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MepiAnyn

H mapouoa Siatplpn mpayuateVeTal MPOPARUOTA LN YPOAULKAG
ocuumneplpopag emumedwy MAALCLOKWY POpEWV amod XaAuPa kot
Kuplwg TPOBANHATO TOU KOMTTIKOU AUYLOMOU TOUG KAl TNG
EUKAUTTTNG ATIOKPLONC TOUG EVOVTL TAEUPLKWVY PopTiwy.

2T0 PeyoAUTEPO UEPOG TNG N €pyacia aoyoAsital pe tn BeAtiwon
™¢ akpifelag tng neBoddou tou LWodSUVOUOU UAKOUG AUYLOUOU
ylo. TOV UTTOAOYLOMO ToU gAaoTikoU Kpiolpou ¢optiou Auylopou
UTTOOTUAWUATWY TTIOAVWPODWVY TAALCIWV HE AKAUITTEG KOL NL-
AKAUTTEG OUVOEoeEl. Ta  UMOOTUAWUOTO TPOCOMUOLWVOVTOL
HEUOVWHEVA, AapBavovtag umoyn tn ouvelopopd Twv HEAWV
TIOU CUVTPEXOUV OTOUG OKPOLOUG KOUPBOUG TOUG HECW OTPOPLKWY
ehatnplwv, evw n oavtiotaon mou TPoBAaliel to oUOoTNHO
SuokauPiog mpooopowwveTal HE gAatnplo  €uBuypAppou
Kivnong. MMpoteivovtal oVOAUTIKEC OXEOELS, ypadnuato Ko
TILVOKEG YL TOV UTTOAOYLOMO TOU LooSUVALOU HUKOUG AUYLOHOU
UTTOOTUAWHATWY Ylo OAa Ta eUpn Hetabeong. H ektipnon tng
otpodpkng SuokapPlag Twv HEAWV TIOU OUVIPEXOUV OTOUG
0KpPOlouG KOUPBOUC TOU UTTOOTUAWMATOG TIPAYLOTOTIOLELTOL HECW
OVOAUTIKWY OX€oewv, AapBavovtac umoyn OAeg T TOAVEG
OUVOPLOKEG OUVONKEC OTO QTMEVOVIL AKPO TOUC KaBwG Kol tnv
emppon TG afovikng toug OSuvapnc. Mpoteivetal €va veo
KPLTAPLO XAPOKTNELOMOU TNG UETABETOTNTAC TTOU amodeLKVUETAL
TILO a€LOTILOTO Ao TO MPOTEWVOUEVO oTov Eupwkwdika 3.

JTn OUVEXELO, Ttapouclaletal pla euxpnotn HEBodo¢ yla TNV
afloAoynon t¢ omoudalotnTag TNG EMPPONS 2nG taéng otnv
OmOKPLON  METOAMKWY TAQLOWWV KOl TNV EKTiUNON TOU
EMAUENTIKOU OUVTEAECT O, ME TOV OMOL0 umopolv va
noAamAactaovtal Ta HeYEDN Evtaong Kal mapapopdwong mou
TIPOKUTITOUV QmO YPAUMLKY avdAuon. Akopa, Slepeuvatol n
aAAnAemnidpaon tng BAUTTLKAG afovikNG SUVAUNG KoL KOUTITLKAG
POTINC O€ UEAN TTALCLWV.

TéAog, Olepeuvdtal n E€mMPPON TOU TPOCHUOU TWV apPXLKWY
ateAelwV KaBwWE Kal TNG AVEAACTIKAG CUUTEPLPOPAG TOU UALKOU
oTNV avtoxn MAaLolaKwy PeTaBstwy popéwv popdngI.

1.0

Abstract

The objective of the present thesis is to propose approximate
linearised methods for the treatment of non-linear problems
characterising the behaviour of plane steel frames, such as
buckling and second order effects.

The main part of the thesis deals with the improvement of the
effective buckling length method for the evaluation of the elastic
critical buckling loads of columns in multi-story frames with rigid
and semi-rigid connections. The columns are modelled
individually, with the contribution of the members converging at
the top and bottom end taken into account by equivalent
rotational springs, while the resistance provided by the bracing
system is modelled via a translational spring. Analytical
expressions, graphs and tables are proposed for the calculation of
the effective buckling length for a wide range of sway ability. A
complete set of the rotational stiffness coefficients of the
adjacent members are proposed, accounting for the presence of
the axial force as well as for the boundary conditions at the far
end. A new criterion for the sway characterisation of frames is
also proposed, which is proven to be more reliable than the one
included in Eurocode 3.

Next, a simple method is presented for the estimation of the
importance of second order effects and the evaluation of the
amplification factor a to be used as a multiplier of stresses and
strains obtained from linear analysis, in order to approximate the
corresponding quantities from non-linear analysis. Furthermore,
the interaction of the compressive axial forces and the bending
moments in steel members is investigated.

Finally, the influence of the direction of imperfections and the
material non-linearity on the buckling capacity of “gamma”-
shaped sway frames is investigated.
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Metadetotnta nAatoiwv yLo SLAPOPEC TIUEC TWV CUVTEAEOTWV Nouoypdanua urnoAdoyiouou tou ouvteAeoty  Eélowon AvyliouolU yia tov umoAoyloud Ttou
KaTavouns z,, z, Ko Tou adlaoTaTOMOLNUEVOU CUVTEAEDTH TOU ueyeduvone o, ylo SLAPOPEC TIUEC TwV  OUVTEAEOTH LoodUvauou unkoug Auylouou K yia
edatnplou evduypauuou kivnong. OUVTEAEOTWV KOTAVOUNG Z,, Z,, UMTOOTUAWUATA O€ UEPLKWC UETATETA mAaioLa.
Sway ability of frames for different levels of the non- Graph for the evaluation of the amplification  Buckling equation for the evaluation of the
dimensional distribution factors z,, z, and the non-dimensional factor a, for different levels of the non-  effective buckling length factor K for columns in
translational spring constant. dimensional distribution factors z,, z, partially sway frames.

fpadripata xapaktnpLopoU Tou MAALGLOU WG TPOG TN HETAOETOTNTA TOU KAOWE Kot ypadripata UNOAOYLOOU TOU GUVTEAEOTN HeyEOuvoNG
a (rmou opiletatl w¢ 0 AOYo¢ TNE POTNCE 2nG TAENC TTPOC TNV avTioTolxn pomn 1ng TA&NC) TWV EVIOTIKWY KoL TIOPOHOPPWOLOKWY HEYEOWV amo
VPOUULKN avaAuon, yia tnv anoduyn dte€aywyng Un-ypopLKAG avaluong Kol e€lcwaon AUYLOMOU yLo UTTOOTUAWLOTO PEPLKWE LETABETWV

TAQLOLWV.

Graphs for the characterisation of the structure according to its sway ability as well as graphs for the evaluation of the amplification factor
o (defined as the ratio of the moment evaluated by the non-linear analysis to the first order moment), which can be used as a multiplier of
stresses and strains obtained from the linear analysis in order to avoid carrying out a non-linear analysis and buckling equation for the

columns in partially sway frames.
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Apouot  toopportiag  mAatoiov  oxniuato¢ I amo

QVEAQOTIKEC AVAAUCELG UE YEWUETPLKN [N YPOUULKOTNTA.

MAaioto oxruarog I. Equilibrium paths of “gamma”-shaped sway frame from
“Gamma”-shaped frame. material and geometrical non-linear analyses.
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Mpooouolwua vnootuAwpatog uno eé€taon.

The proposed model for the column in question. B E I VR -y
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Juvtedeotrc tooduvauou unkouc Auvyitouou K
Ylot UTTOCTUAWUOTY OF UEPIKWC UETHTETH
mAaiola e adlaoTATONMOLNUEVN QAVTIOTHON TOU
elatnpiov evduypduuou kivnong 0,5.

Effective buckling length factor K for columns in
. partially sway frames with non-dimensional

Am\onom ru<.ri.np OTEWVOUEVI UETOSOS. translational spring stiffness equal to 0,5.
The simplified proposed method.

B

Npocopoiwpa UTOCTUAWRLATOG UTTO €ETaON.

c, Kat ¢,: ZTpodikeg duokapieg ehatnpiwv otn Baon Kat TNV kopudr TOU UTTOCTUAWHLATOG,
umtoAoyllopeveg aBpoilovtag Tn cUUPBOAN TwV OTPOPLKWY SUCKAUPLWY TWV LEAWV TTOU CUVTPEXOUV
OTOV AVW KAl KATW KOUPBO TOU UTIO €€£TAICT UTTIOGTUAWLATOG.

c,,: Avtiotaon tou ehatnpiov eBuUYpAUOU KivNONG TO OTIOLO TPOCOKOLWVEL TNV AVTLOTACH OTN
OXETIKN HETABEON TWV SU0 AKPWV TOU UTTOCTUAWATOG, N OMOoLa TIPOEPXETAL A0 CUOTNHA
TIAPEUTOSLONG AUTNE 1 Ao TV enadn He AAAEC KOTOOKEVEC.

The proposed model for the column in question.

¢, and c,: Stiffness of the bottom and top rotational springs, obtained by summing up the
contributions of members converging at the bottom and top end, respectively.

c,- Stiffness of the translational spring, modelling the resistance provided by the bracing system to
relative transverse translation of the end nodes or by adjacent structures.
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3-D graphs of the effective buckling

length factor K for columns in sway and

non-sway frames.
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2TPOPIKEG SUCKAUWIEC UEAWV TTOU CUVTPEXOUV OTOUC aKpaiou¢ KOUBouc Tou Umo eEETAON UTTOOTUAWUATOC.
Rotational stiffness expressions of the converging members at the end nodes of the column in question.

MAaiowa popdng . Emippor Tou MPocHLoU TwV apXIKwV ATEAELWY KaBwg
KOlL TNG OWVEAQOTIKNG CUUTEPLPOPAC TOU UALKOU OTNV avToXI) TMAALOLOKWY
netabetwv dpopéwv popdngr.

“Gamma”-shaped frames. The influence of the direction of imperfections
and material non-linearity on the buckling capacity of “gamma”-shaped
sway frames.

ZtpodkéG SuokapPieg pEAWV. MPOTEWVOUEVEG OXECELG UTTOAOYLOMOU OTPOPLKWY SUSKAUP LWV
HeEAwV, Tplodlactata ypadnuata cUVIEAECTA LOOSUVAUOU HRKoUuS AuylopoU K yla umtooTulwpota
o€ HeTaOeTa Kot apeTabeTa mAaiola.

Rotational stiffness of converging members. Proposed expressions for the estimation of rotational
stiffness of converging members, 3-D graphs of the effective buckling length factor K for columns in
sway and non-sway frames.
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A&LoAdynon npotelvopevng He@Adou. ZuvteAeoTh¢ L0OSUVOUOU UNKoug Auylopou (K) yia
apdimakto HeTaBETO Kal apetdBeto Stwpodo mAaioto.

Evaluation of the proposed method. Effective buckling length factor (K) for two-story sway and non-
sway frame with fixed supports.
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