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Hepitnyn

Eéetaleton n oeloun ooumepipopd, evog O10THPHTEOD KTIPIOD TOV
Aryiov amo pépovoa. toryomotia, t0 omoio vaéoty cofapés flofes
Kota 1o oeiouo tov 1995. H oeiopkn diéyepon, otnv omoia vmo-
polletoun to KTIplo, yOopoKTHPILETON (WG GEIGUOS TOV EYYOG-TEILOD.
Tpayuaromoieiton mpooooiwon e KOTAoKEVNS e T uédodo twv
TETEPOTUEVV TTOLYEIWV, EDPETH TWV OVVOUIKDV YOPAKTHPLOTIKDOV
TS KOTAOKEVHS KOl EMPELAIDOVETAL 1] AVETGPKEIQ TE OVTOYH TUYKE-
KPIUEVV TTOLYELWY TOD PEPOVTOS OPYOVIOUOD, TO OTOLO ATTOYNTOV.
Ev ovveyeia eCetaleton n arwaitnon o mAaoTtiuotyo, yio. t) GEIoUIKN
01€yepan TV YyiG-TEDIOD, 0 GOYKPIOH UE THV TAQOCTYUOTHTO, TOD
OTOUTEL TEYVHTO EMITOYVVOIOYPAPHILO. oVUPoTo ue tov ElAnviko
Avuoeiouaxo Kovovieuo 2000. Télog, mpoteivoviou kardAinles
emeufaoers ko eCetaleTal 1 AmOTEAEGUATIKOTHTE, TOVG. ZOUPOVO. UE
™0 YVOGH TWV GOYYPOPEDY, 1] EPYATIO TOPOVOLIALEL VIO TPWDTH POPL.
™) OIEPEDVNON PEPODGOG TOLYOTOIOG VIO TGEIOUO EYYDG-TEEDIOD TO
XOPOKTHPILETOL OTTO TOIUO.

1. EIXAT'QI'H-IIEPIT'PA®H KTIPIOY

H n6An tov Aryiov éxet vmootel TOAAEG pOpEG GTO TE-
POGLO TNG 10TOPLOG TIG KATAGTPENTIKEG CUVETELES IOYVPDOV
celoK®V dovioemv. H mpdtn celopkn d6vnomn mov Koto-
YPAPETOL GTIV TEPLOYT OE IGTOPIKA KEILEVA EIVOL O GEIGUOG
tov 373 n.X., oL giye G UMOTEAECHA TV OAOCYEP KATO-
oTpoen g apyaiag ToAng EAikng minciov tov Atyiov. Axo-
Aovbnoav woyvpoi ceiopoi, pe TNV TAEOV TPOGPATT 1GYLPT
CEIoIKN dOVNOT oV TPOKAAEse avBpmmiva Bdpata oTig
15 Tovviov 1995. Hrav peyébovg 6,4 Babudv g khipoog
Richter kot giye emikevipo ot BaAddocia meployn peta&d
Avyiov kot Epatewng. TlpokdAiese v Katdppevon molv-
KOTOWKIOG Kot TnG KOvovpylag mtépuyag Eevodoyeiov oty
Tépevn Aryiov, pe amotéheopa vo yacovv ) {on Tovg 26
dropa. O celoldC TPOKAAESE KOTAPPEVOELS KO EKTETAUEVES
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PAaPeg o€ peydro PEPOS, TOGO TOV GUYYPOVOV OO OTAICLLE-
VO GKUPOSEND, OGO KOl TOV TAANOTEP®V KUTUOKEVMOV ATd
totyomotia [1]. To 1997 cuvéPn acBevéotepog oelGUAG, O
0mo10G EMOEIVMOE TIG 1)OT VTG PYOVSESG PAGPES.

H nopodoa epyacio acyoAeitar pe T PHEAETN TNG CEIGHL-
KMg CUUTEPLPOPAS TOV apyovtikoy [avayiwtdénoviov, pog
TPLIOPOPNG KOTACKELNG HE €va EMMAEOV LIOYELD £KTOONG
iong He ovt TOV GAA@V 0poP®V, OV PBpiokeTal 6E Omo-
otoon ¢ taéng Tov 10km and 10 EMiKEVTPO TOL GEIGHOD
tov 1995. H rdtoyn tov eivar opboyoviky pe daoTdoelg
18,68m xar 14,65m. To vyog tv opdpwv glvar 4,5m Kot
TO GLVOALKO VYOG TOV KTIPiov Le TN OTEYN PTAvEL To 16,5m
a6 1o £60¢og. H e&mtepiki) toryomotia mapovctalel apretd
avoiypota mov ot POpela, vOTIM Kol OVATOMKT Oy @04~
vouv 6€ T0600T0 18% g KAbe OyYng, evd ot duTIKN OF
1060010 10% NG OY”NG.

O emtepikol pépovieg Toiyol amoteAovvtal and Tpi-
oTpeOTN KpokoioiBodour and acPectoMbBo pe GuVOETIKO
VAKO and aoPecTokoviapa e Tayog 95¢cm 6To 16OYEL0 TOL
pewwvetol ota 86cm oto B” dpogo (oynua 1). Xto 166v¢<t0,
ot toiyot givarl eEmTepkd emevdedvpévol e Nuhagentong
ABovg Kot 6TIg Yovieg ko’ VYog OAOV TOL KTIPiov Tapa-
peital Ko dopunomn pe peydiov peyébovg nuila&entong
AMBovg. H toryomotia tov 1coyeiov eivar empeAnuévn pe
wootpomn dounon. Epeavig eivol n tpoonddeia va pun dnpi-
0LPYOVVTOL KOTAKOPLPOL Opuoi.

1 votia kot Bopeta E@TEPIKT OYN TOL KTipiov dnput-
ovpyolVToL TEcoOl KPNG dtatopng punkovg 0,8m — 1,0m,
AOY®@ TG oLVEXODS TUKVIG Tapdfeon S TPLOV AvolyHdT®V G
aVTEC TIG BéoELs.

370 KTIPLO VILAPYOLY UPKETEG VIOVAATEG EVOMUOTMUEVES
GTOVG TOTYOVG, Ol 0TT0iEG PHAVOLV GTO VYOG TV ECMOTEPIKOV
avotrypdtov. H dmapén tétoimv meploydv e VIOLAGTES Kot
tlaKio LEL®VEL TN SLOKOYIK VTV TOV TOTY®V KOL TNV UKo
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VOTNTA TOVG VAL 0VOAGBOVY T GEIGLUKA QOPTIaL.

O1 ecmTepikoi PEPOVTEG TOlYOL and TPICTPMTN KPOKOAO-
MBodoun &yovv mayoc 80cm oto 166Y€10, 75cm GTOV TPDTO
Kot 68cm 610 de0TEPO OPOPO, Elval TAPAAANAOL OTIG HUKPEG
TAeVPEG TOV KTIpiov Kol cvveyilovv kab’ 6do to Vyoc. Ot
€0MTEPIKOL dloywploTikol Toiyotr &ivor OmTOmTAVOOSOUES,
VIAPYOLY UOVO OTOV TPAOTO KOl SEHTEPO OPOPO KoL EYOVV
mhxoc 18cm.

H enwowvavio petald tov opdeov yivetor pe poppipt-
VO KMUOKOGTAGLO 6TN VOTIO TAEVPA TOV KTIPpiov, TO 0moio
otnpiletal 0TI PEPOVOES TOLYOTOLES KOl G £VAV POPEN TTOV
amoteleital amd TOEMTEG KATUOKEVEG, 0ptlovTieg H0KOVG KoL
TEGG0VG amd Abodoun.

To 100Ye10 QEPEL BLO GEPEC EAKVOTP®V TEPLUETPIK
070 VYOG TV VIEPBLPOV Kot Alyo To Tave amd To onpeio
Yéveong TV Kopdpov, dnwg eatvetar otn potoypapio 1.
O1 ghkvotpeg avtoi givat, gite yoldPdvor, gite and EOAveg
papoovg opBoy®@VIKNG S10TOUNG, TOV PEPOVY BT AKPO TOVG
UETOAMKEG KAPOMTEG AGUEG YO TNV OYKVP®GCT TOLG OTNV
e&mtepikn Oy TV gyKapoimv Tolymv [2].

®¢on otV omoia EVOEYOUEVOG VO, VITAPYOVY EAKVGTNPES
amotelel kal 1 otdfun £dpaong Tev matoudtov tov B’
opoéQov. Xt otdfun £8pacng TG oTEYNG OTNV ToLoTolia
BpiokeTor GTPOTNPOG TEPYETPIKA GTIV ECMOTEPIKT TOPELYL
™G eEMTEPIKNG TOYOMOUOG TOL KTipiov. Amoteleital and
EbMveg d0kovg dtatoung 10/15 dapdp@v pUNK®V, IOV GUV-
déovtar peta&d Toug pe Kappld. O oTp@Tpag SEVETOL OTNV
Totyomotian e petoAlKd gldopata tomofetnuéva ava 1,5
— 2,0m mepimov. H dmap&n tov otpotipa givor diaitepa
ONUOVTIKY] Y10l TN U] KATAPPEVOT) TG OTEYNGC, GE TEPIMTMOOT)
KOTAPPELONG TOV TOlY®V TToL TN atnpilovv.

To matdpate tov A’ kot tov B’ opdgov givar Eoiva.
Amotehodvtor and mapdAinieg EOAveG dokovG TOL ‘P-
Malovv’ oty toyomotia, VA To SATESH KoL Ol OPOPES dlo-
pope@vovTal amd covidmpo Kot EOAVOVG TYELG AVTIoTOL(O,
OV KOPQDOVOVTAL OTLG S0KOVC.

H d16taén tov natopdtov otov A’ kot B’ 0popo mpay-
HOTOTTOLEITOL [LE TETOLO TPOTO, DGTE O TPOGOUVATOMGHOG TOV
EOMVmV dokdV va glvat SLAPOPETIKOG GTA AVTIOTOLYO O MUA-
TI0L — YOPOLG TOV dVLO 0POP®V. Me LT TNV EVOALNYT GTOV
TPOGAVATOMGLO TV EOMVEV d0KOV oTov A’ kKot B’ 6pogpo
EMTLYYOVETOL 1] KOTAVOUT TOV QOPTIOV TOV TATOUITOV GE
OAOVG TOVG TOTYOVG TNG KATACKEVTG (GYNLLL 2).

b ey

Zynuo 1 :Avampoowmevtiky toung eEwTEPIKNAG TOLYOTOIIAG.
Figure 1: Representative section of external masonry wall.

To matdpate Tov 1woyeiov givatl gv pépet ELAVO Kl €V
HEPEL KTIOTA HOVIG KOUTLAOTNTOG (Kapdpeg). Ot Kopdpeg
Bpiokovtal 6T0 KEVIPIKO TUMLO TOVL KTipiov, €KEL TOL TO
avoiypoto Heta&d TV TO®V TOV VIOYEOL Eivol GYETIKG
UIKPE KOt 1) EMTESMOT TV dATESWDV £XEL YIVEL L TOTODETT-
omn vAkov TAnpoons. E&aceaiilovv peydin dvokopyio 6to
eMinedd ToVG, KAOMG Kul 1ovp SL@PAYHATIKY AgtTovpyia,
glval OIMG OYETIKA AGaENG 1 GTAOUN TOL SLOPPAYUATIKOD
EMMESOV.

H otéyoon tov ktipiov viomoleital pe pia TeTpdprytn
EOMvn otéyn pe cavidopo kot emkdivyn amd Puloviva
Kkepapidw [2,3].

2ynuo 2: Aidraln twv Eovav matwudtov.
Dwroypagio 1: Ileipor oykbpwaong mepideons 16oyeiov. Figure 2: Arrangement of wooden floors.

Photograph 1: Horizontal ties at corners
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2. IEPIT'PA®H TQN BAABQN

To xtiplo €xel vmootel onuavtikdtateg PAAPeg and Tovg
oelopovg tov 1995 kar 1997 (pwt. 2 kot 3). Qo16060, o1-
pavtikd poro otig PAAPeS OV TaPATHPOVVTOL CTIUEPE GTO
Ktiplo €yovv emiong mailel, aQevOc eV 1) TPO TOV GEIGHOD
OVETOPKNG GUVTHPNCN GTO GOUVOAO TOV (TO KTiplo €yKoto-
AeipOnke to 1982 ko €ktote ypnoonomdnke Kupimg g
YDPOG YPOPEIDV), APETEPOV O 1 UM AMYT TOV AVOyKOi®V
HETPAOV Y10 TNV TPOGTAGIN TOV HETA TO GEIGUO TOv 1995.

1t votia oy Tov KkTpiov, atov B’ 6po@o, to votiodv-
TIKO TUN O TNG TOOTOLG £XEL KATOPPEDGEL OO TO GEIGUO
Tov 1995 (pmtoypagia 3), TapacHPOVTAG KoL LEYAAO TUALLO
g otéyng (potoypapia 2). Katdppevon €xet emiong cop-
Bei og Toiyovg tov KMpakootacsiov (oto B’ 6po@o), Adyw
EMewyng obvvdeong kab’ Vyog kol cuvomapEng TOAAGDY
OVOLYLLATOV.

Emiong, mopoatnpodvtol amoKoAAGELG KOl TOMIKEG KO-
TAPPEVCELS GTO OTUEiD. GLVAVTNOTG TOV EYKAPSLOV TOIY®V,
Aoy mBavig kakng cvvdeong petald Toug kot gpeovifo-
VIOl EVTOVEG KOTOKOPLOES POYUES OTY| OTEYN TOV 0pOP®V
mepl Ta PLEGA TOV TOlY®V, KUPIOG AOY® aVETOPKOVG GUVOE-
OMG TOV TOTOUATOV LE TNV TOYYoTolio. Xe TOAAEG TEPLOYES
mapatnpndnke amodlopydvoon g TpioTp@TG AMBodoung,
pe peyoddtepn cuyvotnta gpeaviong oto B’ 6poo kot pu-
KpOTEPT GTO 100YELD, TOV YOPOKTNPILETOL OO EMPUEANUEVT
dounon. Téhog, vp&e eBopd tov EOAVOV GToKEI®V TG
KOTOOKEVTG — E0IKA 0TO Ydpo TG otéyng (6mov mapovct-
dotnke Kot 0&eldwon TOV HETOAMKOV CUVOECH®MY) AOY®
exTETOUEVNG €kBeonG Tovg o€ duopeveic TePPOALOVTIKEG
ouvonkeg [2].

Y10 oyfue 3 @aivovtol yopoktnplotikés PAGPeg mov
€Yovv amoTLTOEL KoL EPUNVEDETOL TOLOTIKG 1] OMpLtovpyia
Toug [2]:

A) TTopoafolkig Lopeng peYUES TAV® 0td To dvorypa Bupdv

Ko TopalfOp@V AGY® AVETOPKOVG KOUTTIKNG OVTOXNG.

Dwroypapia 2: Amoyn ¢ voTIag owng Tov Ktipiov. Aiokpivetar n
TEPLOYN KOTGPPEVTHG.
Photograph 2: South view of the building.

B) Awatuntikég ylooti poypég mov dSnAdVOLY TNV eVOA-
Aacoopevng eopdg ostoptkn diéyepon. H kAion kot m
LOPON TOV pOYLOV 0VTOV EE0PTATOL OO TA KOTAKOPV-
Qo OumTikd poptia, Tov PEPOLVV Ot Toiyot, T BEon Kot
10 pé€yebog v avorypdtov kKot to Adyo h/l, 6mov h kot
1 elvar to TAATOC KO TO VYOG TOV TEGGOV, AVTIGTOLYO
[4,5]. Ot dwopmepeig ylooti SloydVieg pOYHEG EPQOVi-
Covtar kvpiog otig ontomAvBodopég tov B’ opdgov,
a0l OVTEG AMOTEAOVV TIG HOVEG EVOLANETEG GTNPIEEIC
TOV TEPYETPIKDV TOlYV 0md ABodopn Kot £xouv LEL®-
LEVN SOTUNTIKY aVTOYT], AoV O PEPOLV KATOKOPLOO
Qoptio.

Daroypogio 3: O meoods ovykpatiiOnke axd T 00KO.
Photograph 3: Internal view of collapsed region.

) Zyeddv opilovties poyUEG OTO AKPO TV AVOLYHATOV Old
™ dpdon g TUPIAANANG GTOV TOiYO OVTO GEIGLUKNG
dvvoung.

A) H poyun Bpioketor mepimov otn otdBun yéveong g
KOUAPOG TOV 100Yeiov. AT 1| pOYUY OQEIAETOL OTIG
opllovTiec ®ONocEIG TOV dEYETUL 1) TOLYOTOUN OE EKEIVO
TO ONUEID OO TNV KAPAPQ, GE GLUVOVACHO LE EVIOVEG
STUNTIKEG TACELS OTNV TTEPLOYN AVTN.

E) Koatoakopupeg poyrés 6TOVG TEGGOVG HETOED TOV OVOLY-
LATOV OPEIMOUEVEG OE ATOKOAANGT OO £YKAPCLO EGM-
TEPIKO TOTYO KOl KPOVOT 0VTOV LE TOV TEGTO.

XT) Aloydvio, poyp, O€ TOLYOTOUO HELMUEVOD TTAXOLG,
AOY® KATOOKELNG KOULVASOG TLOKLOV.

Z) Poypéc kdpyemg vrepbipmv, 0QethOUEVEG EVOEYOUEVOG
GTNV OMOVGI0 GTPOTNHPO.

H) Katokopopeg poypég oty Kopuen TOV KOWAOV 0K-
pov  dtactavpovpevev  toiyov. IHapatnpeitor téon
OTOKOAANONG.
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3. IPOXOMOIQXH KAI ANAAYXH TOY
OOPEA I'TA XEIXMIKA ®OPTIA

TNo T diepedvnon g GECIIKNG CLUTEPLPOPAS TNG KO-
TOGKEVNG KO TNV TEKUNPIOOoT TOV ONUOVTIKOTEP®V PAAPdV
OTO. TUNHOTO TNG KOTUGKELTG, TOV TOPOLCLALOVTUL GTO GY.
3, VTOAOYIGTNKE 1) ATOKPLOT TNG KATAGKEVNG Y10l TO GEICUO
tov Arylov g 151g lovviov 1995. TIpoxetton yio celopkn
déyepon «eyyvg-mediovy, n onoia yopaktnpiletot omd Tok-
po péyiotng emrdyvvong 0.48g, meprodov 0,65 sec kot Toyd-
mrag 43 cm/sec (oynuo 4) katd ™ dtopnkn dtevbovon Kot
péyotg enttayvvong 0,52¢g, meptodov 0,55 sec kat ToydTN-
TG 42 cm/sec KoTd TV gyKapaota devbuven (oyniua 5) [6].

H oeiopkn @option Bewpeitar 61t dpar aveEdptnto oTig
dvo dtevbivoeig X kot Y kot 6Tt cuvOvdaletal pe to povyLa
@opTio Kot TO PHEPOG TV KIVITAV TOV LITAYOPEVEL O KOVOVL-
opog [7].

[péner va toviotel O0TL AOY® TOL TPOGAVOTOMGUOV
TOL KTpiov @G TPog TN S1evOVVOTN TNG UKTOYPAUUNG, TOV
amotelel kot T 61evBvvon Tov PHYHOTOG TOV GEIGHOD TOL
Avyiov g 151G Tovviov 1995, emdéyOnke 1 eloaywyn ToL
SUNKOVG PACLOATOG OTO TPOYPOUUE OC POPTIOT KT TNV
X d1evBvvon tov KTipiov, VA TO €YKAPCLO PAGHO E10TXON
®¢ opTion katd v Y dievbuvon). H emthoyn Eywve e dedo-
pévo o6t n X devbuvon tov ktipiov givorl wapdAnin Tpog
TNV OKTOYPOLLLT.

A
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To ktipto mpocopoimbnke pe memepacuéva ctotyeio [8]
KoL 01 VTOAOYIoHOL Eytvay pe Bedpnon EAOCTIKNAG CUUTEPL-
@opdgs. T v Tpocopoimon tng toryomotiag yP1oYLOTOL-
Nonkav tpikopPao kot teTpdropfo otoryeio. KEADPOVG, LE
KOWOUG KOUPOVG GTIG GUVIESELG TNG MkpoD Thyovs (18cm)
ECMTEPIKNG TOYYOTOUOG pe TN Heydov méyovs (75-80cm)
eépovoa toryorotia [5,9]. Ta matdpata mpocopoid@OnKoy
He Ypoppikd ototyeio pe aovikn atévela Hovo ot dtevbuv-
o1 Tov EVA0G0KOV.

Katd v ernilvon Tov TpoGoUOIdIATOG TPOYLATOTOL-
NONKe SLVOUIKY QACHOTIKY] GVAAVGY, TNV 0moio. ANeOn-
Ke VIOYT EMOPKNG OPOHOG WOOUOPPDOV, COLPMVO LE TOV
kavoviopo [7]. H 81 dwopopen| tov ktipiov ivor 1 mpdt
ONUOVTIKY Wtopopen katd tn devbvvon X pe Wdromepiodo
Tx=0,17 sec, pe ovvieheot) ovppetoyng (39,65) kot dio-
popoikn pata (62,82%). H 9n opopen pe Ty=0,16 sec
glvar  TpMOTN GNUAVTIKTY Wtopopen katd T dievbovon Y pe
e&ioov peydro cvvrereot cuppeToyns (31,02) pe v 8n o
opHopeN Kot peyho mocoatd Wopopeikng nalos (38,46%).
Yta oynpota 6 kot 7 mopotnpeitol 1 £vTovn EKTOg EMMESOV
KOUTTIKN TOpUpUOPPOOT] TV OTTOTAVO0SOUMY GE oYEoN LE
To SUGKAUTTO LEAT TG Toyomotiog amd AtBodop).

O1 HETOKIVIGELG EVTOG TOV EMTESOV TV TOY®V EIVOL 0LOT)-
pavteg yio g Wopopeég Tx kar Ty. Xt dedtepn onpoavtikn
Wiopoper| katd t dievbuvon Y (Idwopopen 10) epeavifovior
avtippones LETABECELS TV ATEVOVTL EEMTEPIKMV TOlY®V HEGTL
070 MMEDO TOVG, € AMOTELEGL OL OTEVOAVTL YMVIEG TOV TPO-
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2ynua 3: Kotavoun Brafov orwe mpoékoyay arnd emromia extbewpnon.

Figure 3: Damage distribution from visual inspection.
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GOLOLOHATOS VO GuYKAIvouv pe evodlayn. Ot Wbtopopeéc,
7oL gUPAVILOVV £VTOVI] GTPOPIKT] TAPAUOPPOOT] TOV TPOGO-
HOLDUOTOG TEPT TOV KATAKOPLPO GEOVa, yapaktnpilovtat and
LIKPO GUVTEAEGTN GULETOYNG KOt WOtopopeiky pala [2].

To onuavTKOTEPO GUUTEPAGHLO OO T SIEPEVVIION TOV
WOLOHOPPDV KOl 1O10TEPLOSMV EIvaL OTL KVPIMG 1 LETAPOPL-
KN amoKplon deyépOnke and TG GUYVOTNTEG, OTIG OTOIEG
TO QACUO TOL GEGHOD TOL Atylov £0mce VYNAEG TIUEG
EMTAYVVOTC.
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2o 4: Aropaikng ooviotwoo. Tov oeLood tov Aiyiov.
Figure 4: Longitudinal component of Aegion earthquake.
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2ynue 5: Eykdpoio,. ovovietweo tov oeiguod tov Aryiov.
Figure 5: Transverse component of Aegion earthquake.

4. LYZXETIXMOXZ AXTOXIQN KAI
AIIOTEAEXEMATQN AYNAMIKHX
ANAAYXHX

T v arotipnon Tov UNYoviKdv YopoKTNPICTIKOV TV
Toyomou®v, 6nmMg 1 OMITIKY aVTOYT TOVG, TPOYUATOTOU]-
Onke celpd epyacTnplokdy EAEYYOV. AlomioT®dnke 6TL 1 Oé-
povca ToLomotio. cuvtifetat amd acPectoMBikd Aboodpio-
Ta OAmtikng avtoyng fbe=54.00 MPa kot acPectoroviopa
Ohntikng avtoyng fme=1.37 MPa, evd n omtomAvBodoun
amoteleitar amd ontdémAviovg Omtikng avroyng fbe=5.26
MPa «or acBeoctokoviapa OMmtikig avroyng fme=1.37
MPa. H Olrtikry avtoyn g MBodoung eivor fwe=3.50

MPa, n epeixvotiky avtoyn g eivor fwt=0.150 MPa kot
fwt=0.075 MPa napdAinia Kot kGBeto 6TOVG 0ppovG avTi-
oToLY0 Kot 1) StoTun Tk avroyn eivar fwv=0.103 MPa. Eyet
pétpo ghootikdotnrog Ew=4 GPa kot Adyo Poisson v=0.25.
Avrtictoya, 1 ontomAtvBodopn £yt T akdlovbo yopaKTnpt-
oTwkd: Oumtikn avtoyn fwe=2.20 MPa, epeAcuoTiKy ovToyn
fwt=0.075 MPa kot pétpo ehaotikotnrog Ew=2.2 GPa. H
Eudelo TpoépyeTal amd KOVOPOpQ LE LETPO ELOCTIKOTITOG
Et=12 Gpa ka1 Adyo Poisson v=0.30. Ta petariikd eAdcLo-
T TV 00K®OV givar amd dopkd ydAvPa Fe 360, pétpov gla-
otwomrag E=210 Gpa kot Adyov Poisson v=0.30.
Agdopévov 0Tl ypnoomomdnke €A0GTIKO TPOGOUOi-
opa, dev gival duvaty 1 eloaymyn kpunpiov actoyiog, N
AVOUOPPMGT TOL TPOGOUOLDHATOS KAL 1) AVOKOTAVOUT TNG
évtaongc. ZUVenmg, n avaivon meplopiletat 6To vau:

2ynua 6: 8n Iowopoppn, T = 0,17sec
Figure 6: 8th mode shape, T=0,17sec

Zynua 7: 9y Iowopopopn, T = 0,16sec
Figure 7: 9th mode shape, T=0,16sec

1) EVIOTICEL TIG TEPLOYEG TNG KOTOOKELNG, OTIC OTOles
&ywve vIEPPAOT TNG EPEAKVOTIKNG AVTOYNG KATA TO GEWGUO,
ii) emoNUAvVEL To PEAT TG KATOOKELNG, 0T Omoio emnAbe
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2o 8: Alovouetpikn ameikovion Tpocouoiouotog axé BA amoyn. Me KOKKIVO ypaiLo. omeikovi{oVTol 01 160TOTIKES TEPLOYES OV OVTIOTOL-
00V o Kopio. tdon omd 698KPa éwg 826K Pa, ue yrpt omo 826 éwg 977 KPa ko1 ue kapé omo 977 KPa ko1 mavw, yio. covovaouo

popuons G+ 0,30 + EY + 0,3EX [2].

Figure 8: NW view of finite element model. Red color depicts the areas with equal stresses varying from 698KPa to 826 KPa, gray scale varies
from 826 KPa to 977 KPa and brown denotes stresses greater than 977 KPa, for the G + 0,30 + EY + 0,3EX combination [2].

apywd 1 actoyio, OmWG emiong Kot TIC TEPLOYES, Ol OTMOlES
NTOV EVOAMTES Yo T1) SESOUEVT GEICUIKT POPTION, 1] OTOLN
napovctalet moApd evtoc 2.5 sec kat 3.2 sec, KoTd 1 Stopn-
K1) Kot TV gyKapoto dievbuven avtiotowya, and v Evapén
g woyvpng dovnong (oxnuata 4, 5), 6mwg ta onueio A-E
o610 oynua 8 [2]:

: NAT ovia

Eyxépora Aokdg

Ytéym NOTov Toiyov YOPOL KAPOKOCTUGIOL

Awopida MBodopng mave amd EVTOICUEV VTOVAGTO
(toyomotia pe pet@pévn dratopn)

[eproyn xapuvadag téoxton (petmpévn dtatoun eyKapot-
oV Tolyv)

Ext6¢ amnd tic meproy€g TG KOTAGKELTG OV EYOVV LLEL-
@pévn dlatoun, oty mepLoyn g otéwng tov B’ Opogov
GTO Y®PO TOL KALLOKOGTAGIOV, OTMG PAIVETUL GTO GYNL
8, avomTOooOVTAL Ol HEYOADTEPEG KVPIEG EPEAKVOTIKEG
thoelg. Avtd onuaiver 0Tt N wepoyn vty glvorl and Tig
TPATEG TOL AGTOYXOVV 6T0 GeloUd. H actoyio extdg emime-
dov guvoeital Kot Ady® TG EAAEYNG KOANG cuvepyaciog
LLE TOV €vav omd TOVG dVO EYKAPCLOVE ECMOTEPLKOVG TOTYOVG,.
Eniong, petd v xatdppevon 1ov Tave TUUOTOG TOV TOi-
YOV TOVL KALLOKOGTAGIOV, ovapéVETOL VO, avENBoDV aKkdpa
TEPLOCOTEPO O1 MO HEYAAEG EPEAKVOTIKEG TACELG TNG TOL-

BOw>

&

pakeipevnc AMBodopung, Le amoTELECLA TNV KATAPPELCT TG
o€ devTEPT PAOM.

Ao TG T€00EPIC YOViEG TOL KTIPIov, TN HEYOADTEPN
téon mapovoiacav n NA kot n NA yovie. H NA yovia tov
KTIpiov Katéppevoe Ay EALEYNG KAANG cOvdeoN G HeETaED
TV 600 eYKAPOLOV EEMTEPIKDOV TOIY®OV G EKEIVO TO oNuEio.
Yy meproyn g NA yoviag vipée amokdAAnon peta&d
TV S0 €YKApoLmV eEMTEPIKAOV TOiY®OV Kol AmOKAIOT TOL
OVOTOMKOD TOTYOV amd TNV KUTOKOPLEO.

O ceopog T0v Atyiov dev omotédece kpioiun GOPTIoN
Y T 6T€YT TOL KTipiov. Ot aoVIKEG EVIUCELS TOV YPOLLLLL-
KOV GTOLXEI®V TOL TPOCOUOIONNTOG dev vepPaivovy 0bTe
70 1/5 T TYNG TG aVTOYNG TOVG G€ OATYN 1) O EPEAKVGLO,
OTN OLGUEVECTEPT) TEPIMTAOOT].

Eme1dn n kotookeun LIEGTN GEWGUIKY GOPTION €YYVG-
nediov kpibnke okomO Vo dtepguvnBel | cupmepipopd TG
oe oYéon He CEICHIKN OpTIoN, 6nmg Kobopiletal amd tov
EAK 2000. I'o. To okond ovtd Kot pe dedopévn TV KoTd
KOplO AOYO HETOQOPIKT OTOKPLION TNG KOTOOKELNG KOTA
Tovg a&oveg X kat Y, 1 diepedvnon Paciotnke oe Bedpnon
EAUCTOTANGTIKNG GUUTEPIPOPEG HOVOPABUIon TOAAVTOTY,
OMMG AVATTOGGETOL AKOAOVOMG.

INo povoPabo glactomlootikd cvuotnue palog m Kot
axapyiog k, n e&icoon kivnong didetot amd ) oxéon [10]
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u
ji+2e0p+ o’ p = —%% (1)

80

omov p=u/uy, p=R/Ry ka1 n=Ry/(m?go). To p givor n mAo-
OTILOTNTO LETAKIVIIGEWDY KO T] T] KOVOVIKOTOIUEVT] OVTOYT
dwappong. Ta uy kot Ry ekppdlovv v Tapapopemon Kot
v avtoyn dwuppong, avtictorya. To bgo eivar 1 péylot
€00.QIKY EMTAYVVOT KOL © 1) KUKAMKI 1010GLYVOTNTO TOV
povoPaduiov taAavtoTh, mov ekepaleTorl amd TN oxéon
®2=k/m.

Y10 oyfue 10 mapovcidletar 10 S1dypOpUO TNG OTToL-
TOVLEVTG TAOCTILOTITOG GUVOPTNOEL TNG WO10TEPLOS0VL, Yo
1n=1.00 ko1 1=0.80, Y10, TN S10N KT GLVIGTOGA TG CELGHIKNG
d1€yepong Tov Atyiov Kot Yo £va TeYVITO EMTOYVVGIOYPE-
onuo Tov tpokvmtel and 10 eacpe tov EAK 2000 [7] v
édagog katnyopiag I, {dvn ceopkng emkivovvotntag 11
(0=0,24g) ko1 cvvtereot| omovdaidtrag YI=1.00 Tpocsav-
Enuévo katd 25% coppova pe Ty mapdypoeo 5.1.2(3) tov
AVTICEWOUIKOD Kavovicpol (oynuo 9). Xpnoylomombnke
édagoc katnyopiog I, oopupova pe Tig £dapikég cuvonKeg
™G TEPLOYNG £OPUOTG TOL GEICHOYPAPOL Tov ['e@duvapiikod
Ivotitovtov tov EOvikov Actepockoneiov ABnvav [11] kot
amd o oToteio Tov mapovotdloviol oty gpyacia [2]. Xto
ouo 11 wapovoidletor to avtictoyo dtdypapio yuo Tig
EYKAPOLES GLVIGTAOGCES, oYNUa S kol oynua 9. O cvveyeig
YPOUUES AVOPEPOVTOL GTO EMLTAYVVGLOYPOPTLOTO TOV GEL-
OOV TOL Atyiov Kol 01 SIOKEKOUIEVEG GTO TEYVNTO.

ARTIFICAL ACCE LERDGRARM COMPATIBLE WITH EAK 000

By sl
=

0 . 4 [ ;| 1 12 14 16 16 .1} e

2o 9: Teyvnto emToyOVoI0ypagnuo. coupoto Ue T0 PACUO. TOD
EAK 2000.

Figure 9:Artificial accelerogram compatible with EAK 2000
spectra.

Onwg mpoxbdmtel amd 10 oyua 10, ywo wWionepiodo
Tx=0,17 sec amorteiton Thactypotnta p=2.07 yuo 10 celopd
tov Atylov kou p=4.35 yo. T0 TEYVNTO EMTAYVLVGLOYPAPT L
tov EAK yia ™ dwopnkn cvvictdoa Beopodvtag n=1. Avti-
otolyo, omd To oynua 10, yio v gykdpoio devbuvon Kot
Ty=0.16 sec mpoxvmter p=2.83 vy 10 cewoud tov Atryiov
kot p=4.41 yw 10 1€QVNTO emtayvvooypdenua tov EAK.
Awmiotdvetot 6Tl 6€ OAEG TIG TEPITTOCELS TO TEXVNTO EML-
TOYVVOLOYPAPTLOL OTTOLTEL TAAGTIHOTNTEG LEYOADTEPES 0D
10 oelopd gyyOg-mediov. To yeyovog awtd, oe GUVOLAGUO LE

N S1epeLVNON TOV EVOALUKTIKGV HeBOd®V emépnfacng, Tov
Tapovctalovial GTny evOTITA 5, VTOSEIKVOEL T GLUVTNPTTL-
K1 BEDPNOT TOL VPIGTAEVOV KAVOVIGHOD OGOV 0pOopd GTNV
OVTILETOMION GEWCHOV KOVIIVOD TTediov ylo TNV TEPImTmon
Un TAGCTILOV Kot SOGKAUTTMV KOTOCKEVOV.

5. IMTPOTEINOMENEX AYXEIX
EIIEMBAXEQN

INo v emioyn 1oV KotdAniov pedddov erépufoong
OTNV KOTOGKELT, TPAYHOTOTOMONKE GEPA AVOAIGEDV e
T1G aKOAOVOEG EVOAAOKTIKA TTopadoyEs [2]:

1. Alo@paypoTikn Aettovpyia oTig 6TAONES TOV TATOUATOV
A’ ko B’ opogov kot S1almpo omd omAMopEVO GKUPOSELLD.
o1t 6téyn T0v B’ 0pod@ov.

2. Alo@payrotikn Aettovpyic oTIG GTABUEG OpOPNG TOL
eoyeiov, Tov A’ ko Tov B’ opdpov.

3. EdMva mepyletpkd daldpoto oTlg oTAbUEG TV To-
Topdtov A’ kot B” opdéeov (idog dtatoung pe avtd
oTN oTAbUN TV VIEPBVPOV TOL 1G0YEIOV) KOl TTEPLLLE-
TpKd Swldpote amd onAMGHEVO GKUPOSEU SLUTOUNG
30X86(cm) ot otéymn tov B’ opd@ov.

Q¢ eviEIKTIKO HETPO GUYKPIONG TNG OTTOTEAECLOTIKO-
NTOG TMOV TPOTEWVOUEVOV EMEUPACEDV, TOPOLCLALETAL O
AOYOC TOV TEMKGOV KVpimV TUGE®V G, TPOG TIG opxIKEG TACELS
YOPIG ETEUPAGT G| Y10. TO GEIGUIKO GUVSVAGHO QOPTIGEMY
G+0.3Q+Ey+0.3Ex, otn votio 6yn tov KTipiov, og emAey-
péveg Béceig kabe opogov (oynua 12). Exi to dvopevéotepo,
Yo T GVYKPIOT] TNG OTOS0TIKOTNTOG TMV SOMK®OV ENEUPi-
oemV ypnoiporomnke n meptPdilovoa péyiotov (BTIKMV)
TI®V oV cuvdvacpov GHy2Q+Ey+0.3Ex, oty onoia avti-
OTOL(OVV ONUOVTIKEG EQPEAKVOTIKEG TAGELS GTNV E0MTEPIKN
mapeld Tov cuykekpeEvov toiyov. H avroyn g toyyomot-
iog og epehkvold, OMMOG avaPEPONKE TPOTYOLUEV®C, Eivat
oxXETIKA pkpn, dniadn fwt=0.150 MPa kot fwt=0.075 MPa
TOPAAANAQ KOt KAOETO GTOVG APLOVS OVTIGTOLYO, GE GUYKPL-
on pe tn OAumTikn avtoyn tng AMbodopng mov givan fwe=3.50
MPa. Ilpdypati, ot Bumtikég téoglg Tov TPOKHITOVY Ogv
Eemepvoiv og kapia nepintmon ta 3500 kN/m2. H péon tiun
0V AOYov ©}/c? ylo TV ECMTEPIKY TAPELS TOV KTIPIOV Tat-
povcidletat otov mivaka 1, dmov otov avéovta aplBpd (o/a)
i =0, Bewpeitor N VPIOTAUEVN KATAGTOGT TOL KTIPIOL AVEL
emeUPAoEmG Kol Ol VITOAOWTEG TIUEG TOL 0/ OVTIGTOLYOVV
OTIG TPELS EVOAMOKTIKEG TPOTACELS EVIGYLONG. ZTOV TTivako, 1
TapovGALETaL, EXioNG, N HEOT TIUN TOL AOYOV TOV TEMKOV
0pBhV op1lovTiov TACEMY G|, HETE TNV EPOPROYN TNG i-00THG
peBodov emEPPoong TPOg TIC OPYIKESG TYEG TPV TNV eMEUPoL-
o1 G} . ALTIGTAOVOLHE OTL Y10 TIG GUYKEKPLEVEG DEGELS YioL
TIG OTOIEG GLYKPIVOVTAL Ol TAGELS KO Y10, TO OESOUEVO GLUVOL-
acuo Qopticewv, T0co ot oplovrtieg opbég thoelg oll, 660
Kot ot KOpieg tdoelg ol petafdrioviol Katd tov id1o Tpdmo
KOTQ TNV €QOpUOYN TOV S0QOpOV TOTOV ENEUPACEDV GE
oYE0MN LE TIG TIUES TOVG GTO OPYIKO TPOGOUOTMLOL.
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Zynuo 10: Zoykpion amortoduevns TAACTIHOTNTOS VLo TH OLOUNKN
OVVIOTWOEO. TOD GELTLOD KA1 YL TO TEYVHTO ETITOYVVOLO-
ypégnua.

Figure 10: Comparison of ductility demand for the longitudinal
component of the Aegion record and the artificial
accelerogram.
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Zynuo 11: Xoykpion amoitoOpevns TAAOTIUOTHTOS VIO THY EYKGPTIA
OVVIOTWOO. TOD GELTLOD KA1 YL TO TEYVHTO ETITOYVVOLO-
ypégnua.

Figure 11: Comparison of ductility demand for the transverse
component of the Aegion record and the artificial
accelerogram.

[eprocdtepo amoteiespatikn epeavifetol va glvat n 2n
eméuPaocn, onAadn 1 eEocediion SlEPayUATIKNG AELTOVP-
yiog ot oTAdUN KOl TOV TPLOV 0pdE®V, 1 0Toio, ETPEPEL
™ SpacTIKOTEPT] LEIDOT TOV AVOTTVGGOUEVOV Taoemy. H
eE0OPAAION SOPPUYUATIKNG AEITOVPYIOG GTNV OPOQT] TOL
Iooyeiov kat A’ Opdpov Hovo Kot 1 KOTaoKeDT S1aldUOTOG
OMAMGLEVOV GKLPOSENNTOG TV 0po@n] Tov B’ Opdpov gival
e&loov amoteheopatikn Yo TG akpaisg Béoeig A kar I, oyt
oumg Kot Yo Tig Béceig B, 0mov 1 peiwon tov tdoewy ival
pkpoTePN. AtydTtEpO amoTEAEGHATIKN lval N Tpitn TPOTACT,
oV omoia Bswpeitor Topovsia STV 0T OTEYN TOV
opOPOV Kot 1 0moio, dEV GLUVOSEVETAL OO SLUPPOLYLLATIKN
Aertovpyio. Zmnv avagopd [2] mopovctdleTal oelpd dAA®V
MYOTEPO OMOTELEGHOTIKOV GUVOVAGUMV ENEUPACEDY, OTWOG
YPNON KAADSI®V Y10 TPOEVTUOT] KOl PITIVEVEGEDV.

ZOUQOVO LE TNV VOICTAUEVT] KOTAGTOON TOL KTIpiov,
TOVG TEPLOPLGHOVG ADY® TOV YEYOVOTOG OTL TO KTipLo £XEL K1]-
pLyBel StutnpNTED KL LE TO OMOTELEGLLOTO TOV AVOADGEDV
npoteiveTon oelpd evicyvoemy, Ommg [2,13-16]:

*  Avtikatdotaon Tov SOAMVOV GTOLEIMV TOV TOTOWA-
TV, OTOV KPIVETOL OVaYKAIO KOl EVIGYLON TNG Stoppay-
LLOTIKAG TOVG AELTOVPYiaG.

[epideon Tov KTipiov o€ OPIopEVES GTAOLEG.

Evioyvorn g anopeltopévng Statopng e ToLomotiog

OTIG TEPLOYEG KATAGKEVTG TLUKIDV.

Evioyvon necodv pukpng dtatopnc.

AVOKATOGKEDT] TNG TEPLOYNG KATAPPELONG KAt Evicyvuon

NG TOLOTOLG GTO YMPO TOL KALOKOOTAGIOV.

*  KoaBaipeon kol avoKoTOOKELT TOV OTOKAIVOVI®V OO
TNV KOTOKOPLYO TOlY®V.

* AVOKOTOOKELN TNG YOVING Kol EVIoYLOoT 0TI GUUPOALS
TOV EYKAPCLOV TOLY®V.

*  Emokevn kot vioyvon Tov QOopEn TOL KAUOKOGTO-
clov.

*  ATOQOPTION TV OTTOTAVH0S0UDVY Kot dTuovpyio vol-
apeong oTPIENG TOV EYKAPCLOV G AVTEG TOL@V.
TomoBétnon Swuldpotog otn otéymn tov B’ opodpov.
AVOKOTOGKELT] TNG OTEYNG LE EMAVAYPTCLLOTOINGT TOV
TOAOLDV VYLDV LEADV TNG.

*  Opoyevomoinon g Lalog g Totyomotiag.

6. XYMIIEPAXMATA

Mopovoidletar n perétn TG amodKplong VOGS dloTnpnTe-
0V KT1Piov o PEPOVGO. TOLOTOLU GE GEICUO £YYVG-TTEDIOV.
Awmotddnke 0Tl 1 EAACTIKY OVIALGT TG KATOGKEVNG LE
YPNOM TEMEPASUEVOV oTOLYEIWV UTOPEL va EvTOTiGEL LE KO-
vomowmtiky a&lomiotio Ta o Vbl GToLKELN TOV PEPOVTOC
opyaviopov. Meta&d tov dtopopetikdv nedodwv enépPo-
ong mov e&eTdoTnKaY, N €E0CQAMOT SUPPUYUATIKNG AEL-
ToVPYiag o€ OAEG TIC OTABLEG TOV KTIPloL TPOEKVYE va Elvat
n mAéov amoterespatikn. H amaitovpevn mlactipdmmra amd
70 Geod eyyHc-ediov VIEPKAADTTETOL OO TO SVUPATO, e
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2o 12: Tpoyiég kopiwv taoewv ot vOTIO. OWl] TOV KTIPIOD Y10, TO GPYIKO TPOCOLUOIWUO, KO OHUELN DTOLOYIGLOD TATEWV.
Figure 12: Principal stress contours on south view for the unretroffited model and stress evaluation positions.

Iobyero A’ Opogog B’ Opogog
Ay B, Iy Az B, I Az B; I
i i i i i i i i i i i i i i i i i i
oo | & Su | 9 Su | S [ S | % | % | % | Su | S | S| % [ %u| S |Su| S |S%u
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(@) C, On c, O S Oy S Oy ) Oy G, O S On S O S, Oy

0 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

1 0,36 | 0,08 | 0,64 | 0,85 | 0,29 | 0,19 | 0,24 | 0,07 | 0,61 | 0,64 | 0,13 | 0,04 | 0,33 | 0,25 | 0,43 | 0,43 | 0,34 | 0,29

2 0,24 | 0,05 | 0,16 | 0,18 | 0,28 | 0,14 | 0,13 | 0,02 | 0,05 | 0,05 | 0,09 | 0,04 | 0,13 | 0,08 | 0,02 | 0,02 | 0,11 | 0,05

3 | 1,15] 1,05 | 0,83 | 0,82 ] 083|086 | 098 | 0,8 | 079|078 | 097 | 1,00 | 0,84 | 0,87 | 0,69 | 0,68 | 0,89 | 0,92

i abvéwv ap1Buog wov dnlavel to gidog ¢ eméufaons (i=0 apyikl KATGOTOON TOV POPER) TOUPWVA. LE EVOTNTA 5
ol: uéyiotn epelvotikn Kopla taon

oll: opOi opilovua taon

G, / GY : Abyoc tediKiic Tpoc apyikh Kbpia Thon yia. T TEpiTTRGY evicyvonc i

o), / oy - Adyog tediknic mpog apyikiy opBi opildviia taon yio. y TEPITTWON EVITYVONG I

ivaxag 1: Tipéc Tov Adyov tedikiic Tpog apyikij kbpia t6on G, / o) K telikic mpog apyikil opOi opilévia thon o, / o), 10 100G Sropope-
TIKOUG TPOTOVGS EMEUPOTNS YLOL THYV ETWTEPIKY TOPELC. TOV KTIpiov (oynue. 12).
Table 1: Values of final to initial principal stress ratio Gi/ 6! and final to initial horizontal stress ratio Gi“/ o for the different types of
interventions, for the internal side of the building (fig. 12).

10 pdopa tov E.A.K. 2000, emtayvveioypdenLo. EYXAPIXTIEX

Emiong, domictdverar OTL yuoo pKPEG 1O10TEPLOSOVG,
oMAodn Yo SOCKOUTTEG KOTOOKELEG, OMMG KOTOOKELEG O X.A. Mavwatakng gvyapiotel Beppd 1o Kowvoperég
amd pépovco Toyomolia pe <1, n egaopdiion enopkovg  Idpvpa AAEEavipog . QvAcng Yl TV OUKOVOLIKT) VITOCTH-
avtoyng avtiotoBuilel v anovcio erapkovg TAUCTILOT-  PLEN TOL TOL TOPEXEL LE VIOTPOPIO Y10 EKTOVION O1O0KTO-
Tag. Avtifeta, 1 Lel@PEVN OVTOYN TNG KATOGKELNG, 1] OTTolo.  PtKNG StoTpifng.
GUVETAYETOL LUKPOTEPES TILEG TOV 1], 00N YEL O€ LITEPPOALKEG
OTOLTNOELS TAUCTILOTNTOG.
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Abstract

The seismic response of a three-story unreinforced masonry building
that was heavily damaged during the Aegion 1995 earthquake was
investigated. The building is located a few kilometers from the fault
and was thus subjected to “near-source” ground motions. Seismic
analysis of the building, using an elaborate finite element model
with properties extracted from material testing of representative
structural members and excitation from records obtained from a
nearby station, revealed the mechanism of partial failure of the top
floor as well as the weaknesses of the original building design and
construction. As far as the authors are aware, this is the first study
of the seismic response of a historic unreinforced masonry building
subjected to near-source ground motion. Alternative retrofits and
strengthening techniques are presented that can be implemented
while maintaining the architectural and aesthetical appearance of
the historic building.

1. INTRODUCTION-BUILDING
DESCRIPTION

The city of Aegion has suffered several strong
earthquakes through the years. The most recent powerful
earthquake which caused human losses occured on June
15, 1995. It was a Mw=6.4 shallow depth earthquake with
an epicentral distance of about 18 kilometers southwest
of Aegio, which caused the death of 26 people, as well as
massive and, in many cases, irreparable, damage to both
modern and older (masonry) buildings [1]. In 1997 a weaker
earthquake caused additional damage to already deteriorated
buildings.

The three story Panagiotopoulos mansion is located in
Submitted: Apt. 27, 2005 Accepted: Dec. 14, 2006
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the city center of Aegio, [Photo 1]. It has a basement of
similar dimensions to the other floors. Its plan is rectangular,
with dimensions 18.68m by 14.65m, the height of the floors
is about 4.5m [2].

The external walls are made of sack masonry with a
thickness that reduces with height. The walls are three-
layered, with exterior sides constructed from large boulders
(stones) connected with mortar and smaller stones with
thicker mortar placed between them. In the whole building,
there are quite a few closets incorporated in the masonry
walls that reach the height of interior openings. The openings
of the external walls are formed in their upper part from
shallow arches made of bricks. About 18% of the external
walls are openings in the northern, southern and eastern
view. In the western view about 10% are openings. In the
interior of the building there are two walls made of stone
masonry.

The external walls are made of three-layered limestone
masonry, of reducing thickness ranging from 95cm on the
ground floor to 86¢cm on the second floor (fig. 1). The light
internal partition walls on the first and second floor of the
building are made of bricks with a thickness of 17cm to
18cm, supported on either sturdy masonry walls or wooden
floor beams.

The first and second story floors are made of timber
planks as shown in fig. 2. The floors of the ground floor are
either timber or stone masonry domes located at the central
part of the building where the wall openings of the basement
are relatively small. The roof is covered by byzantine style
tiles supported by a timber truss [3].
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2. DESCRIPTION OF DAMAGES

The building has suffered extensive damage caused by
the 1995 and 1997 earthquakes. An important role in the
damage was played, on the one hand, by the insufficient
maintenance prior to the earthquakes, and on the other hand
by the failure to take all necessary protective measures after
the 1995 earthquake.

Photographs 2 and 3 show an extensive collapse of
a large part of the external wall on the second floor. The
southwestern corner of the building on the second floor
has also collapsed. A qualitative interpretation of the
representative damages is shown in Fig. 3:

A. Crack of parabolic form over a window opening caused
by inadequate bending strength. After the collapse of
the southern external wall, the rest of the stone masonry
carries even higher compressive loads.

B. “Shear” cracks forming an “X” caused by the alternating
direction of seismic action. The inclination and form of the
cracks depends on the vertical compressive loads carried
by the walls, the position and size of the openings [2].

C. Cracks around the openings developed by the seismic
forces parallel to the wall.

D. Crack located at the level of the arch on the ground floor.
The crack is caused by either horizontal thrust acting on
the masonry wall, resulting in bending stresses, or the
coexistence of the intense shear stresses in this area.

E. Vertical cracks in the panels between windows, caused
by intense compression.

F. Diagonal crack in a wall with reduced thickness to form
the chimney.

3. ANALYSIS FOR SEISMIC LOADS

The building walls were modeled and analyzed using
finite elements [8]. Linear elastic behavior was assumed,
using three and four node thick shell elements, a process
that is usually adopted for the analysis of similar structural
systems. Beam elements were used to model the timber
parts, such as the floors. Time history analysis was carried
out for the seismic records shown in figs. (4), (5) and (9).

It must be emphasized that, due to the orientation of the
building along the direction of the coastline (which is also
the direction of the earthquake fault), the longitudinal record
was applied along the X direction of the building, whereas
the transverse record was applied along the Y direction. This
selection was based on the fact that the X direction of the
building is parallel to the coastline. The records correspond
to horizontal ground acceleration recorded a few kilometers
from the mansion. The near-source ground motions are
characterized by pulses with a maximum acceleration of
0.54g, a long period of about 0.5sec along the transverse

direction to the fault and velocity of about 52cm/sec [6].
Figure 6 shows the 8" mode of the building with T =
0.17sec which is the first most significant mode along the
X direction with the largest participation factor (-39.65)
and modal mass (62.82%). The 9" mode, shown in fig. 7, is
the first most significant mode along the Y direction with a
participation factor (31.02) and modal mass (38.46%).

4. CORRELATION OF ANALYTICAL
RESULTS WITH OBSERVED DAMAGES

Masonry structures, such as the Panagiotopoulos
building in Aegio, have a small out of plane bending
stiffness. The Aegio earthquake caused mostly bending out
of level response, and as a result tension prevailed over the
construction with detrimental effects.

Dynamic analysis, based on material properties extracted
from laboratory tests, showed that the building response
was primarily affected by the translational modes along the
X and Y axes, and that for the largest part of the building
seismic demand surpassed the strength of the masonry. Use
of a linear elastic model does not allow redistribution of
stresses once a part of the structure has failed. However,
use of this model demonstrates with remarkable accuracy
the building parts that were either the first to fail or suffered
considerable damage. As shown in figure 8, the area of the
staircase at the 2™ floor level, indicated by (A), develops the
largest tensile stresses, which implies that this area was one
of the first to fail during the earthquake. The collapse of the
SW corner of the building should be attributed to the lack
of good connection between the two transverse external
walls, indicated as point B in Fig. 8. In the area of the SE
corner, indicated as point C in Fig. 8, there was a detachment
between the two transverse external walls and deviation of
the eastern wall from the vertical [2].

5. PROPOSED INTERVENTIONS

In order to examine the ductility demand for the Aegion
ground motions (fig. 4 and 5), as compared to the demand for
an artificial earthquake with equal acceleration about the X
and Y axis corresponding to the linear spectra of EAK 2000
for the building site (fig. 9), figures 10 and 11 were generated
based on one-degree-of-freedom elastoplastic system motion
expressed by eqn. (1). The results demonstrate that the code
is conservative.

Evaluation of the present condition of the structure in
conjunction with the results of dynamic analysis lead to
interventions such as [2, 12, 14]:

1. Construction of a concrete kerb to create an overall “box”
connection at the top of the masonry walls. Connection
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of the kerb to the masonry walls with steel bars and

dowels to the timber roof.

2. Enhance most of the diaphragm behavior by strengthening
the connection of the timber floor to the masonry walls
and replacing the timber elements where it is necessary
to strengthen diaphragm function.

A detailed discussion and presentation of an extensive
repair and strengthening scheme is presented in [2]. A
thorough evaluation of alternative schemes and corresponding
dynamic analysis of the building, such as the construction of
a concrete kerb at the roof level combined with enhancement
of diaphragm action is shown in Table 1. The location A, B,
I', (=1,2,3), listed in Table 1 are indicated in figure 12.

6. CONCLUSIONS

The seismic response of a historic unreinforced masonry

building was studied for near-source seismic motion. The
accuracy of the finite element method in allocating the most
vulnerable regions was ascertained. Among the alternative
methods of intervention, diaphragm action in all the
building levels appeared to be the most effective. Parametric
studies for SDOF showed that for stiff structures with n~=1
satisfaction of strength demand counterbalance the absence
of adequate ductility. Reversibly smaller values of n, which
denote strength deficiency, necessitate excessive ductility
demands.
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