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MepiAnyn

2TOX0G TNG mapovoac SLdakToplknG StatplBc eivat n LEAETN TNG
ouumeplpopdg oUVOETWY  UMOOTUAWHATWY HE  paBdoug
SIKTUWONG KoL TUXOLEG OUVOPLAKEC oUVONKEC LUTIO agovikh Kol
gykapola poption kal n dtatunmwon odnylwv ywa to oxedloouod
TouG. la tnv emitevén oautol TOU OTOXOU akKoAouBeital
OUVOUQOUEVN  TIEWPOMATLKA,  OPOUNTIKA KoL  aVOAUTLKA
TIPOCEYYLON.

ApXLKA, TtopoucLAleTAL O OXESLAOHOC KAl I EKTEAECT HLAC OELPAC
TIELPAUATIKWY SOKIWMWY HE BdAon TG omoieg e€dyovtol TOLOTLKA
KOl TTOOOTLKA CUMTIEPACATAL.

Ta aplBuntika mpocopolwpata Pabuovopouvial pe Baon ta
TIELPOUOTIKA amoteAéopata. Ev ouvexeia, mpaypatomolovvral
oplOuntikéC  avaAvoelg mou  Selyvouv TwG n  aotoyia
ekONAwVETAL ouvNBWG WC TOTILKY) EAOCTOTIAOQOTIKA aoTtoxia Tou
Kplolpou dpatvwpatod.

T€Aog, mpoteivetal pla avaAuTikn pEBodog yla Tov mpocdloplopo
ToU $OoPTIOU AUYLOHOU, TNG OTATLKAG AmoOKpLong Kal Tou ¢optiou
ootoxiog ateAwv ouvBetwv peAwv pe pafdoug Siktuwong ME
TUXOLEG CUVOPLOKEG ouVONKES UTIO afoVIKA Kol eykapaolo ¢optia
Baollopevn otn Bewpia Sdokou Timoshenko. H mpotewvopevn

Abstract

Aim of this doctoral thesis is to investigate the behaviour of laced
built-up beam-columns with arbitrary boundary conditions and to
provide practical guidance for their design. To that effect, a
combined experimental, numerical and analytical approach is
adopted.

Initially, the design and execution of a series of experimental
tests is presented, based on which qualitative and quantitative
conclusions are drawn.

The numerical models are calibrated by making use of the
experimental results. Afterwards, numerical analyses are
employed, which show that failure usually is in the form of local
elastoplastic failure of the critical panel.

Finally, an analytical method for the evaluation of the elastic
critical buckling load, structural response and collapse load of
imperfect laced built-up members under axial and transverse
loads based on Timoshenko beam theory is proposed. The
proposed analytical method is in good agreement with results
obtained with the use of geometrically and materially nonlinear
imperfection analyses (GMNIA) in numerical models of both
individual laced columns and single-storey industrial frames.
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Edappoyég Kal LSLattepotnteg ocUVOETWY MEAWV: ZUVOETA UTOCTUAWUATA XPNOLUOTOLOUVTOL EKTEVWG OF
TIEPUTTWOELG ONUAVTIKWY GOopTiwV Kal LEYOAWV UNKWV AUYLOMOU. BaOLKEG TOUG SLOPOPOTOLACELS ATO HEAN
CUMTOYOUG SLATOUAG ElvaL N CNUAVTLKN EMLPPON TWV SLATUNTIKWY TIAPOaHopdWOoEWY Kal TNG aAAnAemnidpaong
KaBOALKOU Kal TOTILKOU AUYLOHOU.

Applications and special issues of built-up members: Built-up columns are commonly used in cases of large
loads and large buckling lengths. Their main differences from members made of solid sections are the
important influence of the shear deformations and of the interaction between global and local buckling.

Newpapatikn duatagn. Aéka UTTOOTUAWHLOTOL
UTTOKELHEVOL 0 BAUTTIKY) SUVAUN KOl CUYKEVIPWUEVEG
POTIEG OTa SUO AKpa TPoKAAwvTAC Tapapopdwon eite
HOVNAG lte SUTANG KAUMUAOTNTAC.

Experimental set-up. Ten specimens of simply-

ovoAuTik HEBodog Pploketat oe koAl oupdwvia  pe
OTMOTEAECHOTA TIAAPWE KN VPOALUIKWY OAVOAUCEWV OE aPLONTLKA
TIPOCOMOLWHATO LEUOVWHUEVWY UTTOCTUAWUATWY Kol Lovwpodwv
Bropnxavikwy mAaLoiwv.

supported columns subjected to an axial compressive
force and concentrated bending moments at the two
ends resulting in either single or double curvatures.
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4 Mpotewodpevn péBodog-Proposed method

o

AplOUNTIKA TPOCOMOLWHATA TWV TMEPAHATIKWV  Soklpiwv. To  aplOuntka
TIPOCOUOLWHATA TWV TELPOMATWY KATAOKEUAOTNKAV HE XPNon emlPpOvELAKWY
TIEMEPACHUEVWV OTOLXEIWV. EKTOC amd ta méApata, TG Sdoywvieg paBdoug kal tn
OUYKOAANTH ouvdeon avapeoa og MEAQATA Kol Slaywvioug, Tpocopolwonkav Kol ol
TP OUEVOUOEC TACELG AOYW BEPULKNG KATEPYAOLOG OTN SLATOUN TWV TTEAUATWV.

ZUOYKPLON TMEPAHATWYV Kol  oplOpntikwv avaAlvcewv Ta  Sokipla
ouuTEPLPEPONKOV OpPXIKA EAOOTIKA EVW OTN OCUVEXELD TOPATNPNONKE Ha
ULKpN MTwon t¢ Suokappiag Adyw mopapevouowyv Taoewv. H aotoyia tou
oUvOetou pEANOUG TpoEkUYPe ot KABe TmepUMTwon AOYW  TOTILKAG
EAAOTOMAQOTIKNG aoTOXlOG EVOG HATVWUATOC.

Emippon) apXtkwv ateAelwv. Ta cUVOETA UTMTOOTUAWMOTA OOTOXOUV UTO TNV
ETppon ateAelwv, ouvnBwg AOyw €AQOTOMAAOTIKAG actoxiag. H péylotn
ETILPPON ATEAELWV TTapATNPELTaL Otav Ta ¢poptia KaBoAlkoU AuyLopoU, TOTIKOU
AuylopoU Kot TARPOUG MAOTIKOTOlNoNG TauTilovtal.

Numerical models. The numerical models of the experimental specimens were
constructed by making use of shell finite elements. Apart from the chords, the diagonal
bars and the welded connection between the chords and the diagonal bars, the effects
of the thermally induced residual stresses of the chords were also modelled.

Comparison between experiments and numerical analyses. Initially, the
specimens behaved elastically, while for larger loads a small decrease of the
stiffness was observed due to residual stresses. The failure of all specimens
took place due to local elastoplastic failure of a critical panel.

Influence of initial imperfections. Built-up columns are significantly affected by
imperfections, and they collapse mainly due to local elastoplastic failure. The
maximum effect of the initial imperfections takes place in the case that the
global buckling load, the local buckling load and the squash load coincide.
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Edappoyn o povwpoda mAaiota. H mpotewvopevn péBodog edpapuodletal oe povwpoda mMAALCLO PLE QVTLKATACTAON TOU
mAaloiov amd mAaiolo wooduvapwv peAwv Timoshenko kal pe xprion otpodikwv elatnpiwv kal poptiwv wote va
anopovwOel To Suopevéotepo uMooTUAWUA. H cUykplon pe anoteAéopata and GMNIA emaAnBsvcav TNV EMAPKELA TNG
puebodou.
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Application to single-story frames. The proposed method is applied to single-story frames by replacing the frame with
one consisting of Timoshenko members and isolating the critical column by making use of appropriate rotational springs
and loads. The comparison of the analytical method with results obtained from GMNIA verified its satisfactory accuracy.
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Timoshenko kat cuvOeteg Sokoi-unootuAwpata. H mpotewvopevn HEB0SOC CUVOEETAL LIE TNV AVILKOTACTOON TOU ateAoUC oUVBETOU
HEAOUC amo €va Looduvapo pEAo¢ Timoshenko, tnv mpaypatonoinon eAacTikAG availuong 2" taéng oe auto (Baocel KAeloTwv
TOTWV) Kal tnv edappoyn twv e€axBeviwy evtatikwy peyebwv oe KatdAAnAn oxéon aAAnAenibpacng yLo Tov MPoodLlopLloPo TNG
dEpouoag Lkavotntag Tou olvBeTou PEAOUC. H olyKpLlon TwV avaAUTIKWY OMOTEAECHATWY e ekelva ou pogkuav and GNIA yla
HEAN Timoshenko (aplotepd) kat amd GMNIA yla oUvBeta peAN (6e€Ld) emiBeBailwaoe TNV LKOWVOTIONTIKN AKPLBEL TN TPOTELWVOLEVNG
HeBOSOoU Kal TNV avemapkela tng avaluong 11 taénc.

Timoshenko and built-up beam-columns. The proposed method consists of replacement of the imperfect built-up member by an
equivalent Timoshenko one, performance of a 2" order analysis (based on closed-form equations) and use of the calculated internal
forces in an interaction equation for the evaluation of the collapse load. The comparison of the analytical results with the ones
found by GNIA for Timoshenko members (left) and by GMNIA for built-up members verified the satisfactory accuracy of the
proposed method and the inadequacy of the use of 1%t order analyses.
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