EOviko MetooLo NMoAuteyveio
2xoAn MoAttikwv Mnxavikwv

Epyaotrplo MetaAAlkwyv Kataokevwv

POMHOEVS 7
H=EIE
nvpeopos

S

HAloc A. OavaocouvAac

National Technical University of Athens
School of Civil Engineering

Institute of Steel Structures

llias D. Thanasoulas

Kputnpla evotadeiag xaAuBowvwv to§wv KoiAng dtatopng

Stability criteria for hollow-section steel arches

Awbaktopikn Atatptpn, 2020
EmtiPAETIwV: Xapnc I. FTavteg, KaBnyntng

MNepiAnyn

Avtikeipevo tng Stdaktoplkng dtatplpng amoteAel n diepevivnon
¢ evotdaBelag XoAUBSWwv To€wv KkoilAng OSiatoung. Ta
HETAAALKA TOEa KaTtaokeualovtal ano Katepyooia euOUYpAUUWY
HeEAwv pe Sladopeg nebBodouc. H mo dtadedouévn néBodog yla
TNV KapmUAwon HeAwv Oopikou XaAuBa esivat n ev YPuxpw
Slapopdwon HE XprAonN TUMMAVWV. TNV TEPLTTWON OUTH, TO
gubuypappo  pEAOG  OLEpxeTal  amo  KATAAANAN  pnxavA
KAUMUAwoNG, Omou n ermOuUNT KAUMUAOTNTA EMLTUYXAVETOL
HEOW TNG KAUYPNG TPLWV ONUELWV TIOU TIPOKAAEL TAQOTLKEG
napapopPwoels. H ev Ppuxpw Slapopdwon €LoAYEL CNUOVTIKES
TMAPOPEVOUOEG TAOEL Kal Tapoapoppwoel  ota  TOq,
EMNPEATLOVTOC TNV UNXAVLKH TOUC cupmepldopa.

Jto mAaiclo ™G Swatppng edpappoletal €vog ouvOUACUOG
TELPOMATIKWY, OPLOUNTIKWY KoLl OVOAUTIKWY HEBOSwWV €peuvag.
Ta amoteAéopoto MelpApATKWY SoklHwv o€ XoAUBSwa tola,
KAUMUAWPEVA €V puxpw, OuyKplvovtal HE TA aQviiotola
opLOUNTLKA ATIOTEAECHATA, CTOXEVOVTAC OTNV TILOTOMOINGCN TWV
aplOUNTIKWY TtpocopolwdTwy. H dtadikacia kapmuAwong Twv
TOEWV TIPOCOUOLWVETAL AemTopepwS, AapBavovtag umoyn tnv
oAANAemidpaon mOU avamTUooETOL HECW EMADAC TOU HEAOUG LUE
T TOMmava TNG MNXovNne. MpayUaTomoleltal Lol EKTETAMEVN
oplOunTikn Slepelivnon TwWV TOPAUETPWY TIOU EMNPEAIOUV TLIG
KATAVOLLEG TIOPOAEVOUCWY TACEWV O KOLAEG SlaTtopéS. Katomuy,
QMOTIUATAL N €uoTtdBela Twv TOfwv amo xaAuPBa pe xpnon
OVOAUTIKWYV KOl UTTOAOYLOTLKWV LEBOSWV.

H mpwtotumia tng Statptfng kat n cupBoAn TG oTnV €peuva Kot
otnv mpaén tou unxavikol ocuvoyilovtal otnv Tmapouciaon
TELPOPOTIKWY KoL OpLOUNTIKWY QIMOTEAECUATWY O XOAUBSWa
TOEQ, OTNV AVATITUEN AEMTOUEP WV APLOUNTIKWY TTPOCOUOLWHATWY
¢ Swadkaolag KapmuAwong, otn  Odnuloupyla  POVTEAWV
TIAPOLEVOU O WY TACEWV VLA KAUUTIUAWUEVA €V Puxpw HEAN KOIANG
Statoung, kat otn Statimwon KatdAANAwv odnywwv oxedlaopou
UTIO TN pHoP®dN KAUTTUAWY AuyLlopoU. OL TIPOTEWVOUEVEG KOUTTUAEG
AuylopoU umopouv va epoappocBolv aflomiota oto oXeSLAOUO
XOAUBSIVWV TOEwv.

(a) Shell element model

(¢) Refined shell element model

Von Mises

Abstract

Objective of the dissertation is to gain insight into the structural
stability of steel arches comprising hollow sections. Steel arches
are typically manufactured from initially straight members. The
roller-bending process is the most used method for curving
constructional steel members in the fabrication industry. It is a
cold-forming process, in which a workpiece is passed iteratively
through a three-roller-bending machine. Residual stresses along
with significant plastic deformations are induced to steel
members during cold-forming affecting their structural behavior.
The present doctoral thesis aims at assessing the effects of
residual stresses and geometric imperfections on the inelastic
stability of steel arches.

A combined experimental, numerical, and analytical approach is
implemented in the dissertation. A state-of-the-art experimental
study is presented regarding the behavior of roller-bent arches.
Detailed finite element simulations of pertinent experimental
tests are carried out, aiming at validating the developed
numerical models. The roller-bending process is explicitly
simulated, accounting for the real contact interaction between
the bending machine and the steel workpiece. Following
validation of the developed numerical models, the residual
stress/strain formations of roller-bent hollow sections are
investigated, on the basis of comprehensive parametric studies.
The stability of arches is finally assessed by means of analytical
and computational methods.

The contribution of this work to the advancement of engineering
science and design practice includes, mainly among others, the
presentation of experimental and numerical results on roller-bent
arches, the development of sophisticated numerical models of
the cold-curving process, the proposal of appropriate residual
stress models for roller-bent hollow sections, and the
recommendation of suitable buckling curves for hollow-section
steel arches. The proposed buckling curves can be reliably
implemented in the structural design practice according to
modern structural design standards.
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KopnmuAwon péow KARYPNG TPLWV ONMUELWV. IXNHOTIKA OIMELKOVLON TACEWV Kol mapapopdwoswv
nAaoTtikomonpEvnG Statopn g cupdwva pe tnv Oswpia Euler-Bernoulli.

Curving of a beam through 3-point bending. Schematic illustration of plastic stress and strain of
cross-section according to Euler-Bernoulli beam theory.

MNpooopoiwon tng Stadikaoiag v Puxpw KAUTTUAWGCNG TWV TOSwV.

AvaAvosig evaloOnoiag MAEyatog.

Finite element simulation of roller-bending. Mesh sensitivity analyses.
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Proposed residual stress distributions for
roller-bent hollow sections.
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Evéeiktika Staypappata aAAnAenidpaong N-M kot aveAaotikoU poptiov

AUYLOHOU KOIANG KUKALKAG SLATOMNAG.

Indicative N-M interaction diagrams and inelastic buckling loads for

roller-bent circular-hollow-sections.

Mwotonoinon apOUNTIKWVY TPOCOMOLWLATWY TOEWV HE OVTLOTOLYOL TIELPOLLLATLKA AITOTEAEOLATAL.

Validation of finite element models against experimental test data of steel arches.
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(a) Snap-through buckling (b) In-plane buckling (c) Out-of-plane buckling

MNpotewvopeveg KAUMUAEG AUYLOHOU TO{WV KAUMUAWUEVWY eV Puxpw.

Proposed buckling curves for roller-bent arches.
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