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IIporoyog

To tedyog avtd amoterel tnv Telwkr 'Exbeon tov Epevvnrikod [lpoypdupotog He titho
«Algpebvnon G EMPPONC TV GLVOECHWV OTN CLUTEPLPOPE TV apyaivv HvnUeiov g
KAMIOGOIKNG — EAMNVIOTIKNG Kol POUOIKNG TEPIOO0V OE TMEPIMTMON GEIGHOL KOl TPOTACELS
HeBodoroyimv amokaTdoToong Toug». To Tebyog avTd GUVOSELETAL ONO GEPH TOPAPTNUATOV
kabmg kot CD oto omoio tvar katoympnéEVN 1 TEAKT €kBEoT) VIO NAEKTPOVIKT LOPET).

To mpdypappo ovtd ypnpatodomnke amd Tov Opyoviopd AVTIcEIGUIKOD XyedOCHOD Kot
Ipootaciog (OAXIT) He avddoyxo @opia 10 Epyootipro Ilepapatikng Avtoyfng YAK®OV kot
Kataockevav (ETTAYK) tov Tpipatog TToltikdv Mnyavikdv tov Apilototereiov Tavemotiov
™m¢ Oeccarovikng (ATI®). H dieknepaimon tng 0tkovopikng dloyeipiong tov Tpoypapotog Eyve
Héow tng Emrponng Epevvav tov AII®. To mepapotikd HEPOG avTov TOV TPOYPAUHOTOS £YIVE GTIG
EPYOOTNPLOKEG OATAEELG TOV MO AV epyacTnpiov kail Kupiwg ot Atdtaén Teyvntov Zelchdv
(Zeopuxn Tpamelo) ko oto MetadAkd IMThaicto Avtidpacng tov 1diov epyactnpiov.

[No v tehkn dTdTOon avtig g ékBeong €xovv AneOsl vwoyn 0Eevog T0 GOVOAO TV
EPELVITIKAV EPYOCIDOV TOL £YIVOV GTO TAOIGLN TOV €V AOY® EPELVITIKOV TPOYPAMHATOS ApETEPOV
dg o1 emonpdvoelg kol oxdho wOV Eyvav amd TNV €VIK) EMTPOTN| TOPAKOAOVONGNG TOL
Tpoypappatog wov opiotnke and tov OAZIL

Amd ™ 0éom avt Bo MBera va evyaplotiom tov OAZII yia TN ypnHOTOdOTNON OVTOD TOL
gPELYNTIKOV TTPOYPapHaTog Kabmg kot v Emtpon) Epevvav tov AII® yio v Stekmepaimon tomv
EPYOCLDV OKOVOUIKNG dlayeipiong Tov Tpoypdlpotoc. Evyapiotieg emiong opeilovat kat ot HEAN
™G EPELVNTIKNG OMAdHG TOL E€PYACTNKAY YO TNV OAOKANP®MGY OUTOV TOL TPOYPAUHatog, Ap
Miktov AnpocBévovug, IToAtikdé Mnyavikd, Koplo gpgovn tov ITEAK, Ap Bradipnpo Kovptidn,
IToltikd Mnyaviko, otéreyog tov EITAYK, Ap INasiv MmAdA, TToAttikd Mnyovikd ko Baciielo
YovAn, [ToAttikd Mnyaviko, Msc, Yroynero Awddktopa tov A.IL.O. Téhog, guyapiotieg opeiloviat
kot wpog 1o Teyvikod Ipoocwmikd tov Epyaotnpiov Iepapaticing Avioyng YAkov kot Katackevmv
tov AT, k. Anpntpio PRto kot Oopd Kovkovetdmovio yio T cuvelcpopd Tovg 6€ OAa Ta 6TAdN
TOV TEPAPATIKOV SOKIUDV.

O Emotpovikag Ymevfuvog

Ap I'edpyrog X. Mévoc
[MoAtikdg Mnyavicog
Koabnyntg AII®
AevBovtig ETITAYK
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HEPIAHYH

AIEPEYNHXH THX EIITPPOHX TQN XYNAEXMON XTH XYMIIEPI®OPA TQN
APXAIQN MNHMEIQN THE KAAXXIKHY - EAAHNIZTIKHE KAI POMAIKHZ
IHEPIOAOY XE IIEPIIITQEH XEIXMOY KAI ITIPOTAXEIX MEOOAOAOTI'TQN
AITIOKATAXTAXHX TOYX

H mapodca epeuvntiky] mpoomdbeia 6ToYeVEL GTO VO OEPEVVICEL TNV EMPPOT OPYOLOVL
TOMOV GUVOEGHOV (EUTOAIL — KEVTIPIKOG TOAOC) OTN GEIOHIKY GUUTEPLPOPE UVIUEIKDV
dopnpatov g Kiaooumc-EAAnvictikh-Popowng meptodov. T'a tov okomd avtd
HeAeTNONKE GTO EPYACTNPLO N ATOKPIGT] PLGIK®V OUOIOHAT®V HEADY VTOV TOL TLTTOL TV
eopéwv, O6tav avtd vrofdAiovior ce Hio TOKIAlo QopTicE®mV OV €YEl GOV GTOYO Vo
TPOGOUOIMGEL TNV  EVIOTIKY] KOTAGTOGN 7OV OVOTTOCGETOL OTAV  avTd T HEAN
vtoPdAloviol o GEIGUIKES O1EYEPTELC.

®vokd opo®aTE TOV (P CLLOTOONKAY

e  Opoimpa 0V0 HopHapvOV cOVOVLAWMY, UE 1 Y®PIG GLVOESHOVG,

e  Opoimpa 0V0 YaAVBIVEOY GEOVIVAMY, e 1 Y®Pig CLVOEGHOVC.

e Opoiopa Hikprg kKAHMakag KlovooTolyiog, Tov amoTeELoVVTIaY ond TEGGEPELS KIOVEG
Kot £vaL ETOTOA0, e 1 Y®Pic GUVOEGHOVG.

To opoiwpa He tovg 600 YaALPIWWOLE CcEOVOLAOVLS emAéyOnke emewdn HEo® oVTOD
amontoHvTay HIKpOTEPOV EMTEOOV OplLOVTIEG SUVAELS Yo Vo TPOoKANOEl oAlcOnon HeTa&y
TOV GPOVOLAWV MoTe W avTdV ToV TPOTO Vo UeEAETNOEL 1| CLUTEPIPOPA TV CUVOEGU®V,
avtl TG ypnoomoinong tov HapUdpvev c@ovoOA®V Tov, TEPAV ovTov, eUeaviiav
AALOIDOELS TNV OlEMPAVELD OAIcONoNG UETA o aptOHO TEPAUATOV.

O tdmog tov 0apyoiov GLUVOEGHOL TOL HEAETNONKE NTOV O KEVIPIKOG TUTOG GLVOEGHLOL
HeTaEL GPOVOVA®Y e gUmOMA Kol TOAOVS £YOVTOG JLOOTACELS OVOAOYIKEG TPOTOTLTMV
oLVOEoU®Y e yeoUeTpikn KAiHako Helwong Tov dootdoemv avtiotoyn He auth mov
EQOUPHOGTNKE Y100 TOLG GPOVOVLAOVLS. O TANPOEOPIES Yo TOVG GLVOEGHOVS aVTANONKOY
1660 and v Piproypagio KabdS Kot amd ent TOTOV TOPATNPNCELS.

O1 6VVOeGHOL TOV SOKIHAGONKAY GTO EPYUCTIPLO KOTAGKEVAGTNKAY OO TOKIAIDL VAIK®DV,
Me To  eUmOAl va  €yovv  Mia  ovykekpiévn yewpetpia. KatdAinieg vmodoyég
KOTOOKEVAGTIKOV OTO PUOIKA OHOIOUOTO TOV GPOVOVAMY KOl TNG KIOVOGTOYioG MOTE To
OLYKEKPIMEVOL eUmOMa Vo Tonplalovv amdAivta oTic €v AOY® vrodoyés. Ot xevrpikol
oOvdeoHol Kataokevdotkay amd EOAo (TPLdV  SopopeTkOdY TOHT®V). Edd  OUmg
HeAetnOnKe M emppon| TG SIUETPOL TOL TOAOL TTov HetafAnOnke amd 10 mm £wg 40 mm
KT TNV OEpKELD TNG TEPAUOTIKNG SIEPEVVNONG OV EKTEAEGONKE.

DopTicTIKEC droTaEsic wov afromomOnkay:

o) Apykd t0 GOGTNHA TOV TV dV0 GEOVILA®MY (LopUapvev 1 xaAOPdvav) He N xopig
OLVOECHOVS, LTOPANONKE o HIKPNG TOYVLTNTOG KUKAMKA HetafaAilopeves opllovTieg
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eoptioelg, ®ote va mpokAnbei oAicOnom otnv demedveln HETaED TOV GEOVIVAM®V.
Tavtoypova e avtv TV optldvtio. EOPTIOT 01 GPOVIVAOL LITOPAALITAY GE KATAKOPLPA
eoptia Tov dNovpyoLGAV Hio EVTATIKY KaTdoTaon HE TNV avanTuén opbdv Tdcewv otV
dtempaven. HetaEy tov oeovovimv. Ta katakdpveo ovTtd @OopTiot NTOV OlPOPMV
emmédV Kot avamthydnkay HEc® NG MPocupHoyng mpochHetov Pdapove otov dve
o(OVOLAO.

B) To 610 cvoTNHA TOV 600 cEOVOVLA®Y, e N YWPIC CLUVOECHOVS, TPOGAPHOOTNKE GTO
HetaAlkd TAaiG1o avtidpaong Tov gpyactnpiov Avioxng tov YAk®v tov A.ILO.. Ed® 10
emOLUNTO €Mimedo KATOKOPLPOL EOPTIOVL avamtHyOnKe HEow evog cepPo-VIPALAIKOD
eUPOOL mAextpovikd eleyxduevov. Toavtoypova, emPAndnkov Kot TAAL  KUKAMKA
petaParlopevec opllOVTIEC OTOTIKEG QOPTIGELS MOTE Vo mpokAnbel olicOnon otnv
dlempdveln. Hetald TtV ceovovAmv. ExteAéotnke évog Heydrhog aptBpoc melpapdtov
HetaPdAlovtag, ekTOC amd To €id0g NG demipavelog oAicOnone (Happapivn 1 xaAdpdvn)
Kot Tov TOTOo TOV eUmoAiov (HeTaAlkd 1 EVAIVO) KaOdG Kot Tov TOHTO Kot TV SIGHETPO TOV
TOAOV.

v) To 810 dopikd VTocvVOLO, OTWE Kot TPONYoVpEVRC oto B) e€etdobnke Eavd Héowm TG
oeloung tpamelag tov AILO. , 6mov vroPfindnke oe opldvtieg TeEXVNTEG CEIGHUIKEG
deyépoelg g Paong. Ko moh pedemnOnke n emppon g mapovsiog 1 U cuvoEGHmV
Hetall TV 6eovOA®MY GTNV AmOKPIoT) TOV GLGTHHOTOG.

d) Téhog, Merembnke évo Hikpng KAHOKAG @ULOWKO OMoi®He Mg  HopHapiyng
KLOVOGTOLYl0G TECGAPOV KIOVOV e €va EMOTOAMO, TOL VITOPANONKE ot celcpikn Tpdmela
tov A.IL.O®. og opilovtieg texvntég oelopikég deyépoels. Kot mdh pehetiOnke n emppon
™G mapovsiag 1 HUn ovvdécHov HeTald Tov Kidveov kot g HopHdpivng Baong otnv
amdKPLoT) TOL GLGTHHATOG.

Ta Bacikd cuunepdoHATA-TOPATNPNCELS OVOPOPIKE HE TNV GULUTEPLPOPH TOV PLGIKAOV
OHOWMATOV oV ££eTAGHNKOV KOl HE TNV ETPPOTN T®V GLVOEGHMV GTNV OTOKPICT] TOLG
ToPOTIOEVTAL GUVOTTIKA KATOTEPM:

1) H mopovoia tov cuvdécpmv meplopilel, og éva Pabpo, v amdkpion oricOnong
HeTaED TV 6PovOVA®MY. AvTO 00MYEL 6e Hio aOENOT TS PEPOVCAG IKAVOTNTOG CE
oplovtia goptia. H avénon g dwapérpov tov mOAoL, dtav cvvdvdletor e ta
KOTAAANAO eUmOMa, odnyel og onUovTiKy adENom ™G EEPOVGOS KAVOTNTOS GE
optlovtia poptia KaBdg KoL G IKOVA TOGH ATOcPESNS EVEPYELNG KATE TNV SLUPKELL
™G oVOKLKMEOUEVIC POPTIOTG.

2) Avtov Tov OOV 0 GLVOESHOG Umopel va £xel OeTikn emppon], ®g Eva Pabud, Katd
™V SlIpKeEL HoG GEIGHIKNG JEYEPONG-ATOKPIONG TETOLWV OOUIKOV GLGTNHATWV,
nepropilovtag Heydheg mapalévovoeg Hetakiviioelg ohioOnong Kot Akvicol, mov
Hmopel va odnynoouvv oe yeoleTpikd actadn cvotmUota. H andcsfeon evépyslag
EVTOC TOV GLVOEGHOV, givar évag dAAOg PNavicog He Betikn emppon|, 6TV avtdg
Hmopetl va gvepyomonBel. Xta melpapata TV 600 GPOVOLAMY 0 UNYovVIGHOS avtdg
depevvnOnke oe Paboc evd ota mEPEATO TOV OUOIOHATOS TNG KlOVOoTOKioG O
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3)

4)

HNyoviolog autdg dev evepyomomOnke o€ alidhoyo Pabuo. Avtd Bo mpémer va
amod00el 6TOVG TEPLOPIGHLOVS TOV PLGIKOV OHOIOMATOC TOV YpNotloToOnke. Mo
avtioToyyn HeAlovTikY] dlepedivion avaEVETal va piEEL APETEPOV PMG GTNV EMLPPON
TOV GVVOEGUMV GE TETOLG LOPPNG OOUIKA GUVOAQ.

O ovvtedeotg TPPNg mov HetpnOnke amd To TEWPAUATO TOV CTATIKOV 1| TOV
SUVaIK®V @opticemv dev mapovctdlel onpavtikég Petaforés. AvtiBeta Heydheg
HetaBoAés tov ocuvvteleoth TPPNC HeTtpnOnkav kaTd TV SlOpKEW TEPAUATOV
OTOTIKNG POPTIONG, EWOIKOTEPA Y10 TOVG LOPHAPIVOVS GPOVOVAOVG TOV OPEILETOL GE
OAAOLDGELS TNG OEMPAVELNS OAloONoNg AOY®D NG eKTETOUEVIG TEPAUATIKNG
axoAovdiog.

H opiBuntikn mpooopoiwon g ovvBeng ovumepipopds oAicOnong ovo
o@OVOVAMV e 1| Y®PIg KEVTPIKO GUVIECHO, KATM 0md GTOTIKES OpLOVTIEG POPTICELS
dprota emroyng. Emitedybnke mpocséyyion oty molo onpavtiky] Hopen amdkpiong
mov mapatnpiinke mepapotikd. Edwotepa £ytve 1KOVOTOMTIKY TPOCEYYIOT TG
EMPPONG TNG OAUETPOV TOL TOALOL VAL EXEL GOV ATOTELECHA, OTMG avapEPONKE TNV
onHavtikny adéEnon e PEPOVCAS TKOVATNTOS TOV GUGTHHOTOS TV dVO GCPOVOVAMV.
Eniong avoamtoynke xot otig  aplOUnTikég mTPOGOHOUDGELS, UN  YPOHIKN
OLUTEPIPOPE TOV OPEIAETAL APEVOS GTNV OAloON OGN apeTépov 6T dnHtovpyio AdYm
™G TapolaUfavOolevng evidoems, HEPIKNG TAAGTIKOTOINGNS, TOGO TOL TOAOV, OGO
Kol Tov ghmoAiov. Téhog M avaAvtiky] TpoPreyn g amodkpiong orlicOnong ovo
oQOVOVA®V ToV VIOPAALovTal g MITOVOEdNG deyépaoelg TG Pdong cLUE®VEL o€
KavoTomTIko Pabpod Pe v mopatnpndeico cuUmepLpopd.






SUMMARY

INFLUENCE 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:

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

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

e 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) 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.
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b)

d)

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)

2)

3)

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
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
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4)

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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