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7. ANAAYTIKH AIEPEYNHXIH THX XYMIIEPI®OPAY TQN
AOKIMIQN

H qQva\vTiki] Ipocopoinot) Tev NEpapaTkey 5eSopéveov EYIVe pe Td IapaKate

Aoy1opiKd avehaotikijg avalvong rov Sabétet 1o Epy O EMIT, nepthapPaver e

DIOAOYIOTIKEG TIPOPAEWELG TG AVEAAOTIKIYG COPIEPLPOPAS. EWG TV aotoyia. Twv

TE0CAP®V TOTIOV EVIOXVHEVGV 1] jr) Sokav mov eAéyxOnxav TIELPAP ATUKA:

1. e eninedo Swatopr)g (toco pe mapadoxés TGV oxedraopov 600 Kat e
napadoxég peong NEPAPATIKIG AVIOXNG TV €l pépong DAK@Y 1oL v
amapTifoov, wy fempodpevn Kat Tpaypatixr)’ duﬁnaplq)opd) kabwg kat

2. Ye eminedo otorxeiov - Sokypion pe napadoyés PEOT)S MEPARATIKIG AVIOXTI
TV et pépovg OMKGV (‘TIPAYRATIKY)  OUPHEPIQOP’), pE T XPTon
papdopoppmy memepacpivey otoleimv, Pacer 6vo BLaPOPETIK®WY  TOIIWV
pocopoiwong Tov Soxipion: a) coykevipwpevng PAAPnG - I\NACTIPOTTAG OTd
dxpa tov dokwpiov kat P) katavepnpévng BAapng - IATOTIPOTTAG OTA aKPA
KAl OTO E0MTEPLKO TOL DOKIPIOD.

3. e eninedo otoiyeiov - dokypion pe mapadoyég PEONG MEPAPATIKIG AVTOXT]S
wv e pépovg LAKGY (‘TIPaypamiki COPIEQLPOPA’), pE T xprjon
OKTAKOPPIKGV MEMEPACPEV@Y CTOLXEI®V KOPOD.

[Mapakdt® avamrdoooviat Ta aviiotod QVAADTIKA  ATTOTEAEOPATA YA

CUYKPILON € T TEWPAPATA, TIOL TiEptypdgnrav oto Keg.6.

7.1 Mnxavikd xapaxkTploTiKa 1oV Kpiolpev dtatopemv

7.1.1 Ilapadoxig LIIOAOYIOpO0D KAt aVAADTIKO IIPOCOHOIWHA

T'ia Aoyoug eAéyxov g Sidradng xat yia avakoon tev AnoTEAEOPATOV PETA TA
nepdpata, vnoloyiodnkav ta Saypappata POIGOV-KAapIvAoTToV (M-@) twv
kpiopwy Statopdv tev Sokdv mov evioxvbnkav pe ta INOIT kat mg dokoL

NEAK. Twa tovg vmoloywopovg xprotponou)fnke 1o Aoyopwd XTRACT
(Chadwell, 2001). To mpoypappa, to oroio amotehet e8NS Tov AOY1OPIKOD

Epy.OX EMIT TeAwr) ‘ExBeory Topog 2



242

UCFYBER mov avamtdyfnke ot IHavemompro mg Kakwpopviag, Berkeley,
ePappoletal ouy avelaoTiks] avaivor Siatopev  YEVIKEDHEVOD OXTIHATOS,
armotehodpevav and HOAMA\a vAikd. To Aoyiopko Paciferatl 0To npocopoiopa
g emmedOTTag g KATAIOVOOHEVI)G OIATONIG TPV KAl HETA TN KAPYI| KAt
omv napadoxr) g DAPOdG COVAPEWAG - APA KAl 100TAG IAPAROPPIDOEDY
petadd opopwv LAKGV (oxvpddepa - xaAvPag kat okopodepa - FRP), exet de m
Sovatotyta vroAOYIopod SIayPApPAT®Y PONOV KAPMVAOT IOV KAt enalrniiag
avtoyov oe povoafovir) 1) Sta§ovikr xapym, pe 1 xwpig aSovikn dvvapn, ya
Sedopevn e§wtepixr popton (eite 1) afovik) dvvapn eite pomn mpog pia koA
61&1’)615v0r1 g Sraroprn)g).

Ta tov vrnoloyiopo g Swatopr)g yivetatr Siakptronoinon avwig 0 iveg
xabopiopévng Oéong, ol omoieg Sovavial va £Xoov SlAPOPETIKO KATACTATIKO
VORO TAONG — NAPApoOp@®Org Kat evOEXOpEVmG APXIKN MAPAHOPPROT) yid
npoocopoinon ovvinkev mpoéviaocng O Tpoémog vmoAoyopov twv peyebwv
yivetat pe Stadoywkr) Pripa mpog Pripa e0peor ToL OLOETEPOL ASovVa CLVAPTIOEL
NG TPEXOLOAG KATACTAOTG TG Siatopr)g, e mPooeyYLoTikeg O1adoXikeg emMADOEL,
pEXPL T COYKAOT] TG £0MTEPIKIG AVTIOTAONG KAl TOL e§wTepka empPaliopevoo
evtankov peyeboog (m.y. afovikr) ion pe pndév, omy nepintwon) pag). Ipéne va
onpewwbel emong ot ot Kataoctatkoi vopor moo Swabéter n éxdoor) mov
xpnotpomnou)onke Sev mapéxovy ) SovatdTTa arogopTLong OLOLONIIOTE LAIKOD,
napd to yeyovog 0Tt Ipocopot@vetat o ebivev kAabog oto oxopddepa. Avtog o
neplopopog Onpiovpyel mPOPANEA OTOV LIOAOYIOPO TG AvVIoxng mept )
péyot, a\\a kat mépav avtrg, agpod onwg éxer anmodey et avalotika (Zeris,
1988), n al\ayr) xivnong tov ovdétepov adova omy MePITTEOT) MOL T0 AKPAio
OAPopevo oxopodepa apyifer va @biver oe BAuTtkr avriotaon dnpiovpyet
AIOPOPTIOT THNRATOVY TG Statopr)g, pe ovvernakolovdn mteor g COVOAIKIG
POIIT)g aVTIoTAOT)G. AOYIOHIKA pe T SOVATOMTA Aro@POPTIONG TOD DAIKOD £X00V
avarrtoyOet na\adtepa ano v EY (Zeris and Mahin, 1988) ce mepipadov

UNIX.

Epy.OZ EMIT Tehwa) ‘ExBeony Topog 2



243

Tia Ta pnYavikd Yapakmplotkd eV DAKeV ypnowonoumdnkav ov péoeg
T4 TV MEPAPATIKA AIOTPNGEVIOY XAPAKTPIOTIKOV TRV ENL HEPOLG DAIKOV
XGAopa kat okopodepatog — Omwg petprifnkav xat avagepbnkav napanave -
evd yia ta obvleta OMKA Xpnolpomowifnxkav ot OVORAOTIKEG TIPEG TIOV
napéxovtal and tov npopndevt), onwg didovrar oto Kepahao 3. Zuovolka yia
NV MPOCOROL®OT TV DAKGY, Xpnotponomdnkav 1a Napakdtw KaTaoTatikda
POCOPOLOPATA:

a) Ilpooopoiopa xata Mander, Priestley and Park (1983).
Xpnowponoteitat - SlapopeTkd  yir TO - MIEPIOPLYPEVO  OKDPOdEpa g
emMKAADYT)G KAl OAPOPETIKO yid TO MEPLOPLYPEVO Okvpodepa, Pacet g
£KAOTOTE MePLoyT)g OmAtong g Sokod. Aoy TV S1a0TacewV TeV dlatopmy Kat
™mg pkprg Svokapyiag tov vEaopatog, Sev Eytve kamowd  HEPANEP®D
IpocanEnor g avioxrig Tov oKLPOdERATOg AOY® MEPIoPLYSNS.

B) Twa tov OSwprxn xdahopa 14, Srypappikd XAPAKMPLOTUKA
eAAOTOIAAOTIKOD DAIKOD pe TapaPologidr) XapaKIPLOTIKA KPATOVOTS.

y) Twa ta Saprxn INOIT G60 xat C1-30, npoSiaypagnkav ypappika
EANAOTIKA  YAPAKTPWTIKA  pPéXPL TV TAPApOpP®Or] AoToXiag Tovg, Omwg
Sivovrat amd Tov Kataockevaotr) (pe prideviopo g avroxrg nepattepw). Ka ywa
1a 600 avtd LAKA Oeoprifnkav 600 MEPUITHOOELG COPIIOEPIPOPAS, Pe dovatotnta
1} Ox1 napahapris goptiov oe BAiyYT), yia EAeyX0 TV EKAOTOTE SIATOPMY KAt pe Tig
dvo nnapadoyes.

8) Twa g papdovg INOIT and iveg avbpaxa Mbar, xprowpomnouidnxay
XAPAKTNPOTIKA DAKOL ehaotkod oe OAyn Kat e@eAKLOpO, HEXPL TNV
OVOPAOTIKT TAPAHOPPROT] ACTOXIAg TOv, Onwg didetat and tov mpounevtr).

Ta Saypdappata TA0ERV — IAPAHOPPOCE®Y TV LAKGV nov Bewpnbnkav
Seiyvovtar oto Mapapmpa I, pali pe g mapadoxés TV IPOCOHOIOHATHV
(mep\apPavopévay ToV AEIITOpEPELdV TG S1axpTonoinong, Kat 1wy coVOMK®Y

avaALTIKGV MPOBAEYPEDV TOV PIXAVIKOV XAPAKTPIOTIKGV Tr)g Kabe Statoprg).
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7.1.2 AvaAoTiky) TIpOPAEWT] TV PNXAVIKGV XAPAKTIPLOTIKOV

Ta Slaypappata pon@V-KApmAOTTOV yia Tig péoeg (NEPApaTikes) 010TnTeg
o0 YaALPa kat oxkopodepatog ya Tig téooeptg Siatopés: 1) NEAK, 1) G60 pe 1)
xopig BNBopeva xapaxmpioukd tov valovipatos, ) C1-30 pe 1 xwpig
OABoOpeEva yapaxuplotika too avbpaxkovipatog xat w) MBAR Oeiyvovtat oto
Syfpa 7.1.1. Zto Hapapmpa Sibetar emiong yia to xkabe dwaypappa xat 1
10o8vBvapn Stypappikr) pop@ry v, pe my napadoyry iowv epfadvv xatw aro To
exdaotote dtaypappa. Ta Stypappikd XapaxmploTikd XPotponoodviat oy
ava\oTikr) mpdBAeyn g CURIEPIPOPAG pe Ta ototxeia tomov 02 (PA. Kepdhato
7.2), oriov Aoy mdkveorng, 1 xpron Swaypappdrev M-¢ eivat arodext).

Ta Saypdppata pomGv — KApmOAOTHTI®V, LIoloylopéva pe Pdaon Tig
XAPAKTNPIOTIKEG KA PHEOEG TLHEG AVTOXTS TOV DAIKGV, Kab®G KAt Tig MEPAPATIKES
tpég (Stappor) tov xavPa ota 380 MPa nepinov), coykpivovtat petasd tovg oto
Syfjpa 7.1.2. Me aor g ovykpron avt Seixvetal o abpog vnepavioxrg tov
Slatopmv {e Tr) XPI01] TOL CUYKEKPTHEVOD DAKOD.

TENOG, TA KOPI PIXAVIKA XAPAKIPIOTIKA KAt Ol SElKTeG COPMIEPLPOPAG TRV

Slatopev covoyifoviat otov napaxate [Tivaxa 7.1, dnov opifoovpe:

El, eivat n apyws (ohwr)) Svoxapyia me Swatopng (gross section stiffness), oe
kNm?

Elec etvat n emParikr (o)) Svokapyia mg Staropng (secant section stiffness),
oe kKNm?

®,  eivaln kapmoAotta oe Stappor] Tov epeAkvopevov XahvPa, oe 1/m

M,  eivain avtiotowr porr) (ovvBrkn N=0), oe kKNm

Omex VAl 1 péy10Tr KApIAGTIa o aotoyia g dwatoprg, oe 1/m

M,  eiva ) péyotn porr avtiotaong mg Siatopr)g yia N=0, oe kNm

fmax  €IVAL 1} TAAOTIHOTTA KAPTOAOTT®V T Statopr|s o1 pe Prax / Dy

My0,6% etvat 1 por) Iov AVTIOTOLXEL YA PEYIOT] IAPAROPPMOT] EPEAKDLOPEVOD
INOIT ion npog 6,0 %0 , oe KNm

Epy.OZ EMIIT Tehwa) ‘ExOeon Topog 2
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M;0,8% eivaty pomr) mOL aAvTIOTOLXel yid HEYIOT) HAPAROPPWOT] EPEAKDOPEVOD
INOIT ion mpog 8,0%0 , oe KNm

M,1,1% eivat 1) poIm) HOL AVTIOTOLXEL Y1 PEYIOTH IAPAROPPDOT] EPEAKDOPEVOD
INOIT ton mpog 11,0%0 , 0e KNm

E, glvat 1] aroppo@odpevr evépyela ava povada prkovs, kata ) dwappor),
ion pe My @, /2, Baoet Stypappikey Xapaxmplonkwy, o KNm/m

Emx  €lvat 1 aroppo@olpevI) eVEPYELT avda povada Prjikovs, Katd my actoyid,

ion pe 10 oLVOAKO epPadov mov mepikAeieTal KAtw anod 1o Saypappa

porng — KaprvAottag, oe kNm/m

HE etvat i) mhaotypotyta evepyetag, ion pe Emx / Ey

Q elvat ) mpoPAendpev) vrepavtoxr) evioyoong, ton pe My / My

Mivakag 7.1 ITpoPAenopevot Seikteg COPIEPIPOPAS TWV
Siatopav (Srapporn) KAt actoyia)

Xapaxtplotka NEAK G60 C1-30 MBAR
Elgr 7978,0 8748,0 8331,0 9124,0
Elec 26,3 233,0 1018,0 884,0
@, X103 7,2 7,3 7,2 74
My 57,2 64,2 59,7 67,2
Dy X 102 31,8 11,4 44 7,5
My 70,3 127,3 102,2 152,60
Hmax 44,2 15,6 6,0 10,09
M, 0,6% - 82,7 751 95,0
My 0,8% - 89,0 80,7 107,8
My1,1% - 102,1 90,7 126,1
E, 0,241 0,613 0,261 0,504
E max 20,79 12,41 3,26 8,48
JHE 86,6 20,2 12,5 17,0
Q 1,13 1,23 1,55 1,59

Epy.OZ EMIT
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XapakTnpIioTIKd Twv SIaTOHWY
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KaptruAérnra ® 1/m
[——Mbar ——NEAK ——G60_nc ——C1-30_nc ——G60 ——C1_30
Iyfpa 7.1 Ataypdppata pornmv-KapmAomTag twv SOKpimv
C1-30, G60, MBAR xat ovykpton) tovg pe 1o NEAK.
Aidgypappara M-©
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@ 1/m

Ixnpa 7.2 Alaypappa ponmv-KapmoAoTntag oxediacpon, pecng avioyng Kat
OEPAPATIKOV avtoxav g diatopng NEAK.
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7.2 Avalotiki) npopAeyn g OOHIIEPLPOPAS TV doKIpiwy pe papdopop@a

METIEPACPEVA OTOLYELA

Ot mpoPAéyetg TG OOUIEPIPOPAS TOV OOKIPIOY TV SOKMV Eyvay HE T XPLoT)
TV Aoylopwav 1) DRAIN-2DX (Allahabadi et al., 1988), pe xpnon tov otoxeiov
02 (¢va drabedopévo otoiyelo o emimedo npaxtikig) kat 15 (éva méov ovvheto
otoiyeio epevvnTKOL Kopiwg emuredov) kat u) Opensees, (Mazzoni, McKenna
kat Fenves, 2004) movo exoov avammoybei and tov Topéa Aopootartikig g
ZxoAng Holttkwv Mnyavikev tov Iavemotpiov g Kakipopviag, Berkeley.
Kat ta 600 Aoylopka dwatibevrat yia ehedepr) xpron (freeware) oto Awadiktoo,
otov wrtox@po tov National Information Service of Earthquake Engineering

(NISEE) — www.nisee.org e ehevbepr dovaroujta npoofaocng (yia to devtepo

anod avtd) eKtog and Tov myaio kwdwka, Kat ota Eyyepidia xpriong tov, otov

totoxmpo http:/ /opensees.berkeley.edu.

7.2.1 TIpooopoiwor tng ovpurepi@opag pe to ororyeio 02 tov DRAIN-2DX

To tomkod Ooxipto covexoDg OOKOD HE €VA ONHELAKO (POPTIO OTO KEVIPO TOL
IPOTOL AVOIYHATO§ IIPOCOHOLWVETAL pe  oepda  paPdopoppwv  oTotyelwv
otabepmv O0TNTOV KAl MENEPACUEVIIG KAPIITIKIG avIoxt)g ota akpa tov xkabe
OTOLYElOV, pE SLYPAPHPIKA AVEATOTIKA XAPAKTNPLOTIKA POIg — KapmoAdttag. O
AOYOg MOV EMAEYOVIAL KATAPXT)V AOTA TA MEMEPACHEVA OTOLYEL, elval yiaTi 1)
XPHON TOLG OV IPAKTIKY ATIOTiHNon (Y Tov avacxedaopd LQIOTAPEVOV
KTipiwv pe ) pebodo tov daoparog Avroxrg — Capacity Spectrum Method), avtod
TOL TOIIOL TWV OTOLXElWY, elvatl MALoV evpéwg Stadedopévr) - elduda Tov oToLXEloL
torov 02, Xty mapovoa napartifetar pia oOVIONn HOVO MEPLYPAPL] TOV
napadoyxwv TG npocopoiwong Ta mAéov Aemtopepr) meptypagr) TV
dovarot)tev tov otoretov 02 xai 15 PAéne DRAIN-2DX (Allahabadi et al.,
1988).
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To ototxeio tomov 02 eivar paPOOpop@Po OTolYEl0 AIIOTEAODHEVO ATIO TPIA €V
OE1pd PEPT), €K TV OMOI®V TO €VA IIPOCOHOLWVEL TNV EAACTIKI) COPNEPLPOPA TOV
otoeiov v ta dMa &Vo, ota akpa TOL OTOLXEIOD, IIPOCOPOLOVOLV T
OLYKEVIPWHEVI] AVENAOTIKI] ODHIEPLPOPA PE PNOEVIKOD HIKODG OTPOPLKEG
aveAaoTikég apbpmoetg. Zta akpd Tov ototyeion eivat dovatog kat o kabopiopog
akapmey KOopPov, kAt opwg mov dev xpnowponoujdnke oty napovoa. Ta
XAPAKTPIOTKA  TOV  aVEAdOTIKOV KOpPwov oy nepimtwon twv  dokwmv
kafopilovrat ammd T OPLaKég KAPMTIKEG POMES, SIAPOPETIKEG 08 APVITIKY] KAl
Betikr) kapyn kat y Stypappkr) kapmtikn) dvokapyia EI kau bEI, mapapetpot
iov kabopifovtat anod tov xprot (Zxnpa 7.3).

Rigid
Plast; zone
. astic \ IR .
Rigid ];II;S;LC ~ hinge ' ‘
zone Elastic '\ Node] b
— ﬂ\ , element A €
' J :
YL T N N A N o _j; :
x |\ ¥ — Y |
!Node | _iE"' : :
: RSN S 3 :
'l’ l——,._xi — 1, '
r j ,’
M.5, :
F.8 A'{l EJ kn ka} g, ) L4 5
M8, M| Lk k08,7 L
y (\ v EndJ
l ] = refercnce moment of incriia
X End! A =cHcctve ara

Xyxfpa 7.3 To otoiyeio tomov 02.

To oroiyeio dev mpooopotmvet Tig emppoeg tng adovikng dvvapng ot Svokapyia
(Aoyw pnypdateong kat Siapporig), advvatel Oe emiong va MPOCOROIDOEL
Pawopeva empporg g didatpnong omyv actoxia tov gopéa. H dvoxapyia too

OTOLYEloD amoTeleital £Tot and To evOLAPECO EAAOTIKO THNIA €V OEPA PE TOLG
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akpaiovg avehaotikodg xkOpPovg, ot omoiot evOEXETal va €xovv eite NANPOG
MAOTIKI) £1TE KPATOVOHEVT] ATIOKPLOT) Otav evepyonoinfoody peta ) drappor). Me
pia Aemtopepr) Swaxprromnotinon tov @opéa pe tonov 02 ototyeia eivatl ek pe
avto TOV TPOMO I} IIPOCOHOLMOT] O YEVIKEDPEVT KApW tng Soxov, pe otadiax)
exatépwBev Tov ONpELOD EPAPPOYT)G TOL POPTIOL KAt THG ECWTEPIKIG avTidpaong,
TOL PNKoLG g MAaotikrlg apOpwong. Ent mheov, AOywm Tov piKPOD HIKODG TV
otoryeiwv (0,10 m) n napadoyxr) otalep®v B0 TRV OTO ECWTEPIKO TOL OTOLYEIOD

ytvetat anodextr).

I'ia mv npooopoiwon pe to ototxeio 02 (Zxrpa 7.4) o popeag Srakpironoteitat
pe 32 otowyeia ava 0,10 m , og OAo To pIjKog g ovvexovg dokov. H goption tov
Soxipiov epappoletal oav eAeyXOPEVI] HETATOMON § TOL KOPPOL £QPAPPOYTG TOD
gpPorov P, 1.0 m anod wmy otmpdn. Ta avedaotkd Stypappikd XapaKktploTka
g Sratopr)g (Bewpovpeva oto péoov v 10 cm mov kalvmtet 1o kabe ototyeio)
Aappavovrar amevfeiag amo v npoPAepbeioa Orypappikr anoxkplor g
Siatopn)g mg xabe Sokov (PAéne ta Staypappata POI®V — KAMIILAOTTGV TOL
Kepahaiov 6), pe fdaon tig péoeg TijEg TV Ml pEPovg DAIKDV KAt TIg OVOHACTLKEG
Tpég twv INOTI, Bewpwvtag ovotaotka otabepo prxog oAoxArpwong ta 10 cm
TOL KBt otoeiov (Zxnpa 7.4). Ta amotedéopara twv avaldoEe®V fe TO OTOLYElo
02 ovykpivovtal pe IPOCOUOIOUATA ALSNPEVIG TOADIAOKOTITAG OTA €NOPEVA

Kepalawa.

| 10/0,10m 10/0,10 m 12/0,10 m N

f f f
Jb_.lllllllltllllllll 2 |1

Iynpa 7.4 Awaxpiromnoinorn) Tov doxipiov pe oroixeia tomov 02 tov DRAIN 2DX.
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7.2.2 IIpocopoiwor g ovpmeptpopdg pe 1o orotxeio 15 too DRAIN-2DX

Ot téooeplg JokoD Mpooopol®vovtal emi MAéov pe Tpia  povo papdopoppa
otowyeta tonov 15 too DRAIN-2DX (Allahabadi et al., 1988). To otoweio 15
pocopotmvel papdopoppovg gopeig armo OX pe xkaravepunpévn PAapn xat apa
petaPAnTd  €OMTEPIKA HNXAVIKA YOAPAKINPLOTIKA, avaloya pe to Pabpo
priypdatwong kat dwappor)g tov Owapnkoog yalvfa. T'a Aoyovog ocvvropiag
napatifetat pud nepiAnyn twv napadoxev tov ototyeiov. [a mAéov Aerrtopepr)
neplypagn twv dovartot)twv tov otowxetov 15 PAene 1o Eyxerpidio xpriong tov
DRAIN-2DX (Allahabadi et al., 1988).

To otoeio twmnov 15 eivar paPdopoppo otoryeio pe  dvvarouta
draxprronoinong oe eowTePikég Sratopég eAeyyon, Omov 1 Kabe pia amno avteg
dlakprronoteltal mepaiepw Ot iveg LIO povoadovikn ¢viaon pe dedopeva
AVeAdoTIKA XAPAKTPLOTIKA TACE®V — Napapoppmcewyv (Zxnpa 7.5). Kavovtag
xpnon g Paocwr|g mapadoynig mg emuredotnrag twv datopev xat Bewpmvrag
OHOLOPOPYPI] KATAVONL] T®V HIXAVIK®V XAPAKTPIOTIK®V (ASOVIKI] KAt KAPITTIKY)
dvokapyia) petald wwv Swatopav edéyxov, eival dvvatr n oAoxANpworn TV
E0MTEPIKADV MAPAPOPPOOEDV KAl TOV EPAITOPEVIKDY ATEVEIDV KATA TO HIKOG
TOL OTOL(ElOD, € AIOTEAECHA TOV DIIOAOYLOHO TG ODVOAIKI)G CTEVELAG TOL
OTOLYElOD OF YEVIKELPEVI] KAPMTIKY] Kat aoviky xatanovnon. Onwg xat oto
ototyeio 02, ota axpa tov otorxeiov eivat dovartodg Kat 0 kaboplopdg aKapImt®v
KOpPwV, katt mov dev yprnowponou)fnke oy napovod. Ta xapaxkmplotkda twv
datopwv eAéyxov kabopifoviat amo T OXeon TACEWV HAPAHOPPLOEDY TWV
VMKV (xaAvfag, oxkopOdepa meplo@iypevo kat anepiopiykto xat FRP), onwg
neptypapnkav ndén xata myv eniloon twv NaTrop®v g OmHoiag EmEKTAo)

amnoteAet TO MPOCOPOI®HA ALTO.

Xe avtifeon) pe 1o otoryeio tomov 02, To ool eio Svvatal va mpoOCOROIWOEL Tig

emppotg g adovikng dvvapng oy dvokapyia (my. Aoyw pnypatworg),. To

ODYKEKPIPEVO OTOXElO0 OpwG advvatei — Aoyw enuredotntag twv diatopwyv - va
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IPOCOHOLMOEL (PALvVOpeva emippor)g g Owatpnong Emi mAéov, ¢gawopeva
oAioBnong tov xdhvfa ota AKkpa Tov OTOLYELOD €V EIMAEPT) PE TOLG KOPPovG eival
dovatov va Angoovv vroyn pe oLYKEVIpWHEVEG apbpmoelg ota axpa ev oepd,
aA\d OX1 E0WTEPLKA, PETASD O1ATOH®V.

Node J

Y Endj

Optional connection hinge
(also made up of fibers)

= : § Ixnpa 7.5 To otoiyeio tomov 15
\/ (an Allahabadi et al., 1988) :
,
S Fiber *  Alaxptromoinon Tov popéa

o€ eAeyXOpeveg OLatopég,
* Awaxptromnoinorn diatopwv pe
IIPOCOHOI®OT] VAV,
Compression " KCITCIOTCITI.K()Q V(')pog OKDLPO-
1ress 5{":].1(1']:09.

FIGURE E15.1 ELEMENT MODEL

A QOvershoot
/.zolerance .
l::.
s2¢C =
Sic
w7
E2T EIT ey >
T~/ ec e E3C  Swiin
*—7 SIT

FIGURE E15.2 CONCRETE MATERIAL PROPERTIES

H kafe Statopr] eA&yyOL CUPIEPLPEPETAL OLOLACTIKA OAV TO MPOCOHOIWHA IOV
avagepOnke oto Kepdawo 7.1 yia uv amotipnon tov XApaktnploTKOV TV
Swatopdv. Adyw g Svvatouytag xabopiopod xatavepnpévng PAaPpng (pe
eoMTEPIKEG (OVEG PIYRAT®WONG Kat Otappor)g TOL €KACTOTE TPHPATOG TOL
Soxpiov), Oev eival amapaimu) 1 Slakpltonoinon Ttov @opéa o MOAATIAG
Aemrtopepr) vrotprpata otafepov O10UTWV — DIOOTOKELA, ONwg éylve HE TO
1pocopoiwpa otolxeiwy tonov 02: ouyv MEPUIT®OT] TOL MAPOVIOG AVAADTIKOD
IIPOCOHOLWPATOG, O popéag draxplromoteital pe Tpia povo otoixeia tomov 15,

rov kabopifovtat armoxAeloTKd arod Tig oprakég cvvinkeg otpdng Kat PopTIong
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¢ Sokov (Zxnpa 7.6). H @option tov Soxipiov epappodetat oav eAEYXOpev]
petatomor) § tov Koppov epappoyrng Tov epfolov P, oe anootaoct evog HETPov
and ) ompn. Topgeva pe ) SuVATOTTA TOL MENEPACPEVOL CTOLYELOD, TO
kabe éva and ta tpia otoyeia Swaxprromoteitar oe &§n avioa tonobetnpéveg

Sratopeg eAéyy 0D, IOV AIEXOLY ATIO TA AKP TOL CTOLYELOL:

1) yua pev ta akpata otoiyeia, oe amootaoelg 40%, 20%, 20%, 10% kat 10% tov
kabapod prKovg tov ototxelov (pe katontpixr Sidradn yia 10 avudlapeTpko
otoxeio,

1) yua 8e 10 OTOLELO TIOL ITPOCOPOIMVEL TO E0WTEPIKO TUIIA, O CORPETPLKES
amootaocetrg 10%, 20%, 40%, 20% xat 10% tov kabapod urjkovg, Aoy® TG
AQVTIODPHETPLAG TOL SlaYPAPPATOG POV OTO TUAHA ALTO Kat TG LIapsng evog
onpeiov  PNOEVIOHOL TV PONGOV OTO  KEVIPO, HPE ENACTIKA KAPITIKA

XAPAKTPOTKA (Zxfjpa 7.6).

. 1,00 m 1,00 m 1,20 m 4

] f
i 1 mOR _k.

P, &

Iyfpa 7.6. Ataxprronoinon tov Sokipiov pe ototyeia tomov 15.

Kafe Satopr) katanoveitat oe povoadovikr] kapyn kat pndevikr) agovir,
elvat e S1aKPITOIOUHEVT) OE TPLAVTA TEOOEPLS 1VEG TIEPIOPLYPIEVOD OKVPODEPATOG
tonov C02, £€n tveg anepio@Lykton okLPodERATog (Armod TPELg OTNV AVK KAt KATW
naped) wnoo CO01, Sexaemta iveg amepioprykton oxvpodéparog tonov CO1
xabvyog kat dvo iveg xahoPa, covolwod eppadod 4,50 cm? (3d14) ave kat
Kdtw, og amootaony 3 cm and g mapeiés. Omov amatteitar . mpoothxy

vdaopatog INOIT, avtd kabopiletat oav woddvapn iva eAacTiKod DAKOD TOIIOL
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S02, omv avtioton 6Oéon mov avaloyet (axpaieg napeig 1) kabdyog) pe

avtioTtotyo OVORaoTiko epfadod, avaloya pe To SOKIHLO Mo avalbeTat.

Ta avelaotika yapakmplotka v diatopav eAéyxov kabopilovrat pe Paon
TI§ PEOEG TIHEG TV EMl PEPOLG DAKGOV KAl T OVOpaotkeg Tipég twv INOIT,
XPNOWOMOIOVTAG TG  KATAOTATIKEG  Sovatotteg  MPOCOHOIWONG  TOL
MEMEPATPEVOD OTOLYELOD 15:

s Zkopodepa: TTevtaypappikd bAkod pe otadiaxa @bivovoa dvokapyia,
0L MPOCOHOLMVEL T PIYHAT®OT) Kat OAurtikr) actoyia Tov bAKOD oLVAPTI|oEL
TOD EYKAPOIOL OYKOUETPIKOL MOCO0TOL cuvdetpwv (katda Mander , Priestley
and Park (1983)). To bAwo €xet pndevikr) e@peAKDOTIKI] AVTOXT] KAt IAPAREVODOA
OAurtikn avtiotaon oe mooooto 20% g peytomg. Atakpivetat oe Vo TOIIovg, To
amepiopykto  oxkvpodepa emkaloyng tomov CO1 kat to  HEPLOPLYHEVO
oxvpodepa tomov CO2.

. Xa\oPag: EAACTONAAoTIKOG pE YPAPHIKI] KPATOVOI] HETA TO OINHELo
KPATOVONG, @G TV aoctoxia. YAIKO OULppeTpkng amokpiong ot OAiyn xat
£eAKLONO (ya\vpag tomov SO1).

Aiaypappa P-d, otoixeio tirou 02

450.0

400.0
e e /

T
Y -
100.0 ///

P kN

0.0 1
0.000 0.005 0.010 0.015 0.020 0.025

d m

[=—C130 —C130soft — G680 —MBar — NEAK |

Ixnpa 7.7. [IpoPAeyn HOVOTOVIKIG OOHIIEPIPOPAG pe oTotyeia Tomov 02.
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Aiaypappa P-d, oToixeio titrou 15

500.0

450.0 e

300.0 / =

2500 A

a /
200.0 //
100.0

0.0 / :

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.020

d m

kN

[—c130 —G60 —MBar — NEAK]

Zxnpa 7.8 Avalvtikr mpoPAeyn Tng HOVOTOVIKIG COHIIEPIPOPUS HE TA OTOLYEL
tomovo 15.

Aiaypapua P-d, otoixeia rdrou 02 kar 15

500.0

450.0

400.0 = —

350.0 ///
i 300.0 /// —

3

250.0 A
a //

200.0 /

150.0 7/

100.0 //

50.0
0.0 .
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.020

d m

[——MBar 15 —NEAK 15 —MBar 02 — NEAK 02

Zxnpa 7.9 Zoykpion mg npoPAeyng COPMEPLPOPAG HETASD TWV OTOELDV TOIIOD
02 xat 15, dratopég NEAK xkat MBAR.
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. Yegaopa INOIL EAacuka og v aotoyia, ywpig avriotaor oe OAiyr). H
gpeAkvonkn) actoyxia xkabopiletar amod TG OVOPAOTIKES XAPAKUPLOTIKEG TIHES
NAapapop@E®OCe®y Mov Sivovial armd ToV KATAOKELAoT) (EAaoTKO LAKO TOHOL

xahoPa pe 0o yteg INOIT tomoo 502).

H avalotikn npopAeyn g HOVOTOVIKI|G COPHEPLPOPAS TRV TECOAPOV SOKIPiOY
pe ) drakprronoinon mov meprypa@nke, Kat ototyeia tomov 02 kat 15 Seiyvetat
ota Zxnpata 7.7, 7.8 kat 7.9. Edikotepa, oto Zyxnpa 7.9 ovykpivoviai ot
mpoPAsyelg  petald Ty  O0O  IIPOCOHOIWHAT®OYV — OUYKEVIP®PEVIS Kt

katavepnpevng BAapng (02 xar 15) yra ta Soxipta NEAK kat MBAR.

Ano 11§ avaiotikég npoPAyelg napatnpeitat OTL 08 OXEON HE TA MELPAPATIKA
Sedopeva, n npoPAeyn twv avioxwv tov Sokipiov eival o kabe mepimrtwon
apotn, €pOCOV XPNOLHOIOIOVVTAL HECEG TIHEG TWV AVIOXWV TtV LAK®V. To
avtifeto copPaivel Opwg 6COV APOPA TG HAPAHOPPAOTEL] KAl TO ONMELO
peyworornoinong g avroxns. IlapaPAénoviag to yeyovog ot ta Siaprkn
ovvBeta INOIT oto npooopoinpa evepyody £wg TV OVORACTIKY] aoToxia TOVE OF
EPEAKDLONO, Ot avalvoelg deiyvoov OTL ot IpoPALwelg TV MPOCOPOIORAT@Y 02
Kat 15 (ot oroieg eival apketa kovtd petagd tovg, pe to ororyeio 15 va eivat,
apyika, mieov dovokapmto, Aoyw g peong dvokapwyiag EI mov €600n oav
Sedopevn oug Sratopés oo NEAK), adovatodv va mANoLacovy ta DEPARaTKA
Oebopeva, ta omota eivar yevika 2. ewg 4. @opég MAEOV €LKAPITA ANO TI§

avaALTIKA ITPOPAETIOPEVEG TAPAROPPROELS.

ZOpQeVa pe nepAtEp® avalvoelg gaivetat ot a) éva 50% tov opaApatog
anodidetatl oy aneploplotn dvokapyia twv ompifemv oL MPOCOHOIOPATO
(xam nov oy npadn Sev emroyyxdaverar), f) éva mepattépo mooootd anodidetat
OtnV ateAr) MPocopoinot) g mpoopLong petadd xalvpa kat okopodépatog — n
omoia e avtd ta mpocopowwpata Bewpeitat mArfpng, kat y) omy el
IIPOCOPOIKOT] NG SIATHITIKIG EVKAPYWIAG TV CTOEL®Y HETA TN PHYRAT®OY),

1100 XAPAKTNPIGEL Ta HIpocopolmpata emnedng Statopr)g Kapyng yevikawg, eve &)
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¢va e§loov oMpavTko TPHpA Tov o@dhpatog arodidetat oty napadoxn g
m\fjpoog coppatdtnrag oxkvpodépatog, xarvPa xat INOII, katt oo emiong dev

glvatl owoto o€ O} T0 £0POG TRV emPePANPEVEOV TAPAPOPPLOEDV.

7.3 Avalotiky npopAewn g COPIEPLPOPAS TV JOKIpiwV pe oKTakopPika

MENEPAOPEVA OTOLXELA

H yprjon nenepaocpévev otoyeiov kOPov anotelet pia evalaktikr) pebodo
akpipéotepng avaloong TV Kataokeveoy ano OX. Me myv avartodn oxenkd
PUIVOV  DIIOAOYIOTIK@V OLOTHATOV (HEHOVOHEV@Y 1} KATAVEUNHEV®V) e
peyaAn vmoAoywoukr dvvatomra, apyifet va Ppiokel epappoyeg otn Adon
nPOPANRATEV IOV pEXPt Iptv Alya xpovia fitav mokd Svokolo, ewmg advvato va
envBodv. H napovoa Siepebvnor) £xel oav OKOmo TV eKTipnon g aglomotiag
)¢ avalvtikng npdPAeyng v Soxipiny €wg TV actoxid, pe va Nposopoimpa
Aerropepov nmenepacpévev otoeiov. Ta m Swepedvvnon xproponou)onke 1o
HPOYPARPA HI) YPUHHIKIG avalvong nenepacpevev ototxeiov ANSYS Exdoon)
7.0 (ANSYS Inc, 2004). Ot napadoxés, Ta ODYKPITIKA AIMOTEAEOPATA KAl €vda
gopLTEPO THIPA Trg avalvtikng Sepedvnong didovtat aloo (TooAkag, 2005).

7.3.1 TeOHETPIKO IIPOCOPOIWPA TWV HOKIPIWV

To xdfe éva anod ta tooepa Sokipta SLaKPITONOELTAal COVOAKA Ot Kavvapo
5X5X5 ¢md, pe oxtakopPika nenepacpéva otoyyeia tomov  SOLID6S, yuwa 1o
oxopOdepa, kat Sexwprotd, pe papdopopea otoryeia ehkvotpa tonov LINKIO,
yua toug or\topovg, oopPatkovg kat pr (INOIT).

To otoieio SOLID65_ To ototyeio yxpnowponoteital yua mmy tpiodtactatn)
popewor  otepedv pe 1} xwpig papdovg omiiopoov (Rebars). To oteped eivat oe
Beon va prypatabel oe epedkoopo xar va ooviiiPet oe BAiyn. Ztig epappoyég
TOL OKLPOSLPATOG, 1] OTEPEd IKAVOTITA TOL OTOIXELOL prIopel va xpropomnoindet
Y1 VA IIPOCOHOLHOEL TO OKLPOJERA Ve 1] SLVATOTTA MPOCOROIWONG OTIAOHMV

eivar Srabéown yia 1 Stapop@®on TG CLUIEPLPOPAG TOL OMAIOPOL O
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KATAVERNPEVE] poppr] péoa oto oteped. ANNEG MEPUITMOELG YIA TG OLOEG TO
oToELO £xel epappoyn eivat: tvormiopéva odvBeta vAikda (Onwg, iy to fiberglass),
Kat yEwAOYKA DAKA (0nwg o Ppaxog). To otoyeio opiletat amd oxtd KOpPovg,
ne tpetg Padpovg ehevbepiag oe kabe kOPPo, MOL pPETAPEACOVIAL 0TI KOPPIKEG

petaroniostg g mpog tg Srevbovoerg X, Y, kat Z (Zy. 7.10).

Zynua 7.10 To otoyeio SOLID6S tov Aoyiopkov ANSYS.
To cvykekpiévo OTOXElo eival mapopolo pe 1o TPLodaoTato SOHIKO OTepeod
otorelo SOLID45, pe wyv mnpoodnkn g Oovaromrag prypdioong Kat
oOVOAyMg kabhg Kat TV IpoobIjKI) TOL E0MTEPIKA KATAVERNHEVOD OIAOHOD.
T'a tov xabopiopd tov omAopod eival Svvatdov va kabopiotooy pexpt TPeLg
Sragopetikég mpodlaypapeg KATAVEPNHEVOD OYKOHETPIKOD [I00O0TOL OIAIOHOD
(Rebar) oe tperg aveSapuyreg Swevddvoelg ava otoieio. H onpavikotepn
Sovaréomra Tov otoyEiov avtod elvar n enefepyacia eV yun Ypappikov
1Sotjtev TV VAKGOV. To oxvpodepa eivar wavo va prypatobet (ce tpeig
opBoyavieg Sevbivoetg), va oovOAPel, va napapopgmbel mMacuxkda xat va

gppavroel gawopeva gproopod. O katavepnpévor on\opot eivat wavot va
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eqeAkvoBovy, va ovpmeofody, ala oxt va evtaboov eyxapoing. Eivar emiong

Sovatoy va napovotdcovy NAACTIKEG IAPAPOPPIOOELG KAL EPIIDOHO.

H yeopetpia, ot B¢celg Tov KOPPaV, Kat To COCTNUA COVIETAYPEVDV Y1a aLTO
10 oTotyelo mapovoiadoviat oto Xxnua 7.10. To otoiyeio kabopiferal amd oKT®
KOPBOLG KAl TIG 100TPOIIKEG 1010 TEG TOL DALKOD. XPIGLHOMIOIMVTAG TV EVTOAT|
MAT e10dyovtat ot Kataotatikég 1010 teg Tov oKLPOdEPATOg Kat Tov xaAvfa,
vIId pop@r) WV LAKoH. Ot mpodaypagég Twv Rebar mepthapfavoov yia kabe
StevBovor), tov apBpo tov Tonov v LAKOL (MAT), To OYKOPETPIKO TI0000TO
om\iopov (VR), nov opiletal wg o 0ykog tov Rebar Siaipepévog pe 10 OOVOMKO
OYKO TOL OTOYEIOD KAl TI§ YWVieg IPOCAVATOAOHOD TRV ONNMOPU®V 6§ IIPOG X, Z
kat z (THETA, PHI). Ov npooavatohopol twv Rebar pmopovv va ekeyxboov
ypagkda pe v evroAn /ESHAPE.

To otoiyeio LINK10. To otoryeio avtd eivat eva otoiyeio paBoov oto xmpo, pe
tpelg Padpotg ehevbepiag oe kabe kOpPo, 1OV £xel TO HOVADSTKO XAPAKTI)PLOTIKO
YVOPLOPA EVOG SypPApPPIKOD HNTPGOOL AKAPWLAG, PE CLVEIIELA VO COHIIEPLPEPETAL
oav &va Povoagovikd OTolxelo, TIOL eVTeiveTal HOVO O€ eQEAKLOHO 1) HOVO O
BAtyn. To otoyeio opifetal amd dvo xopPovg, to epPadov Satoprg Tov, pia
apxikr] mieorn (yua v emiAvorn KIAQOIWTOV KATAOKELOV) KAl TIG L00TPOIKEG

1510t TEG TOL DATKOD.
7.3.2 Kataorartiki) mpocopoiwor) Tov oKupodépartog

To okopolepa Oewpeltat OTL  COPMEPUPEPETAL  OAV  10OTPONO  (APXIKA)
eEAAOTONAAOTIKO DAKO pe Sragopetikn) avroxr] ot DAy Kat epeAKvono, onwg
kabopiletal amd 1O TPOIOMOUHEVO NEVIATIAPARETPIKO KPUTPI0 aotoxiag Twv

Willam kat Warnke (1975) (Zxrfjpa 7.10). Baocet tov mpocopotopatog mov
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ol . Ixnpa 7.11

ESidavikevpévy KapmoAn
TACEWV-TIAPAPOPPLOEDY
yla TO OKDpOdepa  pe
DAJOTIKI] PO HETA TNV
aoToyia avioxwv.

vioBeteitat Oempeitat 6Tt To okvpodepa Bpavetat eviehwg poAig rmpooneAachet 1)
em@avela OBpavong mov xabopilerat ano 1o xkprmpo aoctoyiag. I'a va
vrohoytofel avtr 1) neplopiopev) dovartouta DAACTIKIG POG TOL OKDPOdEPATOS
[PV VA AoTOXNOEL TANP®G, ELCAYETAL €ITi MOV éva TeAelmg IAAOTIKO (perfectly
plastic) xataotaotiko npotono. (Zynpa 7.11)

To kpitpro aotoyiag 1 Opavong, mov MePtypAPETAL OE OPOLG TACEWY, PIIOPEL
va An@Bet mmeg gxel ) Hoper) puag téletag maotikng emepaveiag diapporng. Eva
ONHAVTKO THIpA TN ap@pnuxig avantodng IPOCOHOIWPAT®V Xl yivel
xpnotponowwvtag (1) to xprmplo von Mises, (2) 1O €MEKTETAPEVO KPLTPLO vVON
Mises (1] xptujpro Drucker- Prager), xat (3) 1o kprujpto Coulomb 11 t0
tpornonoupévo xkprmpto Coulomb. Extog amd 1o kprmpto von Mises, mov
XPIOLHOIIOLELTAL EVPEWG OTIV NAACOTIKOTHTA PETAAAGDY, ONA TA EMOPEVA KPP
Srapporg mov avamtoxdnkav yia to okopoSepa EVOOPATOOAaV Hid OX£0T) yid Tov
LIOAOYIOPO TG TAoT§ Slappor)g oovapToel g peong opbng taong I, kar mg
Sevtepng otabdepdg TV SIATPNTIKOV TACEDY, J2.
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Sxnpa 7.12 To xpum)pto
aotoxiag tov Willam
kat Warnke (1975).

O Willam xat Warnke (1975) mpotevav apyikd pia TPUIdPapeETPIKT] EM@Qavela
aotoyiag yia to okopdSepa, pe kaAdrepr Sovatotta neptypagrg oe ovvOnKeg
eeAkvopod kat yapnhig OAiyng (Zx. 7.12). To TPUIGPAPETPIKO KPP0
BeATiOOnKe pe wVv mpoobiKn SV0 mPOCOETWV MAPAPETPOV Yid TV IEPLYPAPL)
TOV KDPTOV Oplev )¢ EMQAVELAS, OOTE 1] EMQAVEId acToxiag va HIOpPEL va

epappootet ot xapnhég - kabamg emiong xat oe VYNALG - covorkeg BAyrg.

H ypappiki) oxéor mg peong tiaong om, Tm avuxabiotatar topa ano pua

YEVIKOTEPY] £KQPAOT), OOV ta ePeKALOTIKA Kat OAurtika Opia Sivovrat amd Tig

OXEOELG
o o\
Tml rl m m
TR =a0+a1—‘—+a2[ , ]
f'o 5t f', £ yia = 0°
TIIIC rC Gm

T, J5r, £,

)2
Fe ya 0= 60°

To kpltplo avtd elvat mIpooappoopévo kat oto SOLID65S tov Aoytopkod

ANSYS (2002) mov xpnowonoujfnke omy napovoa epyacia. Ta va oplobet
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IA1jp®g T0 VAKO oto SOLID65 opifovtal evvea HApApeTpol, €K TOV OMOl®mvV ot

névTe eivat ave§apuyeg :

1) O ovvieheou|s petagopds TEPrg péce avowtyg poypng (Shear transfer

coefficient for an open crack)

2) O ovvieheotig petapopds PG péow KAWTig paypng (Shear transfer

coefficient for a closed crack)
3) H povoaSovixn epeAxvotixr) avroxr) (Uniaxial tensile cracking stress)
4) H povoaSovixr) OAurtikn avroxr) (Uniaxial crushing stress)
5) H 6Aurtikny avroyry onod Swadovkr) taon (Biaxial crushing stress)
6) H avtoxr) oe vdpootatikod nedio tacewv (Ambient hydrostatic stress state)

7) H draSovikr) Bhurtiks) avroxn) oe vdpootatixo nedio taoewv (Biaxial crushing

stress under the ambient hydrostatic stress state)

8) H povoaSovixr) BAurtka) avroxr oe vdpootanikd nedio tacewv (Uniaxial
crushing stress under the ambient hydrostatic stress state)

9) H anopeiwor axapyiag ceeeAxvoTixr) pnypdwor) (Stiffness multiplier for
cracked tensile condition)

Ano avteg ot 3,4,5,7 kat 8 sivat ave§aptyteg. Ot Xapakmpiotkot ouVTeAeoTEG
petagopag tpvovoag kopaivovrat ano 0,0 éwg 1,0, pe 1o 0,0 va avtupooenedet
pa Asta poypn (m\fpng anelela petagopdg tpvovoag) kat t 1,0 va
AVTUIPOOWIIEVEL Pld MANIPWG TPAXIA POYHL) (Kapia andAela petapopds). Avtdg o

KaBopLopoOg LOXDEL KAl y1d TIG KAEIOTEG KA Y1 TI§ AVOIKTEG POYHEG.

7.3.3 Ap1BunTiko npooopoiwpa

To mpooopoiopa tov Soxipiov @aivetar eviektikd yia 1o doxipo NEAK

MONO owa Zxnpata 7.13(a) kat (f) ywa 10 oxkvpddepa xar to xaiofd,
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avtiotorya. [a ta vroloura doxipta, an\a aA\adet 1) KATavopr] 1wy OToLYElwy

MPOCOROL®WOTG TOL EYKAPOLOL OMALTHOD — LR PBATIKOD 1 p).

()

B
Zxnpa 7.13 [Npoocopoiwpa nernepacpevoy otoxeimv Soktpioo NEAK MONO.

EAKLOTI)PA TIOL TIPOCOROIWVOLY TOV £ykapowo ydalvpa xkat ta INOIT (my.,

Zxnuata 7.14 wg 7.17).
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Ixnupa 7.14 [poocopoiwpa nenepacpevmy otoyeimy doktpion C1-30 MONO.

Iynpa 7.15 INpocopoiwpa nenepacpévav otoyeimv doktpion G60 MONO.
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xnpa 7.16 [pooopoiwpa nenepacpévmv ototyeiav Sokipioo MBAR MONO.

7.3.4 Anote\éopara Tov aptfpnuikov emAvoswv

Ta téooepa Sokipia emA\bOVIAL O OTATIKI) AVENAOTIKY) avaloon péxPL TtV
aotoyia, onov aoctoyia Oewpeitat n pn ovyk\on g enitvong. [a arogoyn
TOMKOV QaQvopévev actoxiag, nov napatmpninkav apyika otg ompisetg Kat
TO ONUElD £PAPHOYNG TOL POPTIOV, IMPOCOHOI®VOVIAL Kat ta xalvpdwva
e\dopata £8paorng mov xpnotponombnkav omy mpdadn yua va KATaveipoov
TOMKA TO QPOPTIO 1) TG AVTIOPACELS HE OKTAKOPPIKA EAAOTIKA OTOLXELX AIIo

X@Aopa.

H péBodog emivong frav n epantopevixn péfodog npoceyyloTK®Y eMNDTEDY
kata Newton — Raphson, pe petaPAnto pPrpa. To apywd @optio tov dokipiov
kaBopiletat omy apxr) o éva Prpa Kat To AOYLOPIKO emADEL TO ODOTHA OE
THARATa tov goption pexpls eSavtinorg tov, avaloya pe my evotabewa too

HOTPGOL ToL Popéd. Ot emADOEL MEPIEATPPAVAY KAl Pid DPOTEPT) IIAPAHETPIKT)
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avalvorn oo nepedapPave 1o péyebog dwakprronoinong (5 kat 10cm) too
Kavapoo, 10 pETPO EAACTIKOTNTAG TOL OKLPOOEPATOS, TNV EPEAKDOTIKI] AVTOXT)
KAl TOUG OLVTEAEOTEG HETAPOPAS TPLPIG OF avOlXTEG KAl KAEWOTEG PWYHEG TOD

vAwo0. Ta anmotedéopata twv avalvoemy didovrar al\ov (TooAkag, 2005).

Anoxptron dokipioo NEAK MONO_ To nipoPAenopevo Staypappa aviiotaong
- napapopgwong toov dokipiov Sivetat oto Ixnpa 7.17(a), pali pe 10
MAPAPOPPOPEVO oxfpa g Sokob (Zy. 7.17(P)) Kat Vv KAtavopr TV poyHoV
oto teAevtaio Prjpa ovyxkAwong (Zy. 7.17(y)).

P-8
250 - — —
555 ‘d/% N
o —a— 1n pwypn|
= I
X 150 ‘ 2N pwyun
2 —— 3N pwypn
|
§ 100 - —e— ANSYS |
| —— [eipapa '

50

0 0,005 0,01 0,015 0,02 0,025 0,03

Meraromion Y (m)

(B)

()
Iygpa 7.17 ApiBpnuikeg mpoPAeweig Soxipion NEAK MONO kat oOykptlon pe ta
[EPAPATIKA ATIOTEAEOPATA.
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To Bokipto etvat HOND HEPLOCOTEPO SLOKAPITO AIIO TO MElPapd, aotoxet Oe (pn
obyKAton) oe péytoto goptio 217 kN, moAd KOvVTa 0To MEPAPATIKO TV 222 kN

KAl avTioTtoyn napapop@won 5,6 mm.

Anoxpior dokipiov C1-30 MONO_ To npoPAenopevo Staypappa aviiotaong -
napapopewong v Soktpion (onpetmverat kat oav dokipto CFRS) Siverat oto
Sxnua 7.18(a), padi pe 1o napapop@opévo oxnpa mg doxoo (Zy. 7.18(P)) kat my

KATAVORI] TOV POYR®V 0To TeEAevTaio Prpa odykAong (Zy. 7.18(y)).

P-d
—=—1n pwypn
g 2n pwvur']‘
S b, ——3n pwyun
a —»—0,003
é —e—ANSYS
—eipapa ||
0 T . — . . . e |
0,002 qf) 0,002 0,004 0,006 0,008 0,01 0,012 0,014
o U

Metarommion Y(m)

()
Ixfpa 7.18 ApOpnuikég npoPAéeig dokipion C1-30 MONO kat ovyKpLon pe Ta
MEPAPATIKA AMOTEAECPATA.
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Onwg kat pe 1o mponyodpevo Sokipto, 10 SOKIpIO eival MmoAD MEPLOCOTEPO
Svokaprrto and 1o neipapa, actoxet 8¢ (pr oOyKALoN) o péyloto goptio 229 kN

KAt avtioton napapopeor 5,9 mm.

Anokpion doxipiov G60 MONO_ To Swaypappa avtiotaong — napapoppmorng
tov Sokwpion (onpetdvetal kat oav doxkipto GFRS) Sivetal oto Zynpa 7.19(a),
padi pe o napapopP@pevo oxnpa mg dokoov (Zx. 7.19(P)) kat v katavopr twv
pwyH®V oto teAevtaio Pripa odykAong (Zx. 7.19(y)).

| P-d
\
300 - e
250 -
= 250 |—=—1n pwvur']‘
129 2n pwyun
‘g 150 - —— 3N pwyun
& o] —%— 0,003
e — [eipapa

50 +

0 0,002 0,004 0,006 0,008 0,01 0012 0,014 0,016 0,018

Merarémion Y(m)

(B)

(Y)
Ixfpa 7.19 ApiBunuxég npoPAéwetg dokipioo G60 MONO kat ovyKplon pe Ta
MEPAPATIKA AITOTEAECPATA.
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Onwg kat pe to mponyodHEVO BOKIHIO, TO TMPOCOHOIWHA €ival MOAD Mo
dvokaprto aro 1o netpapda, actoxet 8¢ (pn odyxkAwon) oe péytoto goptio 225 kN

KAl QvTiotoyn napapop@®or) 5,5 mm.

Amoxkprony doxipioo  MBAR MONO_ To OSwypappa avtiotaong -
NAapapopewong tov  Ookwpiov diverar oto Zxnupa 7.20(a), palt pe 10
Iapapop@@pevo oxnpa g doxkov (Zy. 7.20(B)) kat my KATAvopr) ToV pOYHOV

oto tehevtatio Prjpa ovykAong (Zy. 7.20(y)).

U

s —=— 1n pwypn
=

3

8 —3¢— 0,002

8. 5T —e— ANSYS
S

0 0,005 0,01 0,015 0,02 0,025

Merarémon Y(m)

2n +3n pwypn

T —x— [Meipapa

Zxnpa 7.20 Apuntikeg mpoPAewetg Sokipioo MBAR MONO kat cbykpion pe ta
MELPAPATIKA AIOTEAECHATA.
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Onwg kat pe 1o mponyodpevo dokipto, To Sokipto etvat MOAD TEPLOCOTEPO
Sdokapmro and 1o meipapa, actoxet 8 (kprmpo | OLYKALOT|G) 0f PEYLOTO
@optio 244 kN kat avtioTotn mapapopeeon 5,8 mm.

Txnpanopog poypev_ H mpotn paypr oxnpatifetat ya OAa ta doxipta oto
{810 onpeio, OTO KAT® EPEAKLOPEVO PEPOG Trg HOKOL oY IEPLOXT) POPTIONG, KAt
oo 1810 Prpa(14o) yia ONa ta Sokipia. Aragopés apyiooy va gppavifovral amo
m Snptovpyia g SevTeEPng OEIPAG PEYRGOV KAt petd. Z1d dokipia NEAK kat
C1-30, rj Sedteprn poypr Sexwvdet oto 200 Pripa, oto G60 oto 220 xai oto MBAR
oto 250, onwg éxovv deydet ota avtiotoya P-6. Ze Oha ta Sokipa, Opwg,
epgaviletal omy 16ia meptoyr}, OTO PECAIO MPOG KATWTEPO Tppa tov doxipiov,
Kate anod my meploxyy @opuions. H eSdmiwon g mpeng POYHIG HEXPL TO
onpeto avto eivat napopowa oe OAeg Tig mepurtooets. H tpim pwypn epepavidetat
otnv idta mepioxr) pe ng Svo mphreg yua 1o NEAK, 1o C1-30 kat 1o MBAR, ota
Pypata 24,24 xau 25 (idwo Papa pe tm Sevtepn) avtiotoyya, eve oto G60
epaviletal oto endave TRIPA To0 SoKpiov, Iave anod ) peoata ompidn, oo

280 Prjpa.

‘Evtaon otovg diaprjkelg omopovg xat INOII_H KOTAVOpI] Th)g TAOT§ yid ToV
ave Staprxn omMopod etvat idta oTa TE00EPA IPOCOPOIDPATA, gpgavifovrag
péy1oTn) anaiwmon, mov Qrdvet Ta OpPLd G KPATOVOTNS, aptotepd ano 1 P pog
Vv axpata ompsy, pe to 5e§1o THpa v Sokipiov, petadv g peocaiag xat
akpaiag otjpidng, evieA®g apOpTIoTo Kat i) ovppeExev omyv napalapn
@opTiv, ooppeVa Kat pe tg napadoxég mg avakvong Ao 1o mocooto Tov
Srappedoaviog xalopa (oto Iyfjpa 7.21 onpetmveTat o YEDHETPIKO £DPOG TOV
Soxtptov népav omov o Swaprkng xahopag éxet Senepaoet To Oplo drapporg Twv
380 MPa) eival eputo va vroloytobei 0 prjKog g TAACTIKG apbpwong Tov
Sokipiov exarépwbev wov P, to omoio vroloyiodnxe ApPOHOLO, PE PIKPEG POVO

napal\ayég, petashd Twv TEooapwy NPocopotepatey (petadd 0,6 kat 1,40 m).
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Kdmw peoaiog diapnikng(teAsutaio Bripa)

1,5 f} 25 3 —a— ApIOTEPN OTAPIEN

§ / ' AOvaun
- / —»— Meoaia otApign
§ =% =l ——Ae€ia ompign
—+— 380 MPa
S X
Mnkog (m)

Ixfpa 7.21 Katavopr) taong tov kat® Stapnkoog orm\topod oto dokipto NEAK,
KAtd v actoyia.

Tnv 8a Katavopr] Taong pe TV ave Staprkn, mapovotafovy Kat ot eVioXDoELg
oL BPLOKOVTAL OTO ENAVK EPEAKLOPEVO THRPA g SO0KOD, pe ) dragopd Ot 8w
TOIMKA ONPEIAKA PAIVOPEVA ADSNONG TG EVIAONG, APLOTEPA IO TV IMEPLOXT)
POPTLOTG, elval MEPLOCOTEPO epPavn kat vrapyet kat oto avw INOIT tov C1-30,
0to avatepo tphpa tov diapnkovg G60 yua 1o doxipo G60 MONO eva dev
epgavifovrat oy akpotatn paBdo Gallileo too MBAR MONO.

Ocov agopd ™V KATAVOPI TG TACNG OTOV KAT® Olapnkn OnmAOpO T®V
MPOCOPOLWHATOV KAl TG EVIOYLONG OTO KAT® EPEAKDOPEVO THNHA TV OOKMYV,
woxvooy ta dwa, yia oleg tig nepurtwoetg. H taon epgpavidet my idia poper), pe
péytoto Atyo aptotepotepa armo 1o P eve to §eS10 tpnpa, and my peoaia ompisn
Kat pog ) Se§ia ot)pidn), va napapévet evieAwg apoptioto (Zxnpa 7.21).
‘Eviaon otovg oovdempeg kair  ota egykapota INOILL  Baocst  too
IPOCOHOLOHATOG, O Kabe KATakopou@og OLVOETPAG MPOCOHOLOVETAL HE
dadoxwa otoxeta ehkvotnpa prkoog 50mm. H katavopr g taong otovg
ovvdetpeg Kat to katakopv@o G60 mov Spa napd\Anha pe tovg covoet)peg dev

EXEL mapopola pop@r yrwa OAa ta mpocopotopata, eSapratar de oe kabe
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nepimoon ava\oya pe ) 6¢on tov cvvlempa, wg mpog ) Sraprkn drevbovon
tov oktpiov, av Ppioketat dnhadr) Sedua, apiotepda 1y ot B£on Tov goptiov P.

Oewpavtag Katapxny ot arnoAvta peyédn ) péon Taon oTo pECOV TOL LYOLE TG
dokov Kata pnkog, rmov deiyvetat oto Ixnpa 7.2.2, gpaivetat 0Tt apevog ot TIHEG
Swagépoov petadd twv dokpinv, of kapia mepimtwon dg, yla 10 €0pog g
ava\oorng, dev Senepvoov my tr) diappor)g too vAkov (500 MPa yia to NEAK
kat 380 MPa yua ta doxipta G60, MBAR xat C1-30). H katavopr) TV TGV 0TO
péoov akohovbet dvo péylota, o anootaon mepinov d apotepa tov P mpog my
axpata ompidn kat &eSua tov P, o éva draompa g Sokod mov nep\apPavet to
onpeio kaprmrg (pndeviopov twv ponwv). IMapatnpeital emiong Ot 1 Taon 0T0
pécov v ovvdet)pwv undevidetat kdtw ano 1o P. Ta idia akpiPag toxvovv Kat
ywa to INOIT G60, oug avtiototyeg 0éoelg, moo dpa ev napa\fjlw pe tov
OLPPATIKO OMALOHO.

Tdon peoaiou groixeiou ouvdempwv(580 BrAua)

—e—NEAK
—a—CFRS

GFRS
——MBAR
—%— ApIOTEPEN OTAPIEN
—e— AUVapN
—— Meoaia otipign
—— Agg1d ompIgN

Tdon (MPa)

Mrkog (m)

Iynpa 7.22 Katavopr taong pecation ototyeion cuVOETP®V Y1 TA TE00EPA
PocopoLpatd, oto idto Prjpa enthoong (ap. 58).

Te OTL AQopd Y KATAKOPLPI KATAVOUT) TV TACE®Y Kabbdyog 08 COYKEKPLHEVES
Btoerg covBet)pwV aplotepd, KAt® amod kat Se§id tov P (mpwv and To onpeio
KAUII|G), OF UIOOTAoElg d/2 Petagd Tovg, avtég oLYKPLVOVIAL yid Ta TeooEpa

Soxipa ota Txpata 7.23 kat 7.24, yua toog ovvdetrpeg kat ta INOIT oy ida
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O¢on), avtiotoya. Anod ta anotedéopata NapamenoinKav o yeVIKEG YPAappeg ta

e€ne:

Ot oovOet)peg mov Ppiokovrat ot Beor Tov POPTIOL epgavifoov woyvEY)
avicoKatavopr] kadovyog g péyiotng Taorng, avaloya pe to dokiplo: ta
NEAK «at C1-30 peyroroniotovvtat oto OAipopevo tunpa kaww, o G60
Ot0 péoov TOL VYOG g OOKOL KAl MPOg TAd KAtw &ve 10 MBAR
AVTICLRPETPIKA IIPOG T v, oToV epeAkvopo. H Srapopetikn) katavoun
napahafrig @optiov amodidetar ouy dwagopetiks) Bton Tov Sraprkn
Om\opoD (OTg mapetEg avii yia ave Kat KAtw) yla ta dvo tekevtaiaq,
YEYOVOG oL emmpedlet WV KATAVORN]  QOPTIOV KAt g
napakapfavopevng Siartpnong.

Ot ovvdetrpeg mov Ppiokoviar aplotepd amnd 1O POPTIO, IIPOG TV AKPALd
ompiey, epgavifoov péylot) Taon oTo ave Tpnpa toog, oty HAPopevn
Cwvn), mAny tev doxpiov G60 xat MBAR mov epgavifoov opotopopen
Katavopr Kaboyog pe pikpeg SIaKvpdavoetg. Xe avto 1o TpRpa ot Stagopés
petadd napakapPavopevng taong and to INOIT xat tov cvvdetrpa eivar
onpavtikeg, akopn kat petadd G60 xkat MBAR.

Avtifeta, ot oovdetnpeg oo Ppiokovral dedia tov P, epgpavifovv ot OAeg
TI§ IIEPUITMOEL] OROIOHOP@PI] KATAVOPI) TACE@V, HEYLOTONOIQVIAG TV
napaAapfavopeve TAOT TOLG OTO PECALO THIJPA TODG OHOLOPOPPU, Kat
1pog tnv Katw OAopevn Govr).

Me Paorn ta napandve cmotedéopard, napatnpeitat 0t 1000 0 AOyog Tov

Sratpnuikod prjkovg avijypévoo M/V 600 kat o Tporog evioxoong ot diaprkn

Sevbovor) (ovdepia, onpelaxn Aave KAl KAT®, Katavepnpévr kaboyog xat

onpelakn) oe téooepa onpeia xabovwog, ala pe Swagopetiky) Svokapyia),

enNPedfovV TOOO Ti§ PEYIOTEG AIALTIOELG OO0 KAl TV KATAvoun tovg xaboyog

KOt xatd pnkog tov doxtpiov. Aapfavovrag onoyn kar mv yabvpotta too
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DAoL evioyvong, kpivetat amapaimro va Angbodv vmoyn avtg ot

AVIOOKATAVOREG KATA TO 0XeO1A0HO.

Tdaon kad ' vwog ouvdeTipwy am B£on TOU PopTiou

—e—NEAK
—a— CFRS

GFRS
—— MBAR

—e— NEAK

—a— CFRS
GFRS

—— MBAR

—e— NEAK

—a— CFRS
GFRS

—— MBAR
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Eyxipa 7.23 Katavop TS AVIYREVIG TAOTS (0 P0G T HEYLOT), TV OOVIETpOY

oe 1d1eg BEog1g 010 opéa (teAevtaio Prpa).

Taon ka®' Uypog G60 o1 B£on ToU PopTiIOU

“Yyog (m)

—e—CFRS
—=—GFRS
MBAR

“Yyog (m)

—e— CFRS
—a— GFRS
MBAR

0.2 0.4 0,6 0,8 1 1,2

0,35
0,3
0,25
0,2
Z 015
0,1
0,05

pog (m)

-

0,4 +

—e—CFRS
—a— GFRS
MBAR

0,2 04 0.6 0,8 1 1,2
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Ixfpa 7.24 Katavopr] mg avnypévg Taong (g Ipog T HEYLoT) TRV EyKAPOIRV
INOIT oe i61eg B¢oerg oto popéa (teAevtaio Prpa).

7.3.4 Topngpdopata

Ta Backd copnepAopaTda amod v avalvtikr) diepedvnon mg AIOKPLoNg TV

Te00APWV SOKIPiMV 11e AEITOPEPT) TIPOCOPOLMOT) OTOXEIWY KOPOV, eival g 8r|S:

e Ta ttooepa Paowd Ooxipta mov efetdofnkav actoxnoav oo Enave
OAPOpEVO TR A TOVG, Kat Atyo apiotepd ard 1o @opTio P. Avto alMade pe
HeTaPolr] Tov covIEAeoT] petagopds TEIPG péow avolkmg paypng aio 0,2
oe 0,0001, ordte Ta SOKIPA ACTOXNOAV OTO EPEAKDOPEVO THIPA TOL JoKiow,
KAte anod 10 P aAAd og noAd pikpotepn) napapdpeworn. H napapetpog avuy
em@epeL ermPeddeL 1o PLOPO ERPAVIONG KAl T HOPPT) TWV POYR®V 0Tt} SOKO -
ol poypég dev napovolafovy toco peyakn Staomopd oTo SOKIpo Katda T
Sievbovon kafeta oto Ohurmlpa, omov  avtdg  sppavigetal.  ‘Oneg
napatmprfnke, Sragopetikda doxipta pe iblo cvvteAeot| petagopdg tpiprg ot
AQVOIKTEG PWYHEG HAPOLOWILOLY TAPOHOIA HAPAPOPPDOL), POYHES Kt
actoyia. O covteheou)g avtdg, apa, eivat kaboprotikog yia v opbotnta g
npoPAeyng. Avtifeta, 0 ovvteAeoU|g PETAPOPAG TPIPNG OTIG KAEIOTEG POYHES
Sev £xeL avtiotoa onpavukr emppor) ota anoteheopata (Bewprifnxav tpeg
0,60 twg 1.00) Noym tov ot Sev EKAEIOAV POYHEG OTIG COYKEKPUHEVES
HOVOTOVIKEG AVANDOELS.

e O dve Sraprikng om\opog dev éptace oty Sappor| 08 Kapia IPOcOpoimoT)
eVl KAt éprace ot OAeg. 'ONa TA IPOCOHOIWPATA AOTOXNOAV €XOVTAG
OXTpatioet pOVO pla MAAoTKY) dpBpwor), OtV HEPLOXT] KATK b TO POPTio.
Avtd Sev napamprifnke ota DeWPapatda, Ta onoia épracav ot peyalvtepa
goptia and T emhvoetg. H katavopr| g évraong ota INOIT eivat ibwa pe 1o
Srapnkn om\opo. 1o mpocopoimpa, toxvel mhrpng ovvagela INOIT xat

OKDPOOEPATOG.
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o O apBpnukeg emhvoeig Sev frav oe Béon va npocopol@oovy 1) dSvoxapyida
TOV MEPApdtey, mov fav yevika méov eokapmra. Evag Aoyog yia avto
elvan nj vnapn avévdotwv ompiewy, kAT 1oL OTa mEpapata dev 1Tav
Sebopévo. H 810pbwor tov avalDTIKGV AIOTEALCPATOV Yid TV eoKapyia
tov ompifeav Pertimoe v mpofAeyrn. O SedTepog onpavukog napaywv
elvat 1) peyahn Svoxapyia 1wV oKTakopPikev ototxeiov otabeprg Taong oto
eowTePKO Tovg. Kahvtepeg mpoPAéwpelg , mAnootepa OTA IEWPAPATIKA,
emetedyOnoav pe mAéov  eokapmta oroeia kdfov 27 xopPwv, omo
Stepedivnon, Ta omoia eival YPApHIKIG KATAVOUL)G THCEWDV. -

o Ot copPatuxoi ovvetpeg kat ta eykapoia INOIT Sev epgavifoov v idwa
Katavopr) taong kad’ vyog oe OAo o prjKog Tov doxpion, ald 1 Katavopur)
avty e§aptatal and w Béon Tov CLVOETHPA, TOV TPONO EVIOXLONG KAl 1O
Statpntikd prkog voo pelé). H napaiafry goptiov amod ta otoyeia avtda
apyiGer kopiog peta m Sappor] Tov Sraprkn omAopod oto P. Av Kat npetd
EVTELVOVTAL Ta £yKAPOWd OToyela aptotepd amod TO QoPTio, 1) PEYLOTH TIUT)
Taong eppavifetar de§ia and 1o @optio, mpog To onpeio kaprm|s. £to onpeio
POpTIONG Ta eyKApota oroiyeia Sev mapalapfavoov gopTio.

e And mhevpdag apdpnuikyg mpocopoiwon, onperevetat Ot 1 Swotaor -
gokpivela — Owaxprromoinong too xavaPov, dpa xat 10 peyefog twv
OKTAKOPPIKGOV IENEPACHEVOV OTOLXElmV Moy xpnowponow)fnkav, dev exet
peydaAn emppor}, tooAdaywotov yia ng endoysg 0,05m kat 0,10m mov
depevvriOnkav.
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