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EuxapioTieg

Me Tnv oUvTa&n Tng napouoag SINAWKATIKAG €PYAciac OAOKANPWVETAI KAl ENICHHWS EVAC NEVTAETNG
KUKAOGC TnG {wNnC Wou, Kata Tn OIApKeEId TOU onoiou goitnoa aTn oXoArn MoMNTIK@V MnXavikov Tou
EOvikoU MeTooiou MoAuTexveiou. 'Evag KUKAOG 0 onoiog onuaTodoTnos Tn PETABRaAcr Wou anod Tnv
naidikn nAIKiIa o€ autn Tou eviiAika kal napaAAnAa and Tnv 1016TNTA Tou PadnTr OE AUTAV TOU
enayyeAuaria pnxavikoU. 'HTav pia nepiodoc AAOTE €EAIPETIKA €UXAPIOTN Kal AVEUEAN, kal GAAOTE
Tpouepd duokoAn kal eninovn. KavovTag, wotdao, Tov TEAIKO arnoAoyioud To anoTéAsopa éxel Eekabapa
BeTIKO NpPOONUO, aPoU auTOC 0 KUKAOG anoTEAECE yia Weva éva povadiko Ta&idl oTo onoio anékTnoa
NOAUTIJEG YVWOEIC Kal EPNeIpieg yia To PéAAov. ‘'ONa Ta napandvw dev Ba ixav noTé npayuaronoinoei,
av dev yvwpila OpICUEVOUG avBpwnoug nou, o Kabévag pe Tov Tpono Tou, ouvéBalav oTo va
oAoKANPWOwW TO TaA&idl autd Kal va dlIaPopPPWOW TNV CNUEPIVE] HOU MPOCWNIKOTNTA. AuTOUG TOUG
avBpwnoug, Aoinov, vimbw TNV avaykn va EUXapioTrow HECA O AUTEC TIG AiYEC YPAUMEC.

MpwTioTwc, 6a NBeAa va ekPpacw £va TEPATTIO «EUXAPIOTW» GTOV K. Xapn Favte, KabnynTr TnG oXoANG
MoAImkwv Mnxavikwv Tou EMI, o onoiog avéAaBe va enifAéwel Tnv napoloa epyacia kali va Me
kaBodnynoel ka®’ oAn Tn OIApKEId TNG KOIVAC HAG nopeiac. To ApioTo YVWOTIKO Tou unoBabpo, oc
ouvOuUaouo PE TNV HPETAdOTIKOTNTA Mnou OIaBETEl Kal TOV EUXAPIOTO XAPAKTAPA TOU, AMOTEAECAV
kaboploTikoUG NapdyovTeg HIAG AKPWC EMTUXNMEVNG Ouvepyaciag. Méow Tng O1dackaliag Tou
avakdA\uwa Ta NpaydaTikd Jou evOlapEPOVTa OXETIKA HE TO AVTIKEIUEVO TOU MOAITIKOU Wnxavikou kai
£uaba Tov TPOMO Yia va Ta ulonoinow. Mepa opwe and eEAIPETIKOC OAOKAAOC ATAVE KI &vag NOAUTIHOG
oUPBOUAOC, NApEXOVTAG HOU HIA EMMEIPN YVWHN avapopika HE TIC HEAOVTIKEG JOU EMIAOYEC.

MapaAAnAa, 8a nbeAa va suxapioTnow eIAIKpIVA kal Tov K. HAia ©avacouha, Ynoyneio Aidaktopa EMM
Kal ouveniBAEnovTa TnG napouoag dINAWHATIKAG, yia Tn diapkr) Bonbeia nou You NPooEPePe KATd TNV
€KnOvVNOn TNG. H ouvelopopd Tou rTav avunoAoyioTn, kKabwe Xwpic TiG unodei&eic Tou kal Tn Borbeia
Tou O€ Kaipia onueia, n epyacia dev Ba &ixe To idlo anoTéAeopa | Oev Ba €ixe kav oAOKANPWOEI.

EuxapioTtw, eniong, 6epud Touc k. Taoo ABpady, Enikoupo Kadnyntr EMI kai Tov k. MaUAo ©avonoulo,
AékTopa EMM, nmou pe Tipnoav We TNV napoucia Toug OTnV TPIMEAr €EETACTIKA €miTponr Tng
OINAWMATIKNAG MOU €pyaciag, Onwc kal Toug K. BAdoio Koupouon, Kabnyntn EMM kai Anunten
BapBaTaoiko, Enikoupo KaBnyntr EMI, o1 onoiol pe Tov 101aiTepo Tpono d10aokaAidg Toug YE €kavav va
ayannow TO AVTIKEIHEVO TOU NOAITIKOU HNXavikou.

duoika, 101aiTepn avapopd Ba nbeAa va kavw kai og GAoUG Toug piAoug pou, nahioUc kai Kaivoupioug,
ol oroiol PPOVTIOav WATE va KUANOOUV OPopPa auTda Ta NEVTE £Tn onoudwv. TOCO OTOUC PIAOUG Mou
YVOPIOa EVTOC OXOANG Kal CUKMNOPEUTNKAWE padi, napacUpovTac o £vac Tov aANo MPog TO KAAUTEPO €iTe
divovTag koupaylo oTa duokohd, 600 KAl O AUTOUC EKTOC OXOANG nou pe Bonboulaoav va EepUyw ano To
AyXoG TWV PabnudTwy Kal va anokThow Kal GAEG euneipiec ano Tn QoITnTIKr pou {un.

Mavw an’ 6Aa, To PEYAAUTEPO «EUXAPIOTW>» TO OPEIAW AMOKAEIOTIKA GTNV OIKOYEVEIQ OU, TOUC YOVEIG
Mou kai Tnv adep@r) Hou. Av kai g€ dUOKOAN noxr|, POvVTIOav va Knv Jou Asiyel NoTeE TinoTa, woTe va
MMOP® AaMEPIONAcTOG VA OAOKANPWOW TIC OMOUdEG Hou. Mou oTdbnkav ot kABe OuUOKOAi@ nou
QVTIYETOMNIOA, Napa TG Onoleg JIKEC TOUG Kal yI' auTO TOUC APIEPWVW AuTn TN dINAWKATIKA Epyaaia.
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NEPIAHWH

O ouvdUAONOG TWV MNAEOVEKTNHATWY anod anoyn PNXavikng CUUNEPIPOPAG Kal Tou 191aiTEPOU algdnTIkoU
KGA\ouG anod anown apxITEKTOVIKNG KaBIoTa Tn Xprion TOEWV OTIC KATAOKEUEC £EAIPETIKA ONUOPIAN. H
ouvnBEaTeEpn PEBODOC Napaywync XaAuBOIVwY TOEWV eival n KAUNUAWON, PECW TUMNAVWY, APXIKOG
€UBUYPAPPWV YEAWY, KaTA TV onoia Ta PEAN elg€pyovTal oTn dIdTagn nupapidag nou oxnuatifouv Ta
TUpNava Kal HECw TNG Kivnong Twv TEAEUTAIWV NPAypaTonolsiTal N KaunUuAwaGn TnG YEWHETPIAG Twv
npwTtwv. H napandvw Oiadikacia ekTeAeiTal oe Beppokpacia NepIBANNOVTOC, OUuveEN®G anaitei Tnv
avanTuén onUavTikOv NAACTIKOV NAPAUOPPWOEWV YId TNV €MITEUEN TNG €MBOUPNTAG KauNUAOTNTAG.
AUTEC OpwC dev gpgavidovral aveEapTnTeg, al\a ouvodeUovTal Kal and NapapévVoUseC TATEIC, Ol OMOIEG
£nnPealouV TIG UNXAVIKEG I0I0TNTEC TOU TOEOU, Kal KAT' ENEKTACN TNV AVTOXN KAl EUCTABEIQ OAOKANPOU
Tou opea. EninAgov, n napapévouoa auTn évraon Oev ival navra otabepr), aAAd didgopol NapayovTeg
METABAAAOUV TNV KATAvOWr Kal TO WEYEBOC TACEWV Kal NapapopPwWoswyv. >Tnv napolaad, Aoinov,
£pyacia enixeIpeiTal n apiOunTikr nNpooodoiwon Tng diadikaciag kapnUAwong XaAUBdIVWY PEA®V, WE
oKkonod Tn PEAETN TwV NAPAPEVOUO®V TACEWY KAl NAPAPOPPWOEWY MOU avanTuogoovTal €€ aiTiag Tng,
Kabwg kal TnG nidpaonc onNUAvTIKOV NAPAUETPWV TNG KAUNUAWONG, ONWG N akTiva KauNnUAGTNTAG TWV
TOEWV kal N andéoTaon PYeTa&l Twv TUPNavwy Tng dIATa&ng kapnUuAwonc.

>Ta nAaiola TnG napouoac diepelivnong e€eTaleTal n kaunuAwon evoc péhoug diatoung HEA100,
noldTnTag xakuBa S355, nepi Tov 10XUPO Tou agova. MepiypagovTal avaluTikd OAa Ta anapaitnTa
BAuaTa yia TNV KATAoKeUn €vOC MNPOCOMOIMUATOC, IKavoU va avanapaoTrosl NIOTA TIC GUVBNRKEG TNC
npayuaTikng d1adikaaoiac KapnuAwaong, anod Tnv Xapagn TnS YEWHETPIAC Kal TN oUvOEon Tou NAEYUATOG
TWV NENEPACPEVWV OTOIXEIWV, £WC TNV NPOCOMOIWAON TNG ENAPNC Kal TNG aAnAenidpacnc HETAEU Tou
XOAUBSIVOU WENOUG Kal TwV GKAWATWV Tudnavwv. H avaluon xapakTnpileTal ano &vrovn un
YPAUMIKOTNTA TOGO UAIKOU, 000 Kal YEWUETPIAC Kal ekTEAEITal o dU0 0TAdIA, akoAoudBwvTag Tnv nopeia
TNG npayuaTikng diadikaciac. AleEayovral NapapeTpIkEG avaAllaoelg yia JIAPOpPEC TIMEG TNG NApPayOUevng
aKTivag KagnuAdTnTac kal TG anooTaong PETal Twv TUUNAVWY Kal npayuartonolsital oUyKpion Twv
anoTeEAEOUATWY YIa TNV €Eaywyr CUPNEPACPATWV OXETIKA YE TNV £nidpacn kads napau€Tpou. KaAn,
MoIOTIKWG, CUNPWVia BpEBNKe avaueoa oTa napayoueva anoTeAéopata Tne napouoag diepelivnonc Kal
AAWV BewpNTIKWY, NEIPAKATIKWV N apIBUNTIKWV HEAETWY, ENOPEVWG TO HOVTEAO BewpriBnke a&lionioTo
Kal AsIToupyIko. H PeTaBoAr TG akTivag KagnuAdTnTag GAavnke va £xel aueAnTEa enidpacn, 6oov apopd



TIG NAPAPEVOUCEG TACEIG, OTA NEAUATA TNG dIATOUNG Kal A&loCNUEIWTN ENIPPON OTOV KOPUO, EVW OTIC
NapapEVoOUCEC NApaPopPOOEIC NPOKANBNKE Hia eUAoyn PETABOAR TWV TIM®V Touc. H napdueTpoc TNnG
anooraong Twv Tupnavwv £dei€e va eival peyaAlTepng BapuTnTac, agou ONUAvTIKEG HETABOAEG
napatnenénkav pe Tnv aA\ayn Tng TIUAG TNG. QOoTOO0O, N CUMNEPIPOPA MOU €UPAVICTNKE OV NTav
MOVOONHavTn, Kabwg yia TIG NAPAUEVOUTEC TACEIC DIAPOPETIKEG NTAV Ol ENINTWOEIC OE NEAUATA Kal
KOPHO. AVTIBETWG, N HETABOAN TWV NAACTIKWV NAPAUOPPWOEWY ixe oTabepr) KaTewBuvon os OAa Ta
onueia Tng 8IaToPNG.



NATIONAL TECHNICAL UNIVERSITY OF ATHENS
SCHOOL OF CIVIL ENGINEERING
INSTITUTE OF STEEL STRUCTURES

DIPLOMA THESIS
EMK AE 2018/29

Numerical Investigation of Residual Stresses in Steel Arches due to
Curving Process

Spyridon Venetis

Supervisor: Professor Charis Gantes
Co-supervisor: Ilias Thanasoulas, PhD Candidate
October 2018

ABSTRACT

Structural advantages combined with sensational architecture, render the use of steel arches in
structures very popular. The most commonly used method for production of steel arches is roller-
bending, whereat an initially straight member is fed through the system of three rollers at a pyramid
arrangement, and by properly translating and rotating the rollers, the desirable curved geometry of the
beam is obtained. The described process is implemented at ambient temperature, thus significant plastic
deformations are demanded to evolve so that the desired curvature can be achieved. However, plastic
deformations always appear in conjunction with residual stresses, which affect the structural properties
of the arch, and in consequence the strength and stability of the whole structure. Furthermore, these
residual stresses and strains are not constant for any curved beam, but several important factors exist
that determine their ultimate distribution and magnitude. Hence, in this paper a numerical simulation
of steel members curving process is presented, focusing on the developing residual stresses and strains,
whose aim is to investigate the effect of significant parameters of curving process, such as the radius
of curvature and the distance among rollers.

Within this investigation, the curving of a wide flange HEA100 section, steel grade S355, about its strong
axis is examined. All the necessary steps for the formulation of a proper model, capable of representing
the conditions of the real curving process, are delineated. That includes from creating the geometry and
the mesh of the model, to correctly simulating the contact between the beam and the rigid rollers, so
as to reliably express the developed interaction. This is a non-linear analysis, both as far as it concerns
the material and also regarding geometry, implemented in two distinct phases, obeying to the demands
of the real physical process. Parametric studies about the curvature radius and the distance among the
rollers of the bending machine are conducted and then comparison between the results of the
aforementioned analyses are made to deduce conclusions about the effect that each parameter induces.
Ultimately, good agreement, qualitatively speaking, amongst the emerging results of the current
investigation and other analytical, experimental or numerical studies was found, hence the simulation
model was deemed as reliable and functional. Variation of the curvature radius seemed to evoke a
negligible and a noteworthy effect, correspondingly, on the residual stresses of the section flanges and
of the web, while at the same time the residual strains showed a reasonable alteration. On the other
hand, changing the distance of the rollers was of greater importance, since significant variations of the



residual values were observed. Nevertheless, the behavior of the flanges was utterly different from that
observed in the web, declaring that the kind of the effect depends on the region of the section. On the
contrary, plastic strains altered the same way in any part of the cross section.
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