Tou
Mivaka 2, otnv otmroia n 1diotepiodog givar 0.0,
divel Toug cuvTeAeOTEG avaywyrig TG PGA evw
OTIG UTTOAOITTEG, DivovTal Ol OUVTEAEOTEG TNG
5%-PSV yia didgpopeg 1diomepiddoug.

H ouvBetikfy epmeipiki oxéon TrpoRAeywng
tou MMivaka 1 CUOXETICETAN PE TNV aAvTiOTOIXN
oxéon Tou TpoTddnke pe Bdon ta EAAnvIkA
O0edopéva 1oxupnAg  kivnong  (©eodouAidng,
1991) vyia evdidueoeg €e0APIKEG OUVONKES
$=0.5. Zro oxnpa 1 Tapouadialovral ol
OUVBETIKEG TINEG TWV UEYIOTWV ETMITAXUVOEWV
TTOU TIPoéKUyav peE BAcn TN OTOXAOTIKA
TTPOCOUOIWaON (AVOIKTOI KUKAOI) EVW Ol YEUATOI
KUKAOI ameikovifouv ta Oedopéva Ta otroia

XpNoIpoTTOINONKav ot YPOUHIKA
TaAvdpoéunon. 210 idlo oxnua(1)
Tapoucidfovtal Ol  EUTTEIPIKEG  OXECEIG

mpoRAewns Tng PGA yia M5.5 kai 6.5 téoo
TWV OUVOETIKWV KATAypa@wy (GUVEXOMEVN
ypapur) 600 Kai auTrh Trou TpoTadnke amd Tov
Ocodouhidn  (1991) yia  Taparnpnuéva
oedopéva  (DIGKEKOPMHEVN  ypapur)  Tou
EAAnvikoU xwpou.
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Mivakag 2. ZUVTEAEOTEG AVAYWYIIG EUTTEIPIKWV
oxéoewv TTPORAeyng Twv PGA kai 5%-PSV.
Table 2. Scaling coefficients of the empirical
relations of the PGA and 5%-PSV

--To- --C0-- -Cl-- --C2-- --RO-- -RMS-
0.000 4.825 0.938 ~-1.631 15.000 0.170
0.050 -1.143 0.905 -1.288 3.0000 0.105
0.100 -0.096 0.912 -1.273 3.0000 0.102
0.120 0.040 0.922 -1.262 3.0000 0.103
0.150 0.133 0.5937 -1.246 3.0000 0.105
0.180 ©0.157 0.953 -1.232 3.0000 0.107
0.200 0.225 0.964 -1.240 3.5000 0.108
0.300 -0.078 1.023 -1.187 3.0000 0.118
0.400 -0.591 1.085 -1.124 2.0000 0.126
0.500 -1.014 1.150 -1.100 2.0000 0.143
0.600 -1.471 1.216 ~-1.079 2.0000 0.160
0.700 -1.943 1.281 -1.060 2.0000 0.178
0.800 -2.411 1.345 -1.043 2.0000 0.194
0.900 -2.732 1.408 -1.058 3.0000 0.212
1.000 -3.186 1.468 -1.044 3.0000 0.226
1.500 -5.300 1.723 -0.960 2.0000 0.263
2.000 -6.935 1.903 -0.872 2.0000 0.273
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IxAua 1. ZuvBetika dedopEva 1oXUPNG Kivnong
g PGA Kol gUTTEIPIKEG OXECEIS TTPOBAEYNS
yia M5.5 ka1 6.5.

Figure 1. Synthetic strong motion data of PGA
and empirical predictive relations for M5.5 and
6.5.

H diagopd Tou Trapoucialeral  omig dUo
EUTTEIPIKEG OXEOEIG TPoRAEYNS Tou
uttoAoyioBnkav pe BAcn Ta TTPAYHATIKA KAl
ouvBeTIKA dedopéva IOXUPAG Kivnong, Kupiwg
yla TOug IoXUpouUg oeiopoug M6.5, utropei va
opeikeTal otov diapopeTikd OpIoPd Kal OToV
TPOTTO UIOBETNONG TWV  TOTTIKWY  £5AQIKWV
ouvOnkwv omg dUo avahloelg pe PBdaon 1a
TpayuaTika dedopéva 1IoXuUpng Kivaong Kai Ta
avTIOTOIXQ OCUVBETIKA. XTnv TEPITTTWON TWwV

OUVBETIKWV  KATAYpa®WV XpPnoipotroindnkav
YEWTEXVIKES TTANPOPOPIEG OF OTTOIEG KaBopIcaV
TIG TOTIKEG €daPikéEg ouvOnkes. H Siagpopd
auTr evromieTal o€ TTooooTd 15% yia 1 dlo
oxéoelg yia M6.5. H avriotoixn diagopd yia
M5.5 eival TrocooTtou 7%.

AVTIOTOIXO OUYKPIVOVTQ Ol PACUATIKEG TIMEG,
5%-PSV, twv OUVOETIKWV OedOopévwv HE TIG
TIMEG TTOU TTPOEKUYAV ATTO TIG TTAPATNPNMEVES
KATaypagég 10Xupns Kivnong (©Oeodoulidng,
1991). 210 OYApa 2 Trapoucdiafovral Ta
eaocpata ardkpiong g weudotaxutnrag, 5%-
PSV, Twv cuvBeTikwv dedopévwyv (ouvexduevn
YPOWI}) HE Ta avTiOToIXa QAouara ta otroia
Tpotdlnkav e PBdon Tta  dedopéva  TOU
EAANVIKOU XWpou (SIGKEKOHPEVN YPAPUD) YIa
OUo0 oeiodIKA MeyéBn M55 kal 6.5 kai
amréoraon R=15 km.
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ZXAua 2. ZOykpion QAoATwy  amdkpiong,
PSV, vyia améoBeon 5% Ttwv eUTTEIPIKWV
OXECEWV  TWV  OCUVOETIKWV  {OUVEXAS) KA
Tpaypatikwy (Slakekopuévn) SeOOHEVWIV.
Figure 2. Comparison of the 5%-PSV
response spectra of the empirical relations of
the synthetic (continuous) and observed
(dashed) data.

O1 OuykpioeIG TWV QACHATIKWY  TIHWYV
HTTOpoUV  va  BewpnBoUv  IKAVOTTOINTIKEG.
Kdtroieg atrokAioelg omig pikpég (To=0.1 sec)
Kai oTIg peyadeg (To=2.0 sec) 1Biotrepiddoug
pTTopoUV  va  amodoBolv o1 papuoyn
OlaQopeTIKWY  QiATpwv  di16pBwong  Twv
KATaypagwy I0XUpng Kivnong oe oxéon He TIg
OUVBETIKEG OTIC OTTOIEC £QapUOOBnKe éva WECO
PIATpO. Eival okOTTIUO OTO onpeio auTtd va yivel
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avaAuTIKA auykpion TWV diagpoépwv
ouvteAeoTwy avaywyng CO, C1, C2 kai RMS
oe guvaptnon pe g 1I810TTePIGSoUG (T0=0.05
wg 2.0 sec) Twv EUTTEIPIKWY OXECEWV
TPOBAEYNS  TWV  CUVOETIKWV  Kal  TWV
TPAYHATIKWY  KATAYPAPWY. ZTO0 OXAMA 3
Oivovral oI  CUYKPIOEIS TWV  (QACHATIKWY
ouvreAeoTwv avaywyns CO...C2 kai RMS o
ouvapton pe v 1Blomepiodo (To=0.05 wg
2.0 sec) TWV  CQUVBETIKWV  (GUVEXOMEVN
YPAUMA) KAl TwV TTPAYHATIKWY KATOYPAPWY
(diakekoppévn  ypappr). O @acuarkég
ouvteAeoTi¢ avaywyrig CO Trapouoiddel pia
dlapopd  petalU  TWVY  OUVBETIKWV  Kal
Tpaydatikwy dedopévwyv. Autd ptTopei va
OQeiAeTal OTO YEYOVOG OTI O OUYKEKPIPEVOS
OUVTEAEOTAG Yia T Tpaydankd Sedopéva
(©eodouhibng, 1991) weplAauPdver kai TIg
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TOTIIKEG  £D00QIKEG OUVORAKEG ME TNV OTTAR
diagopotroinon 0 ka1 yia  aAAouBikég
amoBEoEig KAl OKANPG TTETPWHATA avTioToIxa.
O ouvreAeotic C1 Tapouciddetal oe KaAR
Ouppwvia kar yia TG 800 Katyopieg
OedopEVWV. O ouvreheotic C2  1¢
amooTACNG TTAPOUCIGZETAl EVIGXUMEVOS GTIG
OUVOETIKES KaTaypagpég Adyw TOU
EUTTAOUTIONOU TOU OuVBeTIKOU Oeiydatog pe
IKQvO  apiBud  KATAYPAPWY OF  HEYAAEC
amogotdcelg  R=80 km. O ouvreAeotic Tou
MECOU TETPAywVIKOU o@dAuarog, RMS twv
OUVBETIKWV  KQTAYPOPWY, OTIG  BIAQOPES
1810TTEQIOBOUG, TTAPOUGIAZEI TAPWG UIKPOTEPES
TIMEG QTTO TIG QVTIOTOIXEG TWV TIPAYMATIKWV
dedopévuy.
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3. ZUYKPION TWV QACUATIKWY CUVTEAECTWV QVOYWYAG TWY GUVOETIKWV (ouvexbuevn

YPOpMN) KAl TrPOYMOTIKWV  (DIGKEKOHMEVR YPAUUR) KATOYPAQWY (OeodouAidng, 1991) o¢
ouvdapTtnon He Tig 1dloTrepIddoug (To=0.05 — 2.0 sec).

Figure 3. Comparison of the spectral scaling coefficients of the simulated (continuous line) and
observed (dashed line) strong motion data (Theodulidis, 1991) in terms of the periods (To=0.05 —

2.0 sec).
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Z10 oxAMa 4 TTapouciddeTal N avaAuon Twv
UTTOAOITTWV  TWV HEYICTWY KOl QACHATIKWY
TIMWV  TWV  CUVOETIKWV KAl  TTPAYHATIKWYV
Oedopévwy, 0o ouvdpTnon HE TO péyeBOG Tou
ociogod. O1 Atkinson and Boore (1995)
KaBopioav €EAPTNON TWV UTTOAOITTWY  TWV
OUVBETIKWV KAl TTPAYHATIKWY  KATAYPAPWV
Ioxupri¢ Kivnong yia Tig AvatoAikég HIMA pe 1o
MéyeBogc Tou ogiopou. [lapduoia avdAuon
EMIXEIPEITAI KQI OTO OXAMO 4, KaI QaiveTal 6T
Oev TapouciddeTal KATTOIO CUYKEKPIYEVN TAON
ota  umoéAoITTa  TWV  OUVBETIKWV  Kal
TTPAYHATIKWY KATAYPAPWY I0XUPNG Kivnong
1000 YIa TIS MéyioTeg TIEG, PGA, 600 kal yia
TIC avTioToIXeG @aopatikés, 5%-PSV, vyia
didoTnua peyebwyv amrd 4.5 wg 7. O1 TiPEG Twv
UTTOAOITTWY TOCO yIa TIG MEYIOTEG 600 KAl YIA
TIG PACNATIKES TIUEG KUpaivovTal atrd —1 we 1.
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IxAMa 4. YmoAoimma Twv  CUVBETIKWV  Kal
TPAYHATIKWY KATAYPAPWY TWV HEYIOTWV TIHWY
Twv emrTaxlvoswy, PGA, kai Twv avTioToiXwv
pacupaTtikwy, 5%-PSV (To=0.1sec).

Figure 4. Residuals of the simulated and
observed strong motion data of the peak

ground acceleration, PGA and the
corresponding  spectral values, 5%-PSV
(To=0.1 sec).

4. EKTIMHZH MNMNIOANOAOTIKQN ®AZMATQN
ATMOKPIZHZ.

o] EMTTEIPIKEG OXE0EIg TPOBAEWNS
XPNOIMOTTOIOUVTAlI  KATA KUpio Adyo oOTnv
ekTinoNn NG OelIopIkAG emikivduvéTtnrag. H
ouvBeon OAWV TWV EKTIHACEWV OEICHIKNAG
emKkivouvoTnTag otov EAANVIKG xwpo Eeixe
atrotéAeopa va TpoTtadei Evag xapTtng 4 Jwvwv
iong oeiouikng emkivouvoTnTag (Papazachos

et al.,, 1989), o omoiog amroreAei PEPOS Tou
NEAK amé 1o 1995. Emoupévwg kdbe véa
EMTTEIPIK)  Ox€on TIPORAewng TpEmEl  va
eTAANOEVUEl TNV EQAPUOYA TNG OTNV EKTIUNON
NG OCEIOMIKAG EmMKIVOUVOTNTES ME Bdon 1O
EAAnVikS Avticeiopiké Kavovigué.

Ta Baocikd BAuara otV  EKTIUNON TG
CEIOUIKAG emiKIvOUVOTNTAG MIAG Béong eival
Tpia. To Tpwrto PrApa TrepIAapBdver  Tov
KaBopIoHS £VOG ETTAPKOUS HOVTEAOU CEICHIKWV
TNYWV ME EVOEXOMEVO VA ETTNPEACEl TNV
e€etalbuevn 6¢on. Zto deutepo Brpa opicerai
éva TIBAVOTIKO MOVTEAO ETTavAANWNG  TWV
OEIOMIKWYV YeyovoTwy. Evw 010 TEAeuTaio Brpa
KaBopiletal n katdAAnAn oxéon amdoBeong
(epTreipIKA oxéon TPORAEYNS) ™mg
e€etalduevng TTAPAPETPOU 1I0XUPAS Kivnong.
2tV Tapouoa  epyacia  TTPOKEINEVOU  va
EKTINNOOUV TIBavoAoyikd gdouata atmdkpIong
ME BAon TIC OUVOETIKEG KATAYPAPESG IOXUPNAG
Kivnong e@appoletar n peBodoAoyia Cornell
(1968). H peBodoAoyia auty €xel TN
duvardétntTa  va  TepIAauBdvel  10TOPIKA
CEIOHOAOYIKA OTOIXEIO KABWG KAl YEWPUOIKES
KAl GEICUOTEKTOVIKEG TTANPOPOPIES.

MNa v exTipnon meavoAoyikwy acuaTwy
QTTOKPIONG XPNOIKOTIOIEITAl TO CEICHOTEKTOVIKO
HOovTiéEAO Twv 69 em@avelakwv  Kal 7
evliapéoou BdBoug oeiopwv  (Papaioannou
and Papazachos, 2000). To povréAo Poisson
XPNOILOTTOIEITAl WG HOVTEAD €TTAVAANYNS TWV
CEICMIKWV YEYOVOTWY. OI EUTTEIPIKEG OXECEIG
mPOBAswWNnS Tou [livaka 2, yia TIG MEYIOTES
emiraxuvoelg, PGA, Kal TIG QACUATIKEG TIMES
5%-PSV, xpnoipotroiolvral oTnv eKTipnon TS
oeiopikig emkivduvotntag. Tautdxpova, ol
QVTIOTOIXEG OXECEIG Ol OTTOIEG TTPOTABNKAV yia
10 EAANVIKG XWpo HE BAON KATAypapuéva
Oedopéva (Oeodoulidng, 1991), epapudlovral
gtmiong OTOUG uTToAOYIOHOUG. Avo
XOPOAKTNPIOTIKEG TTePIGdOI ETTavVAANYNg
UI0BeTOUVTA! VIO TIC QACHATIKEG TIHES, 5%-PSV,
Tr=50 ka1 Tg=500 xpovia. Ta armoTeAécuara
TWV EKTIMACEWY QUTWY OuyKpivovTal HETagy
TWV.

MNa va ouoxeTioBolv Ta ATTOTEAECUATA TNG
EKTIUNONG TNG OEICHIKNAG ETTIKIVOUVOTNTAG ME
TOV AVTIOEIOHIKO Kavovioud, XpnoIhoTrolouvTal
4 0Béoeig-rOAeIg Tou EAAnVIKOU xwpou ol
oT1roie¢ avikouv oTIS 4 katnyopicg Tou EAK. Oi
TTOAEIG auTEG eival To ApyooTtdMl (katnyopia 4),
Mdrpa (katnyopia 3), ©scoalovikn (Karnyopia
2) ko AAe€avdpouTroAn (katnyopia 1).

210 OoxApa 5  Tmapoudidlovrial  Ta
ammoTeEAéOUATA TNG EKTIUNONG TNG OEICUIKAG
emkivouvétntag pe BAon 1N HEYIOTN £DAQIKNA
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emrayxuvon, PGA yia didgopeg TepIOdOUG
gemavaAnyng (amd 10 wg 1000 xpovia). Me tnv

OUVEXOMEVN  Ypauun  TTapoucialovral ol
avapevopeveg TiHEG PGA  pe  Bdon TG
EMTTEIPIKEG OXEOEIQ TPORAEWNG TOoUu

EKTIMABNKAV atrd TI¢ OUVBETIKEG KATAYPAPEG.
O1 JIOKEKOUEVESG YPAPMES TTAPOUCIAZOUV T
avTioTolxa aToTEAECHUATA HE BAcn TIG OXETEIG
TOU TIpoéKUYav atmmd  TIC  TTPAYHATIKEG
Kataypagés Tou  EAAnvikoO  xwpou. H
dIapopPOTTOINCN OTIG EKTIMACEIS TG OEICMIKAS
EMKIVOUVOTNTAG HE PAon TIC EMPTTEIPIKES
oxéoelg £xel deixbei oto oxiua 1.
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ZxAMa 5. Avauevoveg TIMEG HEYIOTNG £0QQIKAG
emraxuvong, PGA pe v Tepiodo
emavaAnyng ME BACN TIG CUVOETIKEG EUTTEIPIKEG
oxéoelg TPORAeWNS (CUVEXAG YPAUUN) Kat TIG
avtioToixeg pe Bdaon maparnpnuéva dedouéva
TOU EAANVIKOU xwpou (OcodouAidng, 1991;
OlaKeKOMEVN YpaAU D).

Figure 5. Expected PGA values in terms of
return period based on synthetic empirical
predictive relations (continuous line) and the
corresponding ones based on observed data
(Theodulidis, 1991; dashed line).

Eivai xpriciyo va tovicBei 010 onueio autd o
Ta amoTeAeopara amd TV EKTIiUNON NG
OEIoMIKNG emKIVOUVOTNTAG pE Bdon kai Tig dUo
EMTTEIPIKEG  OxEoelg TPOBAEWnS akoAouBouv
TNV Katnyoplotroinon Tou EAK.

H ekTiunon Ttwv BavoAoyIKWY QACHATWY
amrékpiong, 5%-PSV, mwpayparotroniénke yia 8
Oiakekpipéveg 1810TTEPIGDOUG Tou MMivaka 2, 0.1,
0.15, 0.2, 0.3, 0.4, 0.5, 1.0 ki 2.0 sec ka1 yia
duo Trepiddoug emavaAnyng Tg=50 kai 500

Xpoévia. H exTiunon mwpayuarorroifjnke £miong
KQl hE BAon TIG EUTTEIPIKEG OXETEIS TTPOBAEWNS
TToU TTPOTdOnKav amd Tov Ocodoulidn (1991)
yia EMnvikéG kataypa@ég 1oXupnAg Kivnong.
210 oxAua 6 Odivovral Ol CUYKPIoEIG Twv
MOAVOAOYIKWY  QACUATWY amokpiong, 5%-
PSV via 1m¢ 4 efetaldpeveg BECEIG Kl yia
mepiodo  emavaAnyng, Tg=50 xpoévia. Me
ouvexouevn ypauun armeikoviovral  1a 5%-
PSV @dopata amokpiong, Me Pdon TIg
OUVBETIKEG  euTTEIpIKEG  OXECEIG amdofeong,
EVW ME TIG DIGKEKOMEVES YPAMMES TG QVTIOTOIXA
ME Bdon TIG OXEOEIG TTOU TTPOTABNKAV atrd Tov
©¢eobouAidn (1991). AvrioToixa, 010 oXAua 7
TTapoucidfovtal o ouykpioelis Twv 5%-PSV
QACHATWY atrokpIong via Ti¢ 4 eCeTalOveveg
Béoeig kal pe Tmepiodo emavaAnyng Tz=500
Xpovia.
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ZxAMa 6. Zuykpion 5%-PSV mBavoAoyikwv
pacuartwyv amdékpions yia TS 4 BEoeEi Tou
EAK, mepiodo emavaAnyng, Tz=50 xpévia, pe
Pdon TIC OUVOETIKEG EUTTEIPIKEG OYXEOEIQ
TPOBAewng  (Ouvexng  ypappn) - kar TG
QvTIOTOIXEG ME Bacon Trapatnpnuéva dedouéva
Tou EAANVIKOU Xwpou (@ecodouAidng, 1991,
OIOKEKOMEVN YPAMKN).

Figure 6. Comparison of 5%-PSV response
spectra for 4 examined sites of EAK,return
period Tg=50 vyears, based on synthetic
empirical predictive relations (continuous line)
and the corresponding ones based on
observed data (Theodulidis, 1991; dashed
line).
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IxAua 7. Zuykpion 5%-PSV miBavoloyikwv
QacudTwy amoékpiong yia TiG 4 BEoeig Tou
EAK, mepiodo eravdAnyng, Tr=500 xpoévia, pe
Baon TIC OUVBETIKEG eMTTEIPIKEG  OXEOEIS
TEORAEYNnG  (ouvexnig  ypaupn)  kar TG
avTioToIXeG e BAon Trapartnenuéva dedopéva
Tou EAANVIKOU Ywpou (Oecodoulidng, 1991;
OlaKEKOPEVN YPAHMA).

Figure 7. Comparison of 5%-PSV response
spectra for 4 examined sites of EAK, return
period Tz=500 vyears, based on synthetic
empirical predictive relations (continuous line)
and the corresponding ones based on
observed data (Theodulidis, 1991; dashed
line).

Omwg  @aivetal kai OT0 OXAMa 2, ol
SI0QOPOTTOINTEIS TWV PATHATIKWY TIHWV TWV
000 poviéAwv omig MIKpEG (T=0.1sec) kai
MEYAaAeg (T=2.0 sec) 1IBiorepiddoug opeilovral
oTa SIOQOPETIKA WN@IOKA @iATpa Ta oTroia
xpnoigotrondnkav katd 1 di16pbwon  Twv
Kataypagwy 10XUpAS  Kivnong 1000  Twv
TTAPATNPNHEVWY 000 KAl TWV CUVBETIKWYV. ZTQ
OXAMATa 6 KAl 7 OPWE QAIVETAI OXETIKA KaAR
OUYKAIoN Twv U0 POVTEAWV YIa TIG EVOIAUEDES
10101TEPI6d0UG (0.3-1.0 sec) kal Kupiwg yia TIg
kaTtnyopieg 1 kai 2 Tou EAK. Ta dUo @acpatikd
MovTEAa amokAivouv yia 1o idlo didoTnua
1010TTEPIOdWY KUpPiWG yia TiIg BUO KATNYOPIES
TOU Kavoviopou 3 Kal 4 Ol OTO0iEg
xapaktnpifovral amé uywnAn oceiopikdéT™Ta. O
TPOPAVIG  EMTTAOUTIOHNOG  TWV  CUVOETIKWY
KATAYPAQWY HE QPAOHATIKEG TINEG EVOIOUECWY
1010TTEPIOOWV PEYAAWV CEICUWY Ot BIAPOpPES

OTTOOTACEIS  MTTOpPEl  va  gpunveloel NG
dlagopoTtroinon TWV TIOAVOAOYIKWV
OTTOTEAEGUATWV.

4. ZYMMNEPAZMATA

21NV Topolca £PYOOia EKTIHWVTAI CUVOETIKEG
Karaypagég toxupn kivnong pe Bdaon TO
MOVTEAO TNG OTOXAOTIKNG Trpocopoiwong. Ol
KATAypa@EéG QUTEG KOAUTTTOUV ETTAPKWS £va
EUPU QACHA CEIoPIKWY PeYeEBWV (4.5 wg 7.0)
Kal atrootdoewv (10 wg 120 km). Me Baon 1
KATaypagpeéS QUTEG  TTPOTEIVOVTAN  EUTTEIPIKES
OXECEIC TTPOBAEWNS TNG 10XUPNS Kivong T0G0
yia TG MEYIOTEG TIMEG TNG Kivnong, PGA, 600
Kal i 5%-PSV @acpartikég TIpéG. O1 oxéoeig
QUTEG OUYKPivovTal PE QVTIOTOIXEG Ol OTTOIEG
gxouv TmpoTaBei  pE  PAon  TPAYMATIKEG
KATaypa@eég  TNG  1IO0XUPNS  Kivnong  Tou
EAAnvikoU xwpou (©eodouAidng, 1991).

O eptrAouTioudg Tou CUVBETIKOU BEiynaTog
TWV KATAYPAPWY HE IOXUPEG EDAPIKEG KIVOEIG
(M>6.5) kai oe amrootaoceig R>80 km €xel wg
QATTOTEAECUA, OF CUVOETIKEG PACHATIKEG OXETEIG
TPORAEYNS va TOpPOUCIAlouv  UWNAOTEPEG
QAVANEVOHEVES TIMEG ot evOIAuEDEG
IB10TTEPIOBOUG KAl KUpPiwG Ot BECEIC O OTTOIES
Xapakrnpidovral amo uywnAr CeiIoPIKOTNTA, OF
OUYKPION ME TIMEG TTOU UTTOAOYICovVTal PE Bdaon
TIG AVTIOTOIXEG OXEOEIG TTOU EXOUV TTPOTABEI e
™ xprion oedopévwv Tou EAANVIKOU Xwpou.
AvrtiBeta, o1 peyioteg  TigEg, PGA, Twv
OUVBETIKWV  KATAYPAQWY,  TTapoucidalouv
HIKPOTEPEG TINEG ATTO TIG AVTIOTOIXEG OXECEIS HE
Baon ta EAAnvika dedopéva. H uioBETnon evog .
EMTTEIPIKOU MOVTEAOU KABOPIOHOU TWV TOTTIKWYV
edagikwy  ouvenkwv  eivar  duvatov  va
evioxuoel Tic TiuEG PGA oOTIg oxéoeig TTou
Tpotdbnkav  pe  Baon  ta  EAAnvIka
gmrTaxuvoloypdupata (QeodouAidng, 1991).

Baoiké cuutrépacpa amd tnv olykpion g
EKTINNONG TNG CEICUIKNAG emiKivouvdTATAG €ival
OTI TO HOVTEAO TWV EPTTEIPIKWV TTPORAEWPEWY HE
Baon ™m OTOXOAOTIKNA TTPOCONOIWON
TTapakoAouBei pE IKavoTTOINTIKY OKPiela TIg
KaTtnyopieg Tou EAK.
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ABSTRACT

In the present paper new attenuation relations are proposed based on 744 records of
horizontal components for the peak ground acceleration, velocity and displacement for
shallow earthquakes, using 474 strong motion recordings from earthquakes in the Greek area.
The data set used consists of records from 142 mainly normal faulting earthquakes with
magnitudes 4.5<Mw<7.0 and epicentral distances lkm < R < 150km. The data analysis
incorporates the soil classification according to NEHRP (1994) [1]. Comparisons with other
predictive relations from other regions are also carried out.

Keywords: Strong motion attenuation; shallow earthquakes; Greece;

INTRODUCTION

Seismic hazard assessment is commonly based on empirical predictive attenuation relations.
Such relations are generally expressed as mathematical functions relating a dependent
variable to parameters characterising the earthquake source, propagation path and local site
conditions. To date many attenuation relations for peak ground acceleration, velocity and
displacement have been published based on ever increasing number strong motion data from
the Circum Pacific region [2-10], as well as from Europe and Middle East region [11-16].

Since the first installation of accelerographs in Greece — in early 1970’s — strong motion data
recordings are progressively increasing. Especially, during the last decade, the number of
strong motion recordings has significantly increased due to digital instruments deployed both
as permanent national networks and temporary arrays during aftershock sequences. Automatic
digitization and new correction techniques have increased the reliability of strong motion data
set particularly in the low frequency content (e.g. f<1Hz). In addition, more accurate earth
structure models in Greece led to decreasing errors in hypocenter determination. Taking into
account the aforementioned, based on the to date (1973-1999) available strong motion
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recordings from shallow earthquakes in Greece new attenuation relations of peak ground
acceleration, velocity and displacement of horizontal strong ground motion are defined. These
relations are compared with relevant recent ones proposed for Greece or for other regions
with comparable seismotectonic environment.

DATA USED

The data used in the present study consist of 474 strong motion recordings, from 142 mainly
normal faulting shallow earthquakes in Greece (ITSAK: www.itsak.er and NOA:
www.noa.gr). This data set come from all the available accelerograms in Greece, during the
period 1973-1999, after satisfying at least one of the following criteria: (a) The earthquake
which triggered the instrument has a moment magnitude of Mw24.5, (b) The strong motion
record has a peak ground acceleration PGA=0.05g independently of the earthquake
magnitude and (c) The record has PGA<0.05g but there is another one with PGA=0.05g
which come from the same earthquake. All recordings of the data set used were automatically
digitized and processed homogeneously [17]. Special attention was paid determining the
digital filters of the data processing in order to estimate PGD. Data recorded in 4-story
buildings and higher are excluded from this set. The finally chosen data set for regression
analysis consist of 744 horizontal components. For the completeness of the database used in
this study the epicenters of the earthquakes of a recent catalogue compiled by the Geophysical
Laboratory of the Aristotle University of Thessaloniki were adopted [18]. The size of the
earthquakes in this catalogue is expressed in a scale equivalent to the moment magnitude,
M,,, which it was suggested to be a suitable independent variable in defining attenuation
relations [19].
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Figure 1: Distribution of epicentral distance (R) as a function of moment magnitude (Mw) of
the strong motion records used in this study.

In Figure | the distribution of moment magnitude Mw with epicentral distance, (R), of the
recordings used in this study is shown. It is observed that there is a correlation between these
two parameters raising some difficulties in defining attenuation relations. In fact, for small



magnitudes 4.5sMw<5.0 recordings exist mainly in short, R< 40km, epicentral distances. On
the contrary, large magnitude events are recorded at intermediate and long distances. For
Mw>6.0 there is lack of observations in the near field, (R<20km).

Figure 2a and 2b show the distribution of PGA values as a function of epicentral distance and
magnitude My,. A dense area of points for distances up to 40km is observed for PGA values
less than 0.1g. Similar remarks can be made, for M,<5.5.
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Figure 2a: Distribution of the peak ground accelerations (PGA) as a function of the
epicentral distance (R) for the strong motion recordings used in the present work.
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Figure 2b: Distribution of the peak ground accelerations (PGA) as a function of the moment
magnitudes (M) for the strong motion recordings used in the present work.

Regarding the local site conditions the classification proposed by NEHRP [1] and UBC [20]
was used. Based on existing geotechnical data site conditions at the recording stations were
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classified in 5 categories, namely, A, B, C, D, E. In our case the vast majority of data
corresponds only to the categories B, C and D that were finally adopted in this study. As a
result from the total of 1488 horizontal components used, 290 belong to category B, 756 to C
and 442 to D.

EMPIRICAL PREDICTIVE MODELS AND RESULTS

For the definition of the predictive relations optimization technique was used. The
optimization procedure was based on the least square method in one step by using the
singular value decomposition method. Such an analysis allows the stability control of the
final solution and was adopted because of the observed correlation in our data set between
magnitude and epicentral distance (Fig. 1).

The following two equations were examined in the regression analysis,

InY= co+cy Mw+ca ll’l(R+Ro) +c3 S (1)
InY= ¢ +¢; Mw + ¢2 In(R*+hg?)? + ¢4 S 2)

where Y is the strong motion parameter to be predicted, My, is the moment magnitude, R is
the epicentral distance, S is a variable which takes the value O for the soil category B, 1 for
the C and 2 for the D. Scaling coefficients ¢y, ¢ , ¢z, c3 are to be determined from regression
analysis. Coefficient Ry of Eq(1) accounts for saturation in the near field, while hy is known
as “cffective” depth of an event, that is, depth where seismic energy is released. Both Eq(1)
and Eq(2) are practically similar apart from the fact that the former has a simple term for
distance [21] and in the near field they give slightly different results.

A two step regression analysis was followed [22,23]. In the first step using all recordings of
the data set scaling coefficient of magnitude, c;, was determined. In the second step scaling
coefficients cy, ¢, c3, were determined using recordings from earthquakes with Mw>5.0. The
“effective” depth, hy, or the parameter Ry is difficult to be determined directly by regression
analysis on the available data given its strong correlation with scaling coefficient c,, as it was
shown using appropriate Monte-Carlo simulations [24]. For this reason values of Ro=6km
and ho=7km were adopted for PGA attenuation relation, that correspond to the average focal
depth of the events used in the present study as well as to the average “effective” depth
calculated using Eq(l), Eq(2), respectively, and macroseismic data for the area of Greece
[25]. In a similar way for PGVand PGD attenuation relations values of Ro=5km and ho=6km
were adopted for Eq(1) and Eq(2), respectively.

Following the aforementioned method the following pairs [Eq(1), Eq(2)] attenuation relations
were defined for horizontal PGA(cm/secz), PGV (cm/sec) and PGD(cm), respectively:

INnPGA=4.16+0.69Mw-1.24In(R+6)+0.128+0.70 3)
INnPGA=3.52+0.70Mw-1.14In(R*+7%)"%+0.128+0.70 4)
INPGV=-1.51+1.11My-1.20In(R+5)+0.29S+0.80 (5)
InPGV=-2.08+1.13My-1.11In(R*+6%)"*+0.295+0.80 (6)
InPGD=-6.63+1.66Mw-1.34In(R+5)+0.508+1.08 (7)

InPGD=-7.26+1.68My-1.24In(R*+6°)"2+0.50S+1.08 (8)



The last term gives the +1 standard deviation of each relation. In Figure 3 the mean *2
standard deviations of horizontal PGA attenuation relation proposed in this study is shown as
a function of distance along with data normalized to Mw=6.5. It can be observed that the vast
majority of the data are enveloped between *2¢, showing the validity of the proposed
relation. Residuals of the horizontal PGA, PGV and PGD are plotted against distance, R,
using Eq(2) in Figure 4. No apparent trend of the residuals is observed.
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Figure 3: Comparison of the horizontal PGA empirical relation with + 2¢ with the observed
values scaled to M=6.5.

From Egs. (3) to (8) it is concluded that there is a systematic increase of predicted strong
ground motion going from “hard” to “soft” soil conditions. Such an increase seems to be
more intense for velocity and even more for displacement than for acceleration as is generally
expected. Although a simple linear correspondence between soil categories B->S=0, C->S=1,
D->S=2 has been chosen based on geotechnical data and the available shear wave velocities
of the surficial layers of the recording stations, it seems to work reasonably when quantifying
soil influence on strong ground motion.

COMPARISON WITH SIMILAR ATTENUATION RELATIONS AND DISCUSSION
Comparison of the proposed horizontal PGA attenuation relations with those previously
proposed for the area of Greece [26], for soil category C>S=1, are shown in Figure 5.
Significant differences are observed mainly for large magnitudes with the latter giving higher
values of about 60%-90% than the former. This is mainly due to relatively high scaling
coefficient of magnitude, 1.01<c;<1.12, of the relations proposed by Theodulidis [26].

In Figure 6 comparison of the horizontal PGA relations with those proposed by Ambraseys
[15], for “rock” (S=0) soil conditions, is shown. For distances up to about 30km a good
agreement is observed whereas for longer distances the latter relations give higher PGA
values. Such a deviation may be due to different data sets used in regression analyses. For
instance, Ambraseys used data from various seismotectonic environments that extend to long
site-to-source distances [15].
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Figure 5: Comparison of the PGA
empirical relations, Egs. (3) (black
continuous line) and (4) (black dashed
line) with those proposed by Theodulidis
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motion data (grey continuous line).
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Figure 6: Comparison of the PGA
empirical relations, Eqs. (3) (grey
continuous line) and (4) (black dashed
line) with those proposed by Ambraseys
[15] (grey dashed line) for M=5.5 and 6.5
and rock soil conditions.

Sabetta and Pugliese based on strong motion data from normal and thrust faulting-type
earthquakes occurred in Italy, proposed horizontal PGA and PGV attenuation relations [14].



In Figure 7 comparison of their horizontal PGA attenuation relation with those presented in
this study, for “rock”(S=0) soil conditions, shows systematically higher values of the former.
This difference may be due to the fact that Italian data come from both normal and thrust
faulting events while the Greek data mainly from normal faulting. Spudich based on strong
motion data from normal faulting earthquakes proposed horizontal PGA attenuation relation,
[23], that is compared with PGA attenuation relation of this study, for “rock”(S=0) soil
conditions (Figure 8). For magnitude Mw=6.5 there is good agreement between the two
relations while for Mw=5.5 divergence mainly in long distances is observed.
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Figure 8: Comparison of the PGA
empirical relations Egs. (3) (grey
continuous line) and (4) (black dashed
line) with those proposed by Spudich [23],
(grey dashed line) for M=5.5 and 6.5 and
rock soil conditions.

Figure 7: Comparison of the PGA
empirical relations Eqs. (3) (grey
continuous line) and (4) (black dashed
line) with those proposed by Sabetta and
Pugliese [14], (grey dashed line) for
M=5.5 and 6.5 and rock soil conditions.

In Figure 9 a comparison between horizontal PGV attenuation relations of the present study
and those of Theodulidis [26] and Sabetta [14], shows that the latter gives up to 60% higher
values for the whole distance range. That of Theodulidis although gives higher values for
R<50km, at longer distances is in quite good agreement with the PGV attenuation relation of
this study.

Empirical PGD attenuation relations to date have been rarely defined. This was mainly due to
limited reliable data set since in low frequency strong ground motion a lot of errors
(instrumental, processing, etc.) were incorporated. However, some PGD attenuation relations
have been published among which those of Kawashima [6] for Japan, Theodulidis [26] for
Greece and Gregor [27] for USA. Their divergence is shown in Figure 10 that reaches to
about one order of magnitude at distances R>100km. Horizontal PGD values predicted by the
relation of this study are in good agreement with those predicted by that of Theodulidis [26],
for distances R>30km. However, in shorter distances the latter gives up to 2.5 times higher
PGD values.
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Figure 9: Comparison of the PGV Figure 10: Comparison of the PGD
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line) with those proposed by Sabetta [14] line), PS, with those proposed by
(black solid line) and Theodulidis [26] Theodulidis [26], (black continuous line,
(grey dashed line) for M=5.5 and 6.5 and T-91), Gregor [27], (grey dashed line, GR-
rock soil conditions. 95) and Kawashima [6] (black dashed line,
KEA-86), for M=6.5 and rock soil
conditions.
CONCLUSIONS

Predictive empirical relations of horizontal and vertical PGA, PGV, PGD proposed in this
study were based on an extended data set of strong motion recordings. From the data
distribution (see Figures 1,2,3) it can be concluded that the range of validity of the attenuation
relations for the epicentral distance is 5km<R<120km and for moment magnitude is
4.5sMw<7.0.

Predictive relations [Eq(3) to Eq(14)] have been compared with similar ones from other
seismotectonic environments. Good agreement of horizontal PGA attenuation was found with
those predicted by the relation of Spudich that was based on worldwide data from normal
faulting earthquakes [23]. The data set of the present study comes mainly from normal and
some strike-slip faulting type earthquakes. Quite good agreement of the attenuation relation
of this study was also observed for horizontal PGV and PGD - especially in intermediate and
large epicentral distances, with those proposed by Thedulidis [26].

Predictive relations of horizontal PGA, PGV, PGD defined in this study were based on a
satisfactory data set of strong motion recordings in Greece and may be considered as
representative of the strong motion attenuation in this area. However, deployment of a denser
strong motion network in regions of Greece where thrust faulting dominates could
significantly increase in the future the data set used in the present study.
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ABSTRACT

Large intermediate depth subduction zone earthquakes occurred in southern Aegean (Hellenic arc) in
the past, causing extended damage not only to neighbouring countries but also to northern Africa and
Middle East. The biggest known one occurred in October 12, 1856 (M=7.8) close to Crete island
whereas another one with slightly smaller magnitude occurred in June 26, 1926 close to Rhodes
island. There are no strong motion recordings from such large events in southern Aegean due to the
fact that only during the last 20 years a few accelerographs have been installed mainly in SW
Peloponnese and in the islands of Crete and Rhodes. However, strong motion recordings from a
moderate magnitude intermediate depth earthquake (M=6.0), have been obtained allowing for strong
motion simulation of large events using the empirical Green's function technique (EGF). In this
paper the EGF technique is used and forward modelling results are compared with observed
macroseismic data. Simulated strong ground motion is compared with elastic design spectra of the
Greek seismic code as well as with strong motion values from empirical predictive models.

Keywords: Intermediate depth earthquakes; Strong motion; Empirical Greens’ function (EGF)

INTRODUCTION

During the last 20 years many research efforts have been made in strong motion simulation of large
events. For this purpose, theoretical and empirical methods were developed. Among the most
promising methods is that of the empirical Green’s function(EGF) originally proposed by Hartzell
(1978). Due to its very clear idea of using recordings of small events - that incorporate propagation
path and site effect properties ~ in order to simulate larger ones using certain source scaling laws,
development of the EGF method was fast during the last two decades(Irikura , 1983, 1986, Irikura
and Kamae 1994, Kamae et al. 1998). In Greece some efforts were made using the EGF method for
simulation of crustal events “a posteriori” (Theodulidis and Bard 1994, Diagourtas et al.1994,
Roumelioti et al. 2000, Pavic et al 2000, Zahradnik and Tselentis 2000). However, no effort has been
attempted for simulation of large (M27.5) intermediate depth subduction zone earthquakes that
occur in southern Aegean area and caused in the past very large destruction in a widely spread area
of the southeastern Mediterranean (Fig. 1a) (Sieberg 1932, Papazachos and Papazachou 1997). In



this paper, using as empirical Green’s function an accelerogram recorded at the city of Iraklio, Crete
island (Greece), from a moderate magnitude event (M6.1) of an intermediate depth subduction zone
fault, forward modeling is attempted. Such a simulation may exhibit gross characteristics of strong
motion in the near field of an expected large intermediate depth event. Simulated strong motion is
compared and discussed with macroseismic observations of the largest known historical event from
the same seismic source as well as with results from empirical predictive models and code
provisions in force.

METHOD AND DATA USED

Empirical Green’s Function(EGF) Method

In order to simulate the observed strong ground motions from a target event the methodology
proposed by Irikura (1983, 1986) was used. Irikura (1983) combined EGF technique with similarity
laws of earthquakes and dislocation model of Haskell (1964). Under the similarity assumption, when
two events with different magnitude occur within the region of the same seismic source, the

following similarity relations was derived,
1
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where L is the length and W the width of the rectangular seismic source, respectively, D is the final
offset of the dislocation, 1 is the rise time and My is the seismic moment. The parameters without
subscript are for the target event and those with subscript, e, are for the element event that is going to
be used as an EGF. N is the scaling parameter (equal to the closest integer), necessary for the
discretization of the target fault and C is the ratio of the stress drop of the target event to the stress
drop of the element event. Kamae ez al. (1998) underlined the importance of the parameter C in the
correct estimation of the simulated spectrum level.

Taking into account the aforementioned relations, the seismogram A(t) of the target event is
calculated from the relation:

A =N2LF s
(1) Zr (t=1,)* Ca (1) )
where,
Fty=6(t)+— Wzl‘ o[t — — DT ————1] and t, = +§L+e
p (N—) vL. v, 3)

In the above relations a(t) is the seismogram of the element event, r is the hypocentral distance of the
element event, 1; is the distance of the observation point to the center of the subfault i, & is the
distance of the rupture initiation point to the center of the ith subfault, V; is rupture velocity, V. is
the velocity of the seismic waves studied, T is the rise time of the target event and n” an integer to
eliminate spurious periodicity (Irikura, 1983). The function F(t) is introduced to account for a
difference in the slip time function of the target event and that of the element event. The first term of
the right hand part of equation (3) represents a delta function, (t), and the second term represents a
square pulse of duration T. ¢; is a random number used to give a random character to the rupture



propagation process. Due to the slope of the fault of the target event with an angle of about 30°(Fig.
1b), a slight modification of the EGF code input parameters was introduced as “geometric”
correction.

Data Used

Source parameters used as input data (seismic moment, My, fault area, S and fault width, W) are
estimated from the following empirical scaling relations with moment magnitude, M, proposed for
Greece and the surrounding area (Papazachos and Papazachou 1997),

logS =0.70M -1.98 (4)
logW=0.19M -0.13 (5)
logM, =1.5M +16.01 (6)

It was assumed that these relations proposed for shallow crustal events in the Aegean and the
surrounding area also hold for intermediate depth subduction zone earthquakes.

Taking into account the maximum observed magnitude for this part of the Hellenic arc, M=7.8,
(Papazachos, personal communication) a fault area of about 3X10° km® is calculated based on
relation (4). In addition, the largest fault length of the maximum credible event - following the
geometry of the subducted slab (Papazachos et al. 2000) - could be around 110km, starting from a
depth of about 40km down to 90km (Fig. 1b). Such a length and area of a fault may result to a fault
width, W, of about 27km, following the relation (5). Using the relation (6) between moment Mo and
moment magnitude M, the target event corresponds to a moment of Mo=5.13X10* dyn.cm while the
element event of Mo.=1.45X10" dyn.cm. The rise time, T, may be estimated from the empirical
relation (Geller, 1976),

1/2
r= 1 %
(77" "vs)

where S (LxW) is the fault area and Vs is the shear-wave velocity, with Vs=3.5km/sec. For the
target event relation (7) gives rise time equal to 17=6.4sec. Rise time, T, is also estimated from the
total rupture duration Vr=0.8Vs. Heaton (1990) suggested that rise time of large events is very short,
about 15%, compared to the overall duration of the earthquake. Thus, for the target event with
unilateral rupture 17=5.9sec, while with bilateral rupture t=2.95sec. Unilateral rupture process gives
comparable rise time with that estimated from relation (7). In this study, the values 1=5.9sec and
1=2.95sec for unilateral and bilateral rupture, respectively, were adopted.

Only a few strong motion recordings were acquired during the last 20 years — operation time of
ITSAK’s strong motion network — from intermediate depth subduction events in southern Aegean.
The most important of them come from the May 23, 1994 earthquake (M6.1) and was recorded at
the city of Iraklio and Chania both on Crete island. Source parameters of this earthquake, used as
element event, have been published by various seismological centers (Table 1).

As the most reliable hypocentral location was considered that of ISC because its solution was based
on the largest number of stations (>700). For depth determination the ISC used also the pP phase.
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Figure 1: (a) Macroseismic field due to large(M7.8) target event (Sieberg 1932) and (b) Fault plane
of the target event divided by 7X7 element faults; starting rupture point for three examined scenarios
S(1,4), S(4,4) and S(7,4) are shown by exploding stars.

The earthquake moment magnitude was taken M6.1 and as focal mechanism that proposed by the
NEIC. According to NEIC the focal mechanism is moderately well controlled and corresponds to
strike-slip faulting with a large reverse component. Although the preferred fault plane is not
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determined, the one with strike=70°,dip=70°, rake=137° was considered as the most probable since it
is in good agreement with the typical fault plane solution of the examined area (Papazachos, 1996).

TABLE 1.

SOURCE PARAMETERS OF THE ELEMENT (SMALL) EVENT
Origin time | Coordinates Moment | Depth Focal Mechanism Ref.

Lat. Long. | Magnitude (dyn.cm) | (km) | strike dip rake
1994/05/23 | 35.54 24.70| 5.9(my) 73.5 - - -
06:46:15.16
1994/05/23 | 35.57 24.74| 5.8(Mw) 79 - - - 1@
06:46:16.29
1994/05/23 | 35.40 24.73| 6.1(Mw) 81 - - - 13
06:46:16.30
1994/05/23 | 35.56 24.73| 6.1(Mw) 76 70 70 137| (4)
06:46:16.10
1994/05/23 | 35.02 24.891 6.1(Mw) 1.49X107 81 76 70 151] (5)
06:46:19.90

(1) ISC (International Seismological Center), (2) GLAB (Geophysical Laboratory University of Thessaloniki),
(3) GEIN(Geodynamic Institute National Observatory Athens), (4) NEIC (National Earthq. Information Center)
(5) HRVD (Harvard University)

TABLE 2
INPUT PARAMETERS FOR THE EGF METHOD APPLICATION

Source Parameters Target Event Element Event
M, 7.8 6.1
M, (dyn-cm) 5.13 x 107 1.45 x 10"
Epicenter (¢°N - A°E) 35.40 24.75 [S(1,4)] 35.54 24.70
35.70 25.10 [S(4.4)]
35.90 25.40 [S(7,4)]
Strike (°) 48 70
Dip (°) 51 70
Rake (°) 150 137
Hypocentral Depth (Km) 45 or 70 or 90 73.5
Fault Length (Km) 110 15.7
Fault Width (Km) 27 3.9
Rise Time (sec) 5.6 0r2.95 0.8

There are no information for stress drop of large intermediate depth events in southern Agean.
Assuming that the stress drop of the element event is equal to that of the target event and taking into
account relation (1) the factor N is calculated to be of about 7. Consequently, fault plane of the target
event may be divided to 7X7 subfaults that have dimensions 15.7km in length and 3.9km in width.
Typical focal mechanism of the target event is taken to be strike=48°, dip=51°, rake=150°
(Papazachos 1996). Using relation (6) and the moment published by Harvard, moment magnitude,
M, is equal to 6.1 as it was published by the majority of seismological centers. A summary of all
modelling parameters used for the two simulations is listed in Table 2.Three rupture scenarios were
examined and in all of them radial rupture was considered. Namely, two unilateral rupture scenarios



with the starting point at the two ends of the fault (S[7,4], S[1,4]) and one bilateral at the center of
the fault (S[4,4]) were examined (see Figure 1b and Table 2).
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Figure 2: Recording of the 23/5/1994 (M6.1) EGF element event (black line); simulated acceleration
time history of the target event (M7.8) for three rupture scenarios for the city of Iraklio (grey line).

RESULTS

In this study EGF simulation results using only one horizontal component, the one with the highest
peak ground acceleration recorded at Iraklio, are shown. In Figure 2 acceleration time history of the
element event (M6.1) together with simulated strong motion of the target event (M7.8) for three
rupture scenarios are given. Strong motion duration - time span between the first and last peak with
acceleration 20.10g - varies from about 40sec to 60sec, depending on the rupture scenario. The
shortest strong motion duration, 40sec, comes from the S(7,4) scenario of unilateral rupture while



the longest one, 60sec, from the S(1,4). The highest PGA, 0.50g, appears at the case of S(7,4) and
the lowest PGA, 0.30g, at the S(4,4) for bilateral rupture.

Pseudoacceleration response spectra -5% damped- for the three aforementioned rupture scenarios are
shown in Figure 3. In the same Figure elastic design spectra for the seismic zone category III of the
Greek seismic code — where the site of Iraklio falls — are given for soil categories A & B (Greek
Seismic Code, 2000). Spectral values of the target event exceed those imposed by code provisions
for almost all periods, especially in the range 0.15sec<T<0.7sec and 1.0sec<T<1.8sec. The highest
spectral acceleration, around 2g, is observed at 0.3sec.

Empirical predictive models for pseudoacceleration based on subduction zone strong motion data
have been published for various regions of the world. In this study two of them were used in order to
compare their results with those of the simulated target event. One model was proposed by
Theodulidis and Papazachos (1990) [TP90] and was based mainly on thrust fault intermediate depth
events (40km<h<160km) of several subduction zones worldwide, while the other (Molas and
Yamazaki , 1996) [MY96] was based on Japanese data from interplate events (0.1km<h<200km). As
shown in Figure 4, average plus one standard deviation spectral accelerations predicted by the
[TP90] model are in very good agreement with simulated ones for periods up to 1.5sec. For longer
periods simulated values are up to 2 times higher. On the other hand, average plus one standard
deviation spectral accelerations predicted by the [MY96] model are in good agreement with
simulated ones for periods greater than 0.7sec, while for shorter periods they are up to 2 times lower.
However, an envelope of both empirical predictive models gives spectral acceleration values which
are in agreement with the simulated ones.
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Figure 3: Pseudoaccelertion response spectra of the simulated time histories (Fig. 2) in comparison
with elastic design spectra of Greek Seismic Code(2000) [Zone III, Soil Categories A, B].

The new trend of seismic code provisions towards displacement-based design led to definition of
displacement response spectra attenuation relations in Europe (Bommer and Elnashai, 1999) [BE99].
For the target event, M=7.8 & R=40km, average plus one standard deviation spectral displacement
values predicted by the [BE99] model, are shown in Figure 5. In the same Figure, spectral
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Figure 4: Comparison of pseudoacceleration response spectra of the simulated time histories (Fig. 2)

with average +10 spectra proposed by the [TP90] and [MY96] empirical models.

displacements of the simulated target event for the examined three rupture scenarios, are given. For
short to intermediate periods, T<lsec, the latter fall between the average and plus one standard
deviation of those predicted by the [BE99] model. However, for longer periods simulated spectral
displacements are much higher than the empirical ones especially in periods around 1.5sec where
they reach up to 2.5 times higher values.

T (sec)
Figure 5: Comparison of displacement response spectra of the simulated time histories (Fig. 2) with

average +10 spectra proposed by the [BE99] empirical model.

DISCUSSION AND CONCLUSIONS
In this study strong ground motion in the near field of a large intermediate depth subduction zone
earthquake (M7.8) at the southern Aegean area is estimated, using the empirical Green’s function



method. For this purpose, as element event strong ground motion of a moderate magnitude event
(M6.1) recorded at the city of Iraklio-Crete island (Greece) is used.

Simulated strong ground motion for three rupture scenarios, two unilateral and one bilateral, gave
PGAs ranging between 0.5g and 0.3g. Strong motion duration - time span between the first and last
peak with acceleration 20.10g — for the unilateral rupture scenario S[7,4] has the shortest value,
~40sec, that is in agreement with the rupture directivity towards the city of Iraklio while the longest
strong motion duration, ~60sec, corresponds to the scenario S[1,4]. According to Papazachos and
Papazachou (1997) from the earthquake of October 1856 (M7.8),“...the city of Iraklio and the
surrounding area suffered the largest destructions. From the 3620 houses, which the city had at that
time, only 18 were standing up and were inhabitable”. Estimated values of PGA and strong motion
duration of the target event seem to be reasonable and in agreement with the damage caused in the
past. Furthermore, according to the same authors, “...in Rhodos, the earthquake lasted from 40sec
up to 90sec and caused destructions in 8 villages where 2000 houses became uninhabitable...”.
Although Rhodos island is at a distance of about 200km from the target event fault, strong motion
duration seems to be consistent with the estimated one.

Comparison of spectral accelerations of the target event for all three rupture scenarios with
empirically predicted ones (average +16) based on two predictive models showed good agreement.
Extrapolating empirical predictions at the far field, ~650km, and using the [TP90] model, expected
PGA for a target event (M7.8) on stiff soil conditions, may take values of about 0.05g. Such small
PGA values hardly can justify macroseismic intensities observed, ~VII+ of Mercalli scale, for
instance at the northern Egypt (Alexandria). However, the long duration, ~90sec, that the October
1856 (M7.8) event lasted at this area (Papazachos and Papazachos 1997), as well as site effects due
to Nile delta deposits, might have strongly amplify weak ground motion leading to a “mini” Mexico
City (event of 1985) phenomenon.

It was found that at short and intermediate periods, 0.15sec<T<0.7sec, simulated target event give
much higher, up to 3 times, spectral values than the elastic design spectra proposed by the Greek
seismic code. In this case ductility demands that may be imposed by the target event are about 3. It is
interesting to note that apart from the short and intermediate periods, also at long periods, T=1.5sec,
target event gives up to 3 times higher spectral values than those of the seismic code. This
discrepancy is also obvious in the comparison of simulated spectral displacements with empirically
predicted ones by the [BE99] model (Figure 5). Such spectral values could have strong implication
to multi-storey buildings (say >10 stories) as well as to flexible long period structures.

Results of the present study show the reliability - although qualitatively - of the EGF approach and
are encouraging in simulating strong ground motion of large intermediate depth subduction zone
earthquakes in SE Europe. However, small to moderate magnitude intermediate depth events should
be recorded at selected sites where strong motion of the target events are going to be simulated. For
this purpose, high resolution accelerographs must be deployed at selected sites of southern Greece as
well as of eastern Mediterranean cities.
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