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EuxapioTieg

Me Tnv ekndvnon auTtig TnG JINAWUATIKAG £pYACiag PTAVEI OTO TEAOG TOU O KUKAOG GMoudwv Hou OTo
TUAMA MoAITIK®Y Mnyavikov Tou EBvikou MeTaofiou MoAuTexveiou. Me agopuny auto Ba rnbesia va
EKQPACW TIC EUXAPIOTIEG Hou o€ OAoug dooug ouvéBaAav oTnv npoondbeid Pou autn He APECO N
£UPECO TPOMO.

MpwTto and 6Aouc Ba nBeha va euxapioTAOW TO KABNYNTH HOU K. Xapn FavTe nou We TiUNOE PE TNV
gunioTooUvVn TOU Kal PHoU €DWOE TNV €UKAIpia va €KMovACw auTr TNV SINAWMATIKY uno Tnv €niBAeyn
Tou. H dlapkng kal unodelyuaTikny kabodnynon Tou Padi Je Tnv ApioTn ENICTNHOVIKN TOU KATAPTION
ouveBalav kaTaAuTIKa oTnv OAOKANPWGON AUTNG TNG £pyaciag. EkTOC and Tic NOAUTIHEG YVWOEIG NOu
MOU UETEPEPE, Ol CUMPBOUAEG TOu WeE Borndnoav va anokTiow opdr) okEwn Pnxavikou.
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KaBodnynon yia Tnv Xprnon Tou AOYIOMIKOU Kal TOV EAEYXO TwV €EAYOHEVWV AMOTEAEOHATWV KAl
OUMNEPAONATWY O KABe OTAdIo. H OUuvexnc kal AUECN UMOCTNPIEN TOU OUVETEAECAv OTNV
EMOTNUOVIKN ApTIOTNTA Kal MEPATWON TNG €pyaciac. ©a nbela eniong va euxapioTiow Tov HAia
©avaocouAa yia Tnv NpoBupn BonBeid Tou aTnV XPraon Tou AoyIoHIKoU.

Akopn, BéAw va euxapiotnow Bepud Tov K. Iwdavvn PauToyiavvn, AvanAnpwtn Kadnyntr Tou Topéa
AopooTaTikng Tou E.M.M. kai Tov K. TAoo ABpadp, AEKTopa Tou Topéd AOPOOTATIKAC YIA TN CUMKETOXN
TOUC OTNV €EETACTIKN €MITPONT TNG JINAWMATIKAC HOU Epyaciac.

Ma Tn BonBeid TNG OTn HopQornoinon Tou Kelyévou Ba nbeAa va euxapioTnow Tnv K. IoaBéAia
BaoihonoUAou, Ap. MoAITIkO Mnxaviko E.M.T.

EkTOC TV Napanavw oQpeilw va guxapioTriow OAOUC TOUG KaBnynTéG nou €ixa katd Tn dIApKEId TV
onoudwv HoU YIa TIC NOAUTIMEG YVWOEIC NMOU POU HETEPEPAV, TNV KABodNynon nou Jou napeixav kai
nou e Yunoav oTov KOopo Tou MoAimikoU Mnyxavikou.
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NEPIAHWH

>Tnv napouca OINAwUATIKA €pyacia PeAeTaTal o0 OXedIAOWOC NeEIpapaTikng OIaTagéng unoyeiou
METAMIKOU aywyoUu nou JIaoTAUPWVETAlI HE OEIOUIKO priydad. AlEpeuvdartal n anoTeAeopaTikoTnTa
TONOBETNONG EUKAMNTWY KOPBWV, Ol OMoiol PECW TNG OUYKEVTPWONG TWV NAPAHOPPWOEWV OF
OUYKEKPIYEVA ONEIA, ANOPEIDOVOUV TIC UWPNAEC TACEIC KAl NApAPopPWOEIC Nou Ba avantlooovTav av o
aywyoc NTav OUVEXNG.

3TO NPWTO KEPAAAIO, NApoucialeTal n €l0aywyr OTOUG UMNOYEIOUC METAANIKOUC aywyoUg Kal OTIG
dpaoeic nou ackoUvTal o auToUc (OEIOUIKA Kal KN OSIOHIKA (opTia), Ta €idn Twv pnydaTwv kabwg Kal
Ta KpITpIa aoToxiac Pe BAon TIG NAPAROPPWUEIG. XTr CUVEXEID, NPAYUATOMOIEITAl avaokonnon Twv
aoToXIWV aywywv Mou npokAnenkav katd Tnv OIApKeld HPEYAAwV CEIOPWV. Ta ouvhen METPa
npooTaciac Twv UMOYEIWV aywywv €vavTl diappn&ng priyMaTtog ouykpivovTal PE Tnv kaivoupyia
MEBOOOC MpooTaciag pe €UKAMUMNTOUG KOMBOUG, Twv OMoiwV O MNXAviopOG Kai n Asiroupyia Toug
avaAUeTal.

>T0 OeUTEPO KeaAalo didovTal avaAuTIKa OTOIXEid Kal OXEdla yia T YEWHETPIA TNG NEIPAPATIKNG
OIaTa&nG. Suykekpiyéva, nNapouaialovTal Ta YEWUETPIKA XApakTnPIoTIKA Kal ol IDI0TNTEC TOU aywyou,
TWV PETWMIKOV NAGKWV PECK TWV OMoiwv YiveTal n oUvdeon oTo NAQiolo OOKIJWY TOU £pyacTnpiou,
TV EUKAUNTWV KOUBWY, TWV KOXAIWV Kal TOU EAGOMATOC EMIBOANG TNG METAKIVNONG.

2TO TPITO KEQPAAAIO napouadialeTal n NPOHEAETN TNG NEIPAMATIKAG dIaTagng pe 0108IaoTaTa HOvVTEAD
NENEPACHEVWY OTOIXEIWV JE OKOMNO va dlepeuvnBei N anoTeAEOUATIKOTNTA TNG TONOBETNONG EUKAUNTWV
KOMBWV 0g OPOUG PEIWONG TWV NAPANOPPWOEWY CUYKPITIKA HE TOV OUVEXH aywyo. MpwTa PeAeTdTal
TO OUVEXEG DOKIMIO Kal OTn OUVEXEIQ OTIG BECEIC 6Nou avanTUoCoovVTal Ol PEYIOTEG PONEG TOMOBETOUVTAI
eUkaunTol kOpPBol. EEetalovral TEOOEPIC JIAPOPETIKEG BE0EIC TONOBETNONG TwV KOMPBWY, WOTE va
enmAexBei n BEATIOTN PBACEl TWV YEWUETPIKWV MEPIOPICUMY TNG MNEIPAUATIKAG OIATAENC Kal Twv
OIaBE0IMWY HETPNTIKWY Opyavwv. ZUYKPIivovTal Ta avanTUCOOMEVA EvTaTIKA Kal napapop@wolakd
MEYEDN HETAEU OAWV TWV NEPINTWOEWV Kal NPoadIopileTal n TeAIKN BEon TonoBETNONG TWV EUKAUNTWV
KOMBWV.

>TO TETAPTO KEPAAAIO UAOMOIEITAI N AKPIBECTEPN NPOCOUOIWON TOU NEIPAPATOC OE TPEIC JIAOTATEIG.
MeAETWVTAI TO GUVEXEC OOKIMIO Kal TO DOKIMIO PE KOPBOUG, Ol oroiol TONOBETOUVTAl OTIG ANOCTACEIG
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nou €MIAéEXBNKkav Katd TNV NPOKATAPKTIKI apiBuNnTIKn Siepeuvnon. O aywyoc, Ol HETWNIKEG NAAKEC Kal
To £é\aopa enIBOANG TNG WETAKIVNONG MPOCOMOINVOVTAl WE €MIPAvEIdKd NeENEpAcHEvVa aToixeia. To
UMOCTUAWKA Tou nAdigiou OOKIMWV OEv MPOCOMOIWVETAL. A TNV €QApHOyr TWV GUVOPIAKWV
ouvOnNKwV, Ol EPENKUOMEVOI KOXAIEG MpocopoiwvovTal PE eAaTtrpia Kal To BAIBOHEVO PEPOG Twv
METWMIKOV NAGK®V apBpWVETAl. STO OUVEXEG OOKIUIO OTa onueia peyioTwv ponwv, dnAadr KovTd oTIC
OTNPIEEIC Kal OTO HETOV, e€ugavifovtal TOMKoi AUYIOHOI v OTa OOKIUIO HE TOUG KOMPBoug Oxl. Ol
Opodyol I0opponiac kai oTiG dUo NEPINTWOEIC €ival avodlkoi kal €ucTadeic. XTo OOKIUIO WE TOUG
€UKAQUNTOUC KOMUPBOUC O aQvanTUGCOUEVEC AVNYMEVEC NAPANOPPWOEIC MPoKUNTOUV £wG kal 90%
MIKpOTEPEG and To TIC NAPAMOPPWOEIC OTO OUVEXEC OOKipIo. AVTIOETwG, dlanioTwveTal OTI Ol
avanTuoooOpeveG Taoelg dev napouacialouv agloonueinTn diagopd. ZuykpivovTag TIG dUO MEPINTWOEIG
OOKIMiV NpoKUNTEl OTI OTIC MEPIOXEC NANCIOV TWV OTNPIEEWV, ONWG Kal 0To YECOV avanTUoOETal
nAaoTIKonoinan, OJWG TNV MNEPINTWON Tou JOKIKIOU HE TOUG KOMBOUG Ol MAACTIKOMOINUEVEG NEPIOXES
EXOUV HIKPOTEPO HRKOG.

Ainhwpatikiy Epyacia Tng Mewpyiag ManadaTou E.M.M. 2015
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ABSTRACT

The present diploma thesis deals with the design of experimental set-up of a steel cylinder shell under
bending with flexible joints. The aim of the experiment is to investigate the efficiency of introducing
flexible joints in a continuous cylinder in order to reduce the developing longitudinal strains. The
experimental set-up models the deformation of a buried pipeline subjected to faulting.

An introduction to buried steel pipelines is presented in the first chapter. The commonly considered
seismic and non-seismic loads on pipes and the pipe strain-based design against permanent ground
deformations are presented. The fault-type classification is also discussed. Then, the potential pipe
failure modes due to faulting are presented and the currently used mitigating measures against the
consequences of fault movements on the pipelines are discussed. A new seismic countermeasure is
then presented, consisting of the introduction of flexible joints in buried continuous pipelines. The
characteristics of these joints are described.

In the second chapter, the geometry of the experimental set-up is shown. The geometry and the
properties of the pipe, the faceplates for the bolted connection of the specimen to the test frame, the
flexible joints and the flange for displacement application are presented.

The third chapter includes the preliminary study of the experimental set up using two-dimensional
finite element models. The aim is to investigate the effectiveness of the flexible joints introduction in
terms of strain reduction compared to the continuous pipe/specimen. The continuous pipe is
examined at first and then flexible joints are integrated where the maximum moment on the
continuous pipe is developed. Four different cases regarding the flexible joints location are
investigated, in order to select the optimal with respect to the geometrical constraints of the
experimental setup and the available measuring instruments. The developing stains and stresses
among all cases are compared and the final positions of the flexible joints are selected.

In the fourth chapter, a more rigorous three-dimensional FEM modeling is presented. The continuous
pipe specimen and the pipe specimen with flexible joints are both numerically analyzed. The pipeline
specimen, the faceplates and the flange for displacement application modeled using shell elements.
Concerning the boundary conditions, the column is not modeled and bolts under tension are modeled
with translational springs, while the faceplate part under compression is hinged. Results from the
continuous pipeline indicate local buckling development where the maximum moment is developed
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and specifically close to the supports and in the middle. On the other hand, local buckling does not
occur in the specimen with joints due to the strain reduction caused by the joints. The equilibrium
paths in both cases are ascending. The introduction of flexible joints leads to compressive strain
reduction up to 90% in comparison with the continuous specimen. Regarding the developing stresses,
not a significant difference is reported. In both cases, specimen areas near the supports and in the
middle are plasticized but in the case of the specimen with joints plastification takes place in a shorter
length.

Ainhwpatikiy Epyacia Tng Mewpyiag ManadaTou E.M.M. 2015
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