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EONIKO METZOBIO NOAYTEXNEIO
TMHMA NMOAITIKQN MHXANIKQN
TOMEAZ AOMOZTATIKHZ

EPFTAZTHPIO METAAAIKQN KATAZKEYQN

MH IO PAMMIKH 2YMIMNEPI®OPA
METAAAIKQN KATAZKEYQN

EMNINTQZEIZ 2THN ANAAYZH KAI TON 2XEAIAZMO

MNEPINHWH

>KoMnoG auTnc TnG OJINAWMATIKAGC €pyaociac €ival n OUCTNUATIKN AVTIHETOMION TNG N
YPAUUIKAG CUMNEPIPOPAG UETAAAIKOV KATAOKEUWV Kal N €£Eac@Aalion TnG euoTABEIdg TouG.

AaupavovTal undéwn OAa Ta €idn PN YPAUMIKOTATWY KABWCS Kal cuvdudouoi auTwy.

>T0 KePAAdio 1 yiveTral avagopd oTa €idn pn YPAUMIKOTNTAC KAl OTIC ENINTWOEIC OTIC
anaiToupeveg UeBOdoUG avaAluong. EEnyeital n onuacia TG pn YPAPPIKAG availuong
KAnolwv KATAoKEUWV, HME ava@opd o€ napadsiypata npayuaTikov QopEwv, Kal

ONUEI®VOVTAI NEPINTWOEIC NMOU €ival ENIKIVOUVEG LE XPNON YPAUMIKNG Bewpiac.

>To KeEQAAAIO 2 avagEPETal N Un YPAUUIKOTNTA Tou UAIKoU. EEnyouvTal ol J1dQopeg
Bewpiec aogToxiac Twv UAIK®WV Kal ava@epovTal kdanoia napadesiypdtra avaAuong aniwv

(POPEWV HE HUN YPAUMIKOTNTA TOU UAIKOU (nAaoTikn avaiuon).

Ta kepaAaia 3, 4 kal 5 aoxoAoUvTal PE TN PN YPAUUIKOTNTA YEWWETPIac. MveTal avagopa
OTIC TPEIC YVWOTEG MeBOdouUC avaluong (Euler, Evepyeiakn, Auvapikn) HE anid

napadeiypata povoBaduimv popeEWY YIa TOUC TEGOEPIC NIBavoUc TpONOUG AUYIOHOU.

Ta kepdAaia 6 kalr 7 avagepovTtal o noAuBdbulia kal guvexr ocuoTnuarta, avrioToixd. H

MEAETN TNG EUCTABEIAG TOUG YiVETAl NAAI PE TIC TPEIC YVWOTEG HEBODOUC.
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2To Ke@aAAaio 8 napouacidlovtal aAyopiBuol apiBunTIKAG €NIAUCNG HN  YPAUMIKOV
npoBAnuatwv. E&nyolvTtal Ta BAuaTa kanoiwv pebddwv, 6nwc n Newton-Raphson kai n
Newmark, Kkabw¢ kal kaTtadAAnAa kpitipia ouUykAiong nou va divouv a&onioTa

anoTteAéopara. TEAog, yiveTal avaAuon NpayuaTikov QopEwV UE NENEPACUEVA OTOIXEIA.

To kepdaAaio 9 €&nyei TN onuacia TNG aAAnNAenidpaonc Twv HOPP®V acToxiag Kal NWG auTn
punopei va odnynoel oTn HEIWoN TNG GUVOAIKNAG (PEPOUCAC IKavOTNTAC €VOG CUOTHMATOC.
Apxikd, yiveTtal 1oTopikn avadpourn yUpw ano To Ofua, kal oTn Ouveéxela avaAUgaelg

d1apOpwV CUCTNUATWY OE NAEKTPOVIKO UMOAOYIOTH, KaBW¢ Kal EEaywyr) CUUNEPACUATWYV.

>Ta Kepaiaia 10 kai 11 diepsuvwvTal XaAuBdiva péEAn und BAIWN pe 1 Xwpic kaupyn.
riveTalr ava@opa oTnVv €Nippor TwV CUVOPIAKWV CUVBNKWV Kal OTIG KAaVOoVIOTIKEG 01aTAEeIg
Tou EK3. Akopa, yivovtal kanoie¢ avaAUoeic o NpOypaupd NENEPACUEVWY OTOIXEIWV YId

OIAPOPEC NEPINTWOEIC POPTIONG KAl CUVOPIAK®OV TUVONKWOV.

Ta kepdAaia 12 kal 13 avagpépovtal o€ avaAuoelg eninedwv nAaiciov anod XaAupa.
XpnaoiponoloUvTal avaAuTIKEG nEBodoI, ol diaTa&eic Tou EK3 aAAd kal api®unTikég peEbodol
Kal yiveTal ouykpion TV anoTeEAEOPATWV. AlEpeUvVATAl N OTPOPIKN JUCKAUWIA TWV HEAWV.
TéNog, npoTeivovTal OIaypAUUATA Yid TOV UMOAOYIOMO TOU HNKOUG AUYIOHOU OUVEXWV

UMOCTUAWUATWY KAl OUYKPIvVOvVTal UE aUuTa Tou EK3.

>T0 KeAAaio 14 napoucialetal n Bswpia AuyiopoU AenTwv NAakwv. TovileTal n enippon

TWV CUVOPIAK®WV ouvBnkwv. FivovTal TO0O YPAUMIKEG 0G0 KAl YN YPAUUIKEG avaAUoEIG.

>To napdpTnua napoucialeral o TpONOC NPOCOUOIWaNG EVOC anAol (popéa oTo NPoypappua
MSC-Nastran, kaBwg kar o Tpono¢ sioaywync dedopevwy Kal dIEEaywyns pn YPAUUIK®OV

avaAUoewV.
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NONLINEAR BEHAVIOR
OF STEEL STRUCTURES

EFFECTS ON ANALYSIS AND DESIGN

ABSTRACT

The purpose of this diploma thesis is the methodical treatment of the nonlinear behavior
of steel structures and the reassurance of their stability. All types of nonlinearities as well

as their combinations are taken into consideration.

Chapter 1 refers to the types of nonlinearities and their effects on the required analysis
methods. The importance of the nonlinear analysis of some structures is explained,
regarding examples of real structures, and cases are outlined for which it is dangerous to

use linear theory.

In chapter 2 material nonlinearity is addressed. Theories of materials’ yield criteria are

explained and examples of simple structures’ inelastic analysis are mentioned.

Chapters 3, 4 and 5 explain geometric nonlinearity. The three known analysis methods
(Euler, Energy, Dynamic) are mentioned, with simple examples concerning structural

models with one degree of freedom covering the four possible types of instability.

Chapters 6 and 7 refer to structural models with many degrees of freedom and
continuous models, respectively. Their stability study is again carried out using the three

known methods.
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In chapter 8 algorithms of numerical solution of nonlinear problems are presented. The
steps of some of these methods are explained, for example the Newton-Raphson method
and the Newmark method, as well as suitable convergence criteria that give credible

results. Lastly, finite element analyses of real structures are carried out.

Chapter 9 explains the importance of interaction of modes and how this can result to the
decrease of the total maximum load that a structure can bear. At first, the theory of this
subject is presented, and then analyses of various structural models are performed,

leading to interesting conclusions.

In chapters 10 and 11 steel components under compression with or without bending
forces are investigated. The influence of boundary conditions and the code provisions of
EC3 are discussed. Moreover, some finite element analyses are carried out, concerning

various load cases and boundary conditions.

Chapters 12 and 13 refer to the analysis of plane steel frames. We use analytical
approaches, EC3 code provisions, as well as numerical methods, and a comparison
between the results is carried out. The rotational stiffness of components is investigated.
Lastly, diagrams concerning the calculation of buckling length of continuous columns are

proposed and compared with those found in EC3.

In chapter 14 the theory of buckling of thin plates is presented. The importance of
boundary conditions is emphasized. Both linear as well as nonlinear analyses are carried

out.

The appendix presents the way of creating a simple structural model using the program

MSC-Nastran, as well as how to import data and carry out nonlinear analyses.
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