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MNEPIAHYH

DovdpeEve TPOMPNG YIPAVENS TAV Kutaokevdy OrMopévor Tropodéparog (VL) avédeGav
Swippoon tov ydAvPa omhopod og kbpuwr wwio VIO PaBong TG EMTEAECTIKOTNTUG
(performance) kot Tng avBektikdmrog (durability) avtdhy. Tmv EALGSo, wWiaitepe, 6mov peydhro
itépog ToV KoTaoKevhY evionileral o8 TopdTio nepIPaALoY, 1 VYA CUYKEVIPOGT JABPIOVILY
guvoel 7o patvdpevo g Sidfpmang, vrofabpitoviag Ty opBn Aertovpyic, TV OTMGPEVOD GKU-
podépotoc, Ao Tig rokveninedeg upvnTiKeG CUVERELES TG S1aBpwong, mpwtioTong empedletal o
unyevicpog The cuvheewag petall ydivPo Kot orupodépatog, kubhs Adym g avantodng oget-
Sty o1dMpov aAhotdvovral ol suvinKeg oTn Semgdvew petaéd tov §bo vhwdv, neplopiloviag
101 TNV IKOVOTNTO HETAQOPEG TV DUVIHEDY.

Y16 00t 10 mpiopie, 1 Tepodoo dmAopatki epyaste eoTIalEL 6TO @uivopevo vroBadpiong
7OV JUpKevVIciol cuvipelag Adym didfpunong HEAETHVTUG TO OF dvo GEoveg. Tuykexppéve, 610
npdro dEove. NELETIG, ApeyHOTOTOWENKE TposOpoine Mg vroPubicpivig cuvigelag Adyo
SIPpHIOTIC REGH TNG LOVIELOTOINGNG TEIPANATIKOY SOKUIDY gE6hkevong (pull out tests) mov die-
Eipydnoav oto Epyactipio Texvoroylog kot Avioyig tev Yaxdv, Kopieg napéperpol mov e&etd-
cOmray Arav: o Badpos SuiBpacng tov xéivpo omhoped kut to eminedo nepiopyEng peow ovv-
SeThpmv Sk pivoviag Tig Tepuridcels: o) omovcia repiopryéng (dixwme ouvdetiipec) Kot ) pétpla
nepiopryén (cuvderipes ©8/120 mm). Ao v aVETTTUEN TOU EVRAVTIKOD HOVTEAOL OT0 AOYIGHIKO
nenepacévoy otoygiov Abaqus Tpotkuye 6Tt To PoVIERS EpXETaL OF IKOVOTOUYTIC GUHQOVia
e T1g eEOYOUEVES TEWPUPATIKEG TILES OVTOYIG CUVAPELS 1660 68 cLVOKEG avapoplg 000 KUt G
ovvBikec S1aPpmang. H mpdBieym mg oyeticig odiclnong y@Aufa - orupodENTOG TaPOVCIALE-
o1 opolng wavorouytiky oty Tepittnon tnapng teplogtydng, evi oIy nEP intmon arovoing
avTiig 1 TpoPAeyn g ohicOnomng oe cuvdikeg d1Ppmang votepet.

Snpovtic] Tepetipnon omoteiel 6TL 10 eninedo nepiogrybng, pécn dupopetikiig muKvOTITAG
suvdeTipary, Stopopomotel aettd To pLBRO TTHONG TNG AVIOXNS cuvaeeiog. Meietdviag 8g, Tig
avtioToteg Tpotdsetg tov fib Model Code 2010, dmov 1} nzdhon g avToyfg ouvapewtg Adym 18-

Bpwong rpoprénetar Aappavoviag vedym to Pubpo Suifpocng tou yGAvPa (o dpovg dieicduong
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™G SIEPPOONG N TOV EVPOVS EMPAUVELKING PYRETHOONG TOV okLpodEpaTog) KAl TNV amovsio |
TEPOVGIC TOV GLVIETIPOV OyVODVIOG TV TUPAHETPO TG TOKVOTNTUG OVTMV, KATAGTphinKe o
Sevrepog perétng Tng epyasiog. Ze avtév, cvykeviphdnkoy ATOTEAEC HOTE, TG UMALING AVTOYAG
suvipelag Adym Srifpocng amd Sipopeg perEteg TG npoopag Siwhvotg Pifioypapiog ron B-
otepe. and T Sidkpio Tovg ae opddeg pe Paon To eninedo mepiopyéng (endoraon petald 1oV
cuvdeTipov) TpuypetonouiBnke otetioTie aviivomn pe oromd Ty e&aymyh vopmv TpoBreyms
MG ARMAELG CUVAQELG. ATO TNV mapolon HEALTY mpoéioye 6TL 1 avEnon Tov Pabiod SiPpow-
o11g 070 Y HAvBa Tpoicahel exbetuc peloon Tng ovioyig GuvaEeLag, o puBpdg tg omolag eCopTaTal
STRAVIIKG and TV TUKvoTTo TeV cuvdetpev. Ilpog 70010, TPOTEIVETOL T KUTIYOP1OTOh|GT} TV
StopopeTikdv emmédmv nepiopybng otoeiny O/, (Gote Vo GVIIIPOCHREVOVTHL JLUPO PES TEPL-
TTHSEG TVICVOTIITOG CLVOETPQY, avoyvepiloveas To efng eninedo: Alywg neplogyén (amovoio
sovdeThp@V), Ko 6T TEpinTmoy napovsing cLVSETHPOY Elagpé, Métpa kon [oyopn mepi-
spiyEn. Me Béon to avetépm, and my avdluon mg pn YPOURUKYS THAYOPOUNONG TOY TEPUL-
Ty Sedopévav viofetiinke pio povomupapeTpuct) exBeTiki} cuvdpTnoy Y1t TV TpOPAey) TG
anhrewg ovtoyig cuvageing (o€ cuvipmon elte pe 0 fabog Sieloduong mg SidPpwong oo Y-
MPa site pe To TAGTOG TV ETUPOVEIIKDY POYIOV OTO orupddepa). To aroTeécHOTE TG OVE~
Moang £8e1Eov 6TL N TY TG TPAPETPOY TAV EKBETIKAY povrédmv tpofreymg eSaptiron ard Ty

TOKVOTINTOL TOV GUVIETTIPOY Kot PEWDVETEL pie Ty adEno Tov enmédov neploptyng.
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ABSTRACT

Comparison between the results of experimental study on (steel-con-

crete) bond and of Model Code 2010 regulations

Alkiviadis Charalampopoulos

Premature ageing phenomena of reinforced concrete structures have declared corrosion of rein-
forcing steel as the main cause of degradation of the structure’s performance and durability. Par-
ticularly in Greece, large number of structures is found in coastal regions where the high chloride
concentration is enhancing the corrosion to happen and thus deteriorating the proper functioning
of the reinforced concrete. From the multilevel negative effects of corrosion, the bond mechanism
between steel and concrete is primarily affected, as due to the development of ferrous oxides the
conditions at the interface between the two materials are altered, thus limiting the ability to transfer
forces.

In this regard, the present dissertation focuses on the degradation of the bond mechanism due fo
corrosion by studying it in two axes. Specifically, in the first axis of the study, the degraded bond
due to corrosion was simulated through the modeling of pull-out tests carried out in the Laboratory
of Technology and Strength of Materials. The main parameters that were examined were: the de-
gree of corrosion of the reinforcing steel and the level of confinement through stirrups, distinguish-
ing the cases: a) absence of confinement (without stirrups) and b} moderate confinement (stirrups
@8 /120 mm). From the development of the analytical model in the Abaqus finite element software
it emerged that the model is in satisfactory agreement with the exported experimental bond
strength values under both reference and corrosion conditions. The prediction of the relative slip
of steel - concrete is satisfactory as well, in the case of stirrup °s presence, while in the absence of
stirrup and in association with corrosion conditions the prediction lags.

An important observation is that the Jevel of confinement, through different density of stirrups,
noticeably differentiates the rate of decline of the bond strength. Studying the corresponding rec-

ommendations of fib Model Code 2010, where the bond strength’s drop due to corrosion is
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predicted, taking into account the degree of corrosion of steel (in terms of corrosion penetration or
crack width on the concrete surface) and the absence or presence of stirrups regardless of their
density, the second axis of the work was established. In this axis, results of bond loss due to cor-
rosion were collected from various studies of the recent international literature and after being
divided into groups based on the level of confinement (distance between the stirrups) a statistical
analysis was performed to derive laws predicting the bond loss. The present study showed that
increasing the degree of corrosion in steel causes an exponential decrease in the bond strength, the
rate of which depends significantly on the density of the stirrups. So, in this mannet, it is proposed
to categorize the different levels of confinement of RC components, in order to represent different
cases of stirrup density, recognizing the following levels: No confinement ( absence of stirrups),
and in the presence of stirrups Light, Medium and Strong confinement. Based on the above, from
the nonlinear regression analysis of the experimental data, a one-parameter exponential function
was adopted to predict the bond loss (depending on either the depth of corrosion penetration in the
steel or the width of the surface cracks). The results of the analysis showed that the value of the
parameter of the exponential predictive models depends on the density of the stirrups and decreases

with increasing level of confinement.
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