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JKOmo¢ tnG dlatplBng elval n dlepevvnon NG CUUMEPLPOPAS
XEPOQAlWY aywywv HE gUKAUTTOUG KOpBoug tumou bellow umo
dwappnén  osloplkol  prRypatog. Ol eUkapmrTol  KOpPot
npoteivovtal w¢ €&va  KAWVOTOHO METPO TPOOTOOLOG Kot
ELOAYOVTOL OTOV aywyO OTNV TEPLOXN TOU PrYHATOG. ZTOXOG Elvat
va anoppodnoouv TIG ETUPAAOUEVEC TOPAUOPPWOEL AOYW
EVEPYOTIOINONG TOU PNYUOTOC HECW OXETIKAG OTPOdNG TwvV
OUVOEOUEVWY TUNUATWY TOU aywyoU, Ta OToL0l KATA CUVETELO
TIPOEVOUV OXESOV ATOPAUOPdWTA KAL QVATTTUCOOUV TIOAU
XOUNAR évtaon.

ApPXLKQ, TTIOPOUCLATZETOL O OXESLAOMOC KAl N EKTEAEC HLOG OELPAG
TELPOUOTIKWY SOKIUWY OCUVEXWV aywywv Kol aywywv HE
EUKAUMTOUG KOpPBouG. Ta amoteAéopato  avadelkviouv Tn
HElwon TwV TTOPAUOPPWOEWY KOL TN HETATPOT] TOU GUVEXOUG
oTATLKOU OUOTHUATOG 0 OoToVOUAWTO. EmumAéov, ta aplOuntikd
npooopowwpata PBoabuovopouvtal pe Bacn TA TEPAUOTLIKA
QIMOTEAECHATAL.

Mpoteivetal akoAoUBwWC €va ATAOTIONTIKO aplOUNTLKO HOVTEAO
Hog dokou emi edadoug Winkler pe eowtepikeg apOpwoelg umo
BATIKO doptio. H S0KOC TPOCOUOLWVEL OywWyoUG HE KORBOUG
umo avaotpodn Sappnén wote va SlepeuvnBel To evdexOuevo
avadeléng tou kaBoAwol Auvylopol wg popdng aotoxiag.

Alepeuvatal aplOUNTIKA N OMOTEAECUATIKOTNTA TWV EUKAUTTWY
KOpBwV O€ UMOYELOUG aywyoUC UTOKElpEVOoUuC oe Slappnén
opllovtiag oAiocOnong. Afloloyeital n pnxovikn ocupmnepipopa
TwWV aywywv AopBadavovtag umoyn kot tnv  afefaotnta
eudaviong tng duappnénc. H amoteAeopATIKOTNTA TWV KOUPBwWV
ouykplvetal pe ta ouvnOn pETpa Mpootaciag Tou aywyou.
AloTUTIWVOVTOL  TIPOKATOPKTIKEG 00nyleg xwpoBEtnong Kal
oXeOLAOUOU aywywv HE KOUBouUG.

Téhog, Otatunmwvetal po pebodoloyia yla tnv amotipnon
ETUTEAEOTIKOTNTAC OQywywv o€ Olaotavpwon HE OCELOULKA
pnyuata. H pebodoloyia mepthapBAveL TNV amOTiUNON OELOULKAG
ermkvduvotntag, tn Soukl avaAucn Tou oywyou, TNV
QMOTIUNON ETULKIVOUVOTNTAC TIAPAUOPPWOEWY KOl T OXETLKEC
ofeBaldTNTEG MPOKELUEVOU VO TTOCOTLKOTIOLNOEL TO evdexOUEVO

Abstract

Objective of the doctoral thesis is the investigation of the

behavior of onshore, buried steel oil and gas pipelines with

bellow-type flexible joints under seismic fault rupture. Flexible

joints are proposed as innovative mitigating measures and are

introduced in the fault vicinity. The aim is to absorb the

developing deformation through relative rotation between

adjacent pipeline parts, which then remain undeformed and S0 :

consequently nearly unstressed. Toroétnon aywyol evréc Sxnuotkn napouvaiaon 500 Slaboyikwy otadiwv Tne MApAUOPPWOnG

0pUYHATOG. aywyou umno biappnén optlovriac oAicdnonc.
Lowering of pipe into trench. Schematic illustration of two successive stages of pipeline deformation
due to strike-slip fault rupture.

Initially, the design and execution of a series of experimental
tests of continuous pipes and pipes with flexible joints are
presented. The strain reduction and the transformation of the
structural system from continuous to segmented, caused by the

introduction of joints, is indicated. Additionally, numerical models 5l0l£|;:)f]§n 080:0”%'(0” p.r]vu.OLTOCI.B iod | fuel | di el d <mic faul
are calibrated based on the experimental results. Problem under investigation. Buried steel fuel large diameter pipeline under seismic fault rupture.

MNpoBAnua umo Siepelvnon. Ymoyelog XaAuBSvog aywyog Kouoipou HeyaAng Sltap€tpou UTO

A simplified numerical model of an internally hinged beam
resting on Winkler foundation under compressive load is then
proposed. The beam models buried pipes with flexible joints
under reverse faulting. The potential of upheaval buckling,
emerging as a dominant failure mode, is investigated.

Numerical evaluation of the effectiveness of flexible joints in
buried pipes under strike-slip faulting is carried out. The behavior
of pipes with joints is investigated, considering also the fault
trace uncertainty. The efficiency of joints is compared to the
commonly used measures. Preliminary design guidelines for the
configuration of flexible joints and the design of pipes with joints

are formulated. MNapauopewaon aywyou Ue EVKAUTTOUC apPpwToU¢ KOUBoug

Finally, a methodology for the performance assessment of buried wonou bellow umo 6wappnén opovtiag oAiodnong.

pipes at fault crossings is developed. The methodology consists of Dierfemnibioi o piyelive i iR Bl S e ez e
) A ¢ ” under strike-slip fault rupture.

the seismic hazard assessment, pipe structural analysis and pipe

strain hazard assessment. The pertinent uncertainties are also

incorporated in the analysis in order to quantify the potential of Ztoxog StatpPrg. MeA£tn epkTOTNTAC XPONG EUMOPLKWY EVKAUMTWY KOUPBWY WG HETPWV

pipe failure. TPOOTOCLAC UTIOYELWV ayWYwWV UTIO SLAppnén OELOULKOU PryLATOC Kol SLATUTIWON TIPOKATOPKTLKWY

odnylwv oxedlacpou.

Dissertation objective. Feasibility study on the use of commercial flexible joints as mitigating
measures in buried pipelines under faulting and formulation of preliminary design guidelines.

Aokiplo/Specimen napapopdwaon/ napapopdwaon/
Compressive strain Tensile strain

OAUTTIKA EdeAkuotikn 4

Juvexég/Continuous -1.25% 2.24%

Me kouBoug/With joints -0.0016% 0.0017%
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Mewpauatikn miotomoinon arodoTikOTNTAC EUKOUITTWY KOUBwV: ueiwan

XwpoIetnon kopbwv: n andotaon L, tpoodlopiletat ouvaptrioeL NG UEYLOTNG UETAKIVNONG PHYMATOS KAl THG ywviag Staotaupwang aywyou —

UEYIOTWVY QVNYUEVWY TTAPAUOPPUWTEWY KATA TPELC TAEELC UEYETOUC. PNYKATOG.

Experimental verification of the effectiveness of flexible joints: maximum
strain reduction in the order or three times.

Configuration of joints: distance L;is calculated with reference to the maximum fault displacement and the pipe — fault crossing angle.

O6nyieg xwpoBEtnong kOpPwv. Torobetnon KOUPBWY OTOV AYwWYO Ot (0EG ATOOTACELS Ly o€ OAO TO prKoG aeBatotntag
eudaviong tng dtappnéng Tou priyHaTog otnVv entdpavela.
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Newpapatikn dtepevvnon. Aokt kKappng Tplwv onpeiwv dokipiwv aywywv (3 cuvexn kot 1 pe eVKapMToug KOUBOUG).

ebelkuotikn mapauopdwaon (%)
tensile strain (%)

Guidelines for the configuration of joints. Integration of joints at equal distance L;along the entire pipeline length, where the

Experimental investigation. Three-point bending test of pipe specimens (3 continuous and 1 with flexible joints). fault trace might appear on the ground surface.
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YrmoAoylouoc enikivéuvotntag opLakng KATHOTAONC.
Limit state hazard estimation.
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AvaAuaon OELOULKNC ETTLKIVOUVOTNTOC. AvaAuon tpwtotnTagc.
Seismic hazard analysis. Fragility analysis.
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ATOTEAEOHATIKOTNTO EVKOUITWYV KOUBWV. Tpomomnoinon otatikou Avantuén pedodoloyiag yla tTnv anotipnon EMTEAECTIKOTNTOG UTTOYELWV QYyWYWV OE

ouoTtNUatog anod ocuvexeg (CP) oe omovbulwto (PFJ) odnyel og peydin SLactaupwon KE CELOULKA pRypata. Ektipnon entteAeotikotntag AapBavovtag untodn ola ta
pelwon avnypévwy mopapopdwoewy, ONOTE KAl OE ATOTEAECUATLK oevaptla dLappnéng, amokplong aywyou Kol LkavotnTag mapapnopdwaong, Kabwg kot OAEG TIG GUOLKEG
npootacia aywyou KOLL ETILOTNMLKEG aBefaldotnTed.

Effectiveness of flexible joints. Modification of the structural system from Development of a methodology for performance assessment of buried pipelines at fault crossings.
continuous (CP) to segmented (PFJ) leads to significant decrease of strains Performance assessment by taking into account all possible scenarios regarding fault rupture, pipe
and thus to the efficient protection of the pipe. response and pipe deformation, as well as all pertinent aleatory and epistemic uncertainties.
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