6. ATIOTEAEEMATA TQN INEIPAMATQN

Epy.OZ EMII Tehw) ‘ExBeony Topog 2



6.1 AOKIMIO # 1: NEAK MONO

6.1.0 IIpoPAeyn mg avroxng Twv doxipiwv NEAK

XPNowonotmvtag 1o AOYopko avedaotkng avalvong Owatopwv XTRACT
(Chadwell, 2002), vmoloyiofnke to Oaypappa pPOIIG-KAPILAOTTAG TOL
Ixnpatog 6.1.0. yua wmyv kpiowun Swatopr) twv NEAK MONO xkat NEAK
CYCLIC. Zopgpova pe tig napadoxég tov AOYIoPLIKOD TO GOVONO TV DAIKGDV Tr)g
Sratopr)g CLPPETEXODY OF MANPT CLVAPELA KAt AKOAOLOEITAL YPAPHIKT] KATAVORT)
NAPAapopPmoey ot Statopn yia dedopévn Kapmlomta, ®oTe 1) TeAKT) aSovikr
avtiotaon ot Swatopn) (N) va woovtat pe 0,00.

Ot napadoxég kat anotedéopata mg avaloong v diatopmv divovtat oto
Kepa\aio 7 cuoykevipowtikd, Ve Ta MPOCOHOIOHPATA YEMHETPIAG KAl DAIK®DV TTOD
xpnotponomdnkav yua oAeg tig avalvoeig meprypdagovtat oto [apapmpa L. T'a
anevBeiag oLYKPLOT pE TA NEPAPATIKA OeSOPEVA TOL IIAPOVTOG, ONHEIMVETAL OTL
n vroloytobeioa porr) PTG Stappor|g Tov epeAkvOpevon yahvfa (My) eivat M,
= 57,2 kNm, eved n optakrn porr avtoxrg (M,) wovtat pe M, = 70,3 kNm,
Dewphvtag oprakn avnypévn napapoppmor) oo xakvfa ion pe 10%.
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Curvatures about the 2 Axs - 1/m

g — Moment Curvature Relation
IMoment Curvature Bilinearization

Ixnpa 6.1.0 Ataypappd ponmy-KapmoAO T Ttag g SIatopng TV SOKIHimV
NEAK MONO, NEAK CYCLIC.
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1o Txfpa 6.1.0 onpetveTat et MEOV KAt 10 10050Vapo dtypappiko dtaypappa
poring - Kapmolottag (M-¢) tov oroiov 1 xapadn Paciletat oy 0OTTA TV
EPPAd®V nmave Kat Kat® and 1o Siaypappd mov mpoekve arod ) Prjpa mnpog
Bpa avelaotikn avalvon g Statopng. To Staypappa avtd xPnotporoEitat

otV apBpn ks avaloor) Tov SOKIHIoL Mo neptypagetat oto Kepalato 7.

6.1.1 EAeyyog )¢ draradng Kat Tov 0TATIKOD IIPOCOHOLOHATOG

To dokipto NEAK MONO katamovifnke pe emPePAnpévn  eykapola
napapop@mon & pe drevbovon npog ta ave, av§avopevn pe otabepod pobpo. Qg
KPLI)PLO TEPRATIOROL 1§ popTLong Oewpnnke 1 emttendn oAk MAacTipomTag
HNAPAROPPOCEWY PEYANDTEPN TOL TECCEPA 1] N HELWON TG AVTOXT)G TOL BOKIpioL

010 85% TG HEYLOTG AVTOXT)G TOL. ZT) OLYKEKPIPEVT) BOKO, 1) OMOLA CITETENECE

KA TO MP@OTO OLOLACTIKA SOKipto rmov eAéyyOnke ot Sudradn, tormobetnfnkay

popriov ( load cells) otig otnpierg A (aprotepda too option, ewteptkn) kat B (peoata
otpdn, deSia tov poptiov) - Oyn A.

d00 KLweNeg popTiov (load cells) perpnuxng tkavotntag 300 kN oy akpaia kat
peoaia ompidn, exatepwdev g Beong epappoyng mg goptiong P (Pwtoypagpia
6.1.1).
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EAeyxog load cell A yia Tiuég @optiong 60-180 KN
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{+ Ev3cign load cell avtidpaong A —= QewpnTikn TIUA avTidpaong AF

Exfpa 6.1.1 Soykpton mg pétpnong load cell oy akpata ompin pe my
avtiotoyn BewpnTikn Tpr.

EAeyxog load cell B yia Tipég @optiong 60-180 KN
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—+— Evdeign load cg|fuvri6paang B = QswpnTiKn TIPR avridpaong Bj

Exfpa 6.1.2 Toykpton mg pétpnong load cell ot peoaia omptén pe my
avtiotoiyn DempnTikr) TLpr).
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Txonodg Twv ev ANoym kataypagov ftav 1 pabpovopnon mg Siatadng péocw too
eAéyyoL TV Beeprukd npoPAenopevov TpMV anod Ta Slaypappata oTtatkng
100pPOMIiag eVeg avévota MAKTWHEVOD DIEPOTATIKOD POPEd, HE MEPAPATIKA
péoa. H xprion tov koyeldv goptiov ota enopeva neipapata dev frav dovau)
Aoy Tov peyéfong Tov avudpdoemy oTa eVioyvpéva oToEla Kat yia Aoyog

gvotabderag tov Sokpiov enave ot Sratadn).

Tra Ixnpata 6.1.1 kat 6.1.2 coykpivovral ) Katayeypappévn avtidpaon omy
kaBe pia xowin pe m Bewpnukn mpoPAeyrn, vmoloyopevn) Pacet g
napadoyng EAaCTONNAOTIKIG COPMEPIPOPAS (Onwg napatifetat oto Kepdhato 4),
ya éva evdektko evpog tov @optiov g ta 180 kN. Ou ovykpiocelg twv
Beopnuikdv TpGOV eV avudpaccwv oug Oéoelg A kat B pe g avtiotoiyeg
evBeilelg Twv kataypagov motonoinoav my opfny Aettoopyia mg Satadng
kabmg kat tr) SovatodTra npoPAeYng TOV E0OTEPIKOV EVTIATIKOV peyebav paocet
v £§lonoemv nov 8o0nkav ota Zynpata 4.7 kai 4.8.

H dnapén tov koyeddv avt@v Sev ENETPEYE Y1a TO CLYKEKPLHEVO TEIPApA v
EKTIPNOT) T)g PEYLOTIG IIAPAROPPWOTG ATTOXIAG Gmay, 0T1) OE0T) TOL P: AOY® NG
PEYAANG OTPOPRG OTNV ONHELAKT] KOALOT Tn)g e§@TePIKg oT)pi§ng apiotepa tov P,
SnptovpynOnKe EKKEVTPOTTA PETASD TOL Onpeiov £5paocng g KOWEANG PopTion
Kat Ton KLAivEpov kOAong mov otepeveTatl o dwatadn, pe anotelecpa to
Sokipto va @ovyet ano ) Béon too otav n petaromon § ot Oeon opTIONG Eixe
@baoeL nepirov ota 25 mm. Avto TO yeyovog Snpiodpynoe Npowpo TEPRATIORO
TOD MEPAPATog, Napdo 1mov 0o 1 avtoxr) oo dokpiov frav otabepr, mMOAD

NAv® and o KPLPLo TEPRATiopod tov 85% g peyoms.
6.1.2 ITeprypa@r) To0 NEIPARATOG

Metd and obviopo xpOvo damd TV eKKivion emPBoAilg Tov  opTiov,
EPPAVIOTNKAV Ol MPMOTEG KATAKOPLPEG POYRES YOp@ amd ) Béon tov onpeiov
epappoyng oo, kabapa xapmukng popens. Me myv mepartépe  avdnon
napapdp@eong, napampninkav véeg KApnukés poypes xopis Opwg peyain
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Sraomnopd oto peoaio tpnpa, kabog kat évrovn Stevpovorn ot Slapnepr) poypr
n onoia §extvodoe Aiyo nave and tn O¢on emPoAng Tov QoPTIOL KAt g OMoiag
10 aQvotypa avsavotayv pe pia pikpr] Ko mpog T pepta g mAnoEotepng mpog
10 optio akpaiag ompng. Kabag n goption mnoiade m tpq twv 180 kN
nepirnov, napatmpndnke 0 OXNEATIOROG POYRMOV YDP® AIld T pEoAia oTipisn Tov
SoKIpion, yeyovog Iov LIOSHAMVE TNV Ap)T] OXNUATIOROD KAt g 2% MAAOTIKAG
apbpwong oe avtd 1o onpeio. H gépovoa kavotnta tov Sokipiov e§aviAndnke
ota 225,6 kN, orote KAtaypa@eTar MIKPIr ITOOT KAl 1] avtoxn Napapével
npaxtka otadepr), ton npog 217 kN, péypt myv andlewa otpidng oto onpeio A,

IOD AIIETEAECE KAL TOV TEPHATIORO TOL MEIPAPATOS,

250.0 ®oprio P, kN
225
183
RS, T i A B 2phfe=ty
154
1ph g:=¢
150.0 o e bt R S i BLes
100.0
50.0
0.0 T r T r T
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Mapapoppwon &, mm

Exnpa 6.1.3 Ataypappa goptiov-petaromong, Sokipto NEAK MONO.

H kataypagn tov emPBal\opevov QopTion pe Tig avTiOTOL(EG HETATONITELS TOD
epPolov £dwoe to Sraypappa @optiov — petaromiong ‘P-6" tov Iynupartog 6.1.3.

Zto Saypappa onpetdvovtal Kat ot BempnTukég TIPEG TOD POPTIOD OTIG OMOLES

Epy.OZ EMIT Tehw| ‘ExBeon Topog 2
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AQVApEVOVTav 0 OXNHATIONOG g IPOTG Kat Tng SevTepng MAacTiKg dpbpwong
oOpPOVAa pe 1o Bewpntxd npocopoiwpa mg ovvexovg dokod tov Kepahaiov 4.4,
Kabég kat ) péytom avroyr) fewpdvtag mArpn avantodn g OPLaKI|§ KAPITIKIG
avtoxrg (xata tov IMivaxa 7.1) otig dvo apbpwoetg, Aappavovtag vooyrn my
anénon mg avtoxg AOy® KPATovorg ToL OMAOPoU, 101], Katd pecov 0po Kat oTig

dvo apbpwoers.

Topgova pe o Sraypappd, avayveptfovial TPEg OpLaKeg KAtaoTacelg ot
Soxo:

1. 1 CLPIEPIPOPA TOL POPET EIVAL TIPAKTIKA YPAPHIKT 006 T drjpiovpyia mg
npeO MG DNAoTKIG apbpwong (Pipn|es=e), 1 onoia opoBeteital ota 154 kN
(mpaxtukd ion pe ) Bewpnuiks) Tpr| Pes=g = 2,67*57,2 kNm = 152,7 kN), oe
TIAPAROPP@OT) 6,6 mimn,

2. 1 dnuovpyia mg Sedtepng apBpwong (Papnes=¢) Dapatnpeital ota 183 kN
(4,6% vyn\otepa g BedpNTKIG Poph jes=ey = 3.07%57,2 kKNm = 175,6 kN), oe
napapoppworn 8,7 mim,

3. &ve, TENIKA, 1] PEPOLOA KavoTjta Tov doxipion e§aviArBnxke ota 225,6 kN
(Prax), Taf) 1y omoia etvar xatd 9,8 kN peyalvtepn amd 1) Oewpnuix)
optaxr} avtoxry g OSokod Pdacet Tov Oe@ENTIKOD MPOCOPOIOHATOG
wopponiag P, = 3,07 * 70,3 kNm = 2158 kN (Exfpa 6.1.3), o
napapopewor 18,2 mm.

Etvat eviiagépov va onpetwbet edo 6Tt iy kKatayeypappévn tpr) v 183 kN
oto onpeio 2. mapanave, givat 1,7% oynAdtepn amo 1 Beoprnuky Tijr moo
AVTLOTOLY el 0TV MEPUTTWOT KAPHPIAG AVAKATAVORTG AOY® TI)g Ip@ng drtapporn,
pe mAfpn kpatovon oty Béon tov @optiov P (M, = 70,3 kNm) xat mepiroo
otabepr] porry oty eowtepikt] ompisn B (Ms = 0,61%57,2 = 35 kNm), omote P =
70,3/0,975 + (70,3+35)/0,975 = 180,1 kN. Ze avt mVv OeplItworn), MPENel va

pecolaprioet xat éva akopn evOidpeco oplaxd onpeio, Omov 1 pomr oV

Epy.OX% EMII Tehua) ‘ExBeon) Topog 2
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eowtepixy) oty B Aappaver méov my tpr Stapporyg mg Ms = 57,2 kNm, pe
) pornj oTo P va napapéver opiaxda otabepr], mov aviioto el o goptio P =

70,3/0,975 + (70,3+57) /0,975 = 202,7 kN.

Oneg Qaivetal Kat Napaxdte, O HETPHOEIG TV PEAOPETPOV OTIV ECRTEPIKI)
ompiln B Seixvoov ou 10 amd ta 175 kN sppavioukav aodnoelg tov
MAACTIKGV OTPOPGOV, apd KAl avaxatavopr) ot pecata ompwn. H vrobeon,
dpa, g eAactikr)g ovpnePIPopds oto B Sev Bewpeitar mbavr). Eivat apa n\eov
mBavo ot mpeta Séppevoe 1) S0KOG 0TO B KAt KATOMY TO TApfpa g Sokod ot

B¢or) tov P va 1on\be oty KpATovor).

Ave€apmta ano my evouapeon Swadpopr) mpog v optaxr) avioyr), 1o NEAK
MONO epgavifet vnepavtoxsy Aoye Kpdtovorg tov xalvpa ion pe 123%, oe
OX£OT HE T OPIaKY) avioxt] Popje=y Kata wyv omoia dnupovpynnke mrpng
PNXAVIoROG, Kat ptd IAAOTIROTTA @G TO onpeio avto mg tadews v 2,80 ano
v ep@avion g mpoug dwappong oto P H péyom napapdpeeon moo
KATEYPAP! MEPAPATKA Hrav 24,2 mm, Tir) mov aioTelel kai ) péylot
TICPEYOPEVT) TIAPapOP@P®OT) Tov Sokipion, Aoyw Tov 0Tl 1 avtoxr] v dev Enece
note Kkatw anod 1o oopPatikd 6pto 100 0,85 Pumer. TEI HOD AVTIOTOLXEL OF
m\aotpouyta 3,70 wg mpog m Snprovpyla me mpedtng apbpeong 1 2,70 kata my

1008VVapr eAacTOIAACTIKT) COPIEPLPOPA.
6.1.3 Tleprypagn twv PAapov xat Tpomog acroxiag

AxohovBodv xapaxmpiotikeg Pwtoypagpieg tov doxipioo NEAK MONO peta
) AN TOL HELPARATOG, O1 OIIoEG eival evOEIKTIKEG TIG TENKIIG PYRAT®OTG TOD
Soxipton, kKaBmg Kal T AUAPAiTTA OKAPIPIPATA TIOD ANOTLIGVOLY T TEAIKT)
Katdaotaon v Ovo Oyewv tov. Ovowaotka n PAaPn oto Soxipo eivat

IIEPIOPIOPEVT] KA XAPAKTNPIGETAL coId TV ePPAVIon) V0 SIAKPITOV KAPITKDY

Epy.OZ EMII Tehway ‘ExQeory Topog 2
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D wroypagia 6.1.2 Anoyn mg tedikng katdotaong Soxipioo NEAK MONO -
Oy A. Awakpivetat To napapévov PENog too SoKtpiov.

5 L - - =z . - e

dortoypagia 6.1.3 Aerrropépera ot Oéon goptiong P, Oyn A: Awakpivetat pia
XAPAKTPLOTIKY Katakopogn Swaprepns paypr ot Beon emPolrig tov goptiov
Kat pukpr) Opavorn) oo Sokipion oty ave napeid.

Epy.OZ EMII Tehw) ‘ExBeon Topog 2
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B O¥YH

A A 1 -
P

Ixfpa 6.1.5 Skapipnpa teAkg kataotaong poypov dokipioo NEAK MONO -
Ouwn B.

dwroypagia 6.1.4
Agrmtopépera o)
ompn B, Oyn B
Alakpivovtat
XPUKTNPLOTIKEG
PWYHES.

dwroypagia 6.1.5 Aerropépeta 1 ot Beon poptiong P, Oyn B: batverat n
Xapaxktnpiotiky diaprepng pwypr ot 0£on emPBoArg Tov opTiov npv aro my
actoyia, eKtog g fovng pétpnong tov LVDT.

Epy.OZ EMIT Te\wkr) ‘ExBeon Topog 2
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Pwroypagia 6.1.6 Aerrtopepera 2 ot 0éon poptiong P, Own B: Staxpiverar i
Sraprepr)g pwypn ot B£on ermPoAr|g TOL POPTIOL, PETA TO MEPAS TG POPTLONG.
Inpewwvetat 1) HETaBolr) Tov eDPOLG TNG PWYHIIG Ot OXEOT] HE Tn) Aerrtopépeta 1.

KOPLWG pwypoV otilg Beoelg tov goptiov P kat g ecwtepiki)g otpsng B, omwg

gaivovtat ota Zxnpata 6.1.4 kat 6.1.5 kat oug Pwtoypagpieg 6.1.2 wg 6.1.6, drmov

dnurovpynfnkav ot &vo nAactikég apbpwoeilg, pe ovverrakoAovdn HOVIpn

OAPAPEVOLOA MAPAROPPMOT] HETA TO MEPAG TG Stadikaoiag.

6.1.4 Avalvon tewv kataypapwv LVDT

Zto Ookipo tomobemBnkav Owdeka enaywywa Peloperpa (LVDT) o
ovyKekpLpeveg Deoetg, onwg deiyverat oto Lynpa 6.1.7. Ta Pehopetpa Ap. 11-12,
12-14, 15-17 kat 16-18 tonobemiOnkayv avda {edyn omy Sa anodotaon arnod Ty
axpn too Soktpion Kat og pra anootaon kab’ dyog petadp tovg ton pe 30 cm, ya
VA HETPNHOOLY UV MAACTIKY) OTPOPI) KAl T HEOT] KAPITDAOTNTA TOL THIHATOS
petadop tov P kat mg peoatag otnpidng, oe kabe pia aro tg teooeptg SIaTopég rmov
avuotoryovv oty kabe {ovn. Ta Pedopetpa Ap. 21 kat 22 tonoBemnkay yia )
HETPNOT SIATHNTIKGV MAPAROPPOOE®Y OTO THIHA TG DOKOD HE TOV PIKPOTEPO
ANoyo M/Vd, eva ta Pelopetpa Ap. 19 kat 20 xpnoworoujdnkav yua m pétpnon
g oTPoPr)g Tov SoKipiov ekatépmbev tng neoaiag omping. Aev tonobetnOnkav

NAEKTPOVIKA PNKDVOIOHETPA O ALTO TO SOKip10.

Epy.OZ EMIT Teway ‘ExBeon Topog 2
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NEAK MONO
O¥YH B
1, 36 L 22 136 | 115
7 1
18 17 14 13
7;— o 3 [ 5 ) L ) |
l, 106
30 21 K
A B 16 15 12 11 P r
120 97.5 975
g g 1 7
O¥H A
116 L 39 114 ,
7 1 7
19 I':' IEI 20
%
r P B A
97.5 97.5 120
K 1 g 7
Ixtpa 6.1.7 Aokipio NEAK MONO : Sidtadn BeAopeTpav yia TG 2 Oyetg tov

NEAK MONO.

AxohopBovv, ota Zxfpata 6.1.8 £mg 6.1.13, Ta ypagprpata tov Kataypapoy tev
Behopttpmv ovvapT)oet 0L eMPAAAOPEVOL POPTIOD, XWPIG VA DIIOOTOLY KATIOW
appnukr enefepyacia. Zto kabe Swaypappa deixvetar oe okapignua r Heon

TOD HETPITIKOL OPYAVOD OE OXEOH pe 1o P.
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BeAdpetpa #11-13  © °© I "
0,12 ———— | - |
— 11 BeAbpeTpO
0,10 - e —
13 BeAdpueTpo
—~ 0,08 - — -
£
g 0,06
é 0,04
% 0,02 +—
0,00 1=~ e .
0 50 100 15W 250
0,02 ———

l(popn’o (KN)

Iyxfpa 6.1.8 Ataypappa twv evoeilemv twv Pelopétpwy 11-13 covaptioet too
popTiov.

A A A

I

BeAouerpa # 12-14

0,10 - . _—— |
— 12 BeAdpeTpo
0,08 — 14 BeAdpeTpo
- 0,06 {—
£ /\—\
£ oo | R
£ /
~ 0,02 - { .
< s
0,00 _LA.V_—:"_’//\/_/H |
? 50 10{0 ur‘o - 250
-0,02 | e
@optio (KN)

Zyfpa 6.1.9 Awaypappa twv evoei§ewv tov Pelopétpoyv 12-14 ocovaptioet tov
popTiov.
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BeAouerpa # 15-17 I

0,10 — ‘

| — 15 BeAopeTpo
08 17 BeAbpeTpo
0,06

0,04 —

0,02 p——
0,00 >/ e :
\. ///_\/_\/ 7 : \ K
0020 50 100 150 “‘QJ:‘aJ % 250
'0,04 . - \t\%
-0,06 . X
-0,08 - - —

@oprio (KN)

-

& (mm/mm)

Ixnpa 6.1.10 Araypappa tov evoei§ewv tov eopétpwv 15-17 covaptr)oet tov

PopTiov.
BeAopeTpa # 16-18 : I B
6.0 - . —
501 16 BeAopeTpo _)
"7 | — 18 BeAdpeTpo
4,0 - S N — S

T 30
E 20 3
E 1w ///
0,0 3 ]
9 fo L‘JP_ 100 150 200 250
-2,0 i o
.3’0 . =
@opTtio (KN)

Ixnpa 6.1.11 Ataypappa v evoeiSemv tov felopétpwv 16-18 cvvaptioet tov
poptiov.
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BeAopeTpa # 19-20
0,5 — — - —
0,0 :
G\J' U 100 150 QL 250
g . -\\ S—e
E _1 0 d \
E " s,
E N
-1,5 —L
E Iy
w: *2.0 = \
v R
-2,5 + —19 BeAdpeTpo P
— 20 BeAdpeTpo
-3,0 -- =l — .
@oprtio ( KN )
Ixfpa 6.1.12 Ataypappa v evdei§ewv tov pelopetpwv 19-20 covapmoet tov
(popTioL.
BeAoueTpa # 21-22
0,6 - — —
— 21 BeAopeTpo
0,5 | — 22 BeA6peTpPO = "'\JT
_. 04 s =
£ o3
ol /
oot R S _
« 0,1 ——1—
w
0,0 _,d;\/AV "~ . /"J\j} :
012 50 100 150 200 250
@opTio (KN )

Ixfpa 6.1.13 Ataypappa tov evoeilemv tov Belopétpmy 21-22 oovaptoeL Tov
PopTiov.
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And ta Iyfpara 6.1.10 kat 6.1.11 napampeitar 6t ta LVDT #13 kat 14, ta
oroia evpiokovrar kovtd ot 0¢on emPolrg TOL POPTIOL OV EPENKVOHEVT)
MEPLOXT] TV AVTIOTO®V SATOP®V, MAPOLOLAZoLY pia ardTtopn avdnon g
g g évedng tong otav to goptio apxloe va §enepva ta 150 kN, otav
SnA\adn apyidet va oxnpatietat n npan mhactkr apbpwon oty neptoxn oo P,
yEYOVOG 1OV avapevotav AA®ote aod ) Aettovpyia mg ovvexovg Sokov, oe
T TNG KATAYEYPARPEVTG AVTOXNG TIOAD KOVTa otrv Bewpntikr) mpopAeyn.

Avuiotoixwg, ta LVDT #16-18 mov fitav tonofempéva mnoiov g Beong
eppaviong g Oeovtepng  mAaoctikng  apbpwong,  eppavicav  napopola
OLPIEPLPOPA PE ATIOTORN ALSNOT) TG TG TV eVOEI§E@V TODG OTAV TO POPTIO
Eenépaoe ta 180 kN (Exnpa 6.1.11), myv opa dnhadr) mov n dokog SiEppevoe 01O
oNpElo ™G EOWTEPIKNG OTAPLENG, HE AMOTENECPA TO OXNUATIOPO TG dentepng
n\acTikIg apfpwong, Mov PETETPEYE TO POPEA OE U AVIOHO.

Aidypappa 'P-8', Zivn 3, BeAdpetpa 15-17 ” ||
A

®oprtio (kN)

0~ 1
0.0E+00 5.0E-04 1.0E-03 1.5E-03 2.0E-03
Opl (rad)

Ixnpa 6.1.14 Ataypappa goptiov-otporg ot {ovr) 3.
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Aidypappa 'P-0', Zwvn 4, BeAdpetpa 16-18 ” | |

®oprio (kN)

0.0E+00  5.0E-03 1.0E-02 1.5E-02 2.0E-02 2.5E-02 3.0E-02
Opl (rad)

|
T

Ixnpa 6.1.15 Awaypappa goptiov-otpo@rng otn fovn 4.

Aoyw tov 0T 1) Stakpr pwyprn) oto P dev nepaoce péoa ano ta LVDT #11-13, ot
KATAaypapég oto ONpeio g @optiong eivat pikpes. Opwg, amnd ta (edoyn tov
LVDT #15,17 kat 16,18, ta onoia KATEypayay KAvVOroutkd, vroloyiodnkav
Paoet g ermuedomntag twv SIATOPMV Ta Siaypdppata poption — HECTIG OTPOPIg
("P-8") otig {wveg oTg oroieg frav otepewpeva ta fedyn avtd, ave Kat Kaww. Ta
draypappara vmoloyifovratr aro TG oxEoeLg:

- ‘515 ‘517 o 516 ‘513

) Kat 6,
300 300

orov 0 ot kataypagég v Pelopitpwy o8 mm (Zynpata 6.1.14 kar 6.1.15). H
avtioTtoyn péot) KapmoAOTNTA @ OTO EKACTOTE THAHA HETPIONG LOODTAL HE TNV

Katayeypappevn orpo@n da mg anootaong petasd twv LVDT (nepimov d/4).

[Mapatnpettal Ot ya Tipeg goptiov peyalvtepeg amd 220 kN to diaypappa

yivetat npaktuka evfoypappo, pe myv avtiotaon tov Sokpiov va gbaver v

Epy.OZ EMIT TeAwry ‘ExBeon Topog 2
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OplaKIy) g avtoyr, Mo\ kovta ot fewpnuikn Tipr Bdoet ™G OPLAKIG POIIG
kpatovong otg dvo mhaotikég apbpomoets. H péyiom n\actkr) otpogr oe
anootaor oxedov d/4 ano ) ompidn ivat 0,026 rad, n & CLVONIKI avENAOTIKY
napapopPwon etvat coykevipwpévn e§ ohoxkAnpoo ot Govn 4 (PA. Zxnpa 6.1.14),
OOPPOVA CANDOTE KAl Pe TNV HELPAPATIKI) TAPATIPI0T).

6.1.5 Avaloon g dtatpunTikng avioyng

- Ty mAaotikn apBpwon
—_ - Geﬂtspn rAaotixn dapBpwon

———— - ~ NRZX

ueyiotn Apwoa téuvovoa yra P=226kN

% £ 4% =

—— 73.6 kN
e e i — 3583kN

A7 5 KN | v o= oot
290 kN |— — — — — — i

& B

OWH B
e 94.4 kN
150.9 kN 117.3 kN

Ixfpa 6.1.20 Alaypappata Tepvovoemv Suvapemy dpdaong Kat avioxrg tov
popea.

[apd 1o pikpd SLaTHNTKO PKOG TOL SOKIion (MPAKTIKA, Y1 TO HEOAIO THIHA
g Sokod 0 Noyog M/Vd wobvtat pe 1,0) oto Sokipto Sev eppaviomxay pypes
Sratpnukod wnov kat anogevxnke  wabvpr) actoxia. Ta Swaypappata
TEPVOLOGY duvapemy Spacemy Kat avioxng tov gopéa divoviat oto Zyxnpa
6.1.20 pe Paon tg Tpeg eviatik@y peyedav g ooveyotg dokod mg Evomrag 4.4
(Zxnpa 4.8), ywa 1o oxnpatopo piag kat Svo mactikov apbpoctwv (M, = 57,2
kNm) kat omv opaxny avtoxt) (M, = 70,3 kNm, B\. TTivaka 7.1). Ot avtiotoi ot

Epy.OZ EMIT Te\wka) ‘ExOeor) Topog 2
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LIIOAOYLOpOL Thg StaTpn Tk anaitong Kat avtoxng Sidoviat oto Mapapmpa
II.

H péorn mepapanki] avioxr) Tov ovvoempwy (pavddag ®8/100 xatmyoptag
$500) évavt tpvovoag dvvaprg, ion pe 190.8 kN, vroloyGopevn XOpig )
CUVEICPOPA TV~ OELTEPEDOVIMY  PIYAVIOP®V  TOD OKLPOOEPATOG,  TIOD
npoPAénetal and tov Kavoviopo (EAK, 2000) eivat apket) yia va napaldapet m
péytot) Spooa TEpvovoda Of OMOOSHNOTE OMpeio TOL gopéa. H npoobetn
GUVELTPOPA TOL OKLPOSERATOG 08 TT0c00Td 30%, elvat rmepinov 10% g avtoxng

oL KA@POoD.

Epy.O% EMIT TeAws) ‘ExBeon; Topog 2
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6.2 AOKIMIO # 2: NEAK CYCLIC

Pwroypagia 6.2.1 T dokipto NEAK CYCLIC v ns:papl Owaradn,
EVOPYUAVOHEVO.

6.2.1 ITeprypa@r) Tov NEPAPATOG

To dokipto NEAK CYCLIC (Pwtoypagpia 6.2.1) frav napopoo pe 1o NEAK
MONO, toco of Saotacelg 000 kat oe orm\opo. Kata ovvénmeia exer kat
napopola pnyavika yapaxkmplotkda. To Sokipto katanoviifnke cLVOAKa pe
OKT® KOKAOLG eVAANACOOREVTG OPTIONG. A0 TNV KATAYPAPT] TOL POPTIOL KAl
MG HETATOMONG ToL ERPONOL MPOEKLPAV Ot BPOXOL LOTEPIOEMG TOL LXTHATOS
6.2.1. Zto idro Zxnpa napaPallovratl yia ovykpion Kat to Staypappa P-0 too
Soxiptoo NEAK MONO, kabog kat ot Bewpnukég tpég avroxns (Pacet
£EAAOTONAQCTIKI)G CORIEPLPOPAS TG SOKOD OT1g apOpmOoELs), XPNOIHOMOIOVTAS Tig

porieg avtoxrg ot dappor) My kat opraka, M too [Mivaka 7.1.

Epy.OZ EMITI TeAwn) ‘ExBeony Topog 2



®oprio P, kN

260

2ph fu=f,

Mapapdpewon 5, mm

104

Zxnpa 6.2.1 Aokipto NEAK CYCLIC : Suatadn PeAopeTpov yia tig 2 OeLg ton
NEAK CYCLIC.

Mivaxag 6.2.1 Kataypagég avtoxng Kat Hapapop@®ong ota onpeia evalayng
twv KoKAwv, doxkipto NEAK CYCLIC.

Ap. | Omin | Omax | Omean | Poin | 6/Pmin | Pmax | O/Pmax | % K E ps | pe
mm | mm | mm| kN | mm | kN | mm | Ppy | kKN/m | KNmm
NEAK
1 6,2 6,2 6,2 | 116 6,2 110 6,2 0,52 | 18186 | 291 07105
2 6,4 6,2 6,3 | 117 64 106 6,2 052 (17826 | 102 |0,7|0,2
3 9,3 9,2 93 | 156 9,2 146 9.2 0,69 |16420| 507 | 11|08
4 93 92 | 92 | 153 9,3 154 9,72 068 |16595| 449 |1,1|07
5 185|184 | 184 | 203 | 18,2 172 | 179 0,90 | 10374 | 4109 | 2,2 | 6,6
6 184|184 | 184 | 178 | 184 142 | 18,4 0,79 8696 | 3098 | 2,2 |49
7 276 | 276 | 27,6 | 187 | 26,8 145 | 27,2 0,83 6153 | 5862 | 33|94
8 276 | 276 | 27,6 | 144 | 26,5 129 | 27,1 064 | 5077 | 3998 |33 | 64

Ot netpapatikoi SeikTeg AMOKPLONG TV Kataypapomv otov kabe kbkAo Sidovtat
otov IMivaka 6.2.1. H @option gixe otoxo v emavalnyn ava 8vo, KOokAwv

Epy.O% EMIT Tehwa) ‘ExBeon Topog 2
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emPar\opevng petaromong § iong mpog 0.85,, 1.0 &), 20y x.0.K. péEXptg OToL 1)
avtoxr] Tov Sokypiov méocel KA amd 1o 85% g péylotng nprg . g ex
TOVTOD, TO TIElPAPA CTARATOE OF PEYLOTI Tapapopewor g Soxow ior mpog 27,6
MM OMOTE KAl TO KPUTPLo autod evepyorowonke. T1a NEIPApATIKA arioteAeopata
tov napanave Iivaka nepapfavoveatr :

- Ol péyloteg /eNAyLoTeg Tipég g ermPBar\opevg TApapOPPOONG (Gmin Omax), HE

T1G aVTIoTOL g HEYIOTEG — EAAXIOTEG SOVARELS (Prin, Prax) AV KOKAO KA 1} pEOT)

NapapOPP®OT Gmean, OTIOV Grmean= (Omin + Omax)/2

- O1 IIAPAROPPMOCELG OTLG AVTLOTOLXEG AKPAieG SOVAREL (6/Pmin KL &/Prax),

- TO TTOCOCTO NG PEYIOTG SOVATG TOL KOKAOD, 08 OXEOT] € T PEYIOT] AVTOXT|

too NEAK MONO

- 1] péor) Svokapyia K tov Ppodxov, mov Sidetat ano v e§owor

pP.-P

K=—""_m  _1000kN/m
SIP_ —G8IP,,

- 1] EVEPYELAKT} QIIOPPOPIOT] HOL MEPIKAEIETAL IO TO DOTEPETIKO Sdypappa
Tov Kabe KOKAOL Kat , TEAOG,
- Ol avtioTotyeg NAAOTHOTNTEG HEONG MAPAROPP@ONG fs KAl DOTEPETIKIG
evépyelag pe, Onov E 1 aIoppo@OUEVH] DOTEPETIKY] eVEPYEWT ToL Bpoxov (oe
€0POG Ormean) KA
16 = Omean / Oy
pe=E/Ey,  Ey=Pyby/2
Kat Py, 6, o1 Sbvaprn xat i Hapapopmor) Stappor|g (EpapanKa PETPODHEVT)).
To &oxipto NEAK CYCLIC &ev pmopece va anod@oet Katd myv
avaxokAdopevn optior v ida mepiPdovoa avtiotacng napapopPeeorng
onwg 1o NEAK MONO, epgavifovtag éva éNetppa avtoxns g tagng tov 10%,
0e TApOPOLd HETATONLOTN OPKG OMKG TO POVOTOVIKG neipapd. OpolaoTiKd, OUTE 1)
apyixt] dvoxkapyia mg Sokod eival idia pe avT) OTO0 HOVOTOVIKO MEpapa oTig

apytxég avakvkAOELg JIKPOD EDPOLG PETATOMIcEWY, OTIDG Ba avapevotay.

Epy.OZ EMII TeAwa) ‘ExBeony Topog 2
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Katd tov mpeto kat Sevtepo KOKAO popTiong Sev IAPOLCLACTIIKAV OTHAVTIKES
poypég ot Soxo. Katd tov avodikéd xAddo Tov MEPITon KOKAOL EPTACE 1)
POPTION TI§ PEYIOTEG TIHEG TG KAl EKAVAV TV ERPAVION TOLG ONPAVIIKES
KAPITIKEG POYHEG KA HEPLKT] ATIOPAOLWOT] TOL OKOPOdERATOS YOP® aro T Héon
empPolrg mg @opuong H péyom avroys) tov Soxipiov frav 202,6 kN oe
petaromor too gpfolov ion pe 18,2 mm, otov mépmto xvxho. Bacer twv
POTEPOY  LIOAOYIOPQYV, O OXNUATIONOG T HpGING MAAOTKIG apbpwong
avapevotav oe tpn avtoxns P = 154 kN, sﬁb ¢ devtepng ya tpry P = 183 kN.

H netpaparixr) avioytj Siappor)s frav 149 kN, mnoiov g napandve Ty,
oe petaromon 8,4 mm (Zxfpa 6.2.1). Zmv avtictoyn pomr) Sappor)g (149/2,67 =
55,8 kNm) avtiotoxei pia avwoyr 171,3 kN yia m Snpovpyia mg devtepng
apBpwor)g, enopévag, oto doxipto Snuiovpynnkav Svo mhactikes apbpwoelg
otov 50 xdKAo, omote Kat £10f\de oty kpatovon. Katd tov enopevo KOKAo
POpTIONg Napamprfnke mtmon g avtoxng too doxyiov ota 178 kN, oe oxeon
HE TV PEYIOTI] TOL IIPOIYODHEVOL KDKAOD, YEYOVOG AVAHEVOHEVO AQOL TO
Soxipto eiye mponyovpévmg Semepacet Y opuakn Tov avtoxy. Kata wmy
enavagoption peta tov éfSopo kOKAO, ot petatomior ion pe 27,6 mm Kat
maoctpomrta ion pe 3,30, n PEPOLOA KAVOTTIA £11E0e KaT® amo 1o 85% wmg

NPOTEPAG PEYLOTHG, OLOTE OLOLACTIKAG TO Sokipto Bewprifnxe OTL actoxnoe.

6.2.2 Ieprypaer) mg ovpneprpopdag, PAapov kat Tov Tponov aoroxiag

AxolovBodv yapakuplotikeg gutoypagieg (6.2.2 fwg 6.2.9), evdewtikeg g
Sradikaciag dnprovpylag kat e5ENENG TOV peYR®OV, PEXPL TNV TEAWKT) PIYRLATOOT
aoctoyiag Too Sokiiov, 1) omota SeiyveTal ota CKAPIPHRATA TOV SVO OYPEDV TOL
ota Iyfpata 6.2.2 kat 6.2.3, Td Onoia KAt anotprI®voLy T TEAKH KATtaotdon

PAaBov Onwmg mpoékvye petd t ASh TOL TEPARATOS.

'Onwg KAt ot HOVOToVIKY gOpTLon, napawmpninke apxwka n dnpoopyia piag
KATAKOPOPI)G  KAPMTKAG POYHIG OT0  ONpeio  €pappoyng Tov  Qoptiov

Epy.OS EMIT Tehw) ‘ExBeory Topog 2
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(Pwtoypagieg 6.2.2, 6.2.3). Ztadiakda, emnl\de armo@Noiwon TOL EMEPAvelaKkov
OKLPOSEPATOG KAt OTAdIAKI] ArOKAALI TOL SIAHNK®Y OMALOHMY VO KAl KAT®
kabwg kat tov ovvdempa, ot Béon avt), Noyw OSwappor)g TOL OMNALOHOL
(Pwtoypagieg 6.2.4 £ng 6.2.6). ITapa v avaxoxAion, n nokviy) dwatadn twv
oovoetpwy Sev enmétpeye va napatnpndel  kavéva @avopevo AvyLoHoD Tov
OM\LOHOD O KAPIA (PACT) NG POPTION,.

e avtiBeon pe 1o NEAK MONO, to dokipto NEAK CYCLIC espgpavios
Sraywvieg poypég exatépwbey oo onpeion optiong P kat oty peoaia owmjpidn,
pog to P, mapda tn dtagopd Tov avnypévov StatpunTikon HPAKODG HETASD TwV
exatépwbev meproyav (Potoypagieg 6.2.7, 6.2.9). Av Kat ot pwypég oto P rpog
pEpLa g akpaiag otpsng, HE TO HEYAANDTEPO OXETIKA OLATUNTIKO MIKOG,
Sractavpwdnkav (Paotoypapia 6.2.8), Noym Kat g bynAng avioxrg twv
oovlempwyv Sev napatnprnkay peyaleg MAPAPOPPMOELG OV  EYKAPOLA
Senbovorn), ov Ba dnprovpyovoav peyaleg avorytég poypés, kat diatnpnonke
otabepotra oy votepntky)  ovprnepipopd. Ev  tovrtolg, To  Sokipto
OLHIEEPLPEPONKE  HETA TOV 7° KOKAO HE KAKI] EVEPYELWAKI] ATIOPPOPNOT),
gppaviovrag onpavtikn mwon g dvokapyiag tov. Eival xapakmptouxko ot

1 péon Svokapia otov 8° KOK\O eivat 28% g apy kg,

A OYH

A V' N

B [

A

A

3y VAR

Ixnpa 6.2.2 Tkapignpa telikn)g karaotaong pwypav dokipioo NEAK CYCLIC - Oyn A

Epy.OZ EMIT Teua ‘ExBeory Topog 2
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Pwrtoypagpia
6.2.2 Apx)
PHyHAT®on ot
Oton  empPolng
TOL  (POPTIOL,
Oyn A.

Dwroypagia

6.2.3  Apyixn
prypatwmon ot
O¢on  emPolng
TOL  POPTIOD,
Oym B.
Ataxkpivetat 1
O¢on twv LVDT
(To LVDT #11
£XEL AOTOXT)OEL).

Epy.OZ EMIT TeAwry ‘ExOeon Topog 2
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Pwroypagpia 6.2.4
Atedpovor g
APYIKING POYHIG 0T
B¢on) ermPoAng too
poptiov, Oyn A.

Pwroypagia 6.2.5 TeAkr)
pnypatwon ot 0¢on ermPolng tov
poptiov, Oyn B.

Epy.OZ EMIT Tehikr) “ExBeon Topog 2
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Doroypagia 6.2.6 Aerrropépera ot Béon optiong P, Oy A : TeAur) anoyn mg
PIYHATOONG. ALAKPIVETAL KAL TO ANOPAOL®HEVO THIHA OTOL QAtveTal o
Stapnkng orm\opog Kat ot Stadoy kot cuVOEPES,

dwroypagia 6.2.7
Aentopépera ot
ompn B, Oyn A
[Mapatmpovvtat ot
Saywvieg  poYHES
HIKPOD £DPODG YDP®
and ™ peodia
oupiEn,

Epy.OZ EMIT Tehwr) ‘ExBeon) Topog 2
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B O¥YH

A

1/ S OICA

[ B P A

Iyxnpa 6.2.5 Tkapigpnpa telikng Kataotaong poypov doktpion NEAK CYCLIC - Own B.

Pwroypagia 6.2.8 Te\ikn) anown pnypat®ong Kar arno@Aoiwong mnoiov g
beong emPolng g @optiong - Own B @ Awakpivetar o ovovdetnpag oo

ATIOKAADPONKE AOY® Tr

aro@Aoiwong ToL OKLPOOEPATOC,

Ddowroypagia 6.2.9
Aentopgpela mg
ompsng B, Oyn B :
Alakpivovtat ptkpon
£0PODG PWYHES.

Epy.OZ EMII Tehwxr) ‘ExBeon Topog 2
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6.2.3 Avaloon ToV Kataypa@mv

H 6¢on kar apiburnor) v enaywyikoyv Bedopétpwv too doxipioo NEAK CYCLIC
Sidetar oto Iyfpa 6.2.4. Ou avrtiotoeg kataypageg, diboviar ota enopeva
Ixfpata 6.2.5 ¢wg 6.2.11, ooykprvopeveg ava Hvo oty idwa dratopr), covaptroet
tov  @optiov P. Tw evkoAotepn mapaxolovbnon Trg  Amokpilong, ota

okapwprpata Osiyvetat evdelktika 1 0eon tov Gevyovg twv LVDT, wg mpog to

OrjpEio POPTLONG KAt Tig OPisets.

NEAK CYCLIC
O¥YH B
L 36 L 22 136 | 115
T 11 1
8 17 14 13
7;l 1 L ] L 1
L 106
30 21 -+
7;7“_‘_! | mw— | enn |
1 1 2
N g6 15 1 ng r
120 97.5 975
7 1 g 2
O¥YH A
116 , 3 L4 ,
g 1 7
R
%
r P B A
975 975 120
7 7 1 1

Ixnpa 6.2.4 @¢on xat apibpnon tov kataypagpkev LVDT, dokipo NEAK
CYCLIC.

Epy.OZ EMIT Tehua) ‘ExBeon Topog 2



BeAdpeTpa # 11 -13
- 8,0_. .

— -0
= 7,0

t:l; 7310 o

1,0
—

0 100 448

TS . 504>

Yy,

113

— 11 BeAdpeTpo —
13 BeAopeTrpo —

@optio (KN )

A

Ixnpa 6.2.5 Awaypappa evoeiSewy Bedopétpwy 11-13 ovvaptroet Tov QopTiov.

BeAopeTpa # 12-14

|

0,90

-
— 12 BeAopeTpo
- 14 BeAOpETPO

@opTtio (KN)

Iyfpa 6.2.6 Awaypappa evoeiSewv Pehopétpwv 12-14 covaptioet Tov popTiov.

Epy.OX EMIT

Tehwa) ‘ExBeon Topog 2
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BeAdueTpa # 15-17 = = T :

= ,2,04 == e
— 15 BeAoueTpo
1,5 — 17 BeAOuETPO -
w

£ ,0
=
£
E
J T

-300

@optio (KN )

Ixnpa 6.2.7 Ataypappa evoeiSeav Pelopétpwy 15-17 ovvaptrjoet Tov PopTiov.

BeAdusTpa # 16-18 . ¥ &
' ety ——
~— 16 BeAopeTpo 16.0 :
— 18 BeAOUETPO : o 74—
14,0 —
E 10,0 £ /
£ i ¥
T — — 18,0 1 F——F =
£ /™7 / Fa
£ = o~ ——r
5 404 ,
"' A e AT A /
] 1"/ 7 \,
-300— %Mﬁ, g—————-:=200
@optio (KN)

Ixnpa 6.2.8 Awaypappa evoeiSewv Peopetpmy 16-18 covaptrjoet Tov PopTiov.
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BeAbpeTpa # 19-20

— I S 10.0-71— e
— 19 BeAdpetpo o
— 20 BeAopeTpPO s B il
e 4; e
£ =
E e /
S - ‘q = b}
W -300 -200 200
I\-
= >
—= ?’{%T
m PSS "6,‘0 - —
@opTtio (KN )

Ixfpa 6.2.9 Awaypappa evoeiSemv Peopétpwv 19-20 covapt)oet tov PopTiov.

BeAoueTpa # 21-22
= %g = S
Q"\\,_\ on
Ay s
\ ! P
’g
e e — =s—e
T -300 200 b Tkl ——% 0
E -4.0 4
» - — 21 BeAGpETPO 4 ':’:
- — 22 BeAopeTpo i
] -10,0 —
@optio (KN)

Ixgpa 6.2.10 Araypappa evoeiSewv Pelopétpay 21-22 oLVAPTI|OEL TOL POPTLOL.

Epy.OZ EMIT TeAwa) ‘ExBeon) Topog 2
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BeAoueTpo # 23

000

-— 23 BeAbpeETPO 0,90 =

& (mm/mm)
[~}
()
(=]

- i '0;50*‘*
@oprtio (KN )

Eyfpa 6.2.11 Atcypappa evoei§emv PeAopéTpon 23 COVAPTICEL TOL POPTIOL.

And ta Geovyn wwov LVDT (#15#17), (#16#18), (#14-#12) xkat (#13-#11)
oriohoyiodnkav Paoet g enuedotTag v Statopey ta Staypdppata eopTion
— péong otpogrig (‘P-0") otig faveg katapétpnong twv LVDT, tonobempeveoy ave
kat kéte oe anootaorn 300 mm. Ta Staypappata vroloyifoviat aro TG OXEOELG:

5.; ‘511 0. = 514 _51: 0. = 515 _517 Kat 0, = 516 ‘515
7 3 ’ 3 4
E 300

0 =
! 300 300 : 300

oo § ot Kataypagég Twv Pehopétpev o mm. Xto Zxnpa 6.2.12 deixvovtat ot
OYETIKEG artartoetg O ot SIAPKEL TOL MEPAPATOS, v ota Ixrjpata 6.2.13 g
6.2.16 napovoradovrat Ta@ Slaypappata @opTtionv MAACTIKIG OTPOPRG yid Tig
téooepig Javeg (pe avtiotoryo okapipnua). H avtiotoyxn péon kaprvlotta ¢
OTO EKACTOTE THAPA PETPNONG LOOLTAL PE TNV KATAYEYPAPPEVT) OTPOPI Sta g
andotaong petagp twv LVDT (nepimov d/4).

Epy.OZ EMIT TeAwr) ‘ExOeony Topog 2
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‘ Kartavoun TAaoTikiG oTpo@ng Opl, NEAK CYCLIC

2.00E-02 —
1.00E-02 -

0.00E+00
-1.00E-02
-2.00E-02 +

Opl (rad)

-3.00E-02
-4.00E-02

-5.00E-02

-6.00E-02 -~ = S
BAua
} —(16-1 8)]300 —(15-17)/300 — (14-12)/300 — (13-11)/300 ‘

Iyxnpa 6.2.12 Awaypappa wropiag nhactikeov otpopav, NEAK CYCLIC.

= =

TR
Agypappa 'P-8', Zwvn 1, BeAdperpa 13-11 T .T

Qoprio (kN)
s:)
R
N

Tyfpa 6.2.13 Awaypappa goptiov-otpogng ot fovn 1.
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| [ 1l iJ
=
Aidypapua 'P-8', Zwvn 2, BeAdpetpa 14-12 T

2.50E-03 5.00E-03

®oprio (kN)

200 d
“Juv

Opl (rad)

Iyfpa 6.2.14 Ataypappa gpoptiov-otpo@ng otn fovr 2.

(1]
Agypaupa 'P-8', Zwvn 3, BeAduetpa 15-17 T

200

|
f T v

-5.00E-03 -2.50E-03 0.0

1

5.00E-03

®oprio (kN)

Opl (rad)

Ixhpa 6.2.15 Ataypappa goptiov-otpopr)g otr) {ovn 3.
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Il _WJ
Aigypappa 'P-8', Zavn 4, BeAdpetpa 16-18 . T

®oprio (kN)

Opl (rad)

Ixfpa 6.2.16 Ataypappda popTtiov-otpo@ng otn Gmv 4.
[Mapampettar 6t ) {ovn 1 navel va kataypdgetat o NAAoTikn otpogn 0,023
rad, \oyw actoxiag tov Behopétpoo #11. Tnyv idra otypr), ) anatmon ot {ovn 4
Ntav napopola oe peyedog, evm ep@avidgel pia eviovn acvppetpia and ty eobeia
(0=0) pe av§avopevo pobpod, katt nov dev napampeitat ot {wvn 1 otov idlo
Pabpo. H péyrom mhaotikn otpo@r) oe anootaon d/4 amd ) peoaia ompisn
givat 0,054 rad, kata pua tadn peyédovg peyaldtepn amod TV avriotolyn
anaitnon ouy Swhavy) {ovn, omov, map’ OAa avtd, eppavifetat katr £dm

ave\aotikr) arokpon (PA. Zy. 6.2.15).

6.2.4 Avaloor g StatpnTiKIg avioyxrg

Zto Sokipto NEAK CYCLIC gpgpaviotnkav poypég SLAaTpnTKod TOIon Pikpon
gvpoug aMa amogevxnke pa wabvpod tomov actoxia. Ta Swaypappata
TEPVOLOMY OLVAPEMV OPACE®Y KAl AVIOXNG TOoL (opéa divovrar oto Zxnua

6.2.17 ev ot avtiotoryot brroAoytopot vrapxovyv oto [Mapaptnpa II.

Epy.OZ EMII Tehw) ‘ExBeon Topog 2
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TOpQOVA pE TV avaloon QopTimv Kat eviatk®y peyebov oe oxeon pe )
péon avtoxny oe Satpnon mg GOKOL, 1 AVIOXI) TWV CLVOEWPWY Evavil
tépvovoag dovapng (190,8 kN) etvar apxet) va napaldpet m peyrotn dpwoa
TEpvovoa oo avarrtoxdnke Kata ) Stapkela ToL MEPAPATOG, O OMOLOONIOTE
onpeio tov popea emrpénovrag de ) dnuovpyia Svo mhactkav apbpawoewy. To
yeyovog avto efnyet to Aoyo mov Sev mapatnpndnkav peyaleg eykapoteg
NAPAPOPPOCELG ATA TV arokpior). Akopa kat av ayvondet mfpwg n coppoln
0L oKLpOdEPaTog oty avalnyn Tépvovoas, de Ba propovoe va vIapset

(Bewpnrika) actoyia aro diatpnon.

SRP— npaTn Aaotik apbpwon
—_—a - Sevtepn mAaotikn apBpwon

PP LE o A Z ard NDRED
yip + OO N2

usyrotn Apwoa tépvovoa yra P=202kN

204.9 &N 20 N
54.6 kN 67,1 kN
47,3 KN | o o o o o — il -— 58,3 kN
290kN [ — — = =im==— 58,3 kN
r B A
OW¥H B

T —-—-1 94,4 kN

134.9 kN 117,3 kN

204, 9kN

IxHpa 6.2.17 Ataypappard TV TEPRVOLo®V duvapemy Spaoemy Kat g avioxrg
TOD (POPET OTIG OPLAKEG TOL KATACTACELG.

Ye kabe neptmtwon, opws, adifet va toviobel Ot mapd 1o peya\o CLVTENEDTH)
AOPANELAG O MPAYRATIKODG OPOLG AVTOXTG Kat poptiong (= 204,9/134,9 = 1,52),
N HEV mapexOpevn MAAOTHOTNTA MAPapoppwong (pe Pdon 1o KPUmpPto
anopeiwong g avtoxrg tv Sokipiov) éprace opraka ) Tpn 3,0, n O¢

avakLKALJOPEVT] COHIEEPLPOPA TOL SOKIHIOL HTAV IKAVOTIOUTIKT, AlO MAELPAS

Epy.OZ EMII TeAw) ‘ExBeon Topog 2
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arnoppoPnong evépyetag oe enavalapPavopeveg avaxvkAioelg orno otabepo
£0POg MAaoTIpOTTag peyarvtepng tov 2,0, aAAd | IKavomou Tk ano M\evpag

IIAPEXOPEVIIG AVIOXI)G HETASD O1adoy KV KOKA®V.

Epy.OZ EMIT Telua) ‘ExBeon Topog 2



6.3 AOKIMIO # 3: G60 MONO

6.3.0 Ap1BunTixn npoPAeyn mg avroxng twv doxipiwv G60

Xpnowonotovtag to Aoytopkd avelaoukng avalvong dwatopev XTRACT
(Chadwell, 2002), vmoloyiofnke tO Olaypappa EOMIG-KAPITLAOTNTAG TOD
Tyfpatog 6.3.0 yia v evioxopévn Siatopr). Zop@ovVa pe TG napadoxeg tov
AOYIOPIKOD TO GUVONO TV DALKMV NG SIATORTG COMHETEXOLY HE MANPT) COVAPEL
Kat akoAovfeital YPApPIKI] KATAVOpI) MAPAPHOPPMOE®Y  OTr Olatopr yua
SeSopévn Kapmootta @ote 1 tehikn afovikn avtiotaorn ot dwatopn (N) va
toovtat pe 0,00.

Ot napadoyég kat anoteAéopata mg avalvorng divovrat oto Kegpahato 7. I'a
mv anevbeiag odykpron pe ta nepapatika SeGopéva, n mPOPNEnOpEVn PO
avtoxns (M,) g dwatoprng v G60 MONO, G60 CYCLIC wwovtat pe My y=05% =
88.9 kNm, fewpmvtag optaxr) avnypévn napapopeworn vipatog G60-AR ion pe
&r=0.8%.

Idoments about the Z-So0as - kKN-m

Curvatures about the Z-20ds - 1/m

—tr— DNloment Curvature Relation
Ivloment Curvature Bilinearization

Exmpa 6.3.0 Attypappa porev-kapmolotntag mg Statopr)g tov Sokipiov G60
MONO xat G60 CYCLIC.

Epy.OZ EMII Tehwkn “Exfeon Topog 2
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SNHELOVETAL OTL 1] PEYIOT] KAPMDAOTNTA Oopiletat oty £PEAKDOTIKI] aotoxid
Noyw Suappnéng tov INOIT oty axpotamy iva, Snladn oe avnypevn
napapopeeot too G60-AR ion mpog my ovopactikn tpn oo 2,8% (PA. Kat
Kepahato 7). £to napanave Staypappd, ONHEWVETAL EKTOG IO TO draypappa
porg — KaprmoAomtag (M-¢) Kat 1o Stypapponoumpévo Staypappd, Tov orotov
N xapaln Pacifetar omy wouta v epfadov Twv SO Slaypappatwmy
arokpiong g Owatopns. To Swypappa  avto XPNOWHOMOtELTAL  yud TtV

aveNaotik avaoon oo SOKIpiow, ONws meptypagetat oto Kegalaiwo 7.

6.3.1 ITeprypagr) Tov MEPARATOS

To Sokipto G60 MONO (Pwtoypagia 6.3.1) katamovifnke pe eykapowa

MAPAPOPP@OT) PG TA HAV®, 1) orota av§avotay pe orabepd pobuo. Qg KPLIPLo

teppatiopon mg eoptiong fewpibnke n ermitevdn OAKG MAACTHOTNTAS

dwtoypagia 6.3.1 To dokipo G60 MONO ot B¢on tov, Own B.

Epy.OX EMIT [ehikn "Exfeon Touog 2



HAPAPOPPOOEMY Peya\DTEPT TOL TECOEPA 1] 1] PELWON TG AVTOXNG TOL OOKIHIOD
0t0 85% g PEYLOTNG AVTOXT)G TOD.

Apxika n actoyia oe diappnsn napatmpr)fnke oTo EPENKLOPEVO THIHA, EMNAVQ
ano to onpeto poptions (Potoypagpia 6.3.2),0T0 THARA TOL MEAHATOG petady twv
eykapoimv INOIT kat otny EVIOXOHEVT] IIAPELT, OF TTOND [EPLOPLOREVO TRIpa Kab)’
dyog g dratoprng (Pwrtoypagicg 6.3.3, 6.3.4 kat 6.3.5). Me v aodnon toov
BéNovg §, oradiaxa Stappnyvootay kata m Stapnkn (aomin) Sevbovon kat 1o
eykdpoto INOIT, povo 0To aplotepod OP®G THIHA TOL SOKHLOL P0G TV aKpaia

otPt€n, AOy® To OTL 08 ALTO TO TPpA Tov Soxtpiov eixe epappootielt povov eva

POANO EYKAPOIOD DPACHATOS. ZNHEIOVETAL OTL IIAPA TNV LITAPEN ovvoETPWV

dwroypagia 6.3.2 Evapdn neplopiopévng actoxia tov INOIT oe Suappnin ot
B¢on P ,Oyn B.

Epy.OX EMII Tern "ExBeon Topog 2



opevn actoyia tov INOIT og dtappnn ot Beon P
draxpivetat 1 otadakn) Stapnkng actoyia tov eykapotov INOIT oto ave tpnpa
AP. To 1610 dev napatnpeitat oto tpnpa PB Aoyw g dur\ng orpwong INOIT.

Pwrtoypapia
6.3.4
Aentopépera g
aotoxiag TOL
INOIT o€
diappnsn ot
O¢on P npog v
PA.

Epy.OL EMIIT Fehuen "ExBeon Topog 2



125

Dwroypagia
6.3.5
Agrtopépela €x
twv avwbev g
actoxiag g
dokov otV
EPEAKDOPEVT
[EPLOXT] KAL TOL
INOIT oe dwap-
pnén otn Beon P
npog tnv PA.

INOIT oe aoto to tpnpa toov dokpiov (PA), dev napamprdnke actoyia tormoo
draymviag Statpnukng pwypr)g oto tpnpa petalp wwyv oovdetnpwy INOIT, Aoyw
g ovvepyaoiag tov Swapnkovg INOIT  oe kapwyn kat og Owatpnorn. Aot 1
PeAtiwpevn copnepipopa Oev napatnpnbnke oto Sokipo C1-30 MONO, 1o
oroio eiye napopola diatadn eykapotwy covdetmpwyv INOIT a\a fnrav ava kat
KAT® ONMMOPEVO, TO OO0 AOTOXNOE VWPLg 0f avto to onpeto (PAene xat
Kegpalato 6.5).

To Ookipo @aivetar ot Pwroypagia 6.3.6 ot @aon g HEYLOG
APAPOPPWOTIG TOD Opax, HETA TO MEPAG TOL MEIPAPATOG. XAPAKTNPLOTIKO £ivat
ot 1 Swappnén v m\aivoy INOIT/vnopaocng éxet nepoprotet oto 1/2 tov
OWoLg g Statopn, mpog Ty eeAkLopevn \evpd (Pwrtoypagieg 6.3.7 Kdat
6.3.8). Znpetwvetat, emi n\éov, ot kabwg n avroxr) mnotade ) peyotn T g,
napampndnke  avtiototyn aotoxia oe OSwappndn oo INOIT kat omy
ePEAKDOPEVT] TEPLOXT) TG peoaiag ompidng, pe Snpovpyia piag SevTEPNS

m\aotikng apbpwong oe anto to onpeio (Pwtoypapia 6.3.8).

Epy.OL EMIT Tehen "ExBeon Topog 2
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Dwroypagia 6.3.6 Anetkovion oo dokpiov G60 MONO otnv telkrn) actoyia,
HETA TO MEPAg TOoL nelpapatog, Own A, oto péyoto 0.

Dwroypagia 6.3.7
Aemmropépera oty Béon
gopriong P Oyn B
[Mapampettar Stappndn Tov
[INOIT/okvpodépatog  oto
EPEAKDOREVO AV AKPO TNG
dokoD, 0©€ EVEPYO  LYOG
nepirrov 50% tov Dovg TOL
KOPHOD.

Epy.OL EMIT Terwn “Exbeon Topog 2
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Powroypagia
6.3.8
Aertopepera
ot Béon  @op-
tong P: Oyn A.
Extog amo v

actoyia TOD
INOIT oty avew
MApPEL etvat

EHPAVI)g KAl 1)
ddykwon  tov
OKLPOOEPATOG

ot OANpopevn
Mapea oTo
tpnpa PB npog
m Hecaia o)-
PN, HE Heya-
\eg  Sratpnuikég
MAPAHOPPHOOELS.

Dwroypagia
6.3.9
Aemrtopépeta
ot ompwsn A:
ZnpewwveTar 1
ArtoKOAANoT)

TOL  OWIHIKOLG
DPACHATOG
INOIT NOym
aoroxiag o€
ayKopwor  oto
THpa  petadd
popTion Kt
eSWTEPIKIG O
péng, moo eivat
EyKAPOLa OnAL-
OHEVI] HE OLV-
detnpeg INOIT.

Epy.OL EMII Teiuen "Exfeon Touoc 2
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dwroypagia 6.3.10 Aerrtopépera ot ompsn B: npetovetar n arnokoAAnon tov
Srapnkong vepaopatog INOIT Noyw actoxiag oe aykbpwor OT0 THIHA HETASD
£0WTEPIKIG Kat OeSLag eSmTEPIKAG OTIPENG,

Te avinpéveg Mapapop@OeLg Pt anod T dnuovpyia g SevTepng MAACTIKIG
apbpwong, napatmpnonke A armokOAnon oo Swapnkovg INOIT Aoyw
aotoxiag oe ayKdPWOL), MPOTA OV ESWTEPIKN 0PN A, APLOTEPC TOL ONpELOL
@oOpTIoNg P, rapd Ty napovsia oe avtd 10 TPIpa mg SOKOL Kt SLaTHITKAG
evioyvong and eykapato INOIT, yopw amd 1o dwapnxes, (Pwtoypagpia 6.3.9).
AxolovBwg, of napapopewon yvpw ota 80 mm, emAde mapopoov THITOL
aotoyia kat SeSia anod ) peoaia otpi§n, npog my axkpaia otpign I, onote kat

teppatiomke 1o neipapa (Potoypagpia 6.3.10).

H kataypagn tov emPBal\opevon QopTion pe Tig avtioToleg HETATOIILTEL TOV
eppolov €dwoe o draypappa ‘P-§° tov Xynpartog 6.3.1. Zto dwaypappa

OTHEIDOVOVTAL KA Ot THHEG TOL (POPTIOD OTIG OIOIEG AVAPEVOVTAV OXNHATIOHOG TS

Epy.OL EMII Tehxn "Exbeon Topog 2
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np®Ig Kat g Oevtepng MAAotikng apbpwong ovppova pe 1o Bewpnrko
MPOCOHOIWHA yla PEYLOTH napapop@won tov vipatog G60-AR ion rpog 0.8%.
['ta NOyong oVYKPLOTG, AVAPEPETAL OTL O OXNHATIONOG Tr)g dedTEPNS Apbpwong oTo
dokipio NEAK MONO ¢ywve oe goptio 225 kN. TMapatnpeitat ott n apdpnuix)
mpoPeyn g avroxng oe Owappory tov xalvPa Paocet enuedotnrag Twv
Sratopwv npoPAénetar oe @optio 171 kN, odppova pe v avtiotoln porr)
npotmg dwappong 171/2.67 = 64,2 kNm (BA. Kep. 7), Tipr) moAd kovta otnv
netpapatikn tpn Stappong twv 179 kN, oe napapopgpwon 8,7 mm.

®oprio P, kN
400.0 l
2ph 150/00 356
350.0 -
300.0 =10 MBS ] (e e e e S R o SR S e, . 2ph 100/00
L .- N S B R U P R S S S . - 2ph 8o/oo
2004~ —————fpo - - — - — — — — — _2Ph60fc0 T _ _ _
1ph 6o/oo
200'04_ = et Y o e o e 5 LA DIVESE oy v o .~ gl
150.0
100.0
50.0 -
0.0 - - - - ; ‘
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0

MNapapopewaon 3,mm

Ixfpa 6.3.1 Awaypappa goptiov-petatomong P-6 , Sokipto G60 MONO.

H péyrom avroxn tov doxptov moo ernetedxdn kata 1o netpapa nrav 356 kN,
T kara 208 % peya\otepn g npatng diapporng 1 160% oynAdtepn aro myv
nelpapatikn optay avroxr tov doxkiptoo NEAK MONO oo neptypa@nke oto
Kepahawo 6.1. Xapakmplotko eivat 10 yeyovog 0tt to Sokipto dev éxace mote
eVIEA®G TNV empooetn) autr) LIEPAVTOXT) TOL EVIOYLOTG, OLTE pel@ONKe MOTE 1)

avtoxn tov ota emineda avrtoxng tov un evioyppévoo NEAK MONO (pe

Epy.OX EMIT Tehkn "ExBeon Topog 2
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ehayxwot kataypagr 15% ownAotepn g péylotng avioxnys oo Ookipiov
eAEYXODL), AKOPI KAt OTav 1} HEYLOTN NApapoppwor) eprace ota 84,9 mm onote
KAl 10 OEipapd TEPRATIOUKE AOY® TOWV HEYOA®V HAPAPOPPOOEDV MOV eixav
napakngdet amod tov gopéa xat v aotoyia tov INOII oe aykbpwon oto tprpa
BI. To ibwo dev ooviPn pe 1o doxipto C1-30 MONO, nov evioyvbnke ave xat
KATw, Onwg neprypagetat oto Kepaiato 6.5.

Kata mv egperxkvotikr) actoxia too nmiaivod INOIT ce mapapopewor 32
NApampeital pua mwor g avioxr)g ota 306 kN (rmocootd 87% g Puax) pe
IEPAITEP® a0 TG PEPOVOAG KAavOTNTag Tov doxipiov, evOerlyy ott vnrpse
avaxkatavopn g pomtg, Aoyw adinong g avioxrng ou) peoaia owmpisn. H
avtox1 tov dokipiov oe mocootd 85% g P (= 302,6 kN) kataypagetat oe
napapop@worn 76 mm, anodidoviag pra maocupotnta oto doxipwo ion pe 8,70
®G IIPOG TV Ipwt) drappory.

Ano mv nepapanxn xartaypagn (dwaypappa P-6) mpoxdmrtet 0Tt OTO
IIPOPAENONEVO POPTIO IIOL AVTICTOLYEL OE POMI] OV IP®OT) NAACTIKI] dpBpwor)
ion pe mv kKapomikr avioyxn oe napapopgmor) Tov INOIT &= 8%, (2,67%88,9 kNm
= 237,6 kN), Oev eppavifetal ot} CORIEPIPOPA KATIOWA AVTLOTOLXI] ERPAVIS
aMayn oy anoxpior). Ent méov, 6cov agopd 1 péyiotn @épovoa Kavotid,
1 peyotn avrox) vrepPaivet oe mooooto 128 % ) Bewpruix) avroxy) (=3,07*88,9
kNm = 273,2 kN) oo avtictoiet ot dnurovpyia Svo mhaocuxev apbpwoewv (pe
avroxt] My e-0.%)-

To yeyovog ott 1 oKOg avémtode avdnpéviy PEPOLOA LKAVOTITA O OXEO0T] HE
myv 1poPAeyn anodibetar oe PIKPO POVO mooootd of mbavi) HepartEpm
KPATLVOT} TOL OORPATIKOD epeAKDOpEVOL XahvPa, aAAd Kopiwg oto ott 1o INOII
TIAPEXEL COPPETOXT) O EPEAKDOTIKI] AVTIOTAOI KATA MOAD peyalOTepn aIid Tig
Bewpovpeveg oopPatixég Sovapelg oxedlaopon, ot OIOIEg AVTIOTOLXODV O POIIEG
nepinov oto &= 0.6% €wg 0,8%. Zoppwva pe v eEAacTonAaoTiky] IPOCOROiOoT)
KAt TI§ HEOEG MEPAPATIKEG AVIOXEG TOL OKLPOSEpATog Kat xaiofa, n peon

NEPAPATIKY] KATPITIKI avioxl) otig Ovo apbpwoeig ot péyotn avioxr) etvat My

Epy.OZ EMII Terwm ‘Exfeon Topog 2
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= 356/3,07 = 116 kNm, 11ov avtiototyel oe £peAK0OTIKT) apapoppwor) oo INOIT
io1) pie 16 %o, XPIIOIHONOLMVTAG TA MEIPAPATIKA XAPAKTIPIOTIKA TOV DAIKDV.
Eivar apa epgavég ot n Sovardomia epappoyng piag otaduakrg
avaxatavoprg oty actoyia tov INOIT Aoyw kapyng — oe avtifeon pe mv meéov
Wadvpr] pop@r) IOL ATIAVTATAL OUJV EVIOXDOT AVK KAl KATW, 08 0ovOLAopo pe )
yapnAn dvoxapwia too INOII, enttpénet 0to LAKO vioxvong va arnodmoet £mg
TV OVOHAOTIKI| €PEAKDOTLKI) TOL aVTOXT) ot péylot) Ty mg P. Avtibeta, pe
1£00do evioyvong pe vpaopata INOIT tonobetnuéva avmd KAl KAT®, Ol OPAKES
avtoxeg evioyoong etvat yabopotepng HOPPIIG KAl IPA DIOKEIVTAL O PEYANDTEPN
Sraomopd. ‘Oneg napovordletat kat oto Kepahaio 6.5, oty mepintwon avtov
tov €idovg evioyvong, peta ) Owappndn tov OSwapnkovg INOIT peiwverat

anoTopd 1 PEPOLOA IKAVOTITA TOL OTOLXELOD.

6.3.2 Ieprypa@n towv PAafmv kat Tpomnog actoxiag

AxolovfobV YapaxkmpPloTIKEG POTOYPAPiEg MOV €ival evOEIKTKEG TG TENKI|G
priypatwong too Soxwptov  kabhg xat Ta AApAiTia OKAPLUPPATA Kt
AVTLOTOL(EG POTOYPAPIEG, Ol OMOIEG ATIOTLIMVOLY Tr} TEAIKI) KATACTACT] TOL OF
Kafe pia owr), OnweE mPOEKLYAV PETA TV APALPECT] TOV DPACPATOV HE XP1)OT)
TPOXOD KAl KPODOTIK®V HECWV, HETA UV ANOPAKPOVOI ToL SoKipiov ard )

netpapartikn) Suaradn (Xxfpara 6.3.2 xat 6.3.3 xkat Potoypagieg 6.3.11 twg 6.3.17).

A OYH

i

A A A

OE0E1G POYHOV TIOV ArToKAANDPOnKav

Iynpa 6.3.2 Zxapienpa g teAkng katavoprg peypoy dokipion G60 MONO —'Oyn A.
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2 BB SR N

Pwroypagia 6.3.12 Asrrtopépera oo onpeio poptiong P. Atakpivovtat:
~ Ol YOPAKTNPLOTIKEG KAPITTIKEG POYHES,
— 1 aotoyia mg derpaveiag ot Srapnkn devdovvon kabog kat
- 10 napapévov PENog Tov Soktpiov.

Epy.OX EMIT Tehny "ExBeon Topog 2
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Dwroypagia 6.3.13 Acrrropépeia cm]f oootapu\‘r'] otpin B, Oym A:
ALAKPLVOVTAL CNHAVTIKOD £DPOLG SIATHNTIKEG POYHES.

B O¥YH

EF (< ) ) }\\E#/Q

O£0E1g POYHMV TTOL AITOKA\LPOnKav

Ixnpa 6.3.3 Tkapi@npa tng TEAIKIG Katavoung poypay dokipion G60 MONO,
Oyn B

Epy.OX EMII Terkn "ExBeon Topog 2
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dwroypagia 6.3.15 Aerrtopépera otpiéng B, Owyn B: @aivovrat karmoteg
XAPAKTNPLOTIKEG KAPITIKEG POYHRES KAL I} KATATIOVNOT) Thg Stemeaveag
INOTT/okvpodépatog SoKob.

Epy.OX EMII Terwn “Exfeon Topog 2
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Dwroypagia 6.3.16 Aerrtopépera ot Oéon poptiong P ,Own B: IMapatnpoovvrat
HEYAAOD EDPOLG SIATHNTIKEG PWYHEG PE KALoT) peyal\vtepn artod 45°.

dwroypagia 6.3.17 Aerrtopépera 2 ot Beon goptiong P ,Oyn B: Avakpivetat o
SlaprKng ePEAKLOHEVOG OIAOHOG MOD £XeL AMOKAANLPOEL , XAPAKTNPLOTIKEG
KAPITUKEG Kat Statpntikég poypég kabog kat to napapévov BEA0G Tov SOKHLoL.
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To Soxipto ep@avifel KAPITOSIATHNTIKEG POYHEG PEYAAOL EDPOLG exatepwbdev
tov P kai om peoata otpin. Im Béon oo P éxoov amoxalvgbei ot
£(EAKDOPEVOL OTAOpOL, eve To o BAPOpEVO oKLPODENA éxer anodropyavwdel
exatépabev Tov onpeiond POpTIONG oIV MEPLOXT| EnA@rg. e OAo TO HIKOG TOV
Soxpion, oTlg KataxkOpveeg mapeis, éxel anocabpwbet To oxopodepa g
Siemavelag, pe Tepdyd adpavev va éxoov petvel emxoMnpéva oo INOII
PETA TV a@aipeoT) T00.

'Orneg gatverat otig napandave PuToypapies, Ot YAPAKPIOTIKEG Sratpnrixeg
pwYHEg TIOL eppaviodnkav eixav khion Siagoprn) tov 45°. Aoto 1o péyebog g
KMOT)g arodelkvoel T) CLVEPYACIA TOL eyKApowd Tomofempevoo VPACPATOG
G60-AR pe 10 opildvmio DPacpa omy avainyn g TEEVODLOAs. Onwg
Sragaiverar kat amd dMeg épeoveg (Kachlakev, Green and Barnes, 1999), n
ovvepyaoia petalo too INOIT vahov (GFRP) nov tomobeteital yua KAPITTIKI)
evioyvor] kat too INOIT vahov (GFRP) mov tomobeteitat oav SratpnTikn
evioyoor emmpedlel TO00 WV MAPEXOHEVI) KAPITTKI] AVIOXH Otd evioxLpEvVa

Soxipa 600 Kat ToV TPOIIo pe Tov onoto eppavidovrat ot Sratpntuxeg POYHES.

Otav ot Statpnikég Sovdpelg odnyody oV ERPAVIOT} KEKMPEVOY POYROV
OTO OKDPODERA, HEYANEG EPEAKDOTIKEG TAPAROPPOUELG AVAITTOOCOVIAL ota
pfpata oo vedaopatog (GFRP) mov yegup®@vouy 1o avolypd Tev poypov. H
katavops] g napapdpgwong péoa oto INOIT xata prkog pag pWYHNG
kabopietat and 1o copPipactod twv napapopewoewy (Stratford and Burgoyne,
2004). Ot taoelg ekattpwley ™G POYHIG PETAPEPOVIAL OV €VIOXLOT] PEO®
Seopod. 'Otav coVLIAPXODLY OPIGOVTLA KAl EYKAPOLA Tormobetpéva vgpaopartd,
0TI PETAPOPE AVTOV TWV TACEWY COPHPETEXOLY KAl Ta 5vO, e peagovtag Tov
TPOTIO HE TOV ONOI0 TENIKA EMEKTELVETAL 1) POYRR. Zav arnmoteAeopa, 1)
aMnenidpaot petadd opoOvIa KAt eyKapold TOMoPETODHEVOY EVIOYDOEDV aTIO
INOII Sev Bewpeitat axoprn DAMP®G KATAVONTH KAl apa Amattet HEPATTEP®D

Stepevvron (Khalifa, 1998), dote va S1evkptviotel o Tporiog aotoxiag,
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6.3.3 Ava\vorn peIpriocwyv

H Sradwacta evopyaveorng tov Soxkipinv neptypagnxe ota Kepaiaia 4 kat 5. H
040N TV KATAypaPIKOY NAEKTPIKGVY prrovotopétpwy (SG) kat i apibunor tovg
yia 1o Soxipo G60 MONO &iSovtat oto Zynpa 6.3.4. Ot aviioTo eg Yn@Lakeg
KATaypageg ToV MAEKTPOVIKGOV HNKDVOOpETp@Y (SG) covaptoet mg avioxrg
tov Soxipiov Seiyvovtar ota Zxfpata 6.3.5 éwg 6.3.10, mov napabétoviat
axohovbwg. Tto kdabe Saypappa, deixverar xat n Héon tov Jedyovg TV
HNKOVOLORETP®OV 6§ TIPOG Tig Otnpidelg kat o onpeio emPolrg goptiov. AOyw

Svolertovpylag Tov SG, n xataypaen # 4 dev anebwoe kapia pérpqoi].

G60 MONO
133
149
208
217 L
]
o | a3
I 76
2 et R
120 97.5 97.5
4l 1 1 ‘1
(] []o
Y S
210
120 97.5 97.5
1 1

Ixfpa 6.3.4 Aokipio G60 MONO: Atatadn NAEKTPOVIK®DY PNKOVOLOPETP®V.
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Straingages #1 & 2 x x

©
o
o
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1
o
o
o
S

l

1
o
o
o
()]

| =

@oprtio (KN)
Ixnpa 6.3.5 Evdeiln SG ap. 1-2 covaptuoet tov GopTiov.

Strain gage # 3
0,001 - g . ——

0,000

L=~
N

-0,001
-0,001 +----
-0,002
-0,002 - -

évdeign (mm)

‘0,003 0

-0,003 -

-0,004

@oprTio (KN)

Ixtpa 6.3.6 Even SG ap. 3 ovvaptoet oo goptiov. To SG ap. 4 dev
AELTOOPYTOE.
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Straingages #5 &6 T

0,012 +

— SG6

—SG5

0,010 -
0,008
0,006 |

0,002
0,000 '|
-0,002 ¢

£ (mm/mm)

-0,004 + -

-0,006

0,004 + -

@opTio (KN)

Iynpa 6.3.7 Evdelsn SG ap. 5-6 covaptroet Tov GopTiov.

Straingages #7 & 8

—SG7

@oprtio (KN)

Exnpa 6.3.8 Evoeidn SG ap. 7-8 oovaptroet Tov popTiov.
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Ano ta Saypappara ota Ixfpata 6.3.7 xat 6.3.8 — tov SG #5 kat SG #7 -
ena\nfedetat avedpuyta xat and ta SG 1 HmpOonyovpEVH) NApATPRon, ot
Srphadr) to @optio mpdtng Stapporig eivat mept ta 179 kN. ‘Onwg gatvetal xat 0to
Tyfua 6.3.7, ) T avtj eivat ToAD KOVId omy Tr oo avtiotoet oty
napapopeeon Stapporig o xakvpa, n onota Aapfavetat ion pe 0,18% (paoet
MG MEpapaTKg avioxng oe diappor] o vAwov). Kat oug dbdo TIAPATIAVE
Kataypages, 1 dtappor} tov om\opod @aiverat va cvvodevetat Kat ano pua
epgaviy aayr) oty Khrjor) too Staypappatog P — &= &. [Tapampeitat Oe ot
AVTLOTO(N] IIAPAROPPWOT] OV E0WTEPIKI} OTIPLEN O LTI Tr) XPOVIKI) OTLyHr)
etvat oxedov undevikr) (Zxrjpa 6.3.5).

IT\nv Opwg, oTo 1810 TXMpa, Qaivetat OTL Kat Oe OTL AQopd v ECMTEPIKI)
otpin), 1) napapdpeeon tapporig ot eeAkoopd (pétpron ot Béon Too SG #2)
vriepBatverat oe goptio 271,8 kN (oe mapapdpgeon 17,6mm), de avtiotowyn &
oto SG #6 va xataypaget 0,65%. [apampeitat dpa 0T 10 napandve QopTtio,
oo omoto Beppeitat Tt evepyomnoteitan iy Sedrepn mhaotixr) apBpwon, Pacet Twv
Kataypagev Tev SG etvat nepinoo oo pe ) fewprtir) npoPAeyn tov 273 kN,
TLr) TIOL AVTLOTOLKEL COPP@VA pe TV ehactonhaotiki) Bewpnon oe dvo mAaoTikeg
apBpmoelg pe xaprtua] avioxy) Myif -.s% (ITivaxag 7.1). O Aoyog yia aovt) Vv
AmOKALOT) £XEL VA KAVEL &) APEVOS HIE TiG ATIOKAITELG TOD EAACTOMAACTIKOD KAt TOV
SYPAPPIKE  KPATOVOREVOD IIPOCOHOLOPATOG (eWDIKd otV MEPUTT@ON  T®V
EVIOXDEEV@Y, OIIOD Ol KPATOLVOEL elval onpavikés), xat ) agetépoo pe Ti§
evBexopeveg Sopfooetg petadd g kataypagrg too INOIT kat myg Beong tov
OIAOpOD avw, ot ompisn B.

H o0yKpL0 TV aIOTEAeOPATOY Seiyvel OTL Ta PIKOVOLOPETPa vIT’ appov 5,
6, 7 xat 8, ta onoia Bpiokovtav xovtd otr) Béor emPolrg Tov poptiov, apxifoov
va kataypagoov evoeifelg mapapop@eong and my evapdn tov emPolig oo
opTion, pEXPL TO oNpElo mov To @optio mAnotadet ta 350 kN, omote ot pETPIiOELg

IIAaPOLOIAJOLY pla andTopr mteor), evdetktxod ot 1o INOIT actoyet kat vrapyet

Epy.OX EMIT Tehixn ‘ExBeon Topog 2
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TOOT TG AVToxng pe arogoption, 1§ actoxia tov INOIT/pnrovolopetpwv ot
feon kataypaeng. Ot avnypéveq EQPEAKDOTIKEG TAPAPOPPMOELG OTA ONpEIa
EQPAPHOYTIS TOL opTiov P kat oty eowteptkn owpn B, nrav 11,60 %. kat 3,60
%o ya ta SG #6 kat SG #2, avtiotoiya, oe goptio P = 341 kN onote kat 1o SG #6
actoxnoe. H péyrom karaypagr oto SG #2 frav ton pe 4,2 %o ota 355,1 kN, pe
ta vriolouna SG va anekovifovy TV KATAvopn] IAPapopPOOEmY TOL ZXHATog

6.3.9 (Bewpovvrar eniredeg SIATOHES).

Avtwotoixwg ta SG o’ appov 1,2 kau 3, ta omota frav tonobetnpeéva
o\notov g mbavig Béong eppaviong mg Sedtepng mlactuxig apbpwong,
apyoav va divovv eveideig otav to goptio apytoe va enepva ta 200 kN. ‘Orav
10 P é@race ta 355 kN, vrimpSe kat n avriotolyn anotopn avinor oTig TEG 1o
£0WOaV Ta £V AOy® HIKOVOIOHETPA HIAg Kat oxnpangotav n Sedteprn MAAOTIKY)
apBpwon. Ze avtibeon pe ta napanave, ta SG 5, 6, 7 kat 8 (oto Pabpod mov
Ae1todpynoav), Anopelmoay TG KATayeypappeveg Tovg Mapapop@aoelg entog
Apéomg pETa ) péylotn avroxr), a\\afovtag mpoonpo tov podpod petaPolrg

TOUG.

SG5.6
SG738

0012 0010 - Wo.001

1
A 0004 -0.002 0.004 " A

I SG 1.2

Iyfpa 6.3.9 Katavopég napapop@mong oto KEVIPLKO TRIHA TOL SOKIPion 0To
onpeto mg pEyomg avtoxng Pmax = 355 kN.
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Strain gages # 9 & 10

0.004 p—
—SG9
0.003 1 —sG10
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................

0.001
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0.001

I

0.000 i : , ; : .
50 100 150 200 250 300 350

o

-0.001
@oprTio (KN)

Eynpa 6.3.10 Evoedn SG ap. 9-10 oovaptrjoet Tov popTiov.

Ot eykapoteg aviypéveg MAPAROPPOOELG TIOL KATAYPUAPNKAV OTA OT|PELX OV
tonobetOnkav navw oto INOIT ta SG #9 & 10, eppavifovrat va eivar kata
MOAD HIKPOTEPEG QIO TO avetato opto napapoppmong tov INOIT wg nmpog
SLaTUNTIKY] EVIOYLOT), pe PEYLOTH SIapnKn avnypévn napapop@aot) 1o 3.0 %o, oto
SG #9. Ilapolo mov ta 60O UNKLVOIOHETPA NTav TONODEPEVA OF YEITOVIKES
neploxeg mov ameiyav povo 10 cm petald tovg, ot evdeifelg mov KAteypayav
frav moAd Sagopetikég. Avtd efnyeitar mbavotata and my TOmKOTa g
MNAPAHOPPMOTG TOL DPACHATOG ENAVE AIO TV EKACTOTE OLAKPLT| OLATHITIKY
pwyHn mov dnupovpyeitatl kard my actoxia tov SoKipiov, KATL Mov yiverat
EDKONOTEPA KATAVONTO HETA amd MV anoybpvmorn tov Sokipiov ano ta INOII
Kat ovoxenon g Oéong karaypagng pe ) Béon g pwypng avmg (PA. kat
Ixnpata 6.3.2 kat 6.3.3 kat Pwtoypagia 6.3.16).

Ao ) ovykplon Twv pETProemy twv dvo SG (to SG #10 dev katéypaye
OLOLACTIKEG AVIYHEVES TAPAPOPPROELS ot Oéon mov Ppioketal, xwpig Opwg va

£XEL AOTOXNOEY CLVAPTAOEL TG Iapapoppwong  (xnpa 6.3.11), copmepatvetat
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Ot KoL eidovg draywvia pwypn Snupovpyndnke mept o SG # 9 otav n
napapopeaon ¢pbace ta 19,9 mm, moov avriototyet oe emPal\opevo QopTio Ta
290 kN. Avtictoyya ¢awvopeva Swadoxixi)g oAiofnong dnpovpyovviar oto
INOIT Aoyw actoyiag mg Sermmpaverag INOIT / okvpodéparog 1) Stapporg too
£YKAPOLOL OMAIOHOL 1 Kat twv ddo tavtoxpova, oe Stadoyikong ovvOeTpeg
m\noiov tov SG. To eykapow INOIT gaiverat ot napalappaver @optio
Statpnukd 1dn npv 1t Stappor) tov ovppatikod eykapoov xakvPa (0,18%),

aotoxei Oe oe &= 0,31%.

Strain Gauges #9 & 10

2 0 O

o e o

© © o

DN @

o o o
1| | !

ef (mm/mm)
o o
o O
o o
'y —_
o o

- 20 40 60 80 100

6 (mm)

Ixnpa 6.3.11 Evéeln tov SG ap. 9-10 covapt)oet g napapop@morng.

6.3.4 [Tapaywyeg peTproeig

Ano ta Gevyrn TV PNKOVOlopETp®y v’ aptdpov 5-6 kat 7-8 dwapepéva da mg
petadp toog amnootaong, 0,30m, vnoloyionkav ta napaxdre Siaypdappara
Avtoxng — péong kaupmoAomrag (‘P-’), otg OSwatopég otTig omoieg fnTav
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romofempéva ta {evyn avtda (Zy. 6.3.12 kat 6.3.13). Av kat n ENeupn peTprioewy
pe KOWENEG option Sev empénet v anevbeiag PETPNon TV ECLTEPIKMY
SOVAHEDY — APA KA E0MTEPIKOV POMMY — OTO OeSOUEVO THNHA, ELVAL EPPAVEG 1)
Stypappiki) ovpneptpopd Ttov  evioxopevov pe INOIT exdaotote Tpnpartog,
MAPOHOLAG HOPPRG HE TA SAYPAPPATA POIMV = KAUITVAOTHTOV [IOL MPOEKLYAV

aro v ava\oor) SIatopmV Kat otoiyeiwy, oto Kepaato 7.

Aiaypappa 'P-@' @opTtiou - KAUTTUAGTHTOG ©
{wvng 1 (Strain Gages # 5-6) T

®oprio (KN)
N
o
S

0,00 0,01 0,02 0,03 0,04
KautruAérnra (1/m)

Iynpa 6.3.12 [papnpa Poptiov-Kaprmolotnrag ot fovn 1.

[ToooTKA, O PEOEG KAUITOAOTITEG MOV petprifnkav oe anootaon d/4 wg npog
T0 ONMELD E@APpOYNSG Tov popTiov eival ioeg pe 0,04 1/m (Noyw actoxiag tov
HNKLVOLOpETPOD) otr) Oéon d/4 kai 0,054 ot Beor d/2 aviiotolya, Mov avToTOLEL
of péyLoTn Kaprtky avroxn M, (Bacet mg Bewpnuixng npoleyng oto Zxnpa
6.3.0) 120 kNm, 1§ Pmax/2,92, oo eivat noAd kovra ot fewpnur) tpn (P/3,06,
oL OTATKOL mpocopotdpatog  oto  Kepalaio 4). Inpewoverar o n

rpoPAenOpevn @ og mp@T S1appor Tov XAALPA KAl TO AVTLOTOLXO POPTIO
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Aiaypaupa 'P-@' gopriou - kapTruAofnTag * A
{wvng 2 (Strain Gages # 7-8) T

350 - , .
T R e s —— e
B st (hiaiattde~ - Lo Cl, Rt S

KN

I e i e e
150 r-mmmom ot et SELEE

®oprio

T SO A SRS S— APSEE, -
B4 e mmmrmmebion = mm e g frm e nnan ftacanss

0 E

0,00 0,01 0,02 0,03 0,04
KaptruAérnra (1/m)

Ixfpa 6.3.13 Ipapnua Poptiov-KaprmwAotrag ot ovn 2.

(¢y,Py) vrooyiomkav oe 7,3 103 1/m xkat 171 kN (=2,67*64,2kNm) avtiotoya
(Ke.7), yeyovog oo eraAnfedetat anmolvta amo Tig napaywyes MEPApatikeg
petpnoetg oto Exnpa 6.3.13. Apa, n enakolovdn mAacTpOTA KAPITOLAOT)TOV
mov enetevyBn oto meipapa ot Béon d/2 mov kKatéypawe nepattépw, nrav 7,40,
EVO 1] PEYLOT DANAOTIKI] OTPOQr) oL enetedXOn oto Trpa ano to P @g To onpeo

Kaprng mg doxov frav nepirov 0,044 rad.

6.3.5 Avaloor g SLtaTtpnTiKg avroxmng

1o Sokipto, napolo mov epQavicmkav pwypég SatpunmKod TOMOL HECOL
gopovg, amogouyape v wabopr) actoxia. Ta Saypdppata TERVOLOMV
duvapswy Spaong kat avtoxrg tov @opéa divovrat oto IxApa 6.3.14 eve ot
avtiototyot vrioAoyiopot rapéyovrat oto [Mapapmpa II. Znpetwverat ot ywa my

£DPEOT] TG ATALTOLHEVTG DraTpunTikng evioyvong eiye Angbet vroyn wg 1 peyLotn
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avrtoxr) Tov dokipion BewPOVTAG PEYLOT) AVAREVOPEVT] AVIYHEVT TIAPAROPPDOT]
tov Siaprkovg INOIT G60-AR iorn pe & =0.6%, pe mpoPAerndpevn oI avioxng
ion pe M, = 82,7 kNm (apa P = 3,07*82,7kNm = 253,9 kN).

—_— npaTn MAaotiky apbpwon My
e - Seutepn mAaotikn) apBpwon Mp)cf- 6 %.

ﬁéviotn Apcbad téuvouvoa yia P=353 kN

7.3 kN
93,3 kN o
= ) %N =
68 6 kN — . — 4 e w— e w— , P 7 84.3 kN
SITEN [ 65,5 kN
r B P A

I ——— 105,9 kN

e 4 — b — s — o — 169.5 k_N
OWH B k 1| 72.7 &N

233,8 kN

Ixfpa 6.3.14 Alaypappata tEpvovomy SOVAPEMY SPACE®V KAt aVTOXNG POpEQ.

1o Ixnpa 6.3.14 coykpivetal ) anaitnon Tov £0MTEPIKOD SIATHNTIKOL POPTIOD
OV MEPApatke péyot Prer = 353 kN, pe ta peyedn avroxng oxeStaopod Kat
Snpovpyiag maoctkedv apbpwoewy. ITapdodo mov 10 péyroto emPal\opevo
@optio enépaoe kata moAd v npoPAeyn (mepinov kara 100 kN) n de peytom
dpwoa tépvovoa §enépace oe ONO TO PIKOG g dokov ) Bewpnrikr) dratpnuk

AVTOXT] AKOPA KAt TOL EVIOYLHEVOL SoKLpiov, gpaivetat Otu

a) Zra pev tprpata [B kat PA dev vmmpde Statpnukn) actoxia, Aoym tov Ot
Sratpunukég pwypég dev epgaviomrayv ota tpipata I'B kat PA.
B) Zto tunpa BP opwg omov 1 dpwoa tépvovoa Senépace kata 86 kN myv

avapevopevn avamrogn avioxng! avamtoxnkav Siatpnuikég pwypEg  Kat

I H avtoxt) vroloyiofnke ya péyot) napapdpgnon tov eykapoiov INOIT ¢ = 0.18% , Bewpnon
ovvnpruky. Eviewktikg, o mpopn@evtig npoteivel tipég éwg &= 0.50% eva apketd ovvneg eivat
va Bewopettat & = 0.30% (ACI 440-2R.02, 2002). Ot Suagpopég dpwoag tEpvovoag-Hempntikng
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pé\ota pia frav peyahov evpovg Kat Stapmepr)g, ONmg KATEYPAP! Kdt Arid To
avtiotoryo SG #9. Ev 100101, 1] EPOLOA KAVOTNTA ToL SOKIpiov 1Tav Katd
no\o peyalvtepn g TpoPAendpevng oto oxedlaopo. Zopmepaivetat Aouov ot
ot devtepedovieg pryaviopoil oovéparav népav too 30% mg Ve mov eArgbn
onoyn (Aoyeo pn avaxdkAwong) aMda kat ot 1 npoogopa tov INOIT ot
Siatpnuiky)  avtoxny frav  ouy  Ipaypauxkomta  peyalvteprn  ano  my
LIIOAOYLOHEVT) OTO OXeDLACHO.

avtoxrg Ba frav cvveneg pupotepeg yia peyakvtepo & To Bépa avarrtbooeTal neparépw ouy
Evomrta 8.7.
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6.4 AOKIMIO # 4: G60 CYCLIC

6.4.1 ITeprypa@r) Tov NEPARATOG

To dokipto G60 CYCLIC rjrav opoto pe 10 G60 MONO kat og Stactaceig kat oto
OLHPATIKO  OMAOPO KAt  EVIoXLOoT, apd KAt HE  HAPOHOWT  UNYAVIKA
XApaxkmplotkd, onwg avta vmoloyifovrat oto Kepalawo 7. Onwg kar to
HOVOTOVIKO SoKipto, 1 Soxkdg avtd Sev anatt)nke (Bacet Twv LIIOAOYIOH®V TOL

[Mapapumparog II) va evioxulet évavt Statpioemg 0To Tpito TRipa g (petado

g

3 |
< i

7

CDmroypcpia 6.4.1 To Sokipto G60 CYCLIC omy netpapatikr) duaradn
EVOPYAVOHEVO.

£0MTEPIKNG Kat akpaiag ompsng) pe eykapowa INOIT (Pwtoypagpia 6.4.1). O

fewpnuik  npoPAeropeveg  poreg  avtoxng, Oewpwvrag  péylotn  akpaia

napapoppmon tov INOIT G60-AR ion pe 0,6% xat 0,8% omy kabe Siatopr), eivat

My e=0.6% = 82,7 KNm kat My | ¢-05% = 89,0 kKNm, avtiotorya ([Tivaxag7.1).
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Ano my karaypa@n oo QopTion - HETATOMONG ToL £HPONOL MPOEKLYAV Ot
Bpoxot voteprjoewg tov Ixnuatog 6.4.1. Zto ido Iynupa napaPa\lovtat yia
OLYKPLON KAt To avtiototyo diaypappa P-6 tov doktpion G60 MONO, kabdig kat
Ot IPOPAENOpEVEG OPLAKEG TIHEG avTOXTG TG dokoL (PBaocet eAAOTONAACTIKIG
ODHITEPLPOPAG),  XPNOHOMOLDVTAG TG HECEG THEG AVIOXDV TOV  DAKMV
(ovopaotikég yra ta INOIT). @ewpodviat ot 0ptakég KATaoTACELS:

e Ilpwmg Stappor) oto xahoPa (My = Mp|s=0,15%) Kat dnpiovpyid g npamg

m\aotikng apbpwong ot Heon too P,

* Anuwovpyia Svo DA\acuk®v apbpmoewv  pe  KAPOUKL  avioxn yia
napapopgpwor oto INOIT ion pe 0,6% (= Mp|=0,6%, P = 253 kN) kat

e Anpuovpyia Ovo nDA\actuk®v apbp®oewv pE  KAWITIKL  avioxn yua
napapopgwon oto INOIT ton pe 0,8% (= Mp|gos%, P = 273 kN) otig dvo

DA AoTikeg apfpmoets.

400.0
Doprio P, kN

-70.0 2 . |0 4 . A 70.0

- e . - — —— | — w— — — — —

~400:0
Mapapdéppwon 5, mm

Ixnpa 6.4.1 Aokipo G60 CYCLIC : [Tewpapatikot Ppoxot votépnong.
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To Bokipo Katamovifrke OLVONKA pe evvea KOKAOLG eVaAAaocOOpEVIg
poptions, @davovtag oe péyom emParlopevn napapopgeon 60,1 mm. To
PEY10TO opTio ToL MEPApATog HeTprdnKe xatd Tov 3° KOKAO ic0 pe 354,6 kN, oe
petaromon 30 mm. H péyiom @épovoa wavom|d tov SoKipion Eenepaoce TG
optakég BemprTikég TIHEG APeVOG yia 10 SIATUTIKO OXEOLAopO (Bewpwvrag 600
m\aotikég apBpooelg avroxts Mp|g=06%) Katd 40% xabog xat yia dnpoopyia

800 apBpmoewv avtoxng Mp|gf-0s% xata 28%.

To Soxipto G60 CYCLIC epgpavice Iapopola CORIEPLPOPA HE TO JLOVOTOVIKO
nelpapa, Tetvovtag ovOWACTIKA  peETay  avakvkMoewv o pia TEAIKA
napapévovoa avroxt) ton pe 252 kN, Kata T pkpoTepn WG AvToToxng oo
Sokiptoo G60 MONO, petd v aotoxia tov Soxipiov autod ota INOIT
evioyvong. ‘OHmg Kat OTo HOVOTOVIKO Melpapd, Kai oe autr) v IIEPUITTROT 1)
napapévoooa avioxs) mg Sokod oy péyiot) napapdpeeorn dev pewwbnke og
xapia meptrtwon Kkt anod ) péyot avioxr oo napbévoo doxyioo NEAK
MONO ywpig evioyvor) (P = 225 kN). H e\aylom napapevovoa avtoyr} oo
Soxpion ota 252 kN frav 112% mg napandve g eAéyxov.

H xapmtkr) Svoxapyia too 601(1}1'160 eivar opowa pe avt) too G60 MONO,
péxpt tov tpito xvxho, pe v mepipallovoa va napaxkolovfel oteva myv
Katayeypappévn povotovikr) @option. H peon Svokapyia petadd avakokMoeov
mpeitat e oxetikd otabepd eminmeda fwg TO Onpeio avTo, eve and wyv
MApAapoPP®OT) LT KAt §1)G 1) COPIEPIPOPA EpPaviCeTat pe otadiaxa gbivovoa
Svoxapia oe kafe avaxkdrMon, pe EVIOVA QAVOREVA OTEVROTS TOV Bpoxwv
(pinching) xat otadiaxod pndeviopd g nept To onpelo pndevikod Qoptiov, Aoyw
aoctoyiag twv omhopev (oAofnon xat Avylopog). Kat oto HOVOTOVIKO melpapa,
0€ avT TV NApapoPPeon napampendnke évapsn mg aotoxiag oe Srappnén tov
INOIT evioyvor)g OTig MAPEES, OV MEPOXH TG QPOPTIoNG pe  pid
XAPAKTPLOTIKL} ITTOOT) TG AVTOXT)S.
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TOVOITIKA, 01 HELPAPATIKOL SEIKTEG AMOKPLONG TOV KATAYPAP®@V yia oV Kabe
kOkho Sidovtar orov Ilivaxa 6.4.1. Zta anotedéopata too Ilivaxa 6.4.1

nepAappavovrai :

Iivakag 6.4.1 Znpeta evalayrg KOKA@Y HETATOMONG Kat Oeikteg
oOPNEPIPOPAG avd KOKAO Tov Sokipiov G60 CYCLIC.

Ap. | Omin | Omax | Omean | Prmin | 6/Pmin | Pmax | 0/Pmax | % % P K E Hs | ME
mm|mm|mm| kKN | mm | kKN | mm | Pux | @max | KN/m | KNmm
NEAK G60
MONO

1 18,1 | 18,1 | 18,1 231 181 289 18,1 1,28 1,05 | 14399 | 3461 | 2,1 | 45
2 18,1 | 18,0 | 180 | 226 | 18,1 | 272 | 18,0 1,20 098 | 13793 | 2274 | 2,1 | 3,0
3 30,0 | 30,0 | 30,0 | 236 | 30,0 | 355 | 29,6 1,57 1,03 9917 | 7685 | 3,5 | 10,0
4 30,3 130,030,221 224 | 298 | 275 | 300 1,22 0,80 8339 | 6507 | 3,5 | 85
5 40,0 | 39,9 | 400 | 214 | 39,5 | 297 | 39,0 1,31 0,89 6499 | 8835 | 4,6 | 11,5
6 40,0 | 40,1 | 40,1 | 188 | 39,8 | 266 | 39,6 1,18 0,80 | 5719 | 5924 |47 | 7,7
7 50,0 | 50,0 | 50,0 | 182 | 49,7 | 299 | 49,8 1,32 0,94 | 4828 | 9453 | 5,8 | 12,3
8 50,1 | 50,1 | 50,1 | 163 | 49,9 | 266 | 50,1 1,18 0,84 | 4287 | 7593 | 58| 99
9 599 | 60,1 | 60,0 | 128 | 59,0 | 271 | 54,5 1,20 0,83 | 3519 {10752 | 7,0 | 14,0

- 01 péyioteg /eAaytoteg Tyég g emBar\opevng NapapOPPROTS (Omn, Omax), Pe
g AVTIoTOLXEG PEYLOTEG — EAAXLOTEG SUVAPELS (Prin, Prmax) VA KUKAO KAt 1) péOT)
NAPAROPPWOT) Omean, OTIOV Spmean = (Ormin + Omax)/2

- Ol TIAPAPOPPHOOELG OTLG AVTLOTOLYEG AKPAiEG SOVANELS (8/Prmin KA 5/Pra),

- 10 TIOCOCTO 1§ Péy1oTg SOVaung Tov KOKAOD, O8 OXEOT) HE Tr) HEYLOTr aVTOXT)
oo NEAK MONO, xafeg kai To [mooootd g avioxijg oty péyot)
napapopeworn tov kabe kdkhov, oe oxéon pe my avwoxr o G60 MONO

otV idta napapopP®oT).

- 1) péor) Svokapyia K tov Ppoyov, nov Sibetar ano myv e§iowon
T Pmax - Pmin
K = -1000kN /' m

5IP_ -61P,
- 1} EVEPYELAKI ATOPPOPNOT) IO MEPIKAEiETAL amid TO DOTEPETKO Sraypappa

TOL Kabe KOKAOL Kat , TENOG,
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- ol avtiotolyeq NMAACTIHOTEG PEONG HMAPAPOPPWONG Hs KAl DOTEPETIKIG
EVEQYEWAG HE, OOV E 1 amoppo@opev) DOTEPETIKT) VEPYELWA TOL PPOYoL (OE
£OPOG Ormean) KAt
15 = Omean / Oy
we=E/E, E,=Py0,2
kat Py, 6, o1 Svvapn kat 1) napapdp@mon) dtappor|g (IEPAapaTKa HETPODHEVT)).

6.4.2 [leprypapr] oopneprpopds, PAapmv kat 100 Tpomov actoyiag

Katd tov HpeTo Kat Sedtepo KOKAO pOpTIONG Sev HApouoIdcKay Qatvopeva
Suappnéng tov vgdopatog. Amo tov 3° xOkAO kKau émetta, omote apyilet 1)
Stappnén v INOII, napampnfnke pia onpavriki) mreorn g dvokapyiag too
Boxpiov xatd mv enavagpoption. Katd tov avodixd kAado too TETapton KUKAOD
1N @épovoa tkavotyra g dokov ¢rece o emineda yapnlotepa tov 85% g
PEYIOTIG AVTOXT|S, OH®S, KATA T}V ENAvAQPOPTION KAt yia Tov avodiko kAado tov
efdopov  xvxhov, avfndnke ndaiy, mAnowdafovtag v T 0,85Pms, AOy®

aVAKATAVOHI|G.

H emBolr) g eyKApOLag napapop@Pmor)g COVEXIOTIKE PEXPL TOV £VATO KOKAO,
oe evpog peratomong 60,1 mm. HOn amd tov tpito xdxho mapatnprOnke
ovotaotikyy Swappnén tov INOIT (Pwtoypagia 6.4.2) kabwg xai eppavig
Sroykwon tov INOIT toco ot Béon emPorng mg @optong P — ot BAPopevy
mapeld - 600 Kat oV axpaia ompgn aptotepd Tov P, 0To IpeTo THIjpA g
doxov (Pwtoypagieg 6.4.3 kat 6.4.4). Me Pdon myv NEPApATIKY] HETPNOL), 1)
Apapop@worg Stapporg 10 copPatikod onAopod oto Soxipo tonobeteitat
ota 8,9 mm, oe goptio 176 kN, typr) moAd xovia ot Bewpnuxr) npoPreyn ( =
2,67*64,2 =171,4 kN).

Katd tov 6° kOKAO aotdxnoe eykapowa 1 evioyoor tng doxov, pe diappnin

otV ave opdr] ywvia g mepttoAng, oe 6Ao T0 TAJTOG TOL, TOL POTOD

Epy.OZ EMII Terum ‘Exfeon Topog 2
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Dwroypapia
6.4.2
Awappndn too
DPACPATOG
INOIT yopw
aro myv
neployn
ermPoAng oo
poptiov P.

Dwroypapia
6.4.3
ALOyKwon oo
INOIT Kt
SLaTpnTIK
OAPAPOPPOON)
KOVTAQ ot
Beon emPolng
mg  oprong
P, oTo
apLotepo

TR A mg
dokov,  mpog
myv  akpaia
ouiipiEn
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Pwroypagia 6.4.5 AOykwon mg
SokoD, Avyopog v ave papdwv
kat arrokoAnon INOIT oahov pe
Tpnpata  okopodepatog ot Béon
emPoAng g goptiong P rnpog tmyv
akpaia ompisn A, Oy B.

Epy.OX EMII
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dowroypagia 6.44 AlOyK®ON
oo INOIT ot ompidn A kat

otadlakny  aroxOAANon 00
INOIT ANoyw  aotoyiag  too
vriopadpov aro TaceLg
ayKLPWOTG.
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Dwroypa@ia 6.4.6 AEITOPEPELA EK TOV AVG) TG EYKAPOLag SLOYKwoTg g SOKoD,
TOL ADYIOHOD TOL CLPPATIKOD OMAIOHOD Kat Tng erakoAovdng Stappndng tov
INOIT vé\ov ot B¢om P ipog my otpisn A, Oy B. Atakpivetat kat n) mAnpng
ENNEUPT) TPOGPDOTG TV COPPATIKOY SIAPHK®Y OIMAOH®OV HETA Tr) Stappor) Tovg,
OTO TPAPA g emKaAvyng mov actoynoe. H moAanhn Aettovpyid tov eyKapoton
INOIT otnv napea eivat eppavng.
eykapaton covdetipa INOII, evplokopevo and 1o onpeio optong P kat rnpog
) HEPLA NG aKpaiag oTPIENg A, KAt KAata LVENEW, ArokOANNOT THHRATOG TOL
Stapnxovg INOIT padi pe TPAPA G EMKAALYIG TODL OKDPOSERATOG AKPIPOG
oMy ave napeld mg Sokov, OV MEPLOXT) OMOL ACKOLVTAV TO Poptio P pe
AMOTENECPA KAl OLYXPOV®G AOY® TV EVIACE®V ADYIOHOL TV Ave papdov
(Pwtoypapieg 6.4.5 kat 6.4.6). Opwg, Sev aotoxnoe 0 CLPPATIKOG CLVOETHPAG
or\opov. H aoctoyia tov eykapoton INOIT og aotd 1o onpeio kat n peteneta
ovpnepLpopd g SoKOL KAbOTa mpo@avr) my Tavtoxpovn Aetovpyia Tov
eykapotov INOIT oty ONPopevn maped tov Sokipion, va napal\appavet Taceg

aykbpwong Owapnkwg Noyw Sratpnukng  katamovnong mg  dokod  Kat,

Epy.OL EMII Tehxn “ExBson Topocg 2
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TALTOXPOVA, VA KATATIOVELTAL AOY® NAPEUITOSIOHOD TOL EYKAPGLOL ADYIOHOD TOL

Srapnkovg copfatikond orAopod, Aoym ENAEUPNG COPPATIKOV CLVOETIPWV.

Z1oug teNevTaiong Tpetg KOKAovG napampntnke, onwg kat yia 1o doxipto G60
MONO, m\npng anolewa g npocpoong petasd INOIT kat okopodepatog kat
ovvaxkolovdn armokoAAnon oAokAnpoo tov Swapnkovg INOIT oto tpnpa g
dokod petadd peoatag ompsns B kat mg axpatag deSuag otpdng I, oto tpnpa
HE TO peyal\vTepo StatpnTko pnkog (Pwtoypapieg 6.4.7 kat 6.4.8), mov Oev £pepe
eyKapowa evioxvor. Amo Ta anoteAéopara Siapopwyv EPELVAOV, HIIOPEL v
exkAngbel  oa  ovprnEpacpa  OTL N actoxia g HpOoQPLONG  HETASH  TOL
okvpodépartog kat tov INOIT ooviibwg Sextva exket Orov LIIAPYEL HIA ONPAVTIKD)
SLATUNTIKL] HETATOMION KATA HAKOG Slay®viwv 1 eyKAPOowy poypov. ALt
aivetar va anmodeikvOETal KAt O] MPOKEWHEVI) MEPLITMOT, Aoy, Orwg

Srakpiverat kat oto LxHpa 6.4.3, EpPAavioTnKe pia eyKAPoLd p@YHI] HECOD EDPODS

Dwroypagia
6.4.7

Alaxpiverat
n nAnpPng
ArtoKOAAN O
tov  Owapn-
kovg INOIT
oe  ONO 1O
HI)KOG oL
TpitoL TN
patog BI' oo
popea  (pe-
oata npog
akpaia eSw-
TEPIKI]  OTn)-

pn)-
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Powtoypagia 6.4.8 Awkpivetar n
O\OOXEPNG  ArmA£la OLVAPELAG
HETASD LPACPATOG KA OKDPOOERATOG
oto Tpito tufpa Bl tng dokov.

oto Tufpa v Aoyw BI, n onoia mbavov va eobovetat kat yia my évapsn g
anokdAnong tov Swapnkovg INOIL  Adyw tovo 0Tt 1 dotoxia avtj
napampndnke kat ota dvo dokipta G60 - oe akpaisg MAPAPOPPOOELG KAL APOD
eixe petwdel OLOWACTIKA 1] PEPOLOA KAVOTITA TOLG, CLHIEPATVETAL OTL, MIAPONO
mov ot vroloytopoi £det§av ot dev frav avaykaio va tonobembet eykapoa
INOIT yia Siatpnukr) evioyvor) oto tufpa BT, ev todtotg, av eixe tonobembet, va
eiye anogevydei n anokONnon v Siprkovg INOIT. H meprrdoAddn too INOII
EYKAPOL®G, OTa akpa Tov optiovTia tornofetnpévon veaopatog f n tonodétmon
KAMoLon TOImov aykupwong (Aoywm napovoiag tng nm\akag, otny mePUIt®mor] twv
r\akodokmv kata Micelli, Raghu kat Nanni, 2002), 6a anotedovoe pia Avon o€

TETOLag poong npoPAnpata.

AkoAovBoDY YaPAKTNPLOTIKEG PWTOYPUPIEG MOL Elval EVOEIKTIKEG TG TEAKNG
PNYHaT®ong Ttov Jokipiov Kabwg Kar Ta avuotolya OKApuprpata  rnov
AroTOMMOVOLY Tr TEAIKT KATAOTaon twv Ovo Oyewv 1oL OOKIpiov, Onwg
npogkvway petd my agaipeon tov INOIT pe xprion Tpoxov Kat KPOLOTIKMY

HECV £TIELTA ATIO TNV AITOPAKPLVOT] TOL SOKIPion artd ) nelpapatn diaradn.
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WM g

O¢oe1g oLVOETPWV MOV aroka\vpinkav
O£0ELg PWYHOV TTOL ArOKAADPONKav

Txnpa 6.4.2 Skapi@npa teA kg Katavopns tov paypay tov dokipiov G60 CYCLIC - Oyn A.

dwroypagia 6.4.8 Aroyn mg teAkng kataotaong PAapov tov Sokipion G60 CYCLIC -
Own A, and ) pepla tov onpeiov emPolrg Tov poptiov P.
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dwrtoypagia 6.4.9 Aerrropépeta oto onpeto poptiong P, Oyn A : TTapovoradetat
1 TEAIKT] QoW PNYHATOONG KAl aro@Aoimong Tov OKupodEpatos. AlaKkpivetat n
£viov napapop@eon Aoy Avytopod tov drapnkong xa\vpa mpog ta Sedud oo
qoption, npog Vv eotepkn) ompn, eve éxoov amokalv@bel xar dvo
ovvdETPEg, XWPIG OPMG VA VOISOV OLTE KAL VA KOOV,

Pwroypagia 6.4.10 Aenrropépeia ot otnpign B, Oymn A :Atakpivoviat
XAPAKTPLOTIKEG SLAYDVIEG POYHEG.

Epy.OX EMIIT Terwxn “ExBeon Topog 2
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B O¥YH

O¢oe1g Stapnkwy papdwy mov arnoka\vgdnkav
@¢oe1g CLVIETHP®Y MOL ATTOKANDPONKav
@£0€1§ POYHOV MOL ATTOKAADPOnKav

Ixfpa 6.4.3 Tkapigpnpa TeNIKIg Katavopng twv peypmv doktpionv G60 CYCLIC —'Oyn B.

s s T, -

Dwroypagia 6.4.11 Anoyn tedikng kataoctaocng dokipiov G60 CYCLIC —'Oyn) B.

Epy.OZ EMIT Tehikn "ExBeon Toupog 2
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DR A P A R S T
Ddwroypagia 6.4.12 Asrrropépeta ot ompign B, Oyn B :Tlapampovvtat pikpeg
POYHEG KAl £XOLV ATOKAADPOET HIKPA THAPATA TPV CLVOETPGOV ENAV® 0TI
Sraxptrr) SIAaTRNTIKI] POYHL ITOD PAiveTat.

Sy - vis > 2 : <

dwroypagia 6.4.13 Asmrropépewa oto onpeio goptiong P, Oyn B :Etvar gpavepog
0 KATAKEPHATIOPOG TODL OKLPOJERATOG , 1) NAPAPOPPWOT] TOL EPEAKDOPEVOD
X@\vPa kat éxet anokav@Oet peya\o pepog evog covoetpa.
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6.4.3 Ava\von tev kartaypagev SG

H Swadwacia evopydavaong tev doxkipinv neprypapnxe ota Kepahawa 4 xai 5. H
Tehkr] 0¢0n TV KATAYPAPIK®OV TAEKTPIKOV  HNKOVOIOPETpov (SG) Kat 1)
apiBunor) tovg yia to dokipto G60 CYCLIC didetat oto xfjpa 6.4.4.

Ot avtiotoeg kataypa@eg twv SG, didoviat ota enopeva Zxnpata 6.4.5 £og
6.4.9, ouykpwopeveg ava 6vo oty idwa diatopr), covaptroet oo @optiov P. Ia
€UKONOTEPT Tapaxolovdnon g anoxplong ora okapipnpata  Oeixverat
evlekuika 1) Béon tov Jevyong Twv SG, G MPOG TO ONHEI0 POPTIONG KAl Tig

OTNPISELS. ZNHEIOVETAL OTL TO PNKOVOLORETPO ap. 3 Sev Aettodpyroe.

G60 CYCLIC
142
159
210
230 1
i
e (| |
1 2 6 5
3 4 8 7
s I o | e f s
i X f
120 97.5 97.5
1 4l

] fle

120 97.5 97.5

IxApa 6.4.4 @¢on kat apibunor twv kataypagpov SG, doxipo G60 CYCLIC.
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Strain Gages #5 & 7 = I =

®oprTio (KN)

Iyfpa 6.4.5 Fpapnpa evoel§ewy NAEKTPOVIK®V PIKDVOIOPETP®YV #5-7 ouvaptnoet
TOL POPTLOL.

Strain Gages #6 & 8 - I ® -

®oprtio (KN)

Iynpa 6.4.6 [pagnpa evoeiSemy NAEKTPOVIK®V PNKLVOIOPETPWY #6-8 covaptnoet
TOL POPTIO.

Epy.OX EMI1 Tehun ‘ExBeon Topog 2
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Strain Gages # 2 & 4 = I = a

& (mm/mm)

®oprio (KN)

Iynpa 6.4.7 [pagpnpa evoei§ewy NAEKTPOVIKOV HNKLVOOPETPWY # 2-4
OLVAPTI|OEL TOL POPTIOL..

Strain Gages # 1 & 3 - I o N

& (mm/mm)

®oprio (KN)

Ixnpa 6.4.8 [pagnpa evOeiemv NAEKTPOVIKGOV PNKLVOLOPETPOV # 1-3
ovvaptoet oo optiov (To #3 actdxnoe otnv enavagoption Ttov 29 KOKAOL).

Epy.OZ EMII Telikn “Exbeon Topog 2
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Strain Gages # 9 & 10

& (mm/mm)

Q®oprio (KN)

Ixfpa 6.4.9 [pagnua evoeiSemv nAeKTPOVIK®V pnKovolopetpay # 9-10
CLVAPTIOEL TOL POPTIOD.

Ot Sraprketg avnypéveg MapapopeaoELg mov Kataypdagnrav ard ta SG # 1 ¢wg 8
ota onpeia mov tonofemBnkav navw oto INOIT Senépacav m Swappor) tov
Srapnkovg orm\topod oe kabe Siatopr), armodidovtag OTlg HEYLOTEG KATAYPAPEG
tou IMivaxa 6.4.2. [Tapampeitat 6Tt 1o SG # 3 aotOXNoE APECWG PETA Tr) drappor)
TOL OMALOPOD, 0TIV ENAVAPOPTLOT] TOL 2°° KOKAOL, PETA arto T peyotn 0 = 18,1

[Mivaxag 6.4.2 Méy10TeEg KATAYEYPAPHEVEG AVITYHEVEG ITAPAROPPOOELG OTA

INOIT, G60 CYCLIC.
SG#
1 2 3 4 5 6 7 8 9 | 10
5{,/"”" 7,56 |-12,02| -3,95 | -7,23 |-10,70 | - | -7,11|-9,35 | -2,23 | -1,58
E’;”“"' 083 | 089 | - | 194 | 206 | 065 | 221 | 295 | 0,72 | 0,44
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mm, agpov 1o SG # 1 Sigppevoe kata tov 1° kokAo poptong. Opoiwg, to SG # 6
Pynke extog evpovg petpnoewv. H tprp too P moo avuotoixet oty npw
dwappory tov Sokwpiov, pe T dwappory tov SG # 1 etvan ton pe 183 kN, moo
avuotowel oe porr) 183/2,67 = 68,5 kNm, tiur) 6% peyalvtepn g Bewpnrung
npoPAeyng.

Zmyv eykapowa devbovon, napatnpeitat Ot ot aviypéveg IaApapopPpooeLg
oL Kataypagnkav ota onpeia mov torobetndnkav nave oto INOIT ta SG # 9
kat 10, Senepvody kat ota dvo SG ta opra Stapporg tov CLPPATIKOD OATHOD
(ormov kat orabeporotovvtay), frav de pikpotepeg oe Kabe nepurtwon and To
avotato opto actoxiag tov eykapowov INOIT Evliagépov eivat ot napa to
YEYOVOG OTL Ta ODO PNKLVOLOHETPA NTAV TOMOOETNHEVA OF YEITOVIKEG MEPLOXESG
moo arieiyav povo 10 cm petadd tovg, ot evdeilelg mov Katéypayav nrav mon
dragopetikég. Avto, onwg avagpepdnke kat npwtotepa npénet va armodobet oty

aviootporia g oAkng ovpreppopag too INOIT, mov ogeiletatl oty

Alaypappa 'P-@' @oprtiou - Kapnu)\o‘mw$ °
{wvng 1 (Strain Gages # 5-7

Poprio (KN)

KautruAérnra (1/m)

Xynpa 6.4.10 Ipapnua Poptriov-KaprmAotnrag {ovng 1 (SG 5 & 7).
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1]

Alaypoppa 'P-¢' @oprtiou - KapnuAér‘nragI * °
{wvng 2 (Strain Gages # 6-8)
. 400 1 ;

®oprio (KN)

KaptruAétnra (1/m)

Ixnpa 6.4.11 Ipapnua Poptiov-KaprmAotrag {ovng 2 (SG 6 & 8).

TOIKI) LIIAPSH PWYHOV OTNV MEPLOXT) HETPNOTG, agon Stagoporiote To nedio twv
Tacewv akopa kat og kovtwveg empaveeg tov INOIL To npopAnpa avtd oto
oxedaopo Noyw dratpnong £xet ovdnmnoet kar and a\\ovg epevviteg, dedopevng
kat mg wabvpomrag twv INOIT (Stratford and Burgoyne, 2003).

Ao ta Gevyn twv Pedopétpov # 5-7 kat 6-8 napnxBnoav ta Swaypappata ‘P-
¢@" (Poptiov - Méong Kapmolomrag) ywa tg Swatopég otg oroieg rrav

tonoBetnpéva ta fevyrn avtq, ta onoia deiyvovrat ota Zyxnpata 6.4.10 kat 6.4.11.

6.4.4 Avaloon g dratunTikng avroxng

Z10 GOKIHIO EPPAVIoTNKAV PIKPOD £DPOLG PWYHEG SLATHNTIKOD TOIOL KAt
anepevyOn n wabopn actoyia. Ta Staypappata tepvovomv dovapewy dpacewy
Kat avioxng tov @opea Otvovrat oto Ixfpa 6.4.12 evd ot avrtiototyot
vroAoytopot vrdapyoovv oto [Napapmpua II. Enpetdvetat 0Tt ya myv evpeon g
anattovpevng Statpnukng evioxoong eixe Angbet ooy n avtoxr) toov Sokipiov
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Dewpwvtag avapevopevn péylotn avnypévn napapopemon tov INOIT ion pe
0.6%, onote 1 porr) avtoxng frav ion pe My sx, = 82,7 kNm.

— . —.— PN TAaotiKy apBpwon My
e - Seutepn mAaotixn apBpwon Mp| .- s %.

— UEYIoTN Apébaa téuvovoa yia P=355 kN

95,9 kN = 117.9 kN
6861;& R - B s AR [ e A 84.3 kN
32:7 kN — — — — — — w— 65'5 kN
r B o .

= e S o 105,9 kN

T 169,5 kN
OWH B L7127 &N

237,0 kN

Iynpa 6.4.12 Ataypappata TEpvonomV SOVARE®Y SPACE®V KAt avIox1)§ PopEd.

H gépovoa cavomta tov G60 CYCLIC ntav axpiBoc idw pe avtiv tov G60 MONO
KO ETOUEVOG T S0y PALLLLUTE TEULVOVGAV SPACEMV Kt avToxNg Eivat opota. loyvouy dpa
Ol 1316C UVOLPOPES OYETIKA UE TNV TUPEXOUEVT avToyn Ommg Yo, To dokipo G60 MONO.
IV mEPInT®on aVTOY TOL SOKYLIOV, POYUES STUNTIKNG LOPONS ELOAVIGTNKAY TOGO
oto tunua BP, 6mov n dpdoa tépvovsa Eemépace katd 64,3 kN v avopevouevn
avtoyn?, aArd kot oto Tunua PA, peyaldtepon Stotuntikoy unkovg, 6mov n avticToym
vepPfacn g avtoxng nrav 30,5 kN. H ovveispopd tov INOIT oe dubtunon

avanticoetal 610 Kepdhoto 8, cuykpiTikd pe to vToLowto. SOKipLLo.

2 Inpewvetat Ot 1 SatunTiky) avroxr) vmoloyiobnke oto oxedaopo, Bewpmvtag pua péylomm
OapapopP®or eykapotov vedaocpartog & = 0.18% ion pe ) dwappor) tov cvpPatikod cvvosmjpa.
Mikpotepeg Sragpopég dpmoag TEpvoLoag-fempnTikng avtoxiig MPOKVIITOVY CLVENQG Y (AT
Bempnon mg &, peyavtepn g naparrave covnentiky g (PA. kat Kegalato 8).
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6.5 AOKIMIO # 5: C1-30 MONO

6.5.0 IIpoPAeyn tng avroxng twv doxipiewv C1-30

To duaypappa ponng-kapmomrag oo Ixfpatog 6.5.0 yia my EVIOYDHEVT)
Owatopn) avaldbnke vnod pndevikr) afoviky, XpHOHOIOIOVTIAG TO AOYIOHIKO
XTRACT (Chadwell, 2002). To npdypappa Pacifetat oto mpocopoiopa oy
pilag Swrtoprs. Baocer mg enuredomrag tov Slatopdv mpv KAt petd my
Kapyn, 10 oOVONO TV DMKV TG OLaTOPNG OLPPETEXOLY e \fjpn
ovvagela.

Ot napadoyég kat ta anote\éopata mg avalvong diatopmy divovtat oto
Kepalao 7 xav oto IMapapmpa I T myv amevbeiag odykplon pe ta
nepapatika Sedopéva, n vmoloywobeioa pormy avtoxrs (M,) g Tomkig
Srartopng twv doxtpiwy C1-30 wovtat pe My soe, = 75,1 kKN kat M, -z =
80,7 kNm (avnypévn napapdpgoon tov INOIT & = 0,6% kat 0,8% avtiotouyc)
1 8¢ npwn Siappor) mPoPAEeTat o8 POm Mewy = 59,7 kNm ([Tivakag 7.1).

Moments about the 2-Aods - kN-m
20
80
70
60
50
40
30
20
10

0 + -+ 5 5 + : + + > 1
0.000 0.005 0.010 0.015 0.020 0.025

Curvatures about the X-Axis - 1/m

—— DMoment Curvature Felation
= INJloment Curvature Bilinearization

Ixfpa 6.5.0. Atdypappa pormg-KaprmoAd T tag mg Kpiotpng Statopng tov
dokipiwy C1-30 MONO kat C1-30 CYCLIC.
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To Swaypappa tov Zyrjparog 6.5.0 teppatiet oty KApmoAOTTAa aotoxiag o
INOIT yta avnypévn napapopewon tov C1-30 ton pe &= 0,8%. To woddvapo
Otypappikd  Staypappa pomrg - KapmvAomrag (M-¢) tov  Zxnpartog,
Paoctletat oty 100TNTa TV epPAd®V MAVE KAt KAt Ao 10 Saypappd mov
IPOEKLWYE arro 11 Pripa mpog Pripa avelaotikn) avalvon g dtatopng kat
xpnotponoteitat omy aptipn ki) avaloorn tov SOKIPion YPNOTHOIOIOVTAS T

peBodO TV nenepacpEvmy ototyeimy, oto Kepdhao 7.

6.5.1 ITeprypaprt) Tov NEPAPATOG

To Ookipo C1-30 MONO «karamoviifnke pe eykapota emPal\opevn
DAPApOPPmOon Mpog Ta avw, avfavopevn pe otabepd pobupod péxpr myv
actoyia tov SOKIpion. L2§ KPP0 TEPPATIOROD TG poptiong BewpnOnke n
eritendn OAKIG IAAOTIHOTNTAG HAPAROPPOOEDY HEYAADTEPT] TOL TEOOEPA 1) 1|
pelwon TG avroxng tov Ookipiov oto 85% g péyrotng avroxrg tov. H
vrnapdn tov INOIT valov G60-AR yvpw amd to Sokipto dev emétpere v
apeon napakolovtnon mg Snupovpylag v pwypev. Eviovtol, cvviopa

HETA TV £vapdn Tov HEPAPRATOG APXoaV va dlapaivovtal KApPITTIKEG PoYHEG

Y0P 1o To onpeio emPoArng tov goptiov P.

dwroypagia
6.5.1 Epgavion
Stapmepong pwy-
RIS KOVIa Oto
onpeio emPoAng
TOL POPTIOU.

Zoveyiovtag v avinon tov @optiov, mapatnpndnke Sedpovvon  piag

PWYHIG KOVTa oto onpeto emPolnig Tov goptiov, péoa oty kpiown {ovr, oto

Epy.OX EMIT TeAwn) ‘ExBeony Topog 2
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TRAPa IPOg TV akpata aplotepry ompdn A, 1 onoia egeliydnke oradaka oe
Stapmepry pwypn pe pikpr kK\ion mpog my OAPopevn Govr, orwg deiyvetat
ot Pwtoypagpia 6.5.1 (\errropépeta o Pwtoypagia 6.5.3, pETa my actox(id,

Y1 [IEPLOCOTEPT] EVKPIVELQ).

H Snpiovpyia mg dtapnepods KApITTKng avtrg poypng tomobetettat oto
THpa aplotepd tov goptiov P, mpog my efwtepikn) ompdn Kat oxt oto
peoaio tpRpa, nov yapaxkmpifetat and pikpotepo Aoyo dwatpnong M/Vd.
Etvatl yapaktnplotko ot 1 pypn) epgavietat oto mANoEoTePO TRIRA TV
10cm mov dev eixe OMALOTEL TOMKA eyKapoing ano ovvdempa INOIT, népace

de kat kartw anod 1o eykapoto INOIT mpog ) OApopevn Covn.

Dwtoypagia 6.5.2
Epgpavion poypng oty
peoatia otpén.

Te @optio P mepimov 200kN, eppavifovrat pwypég exatépwbev m\eov g
peoaiag otpisng mov enEPalav eykapoto epeAkoopo oto INOIT, 1o onoio wg
K ToOTOL Apxloe va okidetat oe avt ) Stevbovon Aoyw Tov 0Tt Eivat Ao,
onwg Oeiyverar o Potoypagia 6.6.2. H omapdn avmjg mg actoyiag
LIOSHA@VE EPEAKDOTIKT] SLaPPOI] TOL OMAIOHOL APA CXNHATIOROD KAl TG

Sevtepng m\aotkng apbpwong katw ad m ompn B, eva cvoyetiCetat pe

Epy.OZ EMII TeAwr) “ExBeon Topog 2
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pLa epgpavn petwon oty Ok} SuoKapyia Tov SOKIPIOD TIOL KATAYPAPnKe

OTO XPOVIKO aLTO ONHELO.

dwroypagia 6.5.3  Actoxia
INOIT wav avbpaka tov
dokpiov  C1-30  MONO  xat
TEAIK] pop@r TG OLapIEPOng
paypng. O oovdetpag dev Exet
Komel AANa éxet avoidet.

duroypagia 6.5.4 Katoyn dokipiov C1-30 MONO oto onpeio actoyiag tov
INOIT aro avBpaxa.
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H @éponod tkavotta Tob SOKIHoD OLVEXLOE VA AOEAVETAL HEPAV AIIO TV
Tpn aot), péxpet mov to dwaprkeg INOIT and avipaxa aotoxnoe wabvpa oe
eeAkLOTIKY) Orappndn, XOPI§ Kapia mponyoduev mpoetdonoinon peyaAng
napapdpgmong. H aotoxia too INOIT éywve oe goptio 270,2 kN kat giye
popeny mov @aiverar otug Pwtoypagieg 6.5.3 kat 6.5.4 (Zxnpa 6.5.1). H
actoyia tov INOIT frav akapaia, anoAvta yabopr)g Kat HePIoOn eKPNKTLKG
HOPPIG.

Av Kai 1 eyKapowd Hapapop@®on OLVEXOE va aviavetdat, napopola
aotoyia oe diappnén, omy eowtepkny ompn Oev napatnpronke, vmPSe
Opwg anmieta mpoogoong INOIT okvpodéparog. To yeyovog avto onpaivet
OTL 1] HOPEPY] THG ACTOXIAG OTO ONUELD KAT® AIO TO POPTIO BeV EMETPEWE TV
NAP1 QVAKATAvopI] TOL POPTIOL OV E0WTEPIKY] OIS, GOTE VA Yivel
m\rjpng expetaevon mg avtoxig tov INOIT kat otg dvo apbpwoets.
Katomy avtod, to OOKIpo OCLVEXI0E VA HAPAPOPPOVETAL HE ONOEVA
HEYAADTEPO AVOLYRA TGV DIAPXOLOMV PYHMV TOoL oTg dvo apbpwoet,

Srampmvrag pia otabepry napapévovoa avroxt mepimov 220 kN.

®oprio P, kN
23000, Tl
270
2ph 100/
sspnd ARl 251, -
i S T T e MR e, s e
218 "
2000 4 - o s e e s e e e e Sl
150.0
100.0 -
50.0 -
0.0 . . . ]
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0

Mapapopepwon 5, mm

IxfHpa 6.5.1 Ataypappa goptiov-petaromong, dokipo C1-30 MONO.
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H xataypagr) Tov emBarAOpevoD GopTion fe Tig avTicTO1YEG PETATOMICEL; TOD
epporov (Braypappa ‘P-§') Seiyverar oto Zyipa 6.5.1. Zto dwdaypappa
oNuEGVOVIAlL KAt Ot Tég Ttov @optiov P oTg omoieg avapeverat o
OXTHATIONOG TG IPOTG Kat g Sevtepng TAAOTIKYG ApOpwotg CVPPLVA je
10 OePITIKO MPOCOPOIORA Tr)g EAAOTOMAAOTIKYG oLVEXODG Boxov, yua Hvo
OPLaKEG THIEG KAPITTKT)G avtoxtig My : Bewpovtag & = 0.6 % xat 0.8% peyom
napapopPmon oo Swaprjkovg INOTI, 6mov ot napanave Tipeg vInoAoyigovrat
Baocel emmedoTag OV OGTOPGOV  HE  TA  OEPAPATIKA - PIXAVIKA
XAPAKTPIOTKA TOV DAKGOV Kat Tig ovopaotkeg Tipég tov INOIT (ITivaxag
7.1). Inpeoveral, yia AOyovg OLYKPLONG OTt 1] OPaKY avioyr] Tov
evioxyopévoo doxipioo NEAK MONO, égtaoce ta 225 kN.

H péytom avroxt) tov dokyriov mov enetevyfn xata 1o metpapa frav 270,2
kN, Tipy xatda 120% vynAotepn and TV OEPApAnKy Oplakr avioxt) tov
Soxipioo NEAK MONO mov meptypdgnke oto Kepahawo 6.1. H peyom
Hapapope®on oty omoia viePAndn 1o Sokipto, £@§ TO TENOG TOL MEWPAPATOS,
é@race ta 73,8 mm. Aoyw g yadoupng COPIEPUPOPAS TOL TO DOKIPLO IEPTEL
onypuaia (oe 46 = 0,3 mm) yavet 52 kN oe napapopewor 16,4 mm, 10600Tto
oL avtiototxet oe 19% g péyrotg avioxrg tov. Tlépav avtod tov onpeiov,
petda and pa pprn avénon ota 233 kN o napapopgeor 22,4 mm AOyw
HEPIKNG avaxatavopng om peoaia otpidn, To Soxipto dartnpet pia otabepn
P0G AMOHEIOVREVT) AVTOXT). AyvoamvTag v npetr yabopr) amopeinon g
avtoxtlg, oe avtod To onpeio (. = 22,4 mm) Bewpeitar OTL wavomoitat 1o
KQUT)P1o LIEPPACHG TPOG TA KATW TG NAPAPEVOLOAg AvVIoxT|§ OE IOCOOTO

850/0 Tr]g Pmax (= 229,5 kN)-

H npophendpevyy avtoxr) oe mpmt) Sappor) Tov epeAxvopevov xakvpa
Oeopmvtag péoeg Tpég TV LAK®Y) Tomobeteitat (Pacet ToV PNYaAvikwv
yapakmpotkmv Tov [ivaka 7.1) oe goptio i0o pe 2,67*59,7 kNm = 159,3 kN,
Adye g oxeTikd peyahng Svokapyiag oo C1-30 MONO, oto ddypappa
TOL ZxHpaTog 6.5.1 dev elvat epavilg Ko TPONONOIN0oN oV Kataypagr)
ov va ovvnyopel yia dwappor] 1o yahopa oe avto To goptio. Me faon opwg
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TI§ KATAypagés TV HIKOVOIORETPGOV enave ot Soko, mov napabdérovial
DAPAKdTe, Tapampeitatl pua eppavig alkayn omy oxon emPal\opevig
IAapapope®OoNG KAt aviypeévg napapdpewong oto P oe goptio 165,8 kN kat
napapdp@worng 7,2 mm, mov Bewpeitat to onpeio Stappor)g Tov onAopov (oe
%4 peya\vtepo amd mv npoPAeyn). Qg ek TovTOL, TO dokipo amedwoe
vrepavtoyy] ion pe 163% peyalvtepr) g avioytg Tov o8 mpom) Sappor) Kat
ma mhactpoduyta petaronioemv ion petadd 2,30 xat 3,10 wg Ipog v Hpwn

Srappor), avaloyda pe To oo tonobeteitat 1] actoxia ToL KPumpiov avioxm|s.

Ano ta anotehéopartd Tov HeEpaparog (Zxpa 6.5.1) npoxorrtet emiong 0T n
npoPAendpevy Ty @optiov yia T Snpovpyia g SevTeprg MAACTIKIG
apbpwong Pacet mg napanave My (=3,07*59,7 kNm = 183,3 kN) npooeyyilet
oe akpifeia 8% 1o onueio alayng Thg oAkn)g dvokapypiag Tov doxipiov ota
198,1 kN (mapapdppuor 8,7 mm), yeyovog o ouvIyopel yia my adlomotia
Mg napandave mpoPAeyng Aapfavovtag vIoWr) Kat Tig KPATOVOEL.

H péylou @épovoa wxavomta omo TV IEPAaEAnKy)  Kataypaen
(Sraypappa P-6) vmepPaivel 10 DPoPAEIOPEVO POPTIO MOV AVIIOTOLKEL 0T
Snpovpyia dvo mhactkev apbfpmoemy pe péor avioxr) ion je )V KAapIiK
avtoyy) oe napapdpeoon tov INOIT &= 6 kat 8%, (3,07*75,1 kNm = 230,6 kN
Kat 247,7 kN avtiotoxa), katd 17% xat 9% avtiotoya. Qewpnmviag 1o
NAPAIave OTATKO MPOCOHOIORA 1) Prax, GVTICTOLKEL O PEOT] KAPITUIKT
avtoyy) ot dvo apbpooeg, ion pe 88,0 kNm, mov wodvvapel kata ta
Sedopéva g mponyovpevnyg avaivorg oe ooppetoxt) oo INOIT C1-30 ion pe
gr=10%0 axpipos, mpv v actoyial.

6.5.2 ITeprypagn) twv PAafwv Kai tponog actoyiag
AKONOLBOVY  YUPAKIPOTIKEG POTOYPAPiEG MOv eival eVOEIKTIKEG TG
Te\knig pnypatoong tov doxipiov xabwg kat to oxapignpa g B oyng, mov

ATIOTOIOVEL TI] TENIKI] KATACTACH OI®G IPOEKLWE HETA TV aAPaipeon) TV

1 H rypr) aoty Oewpettal oav péorn T Aoy® 1oV HEPIOPIOPOY TOV OTATIKOD eEAACTIAACTIKOD
npocopol@paTog, kat anodidel neplocoOTEPO TV KAvVOTIKY) O1ATINoT oL napalappavetal
KATA TV KAPITiK) aotoxia, mov eivat kat 1o {nrovpevo. Qempeital Sebopévo, Paocet mg
HKPrG avakatavopng mov mnapampenfnke, 6T 1 anairtnon oto onpeio P nrav moAo
peyaivtep.
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INOIT pe xprjon Tpoxon Kt KPOLOTIK®V HECMY, EMELTA QIO TNV CIOPAKPLVOT]
ToL SoKtion amd ) newpapatkny owaradn (Exnipa 6.5.2 kat Pwtoypagieg 6.5.5
£wg 6.5.8).

Meta myv agaipeon tov INOTI, mépav ano g 16n npoavagepbeioeg
KAQPITTkEG  poypeg otg  apbpwoelg mapatpnbnke kar pa  eni m\éov
Satpnuky) paypr), OT0 HEOAio THNPA TOL OOKIPIOL, KOVIA OTO Onpelo
emPoArg tov @optiov P, eviog m¢ Kpiowung Cwvng KAt mpog TV €0 TEPLKT
omp§n. H pwypr avu) eiye k\ion peyaldtepn twv 45° Kat niav pkpov
EVPOLG O OxEon pe TG Mg, eve dev  xapaxmpgotav  ovte Ao
anodlopyavmor ToL OKLPOJEPATOG TOMKA 0T PWYHI] ODTE KAt aIld Kol
actoxia g mpoogoong tov INOIT pe wmyv vnofaon amo okvpoOdepa
(Potoypapia 6.5.6) exatépwbev g pwypg, Katt mov frav ovvndeg o avtod
10 dokipo, ota onpeta P kat B, kabmg kat og OAa ta a\a Soxipia, oe peydaleg

OLATPNTIKEG KATATIOVIOELG.

B O¥YH

e

A A » A

@¢oeig Stapnkmv papdwv xa\vpa mov amoxkalvgdnkav
@¢oe1g oLVOETPWV oL aTTOKAALPONKav
O¢oe1g poYR®V 0L armoka\vginkav

ZxNpa 6.5.2 Zkapipnpa mg teAKIg KATAvoRL§ TV pOYRMV O OXEOT] HE TOLG CLVOETHPEG
INOIT, oto dokipto C1-30 MONO, Oyn B, peta v actoyia.

Etvat mbavov ) devpovorn avtig g poypig va épewve oe otabepa entneda
AOY® TOL MEPLOPIOROD TG DIATUNTIKIG AIIAitnong OT0 HECAio THNPA, PETAa

ano v actoyia tov INOIT kat myv arnotoprn) rtworn g avioyms.
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DwToypagia
6.5.5 Aerrtopépera
Kovta otn Béon
popTiong P opog
TV eSOTEPLKD)
ompdn, Oy B:
[Mapatpeitat
HEYGAODL eDPOLS
draprepng
KAPIITOO TR TIKn
pwynI Kat
aotoyxia g
Oerpavetag ot
OApopevn mapewc
(Katw) Aoy g
PWYHS.

o) =W IBmmuwT T e i "
e X 3 dITQrug s E I AN INONANE LA

Pwroypagia 6.5.6 AeIrtopepea KOVIa oto onpeto emfBoAr|g tov poptiov,
Ipog TV eowteptkr) ompisn, Oyn B: [Tapatpettat pikpod DPoLG StatpnTikr)
PWYHI pe KAIOT peya\otepn twv 450,
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Pwroypagia 6.5.7 Aerrtopépeta ot ompisn B, Own B: Tapampeitat peyaloo
£DPOLG KATAKOPLPI KAPITTIKI] pwyH], pe actoyia tov dwaprkovg INOIT katw
Kat arrokOAAnor) tov eykapotov INOIT mpog ) pepia tov goptiov.

Dwtoypagia
6.5.8 Kartoyn -
Aerrtopepeta
ENAV® Aarro To
OTpELo
popriong P,
OTI0L
draxpivetat
aoctoyia tov
INOIT katn
ovvenakolovbo
avolypa tov
ovppatikov
ovvoetpa.
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6.5.3 Avaloon tov kataypapov SG

179

H Sradwaotia evopyaveong tev doxipiev neptypdenke ota Kepdhaa 4 xat 5.

H tehikr) B¢on ToV Kataypag@ikev NAEKIPIKGOY PNKOVOORETpOV (SG) Kat 1)

apiBpnor) tovg yia to doxipto C1-30 MONO &idetat oo Zytjpa 6.5.3.

Ot avTtiotoryeg Kataypdgég tov SG, oidovtat ota emopeva Zynpata 6.5.4

¢wg 6.5.8, cuykpvopeveg avda Svo oty 181a Slatopr}, CLVAPTIOEL TOL POPTIOV

P. Twa evkoAOTepn mapakolovdnon TG amoxpiong, OTd OKAPIPHPATA

Setyverar evOeawktkd 1) 8éor) Tov {evyong Twv SG, 0§ IIPOG TO OTPEI0 POPTIONS

KAl Tig o pietg. Znpetvetat 0Tt T0 pnKovolopeTpo # 3 dev Aettovpyroe.

C1-30 MONO
124
142 OVH A
194 EE—
210 |,
]
| — | /3
8 7 4 1
o Es 3 o | :2
120 97.5 975
1 1 1 7
ovH B
10 R] q] 9
210
120 97.5 97.5
1

Iynpa 6.5.3 ®éon kar apibpnon v xataypagav SG, doxipo C1-30 MONO.
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& (mm/mm)

g (mm/mm)

Epy

2.0E-04
1.5E-04
1.0E-04
5.0E-05
0.0E+00
-5.0E-05

-1.0E-04 -
-1.5E-04

-2.0E-04
-2.5E-04

-3.0E-04 -

180

Strain Gage # 1 & 2 I

—SGH1

(

@optio KN

Ixnpa 6.5.4 [pagpnua tov kataypapov SG # 1 & 2 (Zaovn 1).

Strain Gage # 4

1.0E-04
1

8.0E-05 -

—SG4

6.0E-05 -

/J-\’\A
4.0E-05 +— /_A,.\/-' i
2.0E-05 —

0.0E+00 /

0
-2.0E-05 -

50 100 150 200 250 300

-4.0E-05 -

.OZ EMII

@opTtio KN

Zxnpa 6.5.5 lpagnpa tov kataypapwv SG # 4
(To # 3 dev Aettovpynoe) (Zaovn 2).
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A

Strain Gage # 6 & 7 T
—s.G6 Tn el

4.0E-04 -
2.0E-04 - —S.G7 — -

0.0E+00 —_— - , ,
0 50 100 150 20 0 300

-2.0E-04 T

-4.0E-04 i :

-6.0E-04 + —

& (mm/mm)

-8.0E-04

-1.0E-03

B s e e —
@opTtio KN

Lxnpa 6.5.6 Tpapnua v kataypapav SG # 6 & 7 (Zovn 3).

Strain Gage # 5 & 8

2508 oz
2.0E-03 1 ——SG8
1.5E-03 +———
1.0E-03 +
5.0E-04 |-

0.0E+00 . e — . .
s0E04 0 50 100 150 200 %2250

-1.0E-03
-1.5E-03 1— //‘:Q

-2.0E-03

g (mm/mm)

@opTtio KN

Iyfgpa 6.5.7 [papnpa twv kataypagaov SG # 5 & 8 (Zavn 4).
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8E-05 - —SG9 e e e P EE
6E-05 - | :
4E-05 -
2E-05
0E+00 -3
-2E-05
-4E-05 -
-6E-05
-8E-05 . : : . :
-1E-04 - L 1 1 I -
@oprtio KN

g (mm/mm)

Ixfpa 6.5.8 [pagpnpa tov kataypaponv SG #9 & 10 nmov Ppiokoviat nave oy
TeAkr) em@pavela tov eykapotov INOIT

Ta xaraypapika SG tonobemifnkav amevbeiag enave oto oKLpOdEpa
(extog ano ta #9 kat 10), wg K TOHTOL Ot SLVATOTITEG KATAYPAPTG TOLG ELVAL

m\éov evaioBnreg ot O¢on tov SG wg mPog T prypdtwor g dOKOL.

Ano g kataypagég napatnpettat ot ta SG #1 & 2 Sekivody ario my apym
mg POPTIONG VA IApovolafovy avdnon g Kataypapng tovs. Opwg, mbavo
népaopa mg poypng péoa amo to SG #1, 1o omoio Ppokotav omy
ePeENKLOpEVT] V), E1XE WG AMOTENECHA TNV ABLVAPIA KATAYPAPIG HETPTOEDV
yia tpég empPal\opevng @optong mépav twv 148 kN, molv vwpig oto
neipapa. To yeyovog ott to avtippomno SG #2, ot O\ipopevn nmapeid, o omoio
ovvexiGet va karaypaget, aalet pvbpod kataypagrg ota 1658 kN,
ovvnyopet oV dmowr OTL 08 ALTO TO €mimedo POPTIONG YiVETal 1 mPI)
m\aotikr) apBpwor tov Sokpiov, Aoym Stappor)g Tov epeAKLOpEVOL XA LPA
ot Béon SG #1. Extote, 10 SG #2 otabeponotet 1) pérpnor) tov ot péylot)
Twan péxpt to onpeio actoyiag tov INOIT ota 270 kN, onote kat anogoptidet.

Aev \ertovpynoe kabolov 10 SG #3 mov Pplokotav oty ePEAKVOPEVT)
meploxyy mg fovng 2. Avtdétwg, ta vmodoura SG g fovng 3 kau 4
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KATAypag@ouy pia armotopn avinon g aviypévig mapapop@eong otav 1o
optio pOavet ta 196,6 kN, KATL TOL avapevoTav Kat amo my avaloor oo
DewpPnTIKOL MPOCOHOIOHNATOG PLAG KAl O £Kelvo TO onpeto dnuiovpyrfnke n

Sevteprn mhaotikn apbpwor).

TéNog, ot avnypéveg NAPAPOPPOOEL, IOV KATAYPUAPNKAV OTA ONHELT ITOL
tonofemOnkav navw oto INOIT ta SGs # 9 kat 10, enave oto eykapoto INOTT
DANODL, NTAV TOAD HIKPOTEPEG ALIO TO AVOTATO OP10 NAPApOPP®ong tov INOIT
(1,90%0) mov Bewpndnke OLUPATIKA YA TOV LIOONOYIOPO TG OATHNTIKAG
evioyvong. [Tapampeitat 0tt mapodo mov ta 80O HPNKLVOOPETPA Hrav
TOMODETNHEVA O YELTOVIKEG MEPLOXEG TOD amteiyav povo 10 cm petadd toug ot
evOeillelg mov Katéypayav Nrav Kara moAd dtagopetikég. Avto efnyeitat
mOavotata aro my avicoTPoIida TOL DPATPATOG TO OMOI0 TTAPAROPPOVETAL
dragopetika avaloya pe ) devbovon twv epappolopevoy tacewy. Etor,
propet va vrotedet 0Tt n ToxOV napovoia peypmy Katw ano 1o INOITL, priopet
va eivat vrevbovi yua Tig Stapopég oTig Kataypagpsg v dvo strain gages

apon dwagoporotel T0 medio TV TACEMYV AKOPA KAl 0 KOVTIVEG EMPAVELES

T

TOL DPAOPATOG,.

Aigypappa KaptruAotAtwy Zwvng 4 T

———————————950—
=
X
o
|—
Q
(o}
=

-0.010 -0.008 -0.006 -0.004 -0.002 0.000

KaptruAotnra (1/m)

Iyfpa 6.5.9 Awaypappa goptiov-kaprotntag {ovng 4.
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Aidypappa Kaptruhotitwy Zwvng 3

@oprtio (KN)
\
\
o
(e}

T = 1 T

-0.008 -0.007 -0.006 -0.005 -0.004 -0.003 -0.002 -0.001 0.000
KaptruAérnra (1/m)

Iyfpa 6.5.10 Awtypappa goptiov-KapmvAotTag {ovng 3.

Ao ta Geoyn wv SG mg fwvng 3 kat 4 efnxbnoav ta napaxkatw
Sraypappara goptiov-kapmoAotntag ‘P-¢’ mov deiyvovrat ota Zxfgpara 6.5.9
Kat 6.5.10. Kat amo ta 0o ypagnpara da@aiverat 0 COYNEATIOROg TG
devtepng mhaotikng apbpwong pe v otabeponoinonorn g aIoKPLong, OIwg
gaivetat ota Swaypappara ‘P-0° kovta oy tr) twv 196 kN exet moo
oxnpatiomxke i SevtePn TAACTIKY apbpwon ot (v 4.

6.5.4 Ava\oon g S1atpnTiKng avtoyng

210 Sokipo ep@aviotnke pia pkpov evpovg dtaymvia pwypr} diarpnTkon
TOII0V, 0To TP de§Ld Tov P mpog v 0WTEPLKT) OTPISH, KOVIA OTO ONHEL0
kapurg. Ta Swaypappata tepvovomy Suvapeny Spacewy Kat avioxrg Ttov
@opéa divovtatl oto Iympa 6.5.11 eve ot avtiototyot vrodoytopot didovrat
oto [Mapapmpa Il Znpewwvetar OTL yia v eOPEOn TG AIATOLHEVTS
Sratpn kg evioyvong eixe Angbet vmoyn n avroxt) tov dokipiov Bewpwvrag
péylotn aviypévn napapop@morn tov drapnkovg INOIT G60-AR ion pe 0.6% ,
OIIOTE 1] POII AVTOXT|G NTaV 101 pe My s=06% = 75,1 KNm.
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_____ mpddtn mwAaotikn dpbpwon My
———- Seutepn mwAaotikrn apOpwon Mp|es6 %
— autoxn (Vw + 0.30Vcd NEXRZ+ V4

ugyrotn Apwoa téuvovoa yra P=270 kN

— 89,7 kN
. B 37 4+ kKN
' TSOEN  bos scsss womnes 76.6 kN
62'3 kN t ........ — 60,9 kN
FOEN i -

— v v — e — 98'5 kN

154,0 kN

180,2 kN

Ixfpa 6.5.11 Alaypappa Tepvovomy Suvapemy Kat fempnTikig avioxrg oo
@opéa yia avotypévn napapopewor) tov INOIT C1-30 ion pe 6%o.

H avtoxr)? oxediaopov oe tépvovoa tov doktpiov PaciGetat oty abpototikr)
OLPPON TV AVTOX®V TOL KADPOD, TV MPOOPET@Y PNYXAVIOR®OV avTiotaong
tov okvpodépatog (V) oe mooootd 30% Kat g MPOoPOPd TOL EYKAPOLOD
INOIT, \ettovpy@vtag oe Tapapopewor ion pe T Siappor} Too CLPEPATIKOL
eyKapoon xaAvPa, 1,8%. Onmng @aiverat Kar OTlg KATAVOREG E0WTEPLKI)G
tepvovoag, omy nepimwor Tov C1-30 MONO 1n dpwoa tepvovoa oty
actoyia tov daprkovg INOIT femépaoce v avrtoxr oxediaopov ota dvo
Tppata g Sokov exatépwdev Tov P, oe mocooto 2- 4%. Ev tovtotg, mapd o
COVINENTIORO OTOV DIONOYWORO TG avtoxrg, Onuovpyrdnke SraTpnTy)
PNYRAT@OT OTO HECAIO THIPA, HOV, Onwg avagpépdnke, dev enextabnke Aoyw

aotoytag tov Siaprkovg INOIT kat reptoptopon g peyLoTng avIoxI|s.

? Znpetveral 0Tt 1) SIATRNTIKY) avToXT) HPOEKLYE YA VLo TAPAPOPP®OT) LYACPATOS & =
0.18% , Bempnorn apketd cvvmpnTiky agov o mpopndevmg divel & = 0.50%  eve apketd
ovvnPeg Siebvag eivat va Bewpeitar & = 0.30% (BAéme xan Triantafillou, 1998, ACI 440-2R.02,
2002). Ov Swagoptg dpmoag tépvovoas-fewpnrikng avroxrg, omeg perprifnkav, xat n
napexopevn & avalvovrat oto Kegdhato 8.
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6.6 AOKIMIO # 6: C1-30 CYCLIC

2o j 7 \ i = || {8 » - < o

dwtoypagia 6.6.1 To Sokipto C1-30 CYCLIC oy metpapartikn duaradn
EVOPYAVWOHEVO.

6.6.1 [Teprypaqrn) tov meypapatog

To Soxkipto C1-30 CYCLIC eivat ido pe to C1-30 MONO 1600 0 dractaoceig
000 Kat o0& ONMOPO (pa KAtd OLVENEW KAl HE HAPOHOWT  HIXAVIKA
xapakmpotka (Potoypapia 6.6.1). Ot Bewpnuika mpoPAenopeveg pPOIIEG
avtoyrg, Bewpmvtag péyrotn akpaia napapopemon tov INOIT C1-30 ion pe
0,6% kat 0,8% oty kabe draropn), etvat My =06% = 73,1 KNm kat Mp|e=0.8% =
81,6 kNm, avtiotoa (I[Tivaxkag 7.1). Ot napadoxég Kat ta armoTteNeoPata g

ava\oorn)g, divovtat oto Kepalato 7 kar oto [Napapmpa I

Ao TV Kataypa@r TOL QOPTIOL KAl TG PETATOMIONG TOvg €RPOAOL
MPOEKLYAV Ol PPOXOL DOTEPNOEWG Tov ZxMpatog 6.6.1. Zto ido Zxfpa
napaPalovtat yia ovykpon Kat 1o Siaypappa P-0 tov dokpiov C1-30

MONO, xafag kat ot mpoPAeropeveg Tipég avroxmg (Paoet EAacTOnAaoTIKIG
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OLHIIEPLPOPAg Tng dokov oty dvo mAaotkég apbpwoetg), OTg MAPAKAT®

oplakeg ovvonkeg:

e Awppor] oto xa\vPa (My = Mpjs=015%) Kat dnpovpyia g mpatng
o\aotikr|g apfpwong otn Béon tov P,

e Anpovpyia OV0 DAACTIKOV apbfpmoemy HE KAPOTIKI) avioxy yid
napapopemon oto INOIT ion pe 0,6% (= My e-0,6%, P = 224,4 kN) xat

e Anuovpyia 000 DAACTIKGOV apbp@oe®yv pE KAWPIITIKI) avioxy yida
napapopewor) oto INOIT ion pe 0,8% (= Mp|#-05%, P = 250,5 kN) otig dvo
apbpwoetg.

®@oprio P, kN

b - —— — v — o —— —

y /AT : 60.0
077

0

7

. l[/ = 7 r'

e e W e W W e e ]

S00:0

MNapaudppwon 5, mm

Zxnpa 6.6.1 Aokipo C1-30 CYCLIC : Bpoyot votépnong.

OIODL 1] KAPITiky avtoxt) M, vmoloyiletat pe péoeg TIHEG AVTOXDV TV DAIK®DV
KAt IPOCOHOImpa eruIedOTnTag g Statopn)g.

To Soxkipto kararovi|fnke cLVONKA pe Sekatpelg KOKAOLG EVAANNACOOPEVTG
@optiong. To melpapa orapdmoe oe péylotn) DApapoOpPmon Tov Sokipiov ion
pog 55,3 mm. To péytoto goptio Tov nelpdpartog petprdnke katd tov 3° KOKAO
too pe 223 kN, oe petraromon 12,5 mm. H péyromn @épovoa kavommra g
dokov dev épraoce ovte ) Bewpntixa) tiprn Oewpmvrag dvo maotikeg apbpwoetg,

ne Mp= M| e=0,6%:
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ITivakag 6.6.1 Znpeta evalaynig KOKA®V petatomong kat deixteg
oLPIEPIPOPAg avda KOxAo tov dokipiov C1-30 CYCLIC.

Ap. | Omin | Omax | Omean | Pmin | 6/Pmin | Pmax | 0/Pmax | % % P K E Hs | HE
mm | mm | mm | kN | mm | kN | mm | Pusx | @y | KN/m | KNmm

NEAK | C1-30

MONO
1 9,1 91 | 91 | 132 9,0 168 9,0 0,74 082 | 16726 | 728 |13 | 1,2
2 91 | 91 | 91 | 178 8,6 163 9,1 0,79 0,81 [19326 | 1221 | 13| 2,0
3 13,8 | 13,7 | 13,8 | 209 | 135 | 223 | 125 | 099 | 0,88 | 16589 | 3389 |19 | 57
4 1138|138 138|213 | 134 | 216 | 134 | 095 | 086 | 16003 | 2769 | 19 | 4,6
5 237 1238 (237 | 206 | 224 | 218 | 23,0 0,97 1,01 | 9341 | 7880 | 3,3 | 13,2
6 23,7 1239|238 | 168 | 236 | 209 | 21,9 0,93 0,97 | 8301 | 7246 | 3,3 | 12,1
7 238 1237 (238 | 141 | 235 | 199 | 23,5 0,88 092 | 7233 | 5785 |33 | 9,7
8 1338337337159 | 336 | 223 | 323 | 098 1,02 | 5785 | 8680 | 4,7 | 14,5
9 352 | 338 | 345 | 140 | 340 | 177 | 31,9 | 078 | 081 | 4816 | 6614 | 48[ 11,
10 | 36,4 363|363 | 136 | 349 | 169 | 345 | 0,75 | 0,78 | 4382 | 6455 | 50 | 10,8
11 | 44,8 | 43,7 | 443 | 161 | 436 | 184 | 435 | 081 0,83 | 3959 | 8155 | 6,1 | 13,6
12 | 44,0 | 43,7 | 439 | 137 | 43,7 | 164 | 424 | 0,73 0,74 | 3493 | 6838 | 6,1 | 11,4
13 | 555|550 (553 | 178 | 546 | 190 | 543 | 084 | 086 | 3376 | 10418 | 7,7 | 174

Aval\vtkd, ot 8e melpapatikoi Selkteg ANOKPIONG IOV KATAYPAP®OV KATA TOV

kdBe xOxAo Sidovrtat otov ITivaka 6.6.1. Zta HEPAPATIKA ATOTEAECHATA TOV

naparave IMivaka nepappavovrat :

- o1 péytoteg / eAayioteg Tpés g emPaliopeviig napapopPwong (Smin Omax),

JIE TI§ avTioToyeg PEYLoTEG — EAAXLOTEG SOVAPELS (Prin Prax) AVA KUKAO KL 1)

péon napapdPP®OT] Omean, OOV Omean = (Gmin + Omax)/2

- Ol IIAPAPOPPOVELG OTLG AVTIOTOLXEG AKPAieg SOVAREL (8/Pmin KA 5/Prax),

- 10 110000TO NG PéyoTrg dbvapng Tov KOKAOD, OE OxEoT He T PEyLoT)

avtoxt) too NEAK MONO, xafag Kat To Too0oTo g aviox1j§ ot HEYoT

IApapdPPeoT Tov kabe KOKAOD, ot Oxéorn pe v avtoxy oo C1-30 MONO

oty 10w napapop@e®on.

- 1) péorn) duoxapyia K tov Ppoxov, mov Sidetat anod my eSiowmon

K =

Epy.OZ EMIT

P

max

min

S/P_—6/P,

min

-1000 kN /' m
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- 1] evepyewWKH] AIOPPOQPNOI MOL MEPIKAElETAl aO TO VDOTEPETIKO

Siaypappa tov kabe KOKAOL Kat, A0S,

- Ol avTtioToyeg TAACTROTYIES PEONG TAPAPOPPROOTG s KAl DOTEPETIKIG

EVEPYELAG g, OOV E 1) AIIOPPOPOHEVT] DOTEPETIKT} EVEPYELA TOL PPOXOL (0E

EVPOG Omean) KA

16 = Omean / by

ue=E/E,, Ey=Py0,/2
Kkat Py, 8§, ot Svvapn kxat 1 mapapop@won drappong  (IEepapauka
peTpOLpEVT)).

Bdoet mg kataypagrg P-9 too Zynjpatog 6.6.1, elvat epgavég ot 1o doxipto
C1-30 CYCLIC dev xatdgepe mOTE va AmOOMOEL TV LIEPAVIOXT) AOYy® g
£VIOXDOTIG TOL, AVTIOTOKT] HE AUV 1) ONOIA KATAYPAPIKE KATA Th] HOVOTOVT]
POPTION, TELVOVTAG OLOIACTIKA KATA TIG APXIKEG AVAKLKAICEIG 08 pia peyom)
avtoytj ion pe mv napapévovoa avioxr) mov amedwoe 1o C1-30 MONO peta
mv aotoxia tov INOII, tyr) 1 omoia 1w0o0Tal pe Ty péywon) avioxt Tov
napBévov Soxpiov NEAK MONO ywpig evioxvor (P = 225 kN). Xtoog
HETETETTA KUKAODG, HETA TOV 8° KUKAO O OTOi0g aVTIOTOLKEL OTOV IPGTO KUKAO
pe avénon ¢ mapapop@wong ota 33 mm, 1) PEYOW) AuT) AVIOXI] TOD
oTOyElOL pelmVETal HmepAUEp® Kat optobeteitat mhéov and pa otabepr)
péylom péon tr) Pray = 185 kN.

H xapmmky Svokapyia too doxipiov eivar opowa pe avty too C1-30
MONO, péxpt Tov tpito kbxho. H péor Svoxapyia mpeitar otabepr) petado
avakvkMoEV £0¢ £va g0pog mapapopeecev § = +10 mm, amd auto To
onpeio de xat &§ng 1 OLEIEPLPOPA spcpaviqevcat" pe otadwaxa @bivovoa
Sookapyia, oe kafe avaxkOKAL, He EVIOVA QAIVOPEVA TTEVRONG TV PPOX®Y
(pinching) xau pndeviopod g dSvokapyiag mepi To onpeto pndevikod goptiov.
To Soxkipto eppaviler otadakd av§avopevo evpog ohiotnong pe pndevin
Svokapyia mepi mv evbeia, @awopevo mov oyetiGetat pe 1 Snpovpyia
PNXAVIOpoD mov xapaktmpifetat anod actoxia oe Siatpnon Tov OKLPOSERATOS
mg kpiong Statopng kat xaAdpwon Tov om\opeov Aoy® oAiofnong kat/1
Aoytopod. H éNewrn avu) Svokapyiag Katd TV enavagopd Ao my
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opPOVTIA NTAaV YAPAKIPLOTIKI] Kata 1 dtapkewa g petaPaong mg doko
exarépwbev g evbetag, pe mAnpn advvapia tov OOKIPIOD va Kataveiper
OadNMOTE MAPAPOPPWOT] ATIO TO CIHEIO EPAPHOYIG TOL POPTIOL P0G TNV

£0WTEPLKL OTPIEN.

6.6.2 Ileprypagn oopneprpopag, PAafov kat Too tpomov actoyiag

Kata tovg mpmtong dvo kOKNovg dev napampndnke kapia dwappndn too
INOIT. Meta arro Tov TETapto KOKAO, Apyloe va Onpovpyeitat pia eykapowa
KATAKOPL@PI] POYHT] KOVTA OTO ONUELO £QAPHOYIIG TOL POPTIOL Kat OtOYKWOT)
tov INOIT om O\Ppopevn napewd, eviog mg KpIopng mePLOXNng OTo THIHA
nAnoiov Tov QopTiov P, 1mpog ) peptd mg pecaiag otpsng (Potoypapieg

6.6.2 ka1 6.6.3). Z1n OLVEXEW, 1 PIYHAT®OT] CLVEXTOTNKE OV

Dwrtoypagia. 6.6.2 Epgpavion
KAPIITIKIG POYHIS OTO ONpeio
EPAPHOYTI§ TOL popTiov (P),
Oy B.

Epy.OZ EMIT Tehwr “ExBeon) Topog 2
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dwrtoypagia. 6.6.3 Eppavion g KapItiknig poyp|g 0To ONHE EPAPPOYTS
ToL poptiov (P), Oyn A.

dwroypagia 6.6.4 ArokoMnon INOIT kat évdetdn oxnpatiopon TAACTIKG
apBpwong oto onpeio empPolng tov goptiov P, oyn B.

Epy.OXZ EMII TeAu) “ExBeon Topog 2



Ddwtoypagia 6.6.5
AnokoN\non tov INOII
KAaQu  OXNHATIOHOG TG
PMTNG I\AOTIKIG
apbpwong oto  onpeio
ernPpolr)g Tov optiov P,
oyn A.

da mepoyr) xwpig va mpoxAnbet onowadnmote ep@avig aNayn g
KATAOTAon§ 0T0 LIONOUIO TRAPA TOL JSOKIion, €KTOG AIIO ) HOPQPL) TNg
eNaOTIKAG ypappng, 1 omoia otadiaka étetve omy evbela ypappn, pe
OLYKEVTIPWOT TV eIPAAOPEVOY  HAPAROPPOOE®Y OV (VEAQOTIKI)

KApITTIKE apBpmor) o Snpovpyndnke oTo onpeio popTiong.

H apfpwon avt) napehappave to oodnnote emPal\opevo PéNog 0, pe
otadiaky) evBoypAppon TV LHOAOUWIGV TENPAT@V Tov  Ookpiov. H
Sratpnuiky) avt) actoxia mpoxAdnke and onpavtiky anodlopyaveor) tov
OKLPOJERATOG 0TV IEPLOXT] EMPOAG TOL POPTION KA, OMKG PAVIKE HETA TNV
amopdakpovon v INOIT, Aoyopo tev dwaprkeyv on\opav (Pwotoypagieg
6.6.4 xat 6.6.5). To SOKIPIO EPPAVIOE ONPUAVTIKI] TAPAPEVOLOA IAPAHOPPWOT)

HETA To nEpag tov nepapatog (Potoypapia 6.6.6).
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Dwroypagia 6.6.6
Awatpnuikr)  aotoyia  Kat
OAPAPEVOLOA TAPAROPPDOT
OTO ONMEI0  OXMUATIOROV
DAQoTKG apbpwong Kovta
oto  onpeto  emPolng  tov
poprtiov P, oym B.

AKONOLBOVLY TIPOCDETEG XAPAKTNPIOTIKEG POTOYPAPIEG TIOD EIVAL EVOEIKTIKEG
m¢ TeAKNG Pnypatwong tov dokpion kabmg Kat ta okapipnpara twv dvo
Opemv tov ota Zxnpata 6.6.2 kat 6.6.3, Ta OHOlA AHOTLIMOVOLV T1) TEAKI)
Kataotaon twv PAapov, onwg npoékoye peta v apaipeon twv INOIT, petd
)V AIOPAKPLVOT) TOL SOKIIOD aI1d TV mepapatikey duaradn.

A OYH

A N

O¢oetg OlapKoV PAPdwV mov anoka\dpOnkav
@¢0e1g OLVOETPWY IOV ATTOKANDPONKaV
O£0E1g POYHROY TTOL ATTOKAADPONKav

LXNHA 6.6.2 ZKAPIPNPA TEALKIG KATAVOUIG TwV POYHOV ToL doktpion C1-30
CYCLIC - Owyn A

Epy.OZ EMII Telwkr) “ExBeon) Topog 2
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Deroypa@ia 6.6.7 AemTOPEPELA KOVTA OTO ONpEL0 e POAIG TOL POPTIOD,
OynA : AlakpivovTat YapakmPLOTIKEG PWYHES.

Droypa@ia 6.6.8 ALITOPEPEIA OTO PECOV TOD TRIPATOG HETASL TOL ONHELOD
e PoArg Tov poptiov Kat g otpidng B, oty Own A: Atakpivetat peoaioo
£0PODG SATPNTIKY pwyHI] pE armodlopyavwor) tov viofdbpov otn OAPopevn

Epy.OZ EMII TeAw) ‘ExBeony Topog 2



rapeta kat arrokOAnon tov INOIT véoo exatépwbev avtrg. KAion
peyca\vTepn TV 45°.

B O¥YH

A A I

O¢oetg OlapnKwv PaPowy mov armoka\vednkav
O¢oe1g oLVOETPWY MOL AOKA\LPONKav
Otoelg poYp®V oL ATOKAAOPOnKav

Ixnpa 6.6.3 Zkapipnpa ted kg Katavoung twv pwypayv tov dokipiov C1-30 CYCLIC -
Oyn B

Dwroypapia 6.6.9 Anoyn telkng karaotaong dokpiov C1-30 CYCLIC -
Oynm B.
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doroypagia 6.6.10 Asiropépera oto onpeio emPolng tov poptiov, Oymn B :
Alaxkpivovrat:
' Ol XAPAKUPOTIKEG KAPMTOOWATHNTIKEG pwYREG oD Oplobetody 1O
‘Bovtt tov BAuTTpa petady TPV cCLVOETPWY,
* ) eyKApOoWa Hapapop@wor Aoyw Opdong PAnTpov TOL OSapnKovg
RAAakoL yaoPa kat
* 1 aotoyia mg demgpavelag oto ‘dovtt kat ekatépmbev Twv poypwv, pe
TOIKI] ODYKEVIP®OT] TWV NApapoppwoemyv tov eykapoton INOIT otig
PWYHES.
*  H Swatpnuikn) oAioBnon otig poypés.

Pwrtoypagia
6.6.11
Aerrtopepera
POG T OTPISn
B, Oyn B:
Atakpivetat n
KAeot)
OLaTPNTIKY)
PWYHI pe KALoT)
nepimov 45° pe
aoroxia tmg
dtermupaverag
deua g
PWYHIG, IPOG TO
onpeto
HNOEVIOROL TG POTII|G. ZNHEWVETAL I] AITOOPYAVMOT] TOL DAIKOD EVTOG NG
POYHNG AOY® TPPMV.
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H povn npoofem pwypy mov crmokahdebnxe, petd my a@aipeon tev
INOII, ftav pa Sayovia Statpuntkay poypr péoov peyebovg oto peoaio
apa tov Soxwiov (PB) oto onpeio pndeviopod Tov pomwv, pe KAion
nepinov anotopn v 45° (Petoypagia 6.6.11). Aev napatmprfnke Bpavdon
TV ouvOeT)pmv, AOY® TOD MIKPOD OXETIKA QOPTIOL EKTPOIH|§ IO

Snuiovpyoovv ot Saprikelg PAPOOL OIAOPODL.
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6.6.3 AvaAoor tov Kataypapov SG

H dwabwkaoia evopyavwong tov doxipinv neprypagnxe ota Kepdhawa 4 xat 5.
H tedwn) 0¢on tov Kataypa@ixov nAEKTpKoV pnxovolopetpwy (SG) xat )
apidpnor] Tovg ywa to dokipto C1-30 CYCLIC oidetar oto Zxnpa 6.6.4. Ta
kataypapkda SG tomobemOnkav amevbeiag enave oto OKLPOOEPd, WG €K

TOUTOL 01 duvatdTNTEG KATAYPAPL)S TOvG eivat méov evaiolnteg ot Beon tov
SG wg 1Ipog ) PYRAT®OTL) TG HOKOL.

Ot avtictoweg kataypagés twv SG, didoviat ota endpeva Zynpara 6.6.5
£wG 6.6.9, oLyKpLVOpEVES avda SO oty idta Swatopr), CLVAPTIOEL TOL POPTIO
P. Twa evkoAOTepny mapaxolovbnon g dmoxkpiong Otd OKAPIPHRATd
deiyvetat evOekTikd 1 B¢or) Tov {evyovs Twv SG, WG PO TO CNHELD POPTIONG

Kat 11§ otpidets. Znpetvetat 0Tt 1o PNKLVotopeTpo ap. 4 dev Aettodpymnoe.

C1-30 CYCLIC

142
19 OWH A
212 ===
230 L
/I
—c3 /3
1 7 6 3
2E :8 4[:3 DS
120 975 975
7 7 7 7
O¥H B
10f] ] o
= Y
210
120 97.5 97.5
7

Iyfpa 6.6.4 ©¢on kat apibpnon twv SG oto doxipo C1-30 CYCLIC.
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Strain Gage # 3,5 e I g

-300

& (mm/mm)

~+-5E-03— = —
@opTio (KN)

Ixnpa 6.6.5 Awaypappa v kataypagwv SG #3,5 (Zovn 1).

Strain Gage # 6 Lt I :

& (mm/mm)

@opTio (KN)

Zxnpa 6.6.6 Ataypappa g kataypagpng SG # 6 (to #4 dev Aettovpynoe) (Zavn 2)
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Strain Gage # 7,8 B B I *

e P e e
‘ | , —S.G7
S oo b 10E-08 - ——-- 4. [ —SGE |
| | | |
T e —es e B OEO - — s e s — e -
g [ [
E — \ i | |
E 300 -200 100 0 100 20 300
& [T SIS i R R I g
— L eE08 - — - —-- Lo e -
, i E ‘
el —=1:5E-03— :
@opTio (KN)
Ixnpa 6.6.7 Awaypappa twv kartaypagponv SG #7,8 (Zaovn 3).
Strain Gage # 1,2 - I :
l ';l—1‘5E'03 il ‘I' I il
. ‘ | —S.G 1
() S ] { 4 =08t mmim e ) e e —| —S.G 2 |
| | | |
= b e —te - B OB - — -tk -
£ : : : '
£ ' ‘
= P——
E -300 2 300
: e R
w | 1
Fas Tt =L - 1.0E-08 - —— s
| 1 |
——1-5E-03 : . —
@opTtio (KN)

Ixnpa 6.6.8 Ataypappa twv kataypaponv SG #1,2 (Zaovn 4).
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Ao Ta Dapandve YPAPHHATA MPOKLITEL OTL aSONOYEG AVIYHEVES
OAPAPOPPMOOELG KATAYPAPNKAV HOVO OTNV MEPLOXT] YUPW® IO TO ONHELo
emPolng Tov @optiov (Zovn 1). Ztig vnoloureg {wveg dev mapamprdnkav
ONUAVTIKEG TAPAHOPPMOELS KAl avtd ednyel Kat Ty amovoia pwypev oe

avtég TG (oves.

Strain Gages Nrjparog

—0:0050— —3G9
—S.G 10
E | = )
E -y
~—
£
E
q

w > .

o ——

-300 B A e 300
0010 e =3
- -0:0020
@opTtio (KN)

IxHpa 6.6.9 Ataypappa tov kataypagpov SG # 9 & 10 mov Ppiokovial nave oty
emgavela tov eykapowov INOIT

To SG # 9 katéypaye Péyloteg SIATPNTIKEG TAPAROPPDOELG PEXPL MEPLIIO
0,3%, omote kau €téfn ektOg Aettovpyiag Aoywm aotoxiag tov INOIT /
vropadpov. H péylom xarayeypappévn tpn (petwpévng oOpmg adlomotiag)
eivat 0,4% (Patoypagia 6.6.12) mov empPefaidvet my voépPacn ov opiov
drappong eykapoing otny meploxr) HeTash goptiov kat peoaiag oujpiéng Kat
mv enakoAovdn Sarpntk actoyia.. H kataypagr) tov SG #10, avtibeta, oe
anootaon d/4 mpog to pécov, drampet orabepr) copmeppopa Kat dev viEPEPn
0€ Kapia nepurtworn my T oxedacpon 0,180%, ion pe mv Hapapopp®orn

Suappor)g tov cupPatikod ovvoETPA.

Elvat xapaktnplotiko opmg va toviobet 6tt, napodo mov 1o dokipo C1-30

CYCLIC ovolaotikd actoxnoe o Siatpnor), ot avi)ypéveg Tapapoppooetg

Epy.OZ EMII TeAw) ‘ExBeony Topog 2
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mov Karaypagnkav ota dvo SG, ta onoia frav tonobetmpéva o8 YEITOVIKES
IEPLoyég oL arreiyav povo 10 cm petadp tovg, frav Kata moAd OlapOPETIKES,

AKOWI KAl 0 HIKPA POPTLA, PV TV actoxia twv petprnoewmy oto #9. Eivat

Dwroypagia 6.6.12 Asrrtopepeia
KOVTA OTO ONUEL0 EPAPHOYTIG TOL
goptiov P, PAénovtag mpog v
eowtepkry ompwn B, Oyn B:
Alakptvetat n actoxia Tomxda tov
INOIT A\oyw  aotoxiag g
Stermpavelag, pe MV avtiotou)
xwpobetnon twv SGs # 9 kat 10 wg
pog T O¢on g actoyiag.

ERPavig AOUIOV 1) EPPOI g Tapovoiag pwypmv Kate ano to INOII, mov
drapoponotel To eSO TV TACEMY AKOPA KAt 08 KOVTIVEG meptoyég tov INOIIT
Kat etvat vevbovn yua tig dragopég otig kataypageg twv dvo SG. H onpacia
avTAG TG CORIEPLPOPUS OTO MPOCOPOIWHA CXEDIACPOD EVAVTL DATUNONG TV
eykapowwv INOIT etvat mpogpavng.
6.6.4 Ava\oon g dlaTpnTIKg avioxng
To Sokipo C1-30 CYCLIC aotoxnoe Statpnukd OTo THNPA OANGIOV TOL
£Pappoyng tov @optiov P, mpog v cowtepkn ompén B. Avtifera, to
avtiotoo dokipo C1-30 MONO, aotoxnoe KAaprmukd €KT0§ autrg g
EPLOXTIS, TIPOG TV §WTEPIKT) oPIEN A, 0TV meptloxt) omov eiye onAtobet pe
eykapotovg ovvoetpeg INOIL

Ta Staypdppata v TEPVOLO®Y dLVAPE®Y OPAsEmV KAl avioxrg tov

popéa divovrat oto Zxnpa 6.6.10 eva ot avrtiotoryot vrroloytopoi didovrat

Epy.OZ EMIT TeAwa) ‘ExBeon Topog 2
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———.- TpoTN TAaoTiKn apbpwon My
=== SeUtepn mAaoctikn apOpwan Mp s 6 %.
——  avtoxn (Vw + 0.30Ved NEXQRZ + V)

uéyiotn Apwoa téuvovoa yia P=223 kN

76,6 kN
| 74,0kN
62,3 kN ot iy, s 5 —
60.2 kN 60,9 kN
B e P T e -
30,4 kN

98,5 kN

148,.8 kN 154,0kN

172.7 kN

IxHpa 6.6.10 Alaypappata KAaTavoun|g E0WTEPIKOY TERVOLOGMY SUVAPEDY
OpacemV KAt avtoxrig Tov PopEd.

oto [Mapapmpa Il Znpewdvetat OTL yia TV €0Peon TG AIIAITOLHEVIG
Sratpnuikng evioyvong eixe Angpbet voyn n avroxt tov doxpiov Pewpmvtag
pEYLOT avnypévn napapop@won tov vipatog C1-30 ion pe 0.6%, omote n
por) avrtoxrg frav ion pe M, = 75,1 KNm.

H péyom Spwoa tépvovoa mov avartvxdnke oto C1-30 CYCLIC oto
peoato tphpa épbace ta 148,8 kN, 82% g avtiotoyng Tiprg mov napeape
pe emmroyia to dokpio C1-30 MONO, povotovika. H gépovoa avotnta too
doktpion frav ot kabe TPHPA peya\dTepn Ao TV AIAITODPEVT), O HOCO0TO
116% oto pecaio TpRpa Omov LIMPSE ACTOXIA, P CLVTNPNTIKEG TAPADOXES.
[Tapoha avtd, 10 SOKipo actoXnoe SIATUNTIKA, XOPIG VA KATAPEPEL va
@raoet oto entedo g péyotng avroxrng tov C1-30 MONO, xatw kat and
Vv avtoxt) tov pr evioxvpévoo Sokipion NEAK MONO. @wwpavtag ot
KATA TV aotoxia, 1o oOVoAo g dpwoag tépvovoag napeAnpin povo ano tov
KA\wPO (119,9 kN) kat 1o eykapowo INOTII, n nmapapop@won actoxiag tov

eykapotov INOIT, oto peoaio tpnpa, anotipdrat ion mpog & = 1,3%o.
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6.7 AOKIMIO # 7: MBAR MONO
6.7.0 ApBpnTikn npoPAeyn tng avroxng twv doxipiwv G60

XPNowonotmvtag 10 AOYWpKO avehaotikng avalvong owatopwv XTRACT
(Chadwell, 2002), vroloyiobnke 10 Olaypappa POIIG-KAPILAOTNTAG TOL
Zynpatog 6.7.0 yia v evioxopévn dtatopr). Zopgova pe Tig napadoyég too
AOYIOHIKOD TO OULVOAO TV LAK®V Trg Olatopr)g OLHMETEXOLV pe TAIPY)
ovvagela eve yivetrat 1 napadoyr) mg enmumedottag twv Slatopmy, apa 1
KATAvOo] IAapapopp®moemy g owatoprg yia dedopévny kapmlomta eivat
ypappr. Zmv avalvon Bewprnke ott to aloviko woovtat pe pndev.

Zoppova pe tg avalvoetg mov divovrat oto Kepdalaiwo 7, n vroloytobeioa
pomr] avrtoxng (M,) twov MBAR MONO kxat MBAR CYCLIC wovtat pe
My e06% = 95,0 KNm KAt M, os8% = 107,8 kNm Bewpaviag peytot aviypevn
IApapopewon twv paBdwv Mbar, ion mpog 0.6% kat 0.8% avtiotowya, n de
npwtn dtappor) IPOPNEIIETAL 08 POIIT) M=, = 67,2 kNm (ITivaxag 7.1).

Moments about the 3X-Axis - kKN-m
120 7
100}

801-

0.000 0.005 0.010 0015 0.020 0.025 0.030
Curvatures about the X-Axis - 1/m

—a— NIoment Curvature Relation
Moment Curvature Bilinearization

Ixfgpa 6.7.0 Alaypappd pon®v-KAapImoAoTnTag g Siatopn)g twv doKipioy
MBAR MONO, MBAR CYCLIC.

H ava\von oto Zynpa 6.7.0 otapdamoe oe kapmoAotnta 0,028 1/m, otav n
QVIYREVT] TAPAROPPDOT] 08 EPEAKLOPO, Twv paPdwv Mbar éptace 1o 0.8%.

Zto napanave dtaypappa didetal Kat To 1w0odHVApO Stypappiko dtaypappa
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porr)g - Kapmohotqrag (M-@) pacet wotrag twv eppadwv, To omoio
xpnowporoteitatl oty appntikny mpoPAeyrn g anokpLong tov SOKRIOL oL

meptypagetat oto Kepalawo 7.
6.7.1 [leptypa@n TO0 MELPAPATOG

To dokipto MBAR MONO (Pwtoypagia 6.7.1) katanovrfnke pe av§ovoa
eykapowa  napapopeaeon pe  Sevbovon mpog ta mave. G KPUmpto
teppatiopod g @optong Pewprnke 1 emitendn oAwg mAactipomTag
TAPAPOPPMOOE®Y HEYAADTEPT] TOL TEOOEPA 1) 1) PEIWOT TG HAPAPEVOLOAG
avtoxrg Tov dokipiov oto 85% g péyromg avroxrg tov. H vmapdn tov
INOIT meprroAi§ng G60-AR yvpw aird 1o Sokipto o OO T prjKog tov, dev
eMéTPEmE TV ApeoT) apakolovinon g Snpovpyiag twv poyp®V.

doroypagia 6.7.1 To Sokipio MBAR MONO ot B¢on too, Oym A.

H nmpowm xapmtky pwypn éytve epgavrg otav npoxAibnke eykapola
Srappnén tov eykapotov INOIT kata m pn kdpra drevbovor TV vev Tov, ot

Svo onpeia, evtog mg kpiotung {ovng g SoKov, OV HEPLOXT] TOVL ONHELOD

Epy.OZ EMII Terun ‘ExBeon Topog 2
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ermtPoAr)g tov poptiov P (Pwtoypapieg 6.7.2 kat 6.7.3). Ot dvo avteg pwypEg

dtevpvvovTav otadiakd, oplobeT®VTAg £€T01 TO OXUATIONO NG HPWTIG

DPwroypagia 6.7.2 Awappndn tov eykapotov INOIT kat epgpavion Kapmtkmy
PWYHAOV TNV IEPLOXT) EMBOALG TOL POPTIOL.

dwroypagia 6.7.3 Aerrropepera ot Beon poptiong P : [Tapatnpeitat
Siappndn tov eykapotov INOIT valov oto epeAKLOpPEVO AKPO.

Epy.OZ EMII Telum ‘Exbeon Topog 2
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doroypagia 6.7.4 Awappnsn tov eykapotov INOTIT kat eppaviorn Kapmukmy
PWOYHMV 0TV HEPLOXT) TG EOMTEPIKIG OTHPIENG.

13 ,,' c b
| %

dwroypagia 6.7.5 Moppr) eAacTikr|g ypaprg SOKipiov Kovida ot q)xzzpou
Kavotnta g SoKov.

oa
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Dwrtoypa@ia 6.7.6 AEITOPEPELT TAPAPEVODOAG HAPAPOPPDOTIG TOL DOKIPIOL

i

0TO P petd 1o mépag Tov meEPAapartog.

I Hm ‘i?}mq;.

T
Sl

-

'.'-_t-'wu
12
A

f B

ANy il

Dwtoypapia
6.7.7
AerrtopEpela g
EPEAKLOTIKIG
POYHNS oT0
onueto P, peta to
IEPAg TOL IEPA-

pavog.  Awakpi-
vovtat ot papdot
INOIT «xat ot
ovppatkot om\t-
opot, oto
avowypa  Aoyw
aotoyiag TOoL
EYKAPOLOD
INOIT.

m\aoTikng Apfpworng otV mePLoxt} TOL onpeiov emPOAG TOL POPTIOL.

[Mptv axkopn oAorAnpwel 0 OXNPATIONOG g TPOTG TAACTIKYG apfpworg,

P@YHEG apyloav va yivovtat SIaKkpITég KOVIa oty pecaia otpidr), ot omoieg

vrodn\aevav m dnpovpyia mg Sevtepng maotikrg apbpwong (Pwtoypagpia

Epy.OX EMIT
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6.7.4) \oyw avaxkatavopng Ttov @optiov. Ot peydleg MAPAPOPPOOELS
eykapoing oto INOIT g ompiing eppavifovrat oe emPal\opevo poptio
uepirrov 300 kN, tuyur) mov mAnowadet ) Bewpntikn mpoPAeyn mg avtoxtg yia
dvo m\actikég apbpwoetg, pe avnypévn napapopewon twv INOIT papdwv
0.6%. To Ookipo EKTOTE OLVEXWOE va HAPAAAPPAVEL TAPAPOPPMOT HE
otadaka @bivovoa avtoyr), pe povn évdeln Katamoviong to otadiakod
AQVOLYPa TV OLYKEKPHEVOV POYRGOV ota mpoavagepbévia onpeta. Aev
onpewwdnke kavevog eidovg al\n actoyia eite ota eykapowa INOIT eite oto
OKLPOSERA, eKTOG CTIO PIKPT) OLOYKWOT (08 OX£0T PE TPONYOLPEVA HEPAPATA)
ot O\Popevn mapewd, ot Béon mg @optiong mpog ) pecaia ompn. To
TEAIKO IAPApOPPOPEVO TPIPA Kat 1) actoxia tov doxwpiov Oeixverat otig

dwtoypagieg 6.7.5 £wg 6.7.7.

®oprio P, kN
50.0

300.0

250.0

200.0 4

150.0 -

100.0

50.0

0.0 y ' T Y v 1
0.0 20.0 40.0 60.0 80.0 100.0 120.0

Napapdéppwon &,mm
Ixfpa 6.7.1 Awaypappa goptiov-petaromong P-6 , Sokipto MBAR MONO.

H xataypagr] tov emPBal\Opevon popTion e TIg avTioTol e HETATOMIOEL TOV
epPpolov £dwoe to Sraypappa ‘P-§° tov Zynmpartog 6.7.1. Xto Swaypappa
ONHEIDVOVTAL KAt Ot TPOPAEIIOPEVEG OPLaKEG TIHEG TOL P @ a) ot Srappor) Tov
XA\vPa e@eAkoopov, P) OTOV AVAPEVOREVO OXNUATIOPO O0O TMAAOTIKMV
apbpmoewv ooppava pe 1o Dewpntiko mpocopoinpa (Kepdawo 7) oe peyotn
epe\kvotikly napapoppwon tv INOIT papdwv Mbar 0.6% xat 0.7%,
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avriototya. Ita Adyovug ovYKPONG, avagéperat 0Tt O OXTRATIOROG g
devtepng apbpwong oto doxipo NEAK MONO éywe ota 225 kN.
[Mapampettar ot 1 apOpnukt npoPAeyr Paocet g avalvong enuredotntag
v dwropmv g npatng Swapporig tov xalvPa (goptio 179,4 kN, mov
avtotoyel oe por) mpmtng Swappong 179,4/2,67 = 67,2 kNm -pA. ITivaxa 7.1)
glvat TOAD KOVTIA 0TV HEPAPATIKY TIpr) dappor|g mov KATaypagpnke, ton pe
185,5 kNm (oe mocooto 3,4%), oe eykapola petaromon (6,) 8,7 mm.

H péyrotn avroxry tov Sokpiov mov enetedxOn katda 1o neipapa nrav 312,7
kN, Tyur) xatda 69% peyalvtepn g mpatng dtapporng 1) 139% vynAdtepn amd
TV HEPAPATIKI] OPAKL] AVTOXT} TOD I} EVIOXDHEVOD 601<1pibu eAéyyoo NEAK
MONO, mov meprypagnke oto KepdAawo 6.1. Xapaxmpiotko eivatr 1o
yeyovog ott oe avtifeon pe 1o C1-30 MONO (Kepdhato 6.5), 10 dokipio avto
dev éxace moté MAPwG TNV LIEPAVIOXT] AOYW Trg eVIoXLOTG TOL, aPov dev
ATOPEIWOE [IOTE ~ OTO EVPOG TWV IAPAROPPOOEWV oL LIOPAONKe oTO
nElpAapda — UV DApapeévouoda avtiotaor] ToL OTd emeda avioxtg tov pr
evioyopevoo dokipiov edeyyoo NEAK MONO. H péyiom napapdppwor
otV onoia vrePAndn to doxipro épbaoce ta 110 mm omote KAl To Heipapd
TEPRATIOTKE AOY® TOV PEYUA®DY TAPAROPPROENV OV eixav napakn@bet amod
TOV Popéa. ZOPPOVA HE MV MEWPAPATIKY] COPIHEPUpopa (Zxnpa 6.7.1), n
IIT®OT] 11§ avioxt)g oto 85% g Pmax (0,85 * 313 = 266,0 kN) kataypagetat oe
napapop@wacn 56 mm, arodidovrag pa miactipoéTTa oto OOKipo ion pe
6,40 wg 11pog v npwtr drappor) (Oy).

Emiong, avtifeta pe ta OSoxipwa evioyopéva pe INOIT veaopdatwv, 1)
anokpon tov dokptov dev mapovowdlel Ti§ ATIOTOHEG HETAITROOELG OV
avtoxr] mMov Xapaxtnpifovv T OLPIEPIPOPA O HOVOTOVIKO (POPTIO Ta
Soxkipa avta. Meta v péylon) aviiotaon tov dokipiov ota 25 mm,
napatnpeitat pa otadwaxy meon g avriotaong ota 244 kN oe otabepod
pLOpo anopeiwong, @g Ta 80 mm (moocootd peiwong 22%). H napapevovoa
avtj avroxt) Tov doxipiov mapépetve mpaktwd otabepr €wg g ta 110 mm,

OTOTE KAt TEPPUATIOTKE TO HeEtpapd.
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H Sokog avémrtode avroxr) kata 21,4 kN peya\vtepn (moocooto 8%) amo my
T oxedwaopoov évavte owarpnong, ywa &=0,6%. H péyom mepapatik
avtoyt) mnpooeyyiGetar ano 1 Bewpnuiknyy avioxy Puax (=3,07 * 101,6 kNm =
311,9 kN) og epgavion 800 NAACTIK®OV apbpmoemy pe KApmky avroxr M,
yia avnypévy napapopeoon &=0.7% omyv akpotatm papdo INOIT. H T
auTy), avTotolyel OLOIAOTIKA 08 péoeg Tipeg g My, ANoyw g onpavtikng
KPATLVOTG 1§ £VIOXLREVNG Sratopns (Zxrpa 6.7.0).

Etvat yapakmptotkd ott peta my ovmépPaon mg Puer 1 amopeiowon g
@épovoag wkavotntag dev éyve anotopa onwg oto dokipo C1-30 MONO
(kau ev pépet to G60 MONO), al\a otadakd, kart mov erraknfendnke kat
HETA TO MEPAG TOD MEPAPATOG ATIO TO yeyovog 0Tt dev vrmpde Opavon papdov

INOIT, xé\oPa iy oovdempa.

6.7.2 [leprypaen twv PAapodv kat tponog aotoyiag

AKONOLOODV YAPAKTNPIOTIKEG POTOYPAPiEG IOV £lval EVOEIKTIKEG NG TEALKIG
pnypartoong oo dokypiov  kabmg kar Ta amapaimrta oKapuprjpara mov
AUOTLIIOVOLY T TEAIKI) KATACTAOL TV ODO OWEmV TOL, ONWG MPOEKLYAV
HETA TtV a@aipeon TV DPAOPATOV EMETA QIO TV WIOHAKPLVOT] TOL
Sokpiov amo Ty Swarady. (Zxfpata 6.7.2 kau 6.7.3 kat Potoypapieg 6.7.8 £wg
6.7.11).

A O¥YH

A t A A

S

O¢oetg paPdwv avipaxa nov amoka\vednkav
O¢oelg pOYH®V oL anoka\vginkayv

Ixnpa 6.7.2. TKAPIPNPA TENIKI)G KATACTAOTG TOV POYHMV HETA TO IEPAG TOL HEIPUAPATOG, TOL
dokipioo MBAR MONO - Oyn A.
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dwroypagia 6.7.8 Aerrtopépera oto onpeio poptiong P, Oym A: Paivovrat
XAPAKTPLOTIKEG KAPITIKEG pwypég kabwg kat ot papdot Mbar oo
AOKAADPONKAV. ALAKPIVETAL 1) KATACTPOPI] TG HPOOPLOTIG TOLG PETASD KAt
eKATEPOOEV TV POYROV.

dwroypagia 6.7.9 Aenropépeta oto onpeio owpng B, Oyn A: Gaivovtat ot
YAPAKTPLOTIKEG KAPITIKEG pwypeg Kabwg kat ot paBdot Mbar oo
anmoka\DEONKaV pe AP AIOAELA TG CLVAPELAG HETASD TWV OVO POYHOV.

Epy.OX EMII Teiwn ‘ExBeon Topog 2
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B OVYH

\ i

L1

A A A

O¢oerg papdwv avipaxa rmov atoka\vginkav
O¢oe1g CLVOETPWY MOL ATOKAADPONKaAV
O£0e1g pOYR®V 1OV armokalvginkav

Ixnpa 6.7.3 Zkapignpa te\ikng karavopng twv PAapov oto dokipto MBAR MONO -
Owyn B, peta 1o mépag tov nepapartos.

dwroypagia 6.7.10 Aerrropépeta oto onpeto otmpeng B, ‘Oym B: Patvovrat
Ol YAPAKTNPLOTIKEG KAPITTIKEG POYHEG Kat To evpog g OANPopevng Govng g
kpiowpng Staropng kabmg ot paBdot Mbar mmov anoka\vgOnkav.

Epy.OX EMII Terwn ‘ExBeon Topog 2
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Dwroypagia 6.7.11 Aerrropépera oto onpeio emPolrg tov goptiov P, Oyn B:
datvovtatl YapaKTPloTIKEG KApITikég paypég kabmng ot papdor Mbar nov
anoka\veinkav.

To Sokipto ep@pavifel KAPMTIKEG poypeg peyalov evpovg exatépwbev tov P
kat ot peoata ompdn. Ot epeAxvopevot on\iopot éxovy amokal\vgbet kat
otig dvo maotikég apbpwoetg, eve o 10 OAPOPEVO OKLPODEPA EXEL HEPKWG
anodopyavabet exatépobev Tov oNpEioy POPTIONG OTNV MEPLOXT] ENAPIS. LE
evpog 1,0d exatépwbev tov P kat mg peoaiag ompidng, Ot MAPEESG, TO
okvpodepa g Sempaverag éxet dratpiPet TANPWG, PE TEPAXIA ADPAVOV VA
éxouv petvet emkoNnpéva otig papdoog INOIT, vnodnAmvovtag actoxia mg
Srem@pavetag petad eykapotov INOIT kat vnopaong g dokov. TG mepLoxEg
aotég, ot Srapnketg papdot evioxvong éxovv amokalv@bet o dSempavela pe
OLOIAOTIKY] ATTOBOPYAVKOOT] TG EMOGEISIKG TaoTag mov TG mePPalet,
EP@avViGovTag £Tol P pOP@PR  aotoxiag g evioyoong O HIpOs@LOT).
Xapakmpiotiko eivat, maviwg, 0Tt 8ev Exovy armokalv@bet ot mpopopPmpeVeg
avhakeg tornobémong twv Mbar oe O6lo tovg to Pabog, ovre vrmpde
EPENKDOTIKI] AoTOXia TV OMAMOPMV avtev. Onwg @aivetat otig naparave
datoypapieg, dev epgaviCovtat kekNtpéveg SaTpnTikég p@ypég oto SOKIPLO.
To péyebog g HKPHG KAIONG TV KAPITIKOV POYHOV QIOOEKVDEL T1)

Epy.OX EMII Tehwn ‘Exbeon Touog 2
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ovvepyacta Ttov eykdpowa Ttomofempévoo veaopatog G60-AR pe g
Suapriketg papdovg Mbar, oty avanyn g tepvonods.
6.7.3 Avaivon tov xataypapov SG

H Swadikacia evopydveong tov dokipiov neptypdenke ota Kegahaia 4 xat 5.
H te\ikr) B£01 ToV KATAYPAPIKOV NAEKTPIKGV prrovolopetpwy (SG) kat n
apifunor touvg ywa 1o Sokipto MBAR MONO &ibetar oto Zytjpa 6.7.4. Ot
AVTIOTOYEG WNPLAKEG KATAYPAPEG TOV NAEKTPOVIKGDY PIKOVOLOpETp@v (SG)
oLVAPTHOEL ™G avtiotaong tov dokpiov Sivovial ota Ixnpata 6.7.5 £wg
6.7.9. Zto xdabe Owaypappa Oeixverar xat 1 Béon Tov Cedyovg TGV
HIKOVOIOPETPOV ©G IIPOG TI§ OTIPISEL KAt TO onpielo emPoAn)§ Iapapopemong
Tov epforov. Adyw SvcAettovpylag tov SG, n karaypagn appog 7 dev

anédwoe Kapia perpnor).
MBAR MONO
125
143
193
211 P
i
s | e i s
3 5 7
S 6 b
120 97.5 9.5
K 7 1 7
10(] IE
’ 0 A
210
120 97.5 97.5
/I

Ixnpa 6.7.4 Aoxipo MBAR MONO: Awdradn nAeKTpOVIKGDY
pnxovolopetpwy (SG).
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Strain Gage # 8
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4.0E-03
3.0E-03 -

2.0E-03

1.0E-08

0.0E+00
-1.0E-03 ¢
-2.0E-03 -

g (mm/mm)

-3.0E-03 +—

350

-4.0E-083

poprtio (KN)

Ixfpa 6.7.5 Auaypappa evoei§ewv SG #8 ouvapmioet tov goptiov, (to SG #7

3.0E-03 T

2.0E-03 +

g (mm/mm)

dev Aettovpynoe) (Zovn 1).

Strain Gage # 5,6

T

—8.G65
—S.G6

1.0E-03 +

0.0E+00 =

300 350

-1.0E-03

-2.0E-03 1

-3.0E-03 -

@oprtio (KN)

xfpa 6.7.6 Awaypappa evoeifewv SG #5,6 ouvaptoet Tov goptiov (Zmvn 2).

Epy.OL EMIT
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Strain Gage # 3,4

—SG3

3.0E-03 T | ‘ -
‘20E03 + — SG4

' 1.0E-03 —— s s R

:0.0E+OO — : 1

0 50 100 150 200 25,0‘3‘3'(% 350

*-1.0E-03 o g

-2.0E-03

& (mm/mm)

-3.0E-03 -—
@oprio (KN)

Ixnpa 6.7.7 Awaypappa kartaypaponyv twv SG #3,4 covaptnoet Tov opTion
(Zovn 3).

]
T_

Strain Gage # 1,2

3.0E-03 .
—SG 1 );M
20E-03 +— —SG2 [ f
E ol b
g 1.0E-03 o
£ 0.0E+00 — l
- 0 50 100 150 200 25W 350
& .1.0E-03
2.0E-03
-3.0E-03

@oprTio (KN)

Ixnpa 6.7.8 Awaypappa kartaypapov twyv SG #1,2 Zovaptrjoet Tov option
(Zawvn 4).
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Strain Gage vijparog # 9,10

1.0E-03

5G9
8.0E-04 -+ —8.G 10

o
6.0E-04 e ;>—
4.0E-04 +— / ——

2.0E-04 -

g (mm/mm)

0.0E+00 - ' = -
0 SP 100 150 200 250 300 350
2.0E-04 -— —
@oprtio (KN)

IxHpa 6.7.9 Awaypappa karaypapaov twv SG #9,10 covaptroet ton
(POPTIOL(EMPAVELA VI)IATOG).

Mapampettat anod ta napanave ot ywa oto SG #5, mov Ppioketat omy
£PEAKLOPEVT] TIEPLOXT] KOVTA OTo onpeio emPolng tov goptiov P, apyiGet va
avfavetal n évdeln avnypévng napapopemong oe goptio P 150 kN kat
katomy 170 kN, exei SnAadn mov tomobeteital 0 OXNUATIONOG TG PTG
m\aotikng apBpwong Bewpnrkd (179 kN). Otav 1o goptio graver ta 215 kN
(n wpy 206,3 kN avuotoyet Oewpnuika ot dnuovpyia g devtepng
m\aotiky)g  apfpwong)  napampeitar  amo@OpTIon OV AVI[YHEVT]
napapop@worn («k\eioyo» mpatng mAaotikig dpbpwong) kat otedeporoinon
¢ MAPAROPPMOTG WG TO PEYLoTO poptio. H amopeiwon mg napapoppoong
tov S.G #5 ogeiletat oto yeyovog o1t To Mbar, Spavtag eSwrepka kat
HAPAPEVOVTAG ENACTIKO, coIopeimoe o Kamowo Pabpd 1g  aveAaotikeg
NApapopPOOELg HETA TV evepyomoinon tng devtepng apbpwong (katt mov dev
napampnfnke ora aA\a dokipua).

Epy.OX EMII Tehwkn ‘Exbeon Topog 2
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6.7.4 Ilapaywyeg PETPNOELg
Ao ta Zevyn v prrovoopitpev # 1-2 kat 3-4 e§ixbnoav ta napaxdatw
Sraypappara avtoxtg — peong kaprmlomrag (‘P-¢’), otig Siatopég otig omoieg

fitav torofetpéva ta Gevyn autd (Zy. 6.7.10 kat 6.7.11). Av kat n ENewyn

Aidypaupa 'P-3' @opTtiou KQUTTUAGTNTAG T
Zwvn 3,S.G#34

. ——356
= (S —————
=
o
g ——— 150
e == — 100

= - 50
-2.00E-02 -1.50E-02 -1.00E-02 -5.00E-03 0.00E+00
KaptruAdérnra (1/m)
Ixnpa 6.7.10 Ataypappa goptiov-kapnvlotrag Govn 3.
]
Aaypappa 'P-8' @opriou KautTuAdTNTOG T
Zwvn 4,S.G #1,2

=
¥
L2
™
Q
o
e

-1.2E-02 -1.0E-02 -8.0E-03 -6.0E-03 -4.0E-03 -2.0E-03 0.0E+00
KaprruAdrnra (1/m)

Iyfpa 6.7.11 Fpagnpa goptiov-kapmolotntag (ovng 4
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petprioenv pe Koweleg gopTiov dev emttpénet v amevbeiag petpnon twv
EOMTEPIKOV DOVAPEDV — APA KAl PONI®V — OTO Oedopevo THIpa, eivat eppavg
1 Sypappa) oopnepupopd Tov evioxopevoo pe INOII exactote tanpatos,
IAPOROAg HOP@HS HE TA  Oaypdppatd  PON®V —KAPIIVAOTTOV IOV

IIPOEKLWAV COIO TV aVAALOT S1atop®V Kat ototyeiwv, oto Kepdiato 7.

Ot péoeg Kapmolotyteg mov petpnfnkav oe amootaorn d/4 amd to onpeio
ePAPPOYIG TOL POPTIOL E0WOoav pia PEYIOTH KATAYEYPAPPEVT] TIAT| Prax 10T]
npog 1,47 102 1/m, ow Zovn 3, mov eivatr pikpotepn g Bewpnuikig. e
eminedo avioywv opwg, 11 Beopnruky) Ty mpwing Owapporig Tov xaAvfa
vohoylomxe oe 179,4 kN (=2,67*67,2 kNm) (Ilivaxkag 7.1), Tjpr) mov
ena\nBedetal ma)pwg aro Ta nelpapatka dedopéva ota dvo dwaypapparta. H
IAQOTROTNTA KAPIVAOT)TOV IOV enetevy0n oto meipapa, eivat mepimov 30,0.
[Mapatpovtag Ta  ypagnpata poI®v-KapmoAomTtag yia tig {wveg 3 Kat 4,
Sragatvetrar ot yua Typég @optiov Atyo peyalvtepeg ano 300 kN ot avtoxeg

0TabepPOIIoloNVIAL, O COPPAVIA KAl PE TA HEPAPATIKA P-0.

6.7.5 Avaloon g SIaTHTIKNG aVTioTaong
210 Sokipto dev eppaviomxav pewypég S1aTpnTKo TOIIOL Kat ano@edxOnke n
wabopr] actoxia. Ta Swypappata tepvovomv dvvapenv Opdcewv Kat
avtoxng Tov gopéda divovtat oto oxypa 6.7.12 eve o1 avriotoryot brmoAoylopot
vndpyoov oto Ilapapmpa II. Znpewwvetar O6T1 yid TV €0PE0n TG
anattovpevyg Siatpnuikig evioxoong eixe Angbet vmoyn 1 avioxryy Tov
Soxpiov Bewpavtag peyrot avnypévn napapopgwor tov INOIT 0,6%, onote
1] POII| AVTOXI}§ OXedAoROL LIOAOYICTKE WG My e=06% = 95,0 kNm. I'ia tov
vroAoylopod g avtoxtis v INOIT, fewpribnke np péyrom cvvelwogopa tov
INOIT ce napapopemor Stappor)g tov copPatikod xaivfa twv covietmpave.
To péywoto emPar\opevo @optio Semépace v mpoPAeyrn oxedaopov
pacet twv napandve napadoxov 14 kN. H péyrom dpwoa tepvovoa

Semépaoe v avroxy oxedraopov Bewpwvrag 30% cvvewopopa mg Ve, Opwg

! Inpetovetatl 0Tt 1) &V AOY® avioxl} IPOEKLWE Yid péyloT) Iapauop@®on DPAoPATOg & =
0.18%, Bewpron cvvmpnuky oe oxéon pe my Tpr & = 0.30% nov viobetettar oe odnyieg
oxedraopot. Ot dragopég Spmoag TEPVOLOag-Be@PnTIKIG AVTOXT|S ELVAL CLVENRG HIKPOTEPES
yia ahAn Bewpnon & (BA Kepdhaio 8).

Epy.OX EMII Tehlkn ‘Exbeon Topog 2
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Sev Eemépace v nPOPAEHOHEVI] OIATHNTIKY] AVIOXT] TOD  EVIOXDHEVOD
Sokiptov o kavéva tprpa mg dokov, Pewpmvrag cvvelogopa mg Ve oe
mooootd 100%, cOpPOVA Kat pe 1 popern TG (HOVOTOVIKING) (OPTIONG
(Mapapmpa II).

——— nmpotn mAaotiky apbpwan My
—————- - SzUtepn mwAaoctikn apBpwon Mp| s 6 %.
avtoxn [V + 0.30V. NEXRZ + V3

uéyiotn Apwoa téuvovoa yia P=313 kN

93.3 kN
TR 104,0 kN
335N = -—"—""] 96.9kN
78.9 kN 84,6 kN 68,5 kN
34,3 kN

| 110,9 kN
e = s ¢ — . — — 194‘8 kN
209,0 kN

IxHpa 6.7.12 Alaypappata Tepvovomy SuVapemy Opacemy Kat avioxt|g
popea
Topmepaivetar ot ywa myv mapalaPn g tépvovoag, ot dELTEPELOVTEG
pnyaviopot cvvépalav mépav tov 30% mg Vi mov eAfgbn vmoyn kat n
npoopopa tov INOIT omyv avtoxy) évavit OSwatproeng fnuav oy
npaypaukouyta peya\vtepn amo my vnoloytobeioa.
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6.8 AOKIMIO #8: MBAR CYCLIC

6.8.1 [Teprypagr) Tov DEPAPATOG

To dokipto MBAR CYCLIC nrav opoto pe to MBAR MONO «kat oe
OlaOTACELG KAl OTOV E0MTEPIKO OMAOPO KAl eVioXLOT], dpa KAt He TapOpola
HNXAVIKAa xapaxkmptotikd. Onwg Kat 1o mponyovpevo, To SoKipto avto dev
anatm)fnke Paocet twv vroloywpwv tov [apapuparog II va evioyvbet
evavtt dlatpnoewg oto 0e§lo Tpnpa petaly peoaiag Kat akpaiag oupsng pe
INOIT vd\ov, Opwg, yia AOYovg MEPLOPIOROL O eYKAPOLA HAPAROPPDOT)
Aoy Avytopoo twv INOIT papdwyv MBar kovta omv em@avela too KOppov,

OAo 1o Sokipo nepttvAixnke pe cvvexég INOIT G60-AR (Pwtoypapia 6.8.1).
<3 E - N ‘l N

(D(oroypa(pla 6.8.1 To Sokipto MBAR CYCLIC oty metpapartikr dwcrradn
EVOPYAVWHEVO.

H Bewpnuika npoPAenopevn porr) avioxng g kabe dratopng etvat My e-0,6%
= 95,0 KNm, M, 0% = 107,8 KNm kat Mp(¢-1,1% = 126,1 kNm, Bewpavrag
péyiotn mapapopemon twv papdwv Mbar ion pe 0.6%, 0.8% xat 1,1%,
avtiotoya. To dokipo karamovnfnke cuvolkda pe évieka mArpelg KOKAOLG
evaA\acoopevng poptiong. To meipapa orapdmoe oe péylot) Tapapoppmor)

Epy.OZ EMII Tehum ‘Exbeon Topog 2
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Omax 10T] TIPOG 61 Mm, pe PEYLOTI KATAYEYPARPEVT] AVTOXT) TOL OOKIHIOL iom
npog 311 kN. H mapanave twprn dev éptace moté ) Oewpntkry T
Bewpwvtag Svo maotikég apbpwoetg pe My = My |e0,8% (=3,07%107,8 kKNm =
331 kN), onwg kat to dokipto MBAR MONO, nov amédwoe napam\nowa
avtoxm (313 kN).

Anod myv kartaypa@r Tov QOPTIOL KAl TG HETATOMONG TOL eRPOAov
OpoéKLWav ot Ppoxot voteprnioemg tov Zxmpatog 6.8.1. Zto ido Zynpa
napaBa\lovtat yta ovykpion kat 10 dwaypappa P-0 tov dokypioo MBAR
MONO, xkabag kat ot mpoPAenopeveg oplakég Tipeg g avroxrg (Pdaoet
EAAOTOMAQOTIKIG CUPIIEPIPOPAS TG DOKOV oTIg SVO MAaoTKEg apbpmoerg), yia

®oprio P, kN

-70.0

T —— o — — ——— - — o —— — o — —)

vvvvv

Napapdpewon &, mm
Zxnpa 6.8.1 Aokipio MBAR CYCLIC : Bpoyot votépnong.

- TIpawtn Swappor) oto xaoPa (My = Mp|es-0,18%)
- Zxnpatwopodg dvo pmAactkev apbpooewv pe KApmtkiy avtoxn M,

Mp | e=0,6% Kau

- Zxnpatopog dvo mA\actkev apbpmoemyv pe Kapmukn avioxry M,
Mp | e=0,8%,

Epy.OX EMII Tehuer) ‘Exbeon Topog 2
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dmov 11 M, vroAoyiZetat pe peoeg TIEG AVIOX®Y TV DAIKMV (OVOPACTIKEG yid

ta INOIT) xat emuredotyta g diatopt|g, ovppeva pe tov [Tivaxa 7.1.

IMivakag 6.8.1 Tnpeia evalayr)g KOKA®V PETatomong Kat OeikTeg
ovpIIEPIPOPAg ava xorho Tov doxtpioo MBAR CYCLIC.

Ap. | Omin | Omax | Omean | Pmin | 6/Pmin | Pmax | 0/Pmax | % % P K E | ps | pe
mm | mm | mm | kN | mm | kN | mm Poax | @6y | KN/m | KNmm
NEAK | MBAR
MONO
1 11,3 | 11,3 | 11,3 | 140 | 11,3 | 221 | 11,3 | 098 | 1,04 | 1592 966 |13 | 1,3
2 | 114113113135 | 11,4 | 213 | 11,3 | 094 | 101 |15334| 376 | 13| 05
3 2062061206215 | 195 | 311 | 203 | 1,37 | 1,06 | 13187 | 4598 | 24| 63
4 | 20612061206 | 187 | 206 | 268 | 184 | 1,18 | 091 | 11640 | 4249 | 25| 58
5 |306 306|306 191 | 302 | 255 | 21,6 | 1,13 | 0,84 | 8598 | 9288 | 3,6 | 12,7
6 |305|306|305]| 169 | 305 | 215 | 30,1 | 095 | 0,70 | 6333 | 7117 | 3,6 | 9,7
7 1306|305 |306| 158 | 306 | 202 | 304 | 089 | 0,66 | 5900 | 5411 | 36| 74
8 1406 | 405|405 | 176 | 40,0 | 216 | 40,0 | 09 | 0,76 | 4907 | 8931 | 4,8 | 12,2
9 | 406 | 40,6 | 40,6 | 140 | 404 | 188 | 404 | 083 | 067 | 4074 | 6577 | 48| 9,0
10 | 40,6 | 40,7 | 40,6 | 128 | 40,5 | 168 | 405 | 0,74 | 059 | 3651 | 5163 | 48| 7,1
11 | 60,6 | 60,6 | 60,6 | 153 | 60,3 | 216 | 60,5 | 095 | 0,82 | 3049 | 12677 | 7,2 | 17,3

Ot netpapatikot Seikteg amOKPONG TV KATAYPAP®V yia Tov kabe kOKAo

Sidovtat

nephappavoviat:

otov INlivaxka 6.8.1.

Zta amnotedéopata tov Ilivaka 6.4.1

- 01 péytoteg /eAdyioteg Tipég g enBariopevng Tapapop@Pong (Omin Omax),

pe Ti§ avtiotoyeg péytoteg — EAAx10Teg SUVAPELG (Prin, Prax) AVA KUKAO Kat 1)

}.léOI'] Hapa}l(')p(pﬁ)()l‘] 6mean1 OIov 6mean: (6min + 5max)/ 2

- O1 IAPAROPPAOCELG OTIG AVTIOTOLXEG aKpaieg SOVANELS (5/Prmin KA 5/Prmax),

- T0 mOCOOTO T§ Péylotng Svvapng Tov KOKAOL, O OXE0T) Pe T PEYL0TH)
avtoxt) too NEAK MONO, xabfmg xat To IOco0TO g avIoxT|§ OTr HEYL0TH)

napapdpeeon tov kabe xokAov, oe oxéon pe mv avioxn v MBAR

MONO oy 10wa Dapapop@woT).

- 1 péon dvokapyia K tov Ppoxov, mov didetar and my e§iowmon

K =

Epy.OX EMII

P

max

min

olP,,

-o0/P

min

-1000 kN /' m
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- 1 eVEPYEWIKY] AUOPPOPNOIN TOL TePWKAeieTal amd TO DOTEPETIKO

Sraypappa too kabe xvxhov Kat, TAog,

- ot avtiototyeg TAAOTPOTTEG PEONG TAPAPOPPWONG He KAL DOTEPETIKIG

eVEPYELag iz, OTIOL E 1) Aoppo@®pev) DOTEPETIKT evEpyela Tov Ppoxov (oe

EVPOG Ormean) KA

16 = Omean / Oy

we=E/E, Ey=Py,06,2
xat P, & ou dvvapn xa 1 mapapodpewon Odwapporg (mEpapatkd
PETPOLPEVT)).

To doxipto MBAR CYCLIC epgpdavioe Sla@opeTiKy] COPMIEPIPOPA ATIO TO
HOVOTOVIKO ~ Helpapd, Teivoviag —OLOLAOTIKA — PETadd  avaxkvukMoemv
avfavopevon eVPOLE 08 PEYIOTEG AVTOXEG KATA MOAD HIKPOTEPEG TWV AVIOXWV
tov MBAR MONO Kdt® Kat amno v avioxr To0 {1 evioybpévoo dokipiov
ehéyyoo NEAK MONO (225 kN). Hdn amo tov 6° KOKAO, IIOD avToTOotyEl Oe
napapopeoon 30,5 mm, to dokipto otabepomoeital ce pia napapévovoa
avtoxr] Prs 1o pe 210 kN mepimov, 14% pikpotepn amo v eAayiot)
napapévovoa avtoxr) oo MBAR MONO, kdto xat amo v avioxty tov
NEAK MONO. Zopmepaopdatikd, 1) Ouvelogopd oe evioxoon twv papdov
INOIT mavet va veiotatat npw anod ta 30,5 mm, méov mbava (Pacet kat tov
TpOmov actoxiag Tov Jokpiov, OH®WG AVANTOOOETAl MAPAKAT) AOY®
anmoAE1ag MG MPOCPLOLG O PEYAAO THIHPA TOL PKOLG TOLG OTIG Kploweg

{oveg, kabag kat actoyiag oe ddtpnor) ekatépwbev tov P.

H xapmukr) Svokapwyia tov Soxwyiov eivat opowa pe avt) too MBAR
MONO péypt Tov 3° KOKAO povo, ONOTE 1) DAPAPOPP®on épbace yia mpaot)
@OPA TIOAD KOVTA OV NAPAROPP®OT dotoxiag g vropaocng v papdov
INOIT xatd 1o povotovikod meipapa, nov tornobeteitat kovra oto 0,6%. Amo
avtd To onpeio kau e§ng n péon Svokapwia pewwverar otabepd petady
avaxvx\ioewv, ep@avifoviag €viovda @Aaivopeva OTEVWOng TV Ppoxwv

(pinching) xat otaduaxo pndeviopd g nepi 1o onpeio prdevikov GopTiov.
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pNdevikn) HPAKTIKA  OSvoKapwpia TG, Kata 1§ evalayég  IpoocIpon

IAPAROPPWOT)G, OIMG AMELKOVICOVTL 0TO Zxnpa 6.8.1.

Dwtoypagia
6.8.2
Awappndn tov
£YKAPOLOD
INOIT  oto
mEApa mg
SOKOU.

Katda toug enopevong KOKAODG, OT1) OLVEXELA TOL HEPARATOG, ERPAVIOTKAV
HIKPOD £DPODG KANPIITIKEG POYHEG Kat ot peoata otpisn (Pwtoypagia 6.8.3),
vrodn\wvovtag tm dnpovpyia dedtepng mAaotikig apbpwong, xmpig OpwG
avtd va ovvenayetat pia avinon 1 éotw dratjpnon oe otabepo emtedo g
avtoxng tov SoKpiov oto CLVOAO Tov — avtifeta pe ot ovvePn oe AN\a
AQvakLKAOpeva OOKIpIT — yeyovog Mov armodelkviel OTL Ogv  vImpxav

neplopia avakatavopng ot SoKo.

To Sokipo cvveéxoe va amodtopyavovetat Kat 1o eykapoto INOIT valov
G60-AR ovvexoe va ammokoNdtat og dagpopeg Oéoelg oty meploxn v P
mpog Vv axpaia ompn (Pwtoypapia 6.8.4), péxpt kat to TEAOG TOL
MEPAPATOG. A0 MAELPAG AIOKPIONG, OLOWAOTIKA OAn 1 emPal\opevn)
napapopewon oto P napadapPavotav tomkda pe SaTpnTikig Hop@ng
OAPAPOPP®OT) EKATEPWOEV TOL POPTIOL, PE TO LITOAOUTIO THIPA TG OOKOL Va
punv ovppetéxet KaboAov, pe to SOKIPO va €xel MPAKTIKA OXNHPAtiosr pia

Kabapda Swatpnuikn) apbpwon prikovg 0,5 d (Pwtoypapia 6.8.5).
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Pwtoypagpia 6.8.4
Amodopyavwon

tov  OOKIPioL  Kat
arrokOAnon oD
eykapowoov  INOII
apotepa ard 1o
poptio P, mpog myv
akpata ompidn A.
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Dwrtoypagia
6.8.3
Epgavion
KAPITTIK®V
POYHWV O
pecaia  otn-
18N,
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Dwtoypagia
6.8.5 Kapmto-
OLaTPNTIKY

HAPAPOPPWOT)
dokipiov Kata
myv  actoxida,

Oym A.

dwrtoypagia 6.8.6 Aroka\vyn g meploxng aoctoyiag tov eykapotov INOIT
ota apwtepa tov P, nmpog PA, Oyn A.

Kata mv tehwa) aotoxia, amopakpovvinke to eykapowo INOIT mov eixe
actoyfoet ard T dokoO (to omoio mAfov dev eixe Kapia mpoOoPLON HE TO

voPadpo kat agapédnke apeécws), OIMOTE KAl PPAVICTKE APLOTERA ATIO TO

Epy.OZ EMII Tehu ‘Exfeon Topog 2



poptio P, oto tunpa PA, amd to @QOopTio mpog v akpaia ompsn A,

Staprepr)g SIATPNTIKY P@YHI), HE ONUAVTIKI] OXETIKI] HPETATOMON Twv Ovo

THNRAT@Y g Sokov ekatépwlev g pwypng (Pwtoypapies 6.8.6 €ng 6.8.9).

Epy.OZ EMII

Dwtoypagia
6.8.7
Aerrtopépeta
Avylopov g

ovppatikng
paPdov  omAt-
OHOD Aoy
EYKAPOLag
Spaong  PAi-
TPOL Kt
TALTOXPOVNS
OAtymg.
Dwtoypagia 6.8.8

Asmrtopépela aotoxiag

INOIT  papodov

avbpaka enave aiod 1
OtEAevon NG POYHAS.
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DPwtoypagia
6.8.9
Aerrtopgpela g
Aarodlopyavmong
TV VoV avbpa-
Ka ot papodo
Kt Suappnin
THIPatog mg
papoov INOIT.

H arokd\oym tov THIRAatog g Kpiotung {mvng, o8 PKog mepirnon d/2 aro 1o

OnNpElo epappoyng tov P eppavioe:

» v onapén v papéwv INOIT avénagpmv otig auAakeg, ANy pidag.

= ) Sevtepn ano enave papdog INOIT, mpog ta deSua, actoxnoe oe dpaon
PAnTpov, oto onpeio diEAevong g dtayawviag pwyprs (Pwtoypapieg 6.8.6,
6.8.8 kat 6.8.9) kat

*  napatnpifnke Aytopog OA@V TwV COPPATIKOY OMAIOROY OTO KAT® aKPO
— ot orm\opot eivar ONPOpEVOL KATA TOV EKACTOTE MPOTO  KOLKAO
ALEAVOPEVOD EVPOVG —

* O ouvdem)pag MOL  CLYKPATOLOE TOLG OMAIOHODG ALTOLG eV EXEL
drappayet.

* O\eg ot ev Noyw papdot ot ONiPopevn maped éyovv Nvyioet Og oxnpa

Sevtepng Wropopens katda Euler (Potoypagieg 6.8.6 kat 6.8.7).

TnpetmVETal 0Tt oto &v Aoym Tprpa mg dokov dev amatuiinke ovvexng
eykapolog on\opog INOIT (Mapapmpa 1), n 8 npocetn Orarpn Tk
anaitnon oe oxEon pe my avroyt) oxedacpov frav povo 5 kN, mocooto 6%

0/

o ¢

V. Ev tovtog, tomoBemfnke ovvexég INOIT ywa  Aoyovg, Onwg

mg SrdTpnong mov HAPCAapPavay ot LPLOTAPEVOL CLVOETPEG Kt TO 3

npoavagpépdnke, npootaociag twv Stapfkwy INOIT papdwv. [Mépav avtov, to
THApa autod eixe PkpoTepn dratpntiky anaimon and 1o peoaio tpnpa PB,
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MOL YEVIKA eivat mAéov Pefapnpévo oe duatpnon. Ev tovtotg, n 60KOG TeNKa

AoTOXN0E O ALTO TO THHRA TS,

Axolovbovv  mpoobeteg XAPAKTINPEIOTIKEG  POTOYPAPiEg IMOL  eival
eVOEIKTIKEG TNG TeEAKN)G aotoyiag tov dokipiov kabmg kat ta anmapdaitnta
okapupnpata (Zxnparta 6.8.2 kat 6.8.3), mov @IOTLIOVOLV T TEAIKH
KATAOTAOT] TV 00O OWemV TO, ONKG ALTA HPOEKLYAV HETA TNV APAiPEoT)
v INOIT émetta amd Ty Armopakpovvor Tou SOKIPIon aIrd T MEPApAaT)

owaradn.

H anox@\oyn tov poypov enanbedet ot 1 avakokAi{opevn arokpion
mg Ookov enmAfe NOyw OlaTpNTIKIG AoTOXiAg OTO THIPHA TOL OOKpion
apotepda tov P mpog v akpaia otmpn, pe enakolovdn epgavion
PAWOREVOY  ADYWOHOD TV  OWpnKwyv  COPPATk®V  OMAOP®OV  AOY®
tavtoxpovng Opdong PARTpov Kat kaprrrodiarpnuikyg OAiyng, kabwg xat
A)POLG aoToXiag g ayKupwong Twv Mbar oto tppa autd, o8 arootao)
TOLAGYWOTOV d mPOg T peoaia ompiSn Kat d/2 mpog my aplotepr) akpaid
otmpn (Pwtoypapieg 6.8.5, 6.8.6 kat 6.8.10).

A OWH

a I A

—— Et0e1g paPdwv avipaka mov armoka\dgdnkav
O¢oeig StapnKwv papdwy mmov armokavednkav
— @E0e1g CLVOETPWY MOV AITOKCNDPONKaV
— OE0EIG POYHOV ITOL ATTOKAADPONKaV

Zyfpa 6.8.2 TKapipnpa TeAKng Katavopng poypRmv OOKIpion
MBAR CYCLIC - Owyn A.
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dwtoypagia 6.8.10 [Tpocown mg Sokod oto onpeio mPoAg oL POPTIOL
(P), Oym A : Aakpivovtat

01 YUPAKTPLOTIKEG DIARITEPELG PWYHES,

I HAPAREVOLOA DIATPNTIKY Tapapoppwor) SeSia tov onpeiov P,

0 ADYIOHOG TV SIAPIK®V OCOPPATIKOY OIAOP®V 08 dPAocT) PARTPOL Kat
n aotoyia twv INOIT papdov wvav avipaka oe Svo onpeia.
Inupetwvetat 1) kabapotmnra mg emeaveiag mg papdov INOIL

Dwroypapia 6.8.11 Aerrtopépea ot ompgn B, Oym A :Awakpivovtat
XAPAKTNPLOTIKEG KAPITIKEG PYHEG AOYw Sapporig ToL CLPPATIKOL OIATHOD.
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Ot paPdot INOIT avBpaxa eppavioav actoxia Aoy® eykapolag diarpnong oe
Svo onpeia kad vyog g Sokov, endvw aod Vv Oepxopevn dtamhatvopévn
poypr (Potoypapieg 6.8.8 — 6.8.10 xa 6.8.12). AnotéAeopa g aotoxiag frav
va karaotpaget n ouvdeon twv wev xat va drappayet tpnpa mg diatopng
mg papdov. Mapatmpeitar ot 1) empavewa mg papdov INOIT eivar xabapr)
and oxkvpodepa, KATL IOV CLVIYOpPel OtV aANOi®Oon TG TPOOPLOTG TG
papdov pe 1o meppdAov vAkO. Béfaia, Noyw g SragopeTikng popPrg
OLUIEPIPOPAS, TO PAVOREVO AVLTO elval IOAD MO OPATO KAl EKTEVEG aIod OTt
oto Sokipto MBAR MONO, yeyovog mov onpaivel Ott 11 oAiofnorn tov
papdwv evioyvorg énat§e onpaviko polo omy actoxia. Emiong, oe tprpa
exatépabev g Staxprujg peyprg mov dnpiovpyrnbnke, mapatmpeital kat eédo
IAI)P1G ATOKOANAI|O0T] TOL TOWHEVTOEID0DG DAIKOD OUVOEONG pE Tig Slempaveteg
TOL IIPOPOPPGHEVODL avhaka tonobétnong tev paBdev (Pwtoypagia 6.8.10),
xdm oo dev mapatmpeitat movfeva aMod kata prxog twv papdev INOTI,
ovTe kat oto Soxipto MBAR MONO, av kat 1o dokipo avtd xaramovrjonke
ot napapopewon 110 mm. Avtibeta oy mepimwon oo MBAR MONO,
DIHOAEIPPATa TOL OCLVOETIKOD DAIKOD £€YOUV TAPApeivel ota  aLAAKWA
(Potoypapieg 6.8.10, 6.8.12 xat 6.8.13).

Inpetovetat Tdavieg Ott Ady® TG OLYKEVIP®OOTG TOV IMAPAHOPPROEDV
omv mepoyy tov P kat m Snuovpyla ng dwartpnukyg apbpworg, dev
omp€av peyaheg KAPIITIKEG AIIALTOELg OV IePtoxT) g devtepng MAAOTKIG
apBpwong. Zav amotéNeopda, av KAl ERQAVIOTNKE IEPIOPIOPEVI] KAPITTIKI)
pnypdtwon? xat oe aot) T Oéon, opwg, ot papdor INOIT dev epgavioav
npoPAnpa mpooguong ot Semeavewa (Putoypagieg 6.8.11, 6.8.13) peta myv

AITOKAALYT] TOUG,.

2 Amd TIg PETPIIOEIg TAPAROPPHONG IOV AVAPEPOVTAL IAPAKATR, OCLRIEPAIVETAL OTL KAl 08
avt) ) 6¢on SnprovpynBnke mhaotikr apbpwon.
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{

O¢oe1g StapnKwy PAPSmV mov arokaAvednKav

A

@¢oe1g CLVOETPWV IOL ATOKAALPONKav
O£0E1§ PWYH®V TOL AIOKAADPONKay

— @f0e1g paPdav avbpaxa mov anoxka\vponkav

Epy.OX EMII

Iynpa 6.8.3 Zkapi@npa teA kg Katavopng poypomy SOKIpion
MBAR CYCLIC - Oynm B.

dowroypagia 6.8.12
Aerrtopépea 010
onpeto  empPoAng tov
poptiov (P) , Oyn B:
Ataxkpivovtat
XUPAKTNPLOTIKEG
OlapIiEPeEly  PWYHES
Kat  ADylopog — Too
OLPPATIKOD OMAIOHOD
AOyw Opaong
PA1TPOUL.

Dwroypagia 6.8.13
Aerrtopépea ot
ompwn B, Oyn B :
Awakpivovrat
XAPAKTPIOTIKEG
PWYHEG KAl actoxia
mg OLVAPELAG
OKDPOOEPATOG KAl
INOIT papooo
avbpaxa.
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6.8.3 Avalvon tov kataypapov SG

H Swadwkaoia evopyaveorg twv doxipiny neprypagnke ota Kegdhata 4 xat 5.
H tehty 0201 10V KATAYPAPKOV NAEKTPIKGOV pnxovoopétpwv (SG) xat n)
apiBpunor] Tovg yia 1o doxipto MBAR CYCLIC dibetan oto Zxtjpa 6.8.4.

Ot avtiotowyeg karaypadeg twv SG, Oidovtatl ota Zyfpata 6.8.5 twg 6.8.9,
oLyKpvoOpeveg ava dvo oty da datopn), oovaptoet tov goptiov P. Ta
EUKOAOTEP Tapaxolovbnor g amoxpiong, ota oxapwpripatra detyverat
evhewktikda 1 0éon tov Jevyovg TV SG, ¢ IPOG TO ONHEI0 POPTIONG KAt Tig

opilets. Znpewwvetar ot ta SG ap. 2, 4 xat 7 dev Aettovpynoav.

MBAR CYCLIC
125
143
193
211 L
]
o — | e ) |
3 5 7
2t 6 —
120 975 97.5
1 7 1 1
0] Jo
y 220 y N
210
120 97.5 97.5
/'

Iyxfpa 6.8.4 @¢on kat apifunon v karaypagpov SG, doxipto MBAR
CYCLIC.
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Strain Gage # 8 I

€ (mm/mm)

-300

@oprtio (KN)

Ixfpa 6.8.5 Ipapnpa evdeiSewv nlektpovikov SG #8 (to SG 7 dev
Aettovpynoe), (Zovn 1).

Strain Gage # 5,6 i & I B

—-—S.G5
—8.G6
E =
E
£
E
w | \
-300 400

@opTio (KN)

Iynpa 6.8.6 [papnua evdeiSewv SG #5,6 (Zavn 2)
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Strain Gage # 3

300  -200

€ (mm/mm)
Wi

400

@oprio (KN)

Lxnpa 6.8.7 [pagnpa evdeiSewv SG #3 (1o SG 4 Sev Nettovpynoe), (Zaovn 2).

Strain Gage # 1

-

A-D= .04
. UCUS

—SG1

o WaludiaV,
X ) ¥ s 3

N

300  -20

£ (mm/mm)
|

-100 ‘ 300 400

\2»_.0 .|
40BN DS o
-6.0E-04
-8.0E-04 +
—-1.0E-03

1209
1 ZC"Ug

popTtio (KN)

Iyxnpa 6.8.8 Fpagnpa evoeiSewv SG #1 (to SG 2 dev Aettovpynoe), (Zovn 1).
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Strain Gage Nnuarog # 9,10

& (mm/mm)

400 -300 -200 -100 gE-04 : 100 200 300

= V) =

poprtio (KN)
Ixfpa 6.8.9 [papnpua evoeiSewv SG #9,10.

6.8.4 Ava\vor g dlaTEnTIKG avioxng

Ta Swaypauppara  Tepvovomv  Suvapewy  Opacewv KAt - avtoxmg
napovowaloviat oto Iynpa 6.8.10 eve ot vmoloywopoi didovrat oto
[Mapapmpa . Tw mv edpeon G AMATOLHEVI)G DATUNTIKNG EVIOXLOTG
AfjpOnke vIOWI 1 avtoxr ToL SOKIPIOL yia PéyloTn AVIYREVT) IAPAROPPHOT)
ot1g papdoug o mpog 6 %0 Kat avtiototyn pormr) avroxng M, = 95.0 kNm.

H @épovoa wavomra ywa 1o avakvokAiopevo MBAR CYCLIC frav idw
HE QUTI) TOL HOVOTOVIKOD. AOY® TOL MPAKTIK®MG 10100 PéytoTon POPTIOL HOL
enetevyOn, 1 Spmoa tepvovoa mov avarrtvoxdnke oto Sokipto etvat ida pe myv
dpmoa drartpn k) anaimor), onwg kat oto dokipto MBAR MONO. Zopgwva
pe toug vroAoytopovg Tov Tapamparog II, n anarrovpevn TERVOLOA, eivat
peya\utepn arod v vroloyobeioa avroxn Bewpavtag w@eAun cvveEloPopa
oV eykapotov INOIT & = 1,8%o0 3 oto devtepo (PB) kat tpito (PA) avorypa tov
Soxpiov, kara 16kN kat 10 kN avtiotoa, Semepvavtag my tur) oxedtacpon

kata 12 kN ka6 kN avtiotoiyws.

P Inupetoverar 0Tt 1 &V AOY® QaVTOI] MPOEKDLWE YId HEYIOT EYKAPOWA MOAPAROPPWOT)
vpaopatog & = 0.18%, BewpPnon APKETA CLVINENTIKI] O OXEOT ME TV Ttur] oXedlaopoy mov
vroBetettar kavoviotkd, & = 0.30%. Ot dragopég Spmoag tépvovoag - BewpnTikg avroxmg
ELVAL OLVENWG PIKPOTEPES Yia AN Bempnon &
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——— mpoTn TAaotikn dpbpwon My
ERE - Seutepn mAaotiry apBpwon Mp|es- 6 %.

. ot N 201 o~ - ¢’ 3
avtoxn (V, + 0.30V. NEXR22 + V)

——— uéyiotn Apwoa téuvovoa yia P=311 kN

93.3 kN
o 103,3 kN
D33 AN [ors sy o s— J 96.9 kN
34,3 kN

e g e o 110,9 kN

192 1 &N I— _______ 194,8 kN

207,8 kN
Lxnpa 6.8.10 Alypappata TEpvoLomy OLVARE®Y OPACE®Y KAl AVIOXT)§ TOD
popéa.

1o TphApa mov actoxnog, apa, kat ywa fewpnon oxediaopod & = 0.18%, 1
HAapexOpevn dtatpntky avtoxt) oto peoaio tprpa PB Semepactmke ano v
MEPAPATIKY] CIIOKPLON KAtd 6%, nooootd nov Oewpettat apeAnteéo av Angbet
voyn o Pabpog covmpnUKOTTAg ™G mapandave mapadoxrg. Xe xkabe
mePLITt®ot), T0 SOKIPIO aoTOXNOe DIATPNTIKA, EPPavifovTag EVIova Paivopeva
Noyw g aotoxiag o ONOLG TOLG pNXaviopovg Hapalaprg SiaTpnong.
Zopnepatverat apa ot

1. n apywr oovinpnukn mapadoyxr) & = 0.18% eivat avenapkng kat

2. n mapadoxt) oxediaopov o1t 30% TV JELTEPELOVIWY HNXAVIOP®V

duvavtat va Angbovy vroyn oto oxeStaopo etvat pn COVTPNTIK.

Zav anmotéNeopd, 1) CLVELTPOPA TWV OELTEPEVOVIWY HPNXAVIOR®V MPEIEL VA

ayvoettat m\npws.
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