NEPINHWH

H BaAdoola aloAkn evépyela amoteAel pio MoAAQ umooxouevn popdn Avavewotung Mnyng
Evépyelag (AME), Aoyw tou uPnAol aloAtkol Suvaplkol oTlg BaAACOLEG TTEPLOXEG UEYAAOU
BaBoug vepou. H eykatdotaon YA edpalopevne oe XwpoSktuwpa oupBAarel otnv
QVTLUETWIILON TWV TIEPLOPLOUWV KAl TWV TIPOPRANUATWY TIOU oxeTilovtal Le TNV Xpron dtataéng
€6paong tumou BapuTNTag 1 TUTIOU UEUOVWHEVOU TAoCAAoU. QOTO00, 0 OXESLAOUOG KAl N
Aettoupyla YA pe Sudtagn €8paong TUMOU XWPOSIKTUWHATOG Xapaktnpilovial amd &viovn
moAumAokotnta. Emopévwe, n avamtuén kot n uloBEtnon KOTtAAANAWY, VEWV TEXVIKWV
opLOUNTIKNAC povTeEAOTTOlNoNG yLa TG eV AOyw BaAAooLeEC KATAOKEVECG Bewpelital amapaitntn.

H apBuntikn povtehomnoinon twv YA aveéaptntwg tumou dtataéng €6paong mpayUoTomnoLeiTal
HEOW QVATITUENG 1 Kal ULOBETNONG «OUVOETWV» OAOKANPWHEVWY OPLOUNTIKWY HOVTEAWY. Ta
TepLooOTEPA Ao Ta MpoavapepBEVTA aplOUNTIKA povtéAa eudavilouv KAMOLOUG GNUAVTIKOUG
TIEPLOPLOUOUG OXETLKA LE TNV povtehomoinon Siataéng €6paong TUMOU XWPOSIKTUWHATOG. Mo
OUVKEKPLUEVQA, OTIC TIEPLOCOTEPEG QMO TIG MEXPL OHUEPA EPEUVEC TOU OXeTilovtal YE TNV
Suvapikn avaluon kat tnv anokplon YA pe diataén €5paong TUMOU XwPOoSIKTUWUOTOC, £XOUV
Xpnotpomoln6el amAomolnUEVEG TEXVIKEC povTeAomoinong, ocov adopa otn diataén €6paonc.
Mia anod autég eival n xprion otolxelwv Sokou (beam elements). H xprjon otolxeiwv dokou, €xel
WG QTOTEAECUA TN KN OITOTEAECUOTIKI) TIPOCOMOLWON TNG TOTUKNG OCUMTEPLPOPAC Kal
€EAQOTIKOTNTAC TWV KOUPBwV TOu Ywpodlktuwpatog. To yeyovog autd obnyel otn un
ouunepiAnyn torikwv (otoug kopPoug) datvopévwy dovrioewv (local vibration phenomena) otn
Suvapikn ouunepidpopd tng YA Kol otov urmtoAoylopd tng amokplong tne. Kat' eméktaon sivat
mlavn N UTMOEKTIUNON TWV MOPAUopPWOEWV 0TOUG KOUBOUC, KABWC Kol N UTIEPEKTIUNON TWV
POTIWV KAUYPNG KOVTA otoug KOpPBoug. Mpokelpévou va AndBel umoyPn n eAaotikOTNTA TWV
KOUBWY HUmopouv va xpnolpomnolnBolv ta Asyoueva umnep-otolxeia (superelements) yia tnv
povteAomoinon Twv kopBwv Tng dtdtagng £6paong. H xprion Twv umep-otolxeiwv odnyel o€ Lo
Aemtopepn Kat akplpr) povtelomoinon twv KOUPwWV, YEYOVOG TIOU ETITPEMEL TOV KAAUTEPO
UTTOAOYLOMO TWV $OPTIWV KOTMIWOEWV KATA TN Stapketa {wn¢ TNG KATAOKEUNC.

Itnv mapovoa OSuTAwpATIK €pyacia  xpnowgomowiOnkav SUo  SLadOPETIKEC TEXVIKEC
povteAomoinong tng diataéng €dpaong TUMOU XwPodIKTuwpatog piag YA. H mpwtn TEXVIKN
nepAapPBavel Tn xprion Hovo otolxelwv Sokwv. Itn eUTEPN TEXVIKN, OL KOUPOL TNG Stataéng
€6paong tng YA HoVTEAOTIOLOUVTAL UE TNV XPiON UTIEP-OTOLXELWY, EVW YLa TA AAAQ TUAMOTO TNG
KOTOOKEUNG XPNOLUOomolouvTal otolxeia Sokwv. Apxka, mpaypatomolidnke dopopdikn
oavaluon Kal ylo Tig dU0 MEPUTTWOEL, TwV €POPUOIOUEVWV TEXVIKWV HovteAomoinong. Ta
amoteAéopata tnG olopopdIkng avaluvong e€nxbnoav HEow £dappoyns Twv aplOpntikwv
pnovtéAwv ANSYS kat ADCoS-Offshore. To aptBuntikd povtédo ADCoS-Offshore, eival éva



«oUVOETO» OAOKANPWHEVO apLOUNTIKO HOVTEAOD TPpooopoiwong TNG cupunepldpopadg YA. Me Bdaon
T amoteAéopata TG WOLopopdLkng avaluong kaboplotnke kat yla TG SU0 SLOPOPETIKEC
TEXVLKEG LLOVTEAOTIOLNGNG TO €UPOG TWV LOLOCUXVOTATWY KOL Ol QVTIOTOLXEG LOLOMOPdEC, Tou
TIEPLEXOUV TOTUKA aALVOUEVA SOVNONG. TN CUVEXELQ, TTPAYUATOMOLNONKE SuVOULKN avaluon
oto medilo Tou XPOVOoU yLa TIG SUO TEXVIKEG LOVTIEAOTIONGCNG XPNOLUOTIOLWVTAC TO apPLOUNTIKO
HovTéAo ANSYS. 2to ANSYS n APA mtpooopolwBnKe e ONUELAKEG LALEG TTOU CUVOEOVTAL AKOUTTTA
HETAEL TOuC. Tal QUMOTEAECHOTA TWV EKTOC ETUTESOU HETATOTIOEWY KOL KOUTTTLKWY POTIWV
TIAPOUCLACTNKAV HECW SLAYPAUUATWY TIUKVOTNTAG GOCHATIKAG LOXUOG yla TG SU0 TEXVIKEG
povteAomoinong. TéAog, mpayuatonolibnke avaAuon KOmwong yla éva cUvoAo ¢opTicewv
oxeSlaopol, TOU QVIUTPOOWTEVOUV TI( TILO ONUOVTIKEGC OuvOnkec dopticewv TOU
napouaotalovtal Katd tov KUKAo {wn¢ pac YA. Me Bdaon ta amoteAéopata TnG avAaAuong
KOTwaonNG, utoAoyilotnkav ta t.ooduvapa ¢popTiol KOMWaoNG yLa T SU0 TEXVLKEG LLOVIEAOTIOINONG
Kall ouykpiBnkav petal Toug.
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ABSTRACT

Offshore wind energy represents one of the most promising sources of renewable energy in the
future, due to the enormous energy potential available in the vast offshore areas. The installation
of OWTs using jacket type support structure in deep water locations addresses effectively the
well-known obstacles associated with the ones resulting from the application of other types of
support structures (e.g. monopile, gravity based and/or tripod support structure). Thus, the
development and adoption of new design concepts and modeling techniques for the jacket
support structure is essential towards a successful performance of these kind of OWTs during
their life-cycle.

OWTs are designed using aero-hydro-servo-elastic simulation tools, which consider the
interaction of the structure with all the environmental factors with the structure, as well as the
entire structural assembly of the OWT. Most of these tools have significant limitations in
modeling branched support structures. Consequently, in most of the previous research related
to the dynamic analysis and the response assessment of a jacket supported OWT, simplified
modeling techniques such as a beam model are used. By using beam models, the local behavior
of the joints cannot be accurately represented. Thus, deflections at joints are underestimated,
whereas bending moments are overestimated. In order to take into account the local joint
flexibility, a substructuring or superelement approach can be used. This approach leads to a more
accurate representation of the joints, considering the joints’ local, and, therefore, to a better
estimation of the fatigue life of the structure.

In this thesis, two different numerical models of the jacket support structure are used. The first
model (beam model) considers beam elements, while the second one (superelement model)
utilizes superelements for the joint’s representation along with beam elements for the remaining
parts of the structure. Initially, a modal analysis is conducted with the above mentioned models.
The modal analysis is performed in the coupled aero-hydro-servo-elastic tool ADCoS-Offshore, as
well as in ANSYS software. The frequency range of eigenmodes containing contribution of local
vibration phenomena is detected and compared for both models. Slightly lower eigenfrequencies
are observed in the case of the superelement model. Next, a time domain analysis is performed
for both models using both simulation tools. A simple modelling approach is implemented in
ANSYS, as far as the RNA is concerned. Based on the results of the time domain analysis, the
dynamic response of various joints in terms of local vibration phenomena is initially identified for
both models (beam and superlement). Then, results obtained for the two models are compared
through Power Spectra Densities (PSD) diagrams. Finally, a fatigue analysis is performed. The
results of the fatigue analysis are presented in terms of Damage Equivalent Loads (DEL) of the
out of-plane bending moments, where the local vibrations were found to dominate. Finally, the
effect of local vibration phenomena on fatigue loads is discussed for both applied models.
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