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IIpOCOPOIKON KAl AVAAUOI KAA®MSIOTOV YEQUPOV KAl
HEPOVOHPEVOU KAAKSiou

BaolAonouldog B. Kwvotavtivog

I[TEPIAHWH

H ologva katr auSavopevn Xprjon KAA@OIOV KAl YEVIKOIEPA OTOXEIWV
EPEAKUOPOU  OTIS KATAOKEUEG TTIOAITIKOU HPNXAVIKOU (0TS KAADO®TEG
YEQPUPEG, 10TO1 KAl OTEYyaoTpd) KAVOUV arnapaitntn IV o®otlr] IPOCOHoi®on
KAl avaluon autewv TV otoxeinv, kKaBwg maifouv onpavuko poAo otnv
OTATIKL] OUHPIIEPIPOPA TV POPERDV ITOU Aapdavouv pEPOog. KOOGS AUt g
HETanuxiakng epyaoiag frav n avaluon wmg doung, t@v TUNEV KAt g Un
VPAUUIKIG OTATIKNG OUHPIEPIPOPAS TV KAA®Siwv KaBwg Kalt OA®V 1wV
MAPAPEIP®V TIOU arattouviatl Katd v diapkela avaluong Kat IIPoEVIacng
10V KaAediov os pa kalwdwtr| yépupa. Etol éyivav kamoileg avaiuoelg oe
pepovapéva KaAmdla pe v pebodo TV MEMEPAOPEVOV OTOIXEIDV Kal o8 Jid
N6n kataokevaopevn Kadwdiwtr nefoyepupa. I'a v avaduon g yepupag
xpnowpornot|fnke to npoypappa SOFiISTIK (v.21), eve ywa v avdiuorn tou
pepovapévou kadwdiou Xprnoporor)fnke 1o MPOYypAPHA  TIETIEPACHEVRV
otowxeinwv ADINA (V8.02).

To mp®to KepAAdatlo g epyaciag aoxoAeital pe tov oxedlaopd KaAadietov
vepupwv. Ileptypdgoviat ta €idn tov KaAedntdv yepupov pe 18taitepn
gn@aon oug KaAwdnteg yepupeg pe eubuypappa ermkAvn kaidmwdia (cable-
stayed bridges) kat ot ouyxpovrn tdon oxediaopou toug. Avaduovtat
Sexwplotd ta Paokda otowxeia g yeépupag (mudavag, Katdorpopd, Kalodia)
kat Oivoviatr yevika kKpurpla oxedlaopou kat dH1apop@®ong tou KAbe
otoxeiou. Tédog diveral epgaon otnv OTATIKL KAl SUVANIKY] OoUpmEeplpopd
TETOIDV KATAOKEUMV KAl otlg OHuvatoinieg IIPOOOUO0InONS Toug, KAO®G Kat
OToUG AOyoug TTOU €XOoUVv odnyr)joel IMAYKOOPi®G Otnv eupesia Xprjon Kat
avantudn TET01RV YEPUPOV aKOpa Kal oe peoaiou peyeboug avoiypata.

To O&eUtepo kKepdAAaio aoxolAeitar pe TV TEXVOAoyia TV KAADOIGV.
Avagepovtal n dopr Kat 1a UAKA ITOU Xpnotportolovuvidl yia v dnuioupyia
KaAodiov kabwg kat n Ouvatounta Xprjong Kawvoupyl®v UAKOV Kdl
texvoyvaoiag. Emiong Oivovtat avadlutika ot dwaperpoi,  ta pETpaA

elaoukotntag, ta PApn KAt ol AVIOXEG OAGV TRV TUNMKV KAADOIOV Tou
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XPNO1HOITO10UVIAl A0 PIKPEG KATAOKEUEG £0G NEYAAEG KAADOIDTEG YEQUPEG.
Axopa yivetat ava@opd Otoug TPOIoUS AYKUP®KONS TV KAAXSIoV KAt
napouotadovial PEIpA MPootaciag Kuping Evavtt d1afpmong toug.

210 tpito KRe@Alatlo yiveral pla meplypa@r) o 0Tl agopda TV avaluorn tev
KaAwdinv. Etol ivovial apxikd turotl ya ypappiky avaiuon Aappdavoviag
unoyn v KPEPAon g MAPAPoP@PAOUEVNS HOoPEPNS T®V KAA®OiV Adyo tou
idlou Pdapoug toug (catenary effects) kair mapoucialetar o TPOIOG
npodlaoctaotodoynong v KAAmdiwv &vavit povipov Kal Kivniov @OopTioV
KaBwg kat évaviul konwong. Emiong &ivoviat ot ouotaocelg tou EC3 yua v
avaAuon 1oV KaAodiov.

210 TETAPTO KE@AAA1O yiveral 1 avaAuorn &vog HEPOVOPEVOU KAAwdiou pe
IV 1€0060 TOV MEMEPAOPEVOV OTOXEI®V yia va katavonBel kaAutepa n un
YPAUHIKI] CURITEPLPOPA TOU TPV, Katd TV didpkela kat petd v dadikaoia
npogvtaong. 'Etor yivoviatr ypappikég, Hn  ypappikeg Kat 1000Uvapeg
YPOAPUIKEG aVAAUCES O Hld  APKETA PEAAIOTIKL] IIPOCOUOI®OoN NG
6ladkaoiag mpogviaong apXika oe eubUypappo KAA@dlo Katl otV ouvexela
oe &éva KAA®Olo pPe  apXiKI Kpepaon oOoneg ouvpPaiver katr  otnv
PAyPaTIKOTNTA AOY® TOU TPOTOU  aveyepong Tou KaAwdiou (apXikda
peyaAutepo prkog kailwdiou).

210 TEUPIIO KE@PAAAIO0 XPINOIUOTOlEiTal 1o IMPOoopoi®pa TOU TETAPTOU
KEPAAQioU yla TV IIPAYPATONoinon KAMO®V TAPAPEIPIKOV AVAAUCEWDV,
apxikd pe peraBoldrn g dwapérpou tou KaAwdiou Kal otV ouvéxela He
petaPodr) g Tpng 1mpogviaong, €10t oote va darmotwbdel n emidpaon g
petafoArng avtav twv 6Uo otoxeiwv oty duokapyia 1@V KaAadimv.

To exto Ke@aAailo agopa v dadikaoia poeviaong twv KAAmdinv os pa
KaAodwwtr) yveépupa. Etol yivovialr ypappikeég Kalt P YPAPPIKEG AOY®
YE@UETPlag avaAuoelg yia v €UPeOn) NG TIPNG KAl S OE1pAg ITPOEVIAONS
1OV KAADO1OV, EVE XProlporoleital Kat 1o pooopoi®va tou Kepadaiou 4 yua
IV  €UPEcH] TRV TMAPAHOPPROE®V TV KAADOIOV KAl €AeyXo TQV
arnotedeopatwv. Etol eSakpiPwveral 10 mpoypappa 1mpogviaong rou Oa

JItopouce va xpnotpornoinOet yia v yepupa.



ii
Simulation and analysis of cable-stayed bridges and isolated
cable

Vassilopoulos B. Konstantinos

ABSTRACT

The recent and rapid surge in the use of cables and in general
prefabricated tension components in the field of civil and structural
engineering (such as cable-stayed bridges, cable towers, nets and roofs)
makes necessary the appropriate and correct simulation and analysis of
these elements, as they play an important role in the overall static
behavior of the structure. The purpose of this essay was to analyze the
configuration, types and non-linear behavior of the cables, as well as all of
the parameters that play an important role during the analysis and pre-
tensioning of the cables in a cable-stayed bridge. So some analyses were
performed in an isolated cable with finite elements and in an already
constructed cable footbridge. For the analysis of the bridge SOFiSTiK
software (v. 21) was used and for the cable the finite element software
ADINA (v.802).

In the first chapter of this essay the design of cable-stayed bridges is
presented. Firstly the types of cable-stayed bridges are introduced as well
as the modern tendency of design. In order to disentangle somehow the
multiple aspects of cable-stayed bridges, their basic load-bearing elements
(cables, deck and pylons) are dealt with separately and some basic criteria
of design and configuration of every element are given. Finally emphasis is
given in the static and dynamic behavior and the possibilities of their
simulation, as well as in the reasons, which have lead to the wide usage of
such bridges even for medium spans.

The second chapter is about stay technology. The configuration and the
materials from whish cables are manufactured are described, as well as
the possibility of new materials and knowledge about the making of
cables. In this chapter the diameters, the strength, the self weight and the
modulus of elasticity for every type of cable that is used in small or big
construction are also given. Also the anchorage of cables and some

measurements for protection especially against corrosion are presented.
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In the third chapter a description is made about the analysis of cables.
Firstly an idealized modulus of elasticity is introduced in order to take into
account catenary effects in a linear analysis. Then the necessary
preliminary design work for the strength of cables in the permanent state,
under traffic loadings and the dimensioning of stays on fatigue basis is
presented. Also guidelines from EC3 are given here.

In the fourth chapter an analysis with finite elements of an isolated
cable is performed, in order to understand better the non-linear behavior
of the cable before, during and after the procedure of pre-tensioning.
Linear, non-linear and equivalent linear analyses are performed,
simulating in a quite realistic manner the pre-tensioning procedure.
Firstly the analysis is performed in a straight cable and afterwards in a
cable with initial sag, as it is in reality because of the way of the erection
of the cable (initially longer cable).

In the fifth chapter the model of the fourth chapter is used in order to
perform some parametric analyses. Firstly the diameter of the cable is
changed and then the same analysis is performed for the change of the
value of the pre-tension of the cable, in order to see the role of the change
of this two variables in the stiffness of the cable.

In the sixth chapter the pre-tensioning procedure of the cables in a
cable-stayed bridge is performed. Linear and non linear analyses
(geometric non-linearity) are performed, in order to find the sequence and
the values of the pre-tension of the cables. Also the model of chapter four
is used to extract the values of the strains of the cables and to check our

results.





