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NepiAnyn

AvTIKEIJEVO TNG NapoUoag epyaociac anoTeAei 0 oXedIAoPOG NeEIPAPATIKAG S1IATAENG unodyeiou PHETAAAIKOU
aywyou oe dlaoTalpwaon HE OEIOUIKO PryHd, KaBwg kai n diEpelvnon TNG CUMNEPIPOPAC Tou aywyoU
nou JlEpyeTal ano priywa opildvTiac oAiobnong. EEetaleTal pia véa WEBODOG QVTIUETWMIONG TWV
UPNA@V avanTuooOUEVWY TACEWV KAl NAPAUOPPWOEWY OTOV aywyo KATA TNV EVeEPyonoinon Tou
PAYMATOC HECW TNG TOMOBETNONG OE OUYKPIPEVEG BECEIG KATA WNAKOC TOU aywyoU gUKAUNTWY KOUPBwWY
nou OTOXEUEI OTN CUYKEVTPWOT TWV NApAHOPPWOLWY, WOTE vVa PEIWOEI N avanTugoouevn £vraaon orta
XaAUBdIVa TUAKATA Tou aywyou.

Apxikd, VYIVETaI €I0aywyr] OTOUG UMOYEIOUG WETAAAIKOUGC aywyouc kal €IdIkOTEpA OTO B&ua Tng
dlaoTalpwaong e evepyd CEIOUIKA priydata kabwg kal oTIC €EwTepika eniBaAOPeveG dpdAcelc nou
NPoKaAoUV €vTaon OTOUG aywyouc. XTn OUVEXeld avaAlovTal ouvonTika ol PEBodoI nou epapuolovTal
ONUEPA YIA TNV AVTIHET®MION TNG AvVANTUOCOMEVNG EVTACGNG OTOV aywyd Mou npokaeitar and Tnv
gvepyonoinon pryMaTog kabwc Kai n NpoTEIVOUEVN MEBODOG WE TNV NAPEPBOAR OTOV aywyo EUKAUNTWV
KOUBwWV. 2TO MAQioIo TNG napouciacng TG PeBddou avaAlovTal Ta anairoUPevVa XapakTnpIoTIKA Twv
KOUBWV pe Bdon TIC anaitrosi§ Tou NeipduaToc alAa Kal TNG KaTaAANAGANTac Twv ndn dlabEoipwy
EUNOPIKA KOMBWV.

2710 OeUTeEPO KEPAAAIO MapoucdialeTal hia CUVONTIKR avaokonnon Twv NEIPAuaTik®v SIaTAEEwv nou
EXOUv xpnoidonoinBei and dlAPOPOUC EPEUVNTEG MEXPI ONMEPA yid TNV MNPOCOMOIWON TNG
dlaoTalpwaong aywyou — CelopikoU priydatoc. AkohoUBwg, avaAUstal n neipapatikn O1atagn nou
npoKkeITal va kataockeuaoTsi oTo Epyaotnpio MetaAAikwv KaTtaokeuwv Tou E.M.M. pe okonod Tov
EAEYXO TNG ANOTEAEOUATIKOTNTAG €UKAWNTWY KOWBwv oTnv nepintwon  d1appnéng  opilovTiag
oAioBnong,.

To TpiTo KEPAAAIO avapepeTal aTo oxedaopd TNG NeEIPApATIKNnG 0IaTagne. EidikoTepa, napatibevral Ta
ox€dia ano Ta TPNMATa nou anoteAolv Tn didTagn, dnAadn Tn Oe€apevr), Tov aywyo/doKiyio kal To
£UBOAO Mou XpnolgonolsiTal yia Tnv €MIBOAr WETAKIVONG oTov aywyo/dokidio. MapoucialeTal n
NPOUEAETN TNC OfapeviC MHECW aPXIKWV MPOKATAPKTIKWYV  OIodIAoTaT®V  avaAUOswv  Twv
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enavahapPavopevwy nAaiciwv otn diapnkn OielBuvon aAAd kal Twv PETAAAIKOV €AACPATWV nou
XpnoidonolouvTal NEPIPETPIKA aAAa kal oTov nuBuéva Tng deEapevic. TENog, napouaialeTal n TEAIKN
MEAETN TNg de€apevng pe Tn BonBela evog akpiBols TpIodIAOTATOU MPOCOMNOIWHATOC MENEPACHEVWY
OTOIXEIWV, divovTac £U(Acn OTIC KATAOKEUAOTIKEC AENTOPEPEIEC ONOU KPIVETAI anapaitnTo aTo atadio
Tou oxediaopou.

>TO TETAPTO Ke(PAAAIO NApoucialeTdal n MPOCOMOIWON TOU aywyoU/OoKIhiou Tou neipduaTog nou
unokeITalr os PeTakivnon ion pe To dINAAcio TnC SIQUETPOU TOU aywyou. TNV neipayatikn OiaTagn
NPOCOUOIWVETAlI N MIon didppnén Tou pPryMaTog Kal TO OTATIKO MPOCOMOIwHa Tou JOoKIWiou Eival
npoBoAog, avayvwpilovrac oTI ageleital n emniBal\opevn aovikr katda Tn diappnén. Zkondc, OPwWC, Tou
neipduatog €ivar n avadelEn TNC anoTeAEOUATIKOTNTAC TWV €UKAUNTWV KOUPWV OTn HEiwon Twv
avanTuooOUEVWY NapapopPwoswy. AkoAoUBwG, n npocopoiwon TNG aAAnAenidpaong aywyol -
nePIBANOVTOC €dAPOUC YiVETAl JE UN-YPAUMIKA €AATRpIa O TpeIC OlEuBUVOoEIC. ApXIKA, eKTIHATAl N
anokpion TOU OUVEXOUC OOKIMiou (XWwPIG EUKAUNTOUG KOUPBOUC), VW OTNn CUVEXEIQ OIEPEUVAOVTAI Ol
BEATIOTEC O€0eIC yia Tnv TonoBETnon evog, OUO Kal TPIWV EUKAUNTWV KOUBWV HE yvopova Tnv
anodoTIKOTEPN AMOMEIWON TWV AVANTUCCOPEVWV KAWMTIKWY PON®V KAl NApdapopPuoswy Tou aywyou.
TéNOG, MeAETATAl PEOW NAPAUETPIKWV avaAUCEWV n enidpacn Tng ywviag TpIRrG Tou €dApouc oTa
avanTuooOleva €vTaTIKA MeyEBn Tou aywyou/dokipiou, avayvwpilovrag Tnv aBeBaidotnTa nou
OUVOEETAI PE TOV NPOAdIOPIOHO TwV £DAPIKWV XAPAKTNPIGTIKWY.

3TO NEPNTO KEQAAAIO MEAETATAI N OUMNEPIPOPd aywyoU nou OIEpXETal and priyMa opildvTiag
oAioBnong pertakivnong didppngng ion pe To dINAACIO TNG SIQUETPOU PECW apIBUNTIKWY avaAUoswv.
MeAETATAl TUNIKOC aywyog HeyaAng SIapETpoug kal uwnAng nieong and xaAupa APISL-X65. Méow Twv
avaAloswv VYiveETal anoTignon Tou KIVOUVOU €Qgaviong Tomnikou AuylopoU Kal aoToxiag ano
£PeAKUOTIKR Bpalion TwV CUYKOAANCEWV HYE TN XPrON KAvovIoTIKOV opinv Kal OIEPEUVATAI N anoKpIon
Tou aywyoU yia ywvia diaoTalpwong pAydatoc — aywyoU and B=15° €wg B=180° Aauavovrag
unown TOOO TN YEWHETPIKN MN-YPAMHUIKOTNTA, 000 Kal T HN-YPAuMIKOTNTA Tou XAAUPA Kal Tou
£0AQOUC. 2Tn OUVEXEID PE BAON Ta ANOTEAECUATA TOU OUVEXOUG Aywyou €PEUVATAI N AMOYEIWON TWV
aVanTUGCOUEVWY EVTATIKOV MEYEBWV WECW TNG TONoBETNONG OUO Kal TECOAPWV EUKAMNTWY KOMPBwWV
yla KAGBe nepinTwon, evw NAPAAMNAG eAEYXETAI N ANOTEAEOUATIKOTNTA KAl N KATAANAOTNTA TNG
MEBODOU YIa kABe MePINTWON Yywviag priydaTog - aywyoU. TEAOC, OTO £KTO kal TEAEUTAIO KEPAAIO
napouacialovTal Ta yevikd GUPNEPACATA TNG EpyaAciac.

H dinAwpatikn autn die€ayeTal ota nAaiola Tou Enixeipnoiakou MpoypdupaToc «Eknaideuon kar Aia
Biou Maénon» (EZMA 2007-2013) —Apdon: «ApioTeia II». H napoloa €psuva ouyXpnuaTodoTrenke
ano Tnv Eupwnaikr] ‘Evwon (Eupwnaikd Kolvwvikd Tayeio) kal Tnv EAAAda péow Tou Enixeipnaoiakou
Mpoypdupatog «Eknaideuon kal Aia Biou Maenon» (EXMA 2007-2013)
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Abstract

The present diploma thesis deals with the design of an experimental setup for buried pipeline —
seismic fault crossing, as well as the investigation of the behaviour of pipelines crossing strike-slip
faults. A new method for reducing the developing strains and stresses is introduced by integrating
flexible joints between adjacent steel parts of buried pipelines. This approach aims at concentrating
strains at the joints and retain the steel pipe virtually undeformed.

In the first chapter, an introduction for pipelines and pipeline — fault crossing is presented.
Furthermore, the methods that are currently used to mitigate the consequence of faulting on buried
pipelines are briefly presented, while the proposed method of incorporating flexible joints in buried
pipelines is discussed. In the context of this method, flexible joints’ characteristics are described and
defined based on experiment’s requirements as well as the adequacy of the currently commercially
available joints.

In the second chapter, a literature review on the experimental setups, which have been used by
researchers during the last years in order to model the pipeline — cross faulting problem, is presented.
Moreover, a description of the experimental setup that is going to be used in the Institute of Steel
Structures at NTUA is outlined. The experimental setup aims at assessing the effectiveness of flexible
joints in reducing the developing pipeline strains in case of a strike-slip fault offset.

The design and the static analysis of the experimental setup is discussed in the third chapter. In
particular, setup drawings, including the tank, the pipe specimen and the actuator that imposes
displacement on the specimen are described. Also, a preliminary design of the tank is presented
through preliminary two-dimensional analyses of adjacent typical frames and the metal panels used to
cover the perimeter and the bottom of the tank. The final design of the tank is numerically evaluated
through a rigorous 3D model that incorporates all significant constructional details.

In the fourth chapter, the numerical simulation of the pipe specimen subjected to permanent
displacement, equal to twice the specimen’s diameter, is studied. The experiment simulates the half
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fault rupture and the specimen’s static model is a cantilever, acknowledging the fact that the applied
tension from strike-slip offset is neglected. However, given that the purpose of the experiment is to
assess the effectiveness of flexible joints as a measure to reduce the developing strains, the absence
of applied tension is acceptable. Subsequently, the pipeline — soil interaction is simulated using
nonlinear springs in three directions. Firstly, the response of continuous pipe specimen is humerically
assessed and then the optimal positions for integrating one, two and three flexible joints are
investigated, in order to achieve an efficient reduction of pipeline developing bending moments and
longitudinal strains. Finally, the effect of soil’s friction angle is parametrically investigated regarding
the pipe’s response, acknowledging the uncertainty related to soil’s properties.

In the fifth chapter, the numerical simulation of a typical high pressure large diameter API5L-X65
pipeline crossing a strike-slip seismic fault is discussed. The risk of local buckling and tensile fracture
of girth welds is evaluated using the code-based limits, while the pipeline’s response is investigated
for various pipeline — fault angles ranging from B=15° to 180° by also taking into account
geometrical, material and soil non-linearity. Then, based on the continuous pipeline’s results an
investigation on the efficiency of flexible joints is conducted by integrating two and four flexible joints
in each case study. Moreover, the effectiveness of joints is evaluated regarding the pipeline — fault
angle case. In the sixth and last chapter, conclusions of the diploma thesis are presented.

The present diploma thesis is part of the research program “Aristeia I1"”. This research has been co-
financed by the European Union (European Social Fund — ESF) and Hellenic National Funds through
the Operational Program “Education and Lifelong Learning” (NSRF 2007-2013).
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EYXAPIZTIE:

dTavovtag oTo TEAOG TNG €KNOVNONG TNG OINAWMATIKAG HOU £pyaciag OAOKANPWVETAl 0 KUKAOG
(oiTNONG Hou aTr ZxoAn MoAITIkwv Mnxavikwv Tou EBvikoU MeTooBiou MoAuTexveiou. Me Tnv apopun
auTr| 6a nNBeAa va euxapioTriow OAoUG 000l ouvEBAAav oTnv NPoondadeid pou auTr Ye AUEDO 1) EUPETO
TPOMO.

MpwTa kalr onuavTikoTepa 8a NBeAa va euxapioTrow Tov kabnynTr pou K. Xdpn FavTe nou e TiPNoE
Me Tnv gumioToolvn TOU Kal HOoU £0WOE TNV €UKAIpia va €KMOVACW aUTH TN OINAWMATIKR und Tnv
eniBAewn Tou. H diapkng kai unodelyuaTikn kaBodnynor] padi Pe Tnv ApIoTN ENIOTNUOVIKR TOU
KaTapTion ouveRahav kataAuTika aTnv 0AOKANPwaon TG Epyaciag.

Id1aiTepa Ba ABeAa va €UXapIOTAOW Yia TNV APEPICTN UNOCTAPIEN Tou, ToV unowngio AIdAKTopa Tou
E.M.M. BaoiAn Mehiooiavo. H ouvexnc kal aueon BorBeia nou pou napeixe kaboAn Tn didpkeia Tng
epyaciag (akoupn kar Tnv nepiodo Twv Oiakonwv!) anoTehoUv éva noAU onuavTikd KOPWATI TNng
npoondalelag auTnc,.

lMa Tnv npdBuun Bonbeid Toug oe BEUaTa AoyIoHIKoU, KaBwE Kal yia To OopPo KAiya Tn didpKeia nou
OOUAEWaNE OE KOIVO ypageio uxapioT® Tov 2TéAIo Bepvapdo kai Tov HAia ©avacoula, eve yia Tn
BonBeia aTo oXedIAoKO TNC NEIPAUATIKNG SIATAENG OTOV UNOAOYIOTH TNV KA. =€via Zapdkn.

Eniong, Bé\w va euxapioTiow Bepud Tov K. MNwpyo MnoukoBdia, Kadnyntr Tou Topéa MEWTEXVIKAG
Tou E.M.M kar Tov k. Maulo ©avonoulo, AékTopa Tou Todéa AopooTaTikng Tou E.M.M. yia Tn
OUMMETOXN TOUG OTNV £EETATTIKI EMITPONI TNG JINAWHATIKIG HOU EpyaAciac.

Téhog, Ba BeAa va €uxapioTHOW TNV OIKOYEVEIA WOU Yia Tn Oiapkr OTAPIEN NMOU HOU MPOCEpeEpPav
KaBoAn Tn SIAPKEIa TwV OXOMK®OV Kal POITNTIKWV HOU XPOVWY, TOUG GUMMOITNTEC Kal PIAOUC [HoU, Yia
TN CUUNAPACTACH TOUC O£ OAN TN OIAPKEId TWV ONoudwv Hou.

Muwpic KaAdepawv

@gfooudpiog 2015
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