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Tomkog Tpimrevpoc Mavovag yia v Evieyoon
TV E§otepikov Koppov Aokov-Ynootoiopatog and O/X

AAEEANAPOX I. TZQNOX
Enikovpog Kabnynmge A.ILG.

Hepilnyn

2TV gpyacio avT LEAETATOL TEWPOUATIKG. 1] OTOIOTIKOTHTO. ULOG [LOP-
ON¢ emeufioews ae KOUPOVS OOKOD-DTOTTOADUOTOS TOV VIETTHOAY
oofopéc Prafes kota ) diGprela oelouikod TOTov Katorxovions. 1o
oKII0 EMTEIWV eEWTEPIKWDV KOUPWV UETA TNV apyiKl] vEOfor] o€
OELOLIKI] POPTION EVIGYOONKAY 010, KOTAOKEVHS TOTIKOD TPITAEDPOD
HOVODO OTAIGUEVOD GKVUPOOEUOTOS KOl EXOVOTOPANONKOY aTny 1010
oetopuki kotamxovnon. LopornpnOnke ot pe v avotépw webodoro-
yio emepfacens Pelricovoviar aloonueiota 1 avioy, n oxeuyia, n
TAOGTILOTITO KA1 1] LKAVOTHTO, ATOPPOPHONS EVEPYELQS TWV ETIOKEDOL-
OUEVWV OOKIUIWV GUYKPITIKG, [UE TIG 10I0TNTES AVTEG TTOD TAPOVOLOTAY
70 OpYIKG OOKIULAL.

1. EIXAT'QI'H

H epmepia and tovg 61611006 TOG0 GTOV EAANVIKO YDPO
060 Kol oto debvr| £€det&e 6Tt €va amd T To KPiola Tpo-
pApoto, mov oyetifeTor pe TNV ACEALELD TOV KATOAGKEVOV
OTMGHEVOV GKUPOSELOTOG O GEICLUKES KATATOVIGELS, efvat
ot eppavifopeves aoToYiES TV KOWVMV TEPLOYDY OOKMV-VTTO-
CTUADUATOV.

O1 BréPeg otovg kOUPOLE SOKMOV-VTOGTLAGUATOV, £5T®
KOl GTNV TPATN QACT| EKINADGENDS TOVG (TPDTES PIYLOTO-
o¢€lg), Ba mpémel va Bewpovivtor Wiaitepa avNoLYNTIKES Yo
TNV KOTOoKELN Kot va avtipetonilovral avdioya. H exdnio-
on PAGPng avtod tov Tomov vroPabuilel v akayio ToL
PEPOVTOG oTotyelov Kol 00N yel o U eAeYYOLEVES AVOKOTO-
VOUEG EVTAGEMG.

X1 o1ebvn Pihoypagio amavidvor dSideopa Tapadely-
LT EMICKEVAGUEVAOV 1) KOl EVIGYLUEVOV KOTOCKELMV LE
PEPOVTO OpYOVICUO OO OTAIGUEVO GKULPOJEUD, OV Elyav
vrootel onuoavtikég PAGPeg efottiog oyLPOV GEIGUIKOV
KOTOOVIGE®MVY, GE GEIGLOYEVELS TEPLoyé Tov Bakaviov [1],
g lanoviag [2], oo Me&woo [3], [4], Tov Tepov [5] k.d.

Ev tov101g, gival akdun moAd mEPLOPIGUEVES Ol GLGTNLLO-
TIKEG HEAETEG Yo TNV eE0KPIBOOT TNG CLUTEPLPOPAS TOV ETL-
GKEVOGUEVMV 1] KOl EVICYLUEVOV JOUKOV GTOXEl®V GE VE
ol emdvnon. Ot TAnpoopieg, Tov aPOPOLV GTN CEL-
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GLIKT] GUUTEPLPOPA TOV EMICKEVAGUEVMV 1| KOL EVIGYUUEVOV
otolyciov, vl vyiomg onuaciog, Waitepa dtav a@opd
GTNV anOKPLoN G€ £va VEO 16YVPO GEIGUO TOV EMGKEVOGHUE-
VOV K0l EVIGYVUEVOVY KTIPIOV HEYAAMY 0OTIKOV KEVTIPQV [2],
[6].

Metd 1o oelopd g Ogocarovikng (1978), o oelopd Tmv
Alxvovidov (1981) kot to ceopd g Koropdrag (1986)
TOAAEG KOTOOKEVEG OO OTMGUEVO GKVPOSEUN TAPOVCIOGOV
BAGPeg otovg KOUPOLG d0KOV-GTVAOV. Ot EMOKEVEG 1] KoL
EVIOYVGELS TOV SOUIKAV aVT®V oTotxeimv &ywvov Bdoel Tov
Tpodlaypapdv tov Yrmovpysiov Anuociov ‘Epyov [7], [8],
[9], [10], aAAG KoL [E TIG CLGTAGELS Y10, EMIOKEVEG CNLLdV
and oelopd oe Krtipla, mov e&édmaay toso 1 IHoAvteyvikn
2yoAn tov A.JL.GO.[11] 660 kot to EBvikd Metoofio TTolvte-
yvelo [12].

Ot TeyVIKég EMOKEVNG N} eVioyLoNG KOUPOV, TOV EQUPLO-
Covtan diebvarg avaroya pe to Pabpod PraPng, sivar ot e&ng:

a. Emoxevn pe pnrvevéoeis: H teyvikn avth spoppoleton
0€ MEPIMTAOOCELS LKPOD EDPOVEG PNYLATOV YOPIG 0Tod1op-
YAVOGT TOV GKLPOOEUATOS KOl AVYIGUO TOV SOPKOV
papd@v omthcpov ot @V Kot dokdv [1], [6], [13], [14],
[15].

B. Tomn emickevn pe peptkn kabaipeon Kol omoKoTAoTO-
on: Egapudletoar oe koppovg pe vymio Pobuod PAAPng,
dNAadn cuvTpPn TOL GKLPOSENATOS, dLAPPNEN TV GUV-
SeTNP®V KOl AYIGHO TV Stopunkev pafdmv. Ty nepl-
TTOON ovT KoBapeital TOMKA TO amodlopYaVOIEVO
oKVPOdELD GTOV KOUPO KOl GE TUNUOTO TOV KPICH®V
TEPLOYDYV TAOV CTOA®V Kol dOK®V Tomobetovviol Le
GLYKOAAN O VEOL SloUNKELS pAPOOL OTAGHOY, GE OTOLOVG
oMo HoVg £xel cLpPel AYIGHOG, TomoBeTovVTaL TPOGHE-
TOl GLVOETNPES KAl TEMKOG amokabicTtatot To kabarpov-
Hevo oKvpodepa e véo okvpodepa [8], [11], [16], [18].
Me 1oV TpdTo 0vTd EMGKELNG dLOTNPOVVTOL KO LETAL TNV
EMIOKELN 0L SLOTOUEG IOV ElyaV apyLKd ToL SOUIKG OTOL-
xelo.
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v. Evioyvon tov xoppov pe kotookevn yevikod povodo
O/Z: Egappoletor oe mepurtdoels HeydAng kAipokog
BAGPNg otov kOpPo kot ota cvpPdriovia otov KOpPo
dopukd oroyeio (dokovg, otvAovg). TomoBetovvTar véor
SN KEL, OMAMONOl GTOVG GTVAOVG 1) KOl GTIS J0KOVG,
oG emiong Kot véor cuvdetnpeg. Ewdwad oty mepoym
oV KOpPov, enedn eivar d0oKoAN 1 TomoBETNON VE®V
GLVOETNP®V, OTMG EMIONG KOL Y10 LEYUAVTEPT) OTOTEAE-
OUOTIKOTNTA, YIVETOL XPON EWOIKMOV KOAAP®OV, TPOEVTE-
tapévav 1 oxL. O pavovag enekteivetar cuvnBwG o€ OAO-
KANPO TO VYOG TV CTOAWMV KOl GE OPIOUEVES TEPITTACELS
Kot 6€ 0AOKANPO TO pnKog tov dokav [1], [2], [4], [5],
(71, (81, [11], [12], [13], [17], [18], [19], [20], [21], [22],
[23], [25].

8. Tomwkn evioyvon Tov kouPov pe pavdva O/Z: Eivar edt-
KN TepinTmon ¢ TponyovUEVNG Kol papprdletal, Otav n
BAGPN eivar emikevipopévn Kupiog otV mEPLOYT TOL
kopPov. Etot, katackevdletal pavodag oTAMGHEVOD OKL-
POOEUATOC (£YXLTOL 1 EKTOEELOUEVOD), TTOV TEPIAAUPAVEL
pévov Tov KOUPO Kot TUNUATO TOV KPICIHOV TEPLOYDV
TV 6TOA®V 1] kot TV dokav [1], [7], [12], [13], [23].

Amd 660 exTEOMOAY OVOTEP®, KPIVETOL GKOTIHOG O EAEY-
¥OG TNG OMOJOTIKOTNTOG TMV TUTMV EMEUPACEDS TOV YPNOL-
pomotovvral, 810t amd avtév Tov Eheyyo Bo eEoptnbovv 1
Con ko M akepaldTNTo. TOV ATOUWOV TOV {OVV OTO. EMGKEVO-
opéva Ktipto, og éva vEo 1o(vPO GEGUO.

21 o1ebvn Piproypapio amavtdvTot EALYIGTES TEPOLLO-
TIKEG EPEVVNTIKEG EPYAGIES, OTIC omoieg e&eTaleTon 1 cuume-
PLPOPA OE GEIGHO EVICYVUEVOV SOKIUIOV S0KOD - VTTOGTLAM-
HOTOG HE YPpNON LOvOL®OV OTAGUEVOL oKVpodEpaTog [17],
[18], [19], [20], [21], [22], [25]. A&ilet va onpeiwbel 0Tt oTIC
£PYACIEC AVTEG LEAETATOL 1] GUUTEPIPOPE GE OVAKDKAION EVI-
OYLUEVOV SOUIKAV VTOGLVOA®MY O0KOV-GTOAOL LE KOTO-
oKevn OAOTAELPOL HavODA OTAIGUEVOL GKLPOJELOTOC Kot
péiota o OA0 T0 HYOG TOV VIOGTLAMATOS, GUUTEPIAOLL-
Bavopévov kot Tov kopPov. v meployn Tov Koppov, 6mov
Kpivetal 0Tt givol KOTOOKEVOOTIKA dVGKOAN 1 ToToBETNON
vé®V cuvdETNp®V (omAopobd pavdva), 1 dev TomobetovvTon
[17] 1§ TomoBeToVVTAL OKPIPDG TAV®D Kot KAT® ard TOV TOpT-
va Tov kopPov [21], [22] 1} tomobeTodvToL E1IKA PETAAAKA
koAAapa [18], [19], [20].

[Ipdtor pelémoav v amodoTKOTNTO TNG TOMIKNG EML-
OKEVNG-EVIOYVOEMS YOVIOKOV KOUP®V HETE amd GEGHO Ol
Tassios, Plainis kot Vassiliou pe avtikatdotaon Ttov omo-
S10pYaVOUEVOD GKUPOSELOTOG TOV KOUPOL pEe VEOo oKvupOde-
Lo KoL [ TOTOBETNOT OTIV MEPLOYN OVTN TPOEVIETAUEVMOV
KoAAGpav [16].

IIpoopdtwe eupavifovior oto d1ebvn YDPO OPLoUEVEG
pelétec pe avtikeipevo v €£€Ta0N TG CEICUIKNG GUUTEPL-
©OpAG TOTKE EVIoYLUEVDV SoKIi®V eEMTEPIKMV KOUP®V e

HOovOVES SLaPOPOV EWBMV, OTMG CLUPUTIKOVG OO OTAIGUEVO
okvpddepa OAAG Kot pun cupPatikods Le GLONPOSM®ANVES TOV
ePPAALOVY TOV KOUPO Kot TIG KPIGILEG TEPLOYES TOV GTV-
AV KOl TOV S0K®OV aprivovtag éva kevo mov yepilet pe edt-
K0 Koviapa [25], [26], [27]. Olot ot povdveg TV aveTEP®
ePYUoIOV givar OAOTAELPOL. XTOV d1eBVI) YDpo dev vmdpyet
€PYACI0 TOL VO GGYOAEITAL [LE TN CUUTEPLPOPA TOTIKE EVI-
oYLUEVOV LE TpimAgupo pavedo KOUP@V d0KOV-GTOAOV.

A&iler va onpewwbei 611 1600 01 cvotdoelg g UNIDO
[1] 660 Ko o1 cuotdoels Tov Yrovpyeiov Anpociov Epywv,
g Ioivteyvikng Zyoing tov AJL®. kot tov EBvikov
Metodfiov [MoAvteyveiov mpoteivovy TV TOTIKY €vicyvon
KOpPwv, epdcov 610 doHKd avTd oTotKElo cLYKEVTPMOEL M
pAGpn petd amo cewoud [7], [11], [12], [13], [23]. AAAG o1
TOTKEG OVTEG EVIGYVOELS, TTOL GLVIGTAOVTOL Y10 EEMTEPKOVG
KopPovg, dev gival dvvatdv vo givol oAOTAEVPOL, OTAV €V
EMOPN LLE TO VIO evicyvon Ktipto vrdpyel airo ktipro. Etot,
®¢ €mi T0 TheioTOV O TomiKol avtol pavdveg O/ givar tpi-
TAELPOL 1] AVTICTOLO GTOVG YWVINKOVG KOUPovg dimAgvpot.
AvT6 10 KEVO NG O1eBVOVG PifAoypapiag KadgiTol va KOAD-
WEL 1 TOPOVCA EPYAciaL.

"Etol otV epyacio ot KatackevdoTnKay dokipo eEw-
TEPIKAOV KOUP OV, Ta 0oio LITOPANONKAY G GEIGHIKOD TOTOV
KOTamOVN O, KOTO TN OLGPKELN TNG 0Tolog VIEGTNOOY EKTE-
topéveg PAAPeg otnv meployn Tov kOpPov: akoAoHOMS evi-
oyvONKav Tomikd pe tpimievpo pavovo O/E pe ) pebodoro-
vio, TOL AMAVTATAL OTIC AVOTEP® CVOTAGELS OAAG KOl GTN
debvn Piproypaeia [1], [7], [11], [12], [13], [23], kot eno-
vomofAnonkav otV 1610 GEIGKOD TOTTOL Katamdvnor. AT
TN GLYKPITIKN UEAETN TNG GULUTEPLPOPAG TOV OPYIKOV Kot
TOV EVICYVUEVOV SOKILIOV TopoatnpOnkKe OTL Ta EVIGYVUEVA
dokipa mapovoiacav a&loonueimt avénon g avtoxng,
™G OKOUYIOG, TNG TAACTILOTITOG KOl TG KOVOTNTOS OTop-
POONOMNG EVEPYELNG GUYKPLTIKGL [LE TLG UNYOVIKES OVTICELGLL-
KEG 1O10TITEG TOV TOPOLGIACOV Ta SOKIULL OTNV apYIKN PAon
dokipaciog Tovg.

2. XYMBOAIXEMOI

My = AOY0G OpLOK®OY KOUTTIKOV 0VIOXDY VTOGTOADUATMV -
doKkov.

T = SWITUNTIKESG TAOELG 6TOV KOUPO.

3. IEIPAMATIKH EPEYNA THX
AITOAOTIKOTHTAX THX ENIXXYXHX
KOMBQN ME TOIIIKOYX

TPIIIAEYPOYX MANAYEZX
3.1. Zyedroopog doKIpieV

2NV TEWPOALOTIKE VT EPEVVNTIKT EpYacio cuyKpiveTal
N GEICUKY] CUUTEPLPOPH TOPOEVIKOV £EDTEPIKOV KOUPOV
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50K0V-6TOAOV E TN CEIGUIKN amdKPIoT TOV KOUPOV QUTOV
HETE TV TOMIKN EVIGYVOT| TOVG LE TV TEXVIKT TOV LAVOLDV
O/Z. T Tovg EMTAEOV GLVIETHPEG, TOV YPEACTIKUY GTNV
mepoyn Tov KOUPOL, ¥PNOLOTOONKE 1 TEXVIKY TOV GLVI-
otdton 610 Manual tng UNIDO [1] kou n onoia epappoleton
d1ebvarg og ktipla pe PAaPec amd celopud otov kopPo, dnia-
oM ot emmAéov ovvdeTpeg dEpyovTal S1d TG doKoD HECH
npoavolyouevemv ondv. To Tufpo Tov cuvdeTpa, Tov Ppi-
OKETAL EVTOG TG 00KV, GUYKOAAATAL e TO TEPPAAAOV GKV-
podepa e tn Porbeta pNTIVOGTOKOV.

2V Topovco pyNcio XPTGILOTOMBNKAV 0l GUGTAGELS
¢ Mkt Emtponnic ACI-ASCE 352 [24] 1660 Y 0 o)e-
SlooUd TOV PYIKOV SOKIUI®V 000 Kol TV EVICYVUEVAV.
2Opue@va Pe TIG GLOTACELS OGLTEC, LKOVOTOUTIKY] GEICLIKN
coumeplpopd o Evav emtepikd kopPo eacpariletal, 6tav
1o HOLVY TO KATOTEP®:

a. O AOY0G 0ploKAV KOUTTIKOV 0VTOYDV VTOCTUAOUATOV
doxov My Oa mpémet va €yel Tiun peyardtepn M to wodd ion
pe 1.40.

B. Ot dwTpnTikég thoelg otov kKOpPo, mov Aappdvoviot
ovppova pe v Emtpomn amd v ékppaocn T = vy N
TpEMEL va. £xovV YOUNAES TpéC. 'ETot, ot SlotunTikég Taoelg
Yo TN Hopen TV KOUPmv mov pehet@von Oo mpémet va givan
xapniotepeg tov 1.0 Vi MPa.

v. O oMo oG cuvdetHpwv otov kouPo Ba mpémnet va tka-
voTolel Tig TapakdT® cuvOnKec:

',
Ag =03 ﬁﬁ[ﬁAg /A, -1)

(',
Ag, 20.09 @%
yh

Omov

fo = Otk avroyn okvpodéparog,

S, =  OmOGTOON GUVOETHPOV,

h” =  &idotoon g peyolbtepng mievpdg mopnvog opbo-
YOVIKOD VTOGTUADLLOTOC,

Ag = EMOAVELNL SLOTOUNG VITOGTVAMDLOTOC,

A, = £mQAvELD SLOTOUNG TVPHVOG VTOGTLAMDUATOG,

fyh = Oplo SoppPoNG OTAGLOD GUVOETHP®V.

Ot avetépm 600 cuvinkeg didovv pia eAdylot amaitnon
omMopoV cuvdetnpwv kopBov L8/5cm ywo ta ypnoomor-
obpeva dokipio oty epyacia.

3.2. Ipoypoppoe doKip®v

YyedoTKAY Kol KOTOOKELAGTNKAY Tpiot doKipio KO-
Bov O,, O, xat P, vro khipaka 1:3. Xt0 oy. 1 aivovrar ot
S100TACELS, Ol OTAIGHOL KO TOL OPOKTNPLOTIKE GYESLOGLOD
10V tapdevikov dokiuiov O, O, kar P;. Ot napdpetpot oxe-
dtoopob My ko y elyov Sucpeveig TipéG, GLYKPLTIKG Le avTEG

nov Beomilovv ot ovotdoelg g Enttponig ACI-ASCE 352
[24], emiong 0 omMGUOG GLUVOETNPOV TNG TEPLOYNS TOL KO-
Bov 1| dev vafpye 6mwg oTo dokiwo O 1 RtV ArydTEpOg TOV
opiov ¢ Emtporig U8/7 (avti J8/5). "Etot, kot ta tpia
doxipia avapévetat va eppavicovy t BAGPN otov kopPo. Ta
doxipie vroPAnOnKav oe GEGUIKOD TOTOL KoTamdvnon, 1
omoio eméPepe oNUOVTIKES PAGPEG otV TEPLOYN TOL KOWPOV,
OMMOG OVOUEVOTOV GAAMGOTE KOl GTIG KPIGUIES TEPLOYEG TV
ot V. AkoAoVBmG Ta dokipia evicybnkav Tomkd pe T
pébodo tmv tpimievpov pavovmv O/Z. IIpo g evioyvoems
éywve mpoondbeia enavoopds Lovov tov dokipiov O ot
0¢om ooppomiog pécw TG SLaTaENG POPTIGEMC.

Me v evioyvon eAedn pépiuva, doTe ot YOUNAEG TILES
My, tov doxwiov O,, O, kat P; va avénboiv ota evicypuéva
doximo RO, RO, ko RP; o€ Tipég apketd avmTepes Tov
1.40, ot Tipég tov vy Tov dokipimv RO, RO, kot RP| va pet-
®0obV o€ TIES onpavTiKG pkpotepeg Tov 1.0 (dote ot Tipég
TOV SOTUNTIKOV TACEDV TOV KOUPOV TOV EVIGYVUEVOV OOKL-
piwv va givon pukpdtepeg Tov opiov g Emtrponfic t =1y i
MPa < 1.0 Vi MPa, oy. 2), evid pe TV Tomo0itnon mpoché-
TOV CUVOETNPOV GTNV TEPLOYT TOV KOUPOV 0 OTMGHOG EYIVE
08/5cm oto dokipo RO, xot [8/3.5cm ota doxiwa RO,
kot RP ;. 210 o). 2 @aivovtal ot 31061G0€1G, 01 OTAIGHOL KoL
TO YOPOKTNPIOTIKG GYXESOGUOD TOV EMIGKEVOGUEVOV SOKL-
piov RO, RO, kar RP,. EAéyybncav eniong ot Swatdéels
oyedtaopov kKoppov Tov Evpokmddwa 8, ot omoieg dev mpoé-
BAeyav et mALov OTAMGLO BTNV TEPLOYN TOV KOUPOV TV EVI-
oyLUEVOV doKipimy and avtdv mov tomobetOnke e Baon
TIg amatTnoels g ovetépe Emtponnig. To dokiwa RO,
RO, ot RP; vrropAiOnkoy otnv {8100 T0TOV GEIGUIKT KOTO-
novnon pe ta Oy, O, kat Py.

3.3. Tpémog evioyvong

Ta doxia Oy, O, ko Py, petd mv vroBoln tovg oe Gel-
GLUKY] KoTamovnor, Tapovsialay tnv €€ng ewdva. To oxvpo-
depa TG mePLoyng Tov KopBov tov dokiov O; dev vapyeE,
EVO Ol OTAIGHOT TOV GTOAOL KOl TG 00KOD &lyav VIOoTEL
UEYOAEG TTOPOUOPPDCELS, TO CKVPOJEUD GTIV TEPLOYN TOV
KOpBov Kot yOpw amd TV TEPLOYN TOV KPIGH®V SoTtopudv
tov dokiiov O, kot P &ixe amodopyovebdel oe peydro
Boabpod, 0 0TMGHOG TOV VTOCTVAGUATOV ElYE VITOCTEL EVTO-
vOTOTO AVYIGUO GE OAN TV TEPLOYT TOL KOUPOL Kol OTLS KPi-
OlEG TTEPLOYES TV OTOA®V. Onmg o avapépnke, anopa-
cioOnKay 1 eTOKELT] KoL 1] EVIGHVON TOV SOKIU®V LLE KOTO-
oKELN TPITAELPOV POVIVO 0T ELO1KO TOULEVTOKOVIOLLOL VY-
Mg avtoyng EMACO kot pe xpnon mpoéchetov omAcon
povovaL.

O véog omMopoG Tov povdda amaptilotay and TEGcEPLg
pafdovg 14 S400 oto Sokiwo O kar amd TE€0CEPLS
paBdovg 110 S400 oto dokiwa O, kot Py, ot omoieg nie-
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Aokipmo O, 0, P
Ay (0TMoHOG DOKOV) 4014 | 2010+20312| 4314
L A,. (OTMGHOC GTOAOV) 2014|2010 | 2014
T "l N }! Tovdetnpeg kOUPov - 308 308
Olrtiki} avoyn
oKypodéparog o€ MPa 16 22 33
Cret 5 Mg (MY0C 1KOVOTIKOD
- z 1po) R
af n B A wprone GYESAGHOD) 1.03 110 | 1.04
L | ja _ drotp wion kduPouMPg
' = 3 2.02 102 | 1.37
140 i | J c
= - TOMEL B-B,C-C - TOMH A-A
A

¥b
00 — o AT Ase Asb
i
i 3
T 3 T
20 II }L . Zuvdempae j; —~ Zovdetripeg

8/10 cm
+ s 877 cm
T3 l_ )i

3
¥
k20 Ash

k20~

2o 1: Arootéoers ko demrouépeieg omiiopuod doxyiov O;, O, ka1 P; (dactdoels oc cm).
Figure 1: Dimensions and cross-sectional details of original specimens O, O, and P (dimensions in cm).

A TOMEZ B-B, C-C
Ygrotauevor omhopol . .
oThAoL TpooBetog onhiouds 2014
Mavdbag Ynrapyov vroctiAaue
O/%
A TpoaBerol cuvBetipeg
Zuykodhnoeg ‘_I D811 em
N | Gl - il ‘: - ) Mavdvag O/
I} Znueio
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____________ [ 20 s
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orhoy A Vb TOMH A-A
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‘ Tuvdetrpeg
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Aoximo RO, v N
b YA
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1
My © 93.60
2
M, @ 93.60
M, @ 74.88
Mg 2.50
y 0.51
O Pomij avtoyig méve VROCTUAMDLATOG
@ Pom avToyig KATW VIOCTUADIATOG
® Pom avrogig Sokod

2ynuo 2(a): draotdoers kot Aewrouépeleg omhiouod uavéda doxuiov RO, (Saotaoels oc cm).
Figure 2(a): Jacketing of Beam-Column Connection of Subassemblage RO, (dimensions in cm).
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f Yptotduevor omhiapoi TOMEX B-B, C-C
STONOL ] . L
30 Mavdbag Mpdabetoc onhopog 2010
Iy
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o
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o == e O
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140 30 xoppou I 11} emPorng Ipocbetog omhiopog 210
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2ytiuo 2(b): Aiaotdoerg kou demrouépeieg omdouod uavéda doxiuinv RO, kor RP; (iactdoelg oe cmy).
Figure 2(b): Jacketing of Beam-Column Connection of Subassemblages RO, and RP (dimensions in cm).
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Zxnua 2(c): Aemwrouépereg cyediaouod kéupwv evicyousveov doxiiov RO, RO, kot RP (diactdoeig oe cmy).
Figure 2(c). Details of Joints of Strengthened Subassemblages RO,, RO, and RP; (dimensions in cm).
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Zynua 3: Or mpoobetor ovVIETHPES TOV KOUPOV O1EPYOVTOL OTO TIS
J0KODG TWV EVIGYDUEV@V OOKIUIWY UECD TPOAVOLYOUEVDY OV KOl
OTEPEDVOVTAL GTO GKUPOOELD, TV OOKDYV LLE PHTIVOTTOKO.

Figure 3: The additional horizontal ties of the joint were inserted
through holes drilled in the beams of strengthened specimens and
were cemented with epoxy adhesive gel.

KTPOKOAAMNONKOV oTIC TaAdES pAPfdovs TV VTOGTUA®G-
v, pe ™ Pondeta kafthidv 016 kot pnkovg SO tovldyi-
6T0v, 0vd omootdoelg 25 cm. Emiong, tomofethOnkay cuv-
detmpeg 18/11 o11¢ Kpiloies TEPLOYES TOV VTOGCTUADUATOV
(oy. 2). Ot cuvdetpeg awTol ATOTEAOHVTOV OO dVO TN O~
ta popeng I1, ta omoio nAexTpokoAAnOnKaY 6TIG AKPES TOVG,
MOTE VO SMUOVPYNCOVV TOV KAELGTO GUVOETPAL.

v meployn tov kopPov émov N Tpoavapepbeica Texvi-
KN NTov addvato vo eQapuocTel, avoiymmkav og kbbe dord
omég dapéTpov 10 ythootdv, and Tic omoieg dMABaY Kot
GLYKOAMMONKOY pe €01KO PNTIVOGTOKO TUNLOTO OTALGHLOD
08(5400), oynpa 3. T va d1€A0et o ToyOppevotog pnTvod-
GTOKOG OO TNV 07N Kot Kuplmg Yo vo emorelpbel emapkmg
GTO TOYMOOTA TNG OTNG, TAL TPOG CLUYKOAANON TUNLLOTO OTTAL-
opov 08 aieipnkov apkeTéc @OpPEG e pNTIVOCTOKO: LETA
ekdortn endretyn Pobifoviav og 6lo 10 Pdbog g omng Kot
akoAovBwg e&épyoviav, evd emakolovbovoe devTep Kot
Tpitn emdretyn pe to id1o VAKO. Telkd, To TURHOTA QLT
omhopov 8 Pubilovrav yio o teAevtaio opd oty omn
OOV KOl GLYKPATOOVTAY GTNV €MOLUNTA Yo GLYKOAANGN
0éom pe ocvpua. Metd v mapérevon 48 wpmV TOL AmaLToD-
VTOV Y10, TV EMOPKT GKANPUVGT] TOV PTTIVOGTOKOV, O TPOQ-
vagepBeioeg pafdor Avyiloviav Kot 6T GUVEXELD NAEKTPO-
KOAAOUVTAV GTIS AKPES TOVG pe Tunpata popeng IT dnpovp-
YOVTOG £TG1 KAEIGTOVG GUVOETNPES. XT0 GYNUa 2 paivovtol
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2ynuo 4(a): Tevikn d16taln ovotiiaTog popTiong yia. EAEyyo oelou-
KNG ovuUmepLpopas kouPwv tov Epyactnpiov Zidnporoyods Xkvpo-
oéuarog tov A.11.0.

Figure 4(a): Test setup of the Laboratory of Reinforced Concrete
Structures at the School of Engineering of A.U.TH.
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2ynua 4 (b): loropio poptiong dokiuiwv.
Figure 4 (b): Lateral displacement history.

Ol AENTOUEPELEG TOV OMAGHOD povdo Twv dokipiov RO,
RO, ka1 RP;. To t1g mopodoeg avaykeg omoQucioTnKe 1
xpnoyomoinon tov EMACO S66, oto omoio mepiéyovat Kot
adpavn pe péyloto kokko 10mm.

3.4. Avdtaln @opTioNG - PETPGELS

¥10 oy. 4(a) aiveton 1 yevikn 014taén TOV GLOTHHOTOG
eoptionc. Tnv opldvtio PETATOTION TOV VIOGTUA®UATOV
TV SOKIUI®V dEGUEHOVY GLGTHUATA EWIKMV JUTAEEDY, TO
omoia etvar apBpwtd cuvdedepéva pe To TAAiIGLO avTidpaong
kot mpooapudlovrar emiong apbpwtd pe 1o dokipo. Tnv
KOTOKOPLEN LETOTOMION Ogopevel 1 Opdon g afovikng
eoptione. H mepiotpopn 1@V GKpOV TOV VTOCTLAOUATOV
glvar eledBepn. Tuvendg, oto GKpo TV oTOAMV €yovue
dnuovpynoet cuvinkes apBpmong vrokabictdvTog T Agt-
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Tovpyia 6T0 onpeio Koumng Tov otdrov. H emBoin pdptiong
yivetatl oto ghedBepo dkpo TV doxiiov, oy. 4(a). H avny-
pévn afovikr, eOpTion mov ENPAAAOVTIOV GTO VITOGTUAMDLLOTO
tov Sokinv, fitav otadepn, mg tééewg tov 0.20 (vy4 O
0.20).

H @6ption 6Awv tov dokipiov O,, O,, P{, RO, RO, ko
RP; &ywe pe emPoln xdhov petardmong dradoykd ovka-
vopévou gvpoug e avénon Smm avd kokro. Zto oy. 4(b)
poaivetal o mTpdypoppa eoptiong TV dokiiov. H totopia
VTN QOPTIONG amoTEAEL TNV TLTIKT 16TOPi0 POPTIONG TANL-
GLOKMV VTTOGLUVOAWDV 1| LELOVOUEVOVY SOKILIOV TOV avapépe-
o ot Piphoypagia [26], [27].

3.5. [epopotikd amoTELECHATO. SOKINI®V

Mopeég aoroyiog: H actoyia tov doxipiov O, O, kot P,
GLYKEVTPOONKE GtV TTEPLOY TOV KOUBOL KOl OTIG KPIGIUES
TEPLOYEG TOL GTOAOV, EVM Ol dOKOTL TOVG TapERevaY GOIKTEG,
oy. 5. A&iCel va Topotnpnbei oto o). S 6TL TO OKVPOdED. TG
nePoxNG Tov KOpPov Tov dokiov O dev vmhpyel (1ot
a0d10pYoVAONKE TANPMG) HETA TO TEPAG TNG POPTIONGC, EVD
ol JpNKeES OTAIGHOT TOL GTOAOL €Yovv €vtovn MOV
TOPAULOPPMCT TOV TPOKANONKE amd TIG LEYANEG SLOTUNTIKEG
TOPALOPPADOCELS TOL KOWPov. XT0 onpeio avtd Toviletat 0Tt
ol KOUPOL TOV TEPIGGOTEPOV TAAMDY KOTOCKELDV, OTMG
glval yvootd, dev mePEYoVV OMAMGCHO GUVOETNP®V, £TGL 1)
actoyio Tov THmov Tov dokipiov O, Oa Hrav efupetikd em-
KIVOLVT Y10l TIG KATOGKEVEG AVTEG.

To oxvpddepa oty TEPLOY TOL KOPPOL KOl TV SOKL-
piov O, xou Py eiye, eniong, amodiopyavmOel éviovo, evod
XOPOKTNPLOTIKOG NTAV O AVYIOUOS TOV SpnKev papownv
OTAMGHOV TOV GTVAOV GTNV TEPLOYN TOL KOLPoV.

To emokevacpéva dokipa RO, RO, ko1 RP napovsia-
ooV eVTEAMG dlapopeTikd TOTo actoyiag. [Tio cuykekpipéva:

Yta dokipo avtd epgavifetor katd TOVG TPAOTOVG
KOKAOVG GEIGUIKNG POPTIONG OOUTEPES KOUTTTIKO PIYUO OTIG
doko0g otig Bécelg Evaong pe Tov pavdva oto otoro. Eniong,
eppavifovol YlooTi SLTUNTIKG PYYLOTE GTLS SOKOVG. LTOVG
EMOUEVOVG KOUKAOVG Tapatnpeital avénon tov €0povg Tov
KOUTTIKOD prYHOTOG OTlG 00K0VG pe ehappd cuvtpin Tov
oKVPodERNTOG TV BAMPopévav (ovav otig Bécelg oynuoTL-
GLOV TAOCTIKNG APOP®GNG KAl LKPT) SLEVPLVGT) TOV OLOTUN-
TIKOV POYUOV OTIG SOKOVG. XTOVG TEAELTAIOVG KOKAOLG
TOPOTNPEITOL EVTOVATEPT SLEVPLVGOT] TOV KAUTTIKMOV PN YA~
TOV TOV 00K®V LE oYLPT CLUVTPIPN TOV GKLPOSEUATOC TOV
OMPopévov {ovav Kot evtovotato Ayopd Tov SpmKov
papowv. Eniong, mapatnpeital digbpuvon tov oot dtotun-
TIKOV pOYULOV TV doK®dV (o). 5). A&ilet va onpelndel 6t n
TEPLOYN TOL KOUPOL TapapéVeL AOIKTN 6TO TEAOC TOV TTELPA-
patog (oy. 5).

Onwg gival yvootd, 1 tAéov evaictntm neployn eEotept-
KOV KOpPwv glvar n meployn, oty onoia ayKupdVOvTOL ot

Sopnkelg papoot omAopod TV oKDY Kot amd TNV omoin
oLYXPOVOGS dLEPYoVTOL Ko Ot StapnKels pafdot oMo TmV
otolov. Zmv meployf] avth ota dokipe O, O, ko Py, an6
TIG TPAOTEG AVOKVKAMGOELG ELQOVIOTKAY PYHATE SLUOTOoTG
Kot TopatnpiOnKe amdAEn ETKAADYNG, EVO 6TO TEAOG TOV
TEWPALOTOG CUOVTIKO HEPOG KOl TOV TLPTVO TOL KOUPOL
elye anoleotel. Befode, “adbvato” onueio kot g evioyv-
ong amoteAovoE 1 TEPLOYT avTh Yo To. dokiwa RO,, RO, Kot
RP,, 61611 6° avt Oev KataokevaloTay pavovag, £POGOV
OVTITPOCMTEVE 1) EVIGYLON TNV TEPINT®ON KOUPOV KTipiov
Proppévov amd celopd, eV ETOEN HE TO OTOi0L VIAPYOLV
Ao KTipLa Ko Kot ovaykny Kotaokevalovtal TpimAgupot 1
dimhevpor pavdvec. Elvar a&loonpeioto 6t 1 evioyvon kot
tov Tpiov dokipiov RO;, RO, ka1 RP; dev mapovciace
kapio BAAPN oty meployn avth (ovte Kav Tpryoeldeic pmy-
HEC) LETE TO TEPAG TV TEPAUATOV, CY. 5.

Yotepntikoi PBpoyor emPoilopévev TEUVOUCHY SOKOV
Vy-uetotonicemv goptilopévon dkpov A yia 6ha o dokipio
TOV TPOYPAUIOTOS PaivovTol 6To oy 6. Xto oynua 7 @ai-
VOVTOL Ol OKOUYieg oe Kdbe KOKAO POPTIONG TOL SOKILUIOV
0. Zro oyfua 8 paivetar 1 chyKpLoN NG UKAVOTNTAG ATOP-
pOPNOTG EVEPYELRG OvE KUKAO @OpTIoNG Yo To. dokipio RO,
kot O;. Zto oy. 9 paivetar katd T66o avEnuévn fTov N avro-
N o€ kébe nuikvkio tov dokipiov RO, cuykpitikd pe ot
TOL apyKov dokiuiov Oy.

3.6. Eppnveia telpapotik@v 0woteLecpLaTOV

Amod ™ obyKplon TG CGEIGUIKNG CUUTEPLPOPES TOV EVI-
oyvpévov dokuiov RO, RO, kot RP| pe avt tov apyikodv
doxiov O,, O, kot P| mapatnpovue ta e&hg: Ta evicyopé-
va dokiua RO,, RO, kan RP | mapovcialovv eoipetikd Peh-
TIOUEVEG OAEG TIC UNYOVIKES 1010TNTES GUYKPLTIKG HE OVTEG
TOV apyikdv Sokipiov Oy, O, kot Py. Zta oyfipata 7, 8 kot 9
QOIVETOL M GUYKPIOT OVTOYNG, OKOUWioG Kol KavOTnTOoG
amoppoenong evépyeag peta&d tov dokwiov RO, RO,,
RP; xo1 Oy, O,, Py avtiotoiywg. Zto oyfina 9(a) eaivetar 61t
N avtoyn tov gvioyvpévov dokipiov RO ftav ev yével maveo
oo SIMAGGLO GUYKPLTIKG, E TNV OVTOYN OV TOPOVGINGE TO
napOevicd dokipwo O,. To awtd cupBaiver Kot ue TNV oKaL-
via Tov RO, gv oxéoet pe v axapyio tov O; (oy. 7(a)). H
wavoTnTa amoppoOPNoNg evépyelog tov RO ftav erdyota
OVENLLEVT], CLYKPLTIKA LE TNV IKOVOTITO ATOPPOPNONG EVEP-
yewag T0v O 6TOV TPMTO KVKAO POPTIONG, GTOVG V0 EMOME-
voug KOKAOLG 1 KAVOTNTO Yo AmoppPOPNOY EVEPYELNS TOL
RO, dimhacialeton cvykpitikd pe ovty tov O. H woavom-
T0. aroppoenong evépyetag Tov RO Ntav mepocoTeEPO and
TPAGGLO, TEPIGGOTEPO ATO TETPATAACLO, TEPICGOTEPO OO
TEVTOTAACLO Kol TEPLGCOTEPO OO EATAAGIO CUYKPITIKA [LE
™V wKavoTnTa amoppdenong evépyelag tov O; otov 4o, So,
60 Kot 70 KOKAO avtictowya, oy. 8(a).
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Ailel va onuewmBei oTL 101aitepa PeATiOpEVES NTOV 1
avToxN, AKOUYIo KOt IKOVOTITO AIOpPOPIONG EVEPYELOS KoL
TV MA@V 600 evicypuévav dokipiov RO, kat RP| cuykpt-
TIKG pe avtég TV apyikov dokipiov O, kol Py avtictoya,
onwg gaivetar ota oynuata 7(b), 7(c), 8(b), 8(c), 9(b) kar
9(c). [Tavtag, sivat yeyovog 0Tt ot BEATIOGELS TOV UNYOVIKOY
OVTAOV AVTICEIGUIKMOV WO0TATOV fTAV TOAD LEYOAVTEPES GTO
gvicyvpévo dokiwo RO, ev oxéoel pe to GAka dvo dokipio
RO, kaw RP; (oy. 7, 8 ko 9). Avtd ebnyeiton ue tov nopokd-
0 cvlloyiopd: H Bertimon tov Adyov My tov dokiuiov
oo TV mopbEVIKN LOPPT OTNV EVIGYVUEV NTaV TTEPITOV
6w yio 6ho T dokiwa amd My 0 1.0 g My 0 2.0+2.50.
"Etot, n Bektioon, mov mapatnpnOnKe oTIC UNYOVIKES avVTL-
oelopkég 1810 Teg Tov RO cuykpitikd pe avtég v GAA®Y
gvicyvpévav dokiuiov RO, kat RP |, opeiieton ot peimon
OV VIEGTNOOV UE TNV EVIOYLOT Ol SLOTUNTIKEG TAGELS TOV
KopPov tov RO, cuykpitikd pe Tig peidoelg Tov dAlmv 5vo
doxwiov RO, xar RP;. 'Eto1, ot peiwoeig petadd nopbevi-
KNG-eviGXvUEVNG popeng dokipiov Oy - RO, givor T (0) - 1
(RO;) = 2.019-0.51 = 1.5MPa, evd o1 HEIDCELS OVTEG GTOL
6o, 300 Sokia Nrav capag picpdtepes: T (0,) - T (RO,) =
1.02-0.316 = 0.7MPa xar t (P,) - © (RP}) = 1.37-0.55 =
0.82MPa.

1o oynpa 10 eaivetor to péyloto poptio mov TopaAoL-
Béverar anod ta dokipo Oy, O,, P, RO, RO, xau RP; o€ 616-
Qopo. eMimEdO TAACTIHOTNTOV peTakivicemv. A&ilel va
onuelwdel 611, evd 10 TapOevid dokiwo O £deige mhaoTi-
pomta petokiviceov 1.0 ko ta O, xoi P £dei&av mhaoti-
pémra petakivicewv mepinov 1.50, ta evicyvpéva doxipia
RO, RO, xaw RP; £deiéav opxetd peyoidtepn nAaoTipndTn-
Ta Tov €ptace Kovtd oto 3.50.

ToviCetan, eniong, 611 Ta dokiwa RO, RO, kot RP; 8-
Kpivovtal amd oTpakTosdeic Ppoyovs pe O LIKpOTEPN
GTEVOOT) YOP® amd TV apyn tov afdvav (pinching) oe avti-
Oeon pe Tovg votepnTiKovg Ppoyxovg Tov O, O, kar P; mov
mapovotdlovv évtovn otévaon (o). 6). Avtd opeiletar 6To
ot pe v mopovoo eméuPaon ota dokipo RO, RO, wot
RP, peiobnrkav aicbntéd or olcOnoels tov doaunkov
PAPO®V OTAMGHOD TV dOKAV KOl TOV GTOAMY TOV TEPVOVLV
amo tov kopPo. Attia tng onuavtikng Beitioong, Tov Tuyyd-
VOUV Ol UNYOVIKEG OVTICECUIKEG WO10TNTEG TV SOKIHimV
RO, RO, ko1 RP; cvykprrika pe avtég tov O;, O, kot Py,
glvat M emTLYNG EPAPUOYN TOV TOTOV EMEUPOONG TOV TEPL-
ypaonke otV §3.3 ue tomikod tpimlevpo povova otyv mEPLOYH
70V KOUPOV KO O€ TUUOTO TV KPIOWUWY TEPLOYDY TWV OTO-
Awv. H mapovoa evicyvon Pertioce onpoviikd Tic mopopé-
TPOLG GYEJAGLOD TOV OPYIK®V KOUPwV, dSNAadT] TO AOYO 1Ko~
VOTIKOD GYEOLOGLOV, TIG EMKPATOVOES GTOV KOUPBO dloTunti-
KEG TAGELG KOl TOV OTAIGLO TOV KOUPOL (GUYKPLON TOPOpLE-
Tpov 6xedlacpod dokiov O, O,, P; kat RO, RO, kou RP,
avtotolymg oy. 1, oy. 2).

TNo ™ Pertioon tov cLVONKOV ayKOPOONG TOV SLoU-
KOV OTAGHOV TV 80KMOV oTa gvicyvuéva dokiua RO, RO,
ko RP; omv meployf tov aykupiov Tov omtMoudy avtdv
Kot KOBETMS TPOG 0w TovG TomoBeTONKAY Kol NAEKTPOKOAAN-
Onkov pkpoi papoot dapétpov 8mm (unkovg 15cm mepi-
ov). Onwg eaiveral kobopd omd v oohnt) peimon g
otévmong mov £deigav ta dokipa RO, RO, kot RP | cvykpr-
TG, pe  otévoon tov O, O, kat P avtiotoiywg (oy. 6), ot
papooL avtol NToV APKETA ATOTEAEGUATIKOL 6TO Vo PEATIO-
ocovv afloonueiota TIc cLVONKES aYKHPMOONG TOV SUPUNKOV
paRdwv omlicpod tov dokdv Twv RO,, RO, kot RP;.

Aedopéva NAEKTPIKDY TaIVIOV UNKOVeEWS (Strain gages):
H ovufoln kot 1 amodotikotnte TV Tpdchet®v onMoumy
oLVOETAPOV NG TEPOXNG TOV KOuPov twv doxipiwv RO,
RO, ko1 RP; oty emtvyn evioyvon tovg gaivoviol kot omd
To. Stoypappato EMPOUAALOUEVIS TEUVOVOUG-TIAPAUOPPOOTS
npdodetov cuvdetpa kopuPov (oy. 11, 12). A&ilel va onpeim-
Ol OTL amd dedopéva NAEKTPIKAOV TAVIOV UNKOVOEDS TOV
nophevikdv Sokipuiov eavnke 0Tl ol OmAMGHOl GLVIETPA
kopPov diéppevcav and tov lo kbkAo @optiong. Amd T
SedOUEV NAEKTPIKOY TOWIDOV UNKOVEEWDG TOV TPOchetmv
GLVOETNP®V KOUPOL T®V EVIGYVIEVOV oKLV @aiveTot Tt
ol OMAGHOL aLTOl 0dMyNCaY 1| GTNV ATOPLYN TNG SLUPPONG
NG TEPLOYNG TOV KOUPOV, OTMG QAIVETOL OO TO SLOLYPALLLLO-
0. 0WT6 cvvdetnpa kopPov tov RO, (oy. 12), | ot onua-
vtikn kabvotépnomn g Stappong Tov KOpPov, dnwg eaiveton
amd to Sraypappate avtd tov dokuiov RP; (oy. 11), émov
eoivetal 0Tt M dppon Tov TPOGHETOV CLVIETNPO. YiveToL
HETA TOV 50 KOKAO QOPTIONG, OAAG KOl TAAL O GUVOETNPOG
dev delyvel oNUAVTIKOTEPT TAPAUOPPOGT) TOL 2%0 TTOL ivot
1 TOPOLOPP®SN dLPPONG TOL.

Tlpofieyn oceloukng coumepipopas kol TOTOL OCTOYLAS
evioyvuévoy ookyiov: Tio v mpoPAeyn ¢ GEICUIKNG
OLUTEPLPOPAS KAL TOV TOTOL OOTOYIOG TOV EVICYVUEVOV
dokiuiov RO,, RO, katr RP | ypnoiponomdnke n véo Yroko-
yiwotkn Ilpocéyyion oto Zyedwopd Koppov Aokov-Ymo-
otoAduatog and O/ mov Topovstdletol otn PPAoypoaikn
nwapamouny| [28].

Me Bdon v avotépm pebodoroyia vroroyiletal i dio-
TUNTIKY TAGT 00TOYI0G TOV KOUPOV TOV aveOTEP® doKiinY
Tt Vult Jie MPa kat ot VIOAOYIOTIKEG TIHEG TNG EMIKPATOV-
o0G JOTUNTIKNG TAOTS TOL KOUPoL Yia dtappor TOV S0KOV
Teal ~Veal J&& MPa (epdoOV 01 AOYOL IKOVOTIKOV GYESLOGILOD
OAOV TV SOKIiOV ATy TOAD HeYOADTEPOL TNG HOVADOG
Mp>>1, oy. 2).

ZOppwve pue 10 HOVTEAD, EPOCOV T, < Ty, 0 TpomyNOet
1N dtoppon] TG 60KV TG dLapporg TOL KOUPOL KO CUVETMG
1 dtaTunTikn Téon 6Tov KOUPOo, 1oV TPOPAETETAL VO, AVOTTL-
x0el ota Soxia (vmd v mpodmdbeon 1, < 1), O etvan
Tored = YcaMPa. Zrov wivaxa 1 paivetar o cuoyetionds peto-



Aokl RP,
[Ticw mhevpd dokipiov [Tiocw mhevpd doxiiov

2xnpa 5: Mopgés actoyiag twv dokipiov O, O, RO;, RO, ka1 RP; (10 P eupévioe v idia uopeij actoyiag ue to O,).
Figure 5: Cracking configuration of specimens O, O,, RO;, RO, and RP (cracking configuration of specimen P; was identical with that of specimen O,).
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Figure 6(b): Applied shear-versus-drift angle for specimens O, and RO,.
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2yua 7(b): Zoyxpion axauyiog doxyiov RO, ue mv axouyio tov O,.
Figure 7(b): Stiffness comparison between specimens RO, and O,.
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Zynua 8(b): Zoyrpion tkavoTitag amoppopnons evépyetag uetalh v dokiuicov RO, kar O,.

Figure 8(b). Energy dissipation comparison between specimens RO, and O,.

2yua 8(c): Zdyrpion mxavotnrog amoppopnong evépyelag uetalh twv doxiuiov RP; kor P;.

Figure 8(c): Energy dissipation comparison between specimens RP; and P;.
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Figure 9(a): Strength ratio of specimen RO to specimen O,
2y 9(b): Zbyxpion avioyis doxwuiov RO, ue v ovoys tov O,.
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&v aocknbeicag avtoyng omd ta dokipa Texp — Yexp Jic MPa
Kot TG TPoPAETOUEVIG 0O TO LOVTELO Vo aoKkNOel avToyMG
Tored = Ypred Jie MPa. Ano 1o GLOYETICUO aVTO QaiveTon M
KovormomTiky wpofieyn aotoyiog tov eéetalopévmv doki-
piov.

Eniong, &xer amoderydei 611, 660 perdverar o A6yog v, /
Yulp TOCO0 peidvovtat ot BAaPeg otnv meployn Tov KopPov Kat
TG0 PEATIOVETAL 1] GEIGUIKT TOV GLUTEPLPOPA. [0 TV TN

HEMGTO TOV AOYOL Y 01 Yy = 0-50 mopatnpfifnke egatpetin
GEIGLUKT GUUTEPLPOPA KOLPOV, 0 001G HAAMGTA dEV TOPOL-
claoe kapio PAGPTN, evd To cvvoro g PAGPNG petatoniot-
ke otr 60Ko [28].

Onwg gaivetar otov mivaka 1, ya 6Aa to doxia ROy,
RO, xou RP; n i tov A6yov v, /vy > 0.50, cvvenag,
OTMG TEPLYPAPNKE TOPOUTAV®, deV TpoPAEmeTan Kapio PAASN
oTov KOpPo, evd 0 TpoPAremduevog TOOG aoToying Eivat N
actoyio TG d0KOV, Omwe Kar cLVELT.
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4. LYMIIEPAXMATA

Amd T GUYKPLON TNG CEICUIKNG CUUTEPLPOPAG TapHevi-
KOV Sokipiov eEmtepikdv KOUPOV S0KOV-UTOGTUAMUOTOS LE
TN CLUTEPIPOPE TV SOKIMY AVTMOV LETA TIV TOTIKY EVIGYD-
o1 TOVG pe TPImAELPO povdLO TopaTENONKAY T €ENG:

1. H osopikt] cupmepipopd TV EMGKEVAGUEVOV-EVIGYVUE-
vov dokiov RO, RO, ka1 RP; eppaviomre e&apetikd
Beltiopévn cuykpitikd pe eKeivn TOV apyIK®OV doKiimv
04, O, xo1 Py, avtictoiywg,.

2. Ta emokevacpéva-gvicyvpéve dokipa RO, RO, kar RP,
katdépOwcav va petabécovv ™ PAAPN arnd TV TEPLOYT| TOV
KOUPov Kot OO TG KPIGYEG TEPLOYES TV OTOA®YV OTN
d0K0, OALL Kot OTNV TEPIMTMOOT VTN UETE TO TEPAG TOL
poavdva.

3.0k o avetépm delyvouv OTL 0 TPOTOG EVIGYLONG, OV
cuviotdtol debvag Yo kopfovg SokoH-cTHAOL TOV £Y0VV
vrootel onpovTikeéG PAGPeg o celopd, dNAAdN e TomIKd
povdva and O/Z, eivon 1d1aitepa AmoTELEGUOTIKOG.

4. O vrohoylopOg TG TOMIKNG evioyvong KopPmv dokod-vro-
otvldpatog and O/X, mov Topovciocay PAAREG and GeGUO,
gtva Suvatov va mparypatomo0el GOUE®VA LLE TIG GLOTAGELS
Y10 TOV OVTIGEIOMIKO OYEJOOHO KOUP®V HOVOMOIKGOV KTl-
piov ard O/Z g Mktg Enutporig ACI-ASCE 352 alld
Kol e T15 dratdéetg oyedracot kKoppmv tov Evpokddka 8.

5. EYXAPIXTIEX

Evyoprotiec exppalovrar otov kabnynm k. I. Ilevén,
devbuvti tov Epyactmpiov Zidnponayodg ZkupodEpuatos Tov
A.TL.O. yuwo ) Pondela Kot TIg TOPOTNPNOELS TOL GTNV TOPOV-
oa gpyocia. Evyopiotieg exppaloviar emiong kot oty etot-
peio Mac Beton Hellas S.A. ywo ) dwpedv yopnynon g
amotovpevng yo Tig emepfdoelg mosotntag EMACO, otov
teyvit) Z. Agkenr], OMOG €MIONG KOl OTO TPOCONIKO TOL
Mnyavovpyeiov tov Tunpotog IoAtikdv Mnyovikdv tng
MoAvteyvikng Zyoing tov A.ILO. yuwo ™ cvpfoin tovg otnv
gpyacio avTy.
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Extended summary

Seismic Retrofit of R/C Beam-to-ColumnJoints
using Local Three-Sided Jackets

ALEXANDER G. TSONOS
Assistant Professor A.U.TH.

Abstract

The use of local three-sided jacketing for the repair and strengthe-
ning of reinforced concrete beam-column joints damaged by severe
earthquakes was investigated experimentally. Three exterior beam-
column joint specimens were submitted to a series of cyclic lateral
loads to simulate severe earthquake damage. The specimens were
typical of existing structures built in Greece before 1984. The spe-
cimens were then repaired and strengthened by local three-sided
Jjacketing. The strengthened specimens were then subjected to the
same displacement history as that imposed on the original speci-
mens. The repaired and strengthened specimens exhibited signifi-
cantly higher strength, stiffness and better energy dissipation capa-
city than the original specimens.

1. INTRODUCTION

The challenge to structural engineers after an earthquake
is to recommend whether a damaged structure should be
repaired and/or strengthened or torn down. The final answer
to this question does not depend entirely on technical issues,
but also on economic, social and political factors. Recon-
struction and rehabilitation are nowadays often preferred to
demolition and redevelopment because of cost advantages.

In the past, a large number of reinforced concrete struc-
tures have been damaged by severe earthquakes, and some of
these structures have been repaired and strengthened. Seve-
ral examples of the repair and strengthening of reinforced
concrete buildings damaged by earthquakes have been
reported in earthquake-prone countries such as in the Balkan
region, Japan, Mexico and Peru.

Systematic studies to determine the behavior of the
repaired and/or strengthened members under cyclic loading
are still very limited. The importance of this information can
hardly be underrated. Because of a possible future major
earthquake affecting highly populated, industrialized centres,
basic information about the performance of repaired and/or
strengthened members will become extremely important.

Reinforced concrete beam-column joints are considered

vulnerable structural elements during earthquakes. The fai-
Submitted: Dec. 10, 1998  Accepted: Apr. 1, 1999

ANTONIOS P. KALITSIS
Civil Engineer A.U.TH.

lure of a joint or a group of joints can result in at least partial
collapse of the structure.

Three reinforced concrete exterior beam-column subas-
semblages were constructed with non-optimal design param-
eters, flexural strength ratio, joint shear stress, without joint
transverse reinforcement or having joint transverse reinforce-
ment less than that required by the modern Codes, represen-
ting the common construction practice of joints before 1984
and encompassing the vast majority of beam-column connec-
tions which were subjected to the above earthquakes in
Greece. It is worth mentioning that in 1984 there was a major
revision of the Greek Earthquake Resistant Code of 1959.
The subassemblages were subjected to cyclic lateral load
histories so as to provide the equivalent of severe earthquake
damage. The damaged specimens were then repaired and
strengthened. These upgraded specimens were again sub-
jected to the same cyclic lateral load history. The measured
response histories of the original and strengthened specimens
were subsequently compared and evaluated.

2. DESCRIPTION OF THE SPECIMENS
2.1. Original Test Specimens O, O, and P,

Three test specimens O,;, O, and P, were constructed
using normal weight concrete and deformed reinforcement.
All specimens were typical of existing structures in Greece
built before 1984. ACI-ASCE Committee “Recommen-
dations for Design of Beam-Column Joints in Monolithic
Reinforced Concrete Structures (ACI 352R-85)” specifies
the maximum allowable joint shear stresses in the form of
Y Ji&& MPa, where joint shear stress factor y is a function of
the joint type (i.e., interior, exterior, etc.) and of the severity
of the loading, and f' is the concrete compressive strength.
Lower limits of the flexural strength ratio My and joint trans-
verse reinforcement are also defined by this Committee.
Thus, for the beam-column connections examined in this
investigation, the lower limits of My and y are 1.40 and 12
respectively.
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The specimen O, had no joint transverse reinforcement
(often ties in the joint region were simply omitted in the con-
struction process, in the past, because of the extreme diffi-
culty they created in the placing of reinforcement). As seen
in fig. 1, the joint transverse reinforcement of the specimens
O, and P, did not satisfy the requirements of the Committee
sp = 7em > 20cm / 4 = Sem (Ag, O Ay equirea) =0-90cm?)
whereas the values of flexural strength ratio were less than
1.40 and those of the joint shear stress were greater than
1.0 Ve MPa for all the specimens O, O, and Py, see fig. 1.
Thus the beam-column connections of the original specimens
can be expected to fail in shear. The dimensions of the test
specimens were primarily dictated by the availability of
formwork and laboratory testing capacities, resulting in a
beam-to-column joint model of approximately one-third
scale. The concrete compressive strengths of specimens O,,
O, and P, were 16MPa, 22MPa, 33MPa.

2.2. Strengthened Specimens RO, RO, and RP,

Strengthening involved encasing the original beam-
column joint and the critical regions of the columns of the
specimens with a three-sided cement grout jacket reinforced
with additional ties in the joint region and the columns (fig.
2). To support the transverse steel, additional longitudinal
reinforcement was placed at each corner of the jacket which
was then welded to the existing column reinforcement. To
improve the bond between the old and new concrete and for
the welding of the new reinforcement to the existing rein-
forcing bars, the concrete cover of the original specimens
was chipped away and their surface was roughened by light
sandblasting.

EMACO was used for the construction of the cement
grout jacket.

As shown in fig. 2, all specimens RO, RO, and RP; had
the same three-sided cement grout jacket, plus [ 14 longitu-
dinal bars for specimen RO, and plus [J10 longitudinal bars
for specimens RO, and RP, at each corner of the column,
connected by [J8 supplementary ties at 7 cm. All longitudi-
nal bars in the jackets extended into the beam-column region
of the subassemblages. The beam to the column joint is
undoubtedly the most difficult to strengthen because of the
great number of elements assembled at this place.

2.3. Additional joint transverse reinforcement

For those joints with additional ties, (joints of strengthe-
ned specimens) the technique proposed by the UNIDO Ma-
nual was used. The same technique was also applied in the
repaired and strengthened buildings in Mexico City follo-
wing the 1985 earthquake.

Four horizontal ties were placed in the joint region of
specimen RO, in order to provide enough confinement and

shear capacity to the joint. Two additional horizontal ties
were placed in the joint region of specimens RO, and RP, in
order to increase their shear strength. This was achieved by
threading the new horizontal ties through holes drilled in the
beam webs as follows: each additional horizontal tie consi-
sted of two ] shape parts connected by welds. Holes were
drilled through the beams, and the first part of the tie was
inserted and cemented with epoxy adhesive gel. The two
ends of this part were bent and then along with the ends of the
second ] shape part, were brought together and finally wel-
ded to each other at their ends.

The provision of transverse reinforcement made of short
bars placed and tightly connected under the bends of a group
of rebars was made to ensure the anchorage of the beam bars
in the joint region.

The values of the flexural strength ratio were higher than
1.40 and those of the joint shear stress were lower than 1.0 JE
MPa for all the specimens RO, RO, and RP;. The additio-
nal joint transverse reinforcement of specimen RO, was 08
at Scm. This reinforcement satisfied the requirements of the
Committee s, = 5 =20cm / 4, Ay = Ash(required) = 0.90cm?2.
The joint transverse reinforcement of specimens RO, and
RP, with the two additional ties was [I8 at 3.50cm. It is
obvious that the joint reinforcement of RO, and RP, also sat-
isfied the requirement of the Committee.

The strengthened subassemblages could therefore be ex-
pected to fail in flexure and, more specifically, to develop
flexural hinges in the beams without severe damage concen-
tration in the joint regions.

3. TEST SETUP - LOADING SEQUENCE

A testing frame in the Laboratory of Reinforced Concrete
Structures at the Aristotle University of Thessaloniki was
used to apply cyclic displacements to the beams of specimens
while maintaining a constant axial load in their columns (fig.
4(a)). All specimens were loaded transversely according to
the load history shown in fig. 4(b).

4. COMPARISON OF TEST RESULTS

4.1. Failure modes

Specimens O;, O, and P;: the connections of all these
subassemblages, as expected, exhibited explosive shear fai-
lure during the early stages of seismic loading. Damage
occurred both in the joint area and in the columns’ critical
regions. Of course a more rapid deterioration was observed in
specimen O, (without joint shear reinforcement); the extreme
joint shear deformations are obvious in this specimen, see fig.
5. It is worth mentioning that the column longitudinal rein-



Teyv. Xpov. Emot. ‘Exd. TEE, 1, te0y. 2 2000 Tech. Chron. Sci. J. TCG, I, No 2 41

forcement of specimen O, consisting of [114 bars was bent
into permanent waves in the joint region (fig. 5), while the
column longitudinal reinforcement of specimens P, and P4
consisting of [110 bars was buckled into permanent waves in
this region.

The beams in all specimens O, O, and P, remained
intact at the conclusion of the tests (fig. 5).

Specimens RO, RO, and RP: failure mode of specimens
RO, RO, and RP, as expected, involved the formation of a
plastic hinge in the beam near the column junction and da-
mage concentration in this region only. It is worth noting that
the flexural hinges occurred just outside the retrofit area, see
fig. 5. The formation of plastic hinges caused severe cracking
of the concrete near the fixed end of the beam.

In particular, during the final cycles of loading when large
displacements were imposed, the damaged concrete cover
could not provide adequate support for the beam longitudinal
reinforcement. As a result, buckling of the beam reinforce-
ment in specimens RO, RO, and RP; occurred after the se-
venth, ninth, eighth and seventh cycles of loading, respectively.

The three-sided jacketing of beam-column joints is more
critical than four-sided jacketing, especially in the rear face
of the joint along the column, where the hooked ends of the
beam longitudinal reinforcement move outward to split the
cover. The rear faces of all the strengthened specimens were
intact at the conclusion of the tests.

In summary, the strengthened subassemblages RO, RO,
and RP, exhibited cracking patterns dominated by flexure. In
contrast, the original subassemblages O, O, and P, exhi-
bited cracking patterns dominated by shear (fig. 5).

4.2. Load - drift angle curves

The performance of the test specimens is presented herein
and discussed in terms of applied shear-versus-drift angle
relations. Drift angle R, which is plotted in figures which fol-
low, is defined as the beam tip displacement A divided by the
beam half span L and expressed as a percentage (see the inset
on fig. 6). Plots of applied shear-versus-drift angle for all the
specimens O,, RO, O,, RO,, P; and RO, are shown in fig. 6.

The original beam-column specimens O;, O, and P,
showed stable hysteretic behavior up to drift angle R ratios of
2.0 percent, 3.0 percent and 2.5 percent respectively. They
showed a considerable loss of strength, stiffness and unstable
degrading hysteresis beyond drift angle R ratios of 2.0 per-
cent, 3.5 percent and 3.0 percent respectively (fig. 6).

Strengthened specimens RO, RO, and RP, exhibited sta-
ble hysteresis up to the 8th cycle of drift angle R, of 5.0 per-
cent, after which a significant loss of strength began, due to
the noticeable buckling of the beam reinforcement (fig. 6).

4.3. Comparison of strength, stiffness and energy
dissipation capacity between the original and
strengthened subassemblages

For a further evaluation of the effectiveness of the
UNIDO strengthening technique in restoring and increasing
strength, stiffness and energy dissipation capacity of the da-
maged subassemblies, it is interesting to compare the peak-
to-peak stiffness, the energy dissipated and the peak strength
observed for every load cycle of the original specimen O,
with those of the strengthened specimen RO, . The beam co-
lumn connection of specimen O represents the oldest buil-
ding beam-column connections in Greece which have low
joint shear strength g =2, 02 >> 1.00 and which have no joint
transverse reinforcement.

The peak-to-peak stiffness and energy dissipated for
every load cycle of each specimen O,, O,, P;, RO, RO, and
RP, are illustrated in fig. 7 and fig. 8, respectively. Fig. 9
compares the peak strength observed throughout the tests.
The comparison is made by observing the ratio of the peak
strengths of the strengthened subassemblages RO, RO, and
RP, to that of the original subassemblage O, O, and P,
respectively. From these diagrams, it is clearly seen that the
strengthened specimens RO, RO, and RP, achieved signifi-
cantly increased strength, stiffness and energy dissipating
capacities as compared with those of the original specimens
0,, O, and P, respectively even in the large displacements
with amplitude cycles of drift angle R between 3 percent and
4.5 percent.

5. CONCLUSIONS

An effective retrofit method has been studied for da-
maged beam-column joints in reinforced concrete frames.

Based on the test results described in this paper, the fol-
lowing conclusions can be drawn.

1. Specimens O,, O, and P, representing an existing beam-
column subassemblage, performed poorly under reversed
cyclic lateral deformations. The connections of these
subassemblages exhibited explosive shear failure during
the ecarly stage of seismic loading, and damage to all
subassemblages was concentrated in the joint region.

2. The local strengthening of reinforced concrete beam-co-
lumn joints by three-sided jacketing has proven to be an
effective method to repair severe earthquake damage of
this structural element. Strengthened spe imens RO, RO,
and RP, exhibited significantly increased strength, stiff-
ness and energy dissipation capacities as compared with
those of original specimens O, O, and P, respectively.
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3. The strengthened specimens failed in flexure and showed 4. In general, the ACI-ASCE Recommendations can be used
high strength, without any appreciable deterioration, after for designing a jacketing scheme in the joint regions.
reaching their maximum capacity. Also, spindle-shaped
hysteresis loops were observed with large energy dissi-
pation capacity.
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