ANAKOINQXH - IPOXKAHXH
AHMOZXIA YIIOXTHPIZH AIAAKTOPIKHX AIATPIBHX

IIpocyoritn XprjcTov
Awthopotovyov Mnyavoidyov Mnyavikov

Tithog (AyyAuwd/EAAnviKd):

EXPERIMENTAL INVESTIGATION AND ANALYTICAL MODELING OF FATIGUE
CRACK GROWTH IN HSLA STEELS WITH PRE-EXISTING PLASTIC DEFORMATION
/ IEIPAMATIKH AIEPEYNHZH KAI ANAAYTIKH I[TPOXOMOIQXH THE EEEAIEHX
POI'MHY XE KOIIQXH XAAYBOQN YYHAHX ANTOXHX ME IIPOYIIAPXOYXZA
INAAXTIKH ITAPAMOPOQXH

Link om6 diavlos: https://diavlos.grnet.er/epresence-conference-13316

IepiAnwn (oyyMkO/ eEAAVIKG):

Abstract

Cold roll-forming is a commonly used process for manufacturing lightweight steel
profiles used in structural applications, such as racking storage systems. In the roll-
forming technique, the introduction of specific forming details, such as angles,
transitional sections etc., is accompanied by localized, non-uniform plastic
deformations. At the plastically deformed regions, the hardening/softening phenomena
and the developed residual stresses and strains may significantly influence the onset of
fatigue damage as well as the fatigue crack growth resistance of the steel sections and
lead to premature fatigue failure. For that reason, reliable fatigue assessment methods
from a material viewpoint require an in-depth understanding of the effect of plastic
deformation on the fatigue and fatigue crack growth behavior of the steel material.

In the present dissertation, a combined experimental-numerical-analytical methodology
is developed aiming to provide an assessment tool for the fatigue crack growth behavior
in plastically prestrained steel material. For the purpose of the investigation, the
structural HSLA S355MC and S460MC steels have been examined. In the experimental
part of the Thesis, the effect of different plastic prestraining levels on the monotonic,
cyclic and fatigue crack growth behavior of the steels is evaluated. Hardness, tensile
and fracture resistance tests, are conducted on unstrained and prestrained steel material.
The cyclic performance of the steels is examined using low cycle fatigue and fatigue
crack propagation experiments. The experimental results are supported by
metallographic observations and fractographic analyses to evaluate the microstructural
state and fracture characteristics of the materials under the conditions examined. In the
analytical part of the Thesis, prediction of fatigue crack growth rate (FCGR) in
plastically prestrained materials under mode I loading is performed. Analytical
modelling of FCGR is based on an established critical energy approach, which
considers the cyclic plastic zone as the fracture process zone for incremental crack
growth and takes into account the influence of plastic prestraining through the modified



cyclic material properties. The analytical model is capable to account for the effect of
existing residual stresses on FCGR, occurring at specific cold roll-formed locations, by
using an effective stress ratio concept. For the numerical simulation of the residual
stress-strain state in the case of the cold formed structural steel profile type P140, a
Finite Element Model has been developed able to predict the magnitude and distribution
of residual stresses and strains at the critical forming locations of the profile. A
parametric study is also performed to evaluate the effects of profile’s length and
presence of perforated holes in the profile in the magnitude of residual stresses. Based
on the numerical results from the FE analysis, the analytical fatigue crack growth model
is implemented in a case study to predict the fatigue crack growth rate in the corner of
the P140 profile taking into account the combined effects of residual stresses and
plastically deformed material.

The experimental-numerical-analytical methodology of the present Thesis provides a
basis for a better understanding of the fatigue crack growth behavior of plastically
prestrained materials towards a more reliable assessment of fatigue damage evolution
at critical locations of steel sections, manufactured with the cold forming process.

Iepidnyn

H yoypn éhaon eivon po dtadikacio mov epapudletor cuvnlme Yoo TV KOTOGKELT
eEAAQPAOV TTPOPIA YGALPA TOL YPNOIUOTOOVVTAL GE OOUIKEG EQPAPUOYES, OTMG
CLUCTNUOTA OTOONKELONG PAPIOV. XTIV  TEYVIKN TG EAAONG, M E100y®OYN
OLYKEKPIUEVOV AETTOUEPEIDV OOUOPPWONG, OTWOC YWOVIES, KA., CLVOSEVETUL OO
TOTIKES, AVOUOLOHOPPES TAUCTIKES TOPAUOPPMCELS. XTI TAUCTIKG TOPAUOPPOUEVES
TEPLOYES, TA PALVOUEVA GKAPLVONC/eE0cOEVNONG Kol Ol TOPAUEVOVGES TAGELS KO
TOPAUOPPAOCELS UTOPEL VO EMNPEACOLY OCMNUAVTIKA TNV eUEAvioT (Muav AdY®
KOT®oNG KoM Kot TNV avtioTaon avATTuENG pOYUAOV KOTOONS TOV YOADBIVOV
TUNUATOV Kol VoL 00NyNoovVV o€ TPowpn aoctoyio komwone. o to Adyo avtd, ot
a&omoteg péEBodot a&loAdynong g KOTwong amd TV Aoy ToL VAKOD, OTaITOVV
po €1 Pabog katavonomn TG EmOpOONS NG TAACTIKNG TOPAUOPOOONS OTN
CLUTEPLPOPE KOTOONG KOl AVATTUENG POYUDV KOTWOGNS TOL YOADBIVOL DAKOV.

2mv mapodoo dtpiPr), oVOTTOCOETOL U0 GUVOLOGUEVT] TEIPOUATIKN-PIOUNTIKN-
avoAvTiky pebodoroyio pe otdxo va mopéyel €va gpyadeio agloldynong yo
CLUTTEPLPOPE AVATTUENG POYUOV KOTMONG G€ TAACTIKA TPOEVIETAUEVO YaAvPa. [a
TOVG OKOTOVG NG £pevvac, eEetdotnkay ot doptkoi ydAvPeg S355MC kar S460MC.
270 TTEPOUATIKO HEPOG TNG O1aTPPNC, a&loroyeitan 1) EMIOPACT SIUPOPETIKMV EMTES DV
TAOCTIKNG TPOEVIOONG OTI  HOVOTOVIKY] KOl KUKAMKY GUUTEPLPOPE, KOl OTN
CLUTEPLPOPE. AVATTUENG POYUOV KOT®ONS TV XaAVPmvV. Ot dOKIHES OKANPOTNTIG,
epeAKLOUOD Kol avtoyng o€ Opadon TPAYHOTOTOOVVIAL GE WU EVIETAUEVO Kol
TPOEVTETOUEVO DAMKO YdAvPa. H kukAikn coumeprpopd tov yadlvPov eEetaletan pe
YPNON TEPAUATOV OAYOKVKAMKNG KOT®ong kot 01ddoons poyudv kémwonsg. Ta
TEPOUATIKA OTOTEAEGHOTA, VTOGTNPILOVTOL OO UETOAALOYPOAPIKES TOPATIPNOELS KO
AVOADGELS EMPOVEIDOV Opadong Yo TNV aEloAdYNon TS MKPOOOMKNG KATAGTACTG Kol
TOV YOPAKTNPIOTIK®OV Opadone twv VAoV vtd tov eéetaldpevov cuvinkov. 1o
avOALTIKO HEPOG NG Atotpipng mpaypotomoteitor TpdPreyn tov puOuUoH avarTLENg



POYUDV KOTMONG GE TAUCTIKO TPOEVIETAUEVE VAKE vmd @Optwon tomov [ H
aVOALTIKY povteAomoinom tov puBuov eE€MEng poyung kémwong Paciletor oe o
Kabepopévn mTpocEyylon kpioung evépyelag, n oroia Bewpel TV KVKAKY TAOGTIKY
Covn og ™ Ldvn Bpavong yio T 6Tadlokn avaTTLEn TG POYUNS Kot Aappdvel vmoyn
MV €NiOPOC NG TANCTIKNG TPOEVINONG HECH TOV TPOTOTOUNUEVOV KUKAIK®OV
1310 TOV ToL LAKOV. To avaAivtikd povtédo eivat oe 0Eom vo vtoloyicet v enidpaon
TOV TOPUUEVOLC®V TAoE®V oT0 pLiud €EEMENG poyuns, mov gpeavifoviolr oe
OLYKEKPLUEVES BETELG YLYPNG ELOONC, XPTOLOTOLDOVTOG 10 £VVOLL TOV EVEPYOD AOYOL
thoewv. [a v apBuntiky mpocopoimon otV TEPIMTOON TOV JOUIKOD TPOPIA
yoivBa  yoyxpng popeomoinong tomov P140, €xer avomtuyBel éva  povtédo
MENEPACUEVOV OTOXEIOV KavO Vo TpoPAEmel To péyeBog Kol TNV KOTOVOUN TV
TOPAUEVOVCOV TAGEMV KO TOPALOPPAOGEDV GTIG KPIGUES BEGEIS SIOPOPP®ONG TOL TO
nmpo@id. Ilpaypatomoleiton emiong pio TAPAUETPIKY HEAETN YO0 TNV OEOAOYNON TOV
EMITAOGEDMV TOL UNKOVS TOV TPOPIA Kol TG TOPoVsiog OTPNT®V OTMV GTO TPOPIA
010 péyebog TV mopapevovomv Tacemv. Me Bdon ta aplfunTtikd amoteAécpata oo
NV avAAVoT TOV TENEPUCUEVOV GTOXEIMV, TO AVIAVTIKO LOVTEAD aVATTLENG POYUDV
KOT®WoNG e@appoletor oe por HEAETN TepimTone, Yo TV TpoPAeyn Tov pLOUOY
avénong g poyUng kKémmong otn yovia tov mtpogik P140 Aaufdvovtag vroéyn tig
OLUVOVOGHEVEG  EMOPACELS TMOV  TOPUUEVOVCHV TACE®V KOL TOV  TANCTIKA
TOPOLOPPMUEVOD VAIKOD .

H mepapatiki-opOuntiki-ovoiotiky pebodoroyia g mapodoog datping mapéyet
™ Bdon Yo o KaADTEPT KOTAVONOT| TNG CLUTEPIPOPAS AVATTVENG POYHOV KOTMONG
TOV TAUGTIKA TPOEVIETAUEVOV VAIKAOV, KOl GUVETMG [0l L0 a&IOTIOTY EKTIUNON TNG
e€éMéne ™mc Inuuag komwong oe kpioyeg Béoelg yolOBdVOV TUNUdTOV TOL
KaTooKeELALoVTaL e TN d1adtKacio Youypng SLUHOPP®OTG.
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