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MepiAnwn

3Ta €pya MNOAITIKOU pnxXavikoU, €nIAEyovTdl OUXVA HOPPEG POPEWV HE EMNIPNAKN YEWMETPIA. TNV
nepinTwon TWV HETAAAIK®V KATAOKEUWV, Ol ENIKPAKEIC POpPEic ouvTiBevTal ano (enineda) ehacudra.
Eneidr) otnv npd&n anaiteital, n pEBodog unoAloyiopoU TwWV QOPEWV AUTWV va sival anArn Kai
oUVTOMN, MEAETWVTAl OUVNABWG WG €UOTABEIC YpaAuMIKoi qopeic. XpnaoigonoloUvTtal dnAadn duo
anAonoinTikeG napadoxeg: H npwTn agopd Tov unoAoyiopd oTnv anapapop@wTn YEWHETPIA Kal n
deuTepn TNV Bewpnon OTI N NApAPOPPWON TOU (opEa cival ypapuikn, diénerar dnAadn and Tnv
Napapop@®Won HIa¢ XapakTnpIoTIKAG YPAMHAG. OpIoPEVEG OPWG, NPAYHATIKEG OUHNEPIPOPESG TWV
ENIUNKWV QOPEWY, dlapelyouv Twv ouvnBwv autwv HeBOdwV Kal napadoxwv unoAoyioupou,
YEYOVOG nMou ennpedlel TNV akpiBeid TWV AnoTEAEOUATWV. TIC CUMNEPIPOPEG AUTEC ovopaloupe
‘NnapaciTikeG'.

>Ta ‘napaciTikd’ @aivoheva  oupnepiAapBAvovTal TOMIKEC aoTdabelec ehaopaTtwyv (Qaivopeva
KUPTWONG), OIATUNTIKEG NApauopPWOoelG (Paivoueva dIaTUNTIKAG UOTEPNONG), EVTATIKA Kal
napapoppwaolaka Heyeédn oe eykapoleg dIeuBUVOEIG, TOMIKEC KATAOTACEIG Nou ekdNAwvovTal OTIG
B€ocic e1I0aywynG QopTiwv (eEwTepikd QopTia, avTiOpdosig), KA.

MpwTa, YEAETWVTAl Ta EMIPEPOUG €Nineda eAAoNATa Nou CUvBETOUV TOV QOpPEa, Yia €vTaon evTog
TOU €MINEdou Touc. ApxIkd HEAETwVTAl napadeiypyarta eninedng €vraong suoTabwv eAaopdaTwv.
Emixeipeital n €1 BdBog katavonon TnG oTaTikhAG AEITOUpYiag TwV €AAONATWV auTwv. lMa Tov
okond auTtd €va anod Ta uno HeAETN eAdopaTa diaipeiTal kal PEAETATAI wG ABpoIoUa HIKPWV
‘auTOBOUAWY OTATIK®V Hovadwv’' (oToixeiwv). O eEavaykaopog Twv ‘Hovadwv’ auTwv Ot
‘ouvepyaoia’, kab’oTi anoteAoUv eviaio ocUvolo, odnyei oTnv &vraon kal napapopewaon Tou
eAdopaTtog. Ev ouvexeia peAeTdTal o Auyiopdg eAacpaTtog (KUpTwon), MEOw dIaTUNWONG TWV
€€l0WOLEWV I0opponiag oTnv NapapopPwWUEVN YEWHETPIa auToUu kal npoadiopifovTal Ta Kpioipa
MEYEBN AuyiopoU Kal Ol avTioTOIXEG HOPPEC AUYIOHOU YIa OIAPOPETIKEG NEPINTWOEIG EAATHATWV.

3TNV OUVEXEId, MEAETATAI N Bewpnon YPAMUMIKNG napapdppwons. MNa va kartavonBei NnARpwg o
MNXaviopog AsiToupyiag Tng, Viverar o OTATIKOG UMOAOYIOMOG €vOG  ypaupikoU  HEAOUG
epapuolovTacg diadikacia avTioTpo@n ano Tnv ouvnen. Q¢ agernpia AauBaverar To oUVOAO TV
Kavovwyv nou npoBAENEl n ypaupikn Hop®Rn napapop@wong, kal akoAouBwvTtag €va ‘naixvidi
YEWHETPIAG', npoadiopileTal To CUVOAO TWV YEWHETPIOV NAPANOPP®WONG Nou PnopoUV auToi va
neplypdwouv. Me Tnv eniAoyrn Tou UAIKOU, auTopaTa KABe napapopPwaolakn KaTtaotaon ouvOEeTal
Kal Je pia evraTikn kataoTtaon. MpokunTel Aoinov eva oguvolo feuywv {€}-{0} nou nepiypagpovTai
ano TNV Ypaguikn Bewpnon Kal To UAIKO mou auTh npoBAgnel. MNa Tnv npayparonoinon Tou
oTaTikoU unoAoyiopoU Yyiveral eniloyr) avapeca oTta npoadiopioBevrta {elyn, kal yivovral ol
anapaiTnTeG CUPNANPWOEIG Kal NapadoxEG, WOTE O UNOAOYIOWOG va KATaoTel NARpNnG.

TEANOG, MEAETATAlI TO PAIVOUEVO TNG OIATHNTIKNAG UCTEPNONG 0t dokO KIBwTIOEIdoUC diaToung. H
enippony dnAadrn Twv JIATUNTIKOV NApapopP®oswv (Mou ayvoei n ypauuikn Bswpnon) oTtnv
EVTATIKN, NApAPOPPWOIAKN, Kal PETABETIKA KATAOTACN TOU (Op£d. ApXIKA EMIXEIPEITAl MOIOTIKN
katavdénon TOU TPOMOU HE TOov onoio ol JIaTUNTIKEG NApaPopPWOElG napePPBaivouv  Kal
MeTaBaAAouv Tnv &vrtaon Tou Qopéed. Ev ouvexeia yivovTal NnapapeTpikeG avaAUoelg He Nnpoypappa
NeENEPACHEVWY OTOIXEIWV, Yia va HEAETNOEI n PETABOAN TOU QAIVOPEVOU OUVAPTNOEl dlAPOpwV
NapapeéTpwy ONweG, To NAATOG, TO UAKOG KAl TO UWoG Tou KIBwTiou. Aiveral 181aiTepn éugpaocn oTa
€€10aVIKEUNATA Nou xpnaoigonoiolvTal, TG00 WG NPOG Tov TPOMO OTNPIENG, 000 Kal WG NPoG Tov
Tpono €niBoAng Tou @opTiou. Evtonifovtal kal SlepeuvvTdl €N’ aAUTOV KAl GAAa napaciTika
@aivoueva, anod Ta onoia enixeIpeiTal va anogovwOei To Gaivouevo TnG UoTEPNONG.
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Abstract

In civil engineering structures, structural elements with elongated geometry are common. In
steel structures, these elements mostly consist of flat flanges. In order to meet the requirements
for simplicity and fastness of the computational method, these elements are usually studied as
‘stable’ linear structures. Two simplifying assumptions are used: the computation of the element
on the initial (undeformed) geometry and the assumption that the element undergoes a linear
deformation, in other words, that it is defined by the deformation of a characteristic line. Though,
some actual behaviors of the elongated elements, usually of secondary importance, are
overlooked by the computational methods and assumptions, impairing thus the accuracy of the
results. These behaviors are called ‘parasitic’.

‘Parasitic’ phenomena include local instabilities of the flanges (local buckling), influence of shear
deformations (shear lag), transverse stresses and strains, local stresses and deformations
created around load application areas (external loads, reactions), etc.

In the first place, the flat flanges which compose the structure are loaded over their lateral
surfaces by forces parallel to their faces. Several plane stress cases are studied. An attempt is
made to thoroughly comprehend the static function of these flanges. For this purpose, one of the
flanges is divided and studied as an addition of small ‘autonomous statical units’. The necessity for
these units to collaborate, as they form a single body, leads to the stress and deformation state of
the flange. Then, the local buckling of the flange is studied by expressing the equilibrium equations
on the deflected geometry. The critical buckling values as well as the respective buckling modes for
different cases of flanges are determined.

Secondly, the assumption of linear deformation is studied. In order to fully understand its
mechanism, the statical computation of a line element is performed employing the usual procedure
in reverse sequence. Starting from the rules introduced by the linear deformation ‘pattern’, and
following a ‘geometry game’, all consistent (with the rules) deformation shapes are assessed.
Following the choice of a material, each deformation is linked to a stress situation. A group of pairs
{e}-{0} results, generated by the linear theory and the material it indicates. In order to perform
the statical computation, a choice is made among the predetermined pairs and the required
additions and assumptions are made so that the computation is ultimately consistent.

Eventually, the shear lag effect in a box girder, that is, the influence of the shear deformations
(ignored by the linear deformation theory) on the stress, deformation and displacement state of
the structure is studied. Firstly, a qualitative understanding of how shear deformations interfere
and alter the stress situation of the element is attempted. Then, parametric analyses are
performed using a finite element method, in order to study the phenomenon variations based on
different parameters such as the width, length and height of the box girder. Special emphasis is
put on the models which are used as far as the support as well as the load application are
concerned. Other parasitic phenomena are located and investigated, in an attempt to isolate the
shear lag effect.
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