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Evyaprotieg

Me ™ mepdtowon g Topovoas SUTAMUATIKNG €pyaciag Kot To KAEIGO &vog peydlov
KOkAov ot (o1 pov Ba Mela va guyaploTom Kamowvg avBpdmovg ot onoiot Emansav
KaBop1oTikd poOLO e TN GLUPOAN TOVG GTNV OAOKANPMOT TNG EPYOACIN OVTHG OAAA KOl TOV
pe oTPIEAY Kol [e SIHOPPOoaY 6T TOPEin OAMV QVTOV TOV YPOVEV.

[Ipo mavtwv Ba MBerla va gvyapiotiow to emiPAémovia kabnynt) Hov K. XANAOTOVAO
Kovotavtivo, mov pov avébeoe avtd to e£opetikd evolapEpov BEpa Kat Tov He TNV cuVEN
TOV EVOGYOANGCN KOl TIG EDOTOYEG KOl TOAVTIUEG Topatnpioelg Le Pordnoe va Eemepdow
mpofAuota aALG kot va epufabive oe Bewpntikd Cnthuato.

Eniong 6a 0 va evyopiotiom Kot tov k. Mavoin Zopovniidn, kadnynm g oxoAng
Novrnydv Mnyavordyov Mnyavikov tov E.M.IT tov 6e cuvepyasio pe tov emPrémovia
kaBnyntm pov ovvéPore Kt avtdG OLGLOCTIKG OTNV EKTOVNGON 1TNG EPYACIOG HE TN
kafodnynon tov kot TG YPNOWES GLUPOVAEC mov pog PBondncav oty Kotavoénomn Tov
QLGKOV TPOPANLOTOC.

e avtd 1o onueio Ba Ok va evyOPIOTIC® OAOVS TOLG PIAOVLG OV TopevTNKapE nall o
aVTO TO OPOLO TOV POITNTIKAOV YPOV®V Kol TOV TAPA TIG OGEG OVGKOMES KL OV TPOEKLYOLV
LOPOCTAKOUE TOAAEG ®poieg oTrypéc.. Axkdun Oa MBesha vo gvyopiotiow Oepud tov
AAEEavOpo Tardtn yoo tnv otpién, v avoyn Kot tnv Eumvevon kab’ OAn tn ddpKel
OLTNG TNG OUTAMUOTIKNG,.

Agv Ba. umopovoa va Topalely® amd TIG EVYAPIOTIEG OV OAOVG TOL GLVIPOPOVS KO TIG
ovvTpopLoceg and tov Eykédado IToltikmv Mnyovikov. Tovg evyapiotd Yo TouG y®VEG
mov dwcoue pall, yi o 0Tl pe dapdpemooy cav avlpmmo péco amd T CLAAOYIKN oG
dpdomn Kol €HYOUOL VO LEIVOVV Y10l TTAVTO TIGTOL OTIC 10£EC TOVG KOL GTOV OydVOL Y10 Lol
KOAVTEPT) KOWV®VIOL.

Téhog vidB® v avayxn va o €va HeyEAo evYapIETA GTOVS YOVELG LoV Yo TV oTtNpi&n o€
oA to emineda kaBmg Ola avtd Ta Ypovia gpydodnkav okANpA OCTE VO UTOPECH VO

OTOVOAC®, TOPAUEADVTOS TOALEG POPEG OIKES TOVS AVAYKES. AALG gvYaPIGTA Bepud Kot
™V adepPn Hov 1 ool 6TdOnKe dimAd oL GE OTL KL OV TN YPECTNKA.

Iloviiomoviov Ericoaper,

AbOnva, Oxrtaoppros 2019



ABSTRACT

Plated structures are very important for a wide variety of applications in the sea and the land,
including ships, offshore platforms, bridge beams and overhead cranes.

Throughout their life, the structures made of these components are subject to various types of
actions, which are usually normal, though sometimes random.

Perhaps, one of the most complex behaviors of the structures that engineers are called upon to
study and deal with is the one caused by the recycled loading, namely, a loading whose intensity
fluctuates over many cycles. Typical examples are the seismic action, wind movement, traffic
volume, temperature variations and also ripples.

It is, thus, clear that it is a type of loading which is of considerable concern to many areas of
engineering, and every scientist, in their own field, is called upon to deal with this phenomenon
using the best possible approach, which in many cases does not essentially differ in terms of
the analysis.

In the present study, the structure being studied is a metal plate reinforced in the transverse
direction; a basic structure of a ship. Such a choice was made for the aim of combining two
disciplines, that of Civil Engineering and Naval Engineering. The first field dominate the use
of the methods of analyses required, while the latter master the in-depth knowledge of the nature
of the problem.

The aim of this paper is to study the response of parts of the ship’s structure, mainly under
recyclable loading and also the comparison of the results with the monotonic one, as well as the

testing of the simulation capacity of the program used (ABAQUYS).



EKTENHX IIEPIAHYH

O1 PETOAMKEG KOTOOKEVEG VAL OTLLOVTIKES GE LU0l TTOKIALD EPAPUOYDV TTOV £6pALOVTOL OTN
0GAacoa oAAG Kol 6T Y1 GCUUTEPIAAUBAVOUEVOV TOV TAOI®V, VTEPAKTIOV TAATPOPUADV,
YEQUPDOV OOKMV KOl YEPOVOYEPVPEG.

Koatd ™ ddpkela g (NG TOVG, 01 KATOGKEVES TOL KOTAGKELAGTNKAY LE OUTE TO HEAN
VROKEWVTOL GE SLAPOPOVS TOHTOVS OPACEWV, 01 0moileg eivar cLVIOWS PLGIOAOYIKES, GAAA
HEPIKEG POPEG OKOUN KOl TUYOHES.

M and T1¢ i6m¢ Mo TEPIMAOKEG CLUTEPLPOPES TOV KOTACKEVOV TOV KAAOOVTOL Ol
UNYOVIKol Vo HEAETNGOVY KOl OVIUETOTICOVV €ivol OVTH TOV TPOKUAEITOL — AmO TNV
avaKLVKAMEOPEVT,  OPTIOT], ONAOY| Hid @OPTIOT] TG OToiaG N £VTOOT VEOUEUDVETOL OTN
duapkeln ToAGV KOKAoV. [Tapadeiypoata tétolag @oOpTiong eivar 1 GEIGUKT Opdon, 1 Opacn
TOV AVELOV, 0 KUKAOPOPLOKOG POPTOC, 01 OeploKpactakes HETABOAES OAAG KO KUUOTIGHLOL.
Etvor Aomdv capég 0Tt elvar éva €idoc @OpTiong 10 omoio amaoyoiel TOAALOVE TOUELS TV
UNYOVIKOV Kol 0 KaBEvag 6To KAAS0 TOV KAAEITOL VO OVTYLETOTIGEL TO POIVOUEVO OVTO UE
™ dVVATOV KAADTEPT TPOGEYYIOT), TOV HAMGOTO GE TOAAEG TEPIMTMOELS OEV OPEPEL OTN
péBodo avéivonc.

21 TopoHoa EPYNcio 0 POPENS TOV LEAETATAL EIVOIL [0 LETAAMKT EVICYLUEVT] TAGKO. Mia
OTOLEIDON doun &vog mAoiov. H emAoyr Tov GUYKEKPIUEVOL QOpEn £YIVE L€ OKOTO TN
ovvheon Vo mediowv (awtd Tov TToAtikod pnyoavikod kot tov Nowmnyod) ond ta omoio
"EKUETAAAEVONAGTE" GTN TPMTN TEPIMTOON TNV EVYEPELL GTN XPNOT TOV HEBOSWV avAALONG
KoL TNV GAAN TV EP1GTN YVOGN TOV PLGIKOV TPOPANLATOG.

2K0moG TG TapoHGos LEAETNG amoTeAel 1| LEAETN TNG AMOKPLONG TUNUATOV TNG KATAGKELNG
T0v TAOIOL KLPIWG VIO TNV AVOKLKAMCOUEVN @OPTION OAAG KOU 1 GUYKPIOT T®V
OTOTEAECUATOV OVTAG LE TNV LOVOTOVIKN KAB®DG emiong Kot 0 EAEYY0G TNG TPOGOUOIWTIKNG
KOVOTNTOG TOV TPOYPAUaTog oL ypnoonomdnke (ABAQUS).

ApyKd 6T0 TPATO KEPAAOLO AVOPEPETALT) YEVIKOTEPT) Be®Piet TOV OAVEAUGTIKOV AVAADGEDV
Kabdg Kol OempntiKd cToryeio Tov apopovy ot xpnon mpoypaupatog (ABAQUS), td6c0
6cov apopd ™ Bewpia TOV TENEPAGUEVOV GTOYXEI®V OAAL KO TIG HEBOSOVG N YPOLLLUKNG
emilvong kabdg kot ™ péBodo gupeong AVong Yo TEPTOCELS aoTtafols 1I6oppomiag, pe
Baon ™ pébodo RIKS.

21 ovvéyewn mopovcstaletal to KOplo pUEPOg TG epyaciog to omoio amoteAeiton amd TO

KEPAANLO TOV TPOGEYYICTIKAOV ADGEDV Y10l V0L U1 EVIGYVUEVO EAAGHO £TCL MOTE VO Yivel



oVYKPLON TOV OTOTEAEGUATOV TOL TPOKVTTOLV OO OVOAVTIKEG GYECEL EVOVTL AVTAOV TOV
TPOYPAUUOTOS LLE GKOTO TN J1EPEHVNON TNG OEIOTICTIOG TV OMOTEAEGUATOV.

‘Eneito 610 ke@AAono TV avoAOGE®V, TOPOVGLALOVTOL OTN GEWPAE OVOADGES LTTO
HOVOTOVIKT] KO avaKuKAMEOpEVN @OpTion Y 000 meputtoelg mieons. H pa apopd
OLLOLOLLOPOT KATOVOUT GE OAN TNV EMPAVELD TOV EAACUOTOC Kot 1] GAAN £va @opTio Thyov
10 OTO10 EKTEIVETOL OE L0 TEPLOPICUEVT] EKTOACT] OVTOV.

X10 TéAOG NG gpyociog avamrtucooovtol to. cvumepdopata. Metd Tig PProypapucéc

AVOPOPES EMGVVATTETAL TAPAPTNLLAL XPNONG TOL Tpoypaupatog ABAQUS.
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EMII - ZyoAn HoAtikdv Mnyavikov
Topéag Aopootatikng

KE®AAAIO 1

Ocwpntird otoryeio,

1.1 ®OPTIXZEIX

Kabe petoaAlikn kotackev] ovaloya pe TG cuvOnkeg Tov TepPAAAOVTOC Kot T YpNoTN TG
VROKELTOL GE QPOPTICEIS Ol OMOlEG EMPEPOLYV JAPOPA TPOPANUOTO OTNV ATOKPIoT TNG
KataokeLns. Otav HAAIoTO avaEepOUaoTeE 6€ BOAAGGIES KATAOKEVEG- OTTOV Ol EVIGYVUEVES
UETOAMKEG  TAGKEG €xovv  gupeion  €QOpPUOY-  avTIAOUPOVOLOOTE TG  £YOVUE Vo
avTipetonicovpe €va 1aitepa moAVTAOKO TEPIPaAlov @optione. IMapakdtm Oa yiver pia
GTOLEIDMONG OVOPOPA GTA €101 TOV POPTICEMV KOl GTO TMG AVTEG dtaympilovion pe faon

(@OON TOVS Kol TN LETAPANTOTNTA TOVS, ONANOT| TN OEPKELN GTO XPOVO.

Eion gopricemv

O1 0V0 Bacikég katnyopieg eOpTIOoNG £tvan 1 6TOTIKY KoL 1 dSuvapiky eoptior. H mpot eivan
N @OPTIoN OTOL deV PETARAAAETAL LLE TN TAPOSO TOL XPOVOL KO YOPAKTNPIGTIKO TNG OToiog
etvar n un avantuén adpavelakmdv duvlpemv oto otoryeio ¢ Kataokeuns. Ot dgdtepeg Og,
OnAadn ot duvapkes popticelg eivol owTég TV omoimv To péTpo, 1 devbuvon N/kar n Béon
petafdriovtal cuvoptinoel tov xpovov. H dvvapukn avdivon elvar moAd mo cvvOetn,
KOODC—EKTOC a0 TIG EANOCTIKEG OLVAUEIG—EVEYXEL OLVAUEIS COPAVEWNG KOl OLVALELS
amoOcPeonG EVEPYELOG,.

[Mopadeiypoto oToTIK®OV POPTIGEDV TOV aPOopovV Kupiwg To Bardocio mepiPdiiov eivar ot

KOUTTIKEG KO TEUVOVOEG OLVALELS GE NPEUO VEPO, SWUNKNG KOAUWYT KOl TEUVOVUCES GE

Terida 11|94



EMII - ZyoAn HoAtikdv Mnyavikov
Topéag Aopootatikng

YELOOOTATIKO KV KOl Ol CUYKEVIPOUEVEG POPTICEIS GE KOTAOTPMUATA. ATO TNV GAAN,
SVVAIKEG TTOVL 0POPOVY Kot TO BOAAcT10 TEPPAAAOV POPTIONG OTOTEAOVV Ol OVEHOTIECELS,
ot ekpn&etg (atpoopapikég N VTOOAAAGGIES) O1 GLYKPOVGELS, 1| GPLPOKPOLGT (POPTIOT| TOV
apopd amOKAEISTIKA 08 BOAAGGIES KOTAGKEVEG) Ko 1] TAEVLOT| GE TTAYO.

Kamoteg and avtég t1g poprtioelg Oa pog anacyoAncovy 6ty Guvéxeln mop OAo avtd TN
TOPOVCH OMAMUATIKY] €pyacio 1 HEAET NG amOKPIONG TNG KOTOOKELNG &xel yivel

TPOGEYYICTIKA Y10l GTATIKEG POPTIGELC.

AvakOkAnon g eopTionS -Oedpnuo Tpocappoyng

H avaxvkiilopevn @option opiletar o¢ n ovveyng kou emavorlappavopevn emPorn evog
@optiov ot Odpkeln kamowwv KOKAwv. H wokhkn @option avaykdlel to vAkd va
vrofafctolv AOY® KOT®MONG, CLYVE GE YOUNAOTEPO. QOPTIOL KO UETE omd HIKPOTEPO
YPOVIKO Oldotnuo omd TO KOVOVIKE avapevouevo. QoTOC0 OTN GUYKEKPIUEVT] TEPIMTOON
"gloympovpe ToAD Babid"” ot TAACTIKN TEPLOYN OTTOV OEV 10YLOVY TALOV Ol KoumvAec Wohler
KOl 1] KOTOOKELT] UITOPEL VoL 0kOAOVOTGEL Lot AAAT TTopeia amdKpLong avaAoya Le To ETITESO
™mg QOpPTIoNG.

Y& aut ™ TEPINT®MOon AOmOV Y10 KOTAGKEVEG Ol OOIEG CLUTEPIPEPOVTOL EANGTOTANGTIKG,

napovotdlovtal TEooeP TOUAVA GEVAPLL CLUTEPLPOPAS :

. 2N mEPIMTOON TOL TO POPTIO ivarl apkeTd pKpd, epeaviCetor KabBapd ELACTIKN
ovumepipopd. H tpomiy undevileton Katd tnv TANpT amopudKpuvern Tov optiov Kot tovdeva

oTNV KATAoKeLN dgv epPavileTon TAACTIKY TAPAUOPPOOT).

. Av 10 eninedo Tov Poptiov mov epapuodleTat etvor Thve amd To PopTio drppong TOTE
o€ KAmow, oNUEln TNG KOTAGKELNG EUPAVICOVTOL TAAGTIKES TOPALOPPOGES. MTopel dpwmg
HETd amd OpIoHEVO apBd KOKAMV 1] KOTOOKEDT VO TOPOVGLAGEL EAACTIKY] GUUTEPIPOPA KO

VO TPOGOPUOGTEL GTO POPTIO VOKOKANGNG.

o Zg ot TN TEPINTOOT TO PUVOLEVO 0WTO KaAgitan Tpocappoyn (shakedown) kot g
Op10 TPOCAPLOYNG KOAEITOL TO KPIoO Opto YopTiov Yo T0 omoio cvuPaivel T0 PAVOUEVO

ovTo.

Terida 12|94



EMII - ZyoAn HoAtikdv Mnyavikov
Topéag Aopootatikng

. Av 10 @optio eglvar peyoArdtepo amd to TPoNyoLUEVO @opTio dNAdN TO (OpTio
TPOCUPUOYNGS, TOTE 1] KOTAGKEVT TOPOLGLALEL EVOAALAGGOUEVT] TAAGTIKOTNTO. TN TEPIMTOON
avt umopel o péyefog TG CLVOAIKNG TANCTIKNG TOPAUOPPOONG VoL UnV &ivarl peyaio
PO VT popel vo eméABeL actoyio peETA amd Alyovg KOKAOLG POPTIONG-ATOPOPTIONG £
otiog TG EVOAAACGCOUEVNG TAOGTIKNG KOTAPPELONG. AVTY 1) TEPITTM®OT OVOUALETOL TAOGTIKTY)

KOTAPPELOT).

e  Av to @optio glvar peydro ko Eemepvd katd TOAD TO Poptio dappong Kol e khbe
KOKAO @OpTIoNG TPOOoTiBevTal Ol TOPAUOPPAOCELS OTIS TPONYOLUEVES, N KoTookev Oo
KATOPPEVCEL AOY® GCLGCMPEVUEVOV TAACTIKOV TOPOUOPPOGE®MY. AVTO TO QAIVOUEVO
KkaAeiton g "ratcheting".

Ol TepmMTMOGELS AVTEG TOV HOAIG TTEPTYPAPTKOYV TOPOVGIALOVTOAL GTNV TOPAKAT® EIKOVOL.

Ratchetting

Plastic shakedown ’

Limit /_ ey A

Dcformation

Limit

2ynua 1. Koxnyopieg shakedown aroxpione oe kvklikn poption (Johnson, 1986).

Enopévoc amd 10 potvopevo ovto e TPosopUoYNS Vo TOAD CIIUOVTIKO GTOTXEL0 TOV TPEMEL
va onpemdet etvat 0vTd TOV GLUTEPAGLOTOS TOL TWG OKOLT KOl GE OPKETH LEYAAES POPTIGELS
Ol 0moleg MPOKAAOVV TANGTIKOTOINGT), Ol MEPETAIP® EMOVOANYELS TOL UTOPOVV Vo, UnV
TPOKOAEGOVV €MMPOGOETN] TOPAUOPPOOT] TNV TEPIMTOGTN TOL AVLTO TO EOpTio Eeivor

HIKPOTEPO ATO TO TOV OPLIKOV POPTIOL.

Kot éva 0g0tepo ototyeio mov deiyvel emiong tn omovdadTNTa TG AVAAVOTG AVTNG Etvat avTd
™G aoTo)log TOL VAKOD oTnV TMEPImTon NG ovaKLVKALOUEVNS (OPTIoNG Yo EMimeEdal
pkpdtepa and ovtd g povotovikng. [pdypa mov péverl va dtomotwbel Kot ot cuvéyeln

a0 TIC OVOADOELS TTOVL TPOLYUOTOTOM 0KV,

Teiida 13|94



EMII - ZyoAn HoAtikdv Mnyavikov
Topéag Aopootatikng

Ocopnpotoe Tpocappoyng

Ye avtiotoyio pe to Bewpnuoto TG Oplokng ovaivong e kKAaoolkng OBewplog g
TAOGTIKOTNTOG avamTuYONKay Kot yio TNV avakvkMEopevn eoption Vo Bewprpata dvo Kot

KéT® opiov.
OzOpnpo KATO opiov

To Bedpnuo kdtw opiov datdnwaoe o Melan 1938, copupwva pe to omoio av pumopei vo Bpebdei

KOO0 0 TOLG0PPOTTOVY TESIO TAPOUEVOVCHOV TUCEWV, T}

70 omoio, OTaV GLVOLALETOL LE Eval
eMoTIKO Tedio Tdoemv, oev mopafralel movbevd v cuVONKN SaPPONG, TOTE 1 KOTACKELT
VROKEITOL GE TPOCAPUOYN VIO avakvkAMiopeva @optio . Av 10 @OpTio EQAPUOYNG
VTOONAMVETOL UE A-Po Kol A aOAOTOT TOPAUETPOG KAIUOKOAG TOTE OAEC Ol EMUYOUEVEG
OUVIOTMOEG TNG EAUCTIKNG TAONS fvan emiong avaloyeg Tov A.
‘Exovpe
f (Ao + o7;) <0,
ooV,
Aaf;: elaotind medio taong Adyw e epapuolouevng mieang po

f (aij) = 0: givar  cuvONKN 16OPPOTING Y10 TO VAIKO

H peyoddtepn tmyunq tov A mov mpokvmtel omd v avalnitnon OAwv tov mhovov
OLTOICOPPOTOVVTI®V TESIMV TAPUUEVOVGHOV TAGEMV,

oij, B ddoet To mporypotikd opro shakedown yio To Poptio, oL 1GoHTAL HE Psd =Asd * Po.
Ozopnpa ave opiov

Avtiotpdpmg cvppova pe to Beopnuo tov Koiter 1960, pawvdpevo mpocappoyng dev a
ovuBel otn mepintmon mov VAPEEL Eva KIVUOTIKA arodekTo medio Yo To 0moio To £pyo TV
e€OTEPIKOV SVVAULEDVKOATA TN IAPKELLEVOSKUKAOL POpTIoTGVA Elval LEYOADTEPO ATO TO £pYO

TOV EGOTEPIKOV SVVALEDV.

Terida 14 |94
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‘Etot éxovpe :

t t
[‘ae [[ov-sgis > [t [ e av
0 N 0 14

Omov

Uij: M ToxOTNTO LETATOMIONG

S : M emEAavelo TG KATAGKELNG GTNV 0TTOi0 AGKOVVTOL TO ETLPAVELNKE POPTiaL.
k
ij
V : 0 6YKOG TNG KOTAOKEVNG

O i . OL TOOELG OTNV EMPAVELDL d10PPONG

1.2 MH T'PAMMIKH ANAAYXH

I'poappukéc oyéoeig ovopalovtol auTég Yo TIG OTOieg LITAPYEL LI YPOUUIKY] GYECT LETAED TV
QopTi®V eMPOANG Kol TNG OTOKPIONG TOL GLGTHHATOG. AVTO onpaivel 6Tt 1 aTdKPIoT TNG
KOTOOKELNG o€ Kb epintmon epoptiong umopet vo Ppedei moAlamlacialoviog 1o divuoua
™G POPTIONG HE TO OVESTPAUUEVO pUNTpo otiapdtnrog (stiffness matrix) mov drarnpeiton

o1afepo Kot aveEAPTNTO TNG EMPOUAAOLEVIG POPTIONC.

AvtiBétwg o€ éva un ypapptkd mpoPAnua n KAion g KauUmTOANG @OPTIONG — LETATOTIONG
aAAGCel cuveydc 060 Tapapopedvetal. Eivatl yeyovog 01t OAEC 01 QUOIKEG KATAOKEVEG OTN
TPOYHOTIKOTNTO Elval un ypouukés. H ypopikés avaAdoelg xpno1omolovvIol OVGLOGTIKG
HOVO Y10 OXEOOTIKOVG GKOTOUE MG U0 TPOGEYYIoT, AOY® TG gukoMag tovs. 'Eva amio
TOPASEIYHO LG UM YPOUUIKNG GUUTEPLPOPAS amoTEAEl €val  EAATIPLO UE UM YPOLLLIKN
axoyio. (PA. Zynua 2).

Force Force
Displacement Displacement
Linear spring. Nonlinear spring.
Stiffness is constant. Stifiness is not constant.

2ynuo. 2. Ameiovion oyEoNs OOVOUNG-UETATOTILONS EVOS EAGTHPIOD
e atofepo Ko UETOPANTO UETPO EAaTTIKOTHTOG.
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Ye po un YPOUUIKN ovOADOT), TO UNTP®MO oTBapdTNTOG TPEMEL VO KOTAGKEVOGTEL KOl VoL
AvTIOTPOQEL TOAAEG POPES KATA TN SLAPKELN TG AVAAVOTG, KOOIGTOVTAG TOAD Lo dOTovnpn
™V enilvon omd po YPOLLUIKY GvAALG.

Me 6edopévo Aommdv OTL 1 AmOKPIoT EVOG UM YPOLUIKOD GLUGTAKATOG OV VOl YPOLLUIKNY
ouvaptnomn tov peyébovg Tov epappolopevov optiov, dev eivar duvatn 1 bpecn AVGEWV pe
vrépOeon.

H un ypoppikdmra 6T KATaoKELES TPOKVTTEL KLPIMG OTd TN U YPOUUIKOTNTO TOV VAIKOD
Kot ™G yeopetpiog. [apaxdtw Ba yivel Aemtopepng avaeopd yio T Tp®TN TEPITT®ON Kabmg
NTav 1 KOPLL TEPIMTOON U1 YPOUMKOTNTAG TOV HOG OTOGYOANGE GTI LOVIEAOTOINGT| TOV
Qopéa.

H pn ypoppukodto yeoperpiog mpopovmdg Kol omoTeAEl €mionNG onUavIKO 7edio
amacyOAnoNg, Tap’OA0 OVTA TPOGEYYIGTIKA OV £ytve 0VTE Be®Pnon HEYOA®Y LETATOMICEWV
KaBmg Kot 0ev BempnOnKav apyIKéS TACEIS OTN KATOOKELT UE OMOTEAEGHO 1] CLYKEKPIUEVN

dlepedivnon vo Uny amoTeAEGEL TOPAUETPO TNG TAPOVGOG LEAETNG.

Mn YpoppKOTNTO TOV VALKOD

O 1mog NG TG U1 YPoppIKOTTOG €lval 0 mo cvvnbiouévos. Mo moAd pikpé Tipég ™G
TOPALOPPMONG OYVEL 1] YPOUUIKT EAACTIKT) GOUTEPLPOPA OTTOV 1) TAGCT KO 1] TAPAUOPPMOT
ocvvdEovtal Ypouukd péocw e oyéong tov Hooke o=¢ -E. Oco o1 Tiuég e mapapdppmong
avéavovtal, kdmow otypn o @Tdoel 6to onueio dlauppPong mov AvIIGTOYEL oIV TdOM
dwappong (yielding stress, oy) kot ekei yivetan 1 petdfaocn omd Ty EAACTIKY GTN TAOCTIKN
TePLOYN. AVTO onuaivel 0Tt TAEOV 1 amdKPLIoN YIVETAL P YPOUUIKY KOl OVOGTPEYLUT KOt 1|
KOTOOKELN OO avTd 10 onueio kot Enerta 0ev Bo EMGTPEYEL GTNV OPYIKT TG KOTAGTOOT

0aAAG Bl £xEl TAAGTIKES TOPAUEVOVGEG TOPAUOPPDCELS.
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arctan £y E
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N E
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1 / ! Strain hardening !
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| 1 Linear elastic behavior |
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| i |
1 1 1
1 1 1
: : :
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2ynuo. 3. AiGypouo, Taong TopoUopPwens Tov Yoivfo

Y10 mopomdve Odypoupo yivovtar dwakprtd OAa to onueion mov yapoakmmpilovv
ovumeplpopd Tov yoAvPa, a&ilel Opmg va onuelwdel Twg o1 TACELS Kol Ol TOPUUOPPDCELS
mov anekoviovror amotelohv cupPotikd pey€dn kot eival SPOPETIKA Omd TO TPOYLUTIKAL.
H d10popd avt opeiletanr otnv oddayn e S1TOUNG TOV dOKIiov ov e&etdleTon.

H mlootikn ocvumepipopd evoc vAkold meprypdoeton omd 1o onueio Oppong Kot 1
oKANpLVOY] TOL peETA TNV Owappon tov. Kdabe owdypoappo taong — TopopOpe®oNS TOv
YPNOWOTOIEITOL Y10 TN TTEPTYPOAPT] TNG GLUTEPLUPOPAS TOL VAIKOV TNYALEL OO S1POPETIKES
TAPUOOYES TTOL 0O YOVV GE OLOPOPETIKN OVOAVGT 0TV KB TepimTmon.

210 oynuo. mov aKoAovbel mapovcldlovior To SYPAUUOTO TOV XPNCUYLOTOIOVVIOL GE

OVOADGELG KoL TEPLYPAPETAL AVTO TOV OVTOTOKPIVETOL GTNV EMAOYN TNG TAPOVGUS AVAALGTG.

o o o [}
Ess
fy fy ....... . fy ............ ) ..........
E E! £
3 £ &y 3 &y 3
(a) B) (v) ) )
Fpappikd EAAOTIKO TeAeiwg TAAOTIKO FpappIkO EAAOTIKO - Fpappikd eEAAOTIKO —
TeEAEIWG TTAQOTIKO TAQOTIKO HE KpATUVON

2xnuo. 4 . Tomikés Hopeég d1oypopaTmy TATEDV-TTOPOUOPPDTEDV.

Xpnoiponoope o povieroroinon mov Paciletol 6N YPOLUIKOTONOoT TG CUUTEPIPOPAS
petd to onueio dwppong. To poviého mov emdhéyOnke eivar avTO TOV EAAGTIKOD — TEAEIWG

TAACTIKOV VAKOV. ETopévmg o1 GuvERELES TG KPATLVONG GTNV TAAGTIKY TEPLOYT| ALULEAOVVTOL
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TO OTO10 CMUOIVEL TG TO HETPO EAACTIKOTNTOG GTNV TEPLOYN GVTH 100VTOL e PNOEV. TNV
npoypatikdéTTo mloveag Ba vmapEel kdmolo okAnpuvon, oAAG M vmobeom pag etvon
CUVINPENTIKY Kol LEEP NG OoQaAreiog koOMG ov TO VAIKO GKANPUVEL, Ol TAUGTIKES

TOPALOPPMCELS Ba efvar Aydtepeg amd avTég Tov TPOPAETOVTOL OO TNV TPOGOUOIMOT).

1.3 OEQPIA MTAAXTIKHX ANAAYXHX

H mlootikr] avdAvon mpoc@épel TOALL TAEOVEKTNUOTO GE GYECT HE TNV TOPOOOGLOKTY)|
elootikn avdivon. Ta kupidtepa amd avtd £ykertar oty "owovopia' g oyedioonc, Tig
AmTAOTOMTIKEG dladIKacieg kaBmG Kot TG Mo a&ldmong Tposopoimons, ONAadn o Kovtd

OTO TPAYUATIKE 0EG0UEVA TNG OTTOKPIOTC.
Mlaotikn dpOpomon

Tn otiyun mov pia d1toun £vOG KOUTTOUEVOL TUNUOTOS PTAGEL GE TANPT TANCTIKOTOINGN,
TOTE OVTO GLUTEPLPEPETOL TAEOV GOV Lo ApOpon. AnAaodr), 6T S10TopT TOV £XEL O10pPeVTEL
elvar duvotég peydreg otpoPEg, Bempntikd amelpeg oAAG otV TPAEN TEPLOPILOUEVES OO TN
Opavon Tov akpaiov oV, Yopis petafol oIV avartucGoOUeVnN PomY|. AVTo TepypaPETIL
®¢ TAAGTIKY) ApOpwon. ZTig TAACTIKEG apOpMOELS, GE avTifEST| LE TIC TPOYUOTIKES APOPDCELS
OTIG OTTO1EC OEV OVOTTVCGETOL KAULA POTY|, Ol GTPOPES TPALYLATOTO0VVTOL VIO oTOdEPT) pOTTY,
ion pe v mAaeTiKn porn avtoyng g dwatoung Mpl. Ot mhactikéc apbpaoelg eppaviCovrat
TPMOTO G€ EKEIVEG TIG OATOUES EVOS POPEX, OOV AVATTOGGETOL 1] LEYIOTN KAUTVAOTNTO, Kot
EMOUEVMG KL 1 LEYIGTT POTT] KAUWYTC.

21V ovcia 1 TAacTIKOTo{NoN £ivat GTASIOKN KO T GTLYUN OV Ol TAGEIS OTIS aKpaies tveg
g dlatopung Eemepvdve T dwappon] , T0Te apyilel N KapmdAwon tov darypappatos. Emmiéov
oTadloKY| Bewpeitar kot 1 eAdTTOoN TG dSvoKapyiog pExPL T TANPT TAACTIKOTOINGN OANG
g oTopnG. Avti M avaivon pmopel va mpocopoiwbdet pe v Bempio TAactikdv (ovdv,

aALG ypnoyLomoteitol oravidTePQ.
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H yprion Bewpiog mhactik®dv apfpdoemy eivat VITOAOYIGTIKA TOAD gVYEPESTEPN Kot cLupPaTh
pe pafdwtd otoyeio dokoV, evd Yo TNV €Qapuoyr TG Oswpiog mAaoTikdV (ovov
amoutovvtol cLVNOMG EMPOVEINKA N YOPIKO TETEPAGUEVO OTOVXEIN, HE OMOTELECUO TN

ONUOVTIKT 0OENGT TOL VTOAOYIGTIKOU (POPTOVL.

M
Mp L

My |

Bewplo A cp@pudEELy
— — — Beewplol A Jeovely

Kk
2xnuo. 5. Aioypauuoato pomng- KoumvAotytog yia ti¢ ewpies mlootikdv {wvav ko apbpmocmy.

YNUOVTIKT EMGTHOVOT OTOTEAEL TO YEYOVOS TG Ol TAAUCTIKOTOUUEVEG OLOTOUES d1aBETOVY
TNV 1010TNTO VO UTOPOVV Vo, TOPUAOUPAVOLY TACES UE EANOTIKO TPOTO GE TMEPIMTMON
AmoPOPTIONG N AVTIGTPOPNS PopTiV, UEXPL Vo VITEPPOVV TN d1appor| Ot avTioTpOPO TAEOV
TAGELG KO VO ETPEPOVY EK VEOL ONLOVPYIN AAA®V TAACTIKGOV 0pOpOCEMV.

1.4 MIIZ XTOIXEIA KEAY®OYX

Iotopuki| avadpopn

H npdm gpappoyn untpwikng avéivong katackevdmv anodidetor otov Livesley to 1953 pe
EPAPLOYN OTIG TAUGIOTEG KOTUCKEVEG.  OEPOVALTNYIKN AGY® NG avAayKng yw AVom oTa
TOAOTAOKO TPOBANLLOTA TTOV TPOEKVTLTAY GTNV KATUCKELT] T®V aegposka®v. H yévvnon g
okéyng vy ovamrtuén g peboddov TV mEmEPACUEVOV  GTOlKEl®V yevvnOnke otnv
AEPOVOVTNYIKY] AOY® NG avAykng yo AVGT 610 TOAVTAOKE TPOPANLOTO TOV TPOEKVITOV
OTNV KOTAGKELN TOV 0EPOSKAPDV. To kivntpo mov d00nke amd v avdykn avtn 00NyNce
ot Beperioon g pnebdoov TV TENTEPAGUEVOVY GTOtKElV amd Toug ApyOpr. Turner Kot
Clough.

H pébodog twv nenepacuévov dtoapopdv vanpée katd o Tapeldov 1 o SnUoeiAng nébodog

aAAG cvvtopa M gveMéia Kot 1 YeVIKOTNTO TG LEBODOV TOV TEMEPACUEVOV GTOLXEI®V TNV
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kabiEpwcav wg Vv "kupiapyn" apBuntikny pébodo g pia evpLTATN KAUOKO ETIGTHLOVIKOV
JPopOV.

Tnv tehevtaia ewcocaetio véeg emoTnoviKeS pEBodot xovv dratummbel, dmwe 1 péBodog TV
OLVOPLOKAV GTOXEI®V, Tap’ OAC QVTA M am)ynon TS LEBOOOV TV TEMEPACUEV®V GTOLYEIMV

GTOVG EMCTNHOVES KOl UNYAVIKOVG GUVEXDG O1ELPVVETOL.

T'evika

Boowo mieovéktua g peboddov tov memepacpéveov otoryeiov eivar - dvvatdtnTa
d10KPITOTOINGN G TOV YDPOV, ONAUOT| O SOY®PIGUOG TOV GE HKPAOV SOGTAGEDY VITOYDPOVS
(otorgeia). Me avtdv TOV TPOTO €VOL OLVOLOIOYEVES GUVEYES LEGO UTOPEL va petotponel o€
S0KPITO HEGO ATOTEAOVUEVO OO UIKPOTEPO GTOLXEIDL LLE OLOUPOPETIKES UNYAVIKEG 1O1OTNTEG TO
kaBéva, ta omoia aAANAETOPOVY HEC® TV Kowvav kOpPov. H pébodog eEacpoiilel
OGLUVOAIKY] 160ppoTtion Tov kABe oToyEiov KaBDG Kol TV 160pPOTia TV OPUGE®V GTOVG
KOuPBovg. o v meptypaPn] TG CLUTEPLPOPAS TMV CTOLYEIDMV TOL TPOKLITOVV OO TNV
Ol0KPITOTOINGT TOL CLVEXOVG WEGOV YPTCLULOTOIOVVTOL HOOMNUOTIKA TPOGOUOUDUIATO TOV

Bacilovion og dapopeg Bewpiec.
Ta memepacpéva otoryeio KeEALEOV dlakpivovion o€ 3 Kot yopies :

1. Enineda tpryovikd kot tetpamievpikd ototyeio. Etvor oyetikd amld alld Tapovcidlovv

AOVVOUIEG OTTMOC 1 LEWWUEV OKPIPELD KOL 1) AGVVEYELD TOV KOUTTIKOV POTDV.
2. Kapmoda otoyeio Baciopéva oe dtapopes Bempieg avardoemg KEALPDV.

3. ExpuAiopéva tpiodidotata otoryeio. Edd ot e€iodoelg tov ocuveyods pécov otov
TPIGOLIGTATO YDOPO YPNCLLOTOOVVTOL GUEGH KOL £TCL  OMOPEVYETOL 1) TEPUTAOKOTNTO TMOV

YEVIKOV BE@PLOV TOV KEALQOV.

Avoeopwcd mopatiBevior ta otédd TS pebddov TV TEMEPACUEVOVY, YOPIS Vo yivel
Aemtopepng avdAvon kot mwopovcioon OAoV TV HAONUATIKOV  EKQPAGE®V OV

YPNOLOTOLOVVTOL GE QVTY).
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1. Apyd yivetol o dtoymplopds TG KOTOOKELNG G€ TUNLOTO GE VOl 0PLOUO TETEPUCUEVMV

oTolyelmv ta omoio cuvdEovtal To Kabéva peta&h Tovg pe TEMEPACUEVOVG KOUBOVG.

Ii. v ovvéyela yivetar 0 Kabopiopog TV GuVEPTHGE®Y OV 0pilovV TIG LETATOTIOELS O
k60e otoryeio o1 omoieg e€aptadvtarl amd TIg EMKOUPLeg pHeTATOMIGEL. AVTEG Ol GLVAPTNOELG
elval mov kaBopilovv T0 TEdI0 TOPALOPPDOGEMY Ol OTOIEC UE TN CEPA TOLG HEGO OO TIG

KOTOOTATIKEG OYEGEIS 0pilovy 10 Tedio TV TdcE®V.

iii. "Eva ocbomua Suvapemv cLYKEVIPOUEVO GTOVG KOUPOVG 1I60PPOTEL TIC GUVOPLUKEG TACELG
Kol To, TUXOV KOTOVEUNUEVO QOPTiOL Kot 00MYel G€ Hio GYE0N OKOUYING Kol GTO UNTPMOO

aKopyiog Tov ototyeiov.

IV. Mop@®VeTal T0 GUVOMKO UNTPMO OKOUWING TS KOTOOKELNG ammd TO ETUEPOVE UNTPDA

TOV OTOYEI®V Ko EMAVETAL TO CLGTNUO TOV EEICDGEDV 1GOPPOTING.

V. Téhog axorovBei 0 VTOAOYIGUOG TOV TAGEMV KO TOPOUOPPDOCEMV.

BaOpoi ehevbepiog

Ot PBoBuoi ehevbepiag (dof) eivor or Paocikég petapintés mov vmoroyilovror katd TV
avéivon. To o mpocopoimon tdong/petatdomons, ov Pabuol ehevbepiog eivar ot
petappboelc oe kéOe kOpuPo. Opiopéveg owoyéveleg otoyeimv, ONMG 01 OKOYEVEIEG SOKADV
Kot KEADQOLG, £€Youv Kol mePOTPOPKoVg Pabpodc ehevbeplac. Ot petatomioss, ot
TEPIOTPOPEG Kol ot Aot Pobuol elevBepiag vmoroyilovtar povo otovg kOUPovs TOL
otoyelov. e omolodnmote dALo onueio tov otorgeiov, ot petatomicelg Aappfavovror pe

nopeUPorn amd T KOUPIKES peTaTOmIGEL.
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2ynua 6. Ameikovion oroyeiov shell kou o1 fabuoi elevbepiog tov

Onwg eaivetor Kow oty oynuo 6 oto televtaio oynua de&d o kdbe kopPo kabopilovral
névte Pabpol edevBepiog. Avtol avTIoTOYOLY OTIC TPES HETAPOPIKES LETATOTIGES KO OTIG
V0 OTPOPES TOL KAOETOL GTN SlEMPAVELN TOL KEADPOVG 6T BEom Tov avtioToryov KouPov.
O kaBopiopdg aveEdpTnTOV GTPOPIKMOV Ko HETAPOPIK®V Pabudv edevbepiog emtpénel va
INeBetl VTOYT Kol M EYKAPSIO SIOTUNTIKY TAPALOPPMOT KOt 1IG0OVLVAEL pE TN Bedpnon pog
vevikng Bewpiog keALQ®V avaloyn pe ekeivn g Bewpiog Mindlin tov Thakdv. Ta ototysio
OVTA VITEPEYOVV EVOVTL TV GTOLYEI®V TOV TPOEPYOVTOL OO TO GLVOVAGHO GTOYEI®Y TAAKDV
HE HEUPPOVIKY] CLUTEPLPOPA GTO OTL SLOKPITOTOOVV OKPIPESTEPO OTOLUONTOTE EMPAVELD
KEADPOLVG, 1KAVOTOloUV 11 ouvOnkn oupuPifactod TOV TOPALOPPOCEDY UETAED TV
otoyEiwv, ypnoonoovviol ®¢ HeToPatikd otoryeio PETOED TPIGOAOTATOV HEGOV KO

KEAMDPOLG.

Emioyn otoyeiov facel (opoktnploTiK®V Ttpofiqnotog

Ta otoyeio kehvedv (Shell) ypnowomooHvTaL Yoo Vo LOVIEAOTOUM|GOVY EMPAVELKOVS
eopeic Tov omoiwv N pia dtotaon (To mhyoc) ival oNUAVTIKA pKpdTEPT OO TIG AAAES KoL
OTIS 0moieg Ol Taoelg otV Kotevbuvon Tov mhyovg etvor apeAntéeg. Mo KATOGKELT TG
omoiag to mayog etvan pukpdtepo amd 1/10 piag ddotaong, pmopel va poviehomomOel pe
ototyeio KEAPOLG,.

INa ta dedopéva g Tapovoag pyaciog To yeyovoag OTL To EMACLATO TOL TAOI0L aAAG Kot T
EVIOYVLTIKA £0VV TOAD LIKPO TAY0G GE GYEOT LE TIS AAAES SOGTAGELS LLag divel Tn duvatdTnTa
VO KAVOULLE ¥pNoN aVTOV TOV ototyeinv keAdeovg (shell elements).

Ta otoyeio S4R éyxovv ta 010 YapaxTploTiKd pe o ototyeion S4, dnAadn ™ HeYEAn TOL
eveM&la otn ypnon Kab®G Kot TG SLVATOTNTOS TOVS Y0, LLOVTEAOTOINGT T0c0 plane stress

660 kot plane strain elements. H povadikn dapopd mov mopovcidlovv avtd to ctotyeia

Terida 22|94



EMII - ZyoAn HoAtikdv Mnyavikov
Topéag Aopootatikng

gykerran oto onpeia ohokAnpwong. To S4R ypnoponotel poévo €va onpeio oAokAnpmong o€
avtifeon pe 10 4 onueio T@v otoryeimv S4 Kot cuvenmg sivat o otkovopukd. ITo Aemopepng
avapOpd Yol TOL YOPOKTNPOTIKA TOL TPETEL VO AABOVIE VTIOYN GTNV ETAOYT TOV GTOLYEI®V

yivetar ot ovvéyeto [Abaqus analysis manual].

Mewopévn ohokipoon ( reduced integration)

To ypappa "R" mov ypnoyonoleitor 6to TéA0G TOV OVOLATOG GTOLEIMV ONAMVEL T GTOLXELN
petopévng ohokAnpwong (reduced integration). I'a mwapdaoderypa, to CAX4 givan to 4-koupo,
TANPOVS OAOKANP®OTG, YPAUUIKO, aE0VOSLUUETPIKO 6TEPEd oTotKelo kot 1o CAX4R givor n
€KO00N LE LEIOUEVT] EVOOUATMON TOV 1010V GTOLXEIOL.

O mepiocdtepol kmokeg memepacuévav otoyeiov (FE) Bpiokovv por Adon pe tov
VTOAOYIGUO TOV UNTPMOOL OKAUWYING GTOXEIOV KOl KATOTY LE TNV OVOGTPOPY] TOL Yl TNV
eniAvon TV petatomicewv oto otoyeio. [Ma mepimioka mpoPfAnuate TETEPACUEVOV
oTOYElV, YPNOOTOIOVTAG OTolXEln LYMANG TAENG, Kabiotator avaykoio 1 xpnHon
aplOUNTIKNG OAOKANP®ONG Y10 TOV VTOAOYIGHO TOV UNTPMOV oKopyiog oe kabe onueio
SITOUNG LEG® TOV TTAYOVG TOL KEADPOVG, EMITPETOVTAG £TGL TI) CLUTEPIPOPE U1 YPOLLUIKOV
VAKOV.

H dwpopewon tov onpeiov dtatopng HES® TOL ThYoVS TOV KEADPOVS POIvVOVTOL GTO GYNLUOL
7 mov aKoAoLOEL.

/Top surface of shell

Integration point in

an S4R element Section through shell

Section peints through
the thickness of the
shell at the location of
the integration point

2xnuo. 7. AmEKovion onueiov 0AoKANpwong

Amnd mpoemihoyr|, T0 Abaqus ypnoyomotel mévte onueior S1TOUNG HEC® TOL TAYXOLG EVOG
OLo10YEVODG KEADPOLG, TO Omoi0 €MOPKEL Yoo TAL MEPIGGOTEPO UM YPOLUIKO TPOPAN LT

oyediaong. Eniong étot e&nyodvtar ta SP1 ko SP5 mov epgoaviovtat o dha ta dtoypappoTa.
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H peiopévn ohokAnpwon ypnotponotel pikpotepo appd Gauss GuVIETAYHEVOV OTOV ETADEL
T0 OolOKANpopo. Zvykekpiuéva, to otoreio S4R  ypnoomowodv pdévo €va onueio
0AOKANp®ONG Kol €ival 1 LOVadIKY S10popd TOVG LLE TO XOPAKTNPIOTIKG TOV GTolEiv S4.
Etvan cagég 011, 060 mepiocdtepeg cuvteTaypéves Gauss Eyovpe yo kaOe otoryeio, TGO TO
akpng Ba eivor Ta amoteAéopata g aviAvong, aAld avtd Tpénel va oTaOUIGTEL EVAVTIO
670 KOGTOG TOV YPOVOL VITOAOYIGHOV.

Ot dwtvnwoelg menepoacuévov ototyeiov mov Pacifovtal e emPBoAn LETOKIVIGE®V, TAVTO
VIEPEKTILOVYV TO UNTPOO OKOUWI0G KOt 1) xp1on AyOTEPOV GNUEI®Y OAOKANPOGNG TTPETEL VOl
Tapayel Evo Ayotepo axounto otoryeio. Emopévac, oe oploléves TEPIMTMGELS, WO10ATEPA T
YPOUUIKE TpoPAN LT, OTWG TAAGTIKOTNTO, EPTVCUOG 1] ACLUTIEGTO VAIKAE, ivol GKOTIO VO
ypnoomomBel pelwpévn oAokAnpwon ovti yia mAnpn olokAnpwon. H ghappd anmieia
akpifelag avtiotabuiletor omd ™ Peitioon ™G TPOGEYYIONG HE TNV TPOYLOTIKY
CLUTEPIPOPA.

[Ipéner va diveton Tpocoy| OTOV YPNGYLOTOLEITAL LEIWUEVT OLOKAN PO KOONDS GE OPIoUEVES
EQUPUOYEG UTOPEL VO TPOKVYEL AoTADEI AOY® UNOEVIKOD UNTPDOOV aKapUWYioG. ovTO AAAMOTE

givon yvootd wg Aettovpyia hour glass.

1.5 MEO®OAOI MH TPAMMIKHY EITIAYXHX

Newton — Raphson

To povtélo memepacuévov otoyeiov mov mapdyovtoar oto Abaqus sivar cuvibog pn
YPOLUKE KOl UTTOPOVV VO TEPIAAUPEVOLY amd LEPIKES EMG IMAOES

petafintov. And v dmoyn avT®dVv TV HETAPANTOV, Ot E1I6ADGELS 1oppomiog Aapdvovton
LLE T O10KPLTOTOINGT TG EKOVIKNG e&lomong epyaciog.

H e&icwon pmopel va ypaptel copforikd wg:

FR (M) =0 ey
omov FN eivor 1) cuvictdoa SHvaung cvlevypévn pe v petapint N oto mpopinua won uM
gtvar n i) e M petofinme. To Pacikd TpdPAnua sivar n exidvon g e&icmong (1) yio to
uM 6g 6An TV TEPIOYT OV aC EVILAPEPEL.

[ToAAG amd ta mpofAnpata mov Ba aviyetmnicst To Abaqus e€aptdvtol and TV mopeia

emilvong, ondte n Abon mpénel va avanmtHGGETAL Pe P oelpd "pikpdv" avénoewv. ‘Etot
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Aomdv avakvmTovy dvo {ntiuata. To éva apopd 10 TOS 1 dtakpiromouévn e&icwon Abvetot
o€ k@Be avénon kat to devTEPO MG eMALYETAL TO PEYEDOG TNG TPOSAVENOTG AVTNG.

To Abaqus / Standard yevikd ypnoiponotel tn pébodo tov Newton ¢ aptOumtikn TeVIKN Yo
v emilvon un Ypopkov eElo®oemv 1ooppomiag. To Kivntpo v authy v emAoyn| gival
Katé KOPLo AOY0 TO TOGOGTO GUYKAIONG TTOV TPOKVATEL 0d TN ¥pNon G nebddov g
Newton cg cUYKPION HE TO TOGOGTA GUYKAMONG OV TOPOLGLALOVIOL HE EVOAAOKTIKEG
peBod0vg (cuvnBmg tpomomomuéveg Newton 1 quasi-Newton péfoodor). H Bacikn poper| g
peBooov tov Newton axolovbel otn cuvéyeto.

Ac vrobécovpe 6T, peté amd pio. emovaAnym i £xst Ppedel po mposeyyioTikny Ao, ui.
‘Eoto dowmdv, cMiv n Stapopd petaéd avthc g Adong kat g axpipodg Aone. Tote 1
akppng Avong g dwakprromompévng e€icwonc (1) eitvon ) e&ne:

FN@wM+cM)=0

H avéntuén tov apiotepov pépovg avtng g e€lowong o€ o oelpd Taylor oyetikd pe v

npoceyyotiky Aon uiM mapovoidleton mapaxdTom.
N, My 4 OFY My .p o OFN o my P 0 _
Fr ) + o Wity 55 (/e +0 =0
Av 1 uM etvan o Tpocéyyion apketd Koviviy 6TV TpaypaTikny Avon tote T0 péyedog TG
ké0e dopopdg cMiv1 0o efvan pkpd ko €tol M mopambveo oxéon (Taylor) umopet vo

amAomomBel o€ Eva ypoupkd choTnU EI6MOEMY, OTMG TO aKOAoVHO:

KM?Pcfy = —F) (2)
omov
dFN
KNP = =5 (ul")

etvat 10 epamTopevikd UNTPOO duokapwiog Kot
F _ pFr, M
Ff=F(u)
H enopevn mpocéyyion ot Avon givor tote :
M

M M
Uitg = U +Cihq

Kot 1 emovoAnTTiky dtdkacio cuveyiletor.
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H obykhion g nebddov Newton petpdrton pe 10 KoAdtepo Tpomo otav eacpoiiletar 6Tl
Orec o1 kotoyophoelg otov FiN kot cin™ eivan apretd picpéc. Kon 1o §Ho avtd kprripia
eAEYYOVTOL OO TTPOEMIAOYN G€ ol ADom pe TN ypron Tov Abaqus / Standard.

EmumAéov 10 mpdypappa €L T SUVATOTNTO VO EKTUTTOVEL TIG OVATOTES TILEC TOV VTOAOIT®OV
™mg  Svvaung, TIC EMOLENCELS TNG TAPOUOPPMOONG Kol TIC dopbmdoelg otV avéntikn
TOPALOPPMOT G€ KAOE EMOVAANYN £TGL AGTE O YPNOTNG Vo Lopel va eEAEYEEL Ta peyEn avta.
H pébodog tov Newton cuviBmg amope0yetotl 6€ HEYAAOVG KOOTKES TEMEPAGUEVOV GTOXELMV,
TPOPAVAS Yio 000 Aoyovs. Ilpmtov, 10 OTL glvarl pepkég POpPEG SVOKOAO VO GYNUOTIOTEL
TANPNG UNTpoo Jacobian kot yio pepikd mpoPfAnpato paioto pmopei va givor advvato va
Bt avtdc 0 mivokag 6e KAEIGT LOPON, OTOTE TPEMEL VO, VITOAOYIGTEL apOunTIKd - pio
akppn (ko oyt mévta a&lomiotn) oadkacio. Agdtepov, N HEBodOG eivan damavnpn yio KGO
EMOVAAN Y|, EMEION TO EQATTOUEVIKO UNTPMO SVOKOUING TPETEL Vo, avadLopopPmOel Kot va

ABet Eava o kaOe pia emavaAnym.

o
= .
g, MéBodog
IS} Newton-Raphson
hMA et e

"(“ lﬂ)
|

| Emavdinyn (2)

Mu(| »

n-uum
Meraromon U T g 5

2xnuo. 8. H uéBodog Full Newton Raphson kai ueyédoven ato tpéyov priua

H mo cuyva ypnoponoodevn evarroktikny Avon évavtt tov Newton givaol 1) tpomomompévn

péBodoc Newton (modified Newton ) otnv omoict 10 €PARTOUEVIKO UNTPOO OLCKOAUYING
elomon vroroyiletar ek véov povo mepiotaciokd (1 KaBoAov, Omwg otV HEBOSO OPYIKNG
TAPAOPO®ONG TOV amA®V TpofAnudtov mhactikotntag). [Hapdtt dpwg éywve avapopd og
OVTEG TIC EVOALOKTIKEG HeBOd0LVG dev Ba yivel mepetaipw avdivon kabadg dev €yve ypron
Kapiog otn enilvon Tov TPoPANUATOV TG TAPOVGOS EPYUGTOG.

[Abaqus v6.11, theory manual ]
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1.6 OEQPIA MEOOAOY RIKS

H péBodog Riks eivar évag olyoptOoc mov EMPEPEL TNV OMOTEAEGLATIKY AVOT TEPUTTOCEMV
OOV KOTA TN J1dpPKELD TV TEPLOSMV AMOKPIONG TO POPTIO 1 / KOt 1| LETOTOTION UTOPEL VoL
petwbel 6o n Aon mpoywpdel. Xpnoonoteitar Aowdv ce aotadn mpoPAnuoTa yoo TNV
€OPEST] TOV UN YPOUUK®OV OTOTIKOV KOTOUOTAGEMV 1GOPPOTIOG TOVG KOL O TOTOG
CLUTEPIPOPES OVTOC HE TIC OOKVUAVGEIS OTNV OmOKPIoN TOV (QOPTIOL HETATOMIONG

oKlaypoeitor 6to akdAovho Gynua.

load mesimum

\‘ displacement
iU

dizplacement
iU

e load rminimum

Displacement

2xnuo 9 Ioapaderyuo koumdAng optiov — UETOTOTIONS

Otav  axdpn ot pébodor tomov arc-length odev eiyav oxéun emvonbel ot avaivtég
YPNOYLOTOLOV0AY GE KATOEG TEPIMTAOGELS TEYVNTA EAATPO V1oL AVENCT TG OLCKAUYING, LE
OKOTO TNV 0OmoQLYN T®V OPWKAOV ONUeiv, 0AAG Kol ovTA 1 ADON UTOpoLGE va gival
OTOTEAECULATIKY] LOVOV GE TOAD amAoVS @opels. AVo apyikés mapailayég TS Lebddov THmov
pkovs t6Eov avantiydnkav wepi to 1980 mapddinia kar aveEdptmra amd tovg Crisfield ko
Riks, evd apyotepa mpotdOniay and GALovg epevvnTég Kot GAAEG TOPOAAAYES, LE OTOXO TN

BeAtiotomoinon g chyKAong Kot TG To\TNTOG.
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H pébodog RIKS tpomonoteitar 6to ABAQUS o1n Bdion mov wpoteivet kot o Crisfield (1980)
00TMG MOTE VO EPAPHOCTEL 6T PEBOSO TV TEMEPATUEVAOV GTOXEI®V.

Oewpeitor 0Tt 1 EoOption eivar gvB€wc avdioyn, oniadn OTL O To. pEYEOM TV
petaforiopevav eoptiov eéoptovtal omd éva kowvd Pabumtd cvvieleot). Emmpocbeta,
Oewpeitan 6TL 1 AmOKPIoT) EIVOL AOYIKAS OO, OTL OV TPOKLITOVY SNAOOT OTOTOUEG AAAAYES
(pe yovieg) otn oyéon eOpTIoNG LETOTOTIONG.

H ovocia g pebodov eivar 6t n Aon Bewpeitan og n gvpeon oG LOVASIKNG SLOOPOUNG
woppomiag o€ £va y®Po mov opiletan amd TG peTafANnTéG Tov KOUPOL KOl TNV TOPAUETPO
@options. H avamrtvuén g Aong amottel va dtaoyilovpe avt 1 dwdpour 0660 amouteitot.
O Baowdg alyopiBuog moapapéver n pEBodog tov Newton, emopéveg kdbe otiypr| Bo vapyet
poe TEmEPOCUEVN OKTiVo GUYKAoNG. AAA®OTE, TOAAL omd TO VAKE €yxouv amdKpion
eCaptapevn amd Vv odpoun ooppomioc. o avtd Aowmdv 10 Adyo, €lval GNUOVTIKO Vo
TePLOPIOTEL M AENON TOV cuvieAeoTn o€ kdBe Prua g neBddov. XTOV TPOTOTOMUEVO
alyopiBuo Riks, to péyebog mpocavénoemg meplopiletor omd ) petakivnon pog 6edoUEVNG
OmOGTAOTG KOTE UNKOG TNG EPOTTOUEVNG YPOUUNG GTO TPEYOV GNUELD 160pPOTTiNG GTO EMINESO
Kol EMELITO YAYVOVTOS Y10, IGOPPOTIO. GTO EMIMEDO TOL HEPYETOL OO TO CNUEIO TOL OTOKTATOL
Kol To omoio &ivar opbBoydvio otnv idw epomtopevn ypouun. Edd m yeopetpioa mov
OVOPEPETOL EIVOL O YDPOS TOV LETATOTICEDV, TMOV TEPIGTPOPDV KOl TNG TAPAUETPOL POPTIOL

OV OVOPEPONKE TOPATAVE®.
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Opwopoi Bacikav petafintov

‘Eoto 611 PN (N=1,2...= o1 Bofpuoi ehevbepiog Tov HovTéLov) sival TO TPOTLO POPTWOTC,
omwg opiletar pe pio | mEPLocOTEPES Ao TIg duvaTdTNTES TNG POpTIonG. Kot éotm A 1
TOPAUETPOS HEYEOOVS TOL POoPTiOV, EMOUEVEOG VAL TAGO GTIYUT] M TPAYUOTIKY KATAGTOON
poptiov sivar A xPN, kou o1 petoronicelg stvor UN exsivy ™ otiypn.

O x®pog dSADHOTOG KAMUOKOVETOL MOTE 01 O106TACELS Va £xovv Tepimov to 1d10 péyehog oe
Kk@Oe dEova. Avto yivetal pe T HETPNON TG LEYIGTNG OTOALTNG TIUNG OA®V TOV HETAPANTOV

LLETOTOTIGE®V, i , 6TV OpPYIKY Yok exavainym. Exiong opiCovue P = (PN )¥2.

O yopog kabopileTon amod:

*  @oprio =1 PN, PN=PN/P
*  Meraronioeic = wN= (UN/d);

Kot 1 dtdpour Aong eivat TOTE TO0 GLVEXEG GUVOLO CMUEIDV 1G0PPOTIOS TOL TEPTYPAPOVTOL
and 1o dvvoua (V1) oe owtd 10 YHOPO TOL AvaPEPONKE Tponyovuéves. O akydpOpog

mapovotdletar oto oynua 10.Kon weptypapeToL TOPAKATO.

.
~— Equilibrium surface

2oynuo. 10. AlyopiOudg Riks
Ac vrobécovpe 6t Mon éyel avomtuydei 6to onueio A°=( ", L)

H epantopevn  axapyio , Ko™ | éyet oymuoriotel con Mvovue

KoNM UoM =P
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To péyebog g mpocavénong (Ao oto Az, PA. oynua 10) emhéyeton amd v GUYKEKPLUEVO
pKoc, Al , 610 xdpo Mong, étot dote AA3(TY ; 1) @ () 1)= Al?, kou emopévac:

Ao = ~N~i—All/2

(g g +1)
(Bdd to i etvontould Srnpepévo pe 1o ). H tyum tov Al opyikd ei6dyetar amd to ypiotn
Kol TPOcopUOLETOL OO TO TPOYPOUUO LE TOV OUTOUATO OAYOpIOHo avénong eoptiov Yo
otatikd mpoPfAnuota, Paciopévo oto mocootd cvykMong. To mpdonuo  tov Ake -
katevBuvon ™ amdKkploT KOTE UKOG TNG EPOmTOUEVNG €LBeing- emAéyetanl €161 OGTE TO
£0MTEPIKO  YIVOUEVO TOV Ado (Ti)'; 1) o1 AVom tng mponyoduevng avénong, (Aida;Ad),

va gtvarl Oetikd:

Ao (T ;1) = (AdNa;Ad1) >0
Apa,
Aho (T AdMNa + Ada) >0

Eivou mBavod o€ opiopéveg TepmtMdOELS TOL 1) 0TOKPIGT] CNUEIDOVEL TOAD HEYOAN KOUTLAOTNTO.
otov (@iV; 4) ydpo, t0 kprrfplo va mpokarécel v emhoyn Tov Adfovg onueiov (AdOog

TPOGNLO0), OTWS POIVETOL GTO TOPAKATD GYNLLOL.

~ (AT 5 AL

P.}

= This direction will be chosen
and will take the solution the
wrong way along the eguilibrium
path,

2ynuo 11. Aabog onueio oto dpduo 1ooppormios

To AdBoc mpdonpo oravimg eMALYETAL GE TPAKTIKES TEPMTMOGELS, EKTOC Kol av TO péyehog
™™g avénong eival ToAd peydio 1 Avon aArdlel kopmvidmra pe oéeia yovia. O éleyyog oe

TETOLEG TEPIMTAOGELG Eivar TOAD damavnpog, ONAadn Exel LEYAAO VTTOAOYIGTIKO KOGTOC.
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M pocéyyion o tav n Ao va PBpioketal 610 Sdotnpa Ao - AL, 0 <e<<l, é101
TOiPVOLUE €VO SIVOGHO TO 07010 SIVEL IOl KOVTIVI] TPOGEYYION TNG TPOGOVOTOAMGUEVNG
spomtopévne oto Al Emedny m mepintoon esivorl 1660 omdvia, dsv mepthapPavetar Evog
TETOL0G EAEYYOG KOL TO OTAO EGMTEPIKO YIVOUEVO OV SIVETOL TOPOUTAV® YPNCUYLOTOIEITAL Yol
mv edpeon oL TPdHSNUOL. 'Etot Aowmdyv, éxovpe Ppetto onueio AL (@Y +ANTY ; 1o+ Ado)
010 apandve oyfuoa. H Avon topa ivorl dtopfwpévn ot dadpopn iooppomniog 6to eninedo
mov mepvdel amd to Al ko eivar kédOeto oto (@A) 5 1), amd Tov emovainmTikd arydpOpo TOL
TapoLG1ACETOL KAT.
o 'Evapén:
AN = Adg, Aul = Adgul

o Ty emavainyn i (i=1,2,3,...)

a. Awopopewon IV, K™ | o1 ssmtepikég Suvapelg 6toug kOpPovg

N _ N. nm _ oIV
ko | —fV[} rodV , K" =—7

omv katbotaon (u) +Aul ; 1.+ Al) mov Bpicketar oto onueio Tov A' Tov 200

GYNUOTOC.

B. EAeyyoc 1coppomiog:
RN = (Ag+42)PN — N
Av ov mopdpetpot RN mov éyovv eicoyfel eivar aprodvtmg wikpéc, N emavainym £yet

ovykAivel. Av oyt cuveyiCoope.

y. Enihvon:
KM {u'; ¢} = {PY; R}
"Eto1 AMvoupe Tantoxpdveg pe §9o Stavospota eoptione PN kar RN kat Aappévovpe

800 Sravdopata petatomong, ul xa cf.
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5. Topa to didvvopo (Tl ;1) tideton vd KhMpoxo kot 0dpoiletar 610 (E; p;)
Onov p; = RNPN/P? givor n mpoPod TV LIOAEWUOTIKOV, Tov &xovv Tedel vId
KMpaka oto PN, éto1 dote va petakivodpoote and o A’ oto A* mdve oto eminedo
mov &tvon kGBeto oto (@Lh ;1).
Av16 diver v e€icwon:

{(0;—p) + (&5 pp) + n@@; D} : (@y; 1) =0,

OV OTAOTOIEITOL GTNV:

Kot to onpeio g AMong dpa givor to A"
U +4ul + ¢ + pul; 20 + A4, + w).
€. Evnuépowon 6edopévmy yia Ty eTOUEVT ETOVAANYN
Aul = dul+c + pul
Ay = A4 +
i=i+1

Kot emotpoen oty apyikn.

H extéheon oto mpdypoppo  meprAapfPavel o emmAEOV evnuépwoN UHETO amd kdbe
emovéinym: ul =ul

Avtd odnyel v €pevva Yoo THV €0pecn 16oppomiag vo eival opboymvia otnv TEAELTAIN
EPATTOUEVT), OVTL Y100 TNV EQATTOUEVT 6TV apyn TS avénong. To kvpro kivnTpo yo avTn v
npochetn Tpomomoinon mpoépyeTor amd TN YpNon S uneboddov oe  mpoPAnuarto
TAACTIKOTNTOC, OOV 1| TPATN EMAVAANYN KAOE avENONG YPNCLOTOEL TO EAAGTIKO UNTPDO
axopyiog yio va opicel v katehBvveon g TapapdpP®oNS Kot £TGL £XEL WG OMOTEAEGLOL LLLOL
axopyio n omoia dgv €ivol OVIUTPOCOTEVTIKY TNG EPOATTOUEVNG GTN OOPOUT 1GOPPOTIOG
£POCOV TPOKVTTEL EVEPYOS TAAGTIKOTNTAL.

To cvvolikd pnkog g dradpopng mov dacyiletar kabopiletor amd ta peyébn tov popticov
OV €l6ayovTol, KoOMG Kot 0 apbpds tov avéncemv kobopiletor amd avtioToryeg

TopaUETPOVG elcayyNc. [Abaqus v6.11, Theory Guide ]
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KED®AAAIO 2

MeAétn TG ATOKPLONG VODTNYIKOD EACOUOATOS OlYWS EVIGYVTIKG

2.1 NIEPIT'PA®H ®OPEA

IMa va BePoarmBovpe 11 pebBodoroyio mov emAéEape TapExel apKeTd aKpiPr] amoTEAEGLOTA
KpiOnKe oKOmIUN 1) SOKIUN TNG OTOKPLOT) EVOG TUTIKOV EACLATOC diYMG EVIGYVLTIKA, LE TO 1010
YOPOKTNPLOTIKA PE TNG KOTAGKELNG HOG. [0 T0 GUYKEKPIUEVO TOTTO POPEN VITAPYOVY TOCO
AVOAVTIKEG GYECELG 000 KOl TEPALATIKA OMOTEAEGLOTA [LE TO OTTOT0 GLYKPION KAV KoL TOL S1KdL
LLOG.

Enopévoc yuo v avaivtiky enidvon egetdlovpe Elaocpa omd poiako xdAvpa e 0100TAGES
850mm™*2670mm kot pe mwhyog 18mm. Ot dooTdoelg TOV EAACHOTOG Eival Ol TUTIKEG EVOG
vaumnynoEvtog EAAcLOTOG Kot Yo avTod TIC emléyovpe. Ta ototryeio Tov vAKOD givar:

* Métpo ehaoctikotntag E= 207 GP

* Op1o dwppong oy= 235 MPa

» Adyoc Poisson v=0,3

To éloopa Bempeitor TOKTOUEVO GTIC TAELPES, ONANOY| Ol TAELPEG Eival TEPLOPICUEVES KoL
v Tovg 6 Pabote ehevbepiog (dev emTpémovTon KIVGELS KO TEPIGTPOPES KoL Y10 TOVG TPELS
dEoveg). IIaveo oty emedveln. Tov €AAGUOTOC OOKEITOL OHOOHOPPN Tieon oe OAN TNV

EMPAVELQL.
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2.2 EHIAOT'H KATAAAHAOY ITAEI'MATOX

[Tpv 6p®¢ amd ™ HEAETN OTMOLCONTOTE AOKPIGNG TOV Popéa, £va {Tnua Tov BewprOnie
¢ Exel vonua va, dtepguvn et Kot va oyolootel, eivar 1 BEATIOTN EMTAOYT TOV GTOLYEIDV TOV
0o ypnoyomrombovv yia T poviehonoinon. Onwg avoaeépdnke oe TPOoNyoHUEVO KEQPAANLO T
emAoYN TV ototyeinv S4AR £yve pe KOPLO KPITHPLO TNV OIKOVOUIKOTNTO TOVG.

Yy 010 Bdon Lomdv Bewpr|Onke cmoTO va yivel Kot o O1EPELVNOT TOL ALPOPA TO TAEYLAL
TOV otolElmv pe okomd v gbpeon avtod mov Bo dwcearilel Tov AydTeEpO KOOTOC OE
VTOAOYIGTIKO ¥pOVO OAAG Vo divel TapdAinia 660 10 dLVATOV MO aKPIPN ATOTEAEGLOTO.
[Moapaxdtw Aowmdv mapatifevion Tivakog pe To SOKIUACTIKE TAEYLOTO L€ TO OTOTEAEGLLOL TO

omoio e&etdleTon va gfvo ) péylotn HETATOMION.

Méyebog Jltksvpdg OV My Méyiom petatomnion
ototyeiov (mm) (mm)
20 43*134 5.56
40 21*%67 5.335
50 17*53 5.315
80 11*33 5.112
100 9*27 4.897
200 4*13 3.822

2xnuo. 12. ETiAoyn mA&yuaTog TETEPOCTUEVOV

YUVETMG LE TO TPOOVAPEPHEVTA KPLTPOL TNG OKOVOLUKOTNTOG-0KPIBeElag, N TEMKN Hog
emioyn eivor to mAéypa peyéBovg mhevpac S0mm, kobmng Bewpeiton OTL amotelel To mO
«opad» mAEYpo mov mpooeyyilel apKeETd TO AMOTEAEGULOTO TTOL OIVOLV T MO KTVKVA»

TAEYLLOTAL.
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2.3 ANAAYTIKH EIIAYXH TYHIKOY OPOOTI'QNIKOY EAAXMATOX AIXQX
ENIZXYTIKA

O Jones (1975) amédwoe v avtoyn katdppevong pog opboydviag mAdkag ved @optio
TAELPIKNG Ttigong pe T uéBodo g AkapumTng-TAacTikng Bewpiag xwpig va vroroyiletat To

QOVOLEVO LEYAANG EKTPOTING:

IMa éva amdld otplopevo Eracpa :

8Mp 24M, 1

b2 (I+a+a?)<p, < b2 (V3taP—a)? 3)
Y £VOL TOKTOUEVO EAACLOL
16M 48M 1
bzP (1 + az) < Pu =< bzp (W_a)z (4)

omov,

Pu €tvo n SVVOUN KATAPPEVOTNG

Mp: M TANPNG TAACTIKN KAy

b : 1o mAdtog Tov EMdopatog ico pe 0,85 m

a . 0 Adyog mAdTovg Tpog ukovg tov eldouarog (b/a) icoc pe 0,318

I"a tov vmoloyiopnd TV ototyeiwv mov amottel 1 e&icmon), VIToAOYILETOL YO L0l 1GOSVVALN

Aopida TAATOVG EVOC LETPOV, KO ETOUEVMS Y10L TT] SITOUY| LUE OLOCTAGEL :

H pomrj adpdvetag : |7 =pb-h3/ 12 = 4.86*10" m* “ Iﬂﬂla

L 1
H andotaocn amd to k.p aéova: Zg=zk =2ly/h=5.4*10° A n A

YVUVETMG 1 TY NS TAACTIKNG POTNG VtoAoyileTon o€ :

M, = b-h?s,/4 = 19.035 KNm
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Kat avtikabiotdvrog oty egicwon (4) kabdg avth ivol Tov avtamokpivetal 6Tig OKEG Hag
ouvOnKeg oTIPIENG, TPOKLITEL OTL:

To dve 6pro: Pupp = 607,327 kPa

To kéro 6pro: Prow= 463,164 kPa

Awaypappa P-u
700
600

—_ _—
o 500
%400 /
© 300 /
200 /
100 /
O /
0 0.006 0.012 0.018 0.024 0.03 0.036 0.042 0.048 0.054 0.06
Metatomion (M)

e

N

II

2ynuo. 13. Aiaypopua P-U povotovikng optiong oto uéco tov omlod eEAGoUATOS

BAémovpe Aoutdv kot amd to Odypoappo T TECNG-UETATOMIONS GTO KEVIPO TOV EAAGLLOTOG
(exel 6mov N petatomon givor n Péylotn) OTL Y10 T LOVOTOVIKT), OTATIKN POPTIOT Y10 POPTio
464 KkPa oaivetor vo  OMUovPYEITOL O TPMTOG OYNUOTIOUOC TPIOV  TOVTOYPOVOV
TAAOTIKOTOMUEVOY (OVAV (0T0 AKPa KOl 6TO KEVTPO) EVOD Y10, popTio Tng TaEng 610~640 kPa
ol petatomioel mALov avédvovion pe  paydaio pvOud. Xvumepaivoope dpo O6tL TO
amoTeEAESUATO TOV TPOKLTTTOLV Kot ord T0 ABAQUS divouv pe 6yedov undoapuvi] amdkALo,
LE Ta aplOUNTIKE ATOTEAEGLLATO TTOV OLPOPOVYV TO POPTIO KATAPPEVOTG OTMG AVTA TPOEKVY ALY
KoL 0tO TNV OVOALTIKY EmiAvon).

[Mapakdto Topovotdloviol to oTydTuIe. ToV gAdopatog Yo katamdvnon 608 kPa wat

avtiotoyyo ot téoglg Von Mises kot HeToTomicELC.
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+E£.020e+02
+5.050e+02
+5.050e+02
+5.050e+02
+5.050e+02
+E£.020e+02
+5,050e+02
+5.050e+02
+E£.020e+02
+5.050e+02
+5.050e+02
+5.050e+02
+5.050e+02

DB monioodh Abaqusf/Standard SDEXPERIEMCE R2Z018%  Sat Sep 21 04:21:41 SGTE Daylight Time 2019

z Step: Step-1
m Increment TE! Step Time = 0,700

Primary YMar:
Deformed “Yart U Deformation Scale Factor: +8.546e+00
b

2yniua 14, Ametovion tov omlod eldouotos oo uovotoviky poption ion ue 608 kPa

S, Mizes

SHEG, (fraction = -1,0)

[Awg: 759
+2,350e+05
+2.210e+05
+2,069e+05
+1,929e+05
+1.788e+05
+1.648e+05
+1.507e+05
+1.267e+05
+1.,226e+05
+1.086e+05
+9.454e+04
+8,04%e+04
+6,6dde+04

CDB: moni.odh AbaqusfStandard SDEXPERIEMCE R20158x  Sat Sep 21 04:21:41 SGTB Daylight Time 2019

z Step! Step-1
m Increment 7&: Step Time = 0.7&00

Prirmary War 5, Mises
Creformed YWar U Deformation Scale Factor: +2,546e+00

2ynua 15. Taoeig Von Mises yia poptio 608 kPa

Emiong n teAkn popen 1ov mopopop@opévon EAAGHOTOG OTMS GAIVETOL KoL GTNV TOPOUKATO
ewova  TopovcldleTol 6e pio gupeia TEPLOYN YOP® amd Hio KEVIPIKT oplOvTIo YPOULY.
Yuven®g Bo pmopovoope £T61 Vo KAVOLUE KOl TNV EKTIUNGCT TOG GE UEYOAVTEPOL HeYEBOLG

QOPTIOT EMIMEAOL A0TOYI0G, 0V Ba Eekvovoe amd Tig eV AdY® TEPLOYEC.
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U, uz

+3.124e-02
+2.864e-02
+2.604e-02
+2,343e-02
+2.083e-02
+1.823e-02
+1.562e-02
+1.302e-02
+1.041e-02
+7.811e-03
+5.207e-03
+2,604e-03
+0.000e+00

nw L4
e T L

ODB: moni.odb  Abaqus/Standard 3DEXPERIENCE R2018x Sat Sep 21 04:21:41 GTB Daylight Time 2019

z Step: Step-1
Increment 76: Step Time = 0,7600
Primary Yar: U, U2

Deformed Yar: U Deformation Scale Factor: +8.546e+00
W

2yiua 16. Metaromioels amdod eddouarog yio wicon 608 kPa
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KEDAAAIO 3

Ouoiduopen micon ae OAN TV ETLPAVELD,

3.1 HEPITPA®H ®OPEA EAAXMATOX ME ENIZXYTIKA

Metd 1o KavOomOmMTIKG OMOTEAECUATO OV TPOEKLYAV ONO TS OVOADGELS TOV OTAOD
eMdopotog, vo onuembel 0TL 0 VTOAOYIGUOG TOV AVEM Kol KAT® (POPTIOL KOTAPPELONG
VToAOYiGONKE Y100 TO TUAUO TOL EAAGLOTOS OVOUECH GTO EVIOYLTIKE, ONAad Yo EAAGHQ
punKovg 2.67 m kot TAdtog 0.85m. Apopovce Aomdv Tig akpiPeig S100TAoELS EVOG EVOLAUETOV
TUNUOTOG Kol PE OO TO YOPUKTNPLOTIKE, TOL TPOYLOTIKOD (POPEN TTOV OMOTEAEL OVTIKEIILEVO
™G MEAETNG pOiG.

O popéag Aourdv mov peAeTpe amoteAeital omd Eva eTITESO EAACLO EVIGYVUEVO UE 4 STOUNKN
EVIOYLTIKA pe e€MTEPIKEG O10TACES Unkovg 4.25m (v amdotaon oniadn petacd o6vo
SOOYIKOV KUPLOV SWOUNK®OV EVIGYVTIK®V) TAATOVS 2.67M (TnV amdoTacn aVAUESH GE OLO
dadoykég €0peg vopémv) katl mhyovg 0.018m. Ocov agopd ta PacIKA KOTOUGKELOGTIKA
oToyEin. EvOG TETOOL EAACUOTOS, ONAGON TO ThXOG TOL EAAOUATOC Kot TO gUPadov Tomv
EVIOYLTIKOV VTAPYOLV OVOALTIKEG GYECELS Y10 TOV VTOAOYIGUO TOUG OAAG otV Topovoa
gpyacio ot TES aVTEG ANEONKAY amd TVTIKOVS POPELG VALTNYIKOV KOTOUGKELAOV, TOGO Y10

dtevkOAVVGN 0G0 Kot Yot dgV amoTEAOVV GTOYO QTNG TNV £PELVOAG.

Yvvoyilovtog Aowmdv o Tapomdve, To LOVTELD amoteAeital amd Ta NG YOPUKTPIOTIKA:
* Amdotaon petasd vouémv: 2.67m
* Amdotaon petaSd dSoupnkav evicyvtikav: 0.85m
*  Tomog evicyvtikov: Tag
* IId&yog erdopatog: 18 mm
Eniong to ocvvepyalopevo élacpa g TAAKOS 6TO EVIGYVLTIKO VITOAOYIleTOL OC:
be: min{s,0.2 - 1}=min{0.85,0.534 } = 0.534m

KOLL 1] EMPAVELD TG SLOTOUNG TOV GLVOEIEUEVOL EAACHATOG B glvar
bp: t =53.4cm -1.8cm = 96.12cm2
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Kot o tuvmomompéva pey€dn tov evioyutikov mov entkéytnke. Ot cupPorcpol eneEnyovvrot

07O AV GYNLLOL.

t: 18 mm hw:350 mm
br: 141mm Zp: 174.95 mm

M.
tw: 12 mm A: 160.68 cm2 .,
tr. 16 mm
3.2 IEPITPA®H ®OPTIZHX

[Mopakdte mapotifetor n mpocouoimon Tov poviéhov oto mpodypappo ABAQUS. Ou
OLVOPLOKEG GLVONKES TTOL YPNCILOTOMONKAV OTIG SOKIESG LLOG EIVOL TAKTDOGES OTMS PaiveTO
Kot 6N €1K. 18 oV CLYKPUTOVV Kal TIG TEGGEPLS TAEVPEG TOL EAAGLOTOG KAOMS Kot TIG AKPOiEg
dtopég Twv evioyvtikav. Ta dwypdupata mov mwapatiBevior Tapovctdlovy TG KEVIPIKESG
KouPucéc petatomioec. YmevOopiletor 61t 1 KotooKeLY] Hag amoteleitol amd éva eminedo
éhacpa evioyvpévo pe 4 dapnkn evioyvtikd. To tufpata Tov EAGCUOTOS OVALESH GTO
evioyvutikd Oa ta ovopdalovpe otoryel®on ehdopata (Elementary Plate Panel). O koppog 2749

etvat 0 kevTpkodg kKOUPog Tov HeGIOV (KEVTIPIKOD) GTOLELOOOVS EAAGLOTOG.

2ynuo. 11. Ametovion ts mpooopoimans Tov popEN ato TPOYPOLUO.
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% Edit Boundary Condition hed

Mame: BC-3

Type:  Symmetry/Antisymmetry/Encastre
Step:  Initial

Region: Set-7 [3

CSYS (Global) [y L

() HSYMM (U1 = UR2 = UR3=10)

(O ¥SYMM (U2 = UR1 = UR3 = 0)

(O ZSYMM (U3 = UR1 = UR2 = 0)

(O XASYMM (U2=U3=UR1=0; Abaqus/Standard enly)
O YASYMM (U1=U3 = UR2=1D; Abaqus/Standard enly)
(O ZASYMM (U1=U2 = UR3=0; Abaqus/Standard only) [
(D PINNED (U1=U2=1U3=10) ..
(@ ENCASTRE(U1 = U2=U3=UR1 = URZ=UR3 =10}

OK Cancel

L.

Z

2ynuo. 18. Zvvopiokés ovvBikes eldouarog

3.3 MONOTONIKH XTATIKH ®OPTIXH

[Ma v otatikn eopTIoT EMPAAAETOL OPLOIOLOPPT TTECT) GE OAN TNV EMLPAVELD TOV EAGCUATOC.
¥10 yfua 19 mtapovoialovton ta daypappoto ticong -petatdmiong pe tn uébodo Riks kabmg
Omwg avoeEpOnNKe Kol GE TPONYOLHEVO KEPAAMO, M ovykekpyévn péBodog diver
duvatodtTa va amodobei 1 oy€om dVvauNG LETATOTIONS KOL TEPAY TOV OPLOKAOV CNUEl®V. TNV
OCLYKEKPLUEVN gpyacia dev mapovsldctnke PO actabolc woppomiog mapd Hovo y
TOAD LEYAAO (OPTIO KOt AmOKPIoN TOV EAACLLATOS, TPAYLLOL TTOV OEV TAPOLGIACTNKE KAONDS 6TO
eminedo ekelvo TG POPTIONG 0 POPENS £XEL MO KATAPPEVCEL AOY® LEYAANG avEnong TtV
petatonicewv. Emopévmg 6to dbypoppa yIveETol ELOOVIG 1| CUUTEPLPOPE TNG KATOGKELNG
OOV G€ MAPUAANAGUO e TNV YPOUUKT-EAOCTIKY avAAVOT QaiveTol TO onueio Yo To omoio
dwywpifovtat ot 6V0 ypappég dpa ) oTrypn e mpdTS dappons. Emiong paivoviot k1 avtd
To. onpeia Yo ta omoia 1 KAlom tov Staypdppatog aArdlel Kol ot petatonicelg apyilovv va
av&avovron amdtopa. [Hapakdtom mapatiBevior Kot EIKOVEG 1) TAPALOPP®UEVT KOTAGTACT TOV
Qopén. TN OoTyp] mov oynuotileTor M MPOTN HOPPT  UNYOVICUOD KOTAPPELONG UE

TAOCTIKOTOMGELS G€ KAOE HEGO Kot AKUES TOV KAOE GTOLXEUDOOVS ELAGLATOG.
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P-u
MovoTtovikng @opTionG
800
700 /
600 / //
< 500
53 i~
400
§ / —Movtélo
= 300 7( EMOLGTIKO-
200 Teheimg
100 // TAUGTIKO
0
0 0.015 003 0045 006 0.075 0.09 0105 0.12

Metatomion (M)

2ynuo. 19. Aidypopo HovoTovIKiG popTIon ~UETATOTLONG
VIO, OUOIOUOPPY KOTOVOUN THG TLETHS

H otrypn g mpdng dtappong 0mmg Exet onuelmbel kot 6to didypappo couPaivet yio wieon

ueyébovg 270 kPa 1o omoio avtiotoyel o petaxivnon 4.53 mm tov pecaiov kopPov. To

OeVTEPO  LOPKOAPIGUEVO ONUEIO OVTIGTOWXEL OTO OYNUATICUO TNG TPAOTNG O18000MG NG

TAOGTIKOTOINONG TEPA OO TIC AKPES TOV GTOYYELMOMV EALAGUATOV KOl GTO LEGOV TOVS. AT

10 onueio avtiotoyel og 465 kPa, petatomion kevipikod képPov 9.36 mm ko mapovoidletan

OVOALTIKA PE TIG 0KOAOLOES EIKOVEC.
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S, Mises

SNEG, (fraction = -1.0)

(Avg: 759%)
+2.,350e+05
+2.165e+05S
+1.980e+05
+1.796e+05
+1.611e+05
+1.426e+05
+1.241e+05
+1.056e+05
+8.715e+04
+6.867e+04
+5.01%9e+04

+3.171e+04
+1.323e+04

OD®: monot_mshS0.0db  Abaqus/Standard SDEXPERIENCE R2018x Mon Aug 0S5 23:54:41 GTB Daylight Time 2019

Step: Step-1
® Increment 62: Step Time = 0.6200

2 Primary Yar: S, Mises
Deformed VYar: U Deformation Scale Factor: +6.200e+00

2ynua 20, Taoeigc Von mises yia 465 kPa

u, uz

+9.407e-03
+8.623e-03
+7.83%e-03
+7.055e-03
+6.271e-03
+5.487e-03
+4.704e-03
+3.,920e-03
+3.136e-03
+2,352e-03
+1.568e-03
+7.83%e-04
+0.000e+00

Wy

ANy

ODP: monot_mshS0.0db  Abaqus/Standard 3DEXPERIENCE R2018x Mon Aug 05 23:54:41 GTB Daylight Time 2019

Step: Step-1
Increment 62: Step Time = 0.6200
Primary Yar: U, U2
z Deformed War: U Deformation Scale Factor: +4,.518e+01

2ynua 21. Tapouoppdoeig yio. P= 465 kPa
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3.4 ANAKYKAHZXH HNIEXHX XE OAO THN EINI®ANEIA

Ta aroteAéopato and Tig OVOADGELS TNG AVOKVKAIKNG OTATIKNG POPTIONS TOPOVGIALOVTOL Y10
dpopeg TES TG Tieonc. H pedétn g copmepipopds, tng 614606M¢ TN TAAGTIKOTNTOG KATH
™ SIPKELD TOV KUKAWV QOPTIONS Kot EEEMENG TNG LETATOTIONG SEPEVVMOVTOL LUE TIC OOKIUES
QOpTi®V OMpiovpydvtag Kabe @opd 1o Oypapupo TEONG METATOMIONG KOl TEMKAOG
ovykpivovtag ta petalh Toug og po mpoomadeia eEoymyYNG TOV KOTAAANA®Y GUUTEPAGUATOV.
H dokipég mov mpayuatomotovvron ivar ava 100 1 50 kPa pe Bdon v kpion tov @ottnty
amd TV amoKplon TG Kabe pdong.

H avélvon ce avtd 10 mopdoetypa Oeiyvel YopakInploTikd ototyeia g avakukKAMLOpevNg
@optIons. Xwpig va vdpyel Kopio amoldTwg HETAPOAT OTO POPTIO TOV EMEVEPYOLV GTNV
TAGKa 6€ KOOE KOKAO 1 GUUTEPIPOPE TNG OALALEL KOt Ol LETOTOTICELS ALEAVOVTOL GTAOIUKA,
HE OMOTEAEGUO VO OOMYOUVTIOL GE OMOYOPEVTIKEG TIUEG Ol Omoieg poipaio. odnyovv oe
KATAPPELOT. TO TOPAKAT® OLdypoppe TopatiBeTonr EVOSIKTIKG e OKOTO Vo YIVEL OmAMG
enpavne n popen tov amplitude mov ypnowomomOnke ya v emPoir Tov @optiov. Amotelel
napaderyua evog eoptiov 600 kPa mov emiPAndnke yia 25 kdxhovg poptione. Onwg Oa pavei

OTY GLVEYELN Ol EMIONEG dOKIUEG TTparyLaTomomOnKay yio 50 koKAovg.

AMPLITUDE- LOAD

600
T 500
2
= 400
8 300
i

200
=

100

0

0123 456 7 8 9 1011121314151617 18 19 20 21 22 23 24 25
XPONOZ

2ynua 22. Ameikovion popens poptiov uéow Amplitude
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3.4.1 Iigon peyéBovg 500
To mpdTO PopTio Y1 T0 0MOi0 peAeTONKE o T 1) cVUTEPIPOPA givar Twv 500 kPa, To poviélo

oMM PAVNKE Kal amd TV HovoTovikn eoption oto 500 kPa éyel 1o oynuatiocst mAooTIKEG

Caoveg ko amd Kel Kot TEPO EEKVAVE 01 LEYAAES LETATOTIGELS.

S, Mises
SMNEG, (fraction = -1.0)
(Avg: 759%%)

+2.350e+05
+2.166e+05
+1.983e+05
+1.799e+05
+1.615e+05
+1.431e+05
+1.248e+05
+1.064e+05
+8.800e+04
+6.962e+04
+5.124e+04
+3.286e+04
+1.449e+04

OLp: S00_CY¥CLIKALL.odb  Abaqus/Standard 3SDEXPERIENCE R2018x  Wed Aug 28 17:40:22 GTE Daylight Time 2019

Step: Step-1
® Increment 2550: Step Time = 25,50
Primary Yar: S, Mises

z Deformed War: U Deformation Scale Factor: +3.63%e+01

2yniua 23. Taoeig Von mises otovg 25 koo yio 500 kPa

[Mapoaxdto TapatiBevrat dSidypoppa petatonicewv oto Keviptko koppo (N:2749) tov pecaiov
eMdopotog Kabhg exel epeavileton n HEYIOTN TIUN OT®G EMiONG Kol SIAYPUUUN 1GOOVVAUNG
TAOGTIKNG TOPAUOPPOONG CLVOPTHGEL ¥POVOL GE GNUEID TNG CLYKOAANGTG TOV EAAGLLOTOC [LE

TO EVIGYVTIKO.
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U, Magnitude

+2.,624e-02
+2,406e-02
+2,187e-02
+1.,968e-02
+1.,750e-02
+1.531e-02
+1.312e-02
+1.,093e-02
+8.748e-03
+6.561e-03
+4,374e-03
+2,187e-03
+0.000e+00

ODP: bottom&00.,0db  Abaqus/Standard 3DEXPERIENCE R2018% Mon Sep 23 05:42:52 GTB Daylight Time 2019

Step: Step-1
% Increment 4952: Step Time = 49,50
Primary Yar: U, Magnitude

Z Deformed Yar: U Deformation Scale Factor: +1.61%e+01

2ynuo. 24. Metarorioeic oto wépog twv 50 kdkAwy

U:U2 oTov kOupo 2749
VAR EA AR

0.012

0.01

o
o
S
©

Metardtmion (m)

0 T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50

Xpovog

2o 25. Metoromon koraxopopn (U:U2) oo koupfo 2749
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PEEQ

SNEG, (fraction = -1.0)

(Avg: 759%)
+7.259e-03
+6,654e-03
+6.,04%9e-03
+5.444e-03
+4,83%e-03
+4,234e-03
+3.630e-03
+3,025e-03
+2,420e-03
+1.815e-03
+1.210e-03
+6.04%e-04
+0,000e+00

OD@: S00_CYCLIKALL.odb  Abaqus/Standard 3DEXPERIENCE R2018x Wed Aug 28 17:40:22 GTB Daylight Time 2019
% Step: Step-1
Increment S3: Step Time = 0,5300
Primary Var: PEEQ

Z Deformed Yar: U Deformation Scale Factor: +3.690e+01

2ynuo. 26. loodvvaun TAAoTIK) Toapoudpemon Twv oTOELWY THS KOTATKEDHS

PEEQ

0.0035

0.003

0.0025
0.002

opPmon

N

0.0015

0.001

[Tapap

0.0005

0 5 10 15 20 25 30 35 40 45 50
Xpovog

2ynuo. 27. Aaypopo looddvoung mlootikig Topouopemons
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S00. s . . . . . . [ : .

Pressure

N

o

o
T
1

100, =

. i 1 i 1 i 1 i 1 i 1 i
0.000 0.002 0.004 0.006 0.008 0.010 0.012
Displacement

l —  _temp_2

2yniua 28. TeAiko diaypauuo. micons — petaromiong yio. 500 KPa

Ta anoteléopata mov TpokvITOLY Yio. TN Tn v 500 kPa deiyvouv nmg oe ot ) @don o
QOpENG LoV OV emnpedleTon WOHTEPO GO TNV OVOKVLKANGT Kol TO emimedo @optiong, Ot
TAOGTIKES TAPALOPPMCELS EIVOL TOAD KPEG Kl omd TOV TPAOTO KOG KOKAO dgv "divel"

dAAes. To 1010 ovpPaiver kot pe Tic petatomioelg 6mov katevdeiov otabdeponolovvTat.

Tehida 48|94



EMII - ZyoAn HoAtikdv Mnyavikov
Topéag Aopootatikng

3.4.2 Tlieon peyéBovug 600 kPa.

AvTticTouyo Le T TPONYOULEVN TTEPITTMOT £TGL KL £0M TAPOVGIALOVTOL Ol EIKOVEC TV TAGEWV

TOV LETATOTIGEMV KOl TNG TAACTIKNG TOPAUOPPMOONG GTO CUEIN KOl GE YPOVIKES GTIYUES TOV

LEYOADTEPOV EVOLOPEPOVTOG,

S, Mises

SNEG, (fraction = -1.0)

(Avg: 759%)

+2,350e+05
+2,171e+05
+1,993e+05
+1.8142+05
+1.635e+05
+1.,457e+05
+1,278e+05
+1.099e+05
+9,204e+04
+7.417e+04
+5.,630e+04
+3.843e+04
+2,056e+04

ODbp: bottom&00,

odb Abaqus/Standard 3SDEXPERIENCE R2018% Mon Sep 23 05:42:52 GTB Daylight Time 2019

Step: Step-1
% Increment S0 Step Time = 0,5000
Primary Var: S, Mises

z Defo

rmed Yar: U Deformation Scale Factor: +1.666e+01

2ynua 29. Ameikovion taong Von Mises

U, Magnitude

+2,624e-02
+2,406e-02
+2,187e-02
+1,968e-02
+1,750e-02
+1.531e-02
+1.312e-02
+1.093e-02
+8,748e-03
+6,561e-03
+4,374e-03
+2,187e-03
+0.000e+00

ODg: bottom&00.0db  Abaqus/Standard 3DEXPERIENCE R2018%  Mon Sep 23 05:42:52 GTB Daylight Time 2019

Step: Step-1

% Increment 4952: Step Time = 49,50

Primary Yar: U, Magnitude
Deformed Var: U Deformation Scale Factor: +1.619e+01

2ynua 30. Ameikovion petaromioewy yro 600 kPa

Tehida 49 |94



0.028 -
0.026 -
0.024
0.022 -
0.02 -
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0.016 -
0.014 -
0.012 -
0.01 -
0.008 -
0.006 -
0.004 -
0.002 -

Metatomion
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U:U2 oto xopfo 2749

5 10 15 20 25 30 35 40 45 50
Xpdvog

2ynuo. 31. A1Gypopio. Hetatomioemy oTto Hecoio Koupo

PEEQ

SNEG, (fraction =

(Avg: 759%)
+1.371e-02
+1.257e-02
+1.142e-02
+1.028e-02
+9,13%e-03
+7.996e-03
+6.854e-03
+5.712e-03
+4.56%e-03
+3.427e-03
+2,285e-03
+1.,142e-03
+0.000e+00

-1.0)

ODp: bottomé00.0db  Abaqus/Standard 3DEXPERIENCE R2018x  Mon Sep 23 05:42:52 GTB Daylight Time 2019

o

z

Tedida 50 |94

Step: Step-1

Increment S0: Step Time = 0,5000

Primary Yar: PEEQ

Deformed War: U Deformation Scale Factor: +1,666e+01

2xnuo. 32. Ameikovion 16000vouns TAoOTIKNG TOPOUOPPOTHS
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Iosodvvoun mthactiki wap/on (PEEQ)

0 5 10 15 20 25 30 35 40 45 50
Xpovog

2xnuo. 33. A1Gypopio. 16odOVauUng mopouoppmons oty Vo EAGOUOTOS — EVICYVTIKOD

Io0d60vaun TAacTIKN TOPANOPOMGT)
(PEEQ)

0.012

0.01 ——r

0.008 F

[Mopapdpemon
=
o o
g R

0.002

0 5 10 15 20 25 30 35 40 45 50
Xpovog

2xnuo. 34. Aaypopio 16000VouUng mopoudppmaens ato KEVIPO T00 EAGOUATOS
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£00.

S00.

o
=)
o
T

Pressure
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2yniua 35. Araypouuo micons petatoémong yio. avaxdrinon 600 kKPa

Y10 eninedo twv 600 kPa BAémovue g o1 TAaotikég Taoelc apyilovv va eEamAdvovtal o€
ONUOVTIKO KOUUATL TOL QOPEN KOl OO GOIVETAL KOt 0O T SLOYPELUATO TOV TAACTIK®OV
TOPALOPPDCENDV TOVAGYIOTOV GTNV TEPLOYN TNG GLYKOAANOTG YiveTal EvTovn 1 avENoT ToVG
HEYPL KO TO TTEPAG TOV GOV TEPITOL KOKAWMV Kot petd otabepomoteital. To 1010 cupPaivet
KO UE TIG LETOKIVIGELS, TO OO10 TPMTOV £ivorl £vo KOAO Oelyplo cuUTEPIPOPAS Ko OeVTEPOV
delyvel mwg To PopTio avTd clyovpa dev amoTeLel 0plakd PoPTio Yo TO0 Popéa, oAAG potdlet
va TANc1dlel oryd oryd o€ ekeivo.
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3.4.3 ITieon peyébovg 650 kPa

S, Mises
SNEG, (fraction = -1.0)
(Avg: 759)

+2,350e+0S
+2,178e+05
+2,007e+05
+1,835e+0S
+1.663e+05
+1.,491e+05
+1.319e+05
+1,148e+05
+9,75%+04
+8,041e+04
+6,323e+04
+4,606e+04
+2,888e+04

OD@: c650_monit.odb  Abaqus/Standard 3DEXPERIENCE R2018x

Step: Step-1
R Increment 4954: Step Time =
Primary Var: S, Mises

Z Deformed Var: U Deformation Scale Factor: +5.137e+00

49.50

EMII - ZyoAn HoAtikdv Mnyavikov
Topéag Aopootatikng

Mon Sep 02 16:03:53 GTB Daylight Time 2019

2ynua 36. Taoeic Von Mises yia 650 kPa oto 45,5 xbrio

U:U2 N: 2749

0.09

0.08 -
g0.0? 8

0.05

mon

€ 0.04
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Mertat
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0 T T T T T

10 15 20 25

30 35 40 45 50
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Topéag Aopootatikng

o)
§ 0.04 = Meacaiog kOppog
ﬁ Koppog évaong

0.03

0.02

0.01

0 T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50
Xpovog
Zynua 38. Metororioeig oto kévipo kot oty oUYKOALNoN

u, U2

+8,273e-02
+7.584e-02
+6,894e-02
+6,205e-02
+5,515e-02
+4,826e-02
+4,137e-02
+3,447e-02
+2,758e-02
+2,068e-02
+1,379%-02
+6,894e-03
+0,000e+00

OQB: c650_monit.odb  Abaqus/Standard 3DEXPERIENCE R2018%  Mon Sep 02 16:03:53 GTB Daylight Time 2019

Step: Step-1
A Increment 4954; Step Time = 49,50
Primary Var: U, U2

2 Deformed Var: U Deformation Scale Factor: +5,137e+00

2ynuo. 39. Mopon uetoromioewv yio T=45,5
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IMAootiKn 160odOvaun wrap/on-PEEQ
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2ynua 40, Aiaypouuo icoddvounc whaotikic ropoudppwong yio 650 kPa

PEEQ

SNEG, (fraction = -1.0)

(Avg: 759%)
+1,259%e-01
+1,154e-01
+1,049e-01
+9.441e-02
+8,392e-02
+7.343e-02
+6,294e-02
+5.245e-02
+4,196e-02
+3.147e-02
+2,098e-02
+1,049e-02
+0,000e+00

OD@: c650_monit.odb  Abaqus/Standard 3DEXPERIENCE R2018%  Mon Sep 02 16:03:53 GTB Daylight Time 2019

Step: Step-1
A Increment 1554: Step Time = 15,50
Primary Var: PEEQ

Z Deformed Var: U Deformation Scale Factor: +5,408e+00

2ynuo 41. Ameikovion 16000voung mhootikig ropoucppmong yia 650 kPa
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G000, -

S00. =
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0,00 0.02 004 0,05 0,08
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2yniua 42. Araypouuo micons ropoudppwong yio 650 kPa

3.4.4 Lbykpron owypappdtov P-U

Onog dlomotdveToL 0o T S10YPALLLOTO, TO CLYKEVTPMOTIKG TOV 0akoAoLOoVV KoTaAafaivovpe
ot1, Yo optio T TAENG 650 Kpa 1om ot LOVILEG LETOTOTIOELS £X0VV PTAGEL GE OTOYOPEVTIKES
TIEC.

Enriong PAEmovpe mmg 1 adénom g apykng Hetatomiong cuveyilel oe OAN T ddpkeLn TV 50
KOKA®OV OTt®¢ Kot ot mopapopeacelc. H dwumiotmon g 1o péyebog tov petatonicemv £xet
QTACEL € EVa AMOYOPEVTIKO EMimed0 TNyAlel amd 1o yeyovog TG EEMEPACE KOTA TOAD TO
SUAAG10 TOL TAYOVS TOL EAdGLATOC (3>2t). Mia cVykpion 1 omoio Oa LTopovGE Vo amoTEAEGEL
KoL KPUMP1o Yo T €0pESN TOL PopTiov Tov avalnTde. Zupmepaivovie AOTOV TMS TO POPTIO
avtd amoterel TO POPTIO TPOGAPLOYNS TNG KOTAGKEVNG N TO €V AOY® Qoptiov gival avapeca

o710 2 TEAELTALO.
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2OyKplon amotelecudtev Kdbe opTiov ovaKOKANoNG.

YVYKEVTPOTIKO owaypappa P - U
800

700

600 ﬂ/"’,
500 /

/
w ]
NI

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Mertatdmion (M)
Zynua 43. Zoykevipwtiko oaypouuo. P-U yio poption o€ 0y v empavela.
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KE®AAAIO 4

Doprtio mayov

4.1 HEPITPA®H ®OPTIOY TATI'OY

Mo GAAN TTePimTON OV AMOTEAEGE OMUEID EVOLPEPOVTOG EIVOL OWTH TNG TPOCOUOIMONG
evOg poptiov Tov Ba aVTITPOCOTEDEL TNV TPOCKPOLOT| TNG LETOAAIKNG KATOOKEVNC GE TAYO.
Me pio amhomoinpévn TPoGoUoimon Kol -OHoimg HE TN TPONYOLUEVN OVOALGN- XPNoN
OTOTIKNG QOPTIONG emavorapdveTon 1 idla dadikacio pe okomd ¢ eEoywyn ovTioTot WV

CLUTEPACUATMOV Kol GUYKPIONG AVAUESH GTIC OVO TEPITTDOCELC.

2y akOAovOn ewovo QoiveTon 1 LOPPT KoL TO EDPOS TOV POPTIOV OV EMAEXONKE Yo TV

MEPIMTOOT TOV LOMG TEPLYPAPTKE.

2ynuo 44, Ilpooouoiwan tng HopeHs ToL YopTiov TEyov.
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Tomu wigon mayov

Olo ta oxaEN TPEMEL VO AVTEXOVY TNV TOTIKN Ttieon whyov Ommg opileTon yia T SAPOPES
KAMIOELG TTAyou Kot OTImG eQaprolovTol oTic S16.popeg TEPLOYES EVIGYVUEVES e Ttayo. H migon
OYEOGLOV TTPEMEL VO EPAPUOLETOL GE L0 AVTIGTOYN EMPAVELN ETAPNS AVTIKOTOTTPILOVTOG

10 €100¢ TOL €V AOY® QopTiov.

H Baocwn wicon wéyov Bempeitan yevikd oc:
po =1 000 FA cice (KN/m2)
FA : cuvteleotc d10pbmong yio TNy TtepLoyn mov evicyvetal and wiyo
= 1,0 ywo ™V mepLoyn Tov TOEO0L Kot TOV GTEAEYOLS YEVIKAL.
= 0,6 yio. TV TTEPLOYN TG HEN G BAAacoaG YEVIKA
= 0,5 yo ™V mePLoyn Hecsaiov TAoiov GV T0 TAATOG TOV CKAPOLE 6TV TEPLOYN TOL TOEOL eivar
UEYOADTEPO ATO TO TAATOG TOL TAOIOL GTNV TEPLOYN TNG LEGNC
= 0,20 ywo tnVv meproyn Pvbod Tov mhoiwv pe mayodpavotikd | POLAR
= 0,10 ywo tnVv meproyn Pubod Tov ckapdv uovo pe ICE
= 0,6 ylo. TV TPOUVN YEVIKA
= 0,8 yio v mpOpVN o€ mAoia pe TaEvounon Katd Katnyopiog
= 1,0 ywo. v mpopvn og mhoia pe kAdon Icebreaker 1 POLAR kot 0,8 yia mhoia pe ICE
onpeypaeio, EPOSOCIEVEG e LOVADES TPOMONG 1] TPOWMOTIKYG KIVIOTG KOl GYESIUCLLEVES Yol
ocuveyn Aertovpyia Ticw.
210V Tivako Qaivetol avaAloya. e TO TOTO TOV TAOIOL KO TAYOU TIG TYES TOL UITOPOLY VO

TAPOLV T TAUTN KO 1) OVOLOCTIKT] OUVOLT TOV TAYOV.

Table Al Ice conditions
Class Type of ice encountered Naminal ice Nominal ice | Limiting
notation strength thickness impact
e (N/mm?) e (m) conditions
ICE-05 42 0.5 J—
ICE-10 Winter ice with pressure ridges 56 1.0 !\lnlrfn?m‘mg
ICE-15 70 15 anticipated
POLAR-10 Winter ice with pressure ridges and multi-year A ,l,'[} Occasional
POLAR-20 e-floes and slacial ice inclusions 8.5 2.0 s
POL&R-:;U 1ce-Tloes and glacial 1oe mclusions 10.0 3.0 ramming
lcebreaker |, .. . As above Asabove  |Repeated
ramming

To mAdtog emAéyOnke mepimov 1 M Kot 1 TPOGOUOIWGT TOL PAIVETAL GTY| TPOTYOVLLEVT|

ikova.
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4.2 MONOTONIKH ®OPTIXH

O aAy6p1Bpog emidvong kou n néBodog avdivong mapépuevay ot idtot. Agv dtapopomoiOniay
emiong ovte ouVoplaKES cuvOnKeg, MAEYHO 1| OTOlO0NmOTE GAAO GTOXEID TNG OPYIKNG

povtehomoinong.

P-U povotovikiig

0 0.08 016 0.24 0.32 0.4 048 056 064 0.72 0.8
Metatomioeic (M)

2ynua 45. Movotovikn gpoption yio. Tiean Tayo

BAémovue mwg o€ ox€omn e TO OPOOUOPPO TOVTOV POPTIO, ALTO TOPOVCIALEL LEYOADTEPES
TIWES Y100 TIG OToleG peyoddvouy ot petatomioels. H avakvkinon Oa deiéel 1o emimedo v
eoptiov mov elval wavd vo mpokaAEGouy {nuid OT KOTOOCKELT Kol Tapovstdlovton

TOPAKAT.
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4.3 ANAKYKAIKH ®OPTIXHX TIATOY

4.3.1 Ilieon peyéBovg 800 kPa

To mpdTo Poptio mov emhéyOnke vo diepguvnbei eivan 800 kPa.. Tn otryun 6mov to poptio
peylotonoleitor, oNAadn oI KOpven TOov KAOE KUKAOL, PAEmMOLHE TNV KATOVOUN TNG
TAOGTIKOTTOINONG VO oYNUATILEL TN TAPAKAT® LOPOT).

S, Mises

SNEG, (fraction = -1.0)
(Avg: 759%)
+2,350e+05
+2,155e+0S
+1,95%9e+05
+1.764e+05
+1.568e+05
+1,373e+0S
+1,177e+0S

B
|
o]
]
=l
||

+5.910e+04
+3.956e+04
+2.001e+04
+4,662e+02

ODB: paf300_mshS0_cyclS0.0db  Abaqus/Standard 3DEXPERIENCE R2018x% Thu Aug 01 15:01:24 GTB Daylight Time 2019

¥ Step: Step-1
’ Increment 2550: Step Time = 25,50
Primary Var S, Mises

Deformed Var: U Deformation Scale Factor: x = +0,000e+00 y = +0,000e+00 z = +0,000e+00

2ynuo 46. Ameikovion taoewv Von Mises
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U, Magnitude

+1,710e-02
+1.567e-02
+1,425e-02
+1,282e-02
+1,140e-02
+9,975e-03
+8.550e-03
+7.125e-03
+5,700e-03
+4,275e-03
+2,850e-03
+1.,425e-03
+0,000e+00

ODB: paf800_mshS0_cyclS0.0db  Abaqus/Standard 3DEXPERIENCE R2018x Thu Aug 01 15:01:24

3

Step: Step-1
’ Increment 2550: Step Time = 25,50
b Primary Var: U, Magnitude

Deformed Var: U Deformation Scale Factor: +2,485e+01

2yniua 41. Ametcovion uetaxivijoewv yra 800 KPa

Mertatémon-ypovos yio 800 kPa

0.02

0.018

0.016

S

g
o
e
»

0.012

0.01

0.008

Metartomicet

0.006
0.004

0.002

0 5 10 15 20 25 30 35 40 45 50
Xpovog

2xnuo. 48. Aicypopyio. LetaTomioemy GOVaPTHOEL TOD YPOVOD
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To dbypappa wieong petatdOmons 610 KOUPO TOV EUTEPLEYETOL GTO TTESIO TG POPTIONG KO

enpaviCer ™ peyordtepn T TopovclaleTol TUPUKATO.

P-u yw P=800 kPa

900
800

700

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Metatomicelg

2yniua 49. Avaypouuo P —u yia P =800kPa
T o poptio twv 800 KPa dev eliyoue kov poptio. Topouoppmoemy Yot 01 TapopopPwoELS

NTOV TOAD UIKPES KO 0TS POIVETOL KO OO TO. GALOL HEYEDN ,UETATOTIIOELS KOl TAOELS, EITE EIVAL

oyetiko. uikpa gite oty 1" mepintwon orabepomoiovvral.
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4.3.2. Ilieon peyéBovg 900 kPa

S, Mises

SNEG, (fraction = -1.0)
(Avg: 759%)
+2,350e+05
+2,155e+05
+1,959e+05
+1,764e+05
+1,569e+05
+1,374e+05
+1.,178e+05
+9,829e+04
+7.876e+04
+5,923e+04
+3,970e+04
+2,017e+04
+6.,406e+0

ODB: pag?00_mshS0cyclS0.0db  Abaqus/Standard SDEXPERIENCE R2018x  Sun Aug 04 11:59:54 GTB Daylight Time 2019
¥

Step: Step-1
Increment 4950: Step Time = 49,50

Primary Yar: S, Mises
Deformed Var: U Deformation Scale Factor: ®x = +0,000e+00 y = +0,000e+00 z = +0,000e+00

2yiua 50. Ametcovion tdoewv Von Mises

u, Uz
+3.491e-02
+3.156e-02
+2,822e-02
+2,487e-02
+2,153e-02
+1.818e-02
+1,484e-02
+1.149e-02
+8.149e-03
+4,804e-03
+1.460e-0
-1.885e-0
-5.230e-0

ODB: pag900_mshS0cyclS0.0db  Abaqus/Standard 3DEXPERIENCE R2018%  Sun Aug 04 11:59:54 GTB Daylight Time 2019

4

Step: Step-1
Increment 4950: Step Time = 49,50
3 4—, Primary Yar: U, U2

Deformed Yar: U Deformation Scale Factor: +5.811e+00

2ynua 51, Ametovion petatomioewv
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MetoTomion 6To KEVTPO
o AAAMAMAMAAAAARAAA
AR
LI LLLLLLAAAR RS
0 10 20 30 40 50

Xpovog

2ynua 52. Aaypouuo petotorioewv yio 50 kdxlovg

U:U2 N: 2751

900

0.04
0.035
003
£
=0.025
o}
5 0.02
§0.015
= 0.01
0.005
0
0.04
0.035
0.03 -
£ 0.025
[¢B)
£
8 0.02
=
L2
0 0.015
0.01
0.005
0
0

100 200 300 400 500 600 700 800 900 1000
Time

2ynuo. 53. Aiaypopua petoromong yro. 1000 kdxlovg ota 900 KPa
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PEEQ

0.008

0.007 e
& 0.006 g
S 0.005
"3 0.004
g 0.003

0.002

I1

0.001

0 100 200 300 400 500 600 700 800 900 1000
Xpovog

2yniua 54. IMaotixh 1o00dvoun ropoudppwon ot 900 kPa yia 1000 xbxlovg

Avaxkvkinen yuo 900

1000
900
800

700

600 /
500
400

300
200 /
100 /

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Metatomon (M)

[Ticon kPa

Zynuo 55. Aiaypopo wicons — uetatomong yio. 900 kPa

Yy mepintoon tawv 900 kKPa domiotdoape mwg ot 50 kOKA0L dev pmopohv va pog ddoovy
po a&0mon ewova yuo v eEEMEN Tov petatonicewv. 'Etot avénoape toug KOKAoVS o€
1000 kot 6mwg PAvNKe KON Kol £dM 1 ATOKPICT TG KATACKELG 0€ OELYVEL GLVEYT (VOO0
TOPULOPPMONG KOl LETOTOTIONG.
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4.3.3 Iligon peyéBovg 950 kPa

Ot tdogig Von mises 6to mépag kot v 50 kKOKA®V pOpTIoNGS.

S, Mises

SHEG, (fraction = -1,0)

(Augr 759%]
+2,350e+05
+2,155e+03
+1,960e+03
+1.764e+05
+1.56%e+05
+1.374e+05
+1,172e+05
+2.832e+04
+7.87%e+04
+5.926e+04
+32.973Ze+04
+2,0Z20e+04
+6.753e+02

2DB: ice?50.0db  AbaqusfStandard 3DEXPERIEMCE R2018x  Fri Sep 13 21:24:07 GTE Daylight Time 2019

Step: Step-1
w ’ Increment 4954: Step Time = 49,50

Primary YWar: S, Mises
Deforrned Warr U Deforrmation Scale Factor: 8 = +0,000&+00 » = +0,000e+00 =z = +0,000=+00

2ynua 56. Ameikovion taoewv Von Mises

U, Magnitude
+5.689e-02
+5.215e-02
+4,741e-02
+4,267e-02
+3,793e-02
+3,319e-02
+2,845e-02
+2,370e-02
+1.896e-02
+1,422e-02
+9,482e-03
+4,741e-03
+0,000e+00

ODB: ice950.0db  Abaqus/Standard 3DEXPERIENCE R2018%  Fri Sep 13 21:24:07 GTB Daylight Time 2019

¢ Step: Step-1
r Increment 2554: Step Time = 25,50

Primary Yar: U, Magnitude
Deformed War: U Deformation Scale Factor: +#5.811e+00

X

2xnuo. 51. Ameikovion uetatomioewy
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U2 o710 péco
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Mertatomon (M
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2yniua 58. Araypouuo uetotomiong ypovoo yia 950 kPa
PEEQ-
Isoovvaun ThaoTiKN TOPANOPPOGT
0.12

©
[EEN

\
\
\

Xpovog

2ynuo. 59. Aaypopio 16000VouUng TAAGTIKNG TOPOUOPPWONS OTH COYKOALNon

Te)ida 68|94



EMII - Zyohn [oMtikev Mnyovik®dv
Topéag Aopootatikng

Avakiokinon yie 950 kPa
1000
900 N
800
700
600
500
400
300
200
100

i

ITieom kpa

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Mertotomiogig (M)

2ynuo. 60. digypopuo. mieong puetoTomons

Kat ota 950 kPa mapatnpodue 01t ypealdpocte mepiocdtepn diepedvion. Emopévag
avEAvVovE Kt €dM TOVG KOKAOLG,.

s QUZN:2751yia950kPa

0.07
0.06 -
0.05 -
0.04
0.03
0.02
0.01

0 T T T T T T T T T T T T T T T T T T T 1

0 50 100 150 200 250 300 350 400 45Q 500 550 600 650 700 750 800 850 900 9501000
Ime

Displacement

2ynua 61.Metatomon vro poptio 950 KPa kar 1000 kdoxAovg
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PEEQ

0 100 200 300 400 500 600 700 800 900 1000
Xpovog

Zynua 62. Ilaotikh 16000V Toapouoppwen oto KEvipo

1.00

0.0

=
o
=

Strain

0.40
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0.00
0. 200, 400, 600, 800, 1000,

Time

Zynuo 63. ooty 16000vaun wopoaudpewaen oty Goykolinon.
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ZUyKevTpwTIKSG diaypauua P-u

1100

1000

0 ‘ ‘ // T

700

600 / 800

—900
—950

——MovoTovikn

Miean (kPa)
=

500 /
400
300
200

100

-0.002 0.006 0.014 0.022 0.03 0.038 0.046 0.054 0.062 0.07

MeTardman (m)

2ynuo. 64. Zoykpion arotelsoudrwv P-U yio k6Oe tiun poptiov avaxdkinong.

210 TOPOTAVE® OEYPOULLLO TTOPOVGIACTIKOY Ol KAUTOAEG (QOPTIOV UETOTOMIONG Yoo OAQL TOL
eoptia mov e€etdodnkay. Or KaumvAeg Tpoékvyay amd Toug S0 KOKAOVS POpTIoNG KABMG
amAG OEAOLE VO TOPOVGLAGOVLE TNV OOKPICT TNG KOTAGKEVNG GLYKPITIKA Yia KAOe poptio.
[Mo meplocdtEpO CLUTEPAGUATO TOV OPOPOVV KLPIMG TIG LETATOTIGELS mopatifetal ot
ouvvéyela daypappa kot twv 1000 khklov.

4.3.4 Awaypappato peratomicev ko P-U

Kot ya va yiver n obykpion mo epgavig mtapovstdloviat Kot 6€ €va eviaio d1dypapLie 0mov

nmAéov givar EekdBapo yuo ot T mieong 1 petatdmion dgiyvel va unv otabepomoteiton .
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U:U2 PI: PLATE1-1 N: 2751
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Zynua 65. Zoykevipwrtikés petaromioeis yia 1000 xdrAovg

Eivon mAéov capéc o6t yio 950 kPa m kotookevn ocopmepipépetar  pe ovveyn avénon
TOPOLOPPAOCEDV Ko petatonicemv. Emiong kot €d® ta dvo avtd peyédn akoiovBodv tnv

O copmeprpopd.
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YYMIIEPAXMATA

Me 10 600 TPOEKLYAY OTTO TO ATOTEAEGLOTA LLOG CUELOVOLUE Ta. ENG:

210 OMOTEAECUATO TOV TPOYPAUUATOS Yoo TN KOs Katavoun @optiov m amdkpion g
OVOKUKAKNG 0koAOVOEL TN KOUTOAN TG LOVOTOVIKTG POPTIONG.

2NV aVOKLKAMKN @OpTion Tov 1°° eoptiov ot oplakéc TYES TOL POPTIOV TPOGUPUOYNS NTAV
Kkovtd oto 650 kPa.

XV mepinton tov poptiov Téyov 10 oplakd eoptio eivan peyordtepng taénc. I'a 950 kPa
aLEAVOVTOL Ol TOPAUOPPADOGCES KOl Ol HETOTOTICELS KOOMG Ol TPADTEG GTN TEPLOYN TOL
eldopotog etdvouv petd and 1000 khkiovg to 1, to omoio onuaivel 100%.

Apo GUUTEPUGLATIKA Y10 TO GOPTIO TOV TAYOL 1 KATaoKELN KAmov avdapecsa oto 900-950 kPa
Ba £xel VTOGTEL CLGGOPEVGT TAUCTIKMOV TOPAUOPPDGEDV TOL OEV EIVOIL EPIKTO VoL avaAdPetL.

A1 emiong pog Oelyvel OTL 0V €V EIGAYOVUE KATOL0 KPITHPLO VO CTALOTIOEL TO TPOYPOLLLLLAL,
elvat wovo va pag dtvel amokpion yuo tepdotio peyédn mov Oa tpémnet va a&loAoynBovv pe
Ok poG kpion.

Emnpooheta, idape T 68 KATOEG TEPIMTMOGELS O OPYIKOG 0PlOUOG KOKAMV TOV ETAEYOVLLE
dev apKel 1o vo TAPOVLE OEIOMIGTA KO ETOPKT] ATOTEAEGLLOTOL.

Eniong and v eumepia tov 2°° kepaiaiov pe ™ dokiun 010 amAd EAacua Kataiofaivovue

OTL 01 AOKPIGEIC TOV TPOKVTTOVV OO TNV AVAALGT TOV TPOYPAUUATOC EIVOIL TOAD KOVTH OTIG
AVOATIKEG GYECELS (OTOV OVTEG LITAPYOLV).
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Baowad otoyeia yra n (piion tov tpoypappatosc ABAQUS

To mapoév mapdptnua €xel ®¢ okomd TN dtevkdAvven Ocwv BElovv vo acyoAnBodv
HEALOVTIKA e T ypnon Tov mpoypdppatog ABAQUS divovtag pepikd Pacikd ototyeio yio
TN XPNON TOV KVPIWG GE GYECT UE TNV AVAAVOT) LETOAMKOV TAAKOV OAAG Kot {nThHoTa 10

oxeTilovTal e GUVOMKATEPES AEITOVPYIEG TOV TPOYPAUILATOG.

1. Anuovpyio opyeiov ElGAYOYNG

Ta apyeia dOnpovpyovvion 6€ Eva pAKeLO 0 0oiog £xel emleyHel Katd TNV £YKATAGTACT) TOVL
npoypaupatos. ovibwg o @akehog avtog eivar o C:\Temp. H extéleon tov apyeiov
eloay®yNS oAl Kot 1 dnuovpyio OA®V TV VTOAOW®VY apyei®V yivetal uéoa 6e aLTOV TOV
eaxero. Ta apyeia eloaywyng (input files) dSnuovpyodvtal o¢ eENg: Anuovpyodue apyeio
notepad péca oto pdrkeho Temp kot 6T cLVEYELD TO GOLOVE 0TO £100G apyeiov WG «OAN TO

apyeion, oyt og txt dSniaon.

2. Extéleon apyciov

To apyelo ektedeitan o¢ eENg: Amd 10 edkeAo tov mpoypaupatog ABAQUS avoiyovpe to
ABAQUS command, to omoio Aettovpyei oe ovotnuo DOS.Avoiyel o Asrtovpyikd Kot

enpaviletat n evioln mov odnyei oto edrero C:\Temp>
[TAnktpoioyovpue
C:\Temp> abaqus job=arxeio.inp (9] ympic 10 .inp)

Edv to apyeio vdpyet oto pdakero Temp, extereitar. Edv dev vrdpyet, To mpdypappo {ntaet
10 apyeilo ewcaymyns. Av 6o00etl, tote dnpiovpyel ta vrdAowma apyeia pe Pacn Oyt T0 Gvopa
1OV apyelov eloaywyng aArd pe Bdomn to dvopa mov 660nke 6To

abaqus job

Edv vrépyovv 1on apyeio amd mponyoduevn ektéAeom Tov id1ov apyeiov 10 Tpdypappa

{ntéiet ddela va cuveyicet, daypdoovtag to maAld apyeio.
Anpovpyodvrat po oelpd amd apyeio pe tov 1010 TitAo addd GAlov TOTOL TO KaBEVa

Arxeio.dat(apyeio ypantdv dedopévmv mov dafaletor)

Arxeio.fil
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Arxeio.msg (apyelo amofnkevong TV apOUNTIKOV VTOAOYIGU®OV TOV ETOUVUANTTIKOV
JdKacIOV. e aVTo gpeavifovtol Kot TuyoV TpofAnuata advvopiog cOYKAGNC)
Arxeio.odb (apyeio To omoio avoiyel amd To ABAQUS CAE kot pe Bdon to omoio yivetor n
TOPOVGINCT) TOV ATOTEAEGUATMV)

Arxeio.prt

Arxeio.sta

Kot o epappoyn MS-DOS. Xe opiopéva and avtd Bo avapepoipe Kot Tapakdtm.

I[MPOZOXH: Edv drakdyovpe 1o tpé€ipo Abaqus (amid kieivovtag 1o mapdbupo g Fortran
7oL T0 KoAel ) 1OTE Omulovpyeite otov 610 KoTdloyo to apyeio.lck to omoio mpémet
OTMOONTOTE VO GPNoovpe amd 1oV KOTdAoYo mpv ovokaAéoovpue to Abaqus yioti to
wpdypappa Oa Pyale povipmg pnvoua AdBovg kKo Ba dtokdmteTan n dtadtkacio TG avaAvonG

€V TN YEVEGEL TG,

3. Kavidvec ovyypaonc input file

1. Otevtorég Eextvouv pe €va aoTépt
2. Orypappés oxoMmv EEKvoUV e 2 1 Ko TEPIGGOTEPO. AOTEPLN KO OEV ENNPEAlOVY TNV
EKTEAEDT] TOV TPOYPAULLOTOG
3. Ze Kabe ypapun vrapyel 0plo £mg 256 YopoKTNPES
4. O dekadikol katorappavovy Emc 20 spaces
5. Orvaxéparot péypt 10 ymoia
6. Metd Vv evtoAn, av ypetdletal, akoAovOel KOLLLO, KOl GTI GUVEXELD 01 VTTOAOITES
TOPALETPOL.
7. H eioayoyn pag evrodng propet va cvveyiletan kot otnv endpevn cepd, apkel 6to TéA0G
™G oePdG ToL AAAACEL VAL VTTAPYEL KOLLLLOL. TT.Y,
*ELASTIC, TYPE=ISOTROPIC,DEPENDENCIES=1
Mmropei va yivel
*ELASTIC, TYPE=ISOTROPIC,
DEPENDENCIES=2

8. Ilpémet o1 povades va etvar OAeg 101G 0€ OAES TIG TAPAUETPOVS ELGOYWYTG.
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[MapaBétovpe Eva apyeio elcaywyns yio va eEnynoovpe ta Pacikd otoryeio Tov

*Heading
** Job name: bottom Model name: Model-1
** Generated by: Abaqus/CAE 2018
*Preprint, echo=NO, model=NO, history=NO, contact=NO
** PARTS
*Part, name=Platel
*Node
1, 3.47049999, 0.349999994, 2.67000008
2, 3.4000001, 0.349999994, 2.67000008
3, 3.4000001, 0.349999994, 0

4, 3.47049999, 0.349999994, 0

6588, 3.45000005, 0 , 0.0503773578

*Element, type=S4R
1, 1, 2, 37,140
2, 140, 37, 38,139

3,139, 38, 39,138

6412, 513, 1179, 1180, 514

6413, 514, 1180, 36, 14

*Nset, nset=_PickedSet46, internal

5, 6, 7, 8, 9, 10, 11, 12, 29, 30, 31, 32, 147, 148, 149, 150
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151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166
....................................................................................... 6586, 6587, 6588

*Elset, elset=_PickedSet46, internal
425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440

441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456
....................................................................................... 6305, 6306, 6307

*Elset, elset=_PickedSet47, internal

B, DD, 5B, 57t
*Nset, nset=_PickedSet48, internal

** Section: Section-1

*Shell Section, elset=_PickedSet48, material=Steel
0.016, 5

** Section: Section-3

*Shell Section, elset=_PickedSet47, material=Steel
0.012,5

** Section: Section-2

*Shell Section, elset=_PickedSet46, material=Steel
0.018, 5

*End Part
** MATERIALS
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*Material, name=Steel

*Elastic

2.07e+08, 0.3

** BOUNDARY CONDITIONS

** Name: BC-3 Type: Symmetry/Antisymmetry/Encastre
*Boundary

Set-7, ENCASTRE

** STEP: Step-1

*Step, name=Step-1, nlgeom=NO, inc=1000
*Static

0.1,1., 1e-05, 0.1

** LOADS

** Name: Load-1 Type: Pressure

*Dsload,

bottom, P, 1000.
** FIELD OUTPUT: F-Output-1

*Qutput, field
*Node Output
RF, U

*Element Output, directions=YES

EEQUT, LE, P, PE, PEEQ, PEMAG, S, SEQUT, TE, TEEQ, TEVOL

** FIELD OUTPUT: F-Output-2
*Node Output, nset=centre

RF, U

** HISTORY OUTPUT: H-Output-2

*Qutput, history
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*Node Output, nset=centre
RF1, RF2, RF3, RM1, RM2, RM3, U2

** HISTORY OUTPUT: H-Output-1

*Qutput, history, variable=PRESELECT
*End StepOUTPUT REQUESTS
*Restart, write, frequency=0

** FIELD OUTPUT: F-Output-1
*Qutput, field

*Node Output

RF, U

*Element Output, directions=YES

EEQUT, LE, P, PE, PEEQ, PEMAG, S, SEQUT, TE, TEEQ, TEVOL

B) Avaivon oroiysiowv apyeiov

O tithog Tov apyeiov oV apyn TovL.
*HEADING

bottom:

H evtol) *NODE,NSET=..., eicdyet tovg kopupovg tov povtélov. To NSET (NODE SET)
gtvat 1o dvopa Tov GVYKEKPUEVOL GUVOAOL KOUPwV. Edd emeldn £xovpe £va LovTéAo mAGKag
Kot £(0VE TApa TOAAOVG KOUPOoVG Oev mapabétovpe O Ta oToLyEia, Tapd LOVO EVOEIKTIKA
TG TPMTEG KO TEAEVTOIES GEPEC.

Kd&Be kopPoc €xet évav apBuo kot otn cuveyelo okoAovBovv 01 GUVTIETAYUEVES GTO
KaBolko cvotnua (apBpog koppov, cuvtetaypuévn X, covietaypévn Y, cuvtetayuévn Z)

*Node

1, 3.47049999, 0.349999994, 2.67000008
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2, 3.4000001, 0.349999994, 2.67000008
3, 3.4000001, 0.349999994, 0

4, 3.47049999, 0.349999994, O

H evtoa *ELEMENT eicdyel ta ototyeic tov poviédov, dniadn 1o €i00g TV papdmv,
oLVOEGEWV, KEALPOV KATL Tov evdvouy 0vo koupovs. To ABAQUS dwbétel o oepd and
otoyeio Ta omoia umopel kaveig va Ppet ot PifAodnkn otoryeiov (Element Library) tov
documentation tov ABAQUS, poali pe tig 1010TNTEC TOVE Kot TIC OTOPUITNTES TOUPAUETPOVG
eloaywyne mov kabopilovv TN ovumeppopd tovg. Metd TV evioAr] akolovBel o TOTOC TOV
otoyeiov ko otn cvvéyela o ovoua tov Element set (ELSET) onAadn tov cuvorov tmv
otoyeiwv mov opadomolovvtat. e kdbe opdda otoryeimv tomobeTovpe Opoln oTotyEin YTl
Ba Tovg TPOGODGOLE 101EG UNYAVIKES 1010TNTEG,.

211g emopeveg yYpappég opiCovral ta otovyeia (elements). ITpdta o apBpdS TOL GTOKEIOL KO
OTN GLVEYELWD Ol KOUPOL TOL EVMVEL, 01 0Toiol €0® etvan 4. e avTO TO TOPASELYLOL EYOVLLE
emAé€el 3 ouvola oTOoLKEIWV.

*Element, type=S4R

1, 1, 2, 37,
**E|set, elset=_PickedSet47,
2, 3, S

2mv 0w pog mepintwon dev ypetdotnke va emdéEovpe €100¢ datopng Kabmdg o popéag
OXEJAGTNKE Y10 TN SLLTOUT] TOV TN KaTd X kot pHeTd kavape extrude, dniodn to mpoekteivope
Yoo T0 mTAdtog mov Béhape (=2.67 m). ‘Exrcita yio kdbe opdda otoyeiov ecdyous amhd
JPOPETIKO YOG, AnAadn epelg onpovpynoape 3 yoti BEhape d1PopeTikd mayog 61O
EAaCULO, GTO KOPUO TOV EVIoYLTIKOD Kot 6T eAdTa.

Ewodyovpe Aowmov to ovopa tov Elset oto omoio avapépstor m gicoymyn, onAadn ot

CULYKEKPIUEVES UNYOVIKES 1O10TNTES.
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Ot mponyodpeveg mapdpetpot eivat yio v ehaotiky avdivon. [apoakdto Bo tapovoiactel

KOl 1] TAOGTIKY] avAALGT).

Edm eiodyetan kot 0 0€0tEPOg KAASOG, TNG TAAGTIKNG OAS. TEPLOYNG.
omov pe tdon dwppong fy = 235 MPa éyovpe:

**

** MATERIALS

ke

*Material, name=Steel
*Elastic

2.07e+08, 0.3
*Plastic

235000., 0.

235000., 0.2

H evtoAr *Boundary opilet tovg meplopiopodc otny Kivion tov dlapopwv akpov (Koppwv)
TV otoryeiov. Ewdwotepa, pmopet va mepropiovron kot o1 6 Babuol ehevbepiag kivnong evog
KkopPov, dni. U1l=U2=U3=UR1=UR2=UR3=0,

TPAYLO TOV GLUVEPT KOt 6T 01K pog mepintwon. Kot to tppa S7 mov avagépetot givot to
vt TOL EMALEANE VAL ATOTEAEL OAES TIC TAEVPES TOV EAAGLOTOS KO TIG OKPOIES OIUTOES TV

EVIGYLTIKOV.

*Boundary

Set-7, ENCASTRE

H evtod *STEP avagépeton 6t dodikacio edpeong Avong oto mpdfAnpa kot akolovbet
oLVNBMG TIC EVTOAEG dnovpyiag Tov povtédov. Edm opilovtar ta poptiot aALd ko 1) avédAvo

nov ypnoonoteitat. Epeig ypnoponoodpue otatiky avaAvc, o KAmoleg EKO0YES TNG.
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H gvtoln *STEP pmopei va ypnoponomOei kot pdévn tg. Mia mapdpetpog mov aAAALeL cuyva
etvar to INC, dnAadn o aplBuog Tov avénoemv (increments) Tov EKTEAEL TO TPOYPOLLLLOL TPV
otopatoet. Edv dg 500l dAAn evtoln, o mpdypappa ektedet 100 increments. To pdypappio
UTTOPEL VO GTOUATNOEL KOL TPV TNV OAOKANP®OT T®V increments mov divovtal, €6v OTAcEL
KAmo10 GALO Op1o oV SiveTal 1] oV KOTOPPELGEL O POPENG 1 €4V deV Umopel Vo GUYKALVEL 1)
EMOVOANTTIKY] dtodkacio. Avtd emonpaivetol pe error message oto apyeio DAT, kot to
omoio e&nyeitan oto apyeio MSG 610 omoio @aivovtol ot VTOAOYIGLOL TOV EMAVOANTTIKMOV
JdIKACLOV.

*H evtol] STATIC avagépetor ot ototikn avdAvor. Ot mapdpeTpot g eTOUEVNS GEPAG
€Youv Tov €ENG TPOTO €10aYOYNC. YTapyel N mBavoTnTa Vo eu@aviCetonl advuvapio GOYKAIoNG
AOY® TV TapauETpmV ekTéAEoNG TG HEBOOOL 01O apyeio msg. Eqv avtd cuuPetl aAralovpe
TIG TAPAUETPOVG.

1. apyun| ypovikn avénon, av dev d000ei opiletor avtdpata

2. ZUVOMKT XpOoVIKY TEP10d0g ToL Prinatog, n avbaipetn eivon 1.0

3. EAdyiotn emirpentn ypovikn avénon. Av dev 600el, ypnotpomoteiton Ty 107 5 ™mg
GUVOAIKTG YPOVIKNG TTEPIOOOV

1. Méywot emtpentn gpovikny avénon. Av dev 0obel dev opiletar uéyiom.

*Static

0.01, 1., 1e-05, 0.01, ,

21 ovvéyewn opiCovtar o1 popticels. H emiloyn pog apopd Type: Pressure omAiaon goptia
nieonc. H emdpevn oepd €xel og e&ng: empavela emPoins, oevbvvon emPoing, péyeboc.
I[MPOZOXH: H xatevBuvon diveton pe faon to mpdonpo tov peyébovs tov poptiov.

Y1c endueveg oglpég opiCoviar ot mapdpetpot e Pdon Tig omoieg to TPOYPALLO EKOTOEL
OTOTEAECUOTO. OTO ONUIOVPYoLUEVO apyelo katd tnv ektéieon. H evroay OUTPUT
avapépetor oto apyeio ODB, pe Baon 1o onoio doviever to ABAQUS CAE. H dedtepn
napdapetpog pumopel va givor FIELD 1§ HISTORY kot n tpitn opilet 11 petafAntég ko ta
peyédn mov 6Oékovpe vo epgaviCovior oty mopovciocn kot v enefepyacio TV

amoteleopdtov and to ABAQUS CAE.
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Ot emduEVEC GEPES OVOPEPOVTAL GTA EVTATIKA HEYEON TV KOUPOV Kol TOV GTOLKEI®V TOV
0élovpe va vrroAroyilovtan Katd TV eKTEAESN TOL apyeiov. AVTA KOTOYPAEOVTOL Kol GE
apyelo TOL KPATAEL TO TPOYPULLLO Y10 VO AELITOVPYEL OAAG EKTUTAOVOVTOL KOl 6TO apyeio dat
10 omoio ivar mpog avayvmon. Metd tig eviodéc *NODE PRINT, *EL PRINT eiodyovtat ot
{nrovpeveg petaPintéc. Edm {ntdape:

A) Mertarornioeic (U2) ko avtidpdoeis otipiéne (RF, RM) yia tovg koppovug (6lovg epocov
dev avapépetal KAt AAAo, av kat Oo Exovpe amoteléopoTo HOVo 6TOVG aKpaiovg KOpBovg)

B) 11¢ tdoeig Von Mises (S) tig mhootikég 10odbvapeg mapapopencelc (PEEQ)

Meta tic evtoréc PRINT ewsdyovion ot evtorég FILE otic omoieg avapépovion ta idwa pe Tig
evtohég PRINT aAAd ka1 cuyvotnta yuo tnv omoio BEAovpE vo Taipvov e ovtd To SEO0UEVL.
H evtoAn avt) teppartilet to Pripo. Mmopet va akorovbet endpevo Pripa to omoio Ha
Eexvael T Tpoeavag pe v evron *STEP.

*END STEP

y) AAAec evtoléc ot apyeio glooywync

e Oteviorég *RESTART,WRITE xa1 *RESTART,READ.

H npd ypnopomoteiton oto mpmto apyeio Evapéng. H devtepn v va apyicel n ektédeon
evog apyelov pe dedopévo éva mponyovuevo. Otav extedodpe oto ABAQUS COMMAND
apyeio mov Eexwvaer pe *RESTART,READ poag {nteiton 1o mponyoduevo apyeio, to onoio
npénel va Exel Mo extelectel. AvAAoya e TIG EVTOAES OV O SMGOVLLE, TO TPOYPOLLLLL LTOPEL
va cuveyilet amd ekel Tov GTOUATNOE e OedOUEVO QOPTIO 1) TAPOUUOPPDOGEL KAT. Ot vTOAEG
auTéG etvor 101iTEPA XPNOES Y10 AVOAVGELS TOV dEV UTOPOVV Vo, akoAovONBodv amd dAla
STEPs 6mwg 1 avéivon RIKS, oty omoia 6a avapepBovie akorovBwmg.

e H evtod *STATIC,RIKS n onoia praiver ot 0éon g *STATIC kan avagépetar ot
péBodo RIKS 1 omoila avodlvetar 6e mponyoOUeEVO KEQPAAOLO TNG TOPOVCHS SUTAMUOTIKNG
epyacioc.

I[MPOZOXH: 'Eva frpa RIKS dev pnopet va axorovdnbei amd dAlo Brpa oto 1610 apyeio.

Eniong, otnv evioln ywo ta optio wov axoiovdel Balovpe to poptio 6TOY0. AV dInAadT|
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&yovpe amd mponyovuevn emifoin poptio 1000 ko OEAovpe va etdoovpe oto 0, d¢ Ba
Barovpe -1000, aArd O

ITy.

*STATIC,RIKS 0.001, 1., 1e-05, 1.

» T v mhaeTiKi avdivon. o Tov VToAOYIGHO TOV TAAGTIKMOV OVIOYDOV TOV SLOTOUMV
oto ABAQUS pne tig eviodéc *PLASTIC AXIAL, *PLASTIC M1, aldd ot kg pog
TEPIMTOON TNG TAAKOS O EAEYYOG OVTOC TNG TAACTIKOTOINGNG YiveETOl HEGM TNG TAAGTIKNG

Téomng.

» H evtory *NLGEOM (Non Linear GEOMetry) mov eviélel to mpdypoupa vo
YPNOWYOTOMCEL UN YPOUKY YEOUETPiO, ONAAON avdivon 20g TAEng. XtV TePInT®MOon UG
aVTO TO PUIVOUEVO apeAONKe Kal 0ev BewpNCOLE LEYAAES LETATOTIGELS, £TOL

*NIgeom=0OFF

e H evtoay *AMPLITUDE n onoia agopd omv avéopeioon peyedov pe 1o ypdévo Kotd
unkoc evog Prnatog. Edd Aourdv Eekva n avakOKANGT] TOL GOPTIOV. EYOVUE L TPOCEYYIOT
OTAOTIONTIKT OC GTATIKY POPTION YU ALTO EIGAYOVUE TIC EXAVOANYELS TOL GPOPTIOV LE QLTH TNV
EMAOYN.

Ovo1aoTIKG TPOKELTAL Y10, GUVAPTNON UE TO ¥PdVo amd TNV omoia umopel va eaptatal Eva
eoptio aAld kon petatomon. [lapakdrtom @oaivetor o wivakag yio £va KOKAO @OpPTIoNG Kot

avtd Ba gwoaybel 66eg PopPEG OGOL Kot 01 KOKAOL IOV EMAEYOVLE VAL TPEEOVUE TNV OVOAVOT).

IIy.

AMPLITUDE,NAME=AMP1, TIME=STEP TIME, DEFINITION=TABULAR
0., 0.,

0.1, 0.31200364,

0.2, 0.59200784,

0.3, 0.81201264,

0.4, 0.95201824,

0.5, 1.000025,
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0.6,
0.7,
0.8,
0.9,

1,
*Static

0.95203344,
0.81204424,
0.59205824,
0.31207644,

0.,

0.01, 50., 1e-05, 0.01

**

** LOADS

**

** Name: Load-1 Type: Pressure
*Dsload, amplitude=Amp-1

bottom_cyclic, P, 650.

EMII - ZyoAn HoAtikdv Mnyavikov
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e k0Oe ypapun 1 TpdTn TN £ivar 0 ¥pdvog ko 1 devLTEPN TO PEYEDOG TG GLVAPTNONC.

Tnv evtoAn akoAovBoVV opIopEVEC TOPAUETPOL LEPIKEG 0md TIG omoiec Oa e&nynbovv e0m.

NAME, 7o v mapokdto ovoeopd oty eviodn, TIME yw v avagopd tov ypdvov,

DEFINITION yw tov 1pomo elcaywyns tov dedopévov. Edon eivar TABULAR, vrdpyet

EQUALLY SPACED kot 6mov Bempeiton otabepd ypovikd dtdotnua Kot divovtal uévo ot

TIUEG TG GLVAPTNONG, OAAL Kot GAAES.
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5. Xpnon Documentation oo ABAQUS.

Y10 @drkelo tov mpoypaupatog tov ABAQUS PBpioketar kot 1o Documentation mov
Aertovpyel oe mepifaiiov web explorer (Internet explorer, Mozilla Firefox kAm), w¢ unyovn
gvpeong, pe Oopopetikd Kepdiowo. Balovroc ™ AéEn N ™ @pdon mov oavoalntodue,
epeavileton dimha oe KdOe Ke@AANIO 1| LITOKEPAAOO O aPlOUOC TV EQPAVIGEDY NG, OTTMOG
(QOIVETOL KO GTNV TOPAKAT® EIKOVAL.

Ta Bacwd kepdlona etval to €ENG:

Modeling and Visualization

Abaqus/CAE User's Manual E&nyei tov tpomo Aettovpyiog tov mepiBariiovog

tov ABAQUS CAE, yia v enefepyacio Tov amoTeEAESUATOV)
Analysis
Abaqus Analysis User's Manual Eivot to kepdiato thg avaivong tov ABAQUS

K0l TO POCIKOTEPO KEPAANLO TOV GLVOEEL KOl TOL VTOAOUTO., E0TKE KOTA T GLYYPAPN apyEimV
€00 YMYNG
Examples

Abaqus Example Problems Manual KegdAao mapaderypdrwv Reference

Abaqus Keywords Reference Manual To ke@dAaio mov Tapovctalel Tovg

KAVOVEG E10AYWOYNE OADV TOV EVIOADY KL TOV TOPAUETPMV TOVG Y10, TOL OpYELN EICOY®YNG.

Abaqus Theory Manual Kepdlaio tapovcioong tng Oempiag otny onoia

BaciCovtar ot avaivcelg Kot ot emavainnrikes pébodor tov ABAQUS

Tehida 89|94



6. Xpnon ABAQUS CAE

EMII - ZyoAn HoAtikdv Mnyavikov

Topéag Aopootatikig

[Na va Eexwvnoovpe avotyoope 1o ABAQUS CAE and to @dKeAo TPOYPOUUAT®V TOL

ABAQUS. Ztig apywég emhoyég emaéyovpe Open Database kot 6to mapdBupo mov avoiyet

emAéyovpe v “file filter” output database

2
S simuLIA

Abaqus 6.14

HOILELHIWNI0a

® |

|| | Search All Guides)

Advanced Search
Search Tips

Modeling and Visualization
11 Abagus/CAE User's Guide

Analysis
43 Abaqus Analysis User's Guide

Examples
1 Abagus Example Problems Guide
10 Abagus Benchmarks Guide

Tutorials
Getling Started with Abagus: Interactive Edition
Getting Started with Abagus: Keywords Edition

Information
Using Abaqus Online Documentation

Installation and Licensing
Abaqus Installation and Licensing Guide

Reference

7 Abaqgus Keywords Reference Guide

39 Abagus Theory Guide
Abagus Verification Guide
1 Abaqgus User Subroutines Reference Guide

Abagus Glossary

Programming
Abaqus Scripting_User's Guide

10 Abagus Scripting Reference Guide
Abaqus GUI Toolkit User's Guide
Abaqgus GUI Toolkit Reference Guide

Interface
Abaqus Interface for Moldflow User's Guide

Abaqus 6.14 Update Information

Abagus Release Notes
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} Abaqus/CAE 2018 - Model Database: C:\results\simple_plate.cae [Viewport: 1] B .
& fle Model Viewport View Step Output Cther Tools Plugins Help K _r
LEEsd ¢ MRRINRECNANEE ¢ LU IEA AT 80 M AT

f? Ascembly defaults v @ -

oo - REO

Model  Resubi Madule: |/ step M Modes |- Modert M stepr[Tsteps
= |V =t -
] Model Database - S, Q 2 pen Datsbase y
5 Models (1) Al o
£l Model-1 wid Directory:| (] results ME P A

L Parts (1)

|E Materials (1)
& Calibrations
ﬂ} Sections (3)

nu @a. Dtr\alp\a;ticjiks.cae
-4 Dbnttom_:y:hc‘:ae

- @‘ Profiles m D elastic_analysis.cae

ﬁ Assembly o D ice_cyclic.cae

ol Steps (3) '+ L] ice_monatoniki.cae

B Field Output Requests (2) = [ meshing.cae

EP History Qutput Requests (2) D plate_el_pl1.cae

Iﬁ Time Points D simple_plate.cae
- B;; ALE Adaptive Mesh Constraints

ﬁ Interactions File Name: Append to layers oK
E ‘C”::’;ii’l:::::mﬁ File Filter. | Model Database (*.cae) Cancel

- 4?' Contact Initializations
%f Contact Stabilizations
'Q] Constraints

E Connector Sections
:F Fields

PV Amplitudes (1) >
[ Loads (2) v 25 simuLia

Mepwd Bacicd otoryeia yo v eneepyacio 1oV amoTeAecUATOV :

[opaBvpa meppdirovioc ABAQUS CAE

a) H 006vn tov mpoypdppatog avirypdeetor ot Loypaewkn pe CTRLAC,

CTRL+V

B) Zroyela epedaviong

e View—Graphics Options— Viewport background opiCovpe 10 @O6VTO NG EMEAVELNG
gpyaciog

(solid kau dompo yio Agvkd POVTO)

e View—ODB display options—Entity Display emAéyovpe epedvion oplok®dv cuvOnkKov

Kol ALV GTOLYEL®V TOL LOVTEAOL

e Options—Labels emléyovue eppavion kOpPov kat otoyyeiov (ypaupatoospd, péyedog
KOLYPOLLOL)
e Options—Symbol opiCovue v gpeavion coporwv
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v) Amd to Result g ypopung evepyeidv, propodpe va emiééovpe 1o STEP yio to omoio
0€LovLE VO TAPOVLE ATOTEAECUATO.

Amd T amd khto mapadupdkio enthéyovpe To pEyebog mov BEALovE Vo epeaviCeETo Kot Toteg
OULVIGTAOGES TOV (OVOPEPOVTOL GTNV EUPAVIOT] SEGOUEVOV GE TAPOUOPPMOUEVO YT LLAL)

Ao TNV KATaKOPLON YPOUUN EPYOLEI®V HTOPOVUE VO ETAEEOVILE O GEPA EVEPYEIDV TTOV

OVOADOVTOL GTNV TOPAUKAT® EKOVOL.

£HdAVLON AMapapOPPWTOU OXAUATOS B %’5 epdavion napapopdwEVOU OYNROTOG
epdavion peyEBoug os mapapopdwpivo oxipa B 4. | Buotnreg spdaviong peyebov
By, ™
ﬁlxy HG
]q‘
. . i i s
spdavion kivnong dopea pe TNV EMLBOAN TwV = =
doptiwv ‘r;@ E::I Asmropépetleg Kivnong (tayutnta, emavaAngeLg, KAT)
4 o=
Snuoupyla nivaka SsSopévwv XY Eﬂ =y
i"”)‘ l‘-v'.
~
.|
L G2
K@

Ymin epyareiov ABAQUS CAE

0) ['a to Sraypaupoto Teonc LETOTOTIONC

AoV emdéovpe P amd ta mapdBupo KaBopiopov peyebmdv g ypoppng evepyEudv,
emAéyovpe and Tig contour options (WOWOTNTES ELEAVIONG LEYEDDV):

Basic— Contour type —Line ko show tick marks for line elements

Color & Style—Spectrum koBopilovpe to pdopa. Zopeépet white to black

Limits: kaBopilovpe 1o Oplo Kot €MAEYOLUE EUPAVIOT HEYIOTOL Kol €Adytotov (Show
location). Agv vmdpyet dvvatdmto EUPAVIONG OOV TOV TIW®V OV £XEL VIOAOYIGEL TO
TPOYPOUL. AVTEG LTOPOVLE VAL TIG TAPOVLE Od TO. dedopéva XY.

Mo vo unv eivolr TopopopeoUEVOG 0 @opéas, amd TN YPOuun evepyswdv, Options—
Common— Deformation Scale Factor— Uniform kot falovpe Tyun 0. Epeig tig mepiocdtepeg
QOPEG Y10 VoL Elvar LAV 1 TOPaUOpe®Sn pag avavovpe Kamov ota 5 to scale factor. T

NV onEKOVION TOL TPOAYHOTIKOD peyEBovg g avaloyiag g mapapdpemong to falovpe 1.
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[Mopampnon: Ta ™ ocwotdtepn anddoon tov peyebav, ypelaldpacte TeEPIGGOTEPOVE

KOUPOVE, MOTE TO TPOYPOLLA VO EXEL TEPIGGOTEPES TYEG Y10l TH OYESINOT) TOV JOYPAUUATOG.

Mo ™ dnuovpyia dwaypappdtov XY : Emkéyovpe ™ dnovpyia mivaka XY Create XY

; Data— ODB field output.
Model | Results
' | Xm ovvéyewn oto mopdBvpo Variables emidéyovpe TIg

Session Data B Q‘
petapAntég, dniaon {nrodueva peyédn ota onueion mov
+ Output Databases (3)
2 @ Spectrums (7) B6éhovpe amd to Position. v avdivon g mTapovGOg
B XYPlots dulopotikig  epyaciog ypnowonowdnkav to Unique
- B8 XvData (1)
U:U2 PE PART-1-1 N: 13 nodal, yio ta peyébn g petotdmong ta omoio divouv
E—:! Paths T tov peyéboug o {nrovuevo koOuPo, kar to Element
+ 'og Display Groups (1)
B Free Body Cuts Face, yw v mieon.
g !M°Vies >10 mapabvpo Elements/Nodes emhéyovpe to onpeio oto
mages

omoia {ntdpe to peyédn. XvveyiCoope pe Save 1 Plot.
O mivakag XY eppavieton oto aplotepd pépog tov mapdbvpov oto XY Data, pe mpdto
otoyeio oto dvopa to péyebog (0 U2, petatdmon kotd m dievbuvon 2) ko terevtaio To
onueio oto onueio oto omoio divetan (edmd N:2749, koupog 2749 ).
["a tov cuvovacud tov dvo peyedmv oe pia eviaio Kopmoin anyaivoopue oto Operate XY

data emiAéyovpe ta 600 pey£dn mov anobnkevoaue kot kdvovpe combine.
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t :'.: Operate on XY Data

Enter an expression by typing and selecting XY Data and Operators below.
Example: maxEnvelope( "KYData-2", "X¥Data-4" ) * 2.5 + "X¥Data-3"

|| combine ( "U:U2 Pl: PLATET-1 N: 2700", "P PI: PLATET-1 E: 1707 F: 1)

ses E
e (1)) XY Data
MName filter:

Name Description

P Pl: PLATE1-1E: 1 From Field Data: P at part instance PLATET-1 element 17

i (1) U:U2 Pl: PLATE1-1 From Field Data: U:U2 at part instance PLATET-1 node 27
_PPI: PLATE1-1E: From Field Data: P at part instance PLATE1-1 element 16

Add to Expression| [J Skip checks

Create XY Data... Save As..

Plot Expression

T e

== -

o

Clear Expression

-

Operators
A - XY¥Data, float, or integer
K- K¥Data
| - integer
F - float

ahs(4) ~
acos(a)

append((X,X...))

asin(A)

atan(A)

avg((AA, )
butterworthFilter(X,F)
chebyshevFilter(F,F)
chebyshev2Filter(X F F)

| ¢ 27
cos(A) :l,-' 0'
o 5
currentMax (X) v

indard

Cancel

I'o 1o dudypoppa e 100d0VauNG TAACTIKNG Topaudpemonc. emiéyovus Integration Point

mov divouv TéEC yia Ta. 600 akpaia onueion oAokARpwong tov {nroduevov otoryeiov (SPL,

SP5).

Emne1om to péyebog X etvan mdvto 1o Ko T0E0L TG EMOVOANTTIKNG HeBOdov, aAld Kot Yo

AOYOLG KOADTEPNG EMEEEPYNTING, LTOPOVUE VO LETAPEPOVUE TO dESOUEVA OG EENG:

Ag&i khk otov mivaka XY mov pog evoloeépel  edit— emhoyn otiAng Y (ue aptotepd KAk

010 Y) — Ctrl+C —Ctrl+V o10 Excel 1 GAAo mpodypappo eneéepyaciog 0Ed0UEV®V.
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