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ABSTRACT

The present thesis has as main purpose to investigate the existence and
significance of two special phenomena which occur in curved beams and especially in
arches. These phenomena refer to the residual stresses created by the curving process
and the out of plane stresses and strains created by the curvature of the curved beams.

The first chapter introduces the thesis and describes previous research in
similar issues. Chapter 2 presents an analytical study, where the static behavior of the
arch, the calculation of the out of plane stresses and strains and that of the residual
stresses are presented.

Chapter 3 presents the process followed in order to choose what was necessary
for the experiment. This includes the geometry of arches, the material, the supports
and the general set-up of the experiment. In this section, all selected parameters are
shown, followed by documentation.

Chapter 4 presents a first set of numerical analyses. All appropriate analyses
take place; including linear, geometrical- nonlinear and completely nonlinear
analyses, with and without imperfections. These analyses are used to estimate the
behavior of the arches and the loads which will be applied in the experiment.

Results from the previous numerical analyses are taken into account to design
each member of the whole experiment. Chapter 5 presents the appropriate checks,
according to Eurocode 3, for all members of the experimental set-up. Among others,
the arches, the connections (welded and bolted) and the supports are checked.



Chapter 6 is a brief description of the devices used in the laboratory for the
experiment. These devices are strain gages, LVDT, measures, computers etc. The
general characteristics and properties of each device are referred, including the range,
the accuracy and the error of each one.

Chapter 7 is the most important one, presenting all the measured magnitudes;
strains, loads, displacements, and deformations are presented, commented and
compared to numerical and theoretical results. The numerical analyses refer to the
shell element models, taking all results from ADINA software, while the theoretical
analyses refer to beam models, the results of which are modified by appropriate
relations in order to calculate the estimated magnitudes. The comparison of the
equilibrium paths, of the longitudinal and of the transverse strains is presented.

Finally, chapter 8 presents the conclusions that can be drawn from the thesis
and describe some helpful suggestions of engineering interest. These suggestions
include more complicated checks than those of Eurocode 3 and some ideas for future
research.
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INEPIAHYH

H mapovca petamtuylakt epyacio €xel oG otdY0 Vo SIEPEVVICEL TNV VTTOPEN
KOl TNV ENIOPACT] KATOL®Y QAIVOUEVAOV TOV TAPOVGIALOVTOL GE HUETAAMKES KOUTOAES
dokoVs. Ta eavopeva avtd givol ot TOPAUEVOVGES TAGELS TOV dNULOVPYOHVTAL OO
™V Sdkacio KOUTOAmong Tov TOEwv, Kabmg eniong kot ot ekTdg EMTESOL TAGELS
KO TTOPOUOPPDGELG TOV TPOKAAOVVTOL OO TNV KOUTLAGTNTO TOV KAUTOA®Y SOKAOV.

210 TPOTO KEPOANIO TPAYLOTOTOLEITOL 0L E00Y®YN OTNV  gpyaocia,
TEPLYPAPOVTOS TOV GTOYO TG, CALY Kot TOPOLGLALOVTAG TEPIANTTIKA TIC TPOCTAOELES
GAL®V EPELVNTAOV GTO OVTIKEILEVO QVTO.

To de0tEPO KEPAAOLO pE TN GEPA TOV, TOPOVCIALEL o AVAALTIKY gpyacia
Y. TOV VLTOAOYIOUO - EKTIUNOM TNG CLUTEPIPOPAS TV TOE®V, OAAGL Kol TOV
VTOAOYIOUO  TOV  TOPOUEVOLGAOV KOl  TOV  €KTOC  emmédov  TACE®V Kol
TOPULOPPDCEMV.

To tpito kepdlato divel o AP mepLypaen Tov pebddmv pe Tig omoieg
emAEYONKay OAeg Ol oamopoitnTeg TOPAUETPOL YOO TNV  TPOYUOTOTOINGCT TOL
nepdpatog. Metald GAA®V, Ol TOPAUETPOL OVTEC OPOPOVV GTNV YEWUETPILL TOV
t0wv, 10 €idoc TV ompilewv K.o. TEPIAAUPAVOVTOC KOl OLTIOAOYNOY Yo KAOE
EMAOYN.

To tétapto KEPAAOO TOPOVCIALEL TIC TPMTEG APOUNTIKES OVOAVGELS e TN
Bonbewa tov Aoyispikov ADINA, 6mov mepthapBavovton YPOopIKES Kot 1) YPOUKES
AVOADGELS, TOCO YEMUETPIOG 0G0 Kol LAKOV. Emiong mapovsialoviar avalvoelg pe
Kol Yopic TNV EMIOPOUCT ATEAELDV.



210 KEPAAOMO 5 ¥PNOCIUOTOIOVVTAL TO OTOTEAEGLOTO, OO TIC TPONYOVLEVES
OVOADGELS Y10 TOV OYEOOUO Kol TOV €Aeyyo kaBe HEAOVC MOV GUUUETEXEL OTO
nepapota. Meta&d ALV, Ta T0EN, 01 GUVOEGELS, KOYMMOTES Kol GLYKOAANTES, KOOMG
emiong ko o1 otnpi&elg elvar avtd To omoio EAEYXOVTOL Y10 KOTOGTAGELS OLGTOYI0G KOt
AELTOVPYIKOTNTOG.

To éxt0 KEQAAOMO TEPIAAUPAVEL (oL COVTOUN TEPLYPAPT] TOV UNYOUVILATOV
Kol TV HECMV, TO OMOl0 YPNOLOTOMONKAY Yoo TNV TPAYUOTOTOINCT TOV
TEWPAPATOV KOl TIG OTOlEcONmoTE UETPNOES oL &ywvav. [lepthapfdvovior yevikd
YOPOKTNPLOTIKA Kol 101OTNTEG TOV UNYOVNUATOV KaB®G Kot oTotyelo Onmg 1 axpifeta,
T0 €VPOG KOl TO COAALN KADE GLGKELNC.

To éBdopo kKepdAaio Topabétel OO TO AMOTEAEGLOTA TOV TEPAUATOV, OTMG
LETPOVUEVEG TAGELS, LETATOTICELS, TOPALUOPPDOCELS, POPTI K.0. TOGO Yo To TOEN OGO
KOl Y10, TO VAMKO TOvG. To Topamdve amoTeAEGUATO GUYKPIVOVTOL HE AVOADTIKA Kol
aplOunTkd omoteléopota and to Aoywopuikd ADINA ko amd oyécelc mov
TapovoldlovTal 6To OEVTEPO KEPAANLO.

Téhog, 10 KepdAoo 8 Kdvel (o ypryopn avagopd GTo GUUTEPAGLOTO, TOV
umopetl va e€dryel Kaveilg omd T ATOTEAEGUOTO KOl TIG GVYKPIGELS OAOKANPNG TNG
epyociog, Kou TopaOETEL KAMOEC TPOTAGELS OTO. EVOLNPEPOVIO TOV TOALTIKOV
unyovikov. Ot TPOTACEIS OVTEG TEPLEYOLV KATOOVE TEPUITEP® EAEYYOVS TOL
VIOYPE0VTAL VO KAVEL KAVEIS Yol va. BpiokeTon VtEP TG acPareing, 6G0 Kot TPOTACELS
Y10, LEALOVTIKT €PEVVOL





