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0. [IEPIAHWH

To mapov Epeovnuko llpoypappa emKEVIP®VETAL OUV AVAIITLSY TG
TEXVOYV®OLAG, TV MEPAPATIKY peAET) Kat ) depedvnon g adiomotiag
IpOPAEYnG TG CLUIEPPOPAG OTOXEIWV QLOKIG KAipakag SoK®V Kat
VIOOTLAWPAT®V ard om\opevo oxvpodepa (OZ) ta omoia eiyav omAotet
paocet madaotepev Kavoviopwv, eVIOXOREVOV 1) EMIOKEDACHEVOV PE XPLIOTN
obvletwv LAKGV ano wonhopéva molvopepr) (INOIT). To Tlpoypappa
exteMéomke €5 ohoxAfjpov oto Epyacujpro O tov EBvikov Metoofiov
IToAvteyveiov (EOZ EMII).

H avaykn ywa 1o Ipdypappa avtd opoékowe pe mv abpda etoaywyr) Tov
INOIT otig dopkeg erreppacetg pera 1o oeopo g IapvnBag, 1o 1999. Tevika,
n xpnon tv INOIT yia dopxég emepPaoelg oe OOPIKA OTOLXEIA KATAOKEDOV
ano OZ gxet Ppet epappoy):

1. owv amokatdotaor Katr/1n evioyoor AOym avaoyedlacpov, g avioxt)g
Kat pAaoupomrag otov  @épovia opyaviopo (PO) vgotapevev
KATACOKEL®V, AOY®W aKpdidg KAaTamoviong TOL IO OEIORIKO (POPTIO I
Kpovor Kat

2. oV evioxvor oV DPIOTAREVEOV KATACKEL®V AOY® AVAYKIG yid avinorn
MG PEPOLOAG KAVOUTAG TOvg, &ite Aoyw alAayrg xprnons (Wiwg oe
Propnyavikd épya) eite Aoy® TV aunpévev arattioemy Hov empPalet i)

EQPAPROYI] TOL VEOL AVTIoElopikov Kavoviopov.

Anotepog okonog tov Epevviuikov [Ipoypappatog, eivar 11 avamrmody
oOnywwv kat Kavoviotikwv dtatdlemv, OXeETKA Pe TV EMOKELI] KAl EVioXLOT)
vprotapévav kupiov ano O pe ) xprjon INOII, og covOvaopo kat pe ala
oxetwa Epeovnuka ITpoypdppata mov acyolovvrat pe avto to Oépa ono my
yevikr) kabodrjynon tov Opyaviopod Avtwoeiopikod Zyediaopod xat
[Tpootaciag (OAZIT), ot onoiot xat xprypatodotmoayv to [Tpoypappa.

[Na wy depedvnion o0 DAPAIAVE HPOPANPATOE, COPPEVA KAl HE TNV
vrnoPAnOeioa IMpotaon, n épevva deSayetat oe SVO TPPATA: OTO TPWTO PEPOG

oxedualovrar  kat  kataokevafovrar  emta  Ookipla  appuéplotov
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DIOOTOA®PATOV TETPAY®VIG S1aTor)g eV oTo OebTEPO PéPOG OKT® OoKipa
ovovexwv dokpv Ovo avorypdtev, napalnAoypappng O1atoprg, o QLOLKI
K\paka. Xe kafe mepimoon epappofovial ot aidrt)oglg Iov oyvav oe
nalaotépovg Kavoviopovg Zxedwaopotd Epywv amd Ixvpodepa oe 0g10p0
(YAE, 1954 xat 1959), eve xpnoyomolovviat ot avrioroixeg diaradelg
om\opoL Kat Katyopieg dopk®mv LAK®V. I'ta Adyovg mAnpotTag, 1000 yid
Ta vHooTAOUAta 000 Kat yua TG doxkovg, Oewprbnkav Soxima pe
Srapopetikotg aviypévong Aoyoog Sidtunong (M/Vd, onov M xat V n dpaoa
pomr] xat Owatpnon oty Kpioyrn Owatopr) Kat d TO OTATIKO LWYOG TOD
OTOLXELOV), Y1 TOV EAeYXO TI)§ EMPPONS T1)G IAPAPETPOL ADTIG OV AIOKP0T
KAl ™) popr) actoxiag 1000 tov napfévmv 600 Kal TV EIOKELACPEVOY /

EVIOXVDHEV®V OTOLXELWV.

O\a ta napanave dokipta, oe opddeg Opola ONAOPEVEY OTOEIOV avd

510, KATATIOVOLVTAL £ME TV OPLAKI) IAPEXOREVE] TAACTIHOT|TA TOVG, WG 811G

Mépog 10 : Yonoortolouata

O €\eyx0g TV LIOOTLAGPATOV 010 1° Mépog Tov Epevvntikov nepthappavet

dvo paoeig:

1. Apywa vyivetar 1 HOEPAPATIKI) AIOTIPUNOCI TG OCLHIEPIPOPAS TGOV
napBévev doxpiev, pe otablepd aovikd @optio o avakvkAMGOpevn
EYKAPOLa POPTION HEXPL TV aoToyid.

2. AkolovBet oe Sevitepn Ao 1} AIOKATACTAOCT] TV SOKIPL®Y, £VR €Tt IAEOV
YIVETAl MEPATEP® VioXLOT] TOLG: €iTe Kata TV eykdapota drevbovon povo
pe nepiogrySn anod INOIT wvev vaov yia avinon g TAAoTHOTTAS TOLS,
elte xara ) Saprxn kat eykapowa devbovor, pe INOIT wov  avipaxka
KAt DAAOL, AVTIOTOLXd, YW avinon g avioxng Tovg O KApWYr KAt
dwarpnon.

Kat otig dvo @aoeg, Aoy®m 1oL KPIOWOL TG EVIATIKI)G KATAoTaong otd

YOVIAKA LIIOOTOAGRATA YapnArg meplogiydng, o éleyxog epappoletatr oe

KATauovIon KAatd pikog g Siaymviov Tov bHOOTOAG®PATog, vrno otabepd

afovikd @optio mepinov ico pe 1o 10% g avnypévig afovikig avioxrs
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(popTiO WOV AVTIOTOL EL O EVA YWVIAKO LIOOTOADHA £VOG LEVIAOPOPOD

KTpilov )¢ dexaeTiag Tov 60 pe OXETIKA PiKpAa avolypatda).

Anotéheopa g épevvag avtlg eivai 1 NEPAPATIKIT] AIOTIPNON KAl 1)
avaloTiky] TPOPAeYn TG IIAPEXOHEVIIG AVIOXI)G, OLOKAPWIAG, OPLAKIg
OXETIKI|G PETATOIIONG OpOPOL, PEYIOTNG TAOTIKIYG OTPOPRG Kat oAikrg /
TOMKG TAAOTIPOTTAG. AOY® TOL EDPEWG MEPAPRATIKOL AVIIKEREVOL TA
AMOTEAEOPATA APOPOLY TOOO EMIOKELACPEVA / EVIOXLPEVA 000 Kat Hapbéva
TETPAYWVA VIOCTLAGPATA DPOTAPEVOV Kataokevwv ano O, cuoykpvopeva

pe avriotoya vrootvdepata mov éxovv omhotet kata EAK (OAZIT, 2000).

Mepog 20 : Aokoi

O melpapatikog EAeyxog twv Sokmv 010 2° Mépog tov Epeovntikod yivetat oe
pla @don 1 omoia mepapPavet tov EAeyxo dokpiny cvvexwv dokwv dvo
AVOLYPAT®V oL £X0LV evioxLOel oe Kapyn kat dwatpnor, pe xpnon INOIL
[Tépav amd 1o Aoyo Sidtpnong, Paciky) HAPAPETPOG TV HEPARATOV AVTOV
arrotelet 1 pébodog xar 1o €idog twv INOII kapmtkig evioyvons. Ia ta
nelpapata Bewprifnkav fedyn doxmv mov eAéyxovTdal £ite 08 HOVOTOVIKY €1Te
o€ avakvxAlopevn) PoOPTIOoT, wg eSNG:

1. Avo Soxot evioyvovtat pe daprjkny INOIT wov avBpaxa epappoyrg ave

Kat ke xat eykapota INOTT wvav valov,

2. Avo Soxot evioyvovtat pe INOIT wvav valov epappoopeva oTilg IapeEg

Katd ) Sapnxn devBovor xat eykapowa INOIT wvav oaiov,

3. Avo dokoi evioyvoviat pe papdovg INOIT wav avipaxa epappoopeveg
otig apetég kartd ) Swaprixn Sevbovor kat eykapota INOIT wvev valov,
4. AvO dokol pr eVIOYOREVEG, OTINIOPEVEG yid MAAOTIIN COROEPUPOPA KATA

EAK (OAZIT, 2000), Bewpovpeva g dokipa eAeyyov.

Anotéheopa mg épevvag otg SoKovg eival 1) HEPAPATIKI] AIIOTIPN0L Kat
appnuky opoPAeyn wg avioxis, Svoxkapyilag, MAACTIKYG OTPOPIG Kat
O\lkfig / Tomikng DAaotpomrag evioxvpévev doxwpinv  doxav, pe
eVAAATKTIKODG TPOIOVG EVIOYXLOTIG, €lte PETASD TOLG AN KAl 08 OLYKPLOI] pE

avtiotoa oopfatka doxipta omhopéva Pacet EAK xwpig evioyvor, ocov

Epy.OZ EMII Tehwa) ‘ExBeon Topog 1



a@opd TV LIEEPAVIOXT] KAl WV EVEPYELAKT) AIOPPOPION O aVaKukAOpevn)

AIIOKP10T).

And ta mepdpata Kai Ti§ avaALTkég IPOPALYElg IIOL £ywvav oTo
TTpoypappd, mapéxovial IAPATPOelg KAl COPIEPACHATA TOD APOPOLY
yevikd v texvotoyia tev INOIT onwg:

e T ovpmeppopd Kat T SovardTTad AIOKATACTACLG EMOKELACPEVOV
OTOLXEIWV DIIOCTLAOPATOV O HOVOTOVIKI] KAt AVAKLKAGOpEVT) pOopTon).

e Tn ovveloPopd TV pefodwv AIoKATACTACLG OV AVIOXT) Kat Svokapyia
TV DIOCTLAGPATOV, IIPLV TV EPAPHOYI| TG OMOIACONIIOTE EVIOXDOTG,

e Tn Svvatowmta napoxtig MAACTIIG CORIEPIPOPAG aTIO DPLOTAREVOLS
popeig on}\tdpévoug }ie nahatotepovg Kavoviopovg xatd Ta armattovpeva
anod tovg wyvovieg Kavoviopovg, pe Gopikr) emepfaocn OXeTIKA PIKPLG
oxAnorg pe INOIT.

o Tov tpdno actoxiag vgotapevav dopkav otoryeiov and OZ (doxwv 1
VIOCTLAOPATOV) PV Kat petd aod v epappoyr) INOIT evioyvong.

e Tnv emppor) g Sratpnong o SOKOVG KAl DIOCTLAG®PATA e O1aPOPETIKO
Aoyo M/Vad.

e Tnv emapkewa kat alomotia TV  Oe@pnTiK®V  IPOCOHOIWHRATMOV
OXeDIAOROD BOK®V KAl DHOOTLAWPAT®OV DPOTApEveY Kupiov aad O,
EVIOXVPEVOV / emokevaopevev pe INOIL

o Tnv aflomotia npopAeyng pe apipntikég avaldoelg g COPTIEPIPOPAG
BOKGOV KAl DIOCTLA®PATOV DPLOTAPEVEV opémv and O, evioxpevay /
emokevaopeveov  pe  INOIT,  pe  apbpnukég  peBodovg  mov
xpnowonowovvtat - ouy - npadn,  kabog  kat  mAéov  Aerrtopept)
IIPOCOUOIWATA EPEDVITIKOD EMUIIEOOV.

e Twv TtexVOAOYIKGOV IPOPAPATOV TOL TLXOV VA HPOKLYWOLV KATA TNV

epappoyt) v INOIL

Epy.OZ EMII Tehwa) ‘ExBeory Topog 1
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ZOVONTIKA COPNEPACRAaTa

Me¢pog 1°

210 TIPMTO PEPOG, £Y1VE TEPARATIKOG EAEYXO0G TETPAYDVOV DIOCTOAWRITOV pIe
Aoyovg M/Vd ioovg mmpog mévie Kat oKte, vood otabepr) avnypévn afoviki).
[ep\nrmkd, ta kbpra ovpnepdopata nov deSrxbnoav éxovv wg e8ng:

1. Ta vgrotapeva doxipla mapéxoov mAaotipomra nepinov 1,50 kau
OLOIACTIKY] AHOPEI®OT) TG KAWPITTIKI)G TODG AVIOXT)§ HETA arto pkpo apifno
avakvxhoenv, Aoy® ADYIopoD TV YOVIAKOV ONAOP®V, 08 POPTION KATA 1)
Srayovio. To gawopevo eivatl DIAPKTO ot pkpotepo Pabpd xat ota dokipa

mov om\iotkav katd EAK (OAZXTI, 2000), oe mhactipouyta repimnoo 3,0.

2. H emokevr] wv vnootoleopdtev omopévev katd EKOX / EAK
(OAZII, 2000) petd and onpaviiki PAAPr AOy® CEORIKI)G KATAIIOVIONG, 1
EIOKELACTIKO  OKLPOOEPd, EHAVAPEPEL TA OTOXEla auTa OV IPoTepd
avrtoxt}, pe peiwon g dvokapyiag tov xara 20%. E@ocov axolovbnbei
O®OTI) EPAPHROYT] TG EMIOKELL|G, O TPONOG actoxiag dev emmpedleTal amno uy

LIapdn SemPAavelag DAK®V d1agopeTike|g NAKIag Kat avioxrs.

3. H emokevr] pe emoxevaotiko oxvpodepa kat epappoyry INOIT varov
EYKAPOIONG OTA DPIOTAREVA DIOOTLA@HIATA PETd ano onpavtike PAapn Aoyw
OEIOPKIG KATAIOVI|OT)G, cutéd®oe MATPWG TRV IPOTERA AVIOXT) TOVG HE HIKPT
pelwon g dSvokapyiag, av§avovrag e my mAactipoTTa Katd ) Siaywvio
paoer kprmpiov amopeiwong oto 85% g péyrotng, oe mepimov 4,60, Ty
peyalltepn avtig oo anarteitatr ano tov wyvovta Kavoviopo, ywa méov
avinpéveg  oOpwg anaumoelg  oxedaopov  (ovvapujoer  wg  {ovig
ermxwvoovotrag). H endpkewa dapa avujg g DAACTIPOTTAG 0 Eminedo

kataokevr)g déov va epeovnPei mepartépm pe avehaotikég pedodovg avaivong.

4. H emokevr] pe EMOKELACTIKO OKLPOdepa kat, xaromy, evioxvory INOIT
Sraprkwg Kat eyKapoi®g, OTd DPIOTAREVA DIOCTOAWPATA IOV giyav vmootel
onpavtiki cewopt) PAapn, amédwoe v Oeopnrikd npoPAenopevn avinpévn
avrtoxt), DAV Opeg pe pewwpévn) TAaoTpoOTNTa KAt napapoppwopotnta. H
DAapapeévouod avtoxl] HETA TV dotoyia tg evioyoong, Aoyw dwappning Tewv

Epy.OZ EMIT TeAhwa) ‘ExOeory Topog 1
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INOITI 1 anwAeta npoogoong INOTT/ oxopodépatog rjtav ion pe v mpoteépa
PéXPL DAaoTpdTTeg Napapopemong xatd ) Swaywvio petadd 1,80 xar 2,50,
Pacel tov xprpiov g amopeiwong wg avioxig oto 85% g péylotg
HEWPAPATIKIG.  ZNHPEWWVETAL Op®G OTl Ol IEPAPATIKEG  AVIOXEg Oev
anmopewwdnkav noté oto emnedo g péylomg avioxyg tov napbévoo
doxpiov, ¢wg kat v emPePAnpévn napapopemon twv 8,0 cm.

5. Aev napampndnkav gawopeva actoyiag Aoywm SiaTpnong yua Tig Tipég
tov Aoyoo M/Vd xar afovikng mov Owepeoviifnkav. O Paocwkdg tpodmog
aotoyiag ot draoviky) armokplon fjTav o0 AVY1OpOg TV OIAHIKOV OIAOH®V
Kat 1 tomki] OAumtiki) actoxia peydAov IOCOOToL Thg dlatoprn)g mpog T
OApopevn ywvia, pe eviovotepn ep@dvion ota Sokipla pe ppotePo AOYo
owatpnong. H  epappoyr) eyxapowov INOIT Owpbwoe enapkog Ta
ovykekppéva npoPAnpata katd tov enavéreyxo g B ®aong, anodidovtag

peyaleg DAAOTIPOT)TEG OTA OTOLXELd aUTAL

6. AmO T OLYKPWOl] AVAADTIK®WV KAl HEPAPATIKOV CIIOTEAEORAT®V,
napampettat 0T, yevikd, Ta aplpnuikd IPOCOPOIWHATA TEMEPATPHEVROV
OTOWElWV IOV YPROlpomolovvIat oV mpadn alda kat nAéov ovvbeta
EPELVITIKOL akoprn emuredov, eivat oe O0éon va mpopPAewoov aliomorta v
HEPAPATIKL] AVTOXT) AANG Ox1 1) OLOKapWia KAt TV EVEPYELAKT] COIOPPOPI|OT)
kata v avakokhwon. Eror, avalotkég Owepevvijoelg TG CEIORKIG
TPOTOTTAG DPIOTAREVOV KATACKEDWV HE CIAOIOUPEVA IPOCOROIONATA E1TE
TOIMKNG €ite Katavepnpevng PAaPng, mpemer va avupetomifoviatr pe tov
déovia ovviedeou] ao@aleiag KAt ONPAVIKOD €DPOLG MAPAPETPIKI
Otepevvrion  yua mbavovg evVaANAKTIKODG  PNYAviopovg daotoxiag Kat
npocopoiwong g Ovokapwiag, yiwa aliomoty npoPAewn g TOMKIG
aoToxiag eKIePEaopévy) oe peyen TAaoTKOV OTPOPQOV.

7. H ovvewopopa (¢) twv INOIT omyv kapmrtiky) evioyvor, Aappavovtag
vIoOYI Kat v av{non avioxtis Aoy TOL EMOKEDACTIKOD OKLPOOERATOS,
nrav peradd 8 €wg 14%.. H oovinpntikdtepn amo tig Tipeg avtég 0Lov OIwg

Aapaverat vooyr OTOV IKAVOTIKO EAEYXO TOL DIIOCTLAQPATOG VIO EVIOYLOT).

Epy.OZ EMII Tehwy ‘ExBeon Topog 1
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Mepog 20

2to OedTEPO REPOG, EYIVE MEPAPATIKOG EAEYXOG OKI® OLVEX®V OOKmV OVO
avotypateyv opfoywvikag dwaroprjs, e Adyovg M/Vd icovg mpog 1,35, 2,70 xat
3,20. TTepAnrrrikd, ta xOpwa ovpnepdaopata noo owefiydnoav etvar ta efrg:

8. AmO Ttovg eAEyYOLG O HOVOTOVIKY] QOPTION, TOo DOoKipto pe mAaivi)
evioyoor] INOIT vahov om Swaprxy Swevbovorn (G60 MONO) mapovotadet
pla avdnon mg avroxns 130% peyalvtepn g npoPAenopevig Bewpmvrag
napapopewon tov INOIT ion pe 0,8%. H avioyry avtiotowyet oe Bewpntiky
npoPAeyn yra napapopewor) tov INOIT nepimoo 16,0%.. To dokipto anédwoe
pla péyot) mhagupomra petaronicenv (Pacer xpumpiov peiwong g
avtox1)g oto 85% g péyrotg) ton pe 8,70, xat otabepr) napapeévovoa avioxt)
WG TV IAPApopewor Twv 85 mm, TovAdaywrtov ion pe 115% g péyromg
avtoxng mov anédwoe oe Kparovor to Ookipo edéyyoo NEAK MONO,
KaOloTVTag 1o COYKEKPIPEVO TPOHO eVIOYDOIG EAKDOTIKO, COVLIIONOYI{OVTAG
Kat To ovykpruka yxapnAo  kootog tov INOIL O tpomog aotoyiag tov
doxpiov fjtav Aoy otadaxr)g actoyiag oe Siappnin twv INOIT o tprjpa mg
ePeAKLOEVIG (VTG TG Kpiotng Owatopr)s, petda ) Snpovpyia g devtepng
apbpwong xat, TeAKd, n amAela TpoOoPLOTS.

9. To dokipo pe oopPatiky evioxvorn INOIT avBpaxa ave kat katw (C1-
30 MONO) anédwoe ta QToyOTEPA AIOTEAEOPATA IO OAEG TIG CUYKPIVOHEVEG
peBodovg, epgavifovrag avdnon mg avioxns 117% g mpoPAemopevng yia
napapopwor tov INOIT ior pe 0,6%, mov avtiotolyel 0 TAPAPOPP®OT) TOV
INOIT nepirov 10,% xat peyrotn mapexopevi) mhactpotnta (Pdacet oo
Kprmpiov pelwong g avroxtg oto 85% Ttng péylotng Katayeypappevng)
neptnov 2,30. O tpdmog actoyiag tov OoKpiov rrav evieAwg yabopog, pe
anotopny Owappyln twv INOIT ouv mpeou) mAactkiy) dapfpwon  Kat

MEPLOPIOREVT] AVAKATAVOLT).

10. H pébodog evioyvorg pe papdovg omiopov INOIT otig mapeeg (MBAR
MONO) napovowadet pua avinor) g avroxtg 108% g npofAemnopevng yia
napapopewor tov INOIT ion pe 0,6%, mov avuotoyel 08 TApapdPPoT) Tov

Epy.OZ EMII Tehwkry ‘ExOeory Topog 1
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INOIT mepimov 10,0%. kat mhaotipomta 6,40 Bacel Tov NapaIdave KPrmpiov.
O 1pod1Iog actoyiag tov dokipiov frav Aoyw oTAdlaKI)g aoTtoxiag Twv papdwv
INOIT oe aykdpwon), petda m Snpovpyia mg devtepng apbpwong.

11. O ovyxexpipevog tpomog evioyvong pe INOIT oe popen vpaopatog 1
paPfdwv Tomofetpevmy Katd PNKog TV DAAiveV IAPEtwV g SoKov, O1ov
auto eivat ePKto, ep@avifel va peyalo COYKPITIKO MAEOVEKTNRA APOL OXt
povo dev xathotd wabovpr) ™ OLVOMKI] COPIEPPOPA KAl TOIMKY] POPPI)
AaocToxiag TOL €V AOY® OTOLYEIOD AN O1EDKOADVEL TV AVAKATAVOHL] POPTIOD
IIPOGPEPOVTAG ONUAVTIKA HeEYAADTeP) DAACTIPOTTA Of OXEOT) He TOV

ovppatiko TPoIIo eVioXLONG AVK KAt KAT® HOL aotoxnoe yabvpd.

12. A0 TOLG €AEYyXOLG Ot AVAKLKAI(OMEVI] QPOPTION), IIPOKLHTEL OTL 1)
gvioXLOT] OV ave KAt KAt mapetda Tov dokypiov (C1-30 MONO) npoocdidet
peyalvtepn dvokapyia amo Ot ot AAAeg POPE@EG evioxvorg, AOyw TG
peyahvteprg Ovoxkapyiag tov INOIL Avtifeta, ot dAeg Ovo pop@ég
evioyvong, 1n m\aiviy evioyvony (G60 MONO) xat i evioyvon pe papdovg
(MBAR MONO) éxovv v i6ta dvoxkapyia pe 1o pn evioxopevo Ooxipio
NEAK MONO. Ta idia nootxa 1ox0oov Kat yua )V 16000Vapo Iogooto
anoppoPnong evépyelag oOmov 1o  OOKIPO  ERPAVICE  Tr  HEYAALTEPD)
otabepotnta Bpoyov (C1-30 MONO).

13. OAa ta dokipa CYCLIC (mAnv oo NEAK CYCLIC) aotoynoav xata
MV avakLkA{OpeVn) amoxplon oe OudaTpnorn, o€ POPTIO PIKPOTEPO TN
npoPAenopevng avtoxts ovs. To dokipo NEAK CYCLIC, mapa tov xapnho
Aoyo Swatpnong mov 1o xapakmnpiey, £0woe pia MOAD  KAVOIOUTIKI)
ovpEPPopd pe otabepotta anoppoOPnong evepyelag twg mhaotpoyta 3,30.

14.H peyalvtepn peimon @Epovoag 1Kavomtag Of  aVAKOLKALOT
eppavidetat oto dokipo MBAR CYCLIC eva oto C1-30 CYCLIC 11 péyio
@é¢povoa (oe emimeda PIKPOTEPA TG HOVOTOVIKIG) CHIOPEWDVETAl OF
m\aotpotyta Kate oo 2,0 oe otabepo erinedo 1610 pe g pr EVIoXLpEVIG
Swaropr)g. To Sokipo G60 CYCLIC éxace peydho pépog amd T pEPOLOa

wavouyta tov oe maotpomra 3,5 aAl\d ano ekel Kat Dépa avt) Dapépeve

Epy.OZ EMIT Tehwa) “ExOeon) Topog 1
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OXeTKA otabdept] Kat ONpavtikd peyalvtepn anod ot ota vnolouwra doxipa

(og péoo mooooto 120 % g avroxr)g too NEAK MONO).

15.0 ovpPatkog oxedraopog evioyvoewv INOIT dokwv pe HIKPO
Satpn ko pnkog (mepirov 1,00) Oev etval emapkng oe avakukAMOpevT)
OLPIEPIPOPA, aropn xat av ayvonbfel mAnpwg xata tov oxedaopo 1
ocoviotapévyy (V) (mapaiafry Owampnukod @optiov aud  devtepedovTeg
pEnxaviopovg oto okopddepa), n de ovverogpopa tov INOIT oe Swarpnon (V)
mpnOel oe amolvta ovvmpnrkda emineda, DAAL PAacet TV 10XLOLOWV
Srataewv (FIB-TG 9.3, 2001 xat ACI Committee 440, 2002). Avto Oev
napcartnprdnke ot HOVOTOVIKY] pOPTIor, omov ta nepbopla aocpa}\'siag nrav
ONPAVTIKA XPNOWOoNIowVIag ta idla mpooopowpdarda. levika, 1 xpron
alpoloTKOV IPOCOPOIOPATHV TOMOL OKTLOPATOG Yia Tov oxedaopd oe

diatpnon Sev odnyet oe emBupnTa aANOTEAEOPATA 08 AVAKOKALOL).

16. H napadoyt) xatd 10 oxedtaopo yida TOV DIIOAOYIOHO ]G AIAtTOVHEVIG
SatpnTka)g evioxoorg, ott 1 coppetoyr} tov INOIT avriotoryel oe  peéylot
avnypévn mapapop@won g evioyvong ion pe 0,6% eivar paxkpav pn
OoLVINPNTIKY Kat Katd T acgaieiag. Me Paorn tig vroAoyiobeioeg avroyeg
mov enetedxOnoav nepapatika, n oopperoxy) tov INOII, kata neplatwon,
¢prace wg xat 1o 1,6% oe mAaivy) evioyvor, 1} oe 1,0% og ave Kat KATw

eVioYLOoT), TUEG OV TPETIEL va BempovvTal EPIKTEG OTOV IKAVOTIKO OXeO1aoO.

17. TTapd\\nAa, 1 péyotn napapopeaeor tov INOIT otov vmoAoytopo g
IIPOOPOPAG TOL OTNV NATPTIKI] avioxl), pewwveral Kat xatw tov 0,25%, ot
eninedo NApapopPPwong 1o1g pe v Tapapop@morn dapporig Tov oopfatikod
om\opob Stdrtpnorg, tipr) nmov Bewpr|Bnke otov oxedraopod g evioyvong Twv

doxipiwv.

18. Ze avtifeory pe ta vmootoAepata nov eAéyxbnkav omyv A @aon, 1
avaykr tov eykapowwv INOIT va napaldfoov oyopd datpnrkda ¢optia
KATd Vv Kapyn (apa xat oxetikd peyalvtepy dwaywvia OAtyn) dnpovpyet
adovapia ano ta INOIT va xkabvoteprjoovv molv nepiocdtepo de va

avalpéoovy  evteAmg Ta Gawopeva Aoytopod tov Saprxovg OmAiGpov

Epy.OZ EMIT TeAwa) ‘ExBeory Topog 1



15

vpotapévev orotyelov pe apau] Sudtadn cvvOETPWY XAPAKIPICTIKI TOV
vPotapévev kataokeoowv. H adovapia avu) mg evioxoong €xel epgavn
anote\éopara ou) QEPOLOA  KAVOTNTA TOOO Of KAPIMTKO O00 KAl ot

Otarpn ko entmedo.

19. Ze xafe mepimtwon, o oxediaopog twv INOII ywa eykapowa goptia
AOY® OLYKPATONG TOL OIAPIKOLG OMAOPOL O aLTI| TV MEPIIT®OT), eivat
ePePAnpevog.

Epy.OX EMII TeAwa) ‘ExBeor; Topog 1
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0. EXECUTIVE SUMMARY

The present Research Project is concerned with the development of
application know how, the experimental investigation and the evaluation of
the prediction reliability of the response of full size beams and columns,
reinforced according to the requirements of past Greek seismic provisions,
repaired and/or strengthened using synthetic fiber reinforced polymers
(FRP). The Project has been executed at the Reinforced Concrete (RC)

Laboratory, National Technical University of Athens.

The need for this Project has been mandated following the massive
introduction of FRP materials for structural interventions, following the 1999
Athens earthquake. Generally, the use of FRPs for RC element structural
intervention has been applied to:

* The reestablishment and increase, following redesign, of the strength and
ductility of structural members of existing buildings, which have been
degraded, due to extreme action (earthquake or blast) and

* The strengthening of the structural members in existing buildings due to
an increase in their structural load bearing capacity, either due to change
in occupancy (e.g. industrial works) or due to upgrades to currently

enforced seismic provisions.

Objective of the Research Project is to develop, if possible, guidelines, or
even normative rules, related to the rehabilitation or strengthening of existing
RC buildings using FRP, in conjunction with other related Projects dealing
with this topic, under the co-ordination of the Organization of Earthquake

Planning and Protection (OASP), who sponsored this research.

For this purpose, in accordance with the proposal, eight full-size two span
continuous rectangular beams and six full-size square simply supported
columns, are designed and manufactured, using design and reinforcing
provisions in accordance with the 1954 and 1959 Concrete and Seismic Design

Codes. In both cases, different shear span to depth ratios have been

Epy.OZ EMIT Tehw) ‘ExOeony Topog 1
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considered, in order to investigate the influence of this parameter to the virgin

and repaired or strengthened specimen response.

All the above specimens, in groups of two, are subsequently tested to
lateral load, either monotonically or cyclically, to their maximum lateral

deformation ductility, as follows:

PART A) : REPAIRED OR STRENGTHENED COLUMN TESTS

Columns are tested in two phases:

1) Initially, the virgin specimens are tested under monotonic or cyclic

lateral deformation and constant axial load, to failure.

2) At the second phase, follows the specimens are repaired, while some are
further strengthened in flexure and shear or only in critical region
confinement, using FRPs. The use of Glass FRP sheets for transverse and

Carbon FRP sheets for longitudinal application is adopted.

In both phases, lateral deformation is applied to the columns along their
diagonal, under a constant axial load equal to 10% of the axial load capacity of
the bare concrete section (typically corresponding to the axial load of a corner
column of a typical existing RC five story building). The experimentally
measured and analytically predicted quantities in the test sequence include
the supplied strength, stiffness, deformability, maximum plastic rotation,
global and local ductility of the members, in both their virgin and their
repaired or strengthened state, as these relate to a control set reinforced

according to modern seismic provisions for ductility.

PART B): STRENGTHENED BEAM TESTS

For the beams, testing is performed in one phase, following the direct
strengthening after casting of the virgin beam specimens, both in flexure and
in shear, using FRP. Beyond the sear span to depth ratio, a basic parameter in
these tests is the form or strengthening adopted. For this purpose, three
alternative strengthening schemes are considered, under both monotonic and

cyclic response as follows:

Epy.OX EMII TeAwa) ‘ExBeon Topog 1
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. Two beams are strengthened using top and bottom longitudinal Carbon

FRP sheets for flexure and glass FRP transversely.

Two beams are strengthened using side face applied longitudinal Glass

FRP sheets for flexure and glass FRP transversely.

Two beams are strengthened using side face applied longitudinal Carbon

FRP rods for flexure and glass FRP transversely.

Two beams are unstrengthened but are reinforced following current

seismic provisions (NEAK), as control specimens.

The measured quantities in the test sequence include the experimental and

analytical prediction of the supplied strength, stiffness, deformability,

maximum plastic rotation, global and local ductility of strengthened beams

using alternative strengthening schemes, as these also compare to a control

set reinforced according to modern seismic provisions for ductility.

Following the experimental and analytical results, conclusions and

observations are drawn related to the following;:

The repairability and the form of behavior of retrofitted RC columns
under monotonic or cyclic loading.

The contribution of the different retrofit methods to the retrofitted
strength and stiffness, prior to any form of strengthening is applied.

The possibility of increasing the ductility supply levels, required by
current Codes, of existing RC members, reinforced with past regulations,
with appropriate low level intervention in their critical regions using FRP.
The form of failure of existing RC members before and after the
application of FRPs.

The influence of shear in the response of RC beams and columns, having
different M/Vd ratios.

The accuracy of the theoretical models underlying currently adopted
design calculations for existing beams and columns repaired and

strengthened using FRP.
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»* The accuracy of the analytical prediction models currently used in
practice, as well as more detailed state-of-the-art models, for the analysis
of FRP strengthened RC elements.

» The technological problems in the implementation of FRPs.

Results Summary

PART A) : REPAIRED OR STRENGTHENED COLUMN TESTS

During the first test sequence, square columns with M/Vd ratios equal to 5 or

7 were tested along their diagonal, under a normalized axial load (applied to

axial load capacity of the concrete section) equal to 0.10. In summary, the

main conclusions are as follows:

= Existing RC members are able to supply a global ductility of 1.50, with
considerable, however, loss in their flexural capacity, after few cycles, due
to longitudinal bar buckling. This phenomenon has been observed, to a
lesser extent, to members detailed following current provisions for
ductility, at a ductility level of 3.0.

= Repaired previously damaged RC elements, which had been reinforced
according to current seismic provisions (EAK), are able to reach their
previous flexural resistance; the post repair stiffness of these members is
about 80% their original stiffness. The form of failure of the repaired
member does not depend on the new/old concrete interface, provided the
application procedure is as recommended by the manufacturer.

» Repairing these previously failed members using non shrink high strength
grout and transverse Glass FRP sheets allowed them to reach fully their
previous flexural capacity, with a small loss of stiffness, increasing
however their ductility along the diagonal direction to 4.6, above currently
required levels of performance, under increased, however, seismic
demand levels. Their sufficiency therefore needs to be checked further
using inelastic analyses.

* Repair and strengthening previously failed members using non shrink

high strength grout, transverse and longitudinal FRP sheets allowed them
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to reach the theoretically expected overstrength, with reduced, however,
deformability. The remaining strength of these elements after failure of the
FRP by tension rupture was equal to their pre-strengthening capacity,
again reaching a deformation ductility along the diagonal direction to 2.6.
Their residual strength, however, never dropped below the experimental
maximum strength of their virgin counterparts up to deformation levels of
8.0cm reached during testing.

For the M/Vd and axial loads investigated no significant influence of shear
has been observed. The basic failure criterion under biaxial deformation of
the columns was longitudinal bar buckling and local compression failure
of a significant portion of the critical section concrete core area, towards
the compression corner. The presence of transverse FRP corrected
adequately these deficiencies in the post-repair response.

In general, state-of-practice inelastic finite element models are able to
predict the strength but not the stiffness and energy absorption under
cyclic loading conditions. As a result, inelastic analyses for the prediction
of the seismic vulnerability of existing RC buildings should be treated
with an adequate factor of safety and a wide range of definition of the
relevant parameters, both in magnitude and in terms of alternative
controlling mechanisms at failure, for the establishment of the local failure
levels in terms of plastic rotations.

Taking into account the overstrength due to the high strength repair
mortar, the contribution of the FRP during strengthening reached strain

levels between 8 %0 and 14 %eo.

PART B): STRENGTHENED BEAM TESTS

During the second testing sequence, two span rectangular continuous beams

with M/Vd ratios equal to 1.35, 2.7 and 3.20 were tested. In summary, the

main conclusions are as follows:

Based on the monotonic test response, specimen G60 MONO having side
application of longitudinal GFRP sheets exhibited an overstrength of 130%

relative to the theoretical capacity using a flexural resistance at 0.8%
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tensile strain contribution of the FRP, corresponding to an obtained FRP
strain capacity of 16,0%.. The specimen provided a ductility of 8.7
(following an 85% strength drop criterion relative to the maximum
recorded), making this method of strengthening very attractive, given the
low cost of the material. The form of failure was by gradual tensile failure
of the GFRP sheet over part of the tensile zone, after the formation of the
second plastic hinge, and, eventually, the debonding of the FRP. The
residual strength of the specimen, up to a deformation of 85 mm was at
least 15% higher than the maximum recorded resistance of the
unstrengthened control specimen. - |

*  Specimen C1-30 MONO having cbnventional top and bottom application
of longitudinal CFRP sheets behaved in the worst manner, yielding an
overstrength of 117% relative to the theoretical capacity using a flexural
resistance at 0.6% tensile strain confribution of the FRP, which
corresponded to an obtained FRP strain capacity of 10.%.. The specimen
provided a ductility of 2.3, following the 85% strength drop criterion. The
form of failure was by sudden tensile failure of the CFRP sheet, after the
formation of the second plastic hinge.

* Specimen MBAR MONO strengthened with side application of
longitudinal eight CFRP rods (two rods each face, top and bottom)
exhibited an overstrength of 108% relative to the theoretical capacity using
a flexural resistance at 0.6% tensile strain contribution of the FRP,
corresponding to an obtained FRP strain capacity of 10,0%o. The specimen
provided a ductility of 6.4. The form of failure was gradual failure of the
anchorage of the FRP bars, after the formation of the second plastic hinge.

= The method of strengthening using side FRP application, when possible,
presents the relative advantage — compared to the conventional top and
bottom application - of exhibiting a ductile form of failure, allowing for
redistribution of forces and larger ductility.

» All specimens tested cyclically failed in shear, at different force levels,

lower than the monotonic test recordings. The unstrengthened specimen
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NEAK CYCLIC exhibited an ideal hysteretic behaviour with stable energy
absorbing characteristics up to a cyclic ductility of 3.30.

* The largest loss of resistance under cyclic load was recorded in the MBAR
CYCLIC specimen, while for specimen C1-30 CYCLIC the maximum
resistance drops at a cyclic ductility of 1.9 to the unstrengthened specimen
resistance, remaining practically constant from then on. The resistance of
G60 CYCLIC, on the other hand, is retained up to a cyclic ductility of 3.50,
subsequently dropping to a residual mean value which is 20% higher than
the unstrengthened control specimen NEAK MONO.

* Based on the cyclic test response, the top and bottom CFRP specimen
exhibited the highest éhange in stiffness, rélatiVe to the other two methods,
which exhibited stiffness similar to that of the unstrengthened specimen
NEAK CYCLIC. Similarly, the hysteretic energy absorption of this
specimen was the most stable with cycling, unlike the other two
specimens.

= All specimens (besides the unstrengthened specimen NEAK CYCLIC)
tested under cyclic load, failed in shear, at a peak resistance well below the
theoretically predicted strength using additive contributions of
conventional truss analogy model design equations for the different
resistive mechanisms. This holds true even if the concrete mechanisms
term V. is set to zero, while the contribution of the FRP in shear (Vy) is
calculated conservatively based on the FIB-TG 9.3 (2001) equations. This
type of unconservative behaviour was not observed under monotonic
testing, where the safety factors obtained in shear failure, using the same
equations, were high. Generally, the use of additive equations for shear
does not lead to safe results under cyclic action.

* The assumption during shear capacity design that the maximum FRP
contribution to flexural resistance is at a strain of 0.6% is way
unconservative on the unsafe side. Based on the calculated flexural
strengths using mean characteristics of the constituent materials, the FRP

strain contribution reached levels of 1.6% for side strengtheneing and 1.0%

Epy.OZ EMIT TeAkr} ‘ExBeony Topog 1



23

for top and bottom strengthening application, values which should
therefore be considered as plausible for capacity design.

= Equally, the lateral FRP contribution may drop below the strain level 0f
0.25%, to strain values equal to the yield strain of the conventional
transverse reinforcement, used herein for design.

* Unlike the column tests in Part A, the need for the FRPs in the beam tests
to resist high shear forces due to bending (therefore high diagonal
compression forces), did not allow them to delay and even completely
inhibit the tendency of the longitudinal bars to buckle, under low lateral
restrains from the widely spaced stirrups. This inability of the FRPs had
obvious impact to the maximum resistiﬁg capacity of the critical regions in
both flexure and shear.

* [t is essential to design the FRP shear reinforcement for lateral forces due
to buckling of the longitudinal bars, particularly for the case of application
to existing construction which is characterised by low confinement

conventional stirrup spacings.
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