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IHEPIAHYH

YKomdg avThg TG epyaciag eivar n depevvnon g aAAnienidopaong OAlyng Ko
KOPYMG Kol Ol EMATAOCELS TNG OTNV OVIOY T®V HEADV 7OV VTOKEWTOL GTOV
TOPATAVE GLVOLOAGHO.

210 TPAOTO KEPAAOLO TaPOVGLALovTal ot Adyot evacsyOANoTG e TV OAANAETidpaom
OATYNC Kol KAUYNG Yo TNV TEPITTMOOT KATACKEVOV amd YaAva.

210 0e0TEPO KEPAANO TOPOVLCIALETOL O TPOTOG VWOAOYICHOD T®V QOPTimV
Avytopov e ) HEBodO oloxAnpwong tng olapopikng e&icwong Avyispov. Emiong
napovstafoviotl 1 Bewpia Tov gPamTopeviKoL PéTpov, N Bewpia Tov SuTAov UETPOL
kot 1 Bewpio Tov Shanley. Téhog yivetar ava@opd Kot 6T KAPTOAES AVYIGHOD TOV
Evpoxddwa 3.

10 1tpito xKepdAoro mapovcstdlovion To amoTeAEGHATA U YPOUHIKOV ovOAOGEDY
Yoo v zwepintoon evog yeoMetpikd oatelods OMPBOHevov vroocTtvAdMatog. Ot
EMADOELG Eyvav He TN ¥pNon Tov TPoYpapatog menepacpéveov otoyegiov MSC
NASTRAN for windows V4.0. To vrooTOA®HO TPOGOUOIMVETOL HE TETEPUGHEVA
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HEPIAHYH

otoyelo dokoy Kot e memepoacpéva otoryelo mAdKag. XTI emidoelg AapPavetot
VTOY™N N ETPPON TOV YEMUETPIKMOV UM YPOUHIKOTNTOV Kot TNG U1 YPOHHUIKOTNTOS TOV
VAKOU KO YIVETOL GUYKPIOT TOV OMOTEAECHATOV He TIC OYECES TOL TPOPAETEL O
Evpoxaodwog 3.

210 T€T0pTO KEPAAOLO TTOPOVGIALETOL O TPOTOG VITOAOYIGHOV NG HEYIOTNG POTNG
Kol TOV HEYIOTOV BEAOVLG Yoo TNV TTEPIMTOON POPEWV TOV VIOKEIWVTOL GE GLVOLOGHO
OMynMg kot KAUyNG e ) HEBodo olokAnpmong ¢ dupopikng e&iocwong. Emiong
nmopovotalovtal ol oyéoelg eAéyyov mov o Evpokmdwkac 3 opilel ko o porAog Tov
ovvtereot Ky.

270 TEUMTO KEQAANLO TOPOVGLALOVTOL TO ATOTEAEGHATO T YPOUMIKOV OVOADGEDV
Yo TNV TEPITTOOT EVOS VTOGTVAMKATOG VIO BATYT Kol KAy™. Ot emAvoelS £yvay e
™ ypNon Tov Tpoypappatog tenepacévev ototyeiov MSC NASTRAN for windows
V4.0. To vroctoAwUo TPocopoumveTol [e memepacpéva ototyeion dokov kot e
nenepocphéva  otolyelo mAGKAG, &V Ol emADoEl TEPAapBdvouy  GLUVOLAGHO
YEOUETPIKAOV PN YPOUUKOTHTOV Kol U1 YPOUUUIKOTNTOS VAIKOV.

210 £KT0 KEPAAO TapovotdlovTtal ot S1PopES LETAED TV TILMV TOV GUVTEAECTY|
ky kot Tov TIHOV TOV GUVIELEST®V €maOENONG TG OTATIKNAG POTNG, Yo S1APOPOVS
TUTOVG POPEWMV KOl POPTIGEMV.

Téhog oto mapdptnHa wopovslaletal O TPOMOG EGAYMYNG TOV QPOPEN GTO
npdypopo MSC NASTRAN  «obd¢ emiong xou o TPOTMOG €160YOYNG  TOV
YEOUETPIKDV OTEAELDV.

Awmlopatiky Epyacio Makpuyidvvn Muofh ]



ABSTRACT

NATIONAL TECHNICAL UNIVERSITY OF ATHENS
DEPARTMENT OF CIVIL ENGINEERING

DIVISION OF STRUCTURAL ENGINEERING
LABORATORY OF STEEL STRUCTURES

METALLIC COLUMNS
UNDER COMPRESSION AND BENDING

COMPARISON OF THE ANALYTICAL SOLUTIONS
REGULATIVE ARRANGEMENTS
AND THE RESULTS OF THE FINITE ELEMENTS METHOD

Diploma Thesis
Michael Makrigiannis

Supervisor
Dr. Charis Gantes
Associate Professor N.T.U.A.

Athens
July 2001

ABSTRACT

The purpose of this diploma thesis is to research the effects of the interaction
between compression and bending onto the members strength.

The first chapter presents the reasons of the occupation with the interaction
between compression and bending for the case of steel structures.

The second chapter presents the calculation of the buckling load based on the
method of integration of the differential equation. It also presents the tangent modulus
theory, the double modulus theory and Shanley’s inelastic column theory. Finally it
presents the buckling curves according to EC3.

The third chapter presents the results of nonlinear analyses for the case of a
geometrical imperfect column under compression. All the analyses have been made
with the use of the finite elements software MSC NASTRAN for windows V4.0. The
column is assimilated by two different types of elements, beam and plate elements.
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ABSTRACT

All the analyses take into account the influence of both nonlinear material and
geometric nonlinearities and the results are compared with the equations of ECS3.

The fourth chapter presents the calculation of the maximum bending moment and
the maximum displacement for members under compression and bending based on
the method of integration of the differential equation. It also presents the control
equations according to EC3 and the role of the factor k.

The fifth chapter presents the results of nonlinear analyses for the case of a column
under compression and bending. All the analyses have been made with the use of the
finite elements software MSC NASTRAN for windows V4.0. The column is
assimilated by two different types of elements, beam and plate elements. All the
analyses take into account the influence of both nonlinear material and geometric
nonlinearities.

The sixth chapter presents the difference between the factor ky, and the moment
amplification factor for various types of members and different kinds of loading.

Finally the appendix includes a detailed presentation of the finite elements
software MSC NASTRAN for windows V4.0 as well as the insertion procedure of
geometrical imperfections.
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