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©a nd&Aa va euxapioTHoW,

Oepuad Tov KabnynTr Wou k. Xapn FavTe yia Tnv egnioTooUvn nou £0€IEE 0T CUVEPYACia PAG Kal TNV
€UKaipia Mou pou €dwoe va aoxoAnbw pe éva Bépa 1diaiTepou epeuvnTikoU Kal NPAKTIKOU
evdlapépovToc. MNavra npobupoc va npooPépel Tn BonBela Tou, JETAPEPOVTAC PE TOV M0 KATAAANAO
TPONO TNV €uneipia, Tn OI0pATIKOTNTA KAl TIC YVWOEIC TOU NAVW OTO OUYKEKPIUEVO AVTIKEIUEVO,
anotéhege kivnThpia dUvaun yia Tnv €knovnon kai Tnv oAOKANpworn Tng napouoag dINAWMATIKAG
epyaociac. EmnAféov Ba nBsAa va Tov guxapioTHOW Yia TNV NApOTPUVON TOU vVad CUPHETAoXw oTo 8°
Juvedpio MeTaMikwv Kataokeuwv kal Tnv €umoTooUvn NMou Hou €0€IEE MpoTEivOvTAG Jou va
napoucIacw TnV £pyacia HouU O EUPUTEPO EMNICTNHOVIKO KOIVO, YEYOVOG MOU AnOTEAEOE Wi ano TIG Mo
ONUAvTIKEG EUNEIPIEC TNG POITNTIKNG Wou {wnc. MapdAAnAka Tov guxapioT®w yia TNV €ukaipia nou Hou
£0Ww0oE va ouvepyaoTw He anoudaioug Mnxavikoug, onwe n IoaBeAa BaoihonouAou.

Méoa and Tnv kapdid pou Tnv IoaBéAha BaoidonoUAou Kal va ekppacw Tn AUNN Hou yia TO TEAOG
auTnG TNG OPOPPNC CUVEPYATIAG. AUOTUXWG TO «EUXAPIOTWw» Oev ApKe yia va KaAUWel To XpOvo mnou
aPIEpWOE yia TNV €niluon anopiwv kai Tnv kaBodnynor pou. H Ope&n kai n aydnn Tng yia To
enayyeAua Tou MoAiImikoU MnxavikoU anoTéAeoav kal 6a anotehoUv nnyn Eunveuong kal dUvaung yia
TN WETEMNEITA Mopeia Pou w¢ enayyeAdaTiag MoAITIKOG Mnxavikog. Tnv €uxapioT® €niong, Kabwg
eMIPEANONKE €€ OAOKANPOU TIC avaAUOEIC PE TO AOYIOMIKO MPOYPAUUA MNENEPACHEVWY OTOIXEIWV
SOFiSTiK, woTe va €ival duvartn n ouykpion kal n agonioTia TwV anoTEAEOUATWV TnG napoucag
£pyaoiac.

Tov kabnynTn k. I'. MnoukoBAAa kai Tnv opada Tou yia Tnv NoAUTIUN BonBela oTnv Katavonon Tou
(PAIVOUEVOU TNC PEUCTONOINONG TWV €DAPIKOV OXNUATIOU®Y, KABWE Kal yid Tn CUUKETOXN TOU OTnV
TPIPEAN emiTponn. MapdAAnAa euxapioT® Kai Tov K. I. Wuxapn yia Tn CUMHPETOXN TOU OTNV EEETACTIK
gniTponn.

Touc Y.A. BaoiAn Mehiogiavd kai 2TéAIo Bepvapdo yia Tnv npobuun Bonbeid Toug ot Béuara
AoyiopikoU, kaBwc Kai yia To OJopo kAipa kab’ 06An Tn diapkeia nou douAEWPape o kovd ypageio.
Touc ayannuévouc PIiAoUC Kal OUP@OITNTEG Hou, AAEEavdpo, AnpooBevn, ©avaon, EAévn, KovoTavTivo
Kal XpIoTiva yia TNV auEPIoTn OTAPIEN Toug, kaBwe Kal yia OAeC TIG OJOPPEC OTIVHEG nou {noaue o€
auTo To KoIvo Tagiol.

Toug yoveic kal Ta adep@ia Kou yia Tn oThpiEn kal Tnv evedappuvan, divovtag pou navra duvaun va
KUVNY® TOUG OTOXOUG Kal Ta OVEIpA Hou.
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NEPIAHWH

AvTikeipevo TNG napouoac epyaciac anoTeAei n dlgpelivnon TNG anodkpiong HETAANKNAG TOEWTNG
vépupac dU0 avolyhaTwv katd Tnv eniBoAn WETAKIVAOEWY kal GTPOPV OTh BAcn Tou YeooBadpou
AOYW PEUCTOMNOINONG TWV UMOKEIMEVWY €dAPIKWY OXNUATiogwv. EEetaletar évac veéog TpoOMog
BePeNiwONC YeEUP®OY Mou NepIAaUPBAvel Tn Xpron NQavelakng BedeNiwang kal TNV KUETAAAEUON Tou
PEUCTOMOINCIYOU €3APOUC WG CUCTAKATOC PUOIKNC OEICUIKNAC MOVWONG, UE anoTEAECHA TN HEiwan TNG
&vTaonc nou QTavel oTnv avwdoun kal Tn Jeinon Tou KOoTouG BePeNinong OUYKPITIKA We T PEBodO
Babiac BepeAinong e NACCAAOUG NOU XpnoIKonolsiTal PHEXPI anuepa. QoTO00, £va ano Ta BAcIKOTEPA
MEIOVEKTANATA TNG napanavw PeBOdou e€ival oI AUENUEVEG HETAKIVAOEIC KAl OTPOQEC MoU
avanTugoovTal oTn Bacn Twv BaBpwv. Me agopun To napandvw HPEIOVEKTNUA opileTal o oTAXOG TNG
€pyaciag nou €ival 0 NPOOdIOPIOUOC TWV AVEKTWV WETAKIVIIOEWY KAl OTPOPWV MOU MMopei va
napaAaBel n yepupa Xwpic va aoToxnoel.

H vépupa nou pehetatal anoteleital and dUo au@IEPEIoTa avoiyyaTta BewpnTikoU prkoug 42.00m To
kaBéva, Ta onoia ouvdéovtal PETAEU TOUC ME NAAKA OUVEXeldG. To BewpnTikO NAATOC TOU
KATaoTpwpaTog IooUTtal Pe 14.70m. To kaTAoTPWHA TNG YEPUPAC €ival CUMKIKTO Kal TO KABe dvolyua
anoteheiTal and dUo kUplec dokouc kal dekas@Ta diadokideg. Kabe kUpia dokdg avapTdral and éva
TOEO pE TN Xpron avaptpwv evw Ta dUO0 TOEA Tou KABs avoiypaTog ouvdEovTal PETAEU TOUC HE
eykapoia kai diaywvia péAn duokapwiag. To Uwoc Twv Towv eival ioo pe 10.00m. O1 dokoi, ol
Oladokideg, Ta TOEA Kal Ol CUVOEOMOl dUOKAUWIag €XOouv KaTaokeuaoTei and Jopikd Xahupa. To
HeodBabpo anoTeAsital and Tn dokd £OpaAcnG Kal TPEIC OTUAOUG KUKAIKNG oupnayouc dIaToung ano
onAiopévo okupodepa kal €xel Uwoc 10m oupnepiAayBavopévng Tne dokou £dpaonc. Ta akpdBabpa
BswpouvTal noAl dUCKaUNTa O OXEON WE TN YEPUPA Kal yI' auTo AauBavovTtal unown we akAovnTa.



>Tnv napoload epyacia POPP®VETAl TO aApIBUNTIKO MPOCOUOIWUA HE TN XPAON TOou AoyICHIKOU
nenepacpévwv otoixeiwv ADINA 8.5.0 kal ekTehoUvTal Wn ypappikég avaAlosic £xovrag AdBel unoyn
TN KN YPAMUUIKN CUHNEPIPOPA YEWMETPIAC Kal UAIKOU. H pn ypapuIK:y GUMMEPIPOPA TwV OTUAWV TOU
HeoOBABPOU anod onMMOUEVO OKUPODEUa £XEl MPOCOUOIWOEl pe Tn Xpron OlaypaupdTwV ponwv —
KAUNUAOTATWV. 3TN YEQUPA ackoUvTal TPEIGC PBACIKEC POPTIOEIC oupnepIAaUBavopévwy Tou idIou
BApoOUC TNG KATAOKEUNG, TwvV MPOCOETWV MOVIJWV QOPTIV TOU KATAOTPWHATOG KAl  TWV
€NIBAMOUEVWY PETAKIVAOEWVY I OTPOP®V. MeAETATAl N anokpion TnC YEPUPAC OE TPEIG (PACEIC,
OnAadn oTo TEAOC TNC emIBOANC TG KABe @OpTIoNG, evw n kABe (OPTION MNPOCTIBETAl OTNV
nponyoUpevn. Tautdxpova, PHETA TNV €MIBOAR TOU CUVOAOU TwV KATAKOPUPWY POPTIWV CUYKPIVETAI N
anokpion TNC YEPUPAG MPe dlaMOPETIKO AOYIOUIKO Kal €niBEalVETAl N OWOTR MPOCOUOIWaT TNG.
MapakoAouBeiTal n OUPNEPIPOPA TwV OTUAWV TOU MEOOBABPOU, TWV HETAANIKWV OTOIXEIWV TNG
avwdounG kal Twv ePpedpavwv katd Tn didpkela eMBoAng Twv gopTicewv. QoTdoo, dev dlEpeUVATAl N
OUMNEPIPOPA TWV OTOIXEIWV TNG YEQUPAC Mou BewpoUvTal EUKOAA ENIOKEUACIKA ) avTikaTaoTAaolua,
XWPIC va npoadidouv 101aiTepn duokapwia oTo PETAAAIKO (Popéa TNnG avwdoMnc Kal aTo PeaoPabpo,
oOnw¢ n NAAKa OUVEXEIAC Kal ol appoi. AuTa Ta aToixeia sival noAUl mbavd va eugavioouv aotoxia o
XAUNAEC TIMEC eMIBAAMOUEVWY WETAKIVIIOEWY KAl OTPOPWYV, WOTOCO JeV ENIPEPOUV KATAPPEUGN TNG
vépupac. MapdAAnAa, dev PeAeTdTtal n anokpion TnNG dokoU €dpacng Kabwg €ival apkeTd dUOKAWNTN
Kal Oev ennpealeral onuavTika ano TIC eNIBAAOUEVEG HETAKIVAOEIG KAl OTPOPEC.

MeTd TO TEAOC TNG €NIBOANG TWV HPETAKIVIIOEWVY KAl 0TPOPWV, Npocdiopifovral Ta OOUIKA GTOIXEId Mou
odnyoUvTal NpwWTA OTNV AcToXia Kai kaBopileTal n PEYIOTN TIMA TWV HETAKIVAOEWY KAl GTPOPWV Mou
unopei va napahaBel n yépupa. Tautoxpova, kaBopilovral deikTeg BAGPRNG yia kABe OTOIXEIO Mou
heAeTaTal. KpioiuoTepn Oswpeital n dIaUnKNG HETakivnon kabw¢ AAUBAvel Kal T HIKPOTEPN TIUR,
nepinou ion pe 0.5m. O TIYEG TNG €YKAPOIAC PETAKIVNONG Kal kaBidnong nou pnopei va napaAdpel n
YEQUPA €ival apkeTa PEYAAEC, nepinou ioeg pe 2.5m, dnAadr) 5 Qopec YeyaAUTePeC and TNV TIKN TNG
OlaunKoug peTakivnong. O oTpo®EC KaTda Tn Siaunkn Kai TV eykapoia &vvoid nou Jnopei va avexdei n
YEQUpa AapBavouv Ti¢ TiéC 0.025rad kai 0.034rad, avTioToixa.

Ta anoteAéopara deixvouv OTI N YEPUPA Pnopei va napardpel PeyaAeg HETAKIVIOEIC KAl OTPOPEC XWPIC
va odnyseiTal og KATaoTPOPIKN acToxid. Ta Opla TwV WETAKIVAOEWY Kal oTPOPWV agloAoyolvTal wg
ENAPKWC PEYAAA O OUYKPION ME TIC MIBavEG £DAMIKEC PETAKIVACEIG KAl OTPOPEC YIa OUVRON TEXVIKA
£pya kai £€ioou peydha oOc OXEON HE TIC AVAPEVOUEVEC TIPEC METAKIVAOEWV KAl OTPOPWV AdYwW
peuaTonoinong He €Eaipeon Tn dIAUnKN KETAKIVNON Mou gival kai n nio Kpioiun.

H OoinAwpatikn auth Olie€dyetal oTa nAaiola epeuvnTikoU npoypdupatog “OAAHZ” pe TiTAO
«MpwTdTUNOG OXEDIAOHOG BABPWY YEQUPWV OE PEUCTOMNOINCIKNO £DAMOG PE XPRON PUOIKAG OEICHIKNG
MOVWONG» Kal JE ENIOTNHOVIKO uneubuvo Tov kabnyntr . A. MnoukoBdAa. Mépoc TnG SINAWUATIKAG
gpyaciag napouciacTtnke ato 8° Zuvédpio MeTalikawv Kataokeuwv nou SIEENxOn atnv Tpinokn oTig 2-
4 OkTwPBpiou 2014, pe TiTAO “Anoriunon TnN¢ euaioénoiac UETAAIKIC TOEWTIIC yeEQUPac O
EMNPa\Ouevec opIlovTieC €0aQIKEC LIETAKIVIIOEIS" KAl HE OUYYpAQeic Toug B. KaUpevakn, 1.
Baaoihonouhou, X. I. FavTe kai I'. A. MnoukoBdAa.
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ABSTRACT

The present diploma thesis deals with the assessment of the response of an arched steel bridge to
imposed differential displacements and rotations due to soil liquefaction. A new design foundation
method is investigated, including the use of shallow foundation and the exploitation of liquefied soil
layer as natural seismic isolation. The advantages of the above method include the reduction of
seismic forces acting on the superstructure and the significant decrease of the foundation cost, due to
the elimination of the piles, which is of the most common solution in such cases. Nevertheless, the
most important disadvantage of this innovative foundation method is the large displacements and
rotations that are expected to develop at the bottom of the pier. The aim of the diploma thesis is to
define the acceptable limits of displacements and rotations so that no collapse of the bridge occurs.

The bridge consists of two simply supported spans with theoretical length equal to 42.00m, each. The
connection between the two spans is realized by a continuous reinforced concrete slab. The
theoretical width of the deck is equal to 14.70m. The composite deck consists of two main and
seventeen transverse beams for each span. Each main beam is suspended by one arch with the use of
tie rods. The two arches of each span are interconnected with horizontal and diagonal bracing
members. The height of the arches is equal to 10.00m. The main and transverse beams, the arches
and the bracing members are made of structural steel. The pier consists of three circular reinforced
concrete columns, which are connected at the top with a concrete beam. The abutments are
considered as rigid due to their significant stiffness.

Nonlinear analyses are performed, taking into account the geometric and material nonlinearity. The
nonlinear behavior of the concrete columns of the pier has been simulated by means of moment —
curvature diagrams. Three load cases are considered including the self weight, the superimposed and
the imposed displacements or rotations. The response of the bridge is estimated during three different



periods, more specifically at the end of each load case. The accuracy of the model is verified by
comparing the response of the bridge due to vertical loads, with the one of linear analyses conducted
with SOFiSTiK.

In the present diploma thesis, the response of the pier columns, the steel elements and the
elastomeric bearings is investigated. Nevertheless, the response of structural elements, which are
considered easily repairable or replaceable, such as the continuous slab and the expansion joints, is
not considered, as they do not add significant stiffness to the steel superstructure of the bridge and
the pier. It is possible for the aforementioned elements to reach failure at low values of the imposed
displacements and rotations, but they cannot cause collapse of the bridge.

After imposing the displacements and rotations at the bottom of the pier, the first group of structural
elements that reaches failure is defined and the tolerable limits of displacements and rotations are
specified. Also, damage indices are defined for each group. The longitudinal displacement is the most
hazardous as it takes the lower permissible value (almost 0.5m). The maximum transverse
displacement and vertical settlement that the bridge can sustain are quite large, approximately equal
to 2.5m, almost five times larger than the value of longitudinal displacement. The acceptable
longitudinal and transverse rotations, at the bottom of the pier, are equal to 0.025rad and 0.034rad,
respectively.

The analyses showed that the bridge can sustain large displacements and rotations, satisfying the
acceptable safety levels. The limits of displacements and rotations are deemed as sufficiently large in
comparison to anticipated soil displacements and rotations occurring in bridges, even in liquefied soil,
except of the longitudinal displacement which is the most critical.

The present diploma thesis is part of the research program “THALIS” entitled “Innovative Design of
Bridge Piers on Liquefiable Soils with the use of Natural Seismic Isolation” with principal investigator
Professor G. D. Bouckovalas. A part of this diploma thesis has already been presented at the 8" Greek
National Steel Structures Conference, in Tripoli, Greece, on 2-4 October 2014, with title “Assessment
of Sensitivity of an Arched Steel Bridge to Imposed Horizontal Soil Displacements”. The authors of the
above paper are V. Kaymenaki, I. Vassilopoulou, C. J. Gantes and G. D. Bouckovalas.





