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Hepiznyn

2TV epyodio mapovaialovTol T0. OTOTEAETLLOTO TEIPOUOTIKNG TOPO-
UETPIKNG OIEPEDVHONG TV UNYOVIOUDV UETOPOPAS OVVOUEDY KATO.
HIKOG OIEMPAVELDY OKOPOIEUATOS. AIETMPAVELEG ONUIODPYODVTOL
OTHY EMOPH TUNUATOV TTOLYELWY TOV EYOVY TPOKVOWEL OO J10POPE-
TIKEG OKUPOOETNOEIS (TL. ). OE UOVODES OTO OTAIGUEVO CKOPOOEUA. 1] OE
TPOKOTACKEDOGUEVO. TTOLYELR), OTWS Y10, TOPCOEIYUO. OE CELTLUIKES
evioyvoeis / emokevés. To meipopotino mpoypoua wepieloufove 24
OOKIUIO OLTANG OIETIPAVELOG UE TOPOUETPOVS UEAETNG TH OLGUETPO KO
70 EUPOOOV TV pofowv omhiouod kabeta oty diemPpaveio, Kabwg
EMONG KAl THY TPOYOTHTO. TWV JIEMPAVELDY. ATO TIG TEWPOUATIKES
TOPOTHPHOEIS GOVAYETOL OTL 1] OOENON THS OLOUETPOD TWV OTAICUDY
HELOVEL 01oONTA TH d100801UN TAACTIUOTHTO THG EVAWONS, I O AVTOYH
OV UmOpPEL vo. avortv el eival coVapTHon TOL O10GE0IUOD UNKODS
QYKOPWONG TV OTAIGUOY EKaTEPBOeV TG Evwang. Lo epunveio g
LIYOVIKNG GOUTEPIPOPAS OIETLPAVEIDY TKOPOIEUOTOS T€ OLATUNOY,
T0. TEIPOYLOTIKG FEOOUEVO, TVOYETIOONKOY UE TO. OVOIDTIKG HOVTEAQ
¢ Piflioypopiag, ue 1010itepn EUPACH OTIS ETUEPODS TOVIOTOCES
o ovvlETovy ™ cvvoiiki d10béoiun droTuntiy ovioyn. Méow v
TEIPOUATOV EMPEPOLDOVOVTOL KOl 01 TIUES TOV EYOVY V10OeTNOEl (T
v Evpoxwodiko 8 [6] kor tov O.A.211. [22] oug ovotdoeis yio
OVTIGEIGUIKES EVIGYDOELS / ETIOKEVES KTIPIWV OO GKOPOIEUA.

1. EIXATQT'H

O unyoviopdc HeTapopds duvapemy HEC® SLITUNONG
KOTO PNKOG pOYUAV KOl SIETPOVELDY GKUPOSELOTOG Elvat
io®g 0 TAEOV dLGVONTOG AO TOVG POUCIKOVG UNYOVIGHOVG
GLUTEPLPOPAS TOV OTAGUEVOL GKVPOIENNTOG. O KUPLOTEPOG
AOYOG elvar 0Tt To punyavikd avtd TpoPAnpa eaptdtol ond
HeY£DM, TOL dEV TOGOTIKOTOOVVTOL EDKOAL, O Y10 TOPG-
OELyLLOL ) TPAYDTNTO TOV EXPAVELDV, TOV EPYOVTOL OE ETAPY,
0 Babpog yNUIKNG TPOGEVONG TOL TVYOV VPICTATAL, ) GYECT
avoiyHoTog Kot OAloONoNG KOTA PNKOG TNG pOYUNG 1 Ote-
TPAVELNG, KOOMG KOl Ol TPOYUATIKEG CUVONKES GUVAPELNG
TV omAMoUOV (BAMTp@V), TOL SloTpéyovy TN SlEMPAVELQ.
H dvokolio TOGOTIKNG TEPLYPUPNC TNG SIATUNTIKNG AVTOYNG
Yropinbnxe: 29.8.2005  Eywve dexcrij: 9.12.2005

OIEMPOVELDY KOl POYUOV OPEIAETAL ETIONG GTNV TOIKIAO-
HOPPia TOV TEPAUATIKOV JATAEEDV TOV £XOVV KOTA Kol
povg ypnoomombei, aAld Kol oToV TEPLOPIGHEVO aplOUd
LETPNOEDV OV OVAKOVAOVOVTAL TN oXeTIKN PiAtoypapia,
YeYOVOG OV KaBIoTA €vioTE SUGKOAN TNV €K TOV VOTEP®V
EKTIUNOT TNG TPAYLOTIKAG GUUPBOANG TOV ETUEPOVS UN)OL-
VIGU®V GUUTEPIPOPAG OTNV AVTOYN TNG JEMPAVELNG (OGS
ovvoyn, dpdon PATPOV, CAANAEUTAOKT AOPOUVAV).
AlempAveleg dNLUOLPYOVVTOL GTOL OTHEID ETOPNG TUNUA-
TOV GTOYEIOV OMMGUEVOL GKLPOSELOTOS, TOV £XOVV KOTO-
okevaobel og SLOPOPETIKES YPOVIKES OTIYLEG (UE SLOPOPETIKES
OKLPOOETNOELS). XOPAKTNPIOTIKO TOPASEYHO OmOTELEL O
OpLLOG GKVPOSETNOTG GTNV KEPOAT VITOGTLAMUATOV TAUGI®OV
ot oTadun G KATO TOpPEdg TV dokmv. Oumg Adyw Bapv-
NTOG Ol SUVAELS TPIPS TOL AVATTOCCOVTOL GE QTG TG Ot
TOUES elval OPKETA CNUOVTIKEG VO TO UIKOG OyKUPOONS TOV
SOUAK®V OTMGUAOV TOV VITOGTUAMUATOG VIEPEMAPKEL, DOTE
vo. unv Bempeitar acuvéyeia g StfEoNG SITUNTIKNG OVTO-
¥NG TOL GTOAOL G€ awTn TN Béom. H tkavotnto g dtempdvelog
Y10 LETAPOPE SUVALE®DY OTOKT 1O10TEPT) ONUOGIO GTOV TOEN
TOV EMOKELMOV KL EVICYVCEDV VPIGTALEVOV GTOLEI®MV GKUPO-
Sépatog oAAG Kot otV Ttpokatockevn. [a mopddetypa, pe mv
TPOCHNKN LOVOVMY OTAMGHEVOD CKVUPOSELOTOS OE VPLOTALEVOL
ototyeio. amd OTAOHEVO GKUPOSEUN 1) OLEMIPAVELNL EKTEIVETOL
og OMO TO UNKOG TNG TMOPATAELPNG EMPAVELNS TOV TOANLOD
oTotyElov, T0 0moi0 TAEOV KOBIGTOTOL TUPTVAG TOV EVICYVUE-
vov cvvbetov ototyeiov. H wwodvvapn povolBucr Statopn e
Ol yempeTpial pLe anTV TG GOVOETNG amoTerEL £val 10eaTO BEA-
TIGTO GV OPLO Y10 TH GUUTEPLPOPAL TOV EVIGYVLEVOL GTOLYELOV.
O Pabpodc povorbukdtTag ™G cvuvietng datopng e&aptdron
amd TV WKavOTNTO TNG OEMPAVELNS Y10l TV LETAPOPE dUVE-
He@V PECH SATUNONG KOTO UAKOG TNG EVMOTS. AVTIGTOY(0G
gtvat Ko 0 pOAOG TV SEMPAVEIDV GTNV TPOKUTUCKELT. X€
KGBe mepintmon, yo fertioon g TpdoPLONG TOL UTopPEL VoL
avontoyBet ot dempdveln, cuvnBog yiveto ektpdyvvon (.Y,
pe appoPols)) ™G EMPAVELNG TOV VPICTAUEVOD GTOLXEIOVL Kot
y¥pnoorotovvtol PAntpa (omhcpol kabeta oty Evaon).
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ATO Gmoyn UnyaviKig COUTEPLPOPAS, Ol SIETPAVEIES OTO
OTTAMGLEVO GKVUPOSEUO EIVOL IGOOVVOLEG LE VPICTAUEVES POYY-
HEG Undevikov apyikod evpovc. Epdcov dnpuovpyodvron pe v
TOm00£TNGOT| VOTOD GKLPOSEUNTOC GE GKANPLUEVO GKLPODSELLN
OTIG SIEMUPAVELEG OVOTTOGOETOL EMIMALOV YNIIKT TPOGOULOT).
Edv 6gpn el 611 01 popiokoi decpol TG YEANG 0vomTOGCOVTOL
LOVOTAEVUpa 0T SIEMPAVELD, GE GUYKPION LE TOVG OVTIGTOL-
YOG OEGILOVG TOL OVOTTOGGOVTOAL OTH LALH TOL GKUPOSEUNTOGS,
gival ETOUEVO M aPYIKT GLVOYN OTN JETPAVELD VoL gfvar Yo
UNAOTEPT OO TN YOPOKTNPIGTIKT) GLVOYT] TOL GKUPOSEHUATOG.
Onwg Kot oty TEPITTOOT TG pOYUNG, LETE TNV vIépPact g
apYIKNG TPOGPLONG 01 BACTKOL LNYOVIGHOL OVTICTAOTG EVEPYO-
TOLOHVTOL KOTOTTLY OAIGONONG KOTd KOG TG EVMOTG.

Koplor pnyaviopoi avrtictaong évavtt oAicOnong kot
unKog g évaong giva, (1) n aAAniepmiokn Tov nposfoydv
TOV EMPOVEIDY TOVL PBpicKovVTaL GE ETAET — KOT® OVTIGTOLY IO
LE TNV OAANAEUTAOKT] TV 0OPOVAOV KOTE UNKOG TV Guvi BV
pPOYUOV, (2) N TP TOV AVOTTOCGETOL TOPOVGIN EYKAPCIOG
Olmtikng wigomg Katd uKog g Stempdvetag, kat (3) n dpd-
on PMTpov Tov oMMGHOV oV dtatpéyet T dempdvela. O
omMGHOG €101KA vIToPondd v PPN HEG® NG dpdong ot
YKTHPO TOV OVATTUOGEL EVOVTL GXETIKNG OMcOnong.

INo v Tocotiky depedvnon TOV UNYAVIGUAV OVTIGTO-
ong dlempoveldv denydn mEPOUATIKO TPOYPULUN GTO
Anpoxkpiteto [Tovemotqpio Opdkng [21] mov mepreAdppave
24 S0oKipo SIETPOVELDY GKUPOJELOTOC LLE TOIKIAO YOPOKTY]-
plotkd. [Tapapetpot g pekéng fav o fabuoc tpaydntag
¢ OlEMPAveLag, To avnypévo ufaddv omhopov kabeta
o1 dtemeavela Kobds Kot 1 d1apetpog tov papdwv. ['a mv
EPUNVEIL TNG UNYOVIKNG CUUTEPLPOPAS TOV SIETIPAVEIDY TO,
TEPOUOTIKA ATOTEAEGLATO CUGYETIGONKAV e Ta KLPLOTEPQ
OVOADTIKG TTpoGopoldpata TG dteBvoug BifAloypapiog. X1-
LEDVETAL OTL 1] TAEIOYN (IO TOV SL0OECIU®Y AVOADTIK®OV EK-
QpAoE®V CUUTEPIAAUPAVOLEVOV KOl QVTMV TOV EUTEPLEYO-
vtar o€ Atebveic Kavoviopovg kat [pdtuna eivar epmeipikéc
Kot gviote otnpilovial 6€ VIEP-UTAOVGTEVCELS OGOV QPOPA
GTN GUUUETOYN TOV EXUEPOVS UNYOVIGLDY AVTOYNG.

2. XYMBOAIXMOI
Tod - HEYIOTN GYEJAOTIKY SLOTUNTIKY TAOT,
T : Sl TN TIKY Tdom,
V. :tépvovca dovaun,
V. :téuvovca dovoun
A, :epPadov diempdvelag,
G, :0Olmruc thon oxedlacpod ckupodéparog,
£, (UPOKINPICTIKY EPEAKVGTIK GVTOXH] TOV
OKUPOSENATOG,
: GVVTEAESTIG TPIPNG,
o EuPadov omopol Tov dlamepvd T dempavela,
p, :OYKOUETPIKO TOGOGTO S10UNKOVG OTAGHOD TTOV S0

TpExEL TN SlemPAveLd,
k : otabepd,

£ : Olmticn avtoyr] Tov oKVPOSENNTOG,

f’, 110 85% g OMmTIKNG AVTOXHG TOV GKVPOSEUOTOG,

fy 4 OxedlaoTiky Tdon dapporig Tov oo,

J,  :7don Supporig Tov omAcHOD,

fv ,  :Téom dupporig Tov KOPIOV EPEAKVOUEVOL OTTAGHOD,

L, oxedaotikn Otk avioy Tov ckupodéuatoc,

K, :otabepd,

F  :odpodco Oumticy ddvaun,

c : GUVOYT] TOL GKVPOSENNTOG,

B, :d10plmTikds cLVTEAEGTNG,

F, :péyom avtictacn Adym g dpdong BAntpov,

B, :d10pOmTikdg cLVTEAEGTNG,

F, :péyom avtictaon Adyom tpipng (kN),

g, @ KOPLOL EPEAKVGTIKT TOPOUOPPOCT) TOV GKUPOSENOTOG,

F,, :péyom duvopn Adym dpdong Bantpov,

K, :opyum dvokopyio Aoym tg dpdong BAfTpov,

A :e0pog poypng,

k,  :opduog paBonv,

d, :&duetpog paponv,

A AOyog emPBarropevng aovikng Svvapng Tpog dvva-
un Stappong g pasov,

E, : pétpo eAacTIKOTNTOG GKVPOSENATOG,

S : otabepd.

3. HIEIPAMATIKO ITPOI'PAMMA

Ta dokipa, mov e€etdodnkay, anotelody e&davikevon
OEMPOVELDY OV OSNUIOVPYOVVTOL GE EMOPES TOAALOD LE
VEO OKULPOJEND. ZNUEWDVETOL OTL 1) EVTOTIKY KOTAOTOOT|
TIOV AVOTTOGGETOL GE OVTIOTOLYEG OLEMPAVEIEG TPOLYLLOTIKAV
oTOLEIMV OTAMGUEVOL GKVPOSEUOTOS (T, OE JEMPAVELES
HovOudV), evoEyeTal va gival TOAD TePIGGOTEPO GUVOETN
amd QLTHV TOL TPOGOUOIDVETOL GTIV TOPOVGH TELPOLLOTIKT
épevva. Ot TaPAPETPOL TNG TEPAUATIKNG SlEPEHVNONG NTOV:
1) H diGpetpog tv pafdov omAcpod mov JaTpéyovy

SlEmpAaveLo.

2) H tpaydnto g dempivelog.
3) To m060GTO OMAMGHOV TOV SLUTPEYEL T OIETMLPAVELOL.

Yuvolkd Kotackevdotnkay 24 dokipo dniadn 8
opadeg amd 3 mavopowdtuma dokipa. Kabe dokipo anote-
Aovvtav omd Tpelg kKOPovg dactdoemy 150x150x150 mm.
Apyid okvpodeTOnke 0 pHecaiog KOPOG e XOPAKTNPLOTL-
KN avtoyn okvpodépatog 25 MPa kat avtoyn KuAivopou
Kkatd v mepiodo Tov dokipmv ion pe 28.4 MPa. Ot dvo
akpaiot kOPfor ckvpodetHOnkav €va pNvo apyoTeEPO HE
YOPOKTINPLOTIKY avToy] okvpodépnatog 30MPa kot avtoyn
KLAIVEpOL KOTd TNV TEPiodo TV dokiudv 36.1 MPa. o va
eEoopalobel n vapén oAlicOnong kot yio va givol QK
N p€Tpnon g, 0 HECAIOg KOBOG TV VIEPVYOUEVOS KOUTA
35mm cg oyéomn e Toug dVO aKPAioLS KOt Ol SIETPAVELES
7ov dmovpyndnkav petald tov kOPov giyav vyog 115
mm xat gufaddév 17250 mm? n kéBe wa (oyqua 1). Ot
SlemPaveleg SOMEPVAOVIOV amd SIOUNKEL; OTAICUOVG OF
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oca dokipa TpofAémovtay, e Kabopr ETKGALYN LETPOV-
pevn amd TV €QEAKLOUEVN TAEVPA TG KABe pafdov, 25
mm. H tdon dappong tov xdivfa mwov ypnoylorodnke
frav 500 MPa.

Ic=25

&

Zynua 1: Tomixo dokiuo.
Figure : Typical specimen.

To xopoKTNPIOTIKA TV SOKILIOV IVOVTOL GUYKEVTPOTL-
k6 otov mivoko 1. Ta doxipia yopicOnkav ce Tpelg opdadeg
avaroya pe T SdpeTpo tov omAcopod mov Epepav (D8,
D10, ®12) evd Eeywpilot] opddo amotéresay o domAa do-
Kipo. Xe kabe opdda dakpibnkav dvo kartnyopieg pe faon
TOL YOPOKTNPIOTIKA TNG SETPAVELOG. TV TPATN KOTYOopia
aVIKOLV Ta SOKIpL0 TV 0TolV 1 SIETPAvELN eV glxe VTO-
otel kapio enelepyacio ekTpdyvvons (QLOIKT SIETPAVELD,
SN). X1t devtepn opddo aviKovy Ta dOKIpIO TV 0ToimV
n demeadvela giye vrootel enelepyacia, YPNCLOTOIOVTOG
opupi Kot KoAépl (tpoyld Siemedveia, SR). Kabe opdada
neplehdppave 6 dokipo omd to omoia To 3 glyav PLGIKN
SlEMPAvELD, VA TO, LTTOAOT 3 glyav TpayLd SlEMPAVELD.

3.1. Katackev] doxkipiov

H xatackevn] t@v dokiyiov Tpaypatonoidnke o Tpeig
pacelg. H mpdt ¢don mepiehdpupave tn okvpodétnon
oV pecaiov kVPov oe pfTpeg piog ypnHong doTdcemv
150x150x150 mm, a@ov tomobetiOnike o omAMoUOS o€ OGS
dokipia mpofrémoviav. Onmg eoivetar oto oynpa 1, torode-
TONKav pafdot oTMGHOD GTNY AV TOPELL TOV EEMTEPIKOV
KOPOV Kol 6TV KAT® TOPELR TOL KEVIPUKOD TUMLOTOG TOV
dokipiov. Apa, yio kaBe papdo mov kaunteTal 6€ GYNUA S
HEC® TNG POPTIONG GTN SIETUPAVELQ, 1) EXKAAVYT OTNV EQPEL-
KLOUEVT TAPELY TNG PAPOOL EIVOL CNUAVTIKA LUKPOTEPT OO
v emucdAoymn otn OPopevn mapeld, kot dpa givar n Kpict-
U1 EMPAVELD YL0. TV aoToYio TOL doKiiov. Znpeidverat 6Tt
0 Hecaiog KOPog AVTITPOCOTEVEL TO TOANLO, NON VEGPYOV
oKVPOdEND. TN cLVEXELD, EAaPe ydpa 1 emefepyacia Trng
dtempavelog 12 dokipiov, tpudv and kdbe opdda, péypt va
PovovV Ta, adpavn, e oKomo Vo, dnpuovpyndel tpoytd diemt-
paveta (ewova 1). To péso Pdbog g exTpdyvvons Kupai-
vetor and 6 £og 8 mm. H emavodnyipdmto g dtadikaciog

EKTPAYLVONG EEACPUAIGTNKE OTTIKA LE TNV AW YNOLOKNG
ewdvag TG EKTPoYLHEVNG empdvelng. H emopdvelo kaba-
plotnke Kot akoAovONcE 1 oKVPOdETNON TV dVO aKpPai®V
K0PV, TOL AVTITPOGOREVOVV TO VEO GKULPOJEN, TOV O
ouvdebel pe to oM vrdpyov (maratd okvpddepa). Ipw ™
OKVPOOETNON KATACKEVAGOHNKE EVAOTVLTOG KOl ETUKOAATO1)-
KOV TETPOYOVIKEG TAGKEG amd eMLOA dtootdoemv 150x150
mm Kot Téyovg 35 mm oto pécov g faong tov ELAOTHTOVL
o115 B¢oe1g 6mov Ba TomobeTobvTav O1 pesaiot KOPot.

Ewcova 1: Emelepyoouévn (tpoyia) empavela
Picture 1: Chipped (rough) surface.

3.2. Ayn TEPAPOTIKOV OEGOUEVAOV

H ddtoén (oynpa 1) Tpocappoctnke oe TPECO TOV EiYE
wovomnta emPoing péytotov eoptiov 3000 kN (swodva 2).
Kabe dokipo vrofAnonke og PLOVOTOVIKA anEavOpEV QOPTL-
o1 (covOAym) pe Edeyyo ™G EMPBOALOUEVIG TOPALOPPOONC.
INa tov TpocdIopIcHd TOV HETOKIVIICEDY YPTCILOTOWONKE
Beropetpo LVDT mov €pepe ployviTn Kot TPOGAPUOGTNKE GE
€V0L 0O TOL GKOUTTO TASVPIKG To®dpaTa TG Tpécoag. Emiong,
ekaTép®OEV TV dlEmPoveldV oAloOnong, torobetnOnke Kiv-
vofog KukAMK®OV otoxev 10 mm yio v Topakolovdnon tov
OYETIKAV PETAKIVICEDV PLEGH EMEEEPYUTTIOG YN PLUKNG EKOVOLG
™G EMPAVELNG TV doKytiov. Me avtd Tov Tpomo givol duvarn
1 EKTIUNGOT TOV TOPALOPPDCEDY EVTOG EMTEGOV TOV SOKILIOL
AOY® S1AVOIENG POYLDV OTIC SIEMIPAVELEG (EVPOG POYUDV). XE
TPOYOPMHEVE oTASIO POPTIONG 01 EmTEPKOl KVPOL TEIVOLV VOl
oMGONGoVY TNV £YKAPOL0. KATEVOVVOT), OLLMG 1 Kivon auTh
nopeumodiletar HEcm TPIPNG TG KAT® £0pag TV EEMTEPIKOV
KOP®V e TIC TAAKEG TNG Lnyovig OAlymg.

-

Ewxova 2: Iepopotikny oiaroln — lpéoa.
Picture 2: Experimental setup-Press.
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4. IEIPAMATIKA AITIOTEAEXMATA

4.1. Tpoémog actoyiog doxkipicv

Aomha doxipa: Kotd v emBol tov goptiov dpyloe
1 oMoBno™n Kot ELEAVIGTNKAY 01 TPAOTEG SLOYDVIEG POYIES
oo TS facelg TV KOPov, pe kKiion and 30° Emg 45°. Zta do-
Kipo T@v omoimv ot Slempaveleg eiyav vrootel enelepyacia
eKTPayVVONG, Ol pOYUES oNUEIDON KOV o€ PéyeBog emParlo-
pevov goptiov 165.7 kN, ico pe to 70% tov péyiotov gop-
T{ov OV pIoPOVGE VA TOPUAAPEL 1 dlemPaveLn. AvticToyd,
oto. dokipio yopig emefepyacio SEMUPAVELNS, Ol TPMTES
SlydVIES pOYLES ELPavioTKaY o€ HEYEDOG EMPOALOLLEVOL
eoptiov 182.7 kN, ico pe 10 88% 10V PéEYIGTOL QOPTiOVL
Aappavovtag vroyn péosg Tég. Hapatnpndnke andiewa
™G eMKAALYNG OTO KATO TUARO TOV £EOTEPIKOV KOP®V
OMMG Kol OTIG dVO, TUPUAANAEG LE TOV OTAIGHO, OWELG TOV
doxipiov. H andiela ovtr €ytve gviovotepn e v avénon
tov emPoarropevov eoptiov. Ta domha dokipia PE PLOIKY
OIEMPAVELN 0IGTOYNCAY KOTA TIV 0QOaipesT TV ELAOTOTOV
Kot eEETAOTNKOY LOVO gKEIVa TV 0ol 1) dlEmpavela glye
vrootel enelepyacio. Xta GomAia dokipuo peretdtonl Lovo 1
oAAniepmiokn T@V adpavedv kabdg gival o Hdvog unyavi-
oUOG LETAPOPAS SLVVAUEDY PHECH TNG IETPAVELOG.

Onhopéva dokipa: Zta dokipa pe omcpo 4®8 o omhi-
oLOG £PTACE 0TI SL0PPOT) OOV KoL TTPOKANOMKOY EVTOVOTEPES
OTOCYLOTIKEG POYUES AOY® TG CLUVELSQOPAS TG dpdong PAr-
Tpov. Zta dokipua pe omopd 4010 n dpdon PATpov fTav
acbevéotepn evod o autd pe omopd 4012 mapatnpribnke
€£O6AKeLOT TV PABO®V TOL OTAGHOV KoL BpodGT) TOL GKVPO-
déparog (wabupn actoyia). o TEAOG TNG POPTIONG, 1] TANPNG
amMAELD TG EMKAAVYNG eTNABE 6T0 GUVOLO TV dokipimv. H
dpdom PANTpov £yive opat oTa SOKi TOV £pepay pafdovg
pkpng dwapétpov (P8) ko meplopiotnke pe Ty avénon g
Swpétpov. Zra dokipua pe omhopd 4012, ov papoot tov
OMMGOD gite doTnpnoay TG apykég Tovg Bécelg eite gp-
QAVICOY EAQPPES TOPALOPPDCELS PETA TNV EEOAKEVGT] TOVC.
Ytov mivaxa 1 mapovstdlovtat ot TEG TG STUNTIKNAG TAONG
7oL eEAMNEONGAY 0o To TElpapa. XN cuVEXELD, culnTEital 1
emidopaon KABe TOPAUETPOV OTNV AVTOXN] TOV SIETIPAVEIDV,
OTOG TPOKVITEL AT T TEPALLOTIKG OESOUEVOL.

4.2. Emiopaon g S10pETPOV TOV OTAIGHOV

H advénon g Swopétpov tov omTAMOUOY giye ©G OmoTé-
Aeopo TV ad&NoN NG PEYIOTNG SWTUNTIKNG AVTOXNG TNG
dempavelog (oynpata 3-8). H datuntikn dvokopyio dev av-
ENBNKe avaAdoyikd pe TNV odENGT TOL OTAGHOD, YEYOVOS TTOL
oG opeileTan oTN [N EMAPKT AYKOPOOT] TOV LEYUADTEPOV,
o€ OLAUETPO, PAPO®Y TOV OTAGHOV. £TO 6TAdI0 TG dlappong,
N TYW TG OYETIKNG OAloONoNg NTOV AVTIGTPOQ®S avAAOY™
g Swopétpov. To €0pog TV poOyUdY dev mapovsiace peyd-

A£G OLOKVUAVOELG GE GXEOT| LE T OLAUETPO EVA OTO dOKipa
OV £PEPUYV LEYOADTEPO TOGOGTO OTAICHOD TopaTPHONKE
QoY OPIOHOG TV KOP®V Kat S1dvolEn 6To onueio aoLVEYELOG.
310 TEPLOPIGHEVO, SIOBEGYLO UNKOG TOV SOKILIOV, 01 OTAGHOT
HIKPOTEPNG SLAUETPOV avEAQPaY TV EXPOALOLEVT SLdTHNON
STNPOVTOG TPOKTIKA OUEIDTN TV 0VTOYN OF LEYAAES TYES
oxeTikng oAicOnong. To dokiua pe omhopd 408 mopovoi-
acov eEOIPETIKA TAAGTIUN GUUTEPLPOPE Ge avtifeor pe Ta
dokipua pe omuopd 4012 mov eppavicov yabvpng Hopeng
aotoyio. H ovumepipopd tov dokipiov pe omiopd 4010
evtomileton peta&d TV 600 AVTAOV OKPUI®MY CUUTEPIPOPDV.
AT T1g TopoTNPNoELg eEdyETaL TG e TV avénon g dto-
HETPOL TV OTAGLDV OV SLATPEYOLV T1| SIEMPAVELX TOV HVO
OKVPOSEUATOV, LELOVETAL 1] SIOECIUN TAACTIHOTNTA.

. .. =

Eixova 3: OrioOnon, dioyovies amocyiorikés pwyués.
Picture 3: Sliding, diagonal cracks.

Eixova 4: Telixn aoroyio doxyiov SNS-1.
Picture 4: Final failure SN§-1 Specimen.

_
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Eixéva 5: Telixip aoroyio dokyiov SN10-3.
Picture 5: Final failure SN10-3 specimen.
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Ewcova 6: Tedixn aoroyio doxkiuiov SR12-3.
Picture 6: Final failure SR12-3 specimen.

4.3. AMMAEPTAOKT TOV 0.OPAVAOV

H ovpfor g aAAnAepmAokng TV adpavoy NTav To
EULQAVIG 6T0 GomAa SoKipa oV eiyav vootel eneEepyacio
ekTpdyvvong ot dempdvewn. Eivatr yopoaktnplotikd mmg
pe TV €vapén e eOPTIoNG 0 CYNUATIOTNKOY dloydvieg
POYUEG KOl 1) aoTo)io TOV Wabvpng popeng, dniadrn ot
KOPol amoywpiotnkay yuo TOAD pikpn T eXPBOAAOLEVOL
poptiov (72 kN, 92 kN) kot oAicOnong (0.71 mm, 0.64
mm) evd EMIONG UIKPEG NTAV KoL Ol TUES TG OLOLTUNTIKNG
taong: 2.09 kot 2.67 MPa avtictoyo. E&aipeon anotédeoe
7o dokipo SR-1, 10 0moio epEavice TOAD PHEYAAN SLOTUNTIKY|
avtoyn (6.4 MPa) oe oyéon e To. VTOAOUTA TNG 1010G OUASAG
vy Ty oAioBnong 1.77 mm (oynqua 2). 1o dokipe mov
£pepav OTAMGHO 1 OAANAEUTAOKN TOV adpavdv gixe facikd
poOXo KatTd TV £vapén g OPTIONG KAL TO GYNLOTIGUO TOV
TPOTOV pOYHOV. Me avénon Tov emPaAloUeVOD QopTiov
av&Nonke o1odnTa Kot To EVPOG TOV POYUAV (E1KOVAT).

4.4. Emiopaon TG O1EMPUVELOKNG TPUYDTNTAS

Onmg @aiveTol oTo GUYKPLTIKG S10ry AT, TO SOKILLOL
pe omcpo 408 mov dev giyav vrootel enefepyacio TV TO
TAGGTILO GE OYECT) LLE OVTA TTOV ElY0V VTOGTEL EKTPAYLVOT).
Eivar mBavo 1 Stapopd avth va opeiletar oty oTiypiaio
EKADON HEYOADTEPNG EVEPYELDS TOPAUOPOMCNG OV ELYE
GLCOMPEVTEL OTOL dOKiplo [E EKTPAYLVOT, €mMEWN AVLTA
avénTuEay Kol HLEYOADTEPT] SLOTUNTIKY AVTOYN. ZTO SOKipoL
pe omhopd 4010 ko 4012 n enelepyacio g Sempavelog
dev glye onuavtikn enidpacn oty TAacTILoTNTO. AVENONKE
GNUOVTIKE 1) LEYIOTN SLOTUNTIKT] OVTOYT, 1] OTTOlA TOPOLTNPT]-
Onke ywo id1a mepimov T oAicOnong.

To Swypéppota wov ameicovifovy TV aeTo)io TV doKL-
picov pe Tpoyld dStempdvelo gival HLETATOTIGUEVA KOTA BENOG
U, 0€ GY£0T] L€ Ta Sy PAUIOTO TOV AVETEEEPYAOTOV dOKILI-
@V, 60 pe v adENon oL TPoKaAEiTaL TN HEYIOTT SLATUN-
TiKn téon e&artiag g enelepyaciog g Semeavelag.

To Péhog avtd eivar opketd peyaio ota dokipia e

omhcpo 498 (2.82MPa) xou 4012 (2.59MPa) evod eivar
TOAD JUKPOTEPO V1o TO SoKipua pe omAicpo 4010 (0.56MPa)
omm¢ eaivetal ota oxeTkd doypappata (oynra 9). Xapa-
KTNPIOTIKO gival TG ota domia dokipia 1 eneEepyacio g
SlEmpAavelag nTav avtn mov £dmaoe Eva Pfabud cvvoyng ota
600 okvpodépata Kavo v To e£acPaAicEl, GOTE Vo UV
OGTOYNOOVY KOTA TNV AQaipest TV ELVAOTOTIMV KL VO ELL-
POVIcCOVV 10 VTOTLTTAOIT OVTOYN GE SLATUNGT TPAYLLOL TOVL
dgv enetevyOn oo GoTAn SOKIpL e PLOIKY EMPAVELQ.

Ewcova 7: Aotoyia doxiuiowv ue exelepyacio otn OEmPAveIa.
Picture 7: Failure mode of specimens with chipped (rough)

surface.
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ITivaxog 1: 2oyKevipwtikog TivoKaS TEPOLUOTIKOD TPOYPOULOTOG.
Table 1: Summary of experimental program.

oo B g oot O s i
SN8-1 Kopio 408 1.17% 4.26
= | _SN8-2 Kopio 408 1.17% 4.50
?§ SN8-3 Koptio 408 1.17% 4.90
| SR8-1 | extpdyvvon | 408 1.17% 4.70
[ srs-2 | extpayovon | 408 1.17% 5.00
SR8-3 | extpyvvon 408 1.17% 4.90
SN10-1 Kapio 4010 1.82% 5.68
=| SN10-2 Kaptio 4910 1.82% 6.52
5% SN10-3 Kopio 4010 1.82% 7.68
SSR10-1] extpéyovon | 4010 1.82% 7.68
“I'sr10-2 ektphyvvon | 4010 1.82% 7.00
SR10-3| extpdyvvon | 4010 1.82% 5.88
SN12-1 Kopion 4012 2.62% 4.14
= [ SN12-2 Kopio 4012 2.62% 6.75
?§ SN12-3|  «opic 4012 2.62% 6.40
SlSR12-1] extphyovon | 4012 2.62% 9.20
“I'sr12-2 gktplyovon | 4012 2.62% 9.16
SR12-3| extpbyvvon | 412 2.62% 6.70
SN-1 Kopio Gomho - -
3 SN-2 Kopio Gomho - -
=1 SN-3 KopLion GoTAO - -
; SR-1 | ektpdyvvon | domio - 6.40*
SR-2 | extpéyvvon | domho - 2.09*
SR-3 | extpdéyvvon | domio - 2.67*

* Aiozunuixn taon Gpodong

5. ZXOAIAXMOX

H épevva mov éyxer yiver puéypt onpepa kol apopd ot
LETAPOPA SVVAUEDY OTIG JEMPAVEIEG OTAGUEVOL GKLPO-
dépatog eivor egotpeticd meploplopévn. AvoivTtikd povté-
Ao ko oxécelg £xovv mpotabel amd S1APOPOLS EPEVVNTEG,
ol ePLocOTEPEG Amd TIG omoieg gite eivon gumelpikeéc, eite
ompilovtal o€ aTAOVGTEVCES OGOV 0POPH OTN AElTovpYia
TOV OTAMGUEVOL OKUPOSENATOG, OTMG Yo, TOPASELYLLO. Ol
oY€0¢E1G OV avorTHocovTal e Bacn To Kpttipto twv Mohr-
Coulomb [5].

Ytov mivoko 3, ta povtéda ovtd dwakpivovior g dHo
Katnyopieg. Xtnv mpdTN, aviKovv exeiva ta omoia, ayvo-
MVTOG TN OCLUUETOYN TNG OAANAEUTAOKNG TOV 0dpPaVOV,
Bewpodv 0Tl T0 GOVOAO T®V SLVAUE®V TopaiapPaveTol
OTTOKAEIOTIKG OTO TOV OTAIGHO, EVE 0T deVTEPT, EKEIva T,
omoio TEPLEYOLY dVO OPOVG, CLUTEPIAAUPBAVOLY dNANOT KL
évav 0po cuvoyng OTMS To Kptrnpto tv Mohr-Coulomb [5].
AVTOG 0 0pOg GUVOYNG SOPEPEL OTA LOVTELD TNG OEVTEPNG
Katnyopiog.

'Etot, ot Bempia tov dtaydviov Bhumtikod mediov [17],
TOV 0p0 CLVOYNG amoTeAEl 1| OAANAEUTAOKT TOV 0OPOVAV
evd 610 povtéAdo g fib [15], avtdg cvvriBetal amd ) dO-

voapn g TpPNg Kabmg kot TG Taoelg mepicptyéng mov on-
LLOVPYOVVTAL OO TOVG GLUVOETNPEG. TAL VIOAOUTO LOVTEAQ,
mg Katnyopiag o Opog GLUVOXNG VIUTPOCOTEVETOL LOVOV
amd TN dvvourn g TPIPNG, Tov dnovpyEiTtol KOTE UNKOG
™G SIEMPAVELOC.

Epoppoloviog Tig mopapétpoug Tov TEWPAUOTOS OTIG
EVOMAOKTIKEG OYECEIG TTOL TPOTEIVOVTOL OO TO HOVTEAQ
OVTA, TPOKVTTOLV OOTEAEGOTO, TO OO0, GUYKPLVOUEVO,
pe tig Anebeioeg and to mEipapa TIHEG, TOTOTOWOHY TNV
KovOTNTO TPOPAEYT G TNG TEMKNG vTOYNG O OLdTUN o). Z1)-
ULELDVETOL TMOG Y10 TN CLUYKPLTIKY TOPABESN TOV HOVIEA®V
QVTOV, 01 GYEGELG TOVG TPOTOTOLONKOAY KATAAAN A0, OGTE TO,
e&ayopeva Toug va ek@pAalovTol 6€ OPOVG SLUTUNTIKNG TACTG
(t,=V /A). Kbpio poro otig oyéoelg ovtég £xel 0 omMopog,
oV daTpEXEL TN SEMPAveLn KabdG Kol 1 Taon dppong
T0v. Q6T060 Y10 Vo avorTOEEL O OTAGHOG TV TACT| QVTH,
Bo mpémel va drabétel To amartodEVo uMKog aykbpoongs. To
TUTTIKO JOKILIO €iye GVVOAKO pNKog 450 mm Kot ETKAAVYT
¢=25 mm.To gAd10TO OMOLTOVUEVO UNKOG OYKDPMONG Yo
papoo @8 eivar 322.06 mm (meproyn I: evvoikég cuvOnKeg
GUVAQELNG) EVD TO UEYICTO OMOLTOVUEVO HNKOG OyKOP®OTG
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vy papoo @12 givar 690.14 mm (meproyn II: pn evvoikég
oLVONKeS GLVAPELNG) .

ITivoxag 2: [poyuotikés taoeig omioumv.
Table : Actual steel reinforcement stresses.

| fax=4Lyfpa/ D |

| (MPa) | fha | fnax(@s) | fnax@10) | fmax@12) |
Tepox 1 ] 3.00 | 195.0 156.0 1300
Iepoyn I | 2.10 136.5 109.2 91.0

Me dedopévn ) yeopetpio Tov dokitiov eival capég
ot o€ Kopio mepintwon dev NTav duvoTov va avartuydei n
OVOULOGTIKY Tdon dtappong Tev papowv (ni. Ta 500 MPa).
INo 10 A0Y0 0wt KATA TNV EQAPLOYH TOV AVIAVTIKAOV GYE-
CEMV OTO JEOOUEVOL TOV TEPOUUTIKOD TPOYPALLLOTOG, YPN-
oonomdnke otn Béon NG fy N péylotn téon mov Pnopet va
avantoéel to dabéoo pkog aykvpwong (130 mm ce kabe
axpaio k0Po), f  (mivakag 2). Zto cuykprriké Sioypliptpuato
(oympata 10,11) mapovstdfovtotl ot TIES TG SUTUNTIKNG
Taong mov divouv OAN ToL AVOAVTIKG TPOGOUOIDUATH CE TE-
MKd 6Tad10 Yo KGBe OpAda SOKII®MY, GUYKPIVOLEVA LIE TIG
petpnOeioeg amd 10 TEpOpLO TYES.

Amd ta povtéda g mpodTng Kartnyopiog 1 e&icmon mov
npoteivetor omd to ACI [1,2,3] divel ToAd cuvinpnTikég Ti-
péc. Ta povtéda tov Birkeland, Loov ka1 Walraven [4,7,20],
epeavifovtag TapopoLn OTOTEAEGLATA, HIVOLV TTLO KOVOTOL-
NTIKEG TPOPAEYELG LE TIG IKPOTEPES OMOKAIGELS VOl ELPAVI-
Covtar ot0 dokipuo pe omAicopo 4@8 Kot Tig pPeyaAdTEPES OTA,
doxipia pe omcpd 4@10. 'Etot yia ta doxipa pe omiiopd
408 1 cOYKAMON TOV TWOV TOV divouv Ta Tpic TOpUTAvVED
LOVTELD, KOL TOV TEPOUATIKDY OTOTEAEGUAT®OV gival TOAD
KoAN 0AAG KoBDG av&dvetot 1) SIAUETPOG TOL OTAGLOV, TToL-
patnpeitat Kot avénon g andkAonc.

Ta povtéha g debtepng katnyopiag, m omnoia wePt-
Aappavel 600 6povg, TOPOLGIALOVY UEYOADTEPT IKAVOTNTA
TPOPAEYTG GE OYECT LLE QDT TNG TPAOTNG KOTNYopiag, opov
ot TYEG ov Sivouy Yol T SITUNTIKY avTOoY OTn SlEmQa-
vewa givar o peaiotikég. H e&iowon g fib, divel tnv téon
AOY@ TG Kat mepicpyéne. Ot Tipég eivor cuvinpnTiké,
Aappavovtag voyn TV 131uTePOTNTO TOV TEPAUATOC,
oto onofo dev vdpyel otabdepods dpog (6,,=0) YU avtd Kot
dev CLUUTEPIAAUPAVETOL GTO GUYKPITIKO SLAYPOLLLLO TOV [LO-
vtédov g Katnyopiag avtig (oynua 11). H e&icmon mov
npoteiveTol amd tovg Mattock et al. [9-11] yw mpopnypo-
TOUEVEG EMUPAVELES TOPOVGIALEL TO UNYUVIGUO TNG GAANAE-
UTAOKNG T®V AdpOovVAV Vo TOPUAAUBAVEL TEPITOV TO MOV
™G TEUVOVG G Kot 1 dpdomn PAnTpov to vtdrouto. H ohykit-
o1 TOV TWAV TOV TOPATNPELTAL Yo TO SoKipa Le omAoUd
408, eivor oA KA aAAG KoBdG avdvetar 1 SGUETPOG
TOL OTAGHOD AVEAVETAL KOl TO TOGOGTO amOKAIONG Otd TO
nepapoTikd anotehéoparta. H Bewpio g datuntikng tpt-
B¢, n omoia mocotikomotel TV enidpacn g enetepyociog
g dlempavetag, divet vepPolikd peydieg TIHES Yo To. do-

Kipo oo giyav VrooTel EKTPAYLVOT| Kot UTopel va, TpoPAs-
YEL G€ IKOVOTOMTIKO PoBUd Tr GUUTEPIPOPE GE ST O
TV doKiov pe un eneepyoaopéveg dempaveleg. To6Go oto
HOVTELO OUTO 00O KOl GE GVTO TOV TPOTEIVETUL OO TOVG
Tassios et al. [14-16,18,19] 11 aAAnAeuTAOKT TV 0OPOVEV
Aertovpyel o pikpdTepO Pabpd. Evtontolg ot eKToES TOL
povtélov tov Tassios et al., mAnoialovv TOAD Ta TEPOPATL-
k6 anotedéopata. H oyxéon Aappavet vedyn g v T,
T dpdom PATPOL Kat TS TAoES TEPIoPLYENG. ATAoTOMTL-
K6, VO LOVOTOVIKY] POPTION KoL Y10 EMUPAVEIEG TTOV EYOVV
VROGTEL EKTPAYLVOT, T OVTIOTACN TOV UNXOVIGU®OV TOL
napaiappdvoov ™ ddTpnon propel va vtoAoyloTel amd T
oyéon otov wivaka 3. H cuykiion eivor eEaipetikn Kabmg to
povtélo €xet evarctneio kot oty enelepyacio TG SIETEA-
vewg. To PLoVTEAD TOV TPOTOTONUEVOL SLOYDVIOV OAMTTIKOD
nediov, Sivel TIg AyOTEPO IKOVOTOMTIKES TPOPAEWELS ATTO TO
VIOAOUTO LOVTEAQL TNG KOTNYOPIOG Y1l TN SLOLTUNTIKY OVTOYT|
ot dlempaveln. Kabmg eppavilel amokMoel; oe OAEG TIg
OLLAOEG TMV oKLY.

XopoKTnploTiKo £ival TOG GTO TPOGOUOTMLUA 0VTO 1) OA-
INAgUTAOKN TV 03pOavAV AapPAvVETaL LEV VTTOYT, TO TOGO-
OTO CUUUETOYNG TNG OHMG EVOIL TOAD YOUNAOTEPO OO EKEIVO
oT0. VIOAOTO Hovtéda TG katnyopiog. [ to doxipa pe
QUOIKT SlEmpavelo ot TpoPAéyelg mov divel mAnocialovv
exeiveg tov ACI kar g fib, eivor dSNAadT cVVTNPNTIKES EVA
Yo ToL SoKipa TOL £YovV VITooTel enelepyacia o SEMPA-
vela 1 ovyKkAon givat kaAdtepn. Ot Tyég mov TpofAémovtan
elvar o¢ enl 10 TAgioTOV YOUNAOTEPES O TG peTpneioes.
To povtélo Tov tpomomompévon dtaydviov BAmtikod medi-
ov givar 1 TAéov amodekTr] Bewpio yloo TOVG UNYOVIGHOVG
naparafng tépvovcoc. Ot Vecchio kot Collins [17] mpo-
TEWVOV L0 GUVAPTNOT] Y10l TNV CAANAEUTAOKT TOV 0OPOVAV
avTIoTPOO®G aVAAOYN TPog To €0OPOc W NG poyung. Ot
Martin- Perez kou Pantazopoulou [8] Tpononoincav v gv
AOY® oYEON AVTIKOOIGTMOVTOG TO E0POG W TNG POYUNG LE TN
HEST] KOPIOL EPEAKVOTIKY TAPCUOPPOOT] €, KOl XPTGULOTOL-
MOVTOG HOVO TO OPYIKO HETPO EANCTIKOTNTOG TOV CKUPOSE-
LLOTOG Y10 TV TEPLYPAPT] TOV, OTMG PaiveTol 6TOV Tivaka 3.
Ot Millard kot Johnson [12,13] wpotevay pia cuvaptnon, n
omoio Paciletar ot Bedpnon nwg ot paPfdot Tov OTAGHOD
TOV GKUPOSELOTOG LETA TN PIYLLATOGT] CUUTEPLPEPOVTOL (OG
o d0Kog o€ eraotiky Bepehioon. Apa pe Baon tn Beopia
TOV TPOTOTOMUEVOL Staydviov BAmTikoD mediov pmopel 1
aVTOYN OTI SIEMPAVELD VL VTTOAOYIOTEL MG TO AOPOIGHO TV
V0 aVTOV OpwV.

Tevikd, otV TAELOVOTNTA TOVG T LOVTEAD TOLPOVGIOGOY
LKpEG amokAioels ooV apopd ota dokipa pe omAcuo 408.
To povtéda g devtepng katnyopiog, dnAadn ovtd TOL
Aappavoouy vrdyn 600 PNXOVIGHOVG TaPUAUPNG TEUVOVGG,
pmopovv vo, TpoPAéyouv pe peyordteprn axpifela ) dwo-
TUNTIKT OVTOYN OTN SIEMPAVELD V1o KAOE opado doKLimV.
Q61600 S0QAiveTal TMOG O UNYOVICUOG TNG CAANAEUTAOKNG
TOV 0OPUVOV TOPOAOUPAEVEL PIKPO TOGOGTO TNG GLUVOAIKNG
TEPVOVOOG KOl TG TO LOVTELD gV €lvarl opkeTd gvaichnta
oty enefepyacio TG SLEMPAVELNS.
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6. EYPQKQAIKAYX 8 KAI XYXTAXEIX
TOY O.A.X.II.

Yoppovae pe T TpoPréyelg tov Evpokdduca 8 [6] kot
TG 2votdoelg tov O.AZIL [22] n péyrotn T ovuvoxng
EMOTPATEVETOL Y10 TIHEG TNG OYETIKNG OAloONoNG Kot -
Kog g dempavelog amd 0.0lmm £mg 0.02mm, evd dratn-
PEITOL TPOKTIKMG OUEIDTN Y10 TYEG TNG GYETIKNG OAlGON oG
péypt 0.50 mm. H tipn g ovvoyng yuo Agieg empdveleg
OKVPOSENATOG, XMPIG Vo £xel TponynBel kapia ene&epyacio
umopel va Aopfdaveton iom pe 0.25f, Otav mpoxerrar yia
EMPAVELIEC OV £YOVV VIOGTEL TEYVNTN TPAYLVON TPV ATO
N ¥OTELGT TOV VEOU GKUPOSELOTOG TOTE 1) TIUN TNG GLVOYNG
hapBaveran fon pe 0.75f . Xn devtepn mepintoon | eivon
1N XOPOUKTNPICTIKT T TNG EPEAKVGTIKNG AVTOYNG TOV 0.o0e-

VEGTEPOL amd TO VO GKVPOSEUATOL.

025 f,=0.25-2.5=0.625 MPa

0.75-f,=0.75-2.5=1.875 MPa

Yvumepaivetor Aowdv, TG 0L TIHEG TOL TPOTEIVOVTAL EIVOL
PEAALCTIKEG KO TTPOG T peptd g aceaieiac. Eqv e&opebel
N T Tov dokipiov SR-1 (6.4MPa), ot Tiég cuvoyng Yo T
GAAo 600 Sokipa etvor 2.67MPa kon 2.09MPa avtictotya Kot
Bplokovtot ToAD kovTd 6To Opta Tov BETOVY Ol XVOTAGELS.

Ocov agopd oty Tp1pn peta&d maAotod Kol vEOL oKv-
POJELOTOG OTMOG KOl OTN UETOPOPE amd YGAvPa og oKvpod-
depla Kot omd oKVPOSEUN GE CKUPOJEND LECH PATP®V O1
oy€0¢€1g oL VIBETOHVTUL OO TIG VOTACELS EIVOL AVTEG TTOVL
£YOLV TPOKVYEL KATA KOPLo AdYo and Tig epyacieg tov Tdot-
ov, Bivt{nhaiov ka1 Bacihomoviov [14-16,18,19] ot onoieg
OMMG TAPOVOLAGONKE TO TAV® SIVOLV TOAD IKOVOTTOMTIKES
TpoPAéyels o€ kGBe oTAdI0 TNG POPTIONG.
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Figure 10: Comparison between recorded peak shear stress and values given by the equations of the literature.
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Figure 11: Comparison between recorded peak shear stress and values given by the equations of the second category.
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ITivokag 3: Koataraln poviédwv mov eéetalovv t uetapopd. te S10TunTiknG pong o€ SIETLPAVELES OKVPOOEUOTOS OE KOTHYOPIEG- TPOTEIVO-

UEVES TYETEIG.

Table 3: Classification of models testing shear flow transfer in concrete interfaces in categories- proposed equations.

Act V=t Ay fy ®9
3
g Birkeland V,=2.78-.p, 'f}, (KN)
‘é Loov V,=k-\p, [, f'. @V
=. | Walraven v, =C, ~(,0v g )C2 (KN)
Mattock — V, =084, f, + 4. - K; &N
Arartuntig
i V,=pu-F+c-Ac KN
= Tassios
S etal Ve =Bp Fp + Br - F, xN)
>—.
=
B K. -A
3 F,, | 1-expt—' )}
¥ du
0.1- { F,
= MCFT* = \/70 + du (MPa)
£ A
1+ ¢
0.0005
2 1
fib T fid =0.25'fAcd (Cog + Py -fyd)é (MPa)
7. LZYMIIEPAXMATA

‘Eywve melpoploTiky TOpOUETPIKT dlepedVON TOV [UN-
YOVICUOV HETAPOPAS TOV dVVAUED®V KATH UKOG OLETLPOL-
VEW®V oTAIoUEVOL okvpodépatoc. Kataokevdotn-kav 24
dokipo SIMANG SEMPAVELNG e TOPAUETPOVS TTEPALATOG
1 SIIUETPO TOV OTAICUAOV OV TIG dATPEYOVY, TO gufa-
S0V TV paPdwv Tov oTAMGHOD KaBMdG Kol TNV TpaydTNTa
TOV SIETLPAVELDV.

H enekepyascia g dempdvelag oe GAOVG TOLG THTOVG
dokipicov dnpovpynoe KoAOTEPEG CLVONIKEG GLVOYNG KoL
TapatnpNOnKaY PEYOAITEPES TIUEG DLUTUNTIKNG TAOTG. XTO
domha dokipo n enefepyacio TG SEMUPAVELNS OTETPEWE
TNV aoToYio KOTA TNV 0QAipEST TV TOTWV, YEYOVOS TTOV OEV
emetevyOn 610 GOTAN SOKILUO Ll PUGIKT JEMPAVELX. ATTOV-
olo omAGpHoD 1 SOKIUN TOVG TOGOTIKOTOLEL TNV KOVOTITO,
TOL UYOVIGHOV TNG GAANAEUTAOKNG TOV 0OPOVAV VO TOPOL-
AGPel TV TEUVOLGO KOL OTOOEIKVOETAL TTMG 1) CLVELGPOPA
TOV givon pikpn.

O pOAOG TG OAANAEUTAOKNG TOV 0OPOVAOV OTO, OTAGHE-
va dokipa dev pmopei vo oploBetn et péca og coen mAaiot-
a. X1a dokipuo 6mov ot kvupot amoympilovrat, 11 GuPPoAr TOL
glval petopévn eved o autd 6mov ot KHPoL TapoapEVOLY GE
emaQT] lval EVEPYETIKN.

Ta dokipo pe omcpd 4®8 mapovosialovy eEqpeTikd
TAGoTIUN cupumeplpopd. Avtifeta, To dokipo pe omAoud
4012 gppavifovv yabupn| popen actoyios. H cupmepipopd
Tov dokipiov pe omhopd 4010 evromiletat peta&d TV dvo

EnegEnynoeig 6pov
c, =0878- £ ¢, =0.167- £
K, =0.1-f,

Fp=ky13-d; [f, 1.
F,=044-3 1% .0, A,

Gc:V'fc+p'f¢y
By =0.6~0.7
o =0.4~0.8

Fo=13-dj -\ f.- f, - (1= 4%)

K;=0.166-K}7 -dy” - E}®

Y
K, :127-,8-\/76{61—]
b

B=06~1.0

*MéBodoc Tov Ataydviov Olrtikov [1ediov

QVTAOV AKPAIOV CUUTEPUPOPADV.

o v eppnveio TG PNYAVIKNAG CUUTEPLPOPAS TMV dte-
TIPAVEIDV, TO. TEPAPATIKG O£dOUEVE GUGYETIOTNKAV LE TO
avOADTIKG povtéda TG BipAoypapiog pe Wiaitepn éppacn
OTIG GLVIGTMOGEG TOL GLVOETOVV TN GLVOMKY dtaBéciun da-
TUNTIKY] avToyn. Ao TNV £pyacio TPOEKLYAV TO TAPUKATEO
OTOTEAEGLOTOL:

* H enefepyacia g diemoaveiag npokaiel avénon g
LEYIOTNG SLALTUNTIKNG TAOTG OV Urmopel va avamtuyDet.

*  H alAnAepmiokn| tov adpavadv mapaiappavet £va moAd
HKPO TOGOOTO TNG GUVOAKNG TEUVOVGAG,.

*  Av&nom g SpETPOL TOV OTAMOUOV £XEL O OTOTEAE-
opa T peioon g Stbécung TAUCTIHOTNTAG Kot TV
abénon G UEYIOTNG JTUNTIKNG OVTOYNG TNG OlEmL-
eavewoc. Kobiototor Opog kpioyn 1 enkdioyn Kot to
HUKOG ayKOPMOOT|G EKOTEPMOEV TNG SIEMPAVELOGC.

e To povtéha ta omoio meptlapfdvovy 600 6povs, GupTe-
prAappdavouv dnAadn Kt évav 6po GLUVOYNG, LTOPOLV VO
TPOPAEYOVY KOADTEPQ KOL TLO PEAAIGTIKA T1) OLOTUNTIKT
avToYN NG JEMPAVELOG.

o Tevikd, m ypfon omMCU®V KPS SUETPOL 0dNYEl
oe avénon g dbéoung mhactipdttoc. ‘Etol, ota
TAOICL0L TOV IKAVOTIKOD GYEOLOGHOD TMV KOTUOKEL-
@v, Bo Tpémel vo EMSIDKETAL 1| YPTOT| TEPLOCOTEPDV
paPoV pKpNG SUETPOV EvavTl AYOTEP®V PAPdmv
peyaAdtepng dStopéTpov.
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Abstract

This paper presents results of an experimental parametric
investigation of shear transfer mechanisms across concrete
interfaces. Interfaces arve created in the connection between
existing concrete elements and new concrete cast against their
lateral surface, such as in seismic retrofits or repairs (e.g.
reinforced concrete jackets or connection of prefabricated elements
with cast concrete). The experimental program comprised 24
double-interface specimens. Test variables included the amount
and bar size of interface reinforcement (dowels) and interface
roughness. Test results indicate that increasing the bar diameter
causes a prominent reduction in the available ductility of the
connection. Furthermore, strength is related to the available
depth of embedment of the interface reinforcement. In order
to understand the mechanical behavior of reinforced concrete
interfaces in shear, the experimental data were correlated with
the analytical models found in the literature, with an emphasis
on evaluating the components of the available shear strength. The
experimental trends confirm the EC8 and E.PP.O. (Earthquake
Planning and Protection Organisation) recommended values for
interface design strengths in seismic retrofits/ repairs of reinforced
concrete buildings.

1. INTRODUCTION

Shear transfer mechanisms across r.c (reinforced
concrete) cracks and interfaces are one of the least understood
aspects of basic concrete mechanics. A primary reason is that
this mechanical problem depends on physical variables that
cannot be easily quantified. Another difficulty in deriving
quantitative relations is due to the diversity of form of the
experimental setups used by the researchers in conducting
tests. Evaluation of the true contribution of each mechanism
of resistance (cohesion, dowel action, aggregate interlock) is
hampered further by the lack of reported information on the
state of deformation measured during the tests.

Transmitting forces across interfaces is the underlying
Submitted: Aug. 29, 2005 Accepted: Dec. 9, 2005

basis of jacketing repair/strengthening solutions. The degree
of monolithic action of the jacketed member depends on the
interface shear transfer capacity along the joint. From the
mechanics point of view, r.c. interfaces are equivalent to zero
width pre-existing cracks. Since they are created by casting
new against hardened concrete, some degree of chemical
adhesion also may be depended upon.

When sliding occurs along the joint, once the initial
adhesion is exceeded the basic resistance mechanisms are
mobilised. These are of a frictional nature: (1) Asperities
(owing to surface roughness) interlock along the contact
surfaces — similar to aggregate interlock in the common
cracks. (2) Shear friction develops in the presence of any
normal compression along the interface, including the
clamping action of any reinforcement crossing the interface.
(3) Dowel action (flexural kinking) of reinforcement crossing
the interface, which, however, depends on the development
capacity (bond) of the embedded length of the dowel.

2. EXPERIMENTAL PROGRAM

The variables studied included:
1) Diameter of reinforcing bars crossing the interface
2) Interface roughness
3) Amount of interface reinforcement

Twenty-four specimens were constructed and tested to
investigate the interface shear strength towards sliding. Each
specimen comprised three cubes modeling an r.c. jacket, in
which the inner cube represented the hardened (old) concrete
and the symmetric external cubes represented new concrete.
Test specimen layout and dimensions are shown in figure 1.
To enable sliding during the test, the inner cube was elevated,
creating two interfaces of 17,250 mm? and 115 mm height
each. Reinforcement crossing the interface had a 25 mm
cover. Specimen characteristics are shown in Table 1 and are
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separated in four groups according to the reinforcement and
in two categories depending on the surface preparation (N:
natural, R: rough).

2.1. SPECIMEN PREPARATION

Specimen construction was realized in three phases.
First, the inner cube was cast with the reinforcement placed
as needed. A month later the lateral surface of twelve
specimens was roughened by hand-chipping using a pickaxe
in order to achieve a 6-8 mm depth of surface roughness
to the extent that aggregate was exposed. The roughened
surface is shown in picture 1.

2.2. Experimental data recording

Each specimen was loaded monotonically in a 3000
kN standard compression machine; the upper platen was
seated on the central cube (old concrete), whereas the
two outer cubes were seated on the lower platen. Upon
relative displacement of the platens the contact surfaces
were stressed in pure shear. Applied load and relative
displacements between the inner and outer cubes were
recorded electronically with both an LVDT and with digital
imaging of the specimens’ surfaces.

3. TEST RESULTS

The first diagonal cracks were observed when sliding
began at an inclination of 30 to 45 degrees. Cover loss
became more intense with increasing load. Permanent
kinking deformations in reinforcement differed depending
on the diameter. The amount of sliding resistance owing to
aggregate interlock was assessed from the non-reinforced
specimens. Measured shear strengths are listed in Table 1.

3.1. Effect of bar diameter

Increasing bar diameter resulted in a direct increase of
interface shear capacity. Shear stiffness did not increase in
proportion with the reinforcement ratio. This was attributed
to the poorer anchorage of the larger diameter bars. Note that
the maximum force developed by a dowel is controlled by
its embedded length rather than by its sectional area. At the
same time, for the same amount of relative sliding smaller
bars generate far less pressure on the cover concrete due to
their reduced stiffness as compared to larger size bars; the

result is that cover spalls at lower slip levels for larger size
dowels. In the present study no clear correlation was found
between crack width and bar diameter.

Specimens with four #8 dowels maintained their shear
strength to a large level of interface sliding, demonstrating
remarkable ductility. In contrast, specimens with four
#12 dowels experienced splitting failure. The behavior of
specimens reinforced with four #10 dowels fell between the
two limits. The stress-slip response curves of specimens
with different amounts of interface reinforcement are shown
in figures 3-8.

3.2. Effect of aggregate interlock

The contribution of aggregate interlock is gauged by
comparing the response of non-reinforced specimens (figure
2) with and without prior contact surface preparation. In
specimens with a natural contact surface splitting occurred
instantaneously upon load application without a notable
process of crack development.

In the reinforced specimens, aggregate interlock had a
notable function in the beginning of the loading phase up to
the formation of the initial cracks. As the load was increased,
cracks opened up and the aggregate interlock diminished,
whereas forces were transmitted basically through dowel
action.

3.3. Effect of interface roughness

Figure 9 illustrates that specimens with four #8 dowels
subjected to contact surface preparation (roughening) were
more ductile than those having a natural contact surface.
In specimens having four #10 and #12 dowels, surface
preparation did not have a remarkable effect on ductility.
However, it influenced the shear strength, which was higher
than the corresponding values obtained from identical
specimens with a natural contact surface. In the un-
reinforced specimens, surface preparation protected them
against cube separation when removing from the moulds
(this happened in non-reinforced specimens without contact
surface preparation).

4. DISCUSSION

Of'thealternative analytical expressions to assess interface
strength, most are empirical or represent simplifications of
the Mohr-Coulomb failure criterion. Models are classified in
two broad categories: (1) ignoring the aggregate interlock
contribution, reinforcement is considered as the only
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shear transfer mechanism; (2) two sources of strength are
considered, a steel contribution term and a cohesion term,
which is calculated with a variety of approaches.

In Table 3, the available models were evaluated against
the experimental data. Models belonging to the first category
were found to be very conservative. Accounting for cohesion
clearly leads to more realistic values. Excellent correlation
was observed with the analytical model proposed by
Tassios and co-workers. In general, most models had small
deviations when correlated with test results from specimens
with four #8 dowels. It was noted that although the aggregate
interlock mechanism represents a relatively small fraction of
the total shear capacity, the available models are insensitive
to surface roughness characteristics.

5. EUROCODE 8 AND E.P.P.O.
RECOMMENDATIONS

Test results were also used to evaluate the relevant EC8
and E.P.P.O. recommendations, whereby the maximum
adhesion is considered to occur slip values of about 0.01-
0.02 mm, remains practically constant up to a slip of about

0.5 mm. Monotonic adhesive strength is taken as 0.25 f
for smooth, untreated interfaces and 0.75 f , for interfaces
that have been intentionally roughened. The values proposed
comply with the test results.

6. CONCLUSIONS

» Surface preparation increases shear strength of contact
joints against sliding.

* Aggregate interlock has a small contribution to the total
resistance.

* An increase in bar diameter reduces the available
ductility and increases the strength of the interface.
However, cover and depth of embedment are critical on
both sides of the interface.

* Models containing two terms, namely a steel contribution
and a cohesion term, consistently provide a more realistic
estimate of the interface’s shear strength.

* In general, using small diameter bars for dowels leads
to higher ductility of the joint and should be preferred in
design applications.
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