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KEDAAAIO 8 — AIAZTAZIOAOINHzZH ENEMBAZEQN Zkupodepa - XaAuBag

8.1 MNevikég ATTAITAOEIG
“EAeyxog diemm@aveiwv

8.2 Etrepypaoccig oe Kpioipeg MNeploxég PaBdOpop@wyVv AOHIKWY ZTOIXEIWV
sEtrepBdocic pe otdx0 TNV augnon TG IKavoTNTag £vavTl JeyeBWY opOn¢ EvTaong
sEtTepBdocig pe oTOXO TNV AUENON TNG PEPOUCAG IKAVOTNTAG EVAVTI TEUVOUOCAG
sEtrepBdoeig pe otdxo TNV augnon TG TOTTIKAG TTAACTINOTNTOG

sEtTepBdocig pe otdxo TNV augnon tnG OUCKAUWIAG

8.3 Emrepypaocceig oe Kéupoug MNAaiciwv
s AVETTAPKEIQ AOYyw dlaywviag BAiwng Koupou
s AVETTAPKEIQ OTTAIOCMOU KOUPBOoU

8.4 Etreupaocig o€ Toixwpata

sEtrepBdoeic pe otdxo TNV augnon IKkavotnTag Evavtl heyebwy opBAS Evtaong
sEtrepBdoeig pe otdxo TNV augnon TNG EPOUCAC IKAVOTNTAC TEUVOUOOG
sEtrepBdoeig pe otdxo TNV augnon TG TOTTIKAG TTAACTINOTNTOG

sEtTepBdocig pe otdx0 TNV augnon tnG OUCKAUWIAG

8.5 Ep@arvwon MNMAaiciwv

*[1pooBrikn atrAou “yepioparog”

=sToixwuaTotroinon TTAaICiwv

=Evioxuon u@IoTAPEVWYV TOIXWV TTANPWOEWG

*[1pooBnikn p&ROwWV dIKTUWONG, METATPOTTA TTAQICIWV O€ KATAKOpUPa SIKTUWHATA

8.6 NMpooBnkn Néwv MapdrrAseupwyv TOoIXWHATWY KAl AIKTUWHATWY
=> UvOECOI

= @gpeNiwoN VEWV TOIXWHATWYV

sAlag@pdayuara

8.7 Ereupaoccig o€ Xroixeia OgpgAimong

>0vOeTa






BAdReg ot Aokipio pe Exrogeuopevo Zkup6depa kai BARTpa
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BAdBeg oe Aokipio pe ‘Eyyxuro Zkupo6depa, Acia Aiemipdaveia Xwpic
AaTunTIKoUGC ZuvoéTpoug






‘EAcyxoc Zuvepyaoiac otn Aiemigpaveia

Aviowon AocwaAcgiag
Rid > Sig

Evratika Meyébn

Avtiotaon Aiemipaveiag 70U Spouv oTn dlemipdvela

(oe OAiyn, ot epeAkUOpNO, diATUNTIKRA)
(PA. Key.6)

= EAaxioTa kai MéyioTa



‘EAeyxoc Aiemipaveiwv

TaAdi6 okupodepa
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INZTITOYTO OIKONOMIAZ KATAZKEYQN

NPOXNPINEE EONIKEE TEXNIKEX MPOAIATPAGEE
(METEN)

Epyacieg Amokaraocraong ZnHiwv Karaokeuwv
amo Tov ZeICU6 Kal Aoimoug BAanTtikoug lNMapayovreg

Texviké EmpeAntripio EAAGSag
AOnva 2008




Exvpaxuvon pe AppoPoAn
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MpocTopacia

Empdveiac pe Aepoparodrovo
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MANAYEZ O.Z.
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TomwoOEéTnon evdiapeowv CUVOETNPWY OE ETMIPNKEIC OIATOHEG
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TonmoOETnon evdiapeowv CUVOETAPWY OE TETPAYWVIKEC OIATOUEC
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OAiBouoca Auvaun Mavdua
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ToiBp AVOPTAPES  BAATPG
“(TTaTTIEG)”

P R

EAGyioTOl 2UuvOoeTnpec Mavoua

EKQZ 2000
. 2
Kai ASW > t fctm ’6n)\_ i <0 [f jdh
asw fywd fctm t

[MpooeyyioTikil MEB0OOC MovoAIBIKNC 2UUTTEPIPOPAC

k= 0,80 k = 0,90 kg, = 1,25 Ke, = 0,80
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TTAnpnc AAAnAertidpaon
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KapmUAeg EvrartikoU MeyéBouc-TTapapdppwone pe Emiokevaopéva Zrvoixeia
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2uvreAeaTEc MovoAiBikoTnTac
K _@npawarmoﬁ cVvOeTOL GTOLYElOVL
“ uyio. povoAlBikol octotyeiov

K NAvroy/npoypatikod cbvietov otoryeiov

r r 4 14
Avtoyn povoAlfikob Gtolyelov

K AaoTid tnTe) TEAYUATIKOD 00 VOETOL OTOLYE 0V
\rr

— Q_/ 14 4 L4
HAaoriuortnta povoliBixkob ororysov

Y7,
Ko o Oplokn TapopopdOenApayatikod covheTov GTorygiov

o Oplakn mapapopdmon HovoAlBikod GTolyElov

TTpooeyyioTikn MéBodoc MovoAIBIKAG ZupTtepIpopdg
Avtoxn, TTAaoTipétnTa, Auokapyia, Ikavéotnta TTapapdppwone Evioxupévou

2. ToIXEiou = ki (Avtoxn, TTAaoTipéTnTa, Auokapyia, IkavoTnta TTapapdppwong
MovoAiBikoU ZToixeiou )

22



TTpooOnkn Néac ZTpwong 2KUpodEPATOC

EkTigynon ikavotnrac

® Me ouvekTipgnon Tnhg oAioBnong

" TTpooeyyloTikd pe XpRon ouvTeAeaTWY HOVOAIBIKOTNTAC

MNa mAdkec:

k. = 0,85 k.= 0,95 ke, = 1,15 Ko, = 0,85

Na Aoimta otoixeia:

k. = 0,80 k.= 0,85 ke, = 1,25 Ko, = 0,75
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AIIOKATAXTAYXH IKANOTHTAYX [IEPIOXHX
ME MEIQCMENA MHKH MATIZXMENQN PABAQN

Ry

B

(0]

TR

o

R

7

[

T

R

R R P T

T

D

<

T

LTt

= (-%s) Ab fs
_(@-29) A, s
HPsls

- p%B j,at. =

WPt Is| O = Opon.

24



KaunTikn Evioxuon

L

Buil'aihg;_'K'I_inkerstr, Amsterdam







ATooXion emIKAAUYNG OKUPOOEHATOC OTO TEPAC TOU OUVOETOU UAIKOU



Teng et al, 2002
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Load (kN)

Avaypappa Topriou-BUBione yia Aokolc Evioxupévee pe
EwikoAnTéd EAdopara

0 t t t | i i t ==

0 2 4 6 8 10 12 14 16 18
Central deflection (mm)
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‘EAeyxoc AmokoAAnonc

T U

max

Le I:b
Ac¢ BewpnBcei n repimTwon piag dokoU amd okupodepa C16/20 mou evioxUeTal aTo
epeAkuopevo TEApa pe €va éAaopa TOTT-AvBpaka, maxoug tj=1mm kai TAdToug
bj=1/2b.. E€eTdCovrag Tnv 2n popenh aotoxiag Aaupdverar:

fom = 0.3 fczlﬁg ~0.316%% =1.92 MPa Kal
\/zoo x1.92 x 10°

O =1.15 = 504MPa

= Xpnoign TeXVIKA yia evioXUoeIC yUpw amd vEéd avoiypata o€ wAAKEC, ToiXwiHarta

th = ) 30

j,crit



.EASYXOQ AﬂéOXIOnS A Kpou
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EUVOVCA TOV GVTLOTOLYEL

otnv Kapntikn Avroyi, Vanal

Yrnohoylopsvy T

KANEIIE (2009)

100 200 300 400
Iewpapatikde MetpriBeica Avroypg, Vexp

MiToAidng, AiIdakTopiki Alatpir) 2009, AMNO.




KapunTiki Evioxuon pe OmAiopoUg evroc “AuAakiwv”

(Aev kaAUnTeTal and Tov KAN.ETIE.)

OKUpPOSEpa

Adpeg - Pnrivn

EykiBwTioNéVN
papdog orAicuoU
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Adpeg - Pnrivn



AUEnon Fépouoac Ikavornrac ‘Evavri Tépvouoacg
Avemtdpkela Evavri Ao€nc OAiyng  (Vsa>Vrd2)

" Mg mepiopiyén
f. =(1,125+1,25aw,, )f,
" Me tpooOnkn vEwvV oTPWOEWY OKUPOOELATOG
" KAc10TO¢ pavdvac (ouvioTdrai)
" tpimAcupn evioxuon

ju]

(a) (B) (v)
EvdeikTikoi TpoTIOI evioxuang ae didTunon évavTi avemdpkeiag oe Aogn OAiyn:
(a), (Bb) KAeiaTég evioxuoeig, (v) AVOIKTEG eVIoXUOEIC

Ved S y%d (VRd,r * VRMJ
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Avertdpkeld OmtAiopoV Aidtunone  (Vsd>VRrd3)
" Me Tp60OeTEC OTPWOEIC OKUPOOEUATOC

" Me e€wrepikd oToixeia amo xdAupa n IOTT

TFA]

(@) (B)

T

(€)

(3)
(oT) @ /]@[4\

EvdeikTiKOi TpOTIOI EVioxuoncg o€ di1dTunon £évavTi avendpkelag omAiopoU didTpnong:
(a), (B) "kAcioTh" eviaxuan, (v), (8),(c),(oT) "avoikTh" evioxuon pe aykupwpéva dkpa &
(0) "avoIkTR" evioxuon amodeKTA KATA TTApEKKAIGN 35
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Aiatuntiki Evioxuon pe IOTT

A w

" H vaon oTic ivec e€aprarar and 1o €UPOC TNC PWYHNAC TOU
YEPUPWVOUV.

" Aev umdpxel avakaravopun TR évraonc

" Aotoxouv ol ive¢c oTn Oéon (a) mpiv KaAa-kaAa
gevepyonoinBolv o1 iveg otnv Béon (P)

m=) Méon TIHA avToxAC ® = max Avroxfic ™= k, = 0,5
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Tepiopiyén pe IOTT
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neproprypévo pe FRP

f*c, FRP-————————————————————————— )
* | TEPICPLYLLEVO LIE
fg = = I otoyeia ydAvpo,
I |
omspic('pucro I
fc | |
0,85¢ | | |
| :
| | >
O 8CO SC u S*CO 8*cu, FRP 8*cus o
XaAupdivn TepiopiyEn e, =0,0035+ 0,ko,,
TTepiopiyén IOTT pe ivec dvBparoc e, =0,0035 (f :f}
TTepiopiyén IOTT pe iveg yuahioU &, = 0,007 (f:: :fcf

f =(1,125+ 1,2%a,) f,

OTIOU c
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Antaitoopyevoc OmwAiopoc TlepiopiEnc - AUénon TTAaoTigoTnTAC

ATtaiTnon 2ToX€EUOUEVOU @:
= YmoAoyi{eTal o anmaiToUpevog 3€iKTNG oUNTTEPIPOPAS q, = q/q,

(9, TapdyovTag umepavroxng dounuarog kard EC8)
= YmtoAoyileTal o amaiToUuevog 0€ikTNG TTAAOTIHOTNTAC 0€ OPOUG HETAKIVACEWV:

q, otavT>T,
Hq = T :
1+T2 @,-1) OravT<T,

= YmoAoyi{eTal n amaitoUdevn TIHA Tou O&ikTN TTAAOTIHOTNTAC O€ OPOUC
KAuTuAOTNTAC

(Mg - 1):(pyyn-1) =3
= YmoAoyileTal n amaitoUpevn péyioTh OMITTTIKA TTapapopPwan okUpodEUATOoC:
acu = 2’2 .ullr °asy 'V

= OYKOUETPIKO HNXAVIKO TT0000TO TrepiopIEng w,,
XaAupdivn TTepiopign: €, =0,0035+0,1-a-w,,
% * 2
i : = f . f \
ﬂsplcnplf,n HE CFRP €., 0,0035( c C)2 He fc :(1’125+1’25'a'ww)fc
TTepiopiEn ue GFRP: ¢ :0,007(fc* :fc) 42



Antaitoopyevoc OmwAiopoc TlepiopiEnc - AUénon TTAaoTigoTnTAC

ATtdiThon 2ToXEVOUEVOU m:
Opoiwg pe deikTN oUPTTEPIPOPAS g, HOVO TTOU TO Hy avTikaBioTdral pye m,,,

Amnaitnon EmOuuntig Tkavétnrag Mwviag > Tpophg Xopdhg B,
YmoAoyileTail n Yy, HEOW ACIOTIOTWY CUOXETIOHWY HE TN Hg

eu,om. = ME),om..ey
Omoun 6, :
Ma dokoU¢ K umooTUAWUATA MNa Toixwpara
L. +a,z (1/r), d,f
L +a,2 171), dfy o, =(1/1), +000{L012éj My by
=(1/r) = 0,0013 + 1,9" |+ y
w0 5P oo v ) St : ot

H ouoxéTion Twy pg Kal Jy YiveTal HEow TwWV oXE0EWV:

= U, =Uy HN oXNUATIOUOC TTAAOTIKOU HnXaviopou opopwy

tot

= U, = Uy v mOavoc oxnNUATionog TAAoTIKOU HnxaviopoU o€ 6pogo

op.

ullr,om. :3“dpm._2 - 8cu,m'r - ww,om =



ENIZXYZH KOMBS2N

TTpooOnkn xiaoTi KoAAGpwv and XaAupdiva oToixeia
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Eniokeun pe pnrivevéoeig
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ENIZXY2ZH
TTpooOnkn emKoMdev eA

KOMBS2N

aoHatwyv anod xXaAupa
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Evioxuon koppwv pe IOTT

CEA, Sacley
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CEA, Sacley



Evioxuon Toixwpatwv
" AmokardoTtaocn AvVeTapkwy Avapovuyv

Omnwc kail gTa uttooTuAwpara

" AUEnon ®épouoag IkavoTnrag Evavr Kapyng
TTpooOhkn urooTUAWPATWY OTA AKPd

4 MovoTtAcupn evioxuon Kal TpoogBnkn UTTOOTUAWHATWY

Expioryn om

3

.. N\

N

Ymapryoee To iy

4 OAo6TAcUpoC KAg10TOC pavduacg (ouviaTdrai)

Enriorym om

M * &

o o \ . o
. » N -

"-.

Yordpyow o iy o
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Evioxuon Toixwpatwv

" AU€non ®épovoac Ikavornrac ‘Evavri Tépvouoac
v AveTtdpkela Aoyw AoEnc OAiync koppou
TTpooOnkn véwv oTpwoewyv okUpodEpaTog N pavoua
Avemtdpkeld otAiopoU O1aTUNONG
TTpooOnkn EEwTepikwy aToixeiwv xdaAupa n IOTT A pavéuac
" OAioOnon Toixwuarog
4 TTpooOnkn katakopupwyv HETAAAIKWY OTOIXEIWV EKATEPWOEV TOU appoU
v Tomiko¢ pavouag

" Auénon TTAaoTipoTnTaC
(Aev tpoowépovTal o1 péBodoi mepiopiyénc)

v AUEnon diatopunc OAIpopevou mEApATog
HE TTPOOONKN EYKAPTIOU TOIXWHATOC
HE TOTIIKA O1eUpUvOon Tou dKpou

4 TonoOETnon eykapoiwv diapumepwy CPIKTAPWY

50



Euparvwon TTAaiciwyv

= 3 hHavTikA AUEnon T Auokapyiac Kai ThG ZEIOPIKAC avTioTaong Tou wopéd
Mopyéc:
» TTpoaBnkn AtAov “IepiopaToc”
= ToixwpaTtomoinon TTAaigiou

= Eviaxuon Yeiotapévwy Toixwv TTAnpwosw¢

Kpioipa ongeia tng peAéTng

= ‘EAcyx0¢ eTdpKelag HETAPOPAC TEUVOUOAC OTIC OTABUEC TWV 0pOPWY

= Mikpn AZoviknh — Melwpévn Evepyodc Auokapwia, MeydAn Z1po@r) oTO
O@epéNio

KaTaoKEUOOTIKA O€éuaTa
= AuokoAia okupodéTtiong (aveTrapkAg TTPOCRACN TNV KOpu®Pn)
= AVTIJETWTTION OUCTOANG Cpavong
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TTpooOnkn AwAou “Tepioparog”

Toixwpata amoé: a) AommAo R oTtAIoHEVO oKUpOdepa
(eTti TOTTOU KaTaokeualOpeva R TTPOKATACKEUAOHEVA)
Bb) AomAn R oTTAIopévn TolixXoTrolid

Aev Aappdvovtar €i1dikd péTpa oUVAEONC TOU YEHIOPHATOC HE TO
TTAdiclo

TTpooopoiwan Tou yepiopyartog péow diaywviou BAITTTAPA

XapnAn AaoTigoTnTa. Zuviotdral m<1,5

TTpoooxn

TTpéaoBeTec Tépvouoeg oe AokoUc Kal YooTuAwpara

52



Toixoparomwoinon TTAaiciou

EupaTtvwoeic mdxoug HIKPOTEPOU A iooU HE TO TTAATOC ThC doKoU

V€O
uTTOOTUAWUA

.

VEO ToiXWHa

VEO TOoiXWHa

TTAAQIO UTTOGTUAWHO

TTAAQIO UTTOGTUAWHO

Epparvwoei¢ tdxoucg peyaAUTepou Tou TTAATOUC ThG doKoU

53



Toixwparoroinon TTAaiciou
TTpooopoiwpa EAéyxou Endpkeiac

~| >

Aokoupevnh  Téuvouoa oTo

P~JF
F, '
> [T Toixwpa:
N L h
. N é 2V
Tp Fs = Vs_
4 + ySd

‘EAeyxoc AvrtioTaong ®arvwyuarog:
= @QAipyn Alaywviou OAITTTAPA:
: b, = evepyd mAdToC diaywviou BAITTAPA
N, :% K N R — A fc t w bw )\M’l~~ 0,4, ouvteAeoTAC aTTOUEVOUCAG ATTOKPIONG
£ 0. 6f TOUu dlaywviou BAITTTRpa YETA TNV
© e uTTéEPBacn TNG KPIoINNG TTAPAUOPPWON G TOU

» AIGTuNON Kata MAKoG Twv AIETTIQAVEIWV:

1 1 h 1
F = F _E NR >§ n6 Du FB?\..,KOL‘C. :Z FBK.,opLQ. >E nv Du

Br.,opG. — s

EAdxioTn moodTnTa PAATpWY 3816 avd HETPo TNG TTEPIPETPOU KAl Ppin
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Evioxuon Ygiotapévwy Toixwv TTAnpwoeswc

=  Me apgimtAcupecg oTTAIOUEVEG OTPWOEIC EKTOE EUOHEVOU OKUPOJEUATOC XWPIC
UTTOXPEWTIKA aykUpwaon oTo TtepipdAAov TAaiciwpa.

EAdxioTo mdxoc otpwaonc 50 mm
Min pv= pr=0,005
E€aopdAion Tng amd koivoU Aeitoupyiag ugioTduevng Toixomoliag pe Tig d0o
OTPWOEIC evioxuong HEow OIAUTTEPWY KOXAWTWY CUVOETHWY:

=  AvTioTaon evioxupévou Toixou = AvTioTtaon AofoU BAITTTAPA

/] / e g N N
. o, o
t / 7 (Ef o
9
/ % S~ T T
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NMPOZOHKH NEQN MAPAMAEYPQN TOIXQMATQN H XAAYBAINQN AIKTYQMATQN

(AUon TTou aTTaiTEl 1010iTEPA UYPNAN HEAETNTIKN KOl KATOOKEUAOTIKI EUTTEIPIQ)

~

NemtTopépeia A

NetrTopépeia A- Katoyn

2UVIOTWHEVN B€0N TOIXWHATWYV
EvOseIKTIKN S1ATAEN OUVOEOT WYV

JuvioTaTal: J

(a) O cuvduaouog TNG BEPEAIWONG TWV VEWV TOIXWHATWYV HE TIG UPICTANEVES OEHEAIWOEIG
(B) H kata 1o duvartoév auinon tng agovikng duvaung ou Ba avaAdpBouv Ta VvEa TOIXU'OHGE%
KOTA TOV OEIOCHO
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ENIZXYZEIZ ZTOIXEIQN OEMEAIQXZHX
" Avettdpkela eTTIPAVEIOG £€dpaONC
" AvetTapkEG UYWoGg
mem)  AUCNON OI0O0TACEWV

2UVOUQONOG JE evioxuon KATAKOPUPWYV HEAWV

S Ay, P B

EvOeIkTIKA evioxuon TTEQIAWYV PE TV TEXVIKA TWV PHAVOUWV, 58
oTav n eTEPBaon TTEPIAAPBAVEI KAl EVIOXUON TOU PEPOVTOC KATAKOPUPOU OTOIXEIOU



Avaptnon

www.episkeves.civil .upatras.gr
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