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APIZETOTEAEIOQ IIANEIIZTHMIO OEZZAAONIKHE - IOAYTEXNIKH ZXOAH
TMHMA TIOAITIKON MHXANIKON - TOMEAZ ENIIETHMHE KAI TEXNOAOI'IAZ TON KATATKEYQN
EPI'ATZHPIO IEPIPAMATIKHE ANTOXHE YAIKOQN KAI KATALKEYON (ENAYK)
AIATAZH TEXNHTON ZEIZMON

IIpéioyog

To tebyog avtd amotrerei 1o IAPAPTHMATA g Telucig ‘ExBeong tov Epesvvirikod
Ipoypaupotog pe titho «Atepebvion g EMPPONG TOV GUVIESUMV GTN CUPTEPLPOPE TV apyainy
pvnueiov g Klaootknig — eAANVIOTIKG KAl POMOIKHAG TEPOSOV GE TEPITTMON GEIGROD Kol
TPOTAcEL; HEBOSOAOYUDY OTOKUTAGTAGTG TOVGY.

To tebyog avtd xatatiberar pévo oe Evromn popen kot Teprapfdver GLALOYH TANPOPOPHY and
mv  Piploypagia oxetikd pe t0 Sopwd odompo OV apyaiov pvnpeiov kobhg Kot
KOTAOKEVOOTIKEG AETTOPEPEIEG Y10 TOVG GPOVIVAOVG KOt T1) suvappoyy tovs. Tlepihapfdver emiong
POTOYPAPIKS VAIKO KOl GEWPE EPYUSTNPOKDY OTOTEAECUATOV VIO T HOPOY S1ypappdroy.
Aevkpwileton oyetikdg 611 fitav advvatn n coprepiknym 6AmV CVTOV TOV CYNUGTOV GTO TEVXOG
g Tehug ‘Exbeong. Qotdoo, eivar mpogavés 6Tt ta omowdWmote GUUmEPAOUATA OV
dwtumdvoviar otny TedkT) £xbeon Exovv BucioTEL 6TO GUVOAO TMOV EPYACTNPWKOV UTOTEAECUATOV
omug avtd kataribeviar t6c0 oto Tebyog Tng Tehkng ExBeong 660 kat og avtd 10 tevy0g (Tedyog
Topaptnudrwv).

O Emompovikdg Yrevbuvog

Ap I'edpyrog X. Mdvog
IoMticdg Mnyovikdg
Kabnynric AII®
Arevbovtig ETTAYK

®eocarovikn, lavovapuog, 2007



IHEPIEXOMENA

IIpéroyog
ITEPTIEXOMENA

DPAYH 1"
Kepdiao 1:  Ewaywyn — Ileprypoagn tov mpofinparog.

Mapapmpe 1.1. To Aopké cvompa tav Apxaiov Mwpeiov g Khacowhg, EAAnwvicTikg
kot Popaikic eptodov.

Hoepaptype 1.2. KatackevaoTikég AETTOUEPEIES Y10 TOVG GPOVOIVAOVG KL T1] GOVAPHOYT] TOVG

GAXH 2"
Kepdalaio 4: Tlepapatic perétn g copnepipopas 560 cpovéviov Le 1y yopic suvdiopovg.

4.1. TIEIPAMATIKH MEAETH THE ZYMHEPICI)OPAZ AYO MAPMAPINQN 'H XAAYBAINON
ZOONAYAQN ME 'H XQPIZ ZYNAEZIMOYZE XPHEIMOITOIONTAL THN [TAAT®OPMA THX
ZEIZEMIKHE TPAIIEZAY QY BAXH EAPAYHE

Hapaptype 4.1a. PoToypapmwd Yikd
Hapaptnpa 4.1p. Iepapatikd aroteréopata

4.2. IEIPAMATIKH MEAETH THEI ZYMIIEPIOOPAL AYO MAPMAPINON 'H XAAYBAINON
ZOONAYAQN ME H XQPIZ ZYNAEXMOYZ XETO IZXYPO METAAAIKO TIAAIZIO
ANTIAPAZHX

Hoepapmpa 4.20. Potoypapikd Yikd

Hapéaptnpa 4.2p. [ewpopatikd anoteréopato,

®AXH 3"

Kepdroo 5: Mepapoticy perétn mg copneppopds 500 yolidivav seovéiimy otn celoky
Tphmelo.

Hopapmpa 5.1. Potoypaekd YAk

Kepdlawo 6: Ileipopatic okolovBic pappdpwvev kKidvov pe poppdpvo emiotdAo ot
osiopkt] tpanela.

Hapéapmypa 6.1. Potoypopkd YAkd

Hapapypa 6.2. Tepopatikd anoteAéopato



NEPIAHWH

AIEPEYNHZH THZ EMIPPOHZ TOQN XYNAEIMQN XTH YMMNEPI®OPA TON
APXAIQN MNHMEIQN THX KAAZZIKHE - EAAHNIZTIKHE KAl PQMAIKHE
MEPIOAOY ZE NEPINTQXIH ZEIZMOY KAI NPOTAZEIX MEOOAOAOION

AMNOKATAXTAZHE TOYE

H mapoloa epeuvnTIKi} TTPOCTTAOEIa OTOXEVEI OTO va SIEPEUVIOE! TNV EMMIPPOI apxaiou
TUTTOU OUVOEOOU (EPTTOAIR — KEVTPIKOG TTOAOG) OTR OEIOUIKA CUNTTEPIPOPA UVMUEIOKWY
dounuparwv NG KAaooikig-EAAnvioTikr-Pwuaikiic mepidédou. Na tov okomd autod
MEAETIIBNKE OTO EPYAOTHPIO 1} ATTOKPIOT PUOIKWY OHOIWHATWY HEAWY auTol Tou TUTTOU
Twv poptwy, Otav autd utrofdAAovTal OE HIX TTOIKIAIQ QPOPTICEWYV TTOU £XEI oav OTOXO va
TPOCOUOIWOEl TNV EVIATIKA KAardoTaon Tou avamTUoOoETal OTav QauTd Ta HEANR
utroBdAAovral o€ CEICPIKES BIEYEPOEIC.

QuoiKd OHOIWHATA TTOU XPNCIHOTTOIRONKAaV

- Opoiwpa duo papudpivwv cpoviUAwy, HE fi Xwpic cuvdiauoug.

- Opoiwpa duo XaAoBdivwy oeovBuAwy, KE 1 Xwpic ouvdEauoug.

- Opoiwpa pPIKPAS KAIJAKag KiovoaTolXiag, TTou amoTteAolvrav Qmrod TECOEPEIS

Kioveg Kai éva emIOTUAIO, HE 1) Xwpic ouvOECHOUG.

To opoiwpa pe Toug 300 XaAufdivoug o@ovBUAoug emIAEXONKe eTTeidry péow autol
amaitodvrav pIkpdTEPpOU ETITTEDOU OpIfoVTIEC BUVApEIS yia va TTpokANBei oAioBnon
HETAEU Twv O@ovBUAWV WOTE M’ auTOV Tov TPOTO VA HEAETNOE! rj CUMTIEPIPOPE TWV
ouvOEoWY, avTti TG XPNoINoTToINONG TWV Japudpiviuv o@ovBUAwY TTou, Tépav auTou,
ep@avifav alAoIWOEIC OTNV DIETIPAVEIA OAICBNONG PETG aTTO apIBUS TTEIPAUATWY.
O 100G TOU OpXaiou ouvdéopou TTou PEAETABNKE RTAV O KEVTPIKOG TUTTOG CUVDEOHOU
HeTall o@ovOUAWY pe ePTTOMIA KAl TTOAOUG €XOVTAG DIACTACEIG AVAAOYIKEG TTPWTOTUTTWV
OUVOECUWYV HE YEWUETPIKN KAIpaKa peiwong Twv SIaCTACEWV avTiIOTOIXN HE QUTH TTOU
epappdoTNKE yia Toug opovdiAoug. Oi TANPoPopieS yia Toug cuvBECHOUC avTAnBnkKav
1600 amod TNV BiBAoypagia kaBwg kat aTrd £TT1 TOTOU TAPATNPNOEIS.
O1 ouvdeopol TTou BoKIHACONKAV OTO EPYACTAPIO KOTAOKEUAOTRKAV aTrd ToIKIAia
UANIKWV, UE Ta ePTTOAIT va EXOUV i CUYKEKPIUEVN YEWWETPIA.
KardAAnAeg uTToBOXEG KATAOKEUGOTNKAV OTA QUOIKA opoildpara Twv ogovOuAwy Kal

TNG KIOVOOTOIXIag WOTE TA OUYKEKPIUEVA EUTTOAIT va Taipiddouv amdAuTa oTIC £V AGyw



utrodoxEg. O kevrpikoi oUvBeopol Karaokeudotnkav amd EUAo (TpIv DIAPOPETIKWV
TUTTWYV). EOW Opwg peAeTABNKe n emppon Tng SiapéTpou Tou TTOAOU TTOU PETARANBNKE
amd 10 mm €wg 40 mm kard v Sidpkeld TNG Telpaparikig SiEpedvnong Trou
EKTEAEOONKE.

PoprioTikég Siardgeic Tov aloroiidnkav:

a) ApxIKd To cUOTNHA Trou Twv dUo oPovOUAwWY (Uapudpivwy 1 XaAURSIVWY) ME 1 Xwpig
ouvdéopoug, uTToPAONKe ot WIKPAG TaXUTNTAG KUKAIKG HETABAAAOUEVEC OPIJOVTIEC
QopTioEIg, WOTE va TPokAnBei oAicBnon otnv diemedveia petalld Twv oEovIUAwWV.
Tautdxpova pe autiv Tnv opifovTia eOpTiIon ol cpdvdiulol UTTOBAAAGTAV GE KATAKOPUPA
@opTtia Tou dnuioupyoloav pia EVIATIKI] KATACTAON ME TNV avATTuln opBwv TACEWV
otnv diem@dveia petafy Twv o@ovBUiAwv. Ta katakdpuga autd goptia ATav daEopwv
emmeEdwY Kal avanTixOnkav pEow TNG TPOoapUoyrg TPOoBeTou BApoug oTov Gvw
opOovdulo.

B) To idio oUoTNUa Twv dUo oPoVvBUAWY, e 1} XWPIC CUVBEOHOUS, TTPOCAPHOOTNKE OTO
HETaAAIKG TrAdioio avridpaong Tou epyaocTnpiou Avtoxiic Twv YAIKwv Tou A.MNM.O.. ESw
T0 emBupntd emiTedo KATaAKOPUPOU @OPTIOU avamTuxOnke Méow €evog oepfo-
udpauAikoU epPorou nAektpovikd eAeyxopevou. Tautdxpova, emBARONKAV Kal TrdAl
KUKAIKG pETaBaAAOHEVEG OPICOVTIEG OTATIKEG QOPTIOEIS WOTE va TPOKANBEl oAioBnon
omnv diem@dvela petail Twv o@ovBUAwv. EkteAéoTnke évag upeydAog apiBuog
Teipaparwy peraBdarrovrag, extog armoé 1o €idog Tng diempaveiag oAigdnong (uapudpivn
N XGAUBBIVN) Kau Tov TUTTO TOou EUTTOAioU (HETOAAIKG 1} EUMIVO) kaBwg kal Tov TUTTO Kal
TNV JIAUETPO TOU TTOAOU.

Y) To idio dopikd utrogivolo, OTwe kal TTponyoupévwg ato B) efetdoBnke Eavd péow
NG CEIOUIKAG TpaTedag Tou A.MN.O. , 6Trou UTTOBANBNKE OE OPICOVTIEG TEXVNTEG TEICHIKEG
dieyéposig TG Bdong. Kai raAl peAetiBhRE N eMippor TG Trapousiag fj Un cuvdEoUwY
HETagU TWV oPOVOUAWY oty qvénplqn TOU ouompmbg.

0) TéAog, usAsfﬁBnKs é\}d ul‘Kpr')g KAiHaKaG @QUOIKO ODUoiWwPa HIAG Hapudpivng
KIOVOOTOIXiaGG TEOOApWV KIOVWV ME €£va £MOTOAIO, TTOU uTTOBARBNKE OTR OEICUIKA
Tpameda Tou A.FI._G. ot opIfOVTIEG TEXVNTEG CEICHIKES Dieyépoeig. Kai TTaAI HEAETABNKE N
Emppor’] NG TTapouoiag r']’pn OUVOECHWY HETALU TWV KIGVWV Kal TG pappdplvng Baong
oTNV ATTOKPIOT) TOU OUCTIJHATOG.



Ta Baoika cupTTEpAoUATA-TTAPATNPACEIS AVAPOPIKGE PE TNV GUHTIEPIPOP TWV QUOIKWY
OUOIWUATWY TTOU ECETACOBNKAV KAl PE TNV ETTIPPOI| TWV CUVDECHWY OTNV aTTOKPIOT| TOUG
TTapaTi@EVTAl CUVOTITIKA KATWTEPW!

1) H mapoucia Twv ouvdéouwv mepiopilel, wg éva Babud, Tnv amokpion oAicdnong
METAEY TWwv OPOVOUAWY. Autd odnyei o pia augnon TNg EEPoUcac IKAVOTNTAC OF
opijovnia @opria. H adénon 1ng Siapétpou Tou TOAoU, OTav OuvBUGeTal ME Ta
katdAAnAa eptroAia, odnyei o onuavTikr avgnon Tng époucag IKavVOTNTAS oc opIfovTia
popria KaBW¢G Kal ot IKAvd TOOG amoOoPeong evépyelag Katd Tnv SIdPKEIX TG
avakukAI{OuEVNG OpTIONC.

2) Autou Tou TUTTOU © OUVBECHOG HTTOPET va €XEl BETIKR emppor], w¢ éva Badusd, kard
v OidpKeld pIag OEIOMIKAG SIEYEPONG-aTTOKPIONG TETOIWV JOMIKWV CUCTRUATWY,
TTEPIOPICOVTAG HEYAAEG TTAPANEVOUCES HETAKIVAOEIG OAIOBNoNG kxai AIKVIONOU, Trou
MTTOPEi va 0dnyrioouv Ot YEWPETPIKG aoTadn cuaTiuara. H amdéoBeon evipyeiag Eviog
Tou GUVOECoU, Eival évag GAAOG pnxaviopds pe BeTikA emppor, 6Tav autdg PTTopEi va
gvepyotroinBei. Zra meipdpara Twv 600 GPovOUAWY o PnXaviopog autdg BiepeuviiBnke
oe BdBog evw oTa TTEIPGUATa TOU OMOIWHATOG TNG KIOVOOTOIXIag O MNXAVIOHOG auTog
Oev evepyotroiiBnke oe afibAoyo Babud.  Autd Ba mpémer va atmodobei oToug
TEPIOPICUOUG TOU QUOIKOU OMOIWHATOG Trou  XpnolpotromBnke. Mia  avrioToixn
HEAAovTIKA Diepelivnon avapéveral va pifel aQETEPOU QWG OTRV ETTIPPON TWV CUVDETHWY
ot TETOIAG HopPG DOUIKA GUVOAQ.

3) O ouvreAeoTAg TPIBAG TTOU WETPHBNKE aTTd Ta TEIPGUATA TWV OTATIKWV A TWV
duvapikwyv @optioewv dev Trapouoidlel onuavTikéG UETaBoAéG. AvTiBeTa  pEYGAEg
HeTaBoAég Tou ouvteAeoTh TPIRAG PETPABNKAV KATA TNV SIGPKEIN TTEIPAMATWY OTATIKAS
@OpTIONG, EIBIKOTEPQ VIO TOUG HOPHApPIVOUG o@ovBUAOUG Trou ogeileTal O aAAOIWOEIG
g diemeaveiag oAioBnong Adyw TG EKTETAPEVNG TTEIPAUATIKIS akoAouBiag.

4) H apiBunrikr Tpooopoiwon TnNg oUVBETNG cupTEPIPopds oAicBnong duo o@ovBUAwY
HE 1} XWPig KEVTPIKO OUVOECHO, KATW aTrd oTaTIKEG OPICOVTIEG POPTIOEIC APIOTA EMITUXIC.
EmtelyxBnke Tpooéyyion oTnv Tol0 GNUAVTIKA HOPE) aTTOKPIGNS TTOU TTApaTNPienKe
Telpaparika. EiSIKOTEpa £yIVE IKAVOTTOINTIKY TTPOCEYYION TG EMIPPONRS ThS dlapéTpou
TOU TTOAOU va €XEl Oav ATTOTEAEOHA, OTTWG avaepdnke TNV onuavtiki avgnon Tng
PEpoucag IKavoTnTag Tou cuoThparog Twv 8o opovdUAwv. Etriong avamtixdnke Kai
OTIG apIOUNTIKEG TTPOCOUOIWCEIG, KN YPAMUIKI} CUPTIEPIQOPA TTOU OQEIAETAI AQEVOS OTHV
oAioBnon agerépou oTtn dnuioupyia Adyw TNG TapaAauBavOUEVNG EVTIACEWS, MEPIKAC
TAQOTIKOTTOINCNG, T600 TOU TTOAOU, 600 Kai Tou EUTTOAioU. TEAOG np avaAuTIKr) TTPOBAEYN



™G amokpiong oAioBnong d0o ocovBUAwv Tou umoBdAAovral Ot NUITOVOEIBHS
Oieyépoeig NG Pdong ouppwvei Oe IKAvOTTOINTIKO PBaBud pe TV TTapatnpnBcica
CUUTTEPIPOPA.



SUMMARY

INFLLUENCE OF CONNECTIONS BETWEEN STRUCTURAL MEMBERS IN THE
SEISMIC BEHAVIOR OF ANCIENT MONUMENTS OF THE CLASSIC —
HELLENISTIC AND ROMAN PERIOD

This research effort was aimed to investigate the influence that ancient type
connections (empolia — pole) have on the seismic response of ancient monuments of
the classic-Hellenistic-roman period. Towards these objective physical models of
members of this type of monuments were subjected to a variety of loading conditions in
order to simulate the state of stress these members will be subjected under seismic
actions.

The physical models that were utilized included:

- Models of two marble column drums, with or without connections.

- Models of two steel column drums, with or without connections.

- Small scale model of a colonnade consisting of four columns and an epistyle

(with or without connections).

Steel column drums were better suited for the experimental sequence as they did not
required large levels of horizontal forces in order to introduce sliding between the drums
and thus study the influence and behavior of the connection in-place between the
drums, instead of the marble drums. Moreover, the marble drums developed changes at
the sliding surfaces after repeated sliding experiments.
The studied ancient type connection was a central connection with empolia and central
pole between the two drums with dimensions having an analogy to prototype
connections similar to the one used to reduce the dimensions of the model drums.
Information on this type of ancient type connections was found in the literature as well
as from an in-situ survey.
The tried in the laboratory connections were formed with a variety of materials and
geometry for the central part. Thus, for the external part (empolia) lead as well as
wooden inserts were formed that could fit exactly in the specially formed cavities that

were made in the central part of the drums. The dimensions of these inserts (empolia)



were kept constant throughout the largest part of the investigation. The central part of

the connection (pole) was made mainly of various types of wood. The influence that the

size of the pole (diameter) exercised on the observed behavior was studied by

introducing poles with a variety of diameters ranging from 10mm to 40mm.

The experimental sequence utilized the following types of loading facilities:

a)

b)

d)

Initially, the system of two drums (marble or steel), with or without connections,
were subjected to low velocity cyclic horizontal forces in order to introduce sliding
displacements between these drums. Various levels of stress normal to the
sliding surface were introduced by attaching extra weight on the top drum.

The same system of two drums, with or without connections, was attached on a
strong reaction frame whereby a desired level of stress normal to the sliding
surface could be introduced simultaneously with applying a horizontal force
leading the top drum to slide against the bottom. A large number of experiments
was conducted here by varying, apart from the type of sliding surface, the type of
connection in terms of type of empolia (metal or wood) and type and size
(diameter) of the central pole.

Next, the same as in b) system of two drums, with or without connections, was
attached on the shaking table of Aristotle University and was subjected to
horizontal simulated motions with a variety of intensity. Again, the influence of the
presence of the central connection was studied here.

Finally, a small physical model of a colonnade, consisting of four marble columns
and an epistyle also made of marble, was studied at the shaking table. This
physical model was also subjected to a variety of simulated horizontal motions of
varying intensity. Again, during these test the connections of the four model to
their marble base slab was studied by performing similar experiments with or
without these connections.

The following summarize the most important behavioral characteristics that were

observed from the whole investigation.

1)

The presence of the connections inhibits, up to a degree, the sliding between the
drums. This can lead to an increase in the bearing capacity of the sustained
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2)

3)

4)

horizontal load by a such type structural system. Moreover, an increase in the
diameter of the central pole, when combined with the proper empolia, can result
to a significant increase of this bearing capacity. In addition, significant amounts
of energy can be dissipated during the cycling displacements of such
connections.

This type of connection can have beneficial effects during the seismic response
of assemblies formed by drums and epistylia, by inhibiting again, up to a degree,
large sliding and rocking displacements, thus preventing the development of
geometrically unstable structural formations. The beneficial effect of energy
dissipation is also another positive factor, that could not be observed as being
mobilized during this investigation with the shaking table and the colonnade,
although its occurrence was very clear during the tests with the two drums (both
at the strong reaction frame and at the shaking table. This must be attributed to
the limitations of the physical model of the marble colonnade utilized during this
experimental sequence. A future sequence, which will be based on all the
knowledge gained here, could be more successful in this aspect.

The coefficient of friction between the static and the dynamic experiments of the
same system of two drums did not exhibit significant variations. On the contrary,
significant variations were observed in the value of the coefficient of friction due
to changes of the sliding surface introduced by the extended forcing sequence
and the large numbers of repeated experiments.

The numerical simulation of the complex sliding behavior of two drums with or
without central connection, with characteristics similar to the ones studied
experimentally, under monotonic horizontal static force was successful in
reproducing the most important aspects of this complex observed response. In
particular, the influence of the diameter of the pole in increasing the bearing
capacity to horizontal forces of such an assembly as well as the development of
non-linear behavior due to sliding as well as the plastification of the empolia and
pole was successfully approximated by this numerical simulation. The analytical
simulation of the sliding behavior of the two drums under sinusoidal input motions

agrees well with the observed behavior during this experimental sequence.
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