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EYXAPIZTIEZ

H eknovnon Tng dINAWUATIKAG Hou €pyaciag onuaTodoTel TO NEPAG TWV MPOMNTUXIAKWY HOU Ornoudwv
otn ZxoAn MoAimkwv Mnxavikwv Tou EBvikou MeTooBiou MoAuTexveiou. e auTr Tnv npoondbeia
KaBopIoTIKr UNAPEE N OUuPBOAr, n kaBodnynon kai n oTAPIEN OpIoHEVWY avepwnwv nou Bpébnkav
dinAa pou.

MpwTioTwe, Ba NBeAa va euxapioTow Bepud Tov K. Xapn Favré, kabnynTr Tou Togéa AOMOOTATIKAG
Tou E.M.M., nou pou £dwae Tn duvaTtdTnTa va JIEKNEPAIOW TNV Napouod JINAWUATIKN Epyacia uno
™V eniBAewn Tou OeixvovTag eumoToolvn OTO NPOoWNO Pou. H ouoTnuaTikr kabodnynon kai ol
MoIOTIKEC NapaATNPROoEIG Tou diadpapdarioav anoudaio poAo oTnv oAoKANPWON auThg TNS Npoondbeiac.
IdiaiTepa Ba Beha va suxapioTnow Tov HAia @avacouAa, unowngio AidakTopa Tou E.M.M. yia Tnv
€EaIpeTIKr) BonBsia Nou Hou Npocepepe KaBOAN Tn didpkeia TG epyaciag. O1 aueoeg dlopBwaoelC kal ol
NOAUTIUEG CUUBOUAEC Tou GUVEBaAaV o€ KaBoPIOTIKO BaBuo6 oTn dIapopPwWan TNG Napouoag epyaaciac.
Eniong BéAw va euxapioTriow Bepud Tov k. Iwdavvn Bayia, Kabnyntr Tou Tougéa AoMOOTATIKNAG TOU
E.M.M. kai Tov K. MaUAo Gavonouho, AékTopa Tou Topéa AopooTaTikic Tou E.M.M. yia Tn ouppeTOXN
TOUG OTNV €EETACTIKN €NITponi TNE SINAWMATIKAG Hou epyaaiac.

Ma To euxdpioTo KAiya 000 Kaipod OOUAEWAUE oTov idlo XWPo Kal TIGC XPNOIUEG OUUPOUAEC TOug
€UXaPIOT® TO BaciAn Mehioaiavo kal To ZTENIO Bepvapdo, unowneioug AidakTopeg Tou E.M.M.
OMokAnpwvovTag, 6a rBeha va oTabw kal oTa NPOowna nou We atnpilouv kaBoAn Tn didpkela Twv
OXOMKQV Kal QOITNTIKWV HOU XpOvwv. EuxapioTw Toug yoveic Jou, BaciAn kal Zwr), TV adeper| Hou,
KwvaoTavTiva, kal Toug GUP@OITNTEG Kal PIAOUC JOU YIa TN CUUNAPAcTAch Kal TNV ayann Touc.
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NMEPIAHWH

H napoloa OINAwUATIKA €pyacia npaydaTteUseTal TNV KAVOVIOTIKR Kal  apiBunTikn  dlepeuvnon
XaAUBBIVOV DoKWV HE KUKAIKG Olakeva Koppou. H dnuioupyia diakévwy KoppoU 10Ayel VEOUC TPOMouUG
aaToxiag Tng dokoU Kal avanTuooovTal NPocBeTa BEAN Kapync. O €\eyxog dokwv We didkeva KopHoU
oUppwva pe To npooxedio Tou EN1993-1-13 anoTeAei pia véa npoTevopevn HEB0DO yia TRV NpoAnwn
EVOEXOUEVWY aCTOXIOV Kal OIEPEUVATAl N €yKUPOTNTA Ot OUYKPION HE TA anoTEAEOPATA TWV
ap1BunTIKWV avaAUoEwy.

3TO NPWTO KePAAQIO YiveTal 10TOpIK avadpour oTn xprion Ookwv HE OIGKEVA Kopupou Kal
nepiypagovTtal ol PéBodOI KATAOKEUNG Mou xpnoigonoloUvTal, ev® napoucialeTar n duvaroTnTa
onuioupyiac OoKWV HE OIGKEVa KOpHOU HETABAANOMEVOU UWOUG Kal KAMMUAWHEVNG YEWHETPIAC.
AkohoUBwg, napatiBevtal napadeiyuata ¥priong Ookwv Me Oldkeva koppoU kai Tovidovtal Ta
NAEOVEKTAUATA TOUC,

2710 OeUTEPO Ke(AAAIO MAPOUCIAlETAl N PNXAVIK CUPNEPIPopd dokwv He Olakeva kopdoU Kal n
npoteivoyevn HEBOdOC avaAuonGg Touc w¢ Mia 1000Uvapn Ookog Vierendeel. 3Tn ouvéxela
nePIyPAMOVTal avaAuTiKd ol HOPPEG aaToxiag Twv dOKWV Kal TOVIETal N onuacia owoToU oXediacpou
Kal eAéyxou yia Tn diapUAA&n TnG akepaidTNTAC Touc. MapaTiBevTal yevikoi Kavoveg oxediaouoU doKwv
Je dlakeva KopHoU Kkail Mo avaAuTIKa yia KUKAIKG kal opBoywvika Siakeva. EninAéov, yivetalr avapopd
OTOUG AOYOUG nou odnyoUv aTnv avaykn evioxuonc Twv dIakévwv Kal napatifevral Bacikoi Kavoveg
oXedIaopoU NMou NPOEKUYayv UOTEPA ano HEAETEC.

>To TPITO KEPAAAIO YiveTal napouciacn Tou npooxediou Tou EN1993-1-13 nou avageEperar oTo
oXedIaopo OOKWV HE OIAKEVA KOPUOU. ApXIKA YiveTal avapopd oTo Nedio EPAPPOYNG TWV KAVOVIOU®Y
Kal gToug opiodoUC Mou XpnaoldonolouvTal yia Ty avaluon Twv dokwv. AkoloUBwC napatiBevral ol
YEWMETPIKOI NEPIOPIOHOI SOKWV HE JIAKEVA KOPHOU Kal Ol KAavovioUoi yia Tnv Katnyoplionoinan Twv
OlaTopwyv. Mepiypd@eTal avaluTIkKd O UMOAOYIOWOG TNnG avtoxng Ookwv Me Oldkeva Koppou,
MEpOVWUEVA N moAanAd, otnv Opiakny Katdotaon Actoxiag (OKA) kai o éheyxog otnv Opiakn
Kataoraon Asitoupyikotntag (OKA). Me Baon To napandvw npooxedio yiveralr n eniluon evog
napadeiypatog dokou Pe diakeva KopHoU kal axedialeTal o dpouoc iIcopponiag Tne.



>TO TETAPTO KEPAAAIO npayuaTonolouvTal apidunTIkEG avaAloeIC DoKWV HE KUKAIKG didkeva koppoU.
Mepiypageral avaAuTika 0 TPOMOG E TOV OMoio MPOCOMOIWVETAl apiBUNTIKG n dokoOC kal dIEpEUVATAl O
KaTaAANAOG TUNOC KN YPAUKIKAG availuong nou Ba uioBeTnBei kal To JEYEBOC TNG ApXIKAG ATEAEIQC MOU
giloayeTal. AKoAoUBw¢ napoucialovTal Ta anoTEAECUATA TwV aplBUNTIK®Y avaAUoEwV Kal GUYKpivovTal
HE TA AMOTEAEOUATA TWV KAVOVIOTIKWV dIOTAEEWV WC NPoG To oplako (opTio TnC dokoU Kal To
OUVONIKO BENOG Mou avanTuooeTal. Me Baon To diIdypaupad KAPNTIKWV ponawv Tng dokoU eEeTalerar n
duvatdTnTa avantuéng TnNG NAAOTIKNG KAl €AAOTIKNG POMNG avrioxng kai OlEpEuvATal n
anoTeAeoPaTIKOTNTA TWV KAVOVIOUWV WG NPOG TV KaTnyopionoinan tng dokou.

>TO NEYNTO Kal £KTO KEPAAalo napouoialovral Ta anoTeAEOPATA NAPAUETPIKNG dIEPElVNONG HECW N
YPAUUIKWV aVAAUCEWV YEWHETPIAC KAl UNIKOU HE ApXIKEG ATEAEIEG. 2TO MEPNTO KEPAAAIO PEAETATAI N
enmppon Tng diaperpou (h,) oTnv andkpion TNG SOKoU KAl GUYKPIVETAI JE TNV AnoKpIon TG avTioToIxng
oupnayoUc doKoU, eV OTO £KTO KEQAAAIO N EMIPPON TNG AndoTAoNG METAEU TWV KEVTPWV YEITOVIKOV
Olakevawv (s). Ze kaBe kepdahaio napouoialeral n PETABOAR TOU OpIAKOU (POPTIOU OUVAPTACEl TNG
avTioToIxnG NapaueTpou. AkoAoUBWG Ta anoTEAEOUATA TWV ApIBUNTIKWV avaAlUoswv CUYKPIvovTal HE
TA ANOTEAEOUATA TWV KAVOVIOTIKWV OIATAEEWY. STO TENOC TOU KTOU KEPAAQIOU CUYKPIVETAI N €MIPPON)
NG OIQUETPOU KAl TNG AMOCTACEWG TWV KEVTPWV YEITOVIKWV OIOKEVWY HECW Tou Adyou a oTnv
anokpian Tng dokou.

>T0 €BOOHO KEPAAAIO PEAETATAI N €NIPPON TOU NAXOUC TOU KOPUOU OTNV anokpion OoKwv e OIAKeva
kKoppoU. To ndxoC Tou kopuoU kaBopilel Tn AuynpoTNTAa TOU Kal KATd ouvéneid Oiadpapatilel
KaBopIoTikO pOAo aTnv Tonikr eucTddeia TnG dokoU. Ta anoTeAéopaTa Twv apiBUNTIKOV avaAuoswy
OUYKPIVOVTAI JE TA AMOTEAEOUATA TWV KAVOVIOTIKMV OIATAEEWV WG NPog Trn HETABOAN Tou opiakoU
(POpPTIOU GUVAPTHOEI TOU NAXOUG KOPHOU Kal Tr HOPQr| aoToxidac.

>T0 0Y000 KePAAaIo €EeTAleTal N enippor) TNG BE0NG €MIBOANG CUYKEVTPWHEVOU (POPTIOU G DOKO HE
KUKAIKG Oldkeva koppoU. O KavovioTIKEC OIaTAgelc Oev ava@Eépouv KAmolo kavova yia Tn B€on
€NIBOANC TOU QOPTIOU Kal TNV avapevopevn acrtoxia. MNa To AOyo auTtd UIoBETeiTal €vag YEVIKOG
Kavovag nou avaQépeTal ot opBoywvika Oldkeva kopdoU Mou MPOEKUWE anod NEIpAPaTIKa
anoteAéopaTta. AkohoUBwg diepeuvdral n ENIPPON Tou NAXOUG KOpHOU OTn HopQr agToxiag 0okou HE
Oldkeva KopdoU MOU KATAMoVeITal and OUYKEVTPWHEVO (opTio. TEAOC, OTO £vaTo Kal TEAEUTAIO
Ke(AAaio napouacialovral Ta Yevikd CUPNEPACHATA TNG OINAWMATIKNAG €pyaciac kai diaTunwvovTal
OPICMEVEC MPOTACEIC YIa TNV NEPAITEPW OIEPEUVNON TNG aAnOKPIONG TWV OOKWV HE KUKAIKA dldkeva
KOpHOU.
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ABSTRACT

The present diploma thesis deals with the normative and numerical investigation of steel beams with
circular web openings. Existences of web openings introduce new failure modes and leads to
additional deflection. In the present thesis steel beams with web openings are verified according to
the working draft of EN1993-1-13 and the results are compared with those of nonlinear finite element
analyses performed with software ADINA.

In the first chapter, a historical review of the use of steel beams with web openings is presented. At
the same time, the pertinent construction methods are mentioned, while the feasibility of steel beams
with web openings of varied height and curved geometry are described. Examples of their use are
mentioned and advantages are highlighted.

In the second chapter, the structural performance of steel beams with web openings is presented and
a proposed method based on an equivalent Vierendeel girder is described. Furthermore, the modes of
failure are briefly described and the significance of structural design and the verification of their
strength is highlighted. General guidance for designing beams with web openings provided,
specifically for circular and rectangular openings. Reasons for reinforced openings and simple design
rules for reinforced rectangular openings are also presented.

In the third chapter, the working draft of EN1993-1-13, “Steel beams with large web openings”, is
presented. The scope and definitions for the purpose of this are mentioned. Dimensional limits for
designing beams with web openings and their section classification of are presented. Ultimate limit
state verifications rules for isolated and closely spaced web openings and serviceability performance
are also described. The verification of strength of a beam with circular web openings is examined and
the equilibrium path is evaluated.

In the fourth chapter, linear buckling as well as nonlinear numerical analyses of steel beams with
circular web openings are presented. The numerical modeling of the beams is described and the
appropriate type of nonlinear analysis and size of initial imperfection is investigated. Then, the results
of the numerical analyses are presented and compared to the results of the working draft of EN1993-
1-13. The verification of plastic and elastic bending resistance is based on the bending moment
distribution and section classification is examined.



In the fifth and sixth chapter, the results of an extensive parametric investigation based on nonlinear
analysis are presented. In the fifth chapter, the influence of the diameter (h,) is investigated and
compared with the structural performance of a solid beam, while in the sixth chapter the influence of
centre to centre spacing of adjacent openings (s) is investigated. In each chapter, the variation of
critical and ultimate loads versus the corresponding parameter is presented. The results of the
numerical analyses are compared to the results of EN1993-1-13. At the end of the sixth chapter, the
influence of the diameter and the centre to centre spacing of adjacent openings based on g, the ratio
of centre to centre spacing of adjacent openings to diameter, is compared.

In the seventh chapter, the influence of web thickness is investigated. The thickness of web defines
the web slenderness. The results of nonlinear analysis are compared to the results of the working
draft.

In the eighth chapter, the influence of the distance from any part of the opening to the nearest point
load is investigated. The working draft of EN1993-1-13 does not mention any general rule of the
proposed distance and the probable mode of failure. For that reason, a general design rule for
rectangular openings is used. The influence of web thickness in the beam mode of failure is
investigated. In the ninth and final chapter, the conclusions of the diploma thesis are presented and
proposals for the further investigation of steel beams with circular web openings structural strength
are suggested.





