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~ EYXAPIZTIEZ ~

©a nbehka va euxapioThow Bepud Tov KabnynTr MOuU K. Xdpn Favte JIOTI KATAVONOE Kal
oTAPIEE PE TOV TPOMO TOU TIC ANOPACEIC POU YIa TNV OUVEXEID TNG aKadnuaikng Kai
ENAYYEAUATIKNAG Wou nopeiac. Eniong Tov €uxapioT®w yia Tnv guniotoolvn nou £0eIEE oTn
ouvEPYaoia Pag Kai Tnv gukaipia nou pou £0woe va aoxoAndw pe éva BEpa evog IDIAITEPWC
evOIaPEPOVTOC EUpwNAIKoU E€PEUVNTIKOU MPOYPAMHATOS TO OMoIo £XEl €MIONG KAl MPAKTIKO
€vOIaMEPOV YIa PNXavikoug nou acxoAouvTal Pe TNV yepuponolia. ‘Hrav navra npdbupog va
npoo@épel kabodrynon kai Bor|gia, JETAPEPOVTAG O €UEvVA TNV €UNEIpia, Tn OlopaTIKOTNTA
Kal TIC YVWOEIC TOU NAVW OTO OUYKEKPIMEVO QVTIKEIPNEVO. XwpI¢ TIG napeuBACEIC ToUu n
OINAWPATIKA auTr| epyacia Oev Ba €ixe TNV ONTIKN Kal To €NiNEdO MOU €XEl QUTH TN GTIYMA.
Eniong BéAw va Tov €uXapioTHOW yia TO €Ninedo Tou WABAPATOC MOoU NPOOMEPEI OTOUG
(OITNTEC TOU 40U Kal 50U €TOUC TNG OXOANC HaAc. Me evénveuoe W KaBnNynTAC Kal g
avlpwnog va oupBAM® Kal eyw oTo Padnua Pe Tov KaAUTEPO TPOMO Mnou pnopouaoa. EUxoual
va OUVEXIOEl va napayel €pyo €Ei0oU UWNANG NoIOTNTAG TOOO WG AKAdNMAIKOG 000 Kal WG
daokahog.

MapaAAnAa Tov guxapioT® yia TNV €ukaipia Nou Jou £0WOE va CuVePYaoT®w We Tnv IoaBEAa
BaoihonoUAou, pia Aaunpr] kal naveégunvn pnxaviko. OEAw va Tnv €UXapioThow yia Tnv
noAUTIUN Bondeia Tng, Tn othpIEn TNG, TNV Kabodrynor TNG Kai TIC 10€eC TNG. Xwpic Tnv
OUMBOAN TNG N €KNOVNON auTng TnG dINAwUATIKNAG €pyaaciac 6a nrav aduvarn. Niwbw OTI dev
MMOp®W VA TNV EUXAPIOTOW APKETA YIA TIC YVWOEIC KAl TOV TPOMNO OKEWYNC MOU JOU WETEPEPE.
Eixape pia noAU opopgpn cuvepyaoia kal napd Tnv nieon Twv TeAsuTaiov €BdOUAdwv 6a pou
Agipel noAU auTn n ouvepyaoia kal €nikoivwvia pac. H Ope&n kar n aydnn TnG yia To
enayyeAya Tou MoAImikoU MnxavikoU 8a €npene va anotehoUv Nnyn £unveuonc napadelyua
yla 0Aoug Toug enayyeApaTieg MoAiTikoug MnyavikoUc. Euxopal va ouveyiosl pe To id1o nadog
Kal va avayvwpioTel TO TAAEVTO Kal 0 avaAluTIKOC TPOMOC OKEWNG TNC Kal EUPUTEPA.

Euxapiot® akopa Touc kadnyntéc K. I. Pautoyiavvn kai Tov K. . ©avornoulo yia Tn
OUMMETOXN TOUC OTNV TPIMEAN EEETACTIKN ENITPONH.

©a BsAa akoua va euxapIoTHowW TOUC (PIAOUG Kal GUNPOITNTEG pou, Tov Niko, Tnv NTEvn, TNV
>Ta6ia, Tnv Mapia, Tov Mapivo, Tov MavTeAny kal Tov AnuATpn, O onoiol 6A0 auTd TO
dIGoTNUa Pe ouvTpOPEYaAv O auTO TO OPOPQPO Ta&idl kal OAn TNV Mopeia PHou OTn OXOAr.
Eniong, Toug suxapioT® yia TNV UMOMOVH Kal TNV avoxr Toug o€ pia nepiodo Pe Peydhn nison
Kal ayxoc yia peva. Akoun 6a rbsAa va guxapioThow Kal 60ouc (piAoUC PE BorBnoav eKTOC
OXOANG Kal Kupiwg Tov AAEEavdpo, Tnv Melayia, Tov STAON kai Tov Mwpyo. AkOUN, €va
HeEyaAo suxaploT® oTnv @IAn pou Avva Aava nou £QPTIQEE TNV €IKOVA ToU €EWPUANOU TNG
JINAWHATIKAG HOU.

Téhog Ba nBela va €uxapioTAOW TOUG YOVEIC kal Tov adep@O HOU yid Tn OTNAPIEN Kal TNV
€vBappuvan nou pou napeixav. Touc EuxapioTw Mou NAvTa Pe unoaTnpifouv OTIC EMIAOYEC Kal
TOUC OTOXOUG Hou OivovTag pou duvapn kai BonbwvTac JE va avTIETWNIOW TIC anoTUXIES
Hou.
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NMEPIAHWH

'Evag peAeTnTiG nou oxediadel Yia YEQUPA Kal KAAEiTal va unoAoyioesl Ta (popTia aveUou nou
endpolv oe auTr BacileTal oTic diaTagelic Tou EN 1991 Mépog 1-4. QOTOOO O KAVOVIOUOC
auToC EXEI APKETA PEYAAN NOAUNAOKOTNTA, GNUAvTIKOUC NEPIOPICUOUC WG NPOG TNV EPAPHOYN
TOU KaBwG Kal apKETEC anAOUCTEUTIKEG peBodoloyiec. MNa napadelypa, 0 KAvoVvIOUOG auTog
Oev UNopEei va €(ApUOCTEl O NEPINTWOELIC TOEWTWY YEQUPWV AAAG Kal GAAWV YEQUP®WV Mou
gival 1RIaITEPWC guaiobnTeg ota gopTia avéugou. Eivalr onuavTikiy Aoinov n avaluon Twv
NapaueETpWV nou ennpealouv Ta (OPTIA TOU daVvEPOU, N KATAvonor TOUuC Kai n
napapeTponoinon Tou NPEOPRANUATOG TOU UMOAOYIOHOU TwV (OPTIWV aUTWV MOTE Vva
dlepeuvnBei n enippor) TNG KABe nNapauéTpou EexwpioTd aAAG Kal O OouvOUAdoHO OTNnV
anokpIon KIA¢ KAaTAOKEUNG.

>Ta nAaiola TNG napoucac dINAWUATIKAC €pyaciac yiveral pia avaAuTikn epapyoyn Tou EN
1991 Mégpog 1-4 oe pia peTaMIKN TOEWTN YEQUPA. H yEQUpa nou PYeAETATal anoTeAsiTal ano
dUo ap@IEpeioTa avoiyuata BswpnTikoUu drikouc 42.00m To kabéva, Ta ornoia ouvdEovTal
METAEU TOuC pE MAGKA OUVEXEIdC. To BswpnTikO NMAATOG TOU KATAOTPWHATOC IooUTal WE
14.70m. To KaTAoTpwWHa TNG YEPUPAC €ival GUPKIKTO Kal To KABe avolypa anoTeAsital ano
dU0 kUpIec dokoug Kal dekaspTa diadokidec. KaBe kUpla dokdC avapTaTal and €va TOEo PE TN
Xpron avapTnpwy eve Ta dUo TOEA Tou KABE avoiyuaTog oUVOEOVTal UETAEU TOUG HE EYKAPOIA
kal diaywvia PEAN duokapwiac. To Uwog Twv TOEwv €ival ico pe 10.00m. Or dokoi, ol
dladokidec, Ta TOEA kal oI oUVOEoUOl dUOKAUWIAc £XOUV KATAOKEUAOTEI and SOUIKO XAaAuBa.
To peooPabpo anoteAsital and Tn OokO £9paong Kai TPEIC OTUAOUC KUKAIKAC oupnayoug
dlaTounc anod onAiopévo okupddepa kal €xel Uwog 10m ocupnepiAappavopévng Tng dokou
£dpaonc. Ta akpoPabpa BswpolvTtal noAl dUoKaunTa o OXEON ME TN YEPUPA Kal yI' auTtd
BewpolvTal akAovnTa.



>Tnv napoloa epyaocia yiveTal pia avaAuTikr) napouaciacn kai ENEErynon Twv NapapéTpwyY ToU
QVEUOU Kal TwV OXECEWV NOU Npoadiopifouv TIC TaXUTNTEG, NIECEIC kal OUVAMEIG AOYw aVEOU
Kal €mAéyovtal kaTaAAnAa ol napdueTpol Mou €ival anapaitnTeg yia Tnv avdaiuon. Ol
NapaueTPol AUTEG agopoUv TNV TaxuTnTd Tou avépou, Tnv TpaxUTnTa Tou €dAgouc, TN
HOpPPN TNG KOIAAdAG, TO UYWOG Tou PedoBABpou kal Tnv emhoyn Twv diatopdwv. Eniong, and Ta
OuvauIka Kal YEWWUETPIKA XAPAKTNPIOTIKA TNG YEQUPAC NPoadIlopileTal Kal O OUVOUACMEVOC
OUVAMIKOC GUVTEAEOTNG TNG YEQPUPAC MOU MPOCAUEAVeEl TA POPTid AVEUOU MPOKEINEVOU va
AneOei unown To duvapika gaivopeva AOyw Tou avepou. Eniong, eAéyxeTal n anokpion Tng
YEQUPAC Kal N TAPNoN OAWV TwWV opiwv acpalsiac nou BETel o EUpwKWOIKAC 1 0TO OUVOAO
Tou yia OAa Ta aratika (idia Bapn, GopTia kKukhopopiac, BepuIka (PopTia Kal (popTia aveou)
kal duvapika (oIopoG) popTia nou dpouv aTny yEpupa. Mevikd napatnpeital 6T Ta JEAN nou
ennpealovral NepIoCOTEPO and Ta OTATIKA (POPTIa AvéPou €ival Ta TOEA kal ol KUPIEC OOKOI,
XWPIC wOTOOO va napdTnpeital kanoia unépBaon TACEwv. ANO TA OEIOPIKA (OPTIA
ennpealovTtal Kupiwg To WeooBabpo kabwg kai ol opifdvTiol Kal dlaywviol GUVOECHOI
duokapyiag. TéAog, oTa nAgiola TnG OINAWWATIKAG €pyaciag OlevepyeiTal NAPAUETPIKN
avaluan, onou a&lohoyolvTal ol BacikéG NapadoxeC Kal n ENIPPOr) TOUG OTOV UMOAOYIOHO TWV
QOPTIWV KAl TWV EVTATIKOV MeEYEBOV TWV MEAWV TNC YEPUPAG. SUYKEKPIYEVA, OTNV
napapeTpIkn avaiuon diepeuvaral n enidpaon Tng acikng TaxuTnTac Tou aveUou aTa PpopTia
Kal Tnv anokpion TNG KATAoKeunc. Eniong dlepeuvartal nw¢ ennpedlel 0 GUVTEAEOTNG
TpaxUTNTAag Tou €0APOUC Ta anNoTEAEoHATa dlevepywvTac avaAloesiC yia kabe kaTtnyopia
€0apoug, kabw¢ Kal NwG ennpedlel Ta @OpTia O OUVTEAESTNAC avayAupou e0Apoug
£NIAEyovTag 01apopeTikOd UWOC ava@opac yia Tn YEQUPA Kal dIapopeETIKN KAion TN kolAadac.
TENog, yiveTal SIEpeUVNON TOU CUVOUACUEVOU dUVAMIKOU OUVTEAECTN yia TA PopTia avéuou
Kal TnNG €nidpacnc Twv YEWHETPIKWV Kal OUVAMIKQV XAPAKTNPIOTIKWV TNG YEPUPAC GTOV
UNoAOYIOHO Tou. ANO TNV NAPAUETPIKR avaAuon NPOEKUYE Nwg n TaxUTnNTa Tou avépou eival
N Baociki NApAaueTpoG nou ennpedlel onuUavTika Tnv anokpion TnNG KATAOKEUNG, &V Ol
unoAoINEC MApAPETPOl PETABAAOUV KUPIWG TA (POPTIA AVEUOU Kal OEUTEPEUOVTWE TnV
anokpIon TNG YEPUPAC. SUYKEKPIYEVA, N KaTnyopia £dagouc pnopsi va odnynosl os al&non
£WC 55% TWV @OpTiwV, 0 OUVTEAEOTNG avayAupou €dagou Ot auénon €w¢ 16% Kal o
OUVOUAOUEVOG DUVAUIKOG OUVTEAEOTHC MMOpPeEi va odnynosl akoun kal oe auénon 100%.
QoT000, €neId Ta (POPTIA TOU AVEUOU €ival YEVIKMOG HIKPA CUYKPITIKA JE Ta unoAoina popTia
TNG YEQPUPAC Ol AUENOEIC auTéG dev ennpedlouv onUavTikd TNV GUVOAIKN anokpion Tng
yEQupac,.

H dinAwpaTtik auTt epyacia disEaysTal ota nAaiold TOu €PEuvnTIKOU MPOYPANUATOG
EUROSTARS "BridgeCloud" pe TiTAO «Agpoduvapikn AvaAuon Baciopévn O€ NpoCouoiwKa
YEQUPWV Peyahou avoiypatoc oto HPC Cloud», To onoio €xel w¢ oTOXO TNV avanTugn evog
gikovikoU epyacTtnpiou oxediaopoU yia Tn HEAETN TNG aAAnAsnidpaong aveéPou-yEpUPac HE
NUI-QUTOMATN Npogopoiwaon He TexvoAoyia BIM nou nepidapPaver dnuioupyia NAEyHAToG,
apiBunTikr avaluon Tng aAnAenidpaonc aveédou-yEpupag kai TexvoAoyia cloud computing,
napéxovTag €Tal dia UKOAN oTn Xpron, eKAeNTUopéVN AUON yia Tov OXeSIAOKO YEQUPKV ano
MME.
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ABSTRACT

The calculation of wind loads for the structural design of a bridge is based on the provisions
of EN 1991 Part 1-4.. However, this code is quite complex in its application, has significant
limitations as well as several simplifications. For example, this code cannot be applied in
cases of arch bridges and other bridges that are particularly sensitive to wind loads. It is thus
important to analyze the parameters affecting the wind loads and to understand and
parameterize the problem of the calculation of these loads in order to investigate the
influence of each parameter separately as well as in combination with each other.

Part of this thesis is an analytical application of EN 1991 Part 1-4 in a steel arch bridge. 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 beams and seventeen transverse beams. Each main beam is suspended by one arch
with the use of hangers. 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.

In the present thesis, the wind parameters which determine the wind velocity, wind pressure
and wind forces are presented in detail and explained. The necessary parameters for the
analysis are properly chosen. These parameters include the wind velocity, the terrain
roughness, the shape of the valley, the height of the pier and the structures’ cross sections.
The dynamic and geometric characteristics of the bridge are determined and the structural



factor of the bridge regarding wind loads is calculated. The response of the bridge and all
safety limits set by Eurocode 1 for all static (self weight, permanent loads, traffic loads,
thermal loads and wind loads) and dynamic (seismic) loads acting on the bridge are
investigated. It is generally observed that the members most affected by static wind loads
are the arches and main beams. Nevertheless, their stresses do not exceed the permissible
ones. Seismic loads mainly affect the pier and the transverse and diagonal bracings.

Finally, a parametric analysis is conducted in order to investigate the influence of the basic
assumptions made in the analysis on the calculation of loads and internal forces of the
members of the bridge. Specifically, the parametric analysis refers to the effect of the basic
wind velocity on the loads and response of the structure. The effects of the roughness factor
on the results are also examined by conducting analyses for each terrain category as well as
the effects of the orography factor by selecting different reference levels for the bridge and
different slope of the valley. Finally, the influence of the structural factor amplifying the wind
loads as well as the effect of the geometric and dynamic characteristics of the bridge are
studied.

The parametric analysis showed that the parameter that affects mostly the response of the
bridge is the wind velocity, while the other parameters used for the calculation of the wind
pressures on the structure affect mostly the wind loads and secondarily the response of the
bridge. Specifically, the terrain category can lead up to a 55% increase of the wind loads, the
orography factor up to a 16% increase and the structural factor can even lead to 100%
increase. Due to the small value of the wind loads compared to the other loads applied on the
bridge, its response is not affected significantly.

This thesis is conducted within the research program EUROSTARS "BridgeCloud" entitled
«Model-Based Aeroelastic Analysis of Long-Span Bridges on the HPC Cloud», which aims at
developing a bridge-wind interaction virtual design lab that integrates semi-automatic
modeling on a BIM basis with mesh generation, numerical wind-bridge interaction analysis
and cloud computing power, providing for an easy-to-use sophisticated design tool to bridge
design SMEs.





