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EuxapioTieg

Me Tnv napouda HETANTUXIAKA £pyacia oAokAnpwvovTtdl ol onoudéc pou oTto AMNME
AopoOoTATIKOG  ZXedlaonog kal Availuon Twv KaTtaokeuwv Tou EBvikou MeTadBiou
MoAuTexveiou. Mpiv andé Tnv avanTtuén Tou B£PATOC ENBUPW VA EKPPATW TIG BEPUEG HOU
€UXAPIOTIEC O OAOUC O6TOUC guvEBaAAav aTnVv OAOKANPwWGN auTAC TG Npoonabeiac.

MpwTioTwg, 8a NBeAa va euxapioTnow Tov €niBAENovVTa KabnynTn kKo Xapdhauno ravre yia
TNV €UKalpia nou Pou £dwae va aoXoAnBw HE Tn CUYKEKPIPEVN EPEUVA KAl PUOIKA yia TNV
NoAUTIUN KaBodrynaor Tou Kal To aueiwTo evdiaPEépov Tou Kad' oAn Tn didpkeia EKNOVNONC
™G.

EminAgov, 1010iTEpeC euxaplaTieg Ba nBeAa va ancsubuvw oTov guveniBAENOvVTA unownglo
010akTopa Baaileio MavaylwTonouAo, Nou e TIG EEEIDIKEUNEVEC YVWOEIC TOU OTO AVTIKEIMEVO
Kal TN guvexn Tou aThApIEN ouveEBaAe aTnv npoondbeia auTn.

©a nbeAa akdéun va suxaplioTnow Tov Ko NikoAao Xatl{nnavTteArn, AékTopa Tou TUAMATOC
MoAITikwv Mnxavikwv kal Mnxavikwv MepiBaAlovTog Tou MavenioTnuiou Kunpou, yia Tig
NOAUTIYEC TUUBOUAECG ToU.

EmBupw akoun va ansubuvw TIG €uxXapIoTieC You oTa undloina HEAN TNG TPIYEAOUG
EMITPONNG a&loAdynong TNG METANTUXIAOKAG €pyaaciag, aTouc kabnynTég ko NikoAao Aayapo
Kal Ko Zappa Tpiavta®UAAou.

‘Ogov agopd aTiG anoudEg pou oTo AMMZ, avayvwpilw Tov onPavTikdé pOAO NMoU GUVETEAEDE
NPooPEPOVTAC HOU YETA O€ auTa Ta dUo Xpovia Mo oQaipikr Kal OAOKANPWHEVN YVWAN WG
OTATIKO PNXAviko. EuxapioTw Aoimdv OAOUG TOUG KaBnynTéG yia TIC YVWOEIC MOU HOU
METEDWOAV HE TOTO evOlaPEPOV YHETA and Ta padrnuaTta Toug kab ' oAn Tn didpkeia.

TENOG, OEAW va guxapioTAOW TNV OIKOYEVEIA JOU Kal TOUG (PIAOUC JOU Nou gUUBAAAOUV ME
TN GUVEXN TOUC OTNAPIEN OTNV EKNANPWON TWV OTOXWV UOU Kdl aioBavopal TUXEPN Nou ToUuG
€XW ouvodoINdpouG.



AQIEPWVETAl OTNV OIKOYEVEIA OU



S

2/

EONIKO METZOBIO NMOAYTEXNEIO /—\

2XOAH MOAITIKQN MHXANIKQN EMK
EPFAZTHPIO METAAAIKQN KATAZKEYQN mJ

BIE=AI

N POMHOEY §
nvpgobo

N>

METATTYXIAKH EPIrAZIA
EMK ME 2023 11

TpiodiaoTara eEKTUNWHEVOG XaAuBag:
Mnxavikég 1I8010TNTEG KAl anoKpPIon anA®V SOHIK®WV OTOIXEIOV

XpioTiva MNanadnunrpiou

EniBAénwv: Xapahapnog FavTtég Kabnyntnig

SuveniBAénwv: BaaoiAeiog MavayiwtonouAiog YA

NEPIANAHWH

H TpigdiaoTaTn ekTUNWGN ANOKTAEl ypryopd anodoxn Kal gToV KATAOKEUAOTIKO TOWEdD, ME
TO OKUPOOEUA va e@appoleTal ndn gs PeEYAAN KAiMAKa Kal TIG KATAOKEUEG and XaAuBa va
KAvVoUV TNV €UQAVIon Touc. ANOTEAETUATIKOTEPN HEBODOC yia TNV TpIadlaaTaTn €KTUNWAON
douikwv aTolxeiwv XaAuBa eival n MpoaBeTikn KaTtaokeun Ye SUpua kai ToEo. H TexvoAoyia
auTh XPNOIJOMOIEITAl VI TNV KATAOKEUN OOMIKWV OTOIXEIWV NpoapepovTac cueAifia
€QAPUOYNG MNOAUMAOKNG VEWHETPIAG, akOun Kal g€ OToIXEia nou npokUunTouv ano
BeATigTonoinan, €iTe yia AOYOUG OTATIKAG ANOTEAECUATIKOTNTAG, €ITE YIA APXITEKTOVIKOUG
Aoyouc. EninpoabeTa, n pEBodoG auTtn epappoleTal kail yia enidiopbwaosel BAaBwV gs SOUIKA
gToIXEia. ZnuavTikn gival N duvaTtoéTNTa NoU NAPEXE! KAl yia TNV Napaywyr Qopewv Neyaing
KAigakag €iTe autoi ekTunwvovTal aneubeiac oTo oUVOAO Toug &iTE npoépxovTtal anod
MEUHOVWHEVA EKTUNWMEVA TUNUATa. H oguvexwg au&avopevn xpnon Tng [MpooBeTIKAG
KaTaokeung pe ZUppa kal TOEo ogeileTal oTa onUAvTIKA NAEOVEKTAHATA MOU MPOTPEPEI
€vavTl Tou guppaTikoU TpOMou Napaywync METAAAKWOV QOPEWV, AAAd Kal TWV AAAwV
TEXVIK@OV TPIadIAoTATNG €KTUNWONG HE MPWTN UAN To HETAAAO. MeTa&U AAAwV napexel
uwnAnR TaxuTNTa Kai XapnAod KO6OTOG KATAOKEUNG, anodoTIKOTNTA EKTUNWGONG Kai duvaToTnTa
XpNong NARBouc KpapdTwy and Ta onoia YnopoUv va NpoKUWOUV OTOIXEId PE BEATIWHEVEC
MNXAVIKEG 1010TNTEC. Aedopévou OTI O PNXAVIKEG 1016TNTEC KAl N CGUPNEPIPOPA TOU
EKTUNWUEVOU OOMIKOU OToIXEiou €€apTwvTal and NoAAoUG napdyovTeg, KpIiveTal gkoniun n
nepeTaipw dS1EPEUVNON TOUG UE OKOMO VA KATAOTEI gTO HEAAOV EPIKTA N NPOBAEWN TOUG OTO
oTadlo Tou oxedlagpoU TNG eKTUNWONG. AVTIKEINEVO TNG MEAETNG anoTeEAEde n dlepelvnan
TWV JNXAVIKOV IOI0TATWVY KAl TNG TNE anokpIiong anAwv TpIagdidoTaTa EKTUNWHEVWY DONIKWOV
oToIXeiwv XaAuBa pe Tn Xpnon TnG MpodBeTiknG KaTaokeung Me ZUpPa kal ToEo.
SUYKEKPIUEVA, ENIAEXONKE UAIKO avoEeidwTou wATeVITIKOU XaAuBa yia agToixeia dokwv unod
KAuWn Kal unogTUAWMPATwV uno BAiwn Ta onoia guykpibnkav Pe oupBaTiko xaAuBa yia
avTigToIXoug QopeiG. Me TIG avaAUoeIg TwV dOKWV aTOXO0G NTAV N HEAETN TNG ANOKPITNG TWV
oToIXEiWV Ot KAPWnN BOswpwvTac nAeupikn €€ag@aAion kar Aapfdavovrtag unoyn Tn un
YPAUMIKOTNTA UAIKOU. INa Ta aToiXeia aTUAWY uno BAiwn AneOnKe unown n hun ypapuikoTnTa
UAIKOU Kal YEWMETPIAGC O TEAEIOUC (POPEIC KAl OE (POPEIC PE ATEAEIQ, EVW EEETATTNKE N



enippon OIaPOPETIKWV UYPWV. Baagikd avTikeipevo diepelvnonc anoTéAeoe Kal n dislBuvan
evandBeong Tou UAIKOU oTa OOMIKA OTOIXEIA YIa YwVIEC evanoBsaong Pe Tov diaunkn agova
TWV OTOIXEIwV igeg pe 6=0°, 6=45° kal 6=90°. ZUPPwva Pe TNV avaAuTikn digpelivnan n
EMNIpPON TNC avigoTponiac TWV MNXAVIK®WV I0I0TATWY TOU UAIKOU €ival €P(Avng artnv
andkpion TwV OTOIXEIWY, ME AUTAV va NPOKUNTEl KAAUTEPN Yia ywvia evandéBeong uAikou
8=45°, éneita yia 8=0° kal TEAOG yia 8=90°. Eminpo6aBseTa, oTnVv nepinTwan nou Aaupaveral
unown KOVO N KN YPAUUIKOTNTA TOU UAIKOU Ta OTOIXEia TPIgdidoTaTa EKTUNWHEVOU XAaAuBa
ePQavifouv JEYAAUTEPEG AVTOXEC VIO TA UAIKA Mou €MIAEXONKAv, eV YIA PN YPAMHIKOTNTA
UAIKOU Kal YEWMETPIAGC gs @Qopeic Pe aTéAela KaAUTEpN CUMNEPIPOPA £XOUV TA OTOIXEId
OuuBaTIKOU XaAuBa, Xwpic Opwe n diagopd va eival JeydAn.

NEEEIC KAEIB1G: NPOOBETIKN KATAOKEUR ME oUpHa KAl TOEo, TpiodidoTatn ekTUNWON,
avoE&eidwTog XaAuBag, uNXavikeg 1016TNTEG, AnoKpion, EPAPHOYEC NOAITIKOU pnXavikou
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ABSTRACT

3D printing is rapidly gaining acceptance from the construction sector, with concrete
already being applied on a large scale and steel structures starting to appear. The most
efficient method for 3D printing steel structural components is Wire Arc Additive
Manufacturing (WAAM). This technology is used for the construction of structural
components with the flexibility to apply complex geometry, even for components resulting
from optimization procedure, either for reasons of static efficiency or for architectural
reasons. In addition, this method is also applied for damage repair of structural
components. The possibility that it provides to produce large-scale structures, whether
they are directly printed entirely or printed as individual parts and then combined, is
significant. The increasing use of Wire Arc Additive Manufacturing happens due to the
significant advantages that this technology offers over the conventional way of producing
metal components, but also compered to the other 3D printing techniques with metal used
as feedstock. Among others, it provides high speed and low manufacturing costs, printing
efficiency and the possibility of using a multitude of alloys from which components with
improved mechanical properties can be obtained. Given that the mechanical properties and
the behavior of the printed structural component depend on many factors, further
investigation of them is considered appropriate to make their prediction at the printing
design stage possible. The object of the study was to investigate the mechanical properties
and the response of simple 3D printed structural components made of steel using WAAM.
Specifically, stainless austenitic steel material was selected for beams under bending and
columns under compression which were compared with conventional steel for same
components. The aim of the beams’ analyses was to study the response of the bending
components when they are laterally restrained and material non-linearity is considered.
For columns subjected to axial compression, material and geometry non-linearity, in
perfect components and columns with imperfection, were considered in cases of different
heights. The main objective was the investigation of the material deposition direction in
the structural components for deposition angles with the longitudinal axis of the
components equal to 0°, 45° and 90°. According to the analytical investigation, the
influence of the anisotropy of the mechanical properties of the material is evident in the



response of the components. The components response is better for material deposition
angle equal to 45°, then for 0° and then for 90°. In addition, in the case that only the non-
linearity of the material is considered, the components of 3D printed steel show greater
strength for the materials chosen, while for non-linearity of material and geometry in
components with imperfection, conventional steel appears better response, but with the
difference being small.

Keywords: wire arc additive manufacturing, 3D printing, stainless steel, mechanical
properties, response, civil engineering applications



