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EuxapioTieg

Me Tn Onuooicuon TNG napoloac OJINAWMATIKAG €PYaciac OAOKANPWVOVTAlI Ol MPOMNTUXIAKEC HOU
onoud&G aTn ZxoAn MoAiImikwv Mnxavikwv Tou EBvikoU MeTodBiou MoAuTeyveiou. H emimuxng eknovnon
TNG €pyaciac pgou Oev Ba €ixe emTeuxBei xwpic TRV NOAUTIUN GUUBOAN OpICUEVWY avBpmNwy, TOUC
0rnoiouc OPEIAW va eUXapioTHOW.

Kupiwg Ba Beha va suxapioTnow Tov K. Xapn Favte, kabnynTr Tou Topéa AOPOOTATIKAG Yid TNV
eunmioTooUvn nou pou £XeIEE divovTag Jou TNV EUkalpia va aoXoAnbw e Eva Tooo evdiapepov Bepa. H
adiakonn kabodrynorn Tou ouvéBaAe kaBoploTika oTnv OAOKANPwan TNG napolodc £pyaciac Kai ol
OUCIAOTIKEC TOU CUMBOUAEC Ba pe kaBodnyolv os 0An TN diapkeia TN (WG Hou.

IdiaiTepa Ba BeAa va euxapioTnow To BaaiAn Mehiogiavo, unoyn@io d1ddkTopa Tou E.M.IM., yia Tnv
OUCIAOTIKOTATN CUVEPYACia NMou eixape 6Ao To nponyoupevo didoTnua. H napoxr) Tou anapaitntou
BiBAIoypagikoU UAIKOU, ol odnyieg aTn Xprion Tou AoyIoHIKOU KABw¢ Kal n eniBAewn Twv eEayoueEvwY
oupnepacpdTwy d1IadpapdTioav oucIaoTIKO POAO 0TV €Knovnon Tng epyaciag. O NEIPAMATIKEG
OoKIYEG nou napoucialovTal OTnNV £pyacia HJou anoTeEAOUV ONUAvTIKO HEPOG TNG OIDAKTOPIKNACG TOU
olaTpIBRC kal n Bonbeia Tou oOTnV ene€epyacia Twv ANOTEAEOPATWV KABWC Kal aTnV apiBuNTIKN
npoogopoiwaon Toug ATav kabopioTikn. EninAéov, yia Tn Bonbeia atn xprion Tou AoyiouikoU Kabwg Kal
yia Ti¢ £€ioou noAUTINEC CUPBOUAEG Toug Ba Beha va euxapioTnow Toug HAia ©@avacouAa kai XTENO
Bepvapdo, Ynowngpioug AidakTopeg Tou E.M.IM.

e autd TO oOnueio oQeidw va euxaploTHow Tov K. Zevopwvta Alyvo, pelog E.E.ALIM. Tou
EpyacTnpiou MeTaMikwv KaTaokeuwy, yia TNV eKTEAEON TWV NEIPAPATOV KABWE Kal yia TIG NOAUTIHEG
OUMPBOUAEC TOU KATA TNV €vacyOANOn HOU HE TIG NEIpapaTIKEG DOKIMEC. EuxaploTw eniong To ZTENIO
KaTtoaTaoidn yia Tn Boridsia Tou Katd Tnv NpoeToldacia Kal ekTEAEON Twv Meipaudtwv. To diaoTnua
nou népaca padi Toug oto Epyaotnpio MeTaAik®wv KaTaokeuwv We Bordnoe va anokTriow oploTepn
OKEWN HNnxavikoU.
ra Tn OUMPPETOXNG TOUG OTnV €EETACTIKN €mITponn TNG JINAWUATIKAG Hou epyaciac Ba nbeAa va
€UXAPIOTNOW TOUG K. Taoo ABpadp kai MauAo ©avonoulo, AEKTOPEC TOU ToPEA AOHOOTATIKNAG.
ra TIC OnUAvTIKEC odnyieg TNG OTn MopQONnoinon Tou Kelpévou Ba RBeAa va euxapioTiow TNV K.
IoaBeéAAa BaaihonoUAou, Ap. MoAITIKO Mnxaviko E.M.[T.
Ma TIC NOAUTIYEG YVWOEIC NOU POU HETEPEPAV Katda T JIApKEId TNG NEVTAETOUG (POITNONG HOU E€ival
anapaiTnTo va £UXapioTNow OAOUG TOUC KABNyNTEC HOU agou XApPIG OE €KEIVOUC YVMPIOd TOV KOOHO
TOU NOAITIKOU HNXavikou.
KAeivovTag, opeiAw va guxapioTrhow TNV OIKOYEVEIQ OU Nou aTadnkav dinAa pou o€ OAa Ta PabnTika
Kal (OITNTIKA Mou Xpovia Kabwe kal ToUC GUHPQOITNTEC Kal (PIAouC nou pe oTtnpilouv oc kabe pou
npoondbeia.
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NEPIAHWH

>Tnv napouoa OINAWMATIKN £pyacia OIEPEUVATAl N ANOTEAECUATIKOTNTA TNG XPNongG eUKAUNTWY
KOMBwv 0t unodyeloug HeTaMIkoUC aywyoUG uno  eykdpold  €niBaAOPevn  WETAKIVNON HEOW
NEIPAPATIKOV JOKIJWV Kal apiBunTIKAG Npooopoinong. H evdexodevn evepyonoinon evog CEIoHIKOU
priyMaToc and To onoio JIEPXETAI O UMOYEIOC aywyoG odnyei o€ PYeYAAeG eMBANNOPEVEG UETAKIVAOEIC,
TIG onoieg 0 aywyog avaykdleTal va akoAouBnoel avanTuooovTag Peyaln €vraon nou evOEXETAl va
odnynoel ot aotoxia. H TonoBeTnon eUKAUNTWV KOPBWV OTOV aywyo METAEU Twv XaAUBdIVwV
TUNUATWV OTOXEUEl OTN OUYKEVTPWON TWV AVANTUCCOUEVWV NAPAUOPPOOEWY OTOUG KOPBOUC, WOTE
Ta TUAKATA Tou aywyoU va napapevouv oxedov eubuypappa, avantlooovtac noAU JIKpr £vraaon.

>To NpwTo KeEPAAaio napouaialovTal €l0aywyikd OTOIXEIa yid TOUC UNOyeloug JeTaANKoUG aywyouc.
ApxIKa yiveTal ava@opa oTIC OPACEIC Nou avanTuogovTal (OEIOUIKEG Kal Jn OEIOUIKEG) Kal oTa ouvhdn
METpa npooTtaciac nou epappolovral évavtl dIappnEng pryHaToG. XTn OUVEXEld, napouacialovral
YEVIKEC NANPOPOPIEC YIa TOUC EUKAUNTOUC KOUPBOUC Kal OUYKEKPIPEVA Yia TOUG KOWBOoUG Tunou bellow
nou xpnoigonoinénkav oTta nAdiola Tng napouoac epyaciac. TEAoc, napaTiBevrar Ta Kpitrpia
EPENKUOTIKNG Kal BAINTIKAG aoToxiag aywywv und PEYAAEC NApaPOPPOOEIC.

210 OelTEpO  KePAAAIO neplypA@eTal O  OXeOIAOMOC TwV  NEIPAMATIKQWV — JOKIMWV  Mou
npaydaronomenkav. O1 NelpauaTikéG JOKIKEC aPopoUV CWANVEG UNO €ykApOId METAKIVNON XWPIG
nepIBalov €dapoc kal OTOXEUOUV OTNV MPOCOMOoIWoN TNG Napapoppwone aywyou uno diappnén
priyuaroc. Ta Téoogepa SoKiHIa aywymv nou Xpnoigonoinenkav ota neipdyarta (Tpia ouvexn kai €va Pe
KOMBOUG) neplypdpovTal avaAuTikd ¢ NPOG Tn YEWMETPIA Kal Tov TPOMO KATAOKEUNC TOUG.
Meplypa@etal €niong 1o nAdiolo doKIYWV OTO omnoio nmpayparonoinénkav Ta neipdyard. EninAgov,
napouoialovral avaAuTIkd OAd Ta METPNTIKG Opyava nou Xpnoigornoinénkav yid Tov MOoooTIKO
NpoadIopIoKO TNG AnOKPIONG TWV AywY®V KaTta Tnv enBoAr Tng eykdpaolag PETAkivnong.

2To TpiTO KepdAhalo napoucialovral TA NelpAuATIKa dnoTeAéopaTa. ApxIka, npayuaronoinénkav
OOKIMEC £peAKUTUOU O doKidia HOVOagovikoU e(PEAKUCHOU YIa TOV MPOCdIOPIoUO TNG NoioTNTAG Tou
XaAuBa. AkoAoUBw¢, ol eUkaunTol KOUBO!I UNOBANBNKav WEUOVWMEVA OE JOKIUEC EPEAKUCHOU Kal
KAUWnG Pe okond TOV UMOAOYIOWO TNG avtioToixnc duokapwiag Touc. 'Enerra, napouadialovral Ta



NEIPAUATIKA AnoTeEAEOMATA TwV OOKIM®V OTOUC TECOEPIC aywyoug Kal €I0IKOTEPA n anokpion Twv
doKIpiwv JEow Tou OpopouU Icopponiac dUvaung - HeTakivnong. EmnAéov, napouaialeral n EENIEN Twv
NnapapopewWoswy Nou kataypdpnkav anod strain gauges ouvaptnoel TnG eMBAAOUEVNC PETAKIVNONG.
SUYKPITIKG anoTEAEOUATA TwV NEIPAPATIK®V JOKIJWV Kal £Eaywyr CUPNEPACUATWY nNapouaialeTal oTo
TENOG.

>T0 TETAPTO KEPAAAIO npayparonolsital n Baduovounon apiBunTIK®V NPOCOUOIWUATWY HPE Bdon Ta
neipapaTika anoteAéopata. EidikoTepa, eEeTalovTal eVAANAKTIKEG apIBUNTIKEG NPOCEYYIOEIC, PUE XPHon
TOOO OTOIXEIWV O0KOU, GCO Kal EMNIPAVEIAKWY OTOIXEIWV. AIEPEUVIABNKE N ENIPPON NAPAUETPWY, ONWE N
oUvdeon Tou OOoKIJiou peE TO MAdiolo OOKIPWY, N MPOCOMOIWON MHE ypaupuikd 1 enipaveiaka
nenepacuéva oroixeia, kabwe kai n €mppon Twv NAPAPEVOUCKV TACEWV AOY®W TNG OIQuNKOUG
OUYKOMNONG Twv &v Wuxpw OladopPwuevwy Ookidiov. H Baduovounon Twv npocoHoIwPaT®V
avedeiEe OTI n oUvdeon Twv OoKIhiwv oTo nAdiolo dokiywv duvatal va Bswpndei nakTwon. MNa Ta
ouvexn OOKiJIa anapaitnTn €ivai n apiBUnTIKr NPOCOUoIWAN WE ENIPAVEIAKA OTOIXEIQ MPOKEIMEVOU va
AneBoUV undwn ol Napapévouoss TAoEIC. AVTIOETWG, OTNV apIBUNTIKN NPOCOMOoIwWon Tou JOKIYiou e
KOMBOUG €napkei n Mpooouoiwon ME YPAUMIKG OToixeia. EidIkOTEpa, ol €UkaunTOl  KOWPBOI
NPOCOMOIWVOVTAl JE HETAKIVNOIAGKA Kal OTPOPIKA gAaTnpid. Ta apiBunTika anoTeAEopaTa os OPOUG
OpOpOoUC Icopponiac dUVAHEWY KAl NAPAUOPPWOEWY CUYKPIVOVTAI JE TA NEIPANATIKA Kal dIanioTWVETAI
IKAvoroINTIKA OUYKAIGN.

3TO NEUNTO KEPAAaIO napoucialovral Ta CUMMNEPAcHATA Mou MPOEKUWav and Tnv NEIPauaTikn Kal
apiBunTIkn afloAdynaon Tng Xprong eUkaunTwv KOUPwv o€ undyeioug aywyoUc. AlanioTwdnke OTI N
gloaywyn KOUPwv OUuPBAAeEl OpacTIkG OTn  MeEiwon TNG avanTuooOdevnG €vraonc kai oTnv
anoTeAECNATIKN NpPooTacia Tou aywyou. EmnAéov diamoTwONKe OTI N CUUNEPIPOPA TOU DOKIMIOU HE
KOMBOUG ATav YPauuIKn Kal EAACTIKN O avTiBeon WeE Ta ouvexn OoKipia, Twv onoiwv n oudnepIpopa
ATav PN-yPauuIkn e avanTugn NnAAoTIKWV apBpwoswy oTIG BECEIC PEYIOTNG EvTaonc.
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ABSTRACT

In the present diploma thesis the effectiveness of integrating flexible joints in buried steel pipes under
transverse imposed displacement to prevent failure due to transverse imposed displacement is
experimentally and numerically investigated. The activation of a seismic fault that is transversed by a
buried pipe causes large imposed displacements that the pipe is forced to follow by developing large
strains, which may lead to failure. The introduction of flexible joints between the adjacent pipe steel
parts aims at concentrating the developing strains at the joints and retain the pipes parts virtually
undeformed and consequently unstressed.

In the first chapter a brief introduction to buried steel pipes is presented. The external seismic and
non-seismic loads acting on the pipe and the commonly adopted mitigating measures against the
consequences of faulting are presented. Then, technical data for commercial flexible joints and
specifically for the bellow-type one’s, which are used in this thesis, are presented. Finally, the tensile
and compressive strain limits to prevent pipe failure are briefly discussed.

The second chapter is about the design of the experimental set-up. In the present thesis, pipes
without surrounding soil subjected to transverse displacement are experimentally investigating. The
experiments aim at simulating the pipe deformation due to fault offset. The geometry and the
construction process of the four pipe specimens (three continuous pipes and one with flexible joints)
are described in detail. Moreover, the testing frame and the measuring instruments used to evaluate
the specimen’s response are presented.

In the third chapter the results of the experiments are shown. The mechanical properties of the
specimens’ steel were identified at first through uniaxial tensile tests of appropriately designed
coupons extracted from the specimens. Then, the two flexible joints were subjected to tensile and
bending tests in order to obtain their stiffness. Afterwards, the results of the pipe specimens
experiments are presented, and specifically the response of the pipes through force — displacement
and strain - displacement equilibrium paths. Finally, the experimental results are compared and
conclusions are extracted.

In the fourth chapter, numerical models are calibrated based on the experimental results. Alternative
numerical approaches using either beam elements or shell elements are investigated. The effects of



parameters such as the connection of the pipe with the testing frame, the modeling with linear or
shell finite elements and the effect of the residual stresses due to the longitudinal welding and the
cold-forming of pipes were also researched. The calibration of the models revealed that the specimen
— testing frame connection can be considered as rigid. As far as the continuous specimens are
concerned, the numerical modeling using shell elements was shown to be necessary in order to take
into account the residual stresses. On the contrary, the modeling of the specimen with flexible joints
with beam-type elements was shown to be adequate. Moreover, the flexible joints are modeled with
translational and rotational spring elements. The numerical equilibrium paths are compared against
the experimental ones, indicating a good match.

Finally, in the fifth chapter, the conclusions extracted from the experimental and numerical evaluation
of the integration of flexible joints in buried pipes are presented. It was found that the introduction of
the joints has a significant contribution to the reduction of the developed strains and consequently on
the prevention of pipe failure. Moreover, it was found that the response of the specimen with flexible
joints was linear and elastic. On the other hand, the behavior of the continuous specimens was non-
linear, as plastic hinges developed at locations of high stress.





