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2. BIBAIOTPA®IKH EITIXKOIIHXH

2.1 Tlewpapatiky Oiepedvnon ovpnepupopdg Ookwv evioxopivev /[

emokevaopévev pe INOII

Trov TTpato Topo wg mapovorg, éywve pia PPAOYpa@ikyy emoKomnor pe
AVTIKEIPEVO TNV TPOCQAT] £PELVA OXETIKA PE TV EIMOKELT] KAl / 1] €VioXLOT)
Babpav xatr vmootohepdtev pe INOIL Zmyv napovod emexteivetat 1|
BipMoypagiky)  Swepevvnon  omy  Piploypagpia  mov  agopa  myv
kapmrrodiatprjuky evioyvon doxwv and O pe INOIL

Ot Bencardino, Spadea kat Swamy é\ey§av nelpapanxda £§n opoywvikég
Boxovg e SaPopPeTIKEG AVTIOXEG OKLPODEPATOG, ITOCOOTO £YKAPOL0D OIAOPOD
Kat id1o dwatpnuko prkog 6.7. Ot doxol evioyvinkav e§wtepka pe dPAopa
INOIT davfpaxa (CFRP) oe dvo SrevBovoerg. Ta metpdparta £yvav vuo oTatik)
@option, oe xabapr] xapyr. H e@appoyn TV v@aopdtov éyve oe Kabe
Soxipo pe Stagopetikd TPOIo aykdpwong (mAfpng 1) eAAeutrjg mepttoAdy).

Ot Pellegrino kat Modena (2002) ékey§av metpapatikd évdexa opboywvikeg
Sokolg pe daTpNTKO IjKog 3 LIIO OTATIKY) POVOTOVIKY QOpTIon ot Kabapr
Kapyn. Me Bdor TV OEPAPATIKA  QIOTIPGOPEVI] HEWWREVI] OtaTpnTiki)
avtoyr], 0¢ COYKPI] pe Tig BepnTikég MPoPAEyelg IOL MPOTEIVOVTAL Y TI)
SractacoAdynon twv vgaopdtov oe Swarpnon pacet g abpolong v
AVTOY®V TOL OKDPOSERATOG, TOL EYKAPOIOL OMAIOROV Kat TOL e§wtepikod FRP,
HPOTELVOLV VA AVATATO OPLO OUV IOTEAECPATIKOTTA T1)g OlaTHITKIG
evioyvong opfoyavikov Satopev onMOpEvVeY OTlg TAPERS 1} LIO PEPWT)
meprroAi§n poperg U, Aoyw g empporg g Stapoppaong mg prypatwong
Tov vmdPabpov o Swrpnon, ot COVAPTHON PE TO LIAPXOV HOCOOTO
£YKAPO100 omAopov. Tid TV MocoTIKY) £KQPAOT) avToD TOL aAVETATOL OPioy
XPNOWHOTotEiTal 0 AOyog IOV ASOVIKOV OLOKAPYIRV T®V PNXAvIop®v

napahapng Suatpnong, SnAadi) ormMopod Kat vEAoPATos (psf = EsA/EA)).

Ot Chaallal, Shahawy kat Hassan (2002) é\eySav neipapauika ap@epetotes
Sokovg Statopr)g T oe guowt) kKA\tpaka, pe Satpntikd Aoyo ico mpog dvo,
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evioyvpeveg e§otepkd oe duarpron pe deaopa CFRP. Zav mapapetpog tov
nelpapatog StepeovnOnke 11 andotaon IOV CLVOEPWV. AVIIKEHEVO TWV
HEPAPATOV QIOTENOVOE 1) AIIOTIPNOT) THG avénong Trg diatun kg avioxts
oe S1aTpnon, xabaog Kat 1 covelwopopd Tov vedopatog FRP oty cvvolu)
Statpnukyy  avroxf]. Ta mepapatikd  anotedéopara  anédwoav  avdhor
avTtoxmg €wg Kat 36% g avioxng TV pI evioxopévev dokipinv. Anedetydn
emiong Ot a) ot Swtpnuky) avroxyy kara ACI 318 v pn evioyvopevov
Soxpinv (ywplg epappoyr) ovvieheotov aocgaieiag AOoyw oxedtacpov)
DIOEKTIHODV TG HEPAPATKEG avioxég kata 80% xai P) ot 1 @awvopevn
ovovelopopd Twv ERP, pe Pon Tig HETPIOEIG TOV AVIIYREVODV IAPAHOPPDTEDY
tov INOIT kat TV avaywyr] Toug pe TO IPOCOHOIOPA TOL JKTOGOHATOS,
ex@padetat pe pua @Hivovoa oLVAPTNOT), @G TIPOG TO TIOCOCTO TOL EYKAPOLO

OII\IOPL0V.

Ot Micelli, Raghuand xat Nanni (2002) é\ey§av oe otatikt) @optior dwdeka
Sradoxideg Swatopr)g T mov maplnkav amd éva omndpxov Kriopd Iov
entpokerto va katedagiobel. Ou Sraboxideg eiyav diatpnmko prxog a/d 0o
npog 2.50 kat evioxvbnkav (og apopTIoT) KATACTACT) 08 HraTpnon mpv 1o
netpapa pe vepaopata FRP e§otepung epappoyrs. AOyw Tov OXI|patog
Swatoprig T twov Swdokidav, ta FRP aykvpwbnkav pe wm Porjbeia puag
Stapfixovg papdov tomobetnpévrg péoa oe pia Siapnkn OXIOpI OTO KATW
pépog mg MAAKAG, OTO onpelo mov ovvavida Tig mapewg g dokov. Ta
amotedéopata  £deav  O01, To  ovpPanko  abpootkd  mpocopoiwpd
Dné}\oytopob yid TOv LHONOYWHO ¢ avioxng Pacet Tov SKTLORATOS
(Khalifa A., Gold W., Nanni A. xat M. Abdel Aziz, 1998, Triantafillou xat
Antonopoulos, 2000 xat ACI 440, 2002), vmepektipnoayv v HEWPWARATIKI
avroxt) oe Swirtpnon petadp 200% kat 800%, yia FRP aykvpopéva KAto oo
Vv TAAKa, Aoye g Ipming arokonong twv FRP kat mg vnepextipnorng,
and 1o SKTOORA, ™G KAIONG TG SIATIITIKIG POYHIG KATA TV aotoxid.

Tovormikég  PPAoypa@iKeg  avagopég  MEPAPATI®V  pe  avaAvon

HEPAPATIKGOY CIOTENETPATOV (G IPOG TOV TPOIO ACTOX1ag Kat TV emppor)
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TRV IApapétpm@v o0 IPoPARaATog g evioxporg SOK®V EVAVTL KAPYNG KAt
Swatpnong pe  xpron FRP, éxouv vyiver amd tovg Triantafillou xat
Antonopoulos (2000), Bonacci kat Maalej (2001) xat Bousselham xat Chaallal
(2004). Ov Triantafillou xat Antonopoulos (2000) avagépovv, pe Pdaom
epaitépm MeElPAapankd Sedopéva, pia TpoTIonowpévVT) Rop@r Tr1g abpotoTki|g
eSiomong oxedlaopov oe Sidtpnon (Vi = VA Vs+V)), onweg avt viobeteitat aro
mv FIB (2001) xat mv Emttpomr) 440 tov ACI (2002), pe faon to avaioyo
wopporTiag Tov OKTLOPATO Kot TV &V TApaAA® OCOVEIOPOPd  TWV
pnyaviopev avriotaong. Ot Bousselham xat Chaallal (2004) xprjowponotody
Ta anoteMéopata anod pia evpvtepry Paorn Gedopivev yia va ap@opnroooy
™ xprion pefodoloyiag Kai IPOCOROIORATOS, Bam§6p8§01 O¢ MEPAPNATUKEG
PETPIOEg AVIYHEVOY TAPAPOPPOOEDY aANA Kal TACE®V OTd IEPARATIKA
AIOTENEOPATA yia vda TeKpnpoovy v dmoyr) tovg. Kat ou dvo peleteg
ovpmepaivooy ot 11 covelopopd twv FRP omy evioxvon -eite oe poper)
OplaKng mapapodpewong & eite oe poper opraxyg Svvapng Ve — @biver
exOeTikd g Tpog tov Aoyo Ef pr/ f3. Ot Bousselham kai Chaallal (2004),
COYKEKPLpEVA, avayvapifoov mepattépm emppor) ot Vi a) 100 SIaTpnukon
pKovg a/d kat P) TOL PXAVIKOD OYKOPETPIKOD IOOOCTOD EYKAPOIDV

onA\wopwv Esps /Ef pr.

Te aqut mVy katevfovon Kwovpevor kat ot Bonacci xat Maalej (2001),
KATyoplonoovy  Ta  HEWPAPAUKA  AIIOTEAEOpata  Kat — avaAvoov
SragopeTikovg Seikteg CLPIIEPIPOPAS (ONwG N amoteheopaukotyta oo FRP, 1
Slatifépevn) LIEPAVTOXT] KAl O TPOIIOG ACTOXIAS) e PAoT) OPKS DLAPOPETIKEG
NapapéTpovg TOV HEWPARAT®OV AHOTL Ol TPONYODHEVOL, OH®G a) O AOYog
epPadod onmAopoy mPoOg TO CIIATOLPEVO epPadov yla Tavtoxpovi) actoxia
FRP kat Stappor] 1o omopod (0 Aoyog wopporriag), ) o Aoyog Starpntikrg
avToxfig TIPOG KAVOTIKY| SdTpnorn actoxiag Kat y) o Aoyog tg akapyiag twv
FRP g I1pog v axapyid Too on\opo.

Ot Li, Diagana xat Del Mas (2001) Sevrjpynoav dexatéooepa nepapara oe

Soxotg opboywvikr)g OTORIG LIIO ROVOTOVIKY) QOPTION oTd Tpita Tov

Epy.OZ EMII Tehwka) ‘ExBeon Topog 2
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avolypatog. Av Kat T0 SiatpnTko prjkog g Soxkob napépetve otabepod kat
ico mpog 2,90, Ta metpapata Sepedviioav ™V eVAAAKTIKY EpAppoyn Twv
eykapowwv INOIT aund avBpaxa (xprowponombnkav INOIL oe Sadoviky
m\é€n, katd 45° xat 135° g mpog Tov a§ova g doxov), yia ) StaTpIjTikT
evioxoon, e SlapopeTikd Kabe Qopa PIKOG AyKDP®OTG KAl PIFKOG EPAPROYIIG
oto Bokipto. AmotéAeopd g MEWPAPATIKIG EPYACLAG TOLG ITAV Pid IPOTAOT
yia Tov omohoylopd g OSampnukyg avioxts, kabwg emiong kat 1
IAPATHENOT] KAt and péPOvg Tovg, Tt 1) abpotoTikt) epappoyr) g eSiowong
oxedlaopod yia 1 covolwy) avroxr) (abpotopa covelsgopwv aro INOTI,
xaAvPa xat okopodepa), Sev oxvel. Eni mhéov, onpeigvovv Ot 11 0woT)
epappoyT) g prTivig eivat kaBoPloTIKIG onpaciag otV TEAKT) avioxt).

Ot Alagusundaramoorthy, Harik xat Choo (2003) #AeySav meipapatikd
Sekatéooepelg ap@épeloteg opBoymvikég Soxkovg pe dratpnTko prjkog 5.40, oe
avakOMJOPEVT), apXIKA KAl KATOIY, HOVOTOVIKY (POPTION, g my actoxid.
Me yprion aykvpwpévov CFRP emetedxOnoav AOyot vmepavioxrs &g xat
160%, £véd Ot aVaALTIKEG TIPOPAEYELG PE T XP1ION EMUTEdOTTAG SIATOP®OV Kat
Tov Sraypdpparog tdoenv katd Whitney amédwoav vymAotepeg mpoPAeyetg
mg péyotng avioxfyg aMd oxeukd xahr] mpoPAeyrn g avriotoixng
IIAPAROPPWOTG TV DOKIPIDV.

Ot Brena, Wood xat Kreger (Nov, Dec 2003) mapovotafouv Hetpapatika
AHOTEALOPATA TECOAP®V TAAKOSOK®MV, 08 QULOWKI] KAIPAKQ, Th§ HOPPrG TTOL
XP1OHOTIOIOLVTAL 0T YEQLPOTIOUd, EVIOXUPEVOV e Stapnkn KAt eykapota
INOIT avBpaka oty Kdte mapewdt, vio otatkn) gopron. Ta anotedeopara
¢deav OTL 1 amoKOMNon TeV SaprKev oveaocpdtov Edape xwpa oe
avnypévny mapapopeeor g tadeng tov 0.8% twg 1.1%, pe amotédeopa ot
AVTIOTOLYEg TIPEG OYedIAOROV Va elVal, KATA TV EKTENOT] TODG, COVTPITIKEG.

Ot Deniaud xat Cheng (2003) éAeyéav okte MAAKoOOKOLG pe daTpnTiKo
avotypa oo mpog 3.0, o kabapr) POVOTOVIKY Kapym. Zav IAPApeTpot Tov
nepdpatog fedpifnkav 1o MmocooTd TOL EYKAPOIOL XAAOBOVOL OIAGHOD

kabaog Kat Ta StagopeTikd &idr kat yovia epappoyig, g Ipog Tov Staprxy
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afova, tev INOIT (povoa§ovikr) kata 0° xau 45° xkabwg xat oe Tpeig
Stevdvvoetg, 00/600/1200 mpog Ty Swrprjxn). Me 1 Porbera extevodg xat
TIPOCEKTIKY)G EVOPYAVROT|G Trapatnpnfnxe Ot n Aoy g emuIed o Tag TWV
Sratopov péoa oto SuartpnTikod prjkog Sev enahnfedetal, ovTe Kav oe Ppa
emtmeda poPTIoNG, AOY® TV BNIITIKGV TpOXIeV &V €11 cupeptpopag awpidag
oo Snpovpyovvrat. Emt mhéov, anodetxfnxe, i\, 1 gBivovoa ovvelopopa
1OV DPACPATEY 08 EVioxvor), pe avsavopeva nocootd FRP. Zopmepacpaukd,
Ol £PEDVITEG TIPOTELVOLY £VA IIPOCOUOI™HA Y1d TOV DIIOAOYIOHO TG eAay1otg
StarpnTikr)g ovveogopds v FRP (yia efotepuodg ouvoetpeg arno FRP
AYKDPOHEVOLG OTIG MIAPEIEG), MOV AapPaver vmoyn Ta XAPAKTPWOTIKA TV
DAKGV, TO TIOCOOTO TOD EYKAPOOL OOPOIAMOPOD KAl TO PIKOG ayKDPWONS
twv FRP, yia dedopévn (vmohoyigopevn) Sevbovon g Pacuag Statpntikig
P@YHNS, Tov dnpiovpyeital péoa oto SraTPNTIKO PIKOS, oLVAPTIoEL TV

MIAPAIIAV® ITAPARETPDV.

Ov Grace, Abdel Sayed xat Ragheb (2002) avémroSav xat éheySav
nepapanikd éva véo vpaopa INOIT pe povoadovikr) nAedn, mov éxet OXETIKA
xapn\r napapopgeor Stapporg ion mpog 0.35%, cvykpioyn nepimov pe
avtr tov ovpPatkod xahvpa. To INOIT epappoodnke ot OKT® aPQPEPLOTES
Sokovg, Kvping oe evioxvon oe xapyr, mov eAéyxfnkav éwg wy actoxia oe
kabapr) kapyn éxovtag eva SratpnTixo prjkog 4/d ioo mpog 3.60. O oxedraopog
TV SokmV &yve Gote va emeldel tavtoxpovr dtappor) TOoo Tov xdAvpa 600
xat tov FRP xatd myv aoctoyia. Ot doxol é@pracav oe uquXérepo PopTio
actoylag oe oyéon pe avtiotoxeg dokolg mov evioxvnkav pe cvppatika
CERP 10U £pmopiov, mov HAPApEVoOLY EAAOTIKA ®G TIV AoToXid TOvG. Emi
m\éov, anédwoav napopola DAACTROTTa pe ta copPatka dokipa, mov
1TaV OpmG PIKPOTEPT] O aUT TOV Jir) eVIoYLREVEY doktpiav eAéyyov.

Ot B0t epevvnrég (Grace, Abdel Sayed xat Ragheb, 2003) avartoocovy
nepatépe to INOTT pe Tig mapandve pnyavikés 1omies, alla oe Ipikhevn
A&, oe Staprjkn SevBuvor kat Vo yevieg 45° kat 135° wg mpog m Sraprki).

Katomy, oapovoiacav Ta aIOTENOPaTd TV IEPApdIov  OF dmdexa

Epy.OZ EMIT Tehw) ‘ExBeon Topog 2
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ap@ipeloteg Soxovg opboywvikilg Otatopr)g pe SIAaTHTIKO HPIKOG HmEPLon
3.50, og povotoviky] optior vmod kabapr xapyn). Ta Sokipa evioxodrxav pe
10 véo tprafovikd ogaocpa INOIT valov (GFRP) xapnArg avtoxng oe
Swappor), Tomobempévo ot Staprike) ePeEAKDOPEVE) IEPIONT] KAl/1) OTI§ IAPLES,
yia evioyoon oe xapyn xat Siarpnor. Ot evioxvuéveg Sokot ehéyxbnxav oe
OLYKPLOT) HE Opoteg, CUPPATIKEG DOKOVG, EVIOXVREVEG HE XPTIoT) XAALPOV@Y
ehaopdtev 1) epehkvopevov CFRP. Ta doxipia pe to véo dpaopa anedwoav
DAGOTIn] CORMIEPLPOPU, ACTOXDOVTAG €1TE O ADYIORO 0t BAiyT) TOL LPACHATOG
£11e \OY® artoKOMT0T|g 0T1g SIapIKeLg IApPEetE, 08 ONO TO PIJKOG Tr)g SOKOD.

Téhog, ot Ot agopd v npoopoor) Twv INOIT oe popgr] papbwv omhicpov,
ot De Lorenzis xat Nanni (2001, 2002) Owepedvnoav DEWPAPATIKA TA
XAPAXPLOTKA IIPOCPLONG Kat ayKvpwong papdwey and FRP tonobetnpevov
oy ema oy g Sraropris. Ot paPdor eixav S1aQoPeTIKa PIjKI] AYKOPGRONG
KAl EMPAVEIAKT] TPAXLVOL), EVR €y1Ve MAPAPETPIKY S1ePedvION TOL PIKOLG
aykopwong Kabmg KAt Tov OXNHATOG KAt ToV dacTdcemv Tov KavaAiov
tonobétong. Kabopiobnkav ta xapaxmnpiouxkd g aotoyiag oe kabe
mepimtoon  (PyRAtoon  Tov  oKLpodEpatos, eGoAxkevon TG papdov,
£PENKLOPOG 1) ovvdvaopot avtmv). H pelém édetde 011  KaAvtepn aykopwor)
enetedx0n pa m xpHon VELPOOEDV avTi yia appoPoAr} oV EMPAVELd KAt
avinuévn emaloyr oe éva pértioto Padog 25mm.

Ano my ¢peova mg Prphoypagiag kadiotarar gavepd OTL vHAPXEL VA
EANEPA EPIEPIAG KAl Aa§IOMOTOV KATACTATIK®V IPOCOHOIWRATOV Yid TOV
vroAoyopd kat wyv mpoPAeyn actoxiag dokwv amd O, eVIOXLHEVWV pe
INOIT. H mnapovoa Epeovnuikr) Epyacia xat 1o avukeipevo Imov
TIPAYPATEDETAL, AIIOTENEL OLOWIOTIKI] OLVEWOPOPA OV TAéOV  adiomoty
XPNOT TOV DAKGY autdy, oto Pabpd mov avtd £xovv epappoyn yia my

EITEKTAOT] T1)G XPHONS KAt TG Stapketag Aettovpyiag DPLoTAREV@Y QOPEDYV.

2.2 Anpooieoon Twv anotedeopdtwy tov Epgovnuikoo Ipoypapparog

H mnepypagr tov oxedlaopoy, wg KATAOKELN)§ TV SoKipiwv Kat g

Srartadng, Kat Ta MEPAPATIKA aIoTEAEoPATa 1wV SOK®YV, IOV HEPTYPAPOVTAL

Epy.OZ EMII Tehwr) ‘ExBeon) Topog 2
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otov Aebvtepo Topo, avamrtvocoviar oty Iltoxwakn epyacia twv L
Avaotaoaxny kat I Kopaxidn (2003), TTodttikav Mnyxavikwv EMII, mov
exmoviifnke omd  mv  emifheyn Tov Emompovikod Yneofovov  oto
Epyaompro Onmhwpévov  Zxopodépatog (Epy OX) EMIL  TIpoobeteg
apBpnTkég er\boeLg g AIOKPIoNg TV SOKIPiMY pe NENnepacpeva otoyetd
kopov, meprypagovtar  omyv ITroxwaxsy epyaocia tov I. Tookxka (2005),
[ToAttikod Mryavikodv EMII, wyv omoia exmovnoe vmo myv enifAeyn tov
Emompovikod YmevOovov. Ta OENApamika GIIOTEAEOPATd TOL IPRTOV
pépovg tov TTpoypappatog (IEWAPAta o8 DIOOTLAWHIATA) KAl 1] KATAOKELY)
Twv Sokmv &yovv 10 napovowacetl oty Ilpoteg dvo Exbéoerg ITpoodov
(Zé¢png, 2001, 2003) xat otov Ilpeto Topo Ttov Epeoviuikod mov

ovvonopaletat.

Exl m\éov, Ta COTEMOPATA TV OEPAPATOV EVOAAKTIKOV TPOIOV
evioyvong dokmv pe Yapnio Aoyo SlatpnTkod pIjKovg TOL IApOvVIog Kat Td
newpdpata evioyvong pe INOIT vgotapévay vrootoAopdtov and O tov
IIpwtov Topov éxoov ovmoPAndel 11 vmoPaloviai, avrtiotoa, IMIpPog
dnpootievon ota éykprra neprodika Structures Journal tov American Concrete
Institute kau ASCE Journal of Composites in Construction (Zeris, 1pog
dnpooievon), Ve aVAKOWOOEG TOV IAPAIIAVE MPOKETAL VA avakowmdovy

Kat ota endpeva ENvika Zovédpia Zovbetwv YAkov 1§ ZKopodepatog.

AHAQZIH:

Evyapiotovpe anod 1 Béon avtr) tov Opyaviopd AVIIOEIOPIKOL Zxedlaopon
kat IMpootaciag (OAZII) ywa ™y apepot) OLEPIAPACTACTY) TOLG O
xpnpatodomon. Ta cvpmepdopata, ot Géoelg kar ta aNOTEALCPATA WG
napovorg eivat evbvvr tov Emotpovikod YmevBovoo kal Oev expiépoov

anapaitnta ) Oe¢on oo OAZTL
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