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1 BHECEHO: ToBapucTBO 3 00MEKEHOIO BiINOBITAIBHICTIO «YKpPAaiHCHKUI IHCTHTYT CTaJeBHX
KOHCTpYKIii iMeHi B.M. IllumanoBCHKOTOY

IMEPEKJIAZl | HAYKOBO-TEXHIYHE PEJJAT' YBAHHSI: B. Aptiomenko, A. I'poM (kepiBHHK
po3pobOkn), k.T.H., O. KopayH, 5. Jleuenko, I'. Jlenna, 51 Jlumap, K. I[1asiosa, B. Camych,
O. IllumaHoOBCHLKHUM, 1.T.H.

2 HAJAHO YMHHOCTTI: naka3 MiHicTepcTBa peTioHAIBHOTO PO3BHUTKY, OY/IIBHHUIITBA T
KHUTIOBO-KOMYHAJIBHOTO TOCIIOIapCcTBa YKpaiHH Bif « » 20 Ne

3 Hamionanbuuii cranmapt Binnosizae EN 1993-1-5:2006 Eurocode 3: Design of steel structures —
Part 1-5: Plated structural elements (IlpoektyBaHHs craneBux KOHCTpykmid. Yactuua 1-5:
[InacTuHYacTi KOHCTPYKTUBHI eneMeHTH). CTymiHb BiAnoBigHOCT1 — ineHTuyHui (IDT)

[Tepexnan 3 aHTMIHCHKOT (en)

Heii crangapt BugaHo 3 go3soay CEN

4 YBEJIEHO BIIEPIIE

IIpaBo BaacHoOCTI Ha 1eli JOKYMEHT HAJIESKUTH JIep:KaBi.
Leii ToKyMeHT He MO3Ke OyTH MOBHICTIO YH YaCTKOBO BiATBOpeHHi, TUPaKOBaHMii
i po3noBcloKeHuii sik odiniiiHe BuIaHHA (€3 103BOILY
MiHicTepcTBa perioHaJIbLHOr0 PO3BUTKY, OyAiBHMITBA TA :KUTJI0BO-KOMYHAJBHOI0 FOCOAAPCTBA Y KpaiHU
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JICTY-H B EN 1993-1-5:201X
HAIIOHAJILHUM BCTYII

Leit crangapt € Totoxxuum nepexnagom EN 1993-1-5:2006 Eurocode 3: Design of steel
structures — Part 1-5: Plated structural elements (IIpoekryBaHnHs cTaneBuX KOHCTpyKiiid. YacTuHa
1-5: TInactuHYacTi KOHCTPYKTHBHI CIIEMEHTH).

EN 1993-1-5:2006 miarotoBneno Texuiuamm komitrerom CEN/TC 250, cexperapiarom
sikoro kepye BSI.

J1o HaIiOHATBLHOTO CTAHJAPTY MOJIY4EHO aHTJIOMOBHHI TEKCT.

Ha repuropii VYkpaiHn sK HamiOHaTbHMH CTaHAApT Ji€ JiBa KOJOHKA TEKCTY
JICTY-H B EN 1993-1-5:2006 Eurocode 3: Design of steel structures — Part 1-5: Plated structural
elements (ITpoekryBanHs cTaneBux KoHCTpykmii. Yactuna 1-5: [lnacTuHYAcTI KOHCTPYKTHUBHI
SJIEMEHTH), BUKJIaJIeHa YKPAaiHCHKOI MOBOIO.

Bigmosinno g0 JBH A.1.1-1-2009 «Cucrtema cranmapTusailii Ta HOPMYBaHHS B
OyaiBHUITBI. OCHOBHI MOJIOKEHHS» 1€ CTaHIapT BIAHOCUTHCA 10 KoMmiuiekcy B.1.2 «Cucrema
HaJIMHOCTI Ta 6e31eKu B OYAIBHUIITBI».

CraHzmapT MICTUTh BUMOTH, SIK1 BIIMTOB1IAI0Th YAHHOMY 3aKOHOIaBCTBY.

HayxoBo-TexHiuHa opraHizaiis, BiANOBiJaJbHAa 3a el cranmapt, — ToBapuctso 3
OOMEXEHOI0 BIIMOBIAANBHICTIO «YKpaiHCHKUM IHCTUTYT CTajleBUX KOHCTpPYKIid iM. B.M.
[[InMaHOBCHKOTOY.

Jlo cTanmapTy BHECEHO TaKi peIaKI[iitHi 3MI1HH:

- CJIOBa «Iei MDKHAPOIHUMA CTaHIAPT» 3aMIHEHO Ha «IIeH CTaHIAapT»;

- CTPYKTYpHI efleMeHTH cTanaapry: «O0kinanuuky», «llepenmoBy», «HarionansHuit BCTym»,
«BusnauenHs mnoHaTh» Ta «bibmiorpadiyHi gaH1» OQOPMIIEHO 3TiAHO 3 BHMOTIAMH
HaIIOHAJIbHOT CTaHAApTH3alli YKpaiHu;

- 3 «llepenmoBu mo EN 1993-1-5» y meit «HamioHanpHUE BCTym» B3STE TE, IO
0e31ocepeIHbO CTOCY€ETHCS IILOTO CTAHIAPTY;

- HaIlOHAJIBHUU JAOBIIKOBUH J0JIATOK HABEJICHO SK HACTAHOBY JIJIs KOPUCTYBAYiB.

[Tepenik nHaionansHux ctanaaptiB Ykpainu (JACTY), ineatuaanx MC, mocunaHHs Ha sKi
€B
EN 1993-1-5:2006.

Komii MC, HenpuiHATHX SK HAI[IOHAJIbHI CTaHIApPTH, Ha sKi € mocwianHsd B EN 1993-1-
5:2006, moxHa otpuMatu B ['osoBHOMY (hoHI HOpMaTuBHUX H0KyMeHTIB J{IT « YkpHIHI».
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OcHoBH nporpamu €BpoKoOay
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3B’13KH MDK €BpokogamMu Ta
rapMOHI30BaHUMH TEXHIYHUMHU

cnenudikanismu (ENs ta ETAs) ans Bupo6iB
Honatkosa iHdopmaris moao EN 1993-1-5
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VI

Beryn
Leit  moxyment EN  1993-1-5:2006
NiATOTOBIEHUH  TeXHIYHUM  KOMITETOM
CEN/TC 250 «byniBensHi €Bpoxoany,
cekpeTapiaT sKoro miarpumyerhbest BSI.

Hpomy €BponeiicbkkoMy cTaHaapty Oyje
HaJ@aHUK ~ CcTaTyc  HAmiOHAIBHOTO 3
myOJIIKAi€l0  1IEHTHYHOTO TEKCTy abo
CXBaJICHHSIM He mizHine kBiTHA 2007 poky i
pu CKacCyBaHHI KOH(DIIKTYIOUNX
Hal[lOHAJIbHUX  CTaHJAapTIB HE II3HilIe
oepesns 2010 poxy.

Y BIJIIIOBITHOCTI 3 BHYTPIIIHIMHU
noctanoBaMu CEN/CENELEC nHamionanbHi
OopranM 31 cTaHAapTU3alli Takux KpaiH
3000B’s13aHl  3OICHUTH  IMINIEMEHTAIIFO
IbOr0 €BPOMENCHKOTO CTaHIAPTY: ABCTpis,
benprisa, Kinp, Yecbka Pecnybmika, Jlanis,
Ecronis, ®ianaunis, Opaniis, Himeuunna,
I'peuis, VYropmwunua, Icmammis, Ipnanmis,
Itamis, JlatBia, JlurBa, JlrokcemOypr,
Manswta, Hinepmannu, Hopseris, [lombia,
[Topryramis, Pymymis, CrnoBauunHa,
Crnosenis, Icmanis, Isemis, IlBeitmapis i
O6'ennane KopomiBcTBo.

Jlanuii  €BponeichKkuii CTaHIAPT 3aMIHIOE
ENV 1993-1-5.

CEN/TC 250 € BigmoBimadbHUM 3a BCI
byniBensH1 €BpOKOAN.

Foreword

This document EN 1993-1-5:2006 has been
prepared by Technical Committee CEN/TC
250 "Structural Eurocodes"”, the Secretariat
for which is held by BSI.

This European Standard shall be given the
status of a national standard, either by
publication of an identical text or by
endorsement, at the latest by April 2007, and
conflicting national standards shall be
withdrawn at the latest by March 2010.

According to the CEN/CENELEC Internal
Regulations, the  national standards
organizations of the following countries are
bound to implement this European Standard:
Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia,

Lithuania, Luxembourg, Malta, Netherlands,

Norway, Poland, Portugal, Romania,
Slovakia,  Slovenia, Spain,  Sweden,
Switzerland and United Kingdom.

This  European  Standard  supersedes

ENV 1993-1-5.

CEN/TC 250 is responsible for all Structural
Eurocodes.
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HALIOHAJILHUN CTAHJAPT YKPATHU

€BPOKO]I 3: TTIPOEKTYBAHHS CTAJIEBUX KOHCTPYKIIIIA
YACTHUHA 1-5: TNTACTUHYACTI EJJEMEHTHU KOHCTPYKIIN

EBPOKO/I 3: IPOEKTUPOBAHUE CTAJIbHBIX KOHCTPYKIINI
YACTD 1-5: TNTACTUHYACTBIE 3JIEMEHTBI KOHCTPYKIMA

EUROCODE 3: DESIGN OF STEEL STRUCTURES
PART 1-5: PLATED STRUCTURAL ELEMENTS

OcHoBu nporpamu €spokoay

VY 1975 poui Komicis €Bponeiicbkoi CriiibHOTH
BHIIIMIA PO3MOYATH TPOrpaMmy Aid y Tairysi
OyaiBHUIITBA Ha miacTaBl cTaTTi 95 JloroBopy.
Mertoro mporpamu Oyino YCYHEHHSI TEXHIYHUX
MepPemKo ] JUIsi TOPTiBJIi Ta  y3TOKCHHS
TEXHIYHUX YMOB.

VY pamkax 1iei mporpamu nid Komicis B3siia Ha
cebe  IHIMIaTUBY  BCTAaHOBUTH  CHCTEMY
y3TO/DKEHUX  TEXHIYHHUX paBUII TUIst
MpOEKTyBaHHs OyxaiBedb 1 crmopya, sKi Ha
NepuIiid cTajii MaJv CIIyTyBaTH albTEPHATUBOIO
YMHHUM HAIllIOHAJbHUM TPaBUJIaM JICP’KaB-
YICHIB, a 3PEIITOI0 MAJIA 3aMIHUTH iX.

Yoponox m’satHamuaTH  pokiB  Kowmicis  3a
noromororo PoGodoro komirery, 10 CKIamy
SIKOTO BXOJIMJIM TIPEJACTAaBHUKH JIEP)KaB-WICHIB,
Bela po3poOKy mporpamu E€BpOKOMIB, sKa
nmpu3Bena 10 MyOmikaiii KOMIUIEKTY IepIIoro
MOKOJHHS €Bporneichkux KoIiB y 80-X pokax.

VY 1989 poui Kowmicis ta nepkaBu-wienn EU
(Eponeiicbkoi  CmimpHoTH) Ta  EFTA
(E€Bpomneiicbkoi Acomiarii Binernoi Toprisimi) Ha
ocHoi yromu®' wmik Kowmiciecto Ta CEN

YuHHN BIX

Background of the Eurocode programme

In 1975, the Commission of the European
Community decided on an action programme in
the field of construction, based on article 95 of
the Treaty. The objective of the programme was
the elimination of technical obstacles to trade
and the harmonisation of technical
specifications.

Within this action programme, the Commission
took the initiative to establish a set of
harmonised technical rules for the design of
construction works which, in a first stage,
would serve as an alternative to the national
rules in force in the Member States and,
ultimately, would replace them.

For fifteen years, the Commission, with the
help of a Steering Committee with
Representatives of Member States, conducted
the development of the Eurocodes programme,
which led to the first generation of European
codes in the 1980s.

In 1989, the Commission and the Member
States of the EU and EFTA decided, on the
basis of an agreement’ between the
Commission and CEN, to transfer the

Vroma mix Kowmiciero €sporreiicbkoi  ChimbHOTH Ta
€pporeiickkuM  kKomiteToM 31 ctamaptusamii (CEN)
moao0 poOOTH Hax E€BPOKOMAMH ISl TIPOEKTYBAaHHS
Oynisens i cnopyn (BC/CEN/03/89).

!Agreement between the Commission of the European
Communities and the European Committee for
Standardisation (CEN) concerning the work on
EUROCODES for the design of building and civil
engineering works (BC/CEN/03/89).
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(€BpomneiicbkMM KOMITETOM 31 CTaHIapTU3aIlii)
BUPIIIMIIN TIEpEIaTH MiITOTOBKY Ta IyOJIIKaIliio
€spokonie CEN 3a nonomororo cepii MaHzaris,
mo B pe3ynbTaTi Hazano O €BpokogaM y
MaifOyTHBOMY cTarycy €BponencpKoro
cragmapty (EN). Ile noB’szye €Bpokomu 3
nonoxenHsiMu upexktus Pamu i Pimens Komicii
moao  €BpONeChbKUX  CTaHAapTiB  (TOOTO
JupexTuBu Pamm 89/106/EEC 10710
OyniensHux BUpoOiB — CPD — ta JlupekTtun
Pamu 93/37/EEC, 92/50/EEC Ta 89/440/EEC
BIIHOCHO CYCHUIBHHX poOIiT Ta mocmyr i
€KBIBAJICHTHUX JIPEKTUB EFTA,
3alOYaTKOBAHUX 3 METOK  JOTIOMOITH
3aCHYBAHHIO BHYTPILIHBOTO PUHKY).

CrpykTrypHa mnporpama E€BpOKOIIB BKIJIIOYA€E
CTaHJapTH, SKI B OCHOBHOMY CKJIAJalOThCS 3
NEKUIBKOX YaCTHH:

EN 1990 €Bpokox: OcHOBH NpPOEKTYBAHHS
KOHCTPYKIIIH

EN 1991 €poxon 1: [ii Ha KOHCTpYKIIii

EN 1992 €Bpokox 2:
3a11300€TOHHUX KOHCTPYKIIIH

IIpoekTyBaHHA

EN 1993 €Bpoxon 3: [IpoekTyBaHHSI CTaJIEBUX
KOHCTPYKITIH

EN 1994 €Bpokon 4: IIpoektyBaHHs
cTane3ani300eTOHHUX KOHCTPYKITii
EN 1995 €Bpokoax 5: IIpoektyBaHHs

JIEPEB’ STHUX KOHCTPYKIIIH

EN 1996 €Bpoxkon 6: [IpoekTyBaHHS KaM’ STHUX
KOHCTPYKITIH

EN 1997 €Bpokoj 7: I'eorexHiune
MIPOCKTyBaHHS

EN 1998 €Bpoxox 8: IlpoekryBanHs
CEHCMOCTINKUX KOHCTPYKITii

EN 1999 €Bpoxox 9: IlpoekryBanHs
QTIOMIHIEBUX KOHCTPYKI[iH

Crangaptu €BpoKOIiB BU3HAIOTh
BIIMOBIAANBHICT ~ PETYASTOPHUX  OpraHiB

z[epxcaB-qneHiB Ta 3axXUIIalTh iX paBO Ha
MpU3HAUCHHA  BCJIWYUH, SKI TIOB’S3aHi 3

PETYIIOBaHHAM [MUTAHb Oe3mnexu Ha
HaI[lOHATLHOMY  piBHI  TaMm, Ji¢  BOHH
BIJIPI3HSIOTHCS.

preparation and the publication of the
Eurocodes to the CEN through a series of
Mandates, in order to provide them with a
future status of European Standard (EN). This
links de facto the Eurocodes with the provisions
of all the Council’s Directives and/or
Commission’s Decisions dealing with European
standards (e.g. the Council Directive
89/106/EEC on construction products — CPD —
and Council Directives 93/37/EEC, 92/50/EEC
and 89/440/EEC on public works and services
and equivalent EFTA Directives initiated in
pursuit of setting up the internal market).

The Structural Eurocode programme comprises
the following standards generally consisting of
a number of Parts:

EN 1990 Eurocode 0: Basis of Structural
Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete
structures

EN 1993 Eurocode 3: Design of steel structures

EN 1994 Eurocode 4: Design of composite steel
and concrete structures

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for
earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures.

Eurocode standards recognise the responsibility
of regulatory authorities in each Member State
and have safeguarded their right to determine
values related to regulatory safety matters at
national level where these continue to vary
from State to State.



Craryc Ta rajry3b 3acTOCyBaHHS
€Bpokoais

Hepxau-uienun EU ta EFTA Bu3HatOTH, 1110
€BpOKOM HIIOTH SK €TAJOHHI JOKYMEHTH IS
TaKUX I(UIEH:

— K 3acid0 OOBedEHHS  BIAIIOBIOHOCTI
OymiBedb 1 CHOPYA OCHOBHHM BHMOTaM
HupexktuBu Pamun 89/106/EEC, 30kpema
OCHOBHINN BHMO3i N°l Mexaniuga
CTIMKICT Ta CTAOUIBHICTE 1 OCHOBHIN
BHUMO31 N°2 — IToxkexHa Oe3Iexa;

—  SIK OCHOBA JUTS YKJIAJJAHHS KOHTPAKTIB ISt
Oy/IiBeNb 1 CIIOPY/l Ta TOB’3aHUX 3 HUMHU
IH)KEHEPHUX MOCIIYT;

— SK OCHOBa /s CKJIQJaHHS Y3TO/DKEHHX
TEXHIUHUX crienudikanii st OyaiBeIbHUX
BUpoOiB (ENs ta ETAS).

€BpOKOJIM, OCKUTBKH BOHU 0€3M0CepeTHbO
BITHOCSTHCSL /10 OyAIBENIbHUX CIOPYH, MAaroTh
NpsAMHE#L 3B’SI30K 3 TIIYMAuHUMH JOKyMEHTaMH>
posnury 12 CPD, He3Baxarouu Ta Te, IO BOHH
MalTh PI3HY TPHUPOIY 3 TapMOHI30BAHHUMH
cTanmapTaMp  Ha BupoOu°. Takum dYHHOM,
TEXHIYH] aCHEeKTH, SKI  BUIJIABAIOTL 3
€BpoKOIIB /I OyiBENb 1 CIOPY, TOBHHHI B
MOBHIA Mipi OyTH pO3TISHYTHMHU TeXHIYHUMH
komitreramu CEN Ta/um pobGoummu Tpymamu
EOTA, saxi po3poOmsitoTh CTaHAapTH Ha
OyniBeslbHI BHpPOOHM, 3 TO3MINNA JOCSITHEHHS
MMOBHOI CYMICHOCT1 TE€XHIYHMX crenudikaii 3
€BpOKOIAMH.

JACTY-H b EN 1993-1-5:201X

Status and field of application
of Eurocodes

The Member States of the EU and EFTA
recognise that Eurocodes serve as reference
documents for the following purposes:

— as a means to prove compliance of
building and civil engineering works with
the essential requirements of Council
Directive ~ 89/106/EEC, particularly
Essential Requirement N°1 — Mechanical
resistance and stability — and Essential
Requirement N°2 — Safety in case of fire;

— as a basis for specifying contracts for
construction works and related
engineering services ;

— as a framework for drawing up
harmonised technical specifications for
construction products (ENs and ETAS)

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship with the Interpretative Documents?
referred to in Article 12 of the CPD, although
they are of a different nature from harmonised
product standards®. Therefore, technical aspects
arising from the Eurocodes work need to be
adequately considered by CEN Technical
Committees and/or EOTA Working Groups
working on product standards with a view to
achieving a full compatibility of these technical
specifications with the Eurocodes.

2Bignosiguo 1o cr. 3.3 goxkymenta CPD 0CHOBHI BUMOTH
(ER) orpumaroTh KOHKpeTHY (opMy y TIyMayHuX
JOKyMEHTaX Ui CTBOPEHHs HEOOXIJHUX 3B’SI3KIB MiXK
OCHOBHUMH BHUMOTaMH Ta MaHIaTaMu U1
rapmoHnizoBanux EN ta ETAG/ETA.

SBigmoBiguo mo cr. 12 CPD TIyMadHi JTOKYMEHTH
MAloTh:

a) KOHKPETH3yBaTH OCHOBHI BUMOTH IIOAO TapMOHi3arii
TEepPMIHOJOTI] 1 TeXHIYHOI 0a3H, i3 3a3HAaYCHHSIM KJaciB
a0o piBHIB IJIsl KOXXHOI BUMOTH y pa3i morpedu;

b) BxasaTi MeToM HaBeIEHHS CITiBBiHOIIEHD MK MU
KJacamM# a0 PiBHSAMH BEMOT i3 TEXHIYHIMH BHMOTaMH,
HATIPUKJIAJl, METOIU PO3PAXYHKY 1 MepeBipKH, TeXHIUHI
MIpaBwJIa MPOSKTYBAHHS 1 T. 1H.;

C) ciyryBatu PEKOMEHIaIli€x0 JUTSL HaBe/ICHHS
Y3TODKEHUX CTAHAAPTIB i HACTAHOB JJIsi €BPOMEHCHKOTO
TEXHIYHOTO YXBaJICHHS.

€Bpokoan (aKTUIHO BiAirparoTe NoxiOHY poib y chepi
ER 1 i gactuni ER 2.

2According to Art. 3.3 of the CPD, the essential
requirements (ERs) shall be given concrete form in
interpretative documents for the creation of the necessary
links between the essential requirements and the
mandates for harmonised ENs and ETAGS/ETAS.
SAccording to Art. 12 of the CPD the interpretative
documents shall :

a) give concrete form to the essential requirements by
harmonising the terminology and the technical bases and
indicating classes or levels for each requirement where
necessary;

b) indicate methods of correlating these classes or levels
of requirement with the technical specifications, e.g.
methods of calculation and of proof, technical rules for
project design, etc.;

c)serve as a reference for the establishment of
harmonised standards and guidelines for European
technical approvals.

The Eurocodes, de facto, play a similar role in the field of
the ER 1 and a part of ER 2.
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Crangaptu €BpoKoiB pErIaMEeHTYIOTh
3arajibHi  TpaBWja  MPOEKTYBaHHSA  JUIA
MPAKTUYHOTO BUKOPUCTAHHSA BCIX KOHCTPYKLIIH
Ta IX KOMIIOHEHTIB SK TPaAULIHHOTO, TaK i
IHHOBaLITHOTO XapakTepy. YHIKaibHI (opMu
KOHCTPYKIii a00  yMOBH  MpPOEKTYBaHHS
CIIEI[IAJIbHO HE OXOIUIIOITHCS, 1 B TaKHX
BUIIA/IKAX MPOEKTYBATHHHUKY notpideH
JOJTATKOBUM €KCIIEPTHUN PO3TIIAL.

HanionanbHi crangapru,
110 BIIPOBAXKYIOTh €EBpoKoaH

HamionaneHi cTanmapTv, IO BIPOBAIKYIOTH
€BpOKO/IY, 3aBXKAM BKIIOYAIOTH MOBHUM TEKCT
€Bpokoy (BKIFOUAIOYH BC1 I0JATKU), BUTAHHUI
CEN, SKOMY MOXYTb nepenyBaTu
Hanionaneuuii TUTYJIBHUI JIUCT Ta
HamionaneHa mnepenMoBa, a TaKOX MOXYTb
CyIpoBOKyBaTucs HaljloHamsHUM 10AaTKOM.

HamioHaneHMIi  HOJATOK MOXKE  BKIIOYATH
iHpOpMalLli0 BIIHOCHO THUX IMapaMmeTpiB, SKi
3QTUIIIACSA BIIKPUTAMH B E€BpOKOJAX IS
HaIllOHAJTLHOTO BUOOPY, BiZIOMI SIK HaIlIOHAJTBHO
BH3HAYCHI TapaMeTpH I BUKOPHUCTAHHS IPHU
MPOEKTyBaHHI  OyAiBeah Ta  IH)KEHEPHUX
cropya, 1o OyayTh 3BEeACHI Yy 3alliKaBleHIN
KpaiHi, a came:
—  3HAYEHHS YAaCTKOBUX KoedimieHTiB
HaJIIHHOCTI Ta/abo Kiacudikarito

BUMA/IKIB, IS IKMX €BPOKOJ pErIaMeHTye
BUKOPHUCTAHHS AJIbTCPHATHUB;

— 3HAYEHHS, SKi CIIiJi BAKOPHCTOBYBATH TaM,
ne B €BPOKO/Ii HABE/ICHO TUIBKH CUMBOJL;

— cneuudiyai gaHi KpaiHu (reorpadiuHi,
KJIIMaTU4YH1 TOIIO), HANpPUKIAA, Kapra
BITpY;

— KOHKPETHI METOJMKH JJIsi THX BHUIAJKIB,

KOJIU €BpokoJ perJamMeHTye
BHKOPHUCTAHHS aJIbTCPHATHUB.

BiH MOe TakoX MICTUTH:

—  peKoMeHJaril 1010 3aCTOCYBaHHS

JIOBIIKOBHX JOJATKIB;

— TIOCWJIaHHS Ha JI0JIaTKOBY iH(oOpMAIlito,

gKa HE  CYyNepeuuTh  HOPMaTUBHUM
BUMOTaM 1 JioriomMarae Mpu KOPUCTYBaHHI
€BpOKOJIaMHU.

The Eurocode standards provide common
structural design rules for everyday use for the
design of whole structures and component
products of both a traditional and an innovative
nature. Unusual forms of construction or design
conditions are not specifically covered and
additional expert consideration will be required
by the designer in such cases.

National Standards implementing
Eurocodes

The  National  Standards  implementing
Eurocodes will comprise the full text of the
Eurocode (including any annexes), as published
by CEN, which may be preceded by a National
title page and National foreword, and may be
followed by a National Annex.

The National Annex may only contain
information on those parameters which are left
open in the Eurocode for national choice,
known as Nationally Determined Parameters, to
be used for the design of buildings and civil
engineering works to be constructed in the
country concerned, i.e.:

— values for partial factors and/or classes
where alternatives are given in the
Eurocode,

— values to be used where a symbol only is
given in the Eurocode,

— country specific data
climatic, etc.), e.g. wind map,

(geographical,

— the procedure to be used where alternative
procedures are given in the Eurocode.

It may also contain

— decisions on the use of informative
annexes, and

— references to non-contradictory
complementary information to assist the
user to apply the Eurocode.



3B’sa3Kku Mizk €BpokoaamMu
Ta TAPMOHI30BAHUMH TEeXHIYHUMH
cnenudikauiavu (ENs ta ETAs) nas
BUPOOIB

HeoOxinHa Y3rOJKEHICTh MDK
rapMOHI30BaHUMHU TEXHIYHUMHU
cnenu@ikanisMu s OyaiBeIbHUX BHUPOOIB Ta
TEXHIYHUMU MPaBUIIAMH JUTsI OYIBEIb 1 CIIOPY/
ta OyxiBenbHHX poOiT. KpiM ToOro, y moBHii
iHopmaii, sika cynpoBokye CE MapkyBaHHS
OyaiBeTbHUX BUPOOIB 1 Ma€ BIIHOIIEHHS O
€BpoKo/iB, Mae OyTH YITKO 3a3HAY€HO, SKi
HaI[IOHAJIbHO BM3HAYEHI MapaMeTpu Oyau B34Ti
710 yBaru.

JMoaarkoBa indopmanis
moao EN 1993-1-5

B EN 1993-1-5 wHamani BkasiBkA UIA
MPOEKTYBaHHS  CTAJEBUX  KOHCTPYKLIA Ta
pO3paxyHKy 3’€IHaHb TIpH  TPOCKTYBaHHI
Oy/iBenb Ta IH)KEHEPHUX CHOPYA.

EN 1993-1-5 npusHaueHnii 111 BUKOPUCTAHHS
3aMOBHHKaMH, MPOCKTYBATbHUKAMH,
MAPSIAHUKAMHA 1 BIANOBITHUMHU JIEPKABHUMHU
OpraHaMH.

EN 1993-1-5 npusHayeHuii yisi BUKOPUCTAHHS 3
EN 1990, immmmm yactuHamu EN 1991 1
EN 1992-1999 nns npoekTyBaHHS KOHCTPYKITIH.

HanionaidbHU# 101ATOK
a0 EN 1993-1-5

Y mpoMmy cTaHmapTi HaBeJCHI allbTepHATHUBHI
METO/IH, OIIHKM 1 pEKOMEHAIii 3 TPUMITKaMH,
SKi  BKa3yloTb, JI¢ HEOOXiOHO  3poOuTH
HaLIOHAJILHI BHOIp. Takum YUHOM,
HAI[IOHAJIBHUN CTaHAAPT, SKUH IMIUIEMEHTYE
EN 1993-1-5, moBunen Mmartu HamionansHuii
J0JIATOK, JI0 SIKOTO BKJIFOYEHO YCi HAI[IOHAIBHO
BHU3HAYCHI TTApaMETPH, SKi BUKOPHCTOBYIOTHCS
IIPU MPOCKTYBAaHHI CTAJIEBUX KOHCTPYKIIiH, IO
OyayTb MoOy10BaHi y BiINOBIHIN KpaiHi.

HamionansHuit BUOIp JI03BOJIEHO y
EN 1993-1-5 3a nonomororo:

—2.2(5)

-3.3(2)

—4.3(6)
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Links between Eurocodes
and harmonised technical specifications
(ENs and ETAs) for products

There is a need for consistency between the
harmonised  technical  specifications  for
construction products and the technical rules for
works. Furthermore, all the information
accompanying the CE Marking of the
construction products which refer to Eurocodes
shall clearly mention which Nationally
Determined Parameters have been taken into
account.

Additional information specific
for EN 1993-1-5

EN 1993-1-5 gives pointing from planning of
steel constructions and design of joints of shells
at planning of buildings and civil engineering
works for wind.

EN 1993-1-5 is intended for the use by clients,
designers, contractors and relevant authorities.

EN 1993-1-5 is intended to be used with
EN 1990, the other Parts of EN 1991 and
EN 1992-1999 for the design of structures.

National annex
for EN 1993-1-5

This standard gives alternative procedures,
values and recommendations with notes
indicating where national choices may have to
be made. Therefore the National Standard
implementing EN 1993-1-5 should have a
National Annex containing all Nationally
Determined Parameters to be used for the
design of steel structures to be constructed in
the relevant country.

National choice is allowed in EN 1993-1-5
through:

~2.2(5)
~3.3(D)
—4.3(6)
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~5.1(2) ~5.1(2)
—6.4(2) -6.4(2)
- 8(2) -8(2)
~9.1(2) ~9.1(2)
~9.2.1(9) ~9.2.1(9)
—10(1) —10(1)
—10(5) —10(5)
—C.2(1) —C.2(1)
~C.5(2) — C.5(2)
~C.8(1) — C.8(1)
~C.9(3) ~C.9(3)
~-D.2.2(2) ~D.2.2(2)



1 3AT'AJIBHI TOJIOKEHHSA
1.1  Cdepa 3acTocyBaHHA

Q) B EN 1993-1-5 mnpuBeneni mnpaBmia

NPOEKTYBAaHHSA 1  pPO3paxyHKy  €IIEMEHTIB
KOHCTPYKIIIH, 110 CKJIa/Ial0ThCs 3
IUTACTUHYATHX  JIMCTIB, AKI  CHOPUKAMAIOTh

HaBaHTAaXCHHA B HJIOHII/IHi JIUCTA 3 CJICMCHTaAMU
KOPCTKOCTI a00 0e3 HUX.

(2)  [Jani npaBuia NOUIMPIOIOTHCS TAKOXK Ha
Hecydi  Oalkm 3 METaJNeBOro  JIMcTa
JBOTABPOBOTO Tepepi3y 1 kopobuacTi Oanku, B
SKUX BHUHUKAIOTh HEPIBHOMIPHI pO3MOAUIH
HATNpY)KEHHsI BHACTINOK e(eKTy 3CyBHOTO
3ali3HIOBaHHS, a TaK0X BTPAaTH CTIMKOCTI

(BUITyqyBaHHS) IUTACTUHYACTUX
KOHCTPYKTUBHHX €JIEMEHTIB npu aii
HOPMaJIbHOTO HaIpyKEeHHS abo npu

OJIHOYACHIM J1i HOPMAaJbHOTO 1 JOTHYHOTO
HaIpy>KEHb.

IMpumirka 1. TlpaBuna B 1iifi YacTWHI JONMOBHIOIOTH
npaBWia s TONEPEeYHUX Mepepi3iB knaciB 1, 2, 3 1 4,
. EN 1993-1-1.

Ilpumirka 2. [IpaBuia, 10 HOIIUPIOIOTECS Ha THYYKI
IUIACTUHM i3 3MIHHMM HOPMAalIbHUM HANpyXEeHHIM 1
HaNpYXEHHSAM 3CYBY, SIKI MOXKYTb IPU3BECTH J0 BTOMH
BHACIIIIOK IIONEPEYHOro 3THHY IUIACTHHH (AMXaHHA
nucra), Haseaeni EN 1993-2 1 EN 1993-6.

Mpumirka 3. TlpaBuna, 1m0 pPO3MOBCIOPKYIOTHCS Ha
BIUIMB HAaBaHTA)XEHb I103a IUIOIIMHOI JIMCTa 1 Ha
CIIONy4eHHsI /il HaBaHTa)XEHb B IUIONIMHI Ta T03a
IUIOIMHOO jucTa, HaseaeHi B EN 1993-2 1 EN 1993-1-7.

Mpumirka 4. OkpeMi MoJIst JIUCTA MOXKYTh PO3TIISIATHCS
SIK TUIOIIMHHI, SKIIO IS pafiyCy KpUBHU3HH CIIPABEIUIUBO
HACTYyIIHE:

r=

JIe a — LMIUPUHA IUIOLIVHHU JIUCTA,;
t — ToBmIMHA JdUCTA.

1.2  HopmaTuBHi MOCHJIAHHS

(1)  Ieit €Bpomneichkuii CTAHAAPT MICTUTD Y
BUIJIA/I JaTOBaHUX a00 HelTaTOBaHUX MOCUIIaHb
MOJIOKEHHS IHIIUX my6mikanii. [i HopmaTuBHI
MOCWJIAaHHS HaBEACHI Yy BIAMOBITHUX MICIAX
TEKCTY Ta BHECEH1 O CIUCKY myOmikamii. J{ms
JATOBAaHMX MOCWJIAHb HACTYIIHI MONpaBKU abo
3MIHU B OyIOb-sKMX 13 IMX IyOsiKarii
NPUUMAIOTHCS IIMM €BPOTEHCHKUM CTaHAAPTOM
TUIBKM TOMI, KOJIW I mompaBku abo 3MiHH

JACTY-H b EN 1993-1-5:201X
1 INTRODUCTION

1.1  Scope

(1) EN 1993-1-5 gives design requirements
of stiffened and unstiffened plates which are
subject to inplane forces.

(2)  Effects due to shear lag, in-plane load
introduction and plate buckling for I-section
girders and box girders are covered. Also
covered are plated structural components
subject to in-plane loads as in tanks and silos.
The effects of out-of-plane loading are outside
the scope of this document.

NOTE 1: The rules in this part complement the rules for
class 1, 2, 3 and 4 sections, see EN 1993-1-1.

NOTE 2: For the design of slender plates which are
subject to repeated direct stress and/or shear and also
fatigue due to out-of-plane bending of plate elements
(breathing) see EN 1993-2 and EN 1993-6.

NOTE 3: For the effects of out-of-plane loading and for
the combination of in-plane effects and out-of-plane
loading effects see EN 1993-2 and EN 1993-1-7.

NOTE 4: Single plate elements may be considered as flat
where the curvature radius r satisfies:

a.2
t

where a is the panel width
t is the plate thickness

1.2 Normative references

1) This European Standard incorporates, by
dated or undated reference, provisions from
other publications. These normative references
are cited at the appropriate places in the text
and the publications are listed hereafter. For
dated references, subsequent amendments to or
revisions of any of these publications apply to
this European Standard only when incorporated
in it by amendment or revision. For undated

7
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3apeecTpoBaHi. /[ HemaToBaHUX TOCUIIAHBb
3aCTOCOBYETHCS OCTAHHS PeAaKIlis myOiKartii.

EN 1993-1-1 €Bpokong 3. IlpoexTyBaHHS
cTasieBUX KOHCTpyKIii. Yactuna 1-1. 3arampHi
MpaBuJiIa 1 IpaBuia Jisi Oy/aiBesb.

1.3  TepMiHu i BUBHAUYEHHA

Y mpoMy cTaHAapTi  BHKOPHCTOBYIOTHCS
HACTYITHI TEPMIHH Ta TO3HAYCHHS:

1.3.1 [Ilpyscne KpumuuHe HARPYIHCEHHA

HanpyxenHss B eleMEHTI  KOHCTPYKIIii,
JOCSTHYBILIM SIKOTO €JIEMEHT CTa€ HECTIMKHUM,
BIIOYBa€TbCS BUITYYEHHs (BTpaTa CTIHKOCTI)
€IEMEHTy TpH HOpYXKHIH  poboTi  yciei
KOHCTPYKIIIi.

1.3.2 Memopanne nanpysicennsn

Hamnpyxenns B cepeinH1 IITOIUHY TUIACTUHH.

1.3.3 Ilonepeunuii nepepiz opymmo

Best tutoma momepevHOTO Tiepepidy eNeMEHTY
KOHCTPYKIIi 0e3 BpaxyBaHHS NepepUBYACTUX
MO3I0BXHIX €JIEMEHTIB KOPCTKOCTI,
CIOJIYYCHHX JIUCTIB a00 JIUCTIB IS 3aKPUTTS
CTHKY.

1.3.4 Egexmusna naowa
nepepizy i epexkmuena wiupuna

nonéepeunozo

[Tnomra nmepepizy OpyTTo abo MmUpHHA Mepepizy
EIIEMEHTY, 3MEHIIICHA Ha JUISTHKY a00 JTOBXUHY
IJIJACTUHHU, BHACIIZOK BTPATH X CTIMKOCTI Bif
Il HOPMAJILHOTO a00 JOTHYHOTO HAIPYKEHHS
abo Bim ix cniibHOT Al 1 edeKTy 3CYBHOTO
3ami3HIOBaHHS; MTOHSATTS: "edexkTuBHUNA"
KJIacu(iKyIOTh TAKUM YHHOM:

“eeKTUBHULP” BpaxoBye eQeKT BTpaTu
CTiiKOCTi  (BUIyu€HHs)  IUTACTUHU  BiA
HOPMAJILHOTO HATIPYXXCHHS;

“e(heKTHUBHUI>" — BpaxoBye e(PEKT 3CYBHOIO
3aIli3HIOBAHHS,
“eexTUBHUN” — BpaxoBye edeKkT BTpaTH
CTiiKOCTi  (BUIydeHHs)  IUIACTUHU  BiA
HOPMaJbHOTO  HANPYXEHHS 1  3CYBHOTO
3ami3HIOBaHHS.

1.3.5 Koncmpykuia 3 nucmoeozo npokamy

KoHcTpykIlis, 10 CKIAAAETbCA 3 TUIOMIMHHUX
mucTiB - (cMyroBa  abo  JMCTOBa  CTajb);
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references the latest edition of the publication
referred to applies.

EN 1993-1-1 Eurocode 3: Design of steel
structures: Part 1-1: General rules and rules for
buildings

1.3 Terms and definitions

For the purpose of this standard, the following
terms and definitions apply:
1.3.1 Elastic critical stress

Stress in a component at which the component
becomes unstable when using small deflection
elastic theory of a perfect structure

1.3.2 Membrane stress
Stress at mid-plane of the plate

1.3.3 Gross cross-section

The total cross-sectional area of a member but
excluding discontinuous longitudinal stiffeners

1.3.4 Effective cross-section and effective
width

The gross cross-section or width reduced for the
effects of plate buckling or shear lag or both; to
distinguish between their effects the word
“effective” is clarified as follows:

“effective”” denotes effects of plate buckling

“effective®™” denotes effects of shear lag

“effective” denotes effects of plate buckling and
shear lag

1.3.5 Plated structure

A structure built up from nominally flat plates
which are connected together; the plates may be



IUIONIUHHI METalleBi JTUCTH MOXYTh MaTtu abo
HE MaTHu eJIEMEHTIB )KOPCTKOCTI.

1.3.6 Enemenm ycopcmkocmi

[Tmactuan  a6o mpodinbHI  CTEpXKHI, SKI
NPUEAHYIOTBCS 70 METaJeBOro JIMCTa IS
3armo0iraHHst  BTpaTH  CTIMKocTi  abo  Juis
MIJICHJICHHS JIUCTA TPU MPUKIIAJAaHHI MICIIEBOTO
HaBaHTAXXCHHS, eIIEMEHTH KOPCTKOCTI
BHU3HAYAIOTHCS SIK:

— TIO3J0BXKHI EJIEMEHTH JKOPCTKOCTI, SKIIO
BOHHU TPOXOJSATH IMapajeibHO OCl EJIEeMEHTY

KOHCTPYKIIIi;
— TIOTEpEeYHl EeJEMEHTHU IKOPCTKOCTI, SKIIO

BOHH MMpoOXOJaATh NECPHICHAUKYIIAPHO 0C1
€JIEMEHTY KOHCTPYKILIi.

1.3.7 ZKopcmka nnacmuna (nucm)

[Inactuna (MeTaneBHil JUCT) 3 MONEPEYHUMU
a00 MO3JI0BXKHIMU €JIEMEHTaMU KOPCTKOCT1 ab0
3 TUMH 1 IHIIIUMH.

1.3.8 Cexkuia

I'myuka rutactuHa (MeTajaeBui JIMCT), 3aXUIIeHa
MosicaMHu 1/a00 eJIeMEHTaMH KOPCTKOCTI.

1.3.9 bBimemanesa 6anka

Banmka 3 JIUCTOBOTO TpOKaTy PI3HUX MapokK
CTali JJId MOACIB 1 CTIHOK, A BKa3aHUX
MPaBWI MPUAMAETHCA BHUIA MapKa CTai JUIs
MOSICIB, HDK IS CTIHKH.

1.3.10 IIpaseuno 3naxie

3ycuIuIs CTUCKAHHS 1, BIAMIOBIIHO, HAMIPY>KEHHS
CTHCKAaHHS, KO HEe  HaBeJAeHl  1HIII,
MPUUMAIOTHCS 3 TIO3UTUBHUM 3HAKOM.

14 ITo3znauyenus

@ V  [OmOBHEHHA [0  IIO3HAYEHB,
mpuBeaenux y EN 1990 1 EN 1993-1-1,
3aCTOCOBYIOTh HACTYITHI:

A, — CyMapHa IUIOIIA YCiX TO3J0BXKHIX
€JIEMEHTIB JKOPCTKOCTI MiJCUJIEHOT IJIaCTUHHU
(ucra);

A, —1UIoIa NONEepeyHoro nepepizy opyrTo
MIOTIEPEYHOr0 EJIEMEHTY KOPCTKOCTI;

Ay —edexTMBHa  Moma  HONEPEYHOIO
nepepisy;

Ac,eff - C(I)GKTI/IBHH IIoma MOIEpCUHOro

nepepizy (mpu BTpaTi CTIMKOCTI MIACTUHU Bif

JACTY-H b EN 1993-1-5:201X

stiffened or unstiffened

1.3.6 Stiffener

A plate or section attached to a plate to resist
buckling or to strengthen the plate; a stiffener is
denoted:

— longitudinal if its direction is parallel to the
member;

— transverse if its direction is perpendicular to
the member.

1.3.7 Stiffened plate

Plate with transverse or longitudinal stiffeners
or both

1.3.8 Subpanel

Unstiffened plate portion surrounded by flanges
and/or stiffeners

1.3.9 Hybrid girder

Girder with flanges and web made of different
steel grades; this standard assumes higher steel
grade in flanges compared to webs

1.3.10 Sign convention

Unless otherwise stated compression is taken as
positive

1.4 Symbols

(1) In addition to those given in EN 1990
and EN 1993-1-1, the following symbols are
used:

A, total area of all the longitudinal
stiffeners of a stiffened plate;

A, gross cross sectional area of one

transverse stiffener;
A,  effective cross sectional area;

A, . effectiveP cross sectional area;
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11l HOpMaJBHOTO HAINPY)KEHHS);
A, it 10c— CDEKTHBHAP  TIOmA  TIOIEpPEYHOro

mepepizy TMpu  BTpaTi MiICcHEeBOi  CTIHKOCTI
IUIACTUHU Bif [ii HOPMAaJIbHOTO 1 MICIIEBOTO

HaTpy>KeHb;

a — IOBXHMHA TUIACTUHU MDK eJIEMEHTaMHU
KOPCTKOCTI a00 0e3 HuX;

b — IIMPUHA TUTACTUHU MDK EJIeMEHTaMU
KOPCTKOCTI a00 0e3 HuX;

b, —BUTpbHA IHMPUHA MDK  3BapHUMHU
[IBaMH;

by  —ebdexruBHa® mmpHHAa TpU  eeKTi

3CYBHOTO 3alli3HIOBAaHHS B MpPYXHIM cTanmii
poboTtu;

Fcy  — PO3paxyHKOBE 3HAUYEHHs IOIEPEYHOTO
3YCHILIA,

h, — BHCOTA CTIHKH MDK IOsICaMUu;

L —ebextmBHAa ~ OOBXKHMHA ~ Opd  Aii

MOTIEPEYHUX 3YCHITb, JTHB. PO3III 6;
M rg — PO3paxyHKOBE  3HAYEHHS  HECYYOi
3/1aTHOCTI MOTEPEYHOro IMepepizy MpH 3THHI 3
ypaxyBaHHIM PO3BUTKY TUTACTUIHHUX
nedopmartii, SIKIIIO npu pO3paxyHKy
BPaxOBYIOThCS TUTBKH MOSICH OaJIKu;
M rs — PO3paxyHKOBE  3HAYEHHA  HECY4YOl
3IaTHOCTI TOTIEPEYHOTO TMepepidy MpH 3THUHI 3
BpaxyBaHHSIM PO3BUTKY MTACTUYHUX
nedopmariii  (He3aneXHO Bim  Kiacudikarii

nepepizy);

Mg, —po3paxyHKOBE 3HAYEHHS 3TMHAJIBHOTO
MOMEHTY;

Ng;, —po3paxyHKOBE 3HAa4€HHi  OCBOBOI
CHIIH;

F.y — pO3paxyHKOBE 3HAYEHHS JIOKAJIbHOI'O
3yCHILIIS,

t — TOBII[MHA JIUCTA;

Vo  — pO3paxyHKOBE 3HAYEHHS IONEPEeYHOi

CUJIX IIpH 3THHI 13 3aKpYUYBAHHAM;

W,  — npyxHui MOMEHT oropy
e(eKTUBHOTO Tepepizy;

B — KoedilieHT, 1m0 BpaxoBye e(eKTUBHY"
[IUPUHY npu OPYKHOMY 3CYBHOMY
3aIi3HIOBAHHI;

@) [HI11 MTO3HAYEHHS BU3HAUEH] B TEKCTI.
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A, 1 10 EfeCtiveP cross sectional area for local
buckling;

a length of a stiffened or unstiffened plate;
b width of a stiffened or unstiffened plate;
b, clear width between welds;

by  effective® width for elastic shear lag;

F.y  design transverse force;

h clear web depth between flanges;
L  effeffective length for resistance to

transverse forces, see 6;
M s design plastic moment of resistance of a

cross-section consisting of the flanges only;

M, re design plastic moment of resistance of

the cross-section (irrespective of cross-section
class);

Mg, design bending moment;

N., design axial force;

F.,  design transverse force;

t thickness of the plate;

Vg,  design shear force including shear from
torque;

W,  effective elastic section modulus;

Jij effective® width factor for elastic shear
lag;

(2)  Additional symbols are defined where
they first occur.



2 OCHOBHU ITPOEKTYBAHHA 1
MOJAEJIFOBAHHA

2.1 3arajbHi N0JOKEeHHH

()P  BmmB edekty 3CyBHOTO 3ami3HIOBAHHS
1 BTpara CTIMKOCTI IJIACTUHU MAlOTh OyTH
BpaxoBaHi NMPH PO3paxyHKy HECY4oi 3aTHOCTI
a00 BTOMHOI MINHOCTI 3a T'pPaHUYHUMHU
CTaHaMH.

[pumirka. Bukopucrani B IIbOMY CTaHIApTI YacTKOBI
koeQilicHTH Oe3meku y,  Ta J,, BKasaHi A Pi3HHX

chep 3acrocyBanHs B  HarioHampHHX — JqomaTKax
EN 1993-1 — EN 1993-6.

2.2 MeToauka Bu3HaUeHHs eeKTUBHOI
IIHPVHHA TPH CTATHYHOMY PO3PAXyHKY

(1)P  BmmB edexTy 3CyBHOTO 3ali3HIOBAHHS
1 BTpaTH CTIMKOCT1 Ha JKOPCTKICTh €JIEMEHTIB 1
3'eqHaHb  TOBMHEH  BpaxoByBaTHUCA  IpHU
CTaTUYHOMY PO3paxyHKy KOHCTPYKIIiI.

(2) BmmB edekTy 3CYyBHOTO 3aIli3HIOBaHHS
MOSICIB  NPH  CTAaTHYHOMY  PO3PaxXyHKY
KOHCTPYKI[ii BPaXOBYEThCS 3 BUKOPUCTAHHSIM B
po3paxyHKy  edekTuBHOT”  mupuHH. s
cripoieHHss epeKTUBHA® MIMpUHA MOXE OyTH
MPUAHATA TOCTIHHOIO 10 BCId  JOBXKHHI
MIPOTOHY.

(3) VY HepospisHux Oamkax I KOXKHOTO
porony edekTuBHA® MIMPHHA TOSACIB MOBHHHA
NpUUMATHCS MEHIIOK 3a IIMPUHY TOSCY, Y
ToMy u4ucim 1 Ha gimsHoi L/8  goBxuHUM
MIPOrOHY BiJ] KOKHOI oniopH, e L — mporin abo
IOJIBIHA JOBYXWHA KOHCOJII.

(4) BmmB edekty BTpaTH  CTIHKOCTi
IUTACTUHH TIPU  CTaTHYHOMY pO3pPaxyHKy B
MPYXKHIH craaii BPaXOBYETHCS 3
BUKOPHCTAHHIM B pO3PaxyHKy e(eKTHBHOP
IUIOUII MOMEPEeYHOro mepepisy, Ha sIKy [il0Th
cruckaroui 3ycuuis (aus. 4.3).

(5) Ilpm CTaTHYHOMY PO3paxyHKy
KOHCTPYKIIi BIUIUB €(eKTy BTpPaTH CTIHKOCTi
IUIACTHH  ITHOPYETHCA, AKIIO  epekTuBHAP
wionia MOTMEePeYHOro Tepepidy CTHCHYTOTO
eNEMEHTY  [EepeBUINYye  3HA4YCHHS Oy, ,
MMOMHOYKEHE Ha IJIONIy TMOMEePEYHOTo Mepepizy
OpYyTTO IILOTO €JIEMEHTY.

IlpumiTka 1. I'panuyHe 3HaueHHd p, MOXe OyTH
Bka3aHo B HamiomanbHOMy momatkKy. Pexomenmoane

3HauenHsa p,, =0,5.

JACTY-H b EN 1993-1-5:201X

2 BASIS OF DESIGN AND
MODELLING

2.1 General

(1)P The effects of shear lag and plate
buckling shall be taken into account at the
ultimate, serviceability or fatigue limit states.

NOTE: Partial factors y, and y, used in this part are

defined for different applications in the National Annexes
of EN 1993-1 to EN 1993-6.

2.2  Effective width models for global
analysis

(1)P  The effects of shear lag and of plate
buckling on the stiffness of members and joints
shall be taken into account in the global
analysis.

(2)  The effects of shear lag of flanges in
global analysis may be taken into account by
the use of an effective® width. For simplicity
this effective® width may be assumed to be
uniform over the length of the span.

(3) For each span of a member the effective®
width of flanges should be taken as the lesser of
the full width and L/8 per side of the web,
where L is the span or twice the distance from
the support to the end of a cantilever.

(4)  The effects of plate buckling in elastic
global analysis may be taken into account by
effective® cross sectional areas of the elements
in compression, see 4.3.

(5) For global analysis the effect of plate
buckling on the stiffness may be ignored when
the effectiveP cross-sectional area of an element
in compression is larger than p,, times the

gross cross-sectional area of the same element.

NOTE 1: The parameter p, ~may be given in the

National Annex. The value p, = 0,5 isrecommended.

11
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IIpumiTka 2. Bka3iBku 1I0M0 BU3HAYCHHS >KOPCTKOCTI
JUTS BUITAJKY, KOJTH BUMOTa (5) HE TOTPUMYETHCS, JIHB. B
nonatky E.

2.3  Brpara cTiiiKoCTi NJIACTHH eJIeMEeHTiB
NMOCTiIHHOI0 MONEePevYHOro nepepisy

Q) Meroau  BuU3HAYeHHS  CPEKTUBHOI
MIUPUHU TIpU il HOPMAJIBHOTO HAINpYKEHHS,
METOJIM BHU3HAYEHHS HECY4Oi 3JaTHOCTI TNpHU
BTpaTi CTIMKOCTI BiA 3CyBy 1 mpu BTpaTi
CTIAKOCTI  BHACHINOK  Ail  TMONEPEYHUX
HaBaHT)XEHb, a TAKOX NPH iX CIUIbHIN il B
IPaHUYHOMY CTaH1 MOXYTb OyTH BUKOPHUCTaHI,
SKIIO TOTPUMYIOTHCSI HACTYITHI YMOBHU:

— TaHeNnl IUTACTUH NPSIMOKYTHI 1 MOSICH
MIPOXOJIATh MapajesbHoO;

— JlaMeTp HEeNICUJICHUX OTBOPIB ad0 BUPI3IB
HE MTOBHUHEH NepEeBUILYBaTH 0,05,

ne b — mmpwuHa maneni macTuH.

IIpumiTka. IIpaBuiamu JIOITYCKAETHCS TaKOX
3aCTOCOBYBaTH HE MPSMOKYTHI MaHENl IUIACTHH, SIKIIO

s kyra <, (muB. pucyHok 2.1) crpaBemiiBa yMoBa

limit

o <10°. Sxmo «, . >10", To B fAKOCTI mNaHei

limit limit

IUTACTUHHU JIOMYCKAETHCS IPUHMATH YMOBHY IPSIMOKYTHY

HaHeNb i3 OUIBIINM 3 JBOX po3MipiB b, i b, miactuam.

/%

NOTE 2: For determining the stiffness when (5) is not
fulfilled, see Annex E.

2.3  Plate buckling effects on uniform
members

(1)  Effective® width models for direct
stresses, resistance models for shear buckling
and buckling due to transverse loads as well as
interactions  between these models for
determining the resistance of uniform members
at the ultimate limit state may be used when the
following conditions apply:

— panels are rectangular and flanges are
parallel;

— the diameter of any unstiffened open hole or
cut out does not exceed 0,05b, where b is the

width of the panel.

NOTE: The rules may apply to non rectangular panels
provided the angle ¢, (see Figure 2.1) is not greater
than 10 degrees. If «, , exceeds o, , >10", panels may
be assessed assuming it to be a rectangular panel based

on the larger of b, andb, of the panel.

il

+

Pucynok 2.1 — BusHaueHHs KyTa «

Figure

(2)  TIpu pospaxyHKy HeCyd4oi 3MaTHOCTI i
BTOMHOI  MIIHOCTI  e(eKTHBHA®  ILIOIIA
nepepizy MNpUiiMaeTbCs Yy BUMAAKAX, KOJHU
BUKOHYIOThCS yMOBHU, HaBeneHi B 3.1. Ilpu
pO3paxyHKy 3a  TpaHMYHUMH  CTaHaMU
edeKTUBHA IUIOIIA TMepepisy MNPUINMAEThCS
3rigHo 3 3.3, 3amiHooun S Ha S, .

24  Meroauka PO3PaxXyHKY no
NpHUBeIeHOMY HANIPYKEHHIO

(1) B sKOCTi anbTepHATHBH BUKOPHCTAHHIO
METOJMKH BU3HAYCHHS e(DEeKTHBHOIP IIMPHHU
IpU BU3HAUYEHHI HOPMAJILHOTO HAalpyKEHHS,
3TiIHO 3 BUMOTaMH poO3AuliB 4 — 7, momnepeyHi

12

2.1 — Definition of angle «

(2) For the calculation of stresses at the
serviceability and fatigue limit state the
effective® area may be used if the condition in
3.1 is fulfilled. For ultimate limit states the
effective area according to 3.3 should be used
with £ replaced by g, .

2.4 Reduced stress method

(1) As an alternative to the use of the
effective® width models for direct stresses
given in sections 4 to 7, the cross sections may
be assumed to be class 3 sections provided that



nepepis MOXyTh OyTH TPUHHATI SK JUIA
nepepiziB  kjmacy 3, KO  HOpMallbHE
Hampy>KeHHsT  JIs  KOXHOI ~ THaHeli  He
NEpCBUINYE T'PAHUYHHUX 3HAYCHb, BU3HAYCHHUX
BinmoBiAHO 10 po3airy 10.

IIpumiTka. MeTtoarka po3paxyHKy 3a IPUBEACHUM
HaNpYyXEHHAM JUIsl OKPEMHUX TUIACTHHYACTUX €JIEMEHTIB
BINMOBITa€ METOJY PO3PaXyHKYy 3 e(EKTHBHOIOP
mmpuHoto  (amB. 2.3). Ilpore mpm mepeBipkax
HaIpyKeHHS HE BPaXOBYETHCS 3MEHIIECHHS

HABAHTA)XEHHSA MK IIACTHHYACTUMH €JI€MEHTAMH B
MIOITEPEYHOMY TIepepisi.

2.5 EuaeMeHTH KOHCTPYKUii 3i 3MiHHHM
nepepizom

(1) B eneMeHTax KOHCTPYKIIii 31 3MIHHUM
nepepizoM (€JI€MEHTH 3 ByTaMH, MaHeml 3
HenapajelbHUMM TMosicaMu) abo eneMeHTax

KOHCTPYKIII{ 3 peryiaspHUMU abo
HEPETYISIPHUMU BEJIMKUMU OTBOpaMH
JOITYCKA€ThCA 3aCTOCOBYBaTH METOJ

CKIHYEHHMX EJIEMEHTIB.

Ilpumitka 1. B nomatky B HaBenmeni BKasiBKH JUist
€JIEMEHTIB KOHCTPYKIIiH 31 3MIHHHM HIepepi3oM.

Mpumirka 2. B nogarky C HaBeneHi BKa3iBKU IO
PO3paxyHKy 3a MeTofioM cKinueHHHX enemeHTiB (MCE).

2.6  Eaementn KOHCTPYKIIii 3
ro()poBaHMMHM CTIHKAMU

(1) Ipm PO3paxyHKy CIIEMEHTIB
KOHCTPYKIIH 3 TO(PPOBAaHMMH CTIHKAMH, SIK
MPaBUJIO, 3TUHAIBHA JKOPCTKICTH 3aJICKHUTh
TUIBKH BiJl TIOSCIB, CTIHKH CIPUMMAIOThH JIUIIIES
3yCHJUISI 3CYBY 1 ITONIEPEYH1 HABAHTAXKEHHS.

Mpumitka. B  pomatky D HaBenmeni mpaBuia
BU3HAYCHHS PO3PAXYHKOBHUX IIapaMETpIB 3a BTPATOIO

CTIMKOCTI CTHCHYTHX IOSCIB 1 3a HECY4OI0 3JaTHICTIO
CTiHKH TIPH 3CYBI.

3 BPAXYBAHHAA E®EKTY
3CYBHOI'O 3AIIIBHIOBAHHSA IIPH
PO3PAXYHKY EJIEMEHTIB

3.1 3arajbHi MoJI0KeHHS

(1) B nosicax JOMYCKAETHCS HE
BpaxoByBaTH €(EeKT 3CYBHOIO 3ali3HIOBaHHS,
SKIIO BHMKOHaHa ymoBa [, <L,/50. [lns
YaCTUH TMOSCIB 3 OJHOCTOPOHHBOIO OIOPOIO
HmIMpuHa nosicy D, BiANOBifae HasBHIM mIMPHHI

noAcCy, Mg 4YaCTUH HOACY 3 ABOCTOPOHHLORO

JACTY-H b EN 1993-1-5:201X

the stresses in each panel do not exceed the
limits specified in section 10.

NOTE: The reduced stress method is analogous to the
effective® width method (see 2.3) for single plated
elements. However, in verifying the stress limitations
no load shedding has been assumed between the plated
elements of the cross section.

2.5 Non uniform members

(1) Non uniform members (e.g. haunched
members, non rectangular panels) or members
with regular or irregular large openings may
be analysed using Finite Element (FE)
methods.

NOTE 1: See Annex B for non uniform members.

NOTE 2: For FE-calculations see Annex C.

2.6 Members with corrugated webs

(1) For members with corrugated webs,
the bending stiffness should be based on the
flanges only and webs should be considered to
transfer shear and transverse loads.

NOTE: For plate buckling resistance of flanges in
compression and the shear resistance of webs see
Annex D.

3 SHEAR LAG IN
DESIGN

MEMBER

3.1 General

(1) Shear lag in flanges may be neglected
if S, <L,/50 where b, is taken as the flange

outstand or half the width of an internal
element and L, is the length between points of

zero bending moment, see 3.2.1(2).

13
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ornoporo b, MOpIBHIOE TIOJIOBHHI LIMPHHU
nosicy. JloxuHa L, nOpiBHIOE BiACTaHI MK

HYJBOBUMHU TOYKAMH JIFOYMX MOMECHTIB, JIUB.

3.2.1(2).

(2)  Sxmo Bkazana B (1) ymoBa mist b, He
BUKOHYETBCSA, TO TPH OIIHII Hecydoi
3IaTHOCTI 1 BTOMHOI MIITHOCTI Marepiany,
HEOOXiJTHO BpaxOBYBaTH BIUIMB 3CYBHOTO
3aIli3HIOBAHHS MOACIB, ISl IBOTO BU3HAYAIOTh
epextuBHYy® mmpuHy 3rigro 3 3.2.1 i
BUKOPHUCTOBYIOTb  PO3MOJAUT  HANpPYKEHHS
3rigHo 3 3.2.2. [Ipu ouiHIl HECy4oi 31aTHOCTIL
B TPaHAYHOMY  CTaHi  JIOIYCKAa€ThCS

3aCTOCOBYBAaTH €(EKTUBHY IUIOLLY 3T1IHO
33.3.

3) HampyxenHss B CTIiHIII  BHACIiJOK
JIOKAJIBHOTO TPHUKIAJaHHS HAaBaHTAKCHHS B
piBHI MMOSICY BU3HAYAIOTH 3TiaHO 3 3.2.3.

3.2 BusHayeHHsl e(eKTHBHOI® HIMPUHHU
NP 3CYBHOMY 3alli3HIOBAHHI B INPY/KHil
craail

3.2.1 Egexmuena wmuupuna

(1)  EdexruBny®

BpaxyBaHHI  3CYBHOTO  3aIli3HIOBaHHS B
NPY)KHIA CTajii, sIK MPaBWJIO, BU3HAYAIOTh 3a
hopmyroro:

mUpuHy by npu

beff

ne edexktuBHui® KoedimieHT [ BKazaHUl B

tabmuii 3.1. Llg edexkruBHA ImMpHHA MOXKE
3aCTOCOBYBATHCS MIPH OIIIHIII €KCILTyaTamiiiHO1

NPUIATHOCTI 1 BTOMHOI  MIIHOCTI B
I'PaHUYHOMY CTaHI.
(2)  Skmo CYMDKHI IIPOrOHU

BUIPI3HAIOTBCS He Outbmie HiK Ha 50 % abo
JIOBXKMHA KOHCOJIeH ckiianae He Ouibire 50 %
MPUMHUKAOYOTO  TPOTOHY, TO e(PEKTHBHY
JIOBXHHY L, IOmyckaeThcsi BU3HAYATH 3TiTHO
puc. 3.1. B inmux Bunaakax L, omniHmOHOTH 5K

BIICTAHP MDK JBOMa HYJBOBUMH TOYKAMH
MIIOYUX MOMEHTIB.
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(2)  Where the above limit for b, is

exceeded the effects due to shear lag in flanges
should be considered at serviceability and
fatigue limit state verifications by the use of an
effective® width according to 3.2.1 and a stress
distribution according to 3.2.2. For the
ultimate limit state verification an effective
area according to 3.3 may be used.

(3) Stresses due to patch loading in the
web applied at the flange level should be
determined from 3.2.3.

3.2 Effective® width for elastic shear lag

3.2.1 Effective width

(1)  The effective® width b,, for shear lag

under elastic conditions should be determined
from:

= §-b, (3.1)

where the effective® factor £ is given in Table

3.1.This effective width may be relevant for
serviceability and fatigue limit states.

(2) Provided adjacent spans do not differ
more than 50 % and any cantilever span is not
larger than half the adjacent span the effective

lengths L, may be determined from Figure
3.1. For all other cases L, should be taken as

the distance between adjacent points of zero
bending moment.
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BorLe=025 L+ Ly) Bil=2L,
B L.=0,85L, . SiLe=0,70L, |
[ ]
‘ L ‘ Lo Ls
Ly /4 Li/2 Li/d| Lo/4 Ly/2 Lo/4

b By B ﬂm@

Pucynox 3.1 - EdextuBHa noBxkuna L, 1714 HEPO3Pi3HUX OaoK i po3no it epeKTUBHOT® IMMPUHH
Figure 3.1 - Effective length L, for continuous beam and distribution of effective® width

CL

1 — HABMCAHHS NPH OGNMPAHHI HA OJIHY CTOPOHY; 1 for flange outstand
2 for internal flange

3 plate thickness t

4 stiffeners with Aj = ZAsli

2 — HaBHMCAaHHS NPH OONMMPAHHI HA IBi CTOPOHU;
3 — ToBmuHa jgucrta t;

4 — 1103/10BKHi e1eMeHTH KopeTKocTi 3 Ay = Z A

Pucynok 3.2 - BusnaueHHs eeKTUBHOI IIUPUHU
Figure 3.2 - Notations for shear lag

15
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Taéauns 3.1 — TMoHmkyrounii koediieHT £ Wit eheKTHUBHOI® MIUPUHH

Table 3.1 — Effective® width factor g
K Micue po3rauryBaHHs 3HayeHHs f
Verification p -value
k <0,02 p=10
Y nporoHi 6ayiku B=f = 1
Sagging bending '1+6,4-k°
0,02<k<0,70 1
Binst omopu 6anku B=p,= 1
Hogging bending 1+6,0-(k— j+l,6-k2
00-k
Y nporoHi 6ayiku B=p = 1
Sagging bending ' 59.k
>0,70
Bins onopu Gayiku B=j = 1
Hogging bending ? 86-k
. Kinnesa onopa 6anku _ )
Vei k (all k) End support B, =(0,55+0,025/k)- ., B, < 3,
Vei k (all k) Konconp OamKu f = [, —Ha onopi 1 Ha KiHIi KoHcoi (at support and
Cantilever at the end)

k=a, B,/L, npn (with) a, = L

ne A, — Iuoma repepizy ycix MO3J0BXKHIX eIEeMEHTIB )KOPCTKOCTI B MeKaxX IUPHHH b, . [HIIi mo3HaueHHs

BKa3aHi Ha pucyHkax 3.113.2.

in which A, is the area of all longitudinal stiffeners within the width b, and other symbols are as defined

in Figure 3.1 and Figure 3.2.

b, -t

0

3.2.2 Po3nodin

HAnpyyiceHHs 3
YPAXY8AHHAM epexmy 3CY6HO020
3aNi3HI06AHHA

(1) s BpaxyBaHHS e€(pEKTy 3CYBHOTO

33Hi3HIOBaHHH, JK IIpaBUJIO, 3aCTOCOBYIOTH

PO3MOJIUT HOPMAIBHOTO HAIMPYXCHHS B IOSCI
3riHO 3 pUCyHKOM 3.3.
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3.2.2 Stress distribution due to shear lag

(1) The distribution of longitudinal
stresses across the flange plate due to shear lag
should be obtained from Figure 3.3.



. beir=pb

Oy

O iy} f
L
G2

B>0,20:
0,=125-(8-0,20) 0,

¢7(y)=0'2+(0'1—O'2)-(1—y/b0)4
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=
=1
—

b, = 53by

£ <0,20

c,=0

o(y)=o,-(1-y/b)

O, BU3HAYaKThb i3 3aCTOCYBaAHHAM e(l)EKTI/lBHO'l. IMUPUHHA beff BEPXHLOI'0 NMOSICY

o, is calculated with the effective width of the flange b,

Pucynok 3.3 — Po3noaur HanpyXeHHsI 3 ypaxXyBaHHIM €(QeKTy 3CYBHOTO 3aIli3HIOBaHHS

Figure

3.2.3 Ilpuxknaoanus
nAOWUHI Tucma

HAGAHMAINCCHHA 6

(1) IIpyxuuit po3MOALT HANPYKEHHS B
CTIHIII Oasku 3 pedpamMu KOpPCTKOCTI abo 0e3
HUX BHACIIJOK MICIIEBOTO  IPHUKJIATaHHSI
HABAaHTAXXEHHSI B IUIONIHMHI JIUCTA, SIK MPABUIIO,
BH3HA4aroTh 3a hopmyoro (puc. 3.4):

O-Z,Ed -

ne (with): by, =s, 1+[i
0,878-ay,
ne n=0,636- 1+t—' ;
Se =S, +2-t;;
ae:
dy, —IUoma mnepepisy OpyTTO €IEMEHTIB

KOPCTKOCTI, PpO3MOAUICHUX Ha OJUHUIIO
noBxuHM S,. Llg BenmuumHa Moxe OyTu
OpUHHATA Y BUIVIAAL BIAHOWIEHHS IUIOMI
€JIEMEHTIB JKOPCTKOCTI 70 BIJICTaHI MK iX

LEHTpaMH TSOKIHHSA Sg ;

I:Ed

3.3 — Distribution of stresses due to shear lag

3.2.3 In-plane load effects

(1)  The elastic stress distribution in a
stiffened or unstiffened plate due to the local
introduction of inplane forces (patch loads),
see Figure 3.4, should be determined from:

e (3.2)
beff ) (tw + ast,l)

where:

ay, Is the gross cross-sectional area of the

stiffeners smeared over the length s, This may

be taken, conservatively, as the area of the
stiffeners divided by the spacing s, ;

17
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t, — TOBIIMHA CTIHKH;
z — BiICTaHb BiJI MOSICY O JTaHOi TOYKH
CTIHKH.

Npnmitka. opmyna (3.2) nidicra gt S, /s, <0,5,
IHaKIIe BIUIUB €JIEMEHTIB )KOPCTKOCTI HE BPaXOBYIOTb.

t, Is the web thickness;
z Is the distance to flange.

NOTE: The equation (3.2) is valid when s, /s, <0,5;

otherwise the contribution of stiffeners should be
neglected.

1:1 | j t;
1
'Z
L | tw
A 55( U
|~ 1 Sy |
a. Ed /2

1 — e1eMeHT JKOPCTKOCTI;
2 — CHPOLIEHMIi PO3NOAiT HANPY KEHHS,
3 — hakTHYHMIT PO3NOALT HANIPYKEHHS

1 stiffener
2 simplified stress distribution
3 actual stress distribution

Pucynok 3.4 - Cxema npuKiIaJaHHs HaBaHTa)KEHHS B IUIOIIMHI JTUCTA

Figure

Mpumirka. Bkazanuii BuIlEe pO3MOALT HANPYKEHHS
TaKO)XK MOKHa BHKOPHCTOBYBATH IS PO3PAXyHKIB Ha

BTOMY 3 ypaxyBaHHSM BTOMHHX BJIACTHBOCTEH
MaTtepiaiy.

3.3  BpaxyBauusi epekTy  3CyBHOroO
3ami3HIOBAHHST NPH  PO3PaxyHKY  3a
rPAHUYHUMH CTAHAMM

(1) TIpu pospaxyHKy 3a TpaHUYHHMH

CTaHaMH e(EeKT 3CYBHOTO 3aIi3HIOBaAaHHS MOKe
OyTH BU3HAYEHUN HACTYITHUM YHHOM:

a) BIUIMB e(eKTy 3CYBHOTO 3ali3HIOBaHHS B
NpYyXHIM cTagii poOoTu Tpu BU3HAYCHHI
HEeCy4o1 3/1aTHOCT1 1 BTOMHOI MIITHOCTI;

b) npu OJIHOYACHIH bish)
3aMi3HIOBAHHS 1 BUMTyYEHHS [TaCTHH;

3CYBHOTO

C) IpH NPYKHO-TUIACTUYHIA poOOTI MaTepiany
mist  edekTy  3CyBHOTO  3alli3HIOBaHHS
JIOMYCKAETbC TPU BpPaxyBaHHI OOMEXEHHs
MJIACTUYHUX JePopMalriii.
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3.4 — In-plane load introduction

NOTE: The above stress distribution may also be used
for the fatigue verification.

3.3  Shear lag at the ultimate limit state

(1) At the ultimate limit state shear lag
effects may be determined as follows:

a) elastic shear lag effects as determined for
serviceability and fatigue limit states,

b) combined effects of shear lag and of plate
buckling,

c) elastic-plastic shear lag effects allowing for
limited plastic strains.



Mpumirka 1. Buxopucranuii meroxm Moxe Oyrn
HaBeneHWT B HamionanpHOMY momaTky. SIkmio B
EN 1993-2 — EN 1993-6 e HaBeaeHi iHIII METOAH, TO
PEKOMEHAYEThCS 3aCTOCOBYBATH METOJl, BKa3aHU B
npumiTi 3.

Mpumirka 2. OpHouacHy [Iil0 BTpaTd  CTIMKOCTI
IUIACTUHA 1 3CYBHOTO 3aIli3HIOBAHHS JIOIYCKA€THCS
pO3paxoByBaTH 3 BpaxyBaHHSAM e(EeKTHBHOI IUTOMII

JACTY-H b EN 1993-1-5:201X

NOTE 1: The National Annex may choose the method
to be applied. Unless specified otherwise in EN 1993-2
to EN 1993-6, the method in NOTE 3 is recommended.

NOTE 2: The combined effects of plate buckling and
shear lag may be taken into account by using A as

) given by
nepepizy A, 3a dpopmynoro
A = Ac,eff B (3.3)
ae: where:
Ay —edextuBHA® IUIOmMA  TTOTIEPEYHOTO Ay is the effective? area of the

nepepizy CTUCHYTOTO TMOSICYy TpU  BTpaTi
CTIMKOCTI TUIACTUHU BiI Jii HOPMAaJIbHOTO
HanpyxeHHs (1uB. 4.4 14.5);
By — NOHWKYHOUHN KOE(ILiEHT
e(pEeKTUBHOI® IIUPUHH JUIS  BpaxyBaHHS
3CYBHOI'O 3alli3HIOBAHHS B I'DAaHUYHOMY CTaH1

IPU BHU3HAYEHHI HECydoi 30aTHOCTI, [,
JIOTYCKA€eThCsl MPUHMATH PIBHUM [ 3TITHO
tabmuni 3.1 i3 3amiHol @, Ha «a, 3a
hopmyroro:

t; — TOBLIWHA TIOACY.

Mpumirka 3. [lpu  npyxHo-TacTuuHii  pobOoOTi
Matepiany i edekTy 3CYBHOTO 3alli3HIOBaHHS 3
BpaxyBaHHSIM OOMEKEHHS IUIACTHYHHX JedopMariiii
JIOIYCKAETHCSI BPAXOBYBATH 33 IOIIOMOrOK0 €(pEeKTHBHOI

o nepepizy A, 3a Gopmyroro:

compression flange due to plate buckling (see
4.4 and 4.5);

B s the effective® width factor for the

effect of shear lag at the ultimate limit state,
which may be taken as £ [ldetermined from

Table 3.1 with «, replaced by

(3.4)

t, is the flange thickness.

NOTE 3: Elastic-plastic shear lag effects allowing for
limited plastic strains may be taken into account using

A, as follows:

A = Aheff 'IBk 2 A\:,eff B (3.5)

ne f ta K mpuiitmMaroThes 3rigqHo Tadummi 3.1.

@®opmynu B mpuMiTkax 2 1 3 J0MYyCKaeTbCs
3aCTOCOBYBAaTHM TaKOX JUIsl  MOSCIB, WIO

IPALIOIOTh HA PO3TAT, B LIbOMY BUNAAKY A, 4 ,

SIK TIPaBUJIO, 3aMIHIOIOTh Ha IUIOILY Tepepily
OpYTTO PO3TATHYTOTO TMOSCY.

where £ and k are taken from Table 3.1.

The expressions in NOTE 2 and NOTE 3 may
also be applied for flanges in tension in which

case A . should be replaced by the gross
area of the tension flange.
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4 BTPATA CTINKOCTI
MJACTUHHU 1 NIEIO
HOPMAJIBHOI'O HAIPY)KEHHS MPU
PO3PAXYHKY 3A TI'PAHUYHUMMU
CTAHAMMU

4.1 3arajbHi MoJ0KEeHHA

(1) Y upomy po3aii HAaBOIATHCS IMPaBUIIA
BpaxyBaHHS BTPAaTHU CTIMKOCTI IIACTHH ITif
TI€I0 CTUCKAIOYOTO HOPMAIBHOTO HAIPYKEHHS
OpU pPO3paxyHKy 3a TpaHUYHHUMU CTaHAMH,
SIKIIIO BUKOHYIOTHCS HACTYITHI YMOBH:

a) cekii CTIHKM (TUTACTHHHU) MPSIMOKYTHI, a
MOSICH TMapasiebHl a00 MPUOIN3HO MapalieibH1
(muB. 2.3);

b) ememMeHTH JKOPCTKOCTI, SIKIIO TaKi €,
NPOXOJSATH B TO3/I0BKHBOMY 1 MOMEPEUHOMY
HanpsiMi abo B 000X HarmpsiMax;

C) oTBOpH abo BHpI3M HeBenuKi (1uB. 2.3);

d) eneMEeHTH KOHCTPYKIIl MarTh MOCTIHHHN
MOTIEPEYHUI TIepepi3;

€) BILUIMB TOSCYy Ha BTPATy CTIHKOCTI CTiHKH
BUKJIIOUCHUH.

Ipumitka 1. Bmime crucHyToro moscy Ha BTpary
CTIHKOCTI CTIHKU HaBEAEHO B po3.iii 8.

Mpumirka 2. Bumorn Juisi eneMeHTIB KOPCTKOCTI i
IUIACTUH IIPU BTPATIi CTIHKOCTI BKa3aHi B po3aiii 9.

4.2 Minnicre i crilikicts npm  aii
HOPMAJILHOT'0 HATIPY KEeHHS

(1) IlepeBipka MiHOCTI 1  CTIAKOCTI
oOpaMJIEeHHX TUIACTUH TPH Aii CTUCKAI0uoro
HOPMAJIBHOTO  HANpPYXEHHS  IOTEPEYHUX
nepepiziB  kimacy 4 BUKOHYETbCS 3
BUKOPHCTAaHHAM XapaKTePUCTUK €PEeKTUBHOI
ol nonepevHoro nepepisy (A o e » W )

uig 0aJoK 1 KOJIOH, y TOMY 4YHCII 1 IpH
KPYTUJIBHIN (QopMi BTpaTH CTIHKOCTI 3T1IHO
EN 1993-1-1.

(2)  EdextuBHi® mmomii  momepeyHOro
nepepizy JAOMYCKA€eTbCS BU3HAYATH HAa OCHOBI
po3noaity aedopmariid 3a JHIHHUM 3aKOHOM
IpU JIOCSATHEHHI MNpYXHUX Jedopmaliii B
cepe/lnH1 IJIOIMHU CTUCHYTOI IJIAaCTUHHU.
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4 PLATE BUCKLING EFFECTS
DUE TO DIRECT STRESSES AT THE
ULTIMATE LIMIT STATE

4.1 General

(1)  This section gives rules to account for
plate buckling effects from direct stresses at
the ultimate limit state when the following
criteria are met:

a) The panels are rectangular and flanges are
parallel or nearly parallel (see 2.3);

b) Stiffeners, if any, are provided in the
longitudinal or transverse direction or both;

c) Open holes and cut outs are small (see 2.3);

d) Members are of uniform cross section;

e) No flange induced web buckling occurs.

NOTE 1: For compression flange buckling in the plane
of the web see section 8.

NOTE 2: For stiffeners and detailing of plated
members subject to plate buckling see section 9.

4.2 Resistance to direct stresses

(1)  The resistance of plated members may
be determined using the effective areas of
plate elements in compression for class 4
sections using cross  sectional data
(Ao L Wy ) for Cross sectional

verifications and member verifications for
column buckling and lateral torsional buckling
according to EN 1993-1-1.

(2) EffectiveP areas should be determined
on the basis of the linear strain distributions
with the attainment of yield strain in the mid
plane of the compression plate.



4.3  EdexTuBHMii nonepeuyHunii nepepis

(1) [pm BU3HAYEHH] HOPMAJIBHOTO
HampyXKEHHsI, K  NpPaBWIO,  HEOOXiJHO
BpaxoBYBaTH €(EKT 3CYBHOTO 3aIli3HIOBaHHS 1
BTpaTH CTIMKOCTI (BMIy4E€HHS) IUIACTHUH,
BUKOPUCTOBYIOUHM e(EKTHBHI IUIONII Tepepi3iB,
HaBezeHi B 3.3.

(2)  Xapakrepuctuku e(EeKTHUBHOTO
MOTIEPEYHOr0  Tepepisy  KOHCTPYKIi, K
NPaBUJIO, BU3HAYAIOTHCA 32 EPEKTHBHUMU
IJIOIIAMU CTUCHYTHUX €JIEMEHTIB 1
e(QEeKTUBHHUX® IUJIONI PO3TATHYTHX EJIEMEHTIB
BHACIIJIOK €()eKTy 3CYBHOTO 3aIi3HIOBaHHSI.

(3) EdexrtuBHa rmroma mepepisy Ay
MOBUHHA OYyTHM BH3HAa4Y€HAa 3a YMOBH, IO
MONEPEeYHU  Tepepi3 MiJaeTbcsd  TUIBKU
OCbOBOMY CTHCKaHHIO cuioro Ng,. Jna
HECUMETPUYHUX  Mepepi3iB  Mae  Micle
eKCUEHTPUCUTET €, SKUA BUHUKAE B

pe3ynpTaTi  3MIMIEHHA  LEHTPY
epeKTUBHOI momy nepepisy Ay BIIHOCHO
LEHTPY TSOKIHHA TOMEPEYHOro  Tepepizy
Opyrro (muB. puc. 4.1), BHACIIZOK YOTO
BUHUKAE JOJATKOBHM 3THHAJIRHUA MOMEHT,
KWW, SIK TPaBWJIO, HEOOXITHO BpaxOByBaTH
MPU TIEPEBIPII TOTIEPEUYHOTO Tepepi3y 3TiTHO
34.6.

(4) Mowmentu
nepepizy W

TSOKIHHSI

omnopy e(eKTUBHOTO
NMOBHHHI OyTH BH3HAYeHI

BHXOJITYM 3 TOrO, IO TONEPEYHUI Iepepi3
HiIIa€ThCS TUIBKA HaIpy>KCHHIO BIJ
3rUHAIBHOTO MOMeHTy M, (muB. puc. 4.2).
[Ipu nii 3rUHAIBHUX MOMEHTIB B JIBOX
TOJIOBHUX [IOIMHAX, K IIPABUIIO,
BU3HAYAIOTh MOMEHTH OIOpY €(QEKTHBHOTO
nepepizy BiTHOCHO JABOX T'OJIOBHUX OCEH.

Mpumitka. B sxocri amprepuatneu 4.3(3) i 4.3(4)

JOMyCKA€ThCSl ~ BU3HAYATH  e(QEKTHBHI  3HA4YCHHS
XapaKTEePUCTHK TIOTIEPEYHOT 0 nepepizy 3
3aCTOCYBaHHIM PE3YABTYIOUOr0 posnonity

M03/10BKHBOT0 HANPYKEHHs Bia ogHovacHoi aii N_, Ta

M_, . JonatkoBuii MOMEHT BiJ €, fK TpPaBHIO,

HeoOXigHO BpaxoByBaTH 3rimHO 3 4.3(3). Lle Bumarae
TTOBTOPHUX PO3PAXYHKIB.

(5)  HanpyxeHHs B mosicax BH3HA4Ya€eThCS 3
BUKOPUCTAHHSM IPY)KHOTO MOMEHTY OIOPY
BIJTHOCHO CEPEeIHbOT IIOLUTUHH TOSICY.

JACTY-H b EN 1993-1-5:201X

4.3 Effective cross section

(1) In calculating longitudinal stresses,
account should be taken of the combined
effect of shear lag and plate buckling using the
effective areas given in 3.3.

(2)  The effective cross sectional properties
of members should be based on the effective
areas of the compression elements and on the
effective® area of the tension elements due to
shear lag.

(3)  The effective area A, should be

determined assuming that the cross section is
subject only to stresses due to uniform axial
compression. For non-symmetrical  cross
sections the possible shift e, of the centroid

of the effective area A, relative to the centre

of gravity of the gross cross-section, see
Figure 4.1, gives an additional moment which
should be taken into account in the cross
section verification using 4.6.

(4)  The effective section modulus W,

should be determined assuming the cross
section is subject only to bending stresses, see
Figure 4.2. For biaxial bending -effective
section moduli should be determined about
both main axes.

NOTE: As an alternative to 4.3(3) and (4) a single
effective section may be determined from N_ and

M_, acting simultaneously. The effects of e, should

Ed
be taken into account as in 4.3(3). This requires an
iterative procedure.

(5) The stress in a flange should be
calculated using the elastic section modulus
with reference to the midplane of the flange.
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(6) bimeraneBi Oalky OBHHHI MaTH MOSICH
3 MEKEI0 TEKYYOCTi Marepiany cTinku Bin f

no ¢, x f, 3a ymosu:

a) 30UIbILICHHS  HANpPYKEHHS B  MOsCI
MPU3BOIUTH /IO MOSIBU TEKY4OCTI MaTepiary
CTIHKH, $Ka BpPaxOBYEThCS 3a JOMOMOTOIO
O0OMEXEHHSI HAIPYXEHHS B CTIHIII JI0 fyW ;

b) ebexTrBHA mIONmIA CTIHKA BU3HAYAETHCS 13
BpaxyBannam f . (zamicte f,).

Mpumirka. 3HaueHHs o, JIOMYCKAEThCSA

BCTAaHOBJIFOBATH B Haui OHAJIbHOMY A0IAaTKYy.

Pexomennosane 3Hauenns ¢, = 2,0.

(7)  30inblueHHs nedopMarliiii i HaNPyXeHb
g OiMeraneBux OaloK WpU TMepeBipKax
BTOMHOI MIIIHOCTI 3a HECY4YOl 3JaTHICTIO
JOMyCKAEThCSI ~ HE  BpPaxXOBYBaTH npu
NoTpuMaHHI yMOB 3a 4.3(6) 3 ypaxyBaHHSIM
MIPUMITKH.

8 Vv OiMeTaneBux Oankax, SKi
BIINOBIAaI0Th ymoBaM 4.3(6), HampyXeHHs
npu nepeBipii criikocti 3rigro EN 1993-1-9
JIONyCKa€Thes puiiMaty pisHum 1,5F . .

(6) Hybrid girders may have flange
material with yield strength f; up to ¢, x f,

provided that:

a) the increase of flange stresses caused by
yielding of the web is taken into account by
limiting the stresses in the web to f, ;

b) f, (rather than f ) is wused in
determining the effective area of the web.

NOTE: The National Annex may specify the value ¢, .

A value of ¢, =2,0 is recommended.

(7)  The increase of deformations and of
stresses at serviceability and fatigue limit
states may be ignored for hybrid girders
complying with 4.3(6) including the NOTE.

(8) For hybrid girders complying with
4.3(6) the stress range limit in EN 1993-1-9
may be takenas 15f ;.

[epepiz 6pyrTO
Gross cross section

G - meHTp TSKIHHS Mepepi3y GpyTTO;
G’ - HeHTp TAXKiHHSA e)eKTUBHOIO Nepepizy;
1 - Bich HeHTpPY TA:KiHHSA Nepepi3y OpPyTTO;

2 - Bich HEHTPY TSKiHHS e()eKTUBHOIO Mepepisy;
3 - Hee(heKTHBHI AUITHKH nepepizy (AiIstHKH
nepepisy, A8 IKUX MiceBa CTilKicTh He
3a0e3meyeHa)

EdexruBnuii nepepis
Effective cross section

G centroid of the gross cross section
G’ centroid of the effective cross section
1 centroidal axis of the gross cross section
2 centroidal axis of the effective cross section
3 non effective zone

Pucynok 4.1 - Ilepepizu kiacy 4 — 1isi OCbOBHX CHII

Figure
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4.1 — Class 4 cross-sections — axial force
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ITepepi3 6pyrTO
Gross cross section

G - meHTp TSKIHHS Mepepi3y GpyTTO;
G’ - HeHTp TAXKIHHA e()eKTHBHOIO Nepepisy;
1 - Bich HeHTpPY THKiHHS Mepepi3y GpyTTO;

2 - Bich HEHTPY TSKiHHS e)eKTHBHOIO Mepepizy;
3 - Hee()eKTHBHI AVITHKH nepepizy (AiIsTHKH
nepepisu, 1Js AKUX MicleBa CTiliKicTb He
3abe3neyeHa)

EdexruBnuii nepepis
Effective cross section

G centroid of the gross cross section
G’ centroid of the effective cross section
1 centroidal axis of the gross cross section
2 centroidal axis of the effective cross section
3 non effective zone

Pucynoxk 4.2 —Ilepepi3u kiacy 4 — aist 3SrHHATILHUX MOMEHTIB

Figure

4.4  TIlnactuH4acTi eJieMeHTH 0e3
MO03/10BKHiX eJIeMEHTIiB KOPCTKOCTI

(1)  EdexruBHi® o miacTiH CTHCHYTUX
€JIEMEHTIB 3 JIBOCTOPOHHIM 3aKpillJIEHHSM I10
KpasiX TOBHHHI BU3HAYATHUCS 3 BUKOPUCTAHHIM
Tabmuii 4.1, a A1 MJIACTHH 3 OJHOCTOPOHHIM
3aKpiluIeHHSIM (3BHCH JiMcTa) — Tabmuii 4.2.
EdexruBHaP 1ioma CTHCHYTOI 30HH JIUCTa 3
MOTIEPEUHOIO IIJIOLIEI0 Iepepidy OpyTro A, , 5K

IIpaBUJIO, BU3HAYAETLCA 3a (I)OpMy.]'IOIO:

e p — NOHIKYIOUUN KOe]IlieHT Mpu BTpaTi

4.2 - Class 4 cross-sections — bending moment

4.4  Plate elements without longitudinal
stiffeners

(1) The effective® areas of flat
compression elements should be obtained
using Table 4.1 for internal elements and
Table 4.2 for outstand elements. The effective?
area of the compression zone of a plate with
the gross cross-sectional area A, should be

obtained from:

A =P A (4.1)
where p is the reduction factor for plate
buckling.

CTIAKOCTI IUIACTHHU.

(2) Tpu weomy p
npuiimMaty 3a GopMyamu:

JAOITYCKA€ThCA

— sl CTUCHYTOI IJIACTUHU 3 JBOCTOPOHHIM
3aKpIMUICHHSM:

p=10
A, —0,055-(3+y)
2

p

,0=

(2)  The reduction factor p may be taken
as follows:

— internal compression elements:

st (for) 1, <0,673

<10 s (for) 1 > 0,673, ne (where) 3+y)>0; (42)
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— ISl CTUCHYTOI IJIACTHHU 3 OJIHOCTOPOHHIM
3aKpIMUICHHSIM (3BHC JICTA):

— outstand compression elements:

p=10 s (for) A, <0,748
2,-0,188 _
p:TZSLO s (for) A, > 0,748
Ay (4.3)
b/t
ne (where): A = =
(where): 4, 28,4¢ - [k,
W — BITHOIICHHS ~ HANPYXCHHS,  SIKE W is the stress ratio determined in
BHU3HaYaeThCs 3rigHo 3 4.4(3) 14.4(4); accordance with 4.4(3) and 4.4(4)
b — pO3paxyHKOBa IIHUpUHA IUIACTHHHU b is the appropriate width to be taken as
NpUAMAEThCS HACTYIMHOIO (MTO3HAYCHHS JIMB. B follows (for definitions, see Table 5.2 of
tabmuii 5.2 EN 1993-1-1): EN 1993-1-1)
b, — JUTS CTIHKY, b, for webs;
b — ISl €JCMEHTIB  TOsCIB 3 b for internal flange elements (except
JIBOCTOPOHHIM  3aKpilUIeHHSIM  (OKpiM RHS);
MPSIMOKYTHUX MOPOKHUCTUX MPOPLIIB);
b-3t — s TMOSICIB MPSIMOKYTHHUX b -3t for flanges of RHS;
MOPOKHUCTUX MPOPLIIB;
c — ISt 3BHCIB MOSICIB 3 c for outstand flanges;
OJIHOCTOPOHHIM 3aKpIIUICHHSM;
h — ISl pIBHOTIOJIMYHUX KYTHKIB; h for equal-leg angles;
h — JUIsI HEPIBHOTIOJMYHUX KYTHKIB; h for unequal-leg angles;
K, — Koe(iIlieHT, [0 BpPaxOBYye BTpary k, is the buckling factor corresponding to
CTIMKOCTI  3aJeKHO  BiJ  BIHOIICHHS the stress ratio w and boundary conditions.

HANpPYKEHHS ¥ 10 KpasX IJIACTHHH 1 yMOB iX
3akpiruieHHs. JIjas JOBrHMX IUIACTHH 3HAYCHHS
koe¢imienta K, Bkasani B Tabmumi 4.1 abo

Tabnui 4.2;
t — TOBILIMHA JINCTA,
Oy —OPYXXHE  KPUTHYHE  HANPYKECHHS

BTpaTu CTiikocTi (muB. dopmyny (A.1) B
A.1(2) i tabnumi 4.1, 4.2);

E =

(3) s mosiciB IBOTaBpOBHX IIEpepi3iB i
KopoOuacTux Oaok KOoedilieHT BiJHOIICHHS
HATPY)KEHHs ¥ , NPUUHATHA B TaOimisx 4.1

Ta 4.2, € OCHOBOW [UIsl BHU3HAYECHHS
XapaKTePUCTHK MOTIEPEYHOTO nepepizy
OpyTTO, 5IKi 00OB'I3KOBO MOBUHHI MIPUIMATHCS
B PO3paxyHKY IOSCIB MPU BpaxyBaHHI epeKTy
3CYBHOTO 3ami3HIOBAHHS, SKIIO II€ JOLLIBHO.
Jlns  CTIHKM  BH3HAYalOTh  BITHOIICHHS
HampyXeHHs y  3rigHo  Tabmuui 4.1 3

ypaxyBaHHAM PpO3MOJUTY Hamnpy>KeHHs, SKUN
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For long plates k_ is given in Table 4.1 or
Table 4.2 as appropriate;

t is the thickness;
o is the elastic critical plate buckling

stress see equation (A.1) in Annex A.1(2) and
Table 4.1 and Table 4.2;

235
f, [H / MMZ:I

(3) For flange elements of I-sections and
box girders the stress ratio w [Jused in Table

4.1 and Table 4.2 should be based on the
properties of the gross cross-sectional area,
due allowance being made for shear lag in the
flanges if relevant. For web elements the stress
ratio w used in Table 4.1 should be obtained
using a stress distribution based on the
effective area of the compression flange and
the gross area of the web.



BU3HAYAETHCS 32 E(QEKTHUBHOIO MIMPUHOIO
CTHCHYTOTO TOSICY 1 epepi3y OpyTTO CTIHKH.

MpumiTka. Skmo Ha pi3HUX CcTamisx OyIiBHHITBA
pO3IIOAINT  HAamNpyXeHb MIHAEThCS  (HAUPHUKIAA, B
KOMOIHOBaHMX MOCTax), CIIOYaTKy JOITyCKAa€ThCs
pO3paxoByBaTH HaNpyKEHHS IS Tepepizy, SKUi
CKJIQJIA€ThCS 3 e(EKTUBHHX IUION] MOSCIB 1 Tepepi3iB
OpyTTO CTiHKH. 3 OTPHMaHHM IIPH IBOMY PO3MOALIOM
HaNpy)XeHHsS BU3HAYalOTh €(eKTUBHY IUIONLY Iepepi3y
CTIHKHM, sIKa TIOTIM 3aCTOCOBYETHCS Ha BCIX CTaJisx
OCTAaTOYHOT'O PO3PAXYHKY.

(4) 3 oOmexenHsM, BkazaHum B 4.4(5),

YMOBHY THYYKIiCTh TUTACTHHH A
JIOTTYCKAEThCSI 3aMIHUTH Ha:

ﬂ p,red
I€ Oy g — HAWOLIBIIE pO3paxyHKOBe
3HaYCHHsST  CTHCKYIOUMX  HampyXeHb B
€JIIEMEHTI,  BHU3HaYeHe 3  BPaxXyBaHHAM

eeKTUBHOrOP TOMepeyHoro mepepizy mnpu
BCIX OJJHOYACHO JIIOYHMX HAaBAHTAKCHHSX.

IIpumitka 1. Ilefi MeTonq BuMarae iTepaTUBHOIO
pOBanyHKy, B HKOMy Bi}IHOI_HeHHH Hapr)KeHHS[ l//

(muB. Tabmumi 4.1 Ta 4.2) TOBTOPHO BH3HAYAETHCS HA
KO)KHOMY eTarli po3noAiiay HarpyXeHHs 3 epeKTUBHUMP
repepizoM NONepeHbOr0 ITEPATUBHOIO KPOKY.

Mpumirka 2. AnbTepHaTHBHUI METOJ BKa3aHUil B
nonarky E.

(5) IIpm mpoekTyBaHHI MEPEBIPKY HECY4Ol
3aTHOCTI TPW BTpaTi CTIMKOCTI €JIEMEHTIB
KOHCTPYKIIii KJacy 4 BUKOHYIOTb,
BukopuctoBytoun EN 1993-1-1 6.3.1, 6.3.2

abo 6.3.4, yMOBHY THY4KiCTh A, a60 Apred 3

O, e O, BU3HAYAETHCA 3a

com,Ed ? com, Ed
PO3paXyHKOM 2-T0 NNOopAAKY 3 BpaxXyBaHHSAM

HAsABHOI HEJOCKOHAIOCTI.

(6) Ilpm BigHOIIEHHI CTOPIH IUIACTHHH
a/b <1 moxiuBa BTpara CTIMKOCTI CTEPXHS,
nepeBipka MTOBHHHA Oytu BUKOHaHA
BiamoBimHo a0 4.54 3 BUKOPHCTaHHSIM
MOHMXKYIOYOT0 KoedillieHTa O, .

Mpumitka. Ile crocyeTses y TOMY YHCHI i TNTACTHHOK
MDXK TIOTIEPEYHIMH EIIEMEHTaMHU KOPCTKOCTI, J1e BTpaTa
CTIKOCTI TDIACTHHM TIOPiBHSHA 3 BTPATOK CTIHKOCTI
CTEp)KHS 1 BHMarae 3acTOCYBaHHS MOHIKYHOYOro

koediienta p, mna y, (pucyHok 4.3 a) i b)). Hns
IUTACTHH 3 TIO3/IOBKHIMH €IIEMEHTaMH  YKOPCTKOCTIL
BTpaTa CTIHKOCTI CTEPKHSI MOXE TaKOXK MaTH MICIE JUIs
a/b>1 (muB. pucyHok 4.3 ¢)).

JACTY-H b EN 1993-1-5:201X

NOTE: If the stress distribution results from different
stages of construction (as e.g. in a composite bridge) the
stresses from the various stages may first be calculated
with a cross section consisting of effective flanges and
gross web and these stresses are added together. This
resulting stress distribution determines an effective web
section that can be used for all stages to calculate the
final stress distribution for stress analysis.

4) Except as given +n 4.4(5), the plate
slenderness D/I_p of an element may be
replaced by:

O,

com, Ed
— = (4.4)

fy /yMO
where o, IS the maximum  design

compressive stress in the element determined
using the effectiveP area of the section caused
by all simultaneous actions.

NOTE 1: The above procedure is conservative and
requires an iterative calculation in which the stress ratio
w (see Table 4.1 and Table 4.2) is determined at each

step from the stresses calculated on the effectiveP cross-
section defined at the end of the previous step.

NOTE 2: See also alternative procedure in Annex E.

(5) For the wverification of the design
buckling resistance of a class 4 member using
6.3.1, 6.3.2 or 6.3.4 of EN 1993-1-1, either the

plate slenderness 4, or Apred With o

com,Ed
based on second order analysis with global
imperfections should be used.

(6) For aspect ratios a/b <1 a column type
of buckling may occur and the check should
be performed according to 4.5.4 using the
reduction factor p, .

NOTE: This applies e.g. for flat elements between
transverse stiffeners where plate buckling could be

column-like and require a reduction factor p, close to

%, as for column buckling, see Figure 4.3 a) and b).

For plates with longitudinal stiffeners column type
buckling may also occur for a/b >1, see Figure 4.3 ¢).
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a) BUNYYCHHS IUTACTUHHM Oe3 3aKpilUleHHs MO Kpasx B D) BumydeHHs minacTuHH Oe3 €JIEMEHTIB KOPCTKOCTI i3

TI03/TOBXKHBOMY HarpsiMi

3aKpIIUICHHSIM TI0 KpasX B IIO3JIOB)KHBOMY HampsiMi 3
MaJIUM BiJJHOLIEHHSIM CTOPiH «

a) column-like behaviour of plates without longitudinal b) column-like behaviour of an unstiffened plate with a

supports

small aspect ratio «

C) BWIIyYCHHS IUIACTHHH 3 TO3/I0BXKHIMH €JIEMEHTaMH YKOPCTKOCTI 3 BEIUKUM BiJJHOIICHHSIM CTOPIH
c) column-like behaviour of a longitudinally stiffened plate with a large aspect ratio «

Pucynok 4.3 - PoGoTa ruiacTuHu 3a TUIIOM CTUCHYTOTO CTEP KHS
Figure 4.3 - Column-like behaviour

Ta6mmus 4.1 — CTuUCHYTI JIACTUHHU 3 IBOCTOPOHHIM 3aKPIIJICHHSIM 1O Kpasx

Table 4.1 — Internal compression elements

Po3mozin HanpyXeHHs (CTHCKAHHS [I03UTHBHE) E¢exrnsra® muprna by,
Stress distribution (compression positive) Effective” width b,
y=1
111 1 .
b |, | be2 bt = P
" b ° b,=0,5-b, ,b,=0,5-b,
1>y >0:
11— ’ :
O:? beff = pb
bei bep
L P - 2
b b, =——-:b.,b,=b,—-b,
el 5y eff 2
Vs be * b ¥ w<0:
GM beﬁ :p'bczp‘b/(l_lﬂ)
ber, | be I/"‘“l-i.LLl”O'g b, =0,4-b,,b,=0,6-b,
A A E A |
v =0,lo, 1 1>y >0 0 O>y>-1 1 | “1>y>-3
Koedirient BrpaTtn
crifixocri k, 40 | 82/(L05+y) | 7,81 | 7,81-6,29p +9,78y° | 239 5,98-(1-y )
Buckling factor k_
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Taoaunsa 4.2 — CTHCHYTI INIACTHHHU 3 OJTHOCTOPOHHIM 3aKPIIJICHHSAM

Table 4.2 — Outstand compression elements

Posnoain Hampy>xeHHs
(cTUCKaHHS TTO3UTHBHE)
Stress distribution (compression positive)

p
EdextuBHa® mmpuna b,

Effective” width b,

b 1>y >0:
///" b, =p-C
1
%
C /I|/
¥ <0:
b b v
b, =p-b, =p-C/(1—l//)
0'1
% beﬁ ;
l//=0-2/0-1 1 -1 1Zl//2—3
Koediuient Brpatn
critikocTi K_ 043 0,57 0,85 0,57-0,21-y +0,07 -y
Buckling factor k_
?i’ 1>y >0:
aff

i b, =pb, =pc/(1-vy)
O
be b
v=o0,lo 1 1>y >0 0 0>y >-1 -1
Koedimient Brpatn
criiikocti K, 043 | 0,578/(y+0,34) | 1,70 1,75y +17,1y° 23,8
Buckling factor k_

4.5 IMigcujieHHs MJIACTHH IO3I0BXKHIMH
eJIeMEHTAMM KOPCTKOCTI

45.1 3azanwvui nonoxcennsn

(1) Jdna  1racTHH 3 IO3J0BKHIMH
eNIeMEHTaMH KOPCTKOCTI edekTuBHIP ruromri
IIPU MICLIEBIA BTpaTi CTIMKOCTI BPaXOBYIOThCS
JUIS  OKpPeMHX CeKI[ii MDK eleMeHTaMu
KOPCTKOCTI 1 eeKTUBHIP 06acTi miacHIeHNX
MaHeNnel  TMOBMHHI  BpPaxOBYBaTHCS  MpH
MepeBiplli 3arabHOT CTIMKOCTI.

(2 EdexruBua®  mioma  momepevHOro
nepepizy KOXKHOT OKpeMoi ceKiii MOBHHHA

45  Stiffened plate
longitudinal stiffeners

elements  with

451 General

(1) For plates with longitudinal stiffeners
the effectiveP areas from local buckling of the
various subpanels between the stiffeners and
the effective® areas from the global buckling
of the stiffened panel should be accounted for.

(2) The effective? section area of each
subpanel should be determined by a reduction
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BU3HAYATUCS 3a JIOTMIOMOTOI0 MOHIKYIOYOTO
koedirieHTa 3rigHo 3 4.4, BHACTIIOK MICIIEBOT
BTpaTu  cTiikocTi 1iactuHu. Ilincuiena
€IEMEHTaMU  JKOPCTKOCTI  IUIACTHHA 3
e(heKTHBHOOP TIOIIEIO TTOTIEPEYHOTO Mepepi3y
Mae OyTH TmepeBipeHa TIpU CTaTUIHOMY
pPO3paxyHKy Ha 3arajgbHy CTIMKICTh
(Momenmroroun  ii y BHUIUISINI  €KBIBJICHTHOT
OPTOTPOITHOT TUTACTUHHU) 1 TOHIKYIOYHMA
Koe(illieHT p Mae OyTH BU3HAYCHHIA TS BCIET

TUTACTUHH TIPH BTPATi CTIHKOCTI.
(3) EdextuBHy? miomnyy CTHCHYTOI 30HH

MIICWIIEHOT  INIACTHUHU BH3HA4YarOTh 3a
dhopmyroro

factor in accordance with 4.4 to account for
local plate buckling. The stiffened plate with
effective® section areas for the stiffeners
should be checked for global plate buckling
(by modelling it as an equivalent orthotropic
plate) and a reduction factor p should be

determined for overall plate buckling.

(3)  The effective® area of the compression
zone of the stiffened plate should be taken as:

A:,eff = pcA:,eff Joc T Zbedge,eff -1 (45)

ne A . — ebexTuBHaP mIoma momnepeyHnx

nepepi3iB ycix €IeMEHTIB KOPCTKOCTI JIUCTIB
a00 CekIii, sKi IOBHICTIO a00 YacTKOBO
3HAXOJAThCA B 30HI CTHCKaHHS, 32 BHUHSATKOM
e(eKTUBHUX YaCTHH Iepepidy Oulsl OMOPHUX
IOUISHOK ~ CYMDKHUX  IIJIJaCTHH

where A, .. Is the effective® section areas of

all the stiffeners and subpanels that are fully or
partially in the compression zone except the
effective parts supported by an adjacent plate

element with the width by, .« , see example in

CCMCHTY Figure 4.4.

IIUPUHOKO Dy, o , B, TIPHKITA HA puC. 4.4.
(4) Ilnomy A .,  BHU3HAYAIOTH 34 (4) The area A .. should be obtained
bopmyroro: from:

A%,eff,loc = Asl,eff + Zploc ' bc,loc -t (46)

Cc

ne: where:
Z — BIIHOCHUTBCS 10 IIMPUHH CTHCHYTOT Z applies to the part of the stiffened panel

C
TaHes1 MiJCUIICHOT eJIeMEHTaMH KOPCTKOCTI 3a

BUHATKOM 4YacTHH Tepepisy Dy, JUB.
pUCyHOK 4.4;
A, . —cyma ebektuBHHXP IO  yCiX

MO3JIOBXHIX E€JIEMEHTIB JKOPCTKOCTI ILIOIICIO
nepepisy Opyrro A, , pO3TalIOBaHUX B 30HI
CTHCKY BiIMOBiAHO 10 4.4,

b

loc — IIMPUHA CTUCHYTOI YaCTUHHM JIUCTA

JUTSL KOYKHOT CEKIIIT;

Proc — NOHIKYIOUMH KOe(Ii€HT 3riTHo 3
4.4(2) nnst KOXKHOT CEKITi.
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C

width that is in compression except the parts
b see Figure 4.4;

edge,eff ?

A, s is the sum of the effective® sections

according to 4.4 of all longitudinal stiffeners
with gross area A, located in the compression

Z0ne;

b, o is the width of the compressed part of
each subpanel;

P IS the reduction factor from 4.4(2) for
each subpanel.
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blpl Ac.eff.]()c b"icd"c eff

Uy
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Pucynok 4.4 - PoOoTa miicujIeHO1 IJTACTUHY NPU PIBHOMIPHOMY CTHUCKaHH1

Figure
MpumiTka. [pu HEpPIBHOMIDHOMY  PO3MOALT
Hanpy>KeHHsI CTUCKaHHA AUB. puc. A.l.
5) Jis ~ BHU3HAYCHHS  TOHIKYIOYOTO

KoedilieHTa o, HpHU BTpaTi CTIMKOCTI BCi€i
MJACTHUHU  HEOOXIAHO  BpaxoBYBaTH, IO
MOHIKYIOUUN KOe(IIEHT BTPaTH CTIAKOCTI 3a
TUTIOM CTEpP>KHS € TOYHIIINM, HDK MpU BTpaTi
CTIMKOCTI IJIaCTUHH.

(6)  Tlommxkyroumii  KoeQilmieHT p,,  SK
NpaBHJIO,  BHU3HAYAIOTh 33  JOMOMOTOIO
THTEPIOJIALIIT MK MOHWKYIOUYAM

Koe(]iIieHTOM o0 BTPATH CTIAKOCTI TUTACTUHH 1
NOHWXYIOYUM  KOe(]illieHTOM ¥, BTpaTu
CTIMKOCTI IUIACTUHHM 3a THIIOM CTHCHYTOTO
CTEp>KHsI BiAMOBIAHO 4.5.4.

(7)  3meHmenHsa cTUCHYTOI TIomi A . o

3a JIOTIOMOIOI0 O, JOIYCKa€eTbCA NPUIMATH
MOCTIMHUM ISl YChOTO MOMEPEYHOro Mepepizy.

(8)  Skmo edexT 3CYBHOTO 3ali3HIOBAHHS
BigmoBigauii (muB. 3.3), 3aMicTh €(QEKTHBHOI

IUIOIL [IOTIepeYHOro nepepizy A, 4 CTHUCHYTOI
30HM MiACUICHOI IUJIACTUHH Mae  OyTH
OpUHHATHI A, UI1 PO3paxyHKy He JIHIIe

MICIIEBOT BTpaTH CTIMKOCTI IJIACTHHH, a TAaKOXK

TSt BpaxyBaHHs edekry 3CYBHOTO
3aIi3HIOBaHHS.
(99 B  sxocti  edexkTuBHOI  TLIOII

MOTIEPEYHOro Mepepizy MiJICHIEHOT MIacTUHU
B 30H1 PO3TATYBaHHS 3aCTOCOBYIOTh 3MEHIIEHY
IUIOILy TMepepi3y OpyTTO PpO3TATHYTO1 30HH,
AKIIO  Mae  Micie  epeKT  3CYBHOIO
3ami3HioBaHHS (uB. 3.3).

4.4 - Stiffened plate under uniform compression

NOTE: For non-uniform compression see Figure A.1.

(5) In determining the reduction factor p,

for overall buckling, the reduction factor for
column-type buckling, which is more severe
than the reduction factor than for plate
buckling, should be considered.

(6) Interpolation should be carried out in
accordance with 4.5.4(1) between the
reduction factor p for plate buckling and the

reduction factor y, for column buckling to
determine p, see 4.5.4.

(7)  The reduction of the compressed area
A ui1c through p, ¢ may be taken as a

uniform reduction across the whole cross
section.

(8) If shear lag is relevant (see 3.3), the
effective cross-sectional area A, .; of the
compression zone of the stiffened plate should
then be taken as A, accounting not only for

local plate buckling effects but also for shear
lag effects.

(9)  The effective cross-sectional area of
the tension zone of the stiffened plate should
be taken as the gross area of the tension zone
reduced for shear lag if relevant, see 3.3.
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(10) MomenT omopy e(eKTHBHOIrO Mepepizy
W, BH3HAuUalOTh SK MOMEHT iHepuii IUIONI

e(pEeKTUBHOTO TMOIMEPEYHOro Mepepizy, Mo
TITUTBCA HA BIZCTAHb BiJ LIEHTPY THKIHHS IO
KpParo IUIACTUHH.

45.2 Pobooma nracmunu

(1)  YmoBHa THyYKiCTh Ap EKBIBaJCHTHOI
TUTACTUHU BU3HAYAETHCS 32 GOPMYIIOF0:

(10) The effective section modulus W,

should be taken as the second moment of area
of the effective cross section divided by the
distance from its centroid to the mid depth of
the flange plate.

4.5.2 Plate type behaviour

(1)  The relative plate slenderness 4, Cof
the equivalent plate is defined as:

_ - f
Ay = /ﬂ“ : (4.7)
Gcr,p

npu (with) g .

ae:

A, — IIolIa nepepizy OpyTTo CTUCHYTOI
30HM TMIJCWICHOT TUIACTHHU (3 elleMeHTaMu
XKOPCTKOCTI) 0e3 ypaxyBaHHS CYMDKHHUX
IUTACTUH KpaWHIX JUISHOK CeKUid (y MEeBHUX
BUTIAJIKAX BPAXOBYEThCSI e(eKT 3CyBHOTO
3aIli3HIOBaHHS, 1UB. 3.3);

A i oc —C€PexTHBHa  moma  mepepizy
YaCTUHHM TUTACTHHH (y TICBHHX BHUIAJIKaX 3
ypaxyBaHHIM eeKTy 3CYBHOTO
3aMi3HIOBAHHS), BPaxXOBYIOUH  MOJXKJIUBICTh
BTpAaTH  CTIAKOCTI IJIACTHHHU, CEKIHA 1
€JIEMEHTIB JKOPCTKOCTI.

(2) Tommxkyroumii koedilieHT o IS
€KBIBaJICHTHOT OPTOTPOITHOT TUTACTHHH

BH3HAYaIOTh 3rinHo 3 4.4(2), BU3HAYAOUU Ao
3a (hopmyoro (4.7).

Mpumitka. B nmogatky A HaBeieHI BKa3iBKH MIONO
PO3paxyHKy o,

453 Poboma naacmunu 3a MUNOM
CHUCHYM 020 CHEPIHCHA
(1) TIpyxHe  KpUTHYHE  HANPYXECHHS

BTpaTu CTIMKOCTI 3a THIIOM CTUCHYTOI'O

CTEepXkHs O, . HeniacuieHoi (auB. 4.4) abo

MiZCUIIEHOT MIACTHUHH (IuB. 4.5), K MpaBuio,
MpUiiMaroThcsl 0€3 ypaxyBaHHS 3aKpilUICHb
y30B3K MO3/I0BXKHIX KpaiB MJIaCTHHH.

(2) TlpyxHe  KpUTHYHE  HANpPYKEHHS
BTpPAaTU CTIAKOCTI 3a THUIIOM CTHUCHYTOTO
CTEpXKHS O, . HEMJCWICHOI IJIaCTHHU

30

_ A:,eff,loc

A
where:

A iIs the gross area of the

compression zone of the stiffened plate except
the parts of subpanels supported by an
adjacent plate, see Figure 4.4 (to be multiplied
by the shear lag factor if shear lag is relevant,
see 3.3);

A, et 1oc is the effective area of the same

part of the plate (including shear lag effect, if
relevant) with due allowance made for
possible plate buckling of subpanels and/or
stiffeners.

(2)  The reduction factor p for the
equivalent orthotropic plate is obtained from
4.4(2) provided A, [lis calculated from
equation (4.7).

NOTE: For calculation of o, = see Annex A.

4.5.3 Column type buckling behaviour

(1)  The elastic critical column buckling
stress o, . of an unstiffened (see 4.4) or

stiffened (see 4.5) plate should be taken as the
buckling stress with the supports along the
longitudinal edges removed.

(2) For an unstiffened plate the elastic
critical column buckling stress o, . may be

obtained from

c
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eJIEMEHTaMH  JKOPCTKOCTI  JIOTYCKA€ThCSI
BH3HAYATH 32 (POPMYIIOIO0
2 2
n°-E-t
O-cr,c = 2 2" (48)
12(1-v*)a
(38) s IUIACTUHH, i ICHIICHOT (3) For a stiffened plate o, . may be

€JIEMEHTaMHU JKOPCTKOCTI 1O Kpasx MaHem 3
BUCOKHUM pIBHEM HAaINPYXCHHS CTUCKaHHS,

3HA4YE€HHS O, . JOIyCKAacTbCs BHM3HAYaTH 3a

NPY’KHUM KPUTHYHHUM HAIIPYXKEHHSM BTpaTH

CTIHKOCTI CTEpP)KHS O,  , SIKE BU3HAYAIOTh 3a

determined from the elastic critical column
buckling stress o, , of the stiffener closest to

the panel edge with the highest compressive
stress as follows:

¢bopmyoro:
2
7E-ly,
O-cr,sl = 2 ' (49)
&,’1-8.
ne: where:
Iy, —MOMEHT  iHepHil  MONEPEeYHOro Iy, is the second moment of area of the

nepepizy OpyTTO €JIeMEHTY >KOPCTKOCTI 1
CYMDKHMX YacCTHH TUIACTHHH, BIAMOBITHOT
MaHeNl, P BTPaTi CTIHKOCTI MIACTUHY,

A, —moma nepepizy
OpYTTO €JEMEHTY MKOPCTKOCTI 1 CYMDKHHX
YacTUH  IUIACTUHH, [0  NPUHAMAETHCS
BiMOBIMHO 70 puc. A.1.

MOMEPECIHOTO

Ipumirka. 3Havenns o,

b

C

MOXe OyTH BH3Ha4YeHO 3a

.c

o =0 BM3HAYACTLCA BIIHOCHO

cr.c cr,sl b

sl,1

y AC O

.c

CTHCHYTOTO Kpaio IUIACTHHH. 3HadyeHHs b, i b,

npuiiMaloThesl 3a eKcTpamnonsuiero (auB. puc. A.1) mo
IIopP1 PO3MOALTY HANPYIKEHb.

(4)  Ymosmuy
CTEPXKHS Ac BU3HAYAIOTH 32 HOPMYJIaMHU:

sl1?

THYYKICTh CTHUCHYTOTO

ﬂA,c ’ fy
cr,c

H A%Ileff
with) g, . =———,
e o=

A,, —s3rigno 4.5.3(3);

gross cross section of the stiffener and the
adjacent parts of the plate, relative to the out-
of-plane bending of the plate;

A,, s the gross cross-sectional area of the

stiffener and the adjacent parts of the plate
according to Figure A.1.

b
may be obtained from o =0, -—,

,C cr,sl b

sl,1

NOTE: o,

.c

where o__ is related to the compressed edge of the

plate, and, b, and b, are geometric values from the

stress distribution used for the extrapolation, see Figure
Al

(4)  The relative column slenderness Ac is
defined as follows:

JuIs TutacTvH O0e3 enemenTiB skoperkocti (for unstiffened plates) (4.10)

JUIs TUTacTHH 3 eneMenTamu skoperkocti (for stiffened plates) (4.11)

A, isdefined in 4.5.3(3);
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A, 4 —ebexkTuBHA IUIOIA  IIONEPEYHOrO

nepepizy eneMeHTa >KOPCTKOCTI 1 MPHIITIINX
YaCTHUH IUIACTHMHM 3 HAJEKHUM YpPaxyBaHHSIM
3TUMHY [JIaCTUHHU, AUB. puc. A.l.

(5)  Toumxyrouwuit KoeimieHT Xe
BM3HA4YalOTh 3rigHo 3 6.3.1.2 EN 1993-1-1.
Jns tutactuH  0€3  eJEeMEHTIB  KOPCTKOCTI
koedimieaT o =0,21 TOBWMHEH BIANOBITATH
KpHUBIiii BTpaté cTidkocTi. [Jns mmactuH 3
€JIEMEHTaMHU JKOPCTKOCTI «f 3aMiHIOIOTh Ha
&, , 0 BU3HAYAIOTH 32 (POPMYIIOIO:

e=max(e,e,) Oinpmia 3 BigcTaHeW Bix
BIIMTOBIIHOTO IEHTPY TSDKIHHS TIIACTHHU [0
IEHTPY TSOKIHHSA OJHOCTOPOHHBOTO pedpa
XKOPCTKOCTI (a00 pedep, po3TamoBaHUX 3 IBOX
CTOpiH) a00 10 HEUTPAIBbHOI 0C1 €PEeKTUBHOTO
YMOBHOTIO cTepkHs (AuB. puc. A.1);
a=034 (xkpuBa b) — s

nepepi3iB eJIEMEHTIB JKOPCTKOCTI,

o = 0,49 (xpuBa c) — 11 BIIKPUTHUX TIEpepi3iB

3aMKHYTUX

€JIEMEHTIB JKOPCTKOCTI.

454 3¢'azok mixc empamoro cmiukocmi
naacmuHu i 6mpamory CMmilKocmi ymMoeHo20
CMUCHYM 020 CIEPHCHA

(1)  OcrarouHo NOHIKYIOUHIH KOCPilieHT
P, BHU3HAUAETHCA 3 YpaxyBaHHsIM y, 1 p 3a

dhopmysoro:

p.=(p—2.)-£2-&)+ 7.,

A, . Iis the effective cross-sectional area of

the stiffener and the adjacent parts of the plate
with due allowance for plate buckling, see
Figure A.1.

(5)  The reduction factor y, should be

obtained from 6.3.1.2 of EN 1993-1-1. For
unstiffened plates « =0,21 corresponding to
buckling curve a should be used. For stiffened
plates its value should be increased to:

(4.12)

e=max(e,,e, ) is the largest distance from the
respective centroids of the plating and the one-
sided stiffener (or of the centroids of either set
of stiffeners when present on both sides) to the
neutral axis of the effective column, see Figure
Al;
a=0,34
stiffeners;
a = 0,49 (curve c) for open section stiffeners.

(curve b) for closed section

4.5.4 Interaction between plate and column
buckling

(1)  The final reduction factor p, should be
obtained by interpolation between y, and p
as follows:

ne (where): fzm—l, ane (but) 0<&<1

cr,c

HAIIPY>KCHHS

(nmB.

O¢.p — TIPYKHE
BTpaTu CTIMKOCTI
nomatok A.1(2));

O¢c — HPYXHE
BTpPAaTU CTIAKOCTI 3a THUIIOM CTHCHYTOTO

CTCPIKHA, BU3HAYACTHCA Bi,Z[HOBiI[HO a0
4.53(2)i (3);

Xe — MOHWXKYIOUUIl KoeQillieHT NMpH BTpaTi

KpPUTHUYHC

IIJ1aCTUHH

KPUTUYHE  HAIPYKEHHS

CTIAKOCTI TJACTHHU 3a THUIIOM CTHUCHYTOTO
CTEPXKHS,

32

(4.13)
oy, Is the elastic critical plate buckling
stress, see Annex A.1(2);

o, Is the elastic critical column buckling

stress according to
respectively;

453(2) and (3),

Xe is the reduction factor due to column
buckling.



o, — MOHWXKYIOUUI KOeQIllieHT Mpu BTparTi
crikocTi mactuau (aus. 4.4(1)).

4.6  TlepeBipka criiikocTi

(1) TlepeBipka eneMEHTIB MPH IUIOIIMHHIN
dbopMi BTpaTH CTIMKOCTI BHUKOHYETHCS 3a
hopmyIoro

N

Mg, +Ng, -€

JACTY-H b EN 1993-1-5:201X

Yo, Is the reduction factor due to plate
buckling, see4.4(1).

4.6 Verification

(1) Member verification for uniaxial
bending should be performed as follows:

+

_ Ed
= fy ’ Aeff
Imo

Ie.
Ay —edexTuBHA MIOIIAa  IONEPEYHOIO
nepepizy, BU3HAYAETHCS BiAmoBiaHO 10 4.3(3);
ey — BIAXWJIECHHSI LEHTPY TSOKIHHS
e(peKTUBHOI IUIOMII Ay BIZTHOCHO

Heirpanshoi oci qus. 4.3(3);

Mgy —po3paxyHKOBE 3HAY€HHS JAII0YOTO

3rMHaJIbHOI'O MOMCHTY,

Ng, — po3paxyHKOBE 3HAa4€HHA 10401
HOPMAaJbHOI CUIIH;

W,  — npyxHuit MOMEHT onopy
eeKTHBHOTO TIepepi3y, auB. 4.3(4);

Ymo  — YaCTKOBUM KOeQILIeHT Oe3MEKH, IUB.

EN 1993-2 — EN 1993-6.

Mpumirka. ®opmyna (4.14) it nepeBipkd CTHCHYTHX
€JIEMEHTIB KOHCTPYKIIi Ta ENeMEHTIB, IO 3a3HAI0Th
JIBOOCHOBOT'O 3THHAHHS, MOXe OyTH IepeTBOpeHa Ha
HACTYIHY:

N <
W, <10 (4.14)
Mo
where:
A is the effective cross-section area in
accordance with 4.3(3);
ey is the shift in the position of neutral
axis, see 4.3(3);

M., isthe design bending moment;

Ngy is the design axial force;

W,; is the effective elastic section modulus,
see 4.3(4);

Ywo IS the partial factor, see application
parts EN 1993-2 to 6.

NOTE: For members subject to compression and
biaxial bending the above equation (4.14) may be
modified as follows:

N M, eq + Ngg €,y

7, = NEd +My,Ed+NEd+ey,
' fy ’ A%ff fy 'Wy,eff
Imo Ymo

Myed, Mzed  — po3paxyHKOBi 3HAYEHHS
MIOYMX 3TUHAJIBHUX MOMEHTIB  BIIHOCHO
BIINOBIAHUX OCed y—) 1Z-Z,

— BIOXWJIEHHS BITHOCHO

ey,N ’ ez,N
BIJINOBIJJHOT HEUTPAIILHOT OCI.

(2)  His epexriB HaBaHTaxkeHHS Mg, 1 N,
MOBUHHA BUKOPHCTOBYBATUCS B PO3PaxXyHKY
2-T0 TOPSIIKY.

() M

CTIAKOCTI

naHesl
IUTACTUHUA

nepeBipka  MICIIEBOT
BUKOHYETbCS  JUIS

<10, 4.15
fy 'Wz,eff ( )

Ymo

Myed, Mzea  are  the  design  bending
moments with respect to y-y and z-z axes
respectively;

&N €y are the eccentricities with
respect to the neutral axis.

(2)  Action effects M, and N, should

include global second order effects where
relevant.

3) The plate buckling verification of the
panel should be carried out for the stress
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OCHOBHOTO BEKTOpa HANpPYXEHHS Ha BiICTaHi
0,4a ab6o 0,5b (maiimeHIe 31 3HAYCHb) BiJ
Kpalo TaHeli, /¢ BHUHUKAE HalOUIbIIe
HanpyxkeHHs. B maHoMmy BuUmanky HeoOximHa
nepeBipka Hecydoi 3JaTHOCTI IONEpeYyHOro
nepepizy OpyTTo Ha Kparo IJIaCTHHH.

5 HECYYA 3JATHICTb I1IPA
3CYBI

51 3arajabHi M0JI0KEeHHS

(1) TpaBuma 1pOro  po3aily  MIOJO

BU3HAUEHHS HECy4doi 3JaTHOCTI IpH 3CYBI
€JIEMEHTIB IUIaCTUH 3 BpaxyBaHHSIM BTpaTH
CTIMKOCT1 MpHU 3CYB1 3a T'PAaHUYHUMH CTaHAMU
CIpaBeUIMBI 32 HACTYITHUX YMOB!

a) maneni IUIACTHUH MaroTh Oytu
MPSIMOKYTHUMH a00 3 OOMEXEHHSIM KyTa
nmaHeJi 3rigHo 2.3;

b) HasBHI eleMEHTH KOPCTKOCTI MPOXOIIThH B
MO3/I0B)KHBOMY 1 MIOTIEPEYHOMY HarmpsiMi abo B
000X HampsMax;

C) oTBOpH abo BHpI3M HeBenuKi (AuB. 2.3);

d) emeMeHTH KOHCTpPYKIII MarOTh MOCTIHHHIMA
MOTIEPEYHHN TTepepi3.
€JIEMEHTIB

(2) Hna
) ) 72 )
JKOPCTKOCTI 3 BimHomeHHsM h, /t>—-¢ i
n

JJId  IINIaCTHH 3 CJIICMCHTaAMH )KOpCTKOCTi 3

hW/t>3—1-g- k,

n
BUKOHYBATHCh IE€pPEBIpKa HECY4Oi 3AaTHOCTI

mpu  3CyBi 1 Ha oOmopax MawTb OyTH

IUIACTUH oe3

Bi,Z[HOI_HeHHHM ITIOBHMHHA

nepeadayeHi MOIIePEYHI EIEeMEHTH
YKOPCTKOCTI,

ne (where) ¢ =
Ipumirka 1. h aus. Ha puc. 5.1, a mia k — nus
5.3(3).

Mpumirka 2. 7 Bu3HavaeThess B HarioHanmbHOMY
monatky. 3HaueHHs 77 =120 pexoMeHmoBaHe I

Mapok crami go S460. [ng BUmMWX MapoK craii
pexoMeHayeThes 3actocoByBat 77 =1,0 .

5.2  Po3paxyHoOK Hecy4oi 31aTHOCTI
34

resultants at a distance 0,4a or 0,5b, whichever
Is the smallest, from the panel end where the
stresses are the greater. In this case the gross
sectional resistance needs to be checked at the
end of the panel.

5 RESISTANCE TO SHEAR

51 Basis

(1)  This section gives rules for shear
resistance of plates considering shear buckling
at the ultimate limit state where the following
criteria are met:

a) the panels are rectangular within the angle
limit stated in 2.3;

b) stiffeners, if any, are provided in the
longitudinal or transverse direction or both;

c) all holes and cut outs are small (see 2.3);

d) members are of uniform cross section.

(2)  Plates with h,/t greater than 7—2-5
n

for an unstiffened web, or 3—18\/k_ for a
n

stiffened web, should be checked for
resistance to shear buckling and should be
provided with transverse stiffeners at the
supports,

235

f, I:H/MMZ:I

NOTE 1: h, see Figure 5.1 and for k_ Lisee 5.3(3).

NOTE 2: The National Annex will define 7. The value
n =1,20 is recommended for steel grades up to and
including S460. For higher steel grades 7 =10 is
recommended.

5.2  Design resistance
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(1)  Jna crinok 6e3 €JIeMEHTIB KOPCTKOCTI (1) For unstiffened or stiffened webs the
1 3 eIeMeHTaMHu KOPCTKOCTI pPO3PaxyHKOBE design resistance for shear should be taken as:
3HAYeHHsST HECy4oi 3JaTHOCTI Ha  3CYB

BH3HAYAETHCS 32 (POPMYIIOIO:

n-f,-h,-t
Vb,Rd :VbW,Rd +be,Rd < \/— ' (5.1)
37w
JIe CKJIaJIOBa HECYYOi 3TaTHOCTI CTIHKHU: in which the contribution from the web is
given by:
Xw' fyw ’ hw -t
Vg = 1 (5.2)
“Vwm1
CxnajoBa Hecyuoi 37aTHOCTI TOACIB Vi qq and the contribution from the flanges V; ., is
BU3HAYAETHCS 3TiIHO 5.4. according to 5.4.
(2) EnemeHTH  KOPCTKOCTI  MOBHWHHI (2)  Stiffeners should comply with the
BimoBimatn BuMmoram 9.3, 3BapHi IIBH requirements in 9.3 and welds should fulfil the
HeoOXiJJHO BUKOHYBATH BimmoBigHo 10 9.3.5. requirement given in 9.3.5.
by e
2
A
nw | |
t
—1 '. i
! . !
[Mapamerpu morepevyHoro a) 6e3 eneMeHTiB b) 3 JKOPCTKOIO OMOPHOO C) 3 THYYKOIO OTIOPHOIO
nepepizy JKOPCTKOCTI Ha OIIopi; YaCTHHOIO; YaCTHHOIO
Cross section notations a) No end post b) Rigid end post c) Non-rigid end post
Pucynok 5.1 - KoHCTpyKTUBHI pillleHHSI OIOPHUX YaCTHUH OAJIOK
Figure 5.1 - End supports
5.3  Hecyua 3aaTHicTb CTIHKH 5.3  Contribution from the web
(1) VY cribkax 3 HONEPEeYHUMH SIEMEHTaMU (1) For webs with transverse stiffeners at
JKOPCTKOCTI TUIBKH Ha OIoOpax i IS CTiHOK 3 supports only and for webs with either
MPOMDKHUMH TOMEPEYHUMH 1 IO3JI0BKHIMU intermediate  transverse  stiffeners  or
€IEMEHTAMU  JKOPCTKOCTI abo mpu  iX longitudinal stiffeners or both, the factor
OAHOUACHIM — yCTAHOBIL -~ TIpH - BUSHAUCHHI for the contribution of the web to the shear
HECyd4oi 3JaTHOCTI KoedilieHT  y,, IO buckling resistance should be obtained from
BPaxoBYe€ BTPATy CTIHKOCTI CTIHKH MPH poOOTI Table 5.1 or Figure 5.2,

Ha 3CYB, TOBHHEH BU3HAYATHUCS 3T1IHO TaOIUII
5.1 abo puc. 5.2.
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Tabmuusa 5.1 — Koedimient y, npu BU3HAYCHHI HECY4Oi 3/aTHOCTI CTIHKM IPH BTpATi CTIHKOCTI

pH 3CyBi
Table 3.1 - Contribution from the web y,, to shear buckling resistance
H(OPCTKa OIIOpHA YaCTUHA FquKa OIIOpHA YaCTUHa
Rigid end post Non-rigid end post
Aw<0,83/n Y n
0,83/7 < Aw<1,08 0,83/ Aw 0,83/ Aw
A 21,08 1,37/(0,7+4u) 0,83/ 2

Mpumirka. {us. 6.2.6 EN 1993-1-1.

(2) Ha pucynky 5.1 HaBemeHi pi3Hi
KOHCTPYKTHBHI pIIIEHHS] OMNOPHUX YacTHUH
0anok:

a) 0e3 eNeMEeHTIB JKOPCTKOCTI Ha OMopi
(muB. 6.1(2), Tum c);

b) 3 KOpCTKOIO  OMOPHOKO  YaCTHHOIO
(mB.  9.3.1); 1med  BUMAAOK  TaKOX

3aCTOCOBYETHCS I TIaHEJIEH B TPOMDKHINA
oTopi 6araTonpoJIbOTHOT OATKH;

C) 3  THYYKOIO
(muB. 9.3.2).

OIIOPHOIO HYaCTHHOIO

(3) VYmoBHA THYYKIiCTH CTiHKH Aw, IO
HaBeneHa B Tabmuii 5.1 1 Ha pucyHky 5.2,
MMOBHHHA BU3HAYATHCS 32 (POPMYIIOI0:

_ f
7, =0,76 |2~
TCF

:kr'o-E

ne (where) T,

Ipumirka 1. 3HauenHs o, u K MOXyre OyrH

HaBeJIeHI B I0JaTKy A.

Mpumirka 2. Tlapamerp THYYKOCTI CTIHKH A, Oijs
OMOpHOi YaCTHMHHU MOXXE€ OyTH BHU3HAYEHWH 3a
bopmymamu:

a) UL OHOpH TUTBKH 3 IIONMEPEYHHMH €IEMEHTAMU
KOPCTKOCTI

zw:

b) st ortopu 3 MoTIEPEYHUME €lTEeMEHTaMHU KOPCTKOCTI
1 TPOMDKHHMH TIOEPEYHHMHU a00  TO3OBKHIMHU
€IIEMEHTaMH YKOPCTKOCTI a00 3 THMH i IHIINMH TIPH X
OTHOYACHIN yCTaHOBII:

Ny
=
1]

ne K —HaliMeHmIe 3HaueHHA KoedilieHTa, IO

36

NOTE: See 6.2.6 in EN 1993-1-1.

(2)  Figure 5.1 shows various end supports
for girders:

a) No end post, see 6.1(2), type c);

b) Rigid end posts, see 9.3.1; this case is also
applicable for panels at an intermediate
support of a continuous girder;

¢) Non rigid end posts see 9.3.2.

(3)  The slenderness parameter A, in Table
5.1 and Figure 5.2 should be taken as:

(5.3)

(5.4)

NOTE 1: Values for o and k_may be taken from
Annex A.

NOTE 2: The slenderness parameter ZW may be taken
as follows:

a) transverse stiffeners at supports only:

h
86,4-t-¢

- ; (5.5)
b) transverse stiffeners at supports and intermediate
transverse or longitudinal stiffeners or both:

h

W , (5.6)

37,4-t- s fk_

in which k_ is the minimum shear buckling coefficient



BpaxoBye BTPATy CTIMKOCTI CTIHKM TMaHeli HpH poboTi
Ha 3CYB.

Mpumirka 3. [ maneneil 3 THYYKUMH TTOTIEPEYHUMHE
eJIeMEHTaMU KOPCTKOCTI TaKOXK JIOJaTKOBO
BCTaHOBJIIOIOTH  JKOPCTKI ~ TIOMEPEYHI  eJIeMEHTH

KopcTkocti. B mpomy Bumagky K mpuiimaeTscs

HalMEHIINUM 13 3Ha4Y€Hb JUIA CTIHKY IaHeneld MK IBOMa
Oy/Ib-IKUMHU TIONEPEYHUMH CJIEMCHTAMH KOPCTKOCTI

(mampuknam, a,xh i a,xh ) i mnms masened mixk

JIBOMa JKOPCTKUMH €JIEMEHTaMU >KOPCTKOCTi, IO
MICTATh THYYKI TIONEpeYHi EeNEeMEHTH >KOPCTKOCTI

(mampuknag, a, xh ).

Mpumirka 4. XKoperki Mexi nasHeneid NpUHMAarOTHCS,
SIKIIO TI0 KpasiX 3HAXOJATHCS MOSICH 1 )KOPCTKI IEMEHTH
JKOpPCTKOCTI. B 1bOMY BHNAIKy pO3paxyHOK BTpPaTH
CTIHKOCTI TIpM 3CyBi MOXKE BUKOHYBATHCS IJIsI TaHeNi
MDK JBOMa CYCIIHIMH TOIEPEYHHMH €JIEMEHTaMH

’KOPCTKOCTI (Hampukiaz, & x h Ha puc. 5.3).

IMpumiTka 5. Tlpy THYYKHMX MONEPEYHUX eEJEMEHTax
)KOPCTKOCTI HaliMeHIIe 3HadeHHA K JOMycKaeThes
BU3HAYATU NPU PO3paxyHKax BTPATHU CTIKKOCTI TakuM

YHUHOM:

1) KOMOIHAI[S 3 IBOX CYCIIHIX MaHeNnel CTiHKH 3
OJIHUM T'HYYKUM IOTEePEeYHNM eJIEMEHTOM >KOPCTKOCTI;

2) KOMOIHAIisl 3 TPHOX CYCIAHIX MaHenel CTiIHKH 3
ZIBOMA THYYKAMH MOTIEPEYHUMH el1eMEeHTaMHI
JKOPCTKOCTI.

Illogo BU3HAYCHD k, IIMB. TOJAaTOK A.3.

(4) Ilpm BusHaueHHi K MoMeHT iHepuii
IJIOMII TIO3JIOBKHBOTO €JIEMEHTY >KOPCTKOCTI
Mae OyTH 3MeHIIeHHd Ha 1/3 #oro AilicCHOTO
3HaueHHs. Y ¢Gopmyii sl Bu3HadeHHS K.

MPUHAMAETBCA 1€ 3HIWKEHHS 3rimHo 1m. A.3
(momatox A).

JACTY-H b EN 1993-1-5:201X

for the web panel.

NOTE 3: Where non-rigid transverse stiffeners are also
used in addition to rigid transverse stiffeners, k_ is

taken as the minimum of the values from the web
panels between any two transverse stiffeners (e.g.

a,xh and a,xh ) and that between two rigid
stiffeners containing non-rigid transverse stiffeners (e.g.
a,xh ).

NOTE 4: Rigid boundaries may be assumed for panels
bordered by flanges and rigid transverse stiffeners. The
web buckling analysis can then be based on the panels

between two adjacent transverse stiffeners (e.g. a xh,
in Figure 5.3).

NOTE5: For non-rigid transverse stiffeners the
minimum value k_may be obtained from the buckling
analysis of the following:

1) a combination of two adjacent web panels with
one flexible transverse stiffener

2) a combination of three adjacent web panels
with two flexible transverse stiffeners

For procedure to determine k_ see Annex A.3.

(4) The second moment of area of a
longitudinal stiffener should be reduced to 1/3
of its actual value when calculating

k. .Formulae for k_ taking this reduction into
account in A.3 may be used.
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1,3

12
3-{,1 \\
1 \\
0,9
o \\ yil
0,7
ZW 06 \\'
0,5 \-‘.\\
04 NZ\ -_--_"‘—-_
03 '51/ T
=]
0,2
0,1
0
o 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3

1 — KopcTKa onMOpHA YacTHHA;
2 — THy4YKa ONMOPHA YaCTHHA;
3 — 30HA PeKOMEH0BAHUX 3HAYEHb I 7]

1 Rigid end post
2 Non-rigid end post
3 Range of recommended 7

Pucynok 5.2 — Ilapamerp y, BTpaTu CTIMKOCTI IIPU 3CYB1

Figure

5) s CTIHOK 3 MO30BXKHIMU
€JIEMEHTAaMHU JKOPCTKOCTI YMOBHA THYYKICTh

Aw y (3) moBuHHA NpUtMaTHCS HE MEHIIIE HIXK

Pl hWi
& 37,4t-,fk,,

B mpomy Bumanky h, 1 Kk, BimHOCATBCS 1O

CeKIIii 3 HaOLIBIIIOI0 YMOBHOO THYYKICTIO Aw
IIPU PO3TJISAI CTIHKHM TTaHe 1 BCIX CEKIIii.

IIpumitka. JIns pospaxyHKy K, BU3HaueHHs, HaBeICHE

B A.3, omycKaeThCsl BUKOpHCTOBYBaTH 3 K = 0.

5.2 — Shear buckling factor y,,

(5) For webs with longitudinal stiffeners

the slenderness parameter 4. in (3) should not
be taken as less than

(5.7)

where h,, and k, refer to the subpanel with

the largest slenderness parameter A Iof all
subpanels within the web panel under
consideration.

NOTE: To calculate k_ the expression given in A.3

may be used with k  =0.

z

-

158t

[
!

LA I 3 1\J
1.
I==1T

(a)

1 — sxopcTKHUi MONepevYHHUIl eJIeMEHT KOPCTKOCTI;
2 — MO3J0BKHiii eJleMeHT JKOPCTKOCTi;
3 — rHy4KHii nonepeuYHuii eJleMEHT )KOPCTKOCTI

Pucyno
KOPCTKOCTI

(®)

1 Rigid transverse stiffener
2 Longitudinal stiffener
3 Non-rigid transverse stiffener

CriHKa 3 MOMEePEYHUMH 1 TTO3OBXKHIMU €JIeMEHTaMU

Figure 5.3 —Web with transverse and longitudinal stiffeners
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5.4

(1) Komm po3paxyHKOBUI  3THHAJIBbHUIA
MOMEHT, IO OI€ Ha IOICH, HE BIAMOBIZAc
PO3paxyHKOBOMY 3HAYCHHIO HECYd4Oi 3JaTHOCTI1
MmosiciB  Ha 3TMH TpU  BTpaTi  CTiHKOCTI
Mgy <M pg, CKIAIOBY HeECydOi 31aTHOCTI

Hecyua 31aTHicTh nosiciB

MOSICIB MOYKHA BU3HAYUTH 32 POPMYIIOF0:

b, -t?-f
V —
bf ,Rd
C-7m1
b, i t,— npmiimMaroTecs I TOSCYy, SKHA

3a0e3reyye HallMEeHIIly OCbOBY MIIHICTH;
by

KOXXHOI CTOPOHHU CTIHKH;

— npuiiMaeThes He Outblie 15¢-t, Bix

— pO3paxyHKOBE 3HAYEHHS HECYdYOi 31aTHOCTI
MOTMIEPEYHOT0 Tepepi3y MOsACIB 3a 3THHATLHUM

JACTY-H b EN 1993-1-5:201X
5.4

(1) When the flange resistance is not
completely utilized in resisting the bending
moment (M, <M . ) the contribution from

the flanges should be obtained as follows:

Contribution from flanges

(5.8

b, and t, are taken for the flange which
provides the least axial resistance,

b, being taken as not larger than 15¢ -t,
on each side of the web,
— M f .k
Ymo

is the moment of resistance of the cross
section consisting of the effective area of the

MOMEHTOM npu BpaxyBaHHI TLUTBKH flanges only,
e(heKTHUBHUX TUIOI] TIOSICIB
1,6b, -t - f
c=a 0,25+— 5" |.
t-hy - f,,
(2)  Sxwmo Takox i€ ockoBe 3ycmwmist N, (2)  When an axial force N, is present,
To 3HayeHHd M.,  3MeHmylOTH 3a the value of M, ., should be reduced by
JOITOMOT00 Koe(ilieHTa: multiplying it by the following factor:
N
1- Ed (5.9)
(Af1+Af2)' fyf
mo

[Ipu ubomy A;, 1 A;, € BIINOBIAHO IUIOIIAMU

BEPXHBOTO 1 HIHKHBOTO TIOSCIB.

where A;; and A,, are the areas of the top
and bottom flanges respectively.

5.5 IlepeBipka minnocri 55  Verification
(1)  TlepeBipky MiIHOCTI MPOBOMATH 3a (1)  The verification should be performed
bopmyroro: as follows:
n; = Vey. <10 (5.10)
b,Rd
ne Vg, — po3paxyHKOBe 3HaYSHHS MONEePEeYHOi where V¢, is the design shear force
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CHJIU TIPH 3THHI 13 3aKpYIyBaHHSIM.

6 HECYYA 3JATHICTb CTIHKH
ITPU JIOKAJIbHUX HABAHTAKEHHAX

6.1 3arajbHi MOJOKEeHHA

(1)  PospaxyHOK Hecydol 3AaTHOCTI CTIHKH
NPOKaTHUX 1 3BapHUX OalOK MOBUHEH
BUKOHYBaTHCA 3rimHO 6.2 3a yMOBH, WIO
CTHCHYTHH TOSIC PO3KPIIUIEHUH Bix OIYHOTO
3MIIICHHS.

(2)  3acrocoByroTh HACTYITHI THUITH
IMPpUKIAgaHHA HABAaHTaXCHHSA!

a) 3 mepeaaycro JIOKAIbHUX CHJI Ha CTIHKY
yepe3 onopHuil tuct noscy (puc. 6.1, a);

b) 3 mepemauero cui depe3 CTIHKY 3 OJHOTO
OTIOPHOTO JIMCTA Ha iHIui (quB. puc. 6.1, b);

C) vyepe3 OMNOpPHUI JUCT Ha omnopi 0Oe3
€JIeMEHTIB XKopcTKocTi (puc. 6.1, ¢).

(3) s xopoOuacTux OaNoK 3 MOXHIUMH
CTIHKaMM Mae OyTH TIepeBipeHa Hecyda
3/IaTHICTh K CTIHKH, Tak 1 Mosicy. BpaxoBani
BHYTpPIIIHI  3yCWJUII €  KOMIIOHCHTaMH
30BHIIIHIX HaBaHTa)XEHb, BIAMOBIIHO IIFOYHX
B IUIOIIHMHI CTIHKH 1 TIOSICY.

(4)  HeoOxigHO BpaxOBYBaTH CITUIBHY JIifO
JIOKAJIbHOTO ~ HABAaHTAXCHHS,  3TWHAIBHOTO
MOMEHTY 1 OChOBOi CHJIM TpU TEpeBipKax
3rigHo 3 7.2.

including shear from torque.

6 RESISTANCE TO TRANSVERSE
FORCES

6.1 Basis

(1)  The design resistance of the webs of
rolled beams and welded girders should be
determined in accordance with 6.2, provided
that the compression flange is adequately
restrained in the lateral direction.

(2)  The load is applied as follows:

a) through the flange and resisted by shear
forces in the web, see Figure 6.1 (a);

b) through one flange and transferred through
the web directly to the other flange, see
Figure 6.1 (b).

c) through one flange adjacent to an
unstiffened end, see Figure 6.1 ()

(3) For box girders with inclined webs the
resistance of both the web and flange should
be checked. The internal forces to be taken
into account are the components of the
external load in the plane of the web and
flange respectively.

(4)  The interaction of the transverse force,
bending moment and axial force should be
verified using 7.2.

Tum (a) T (b) T (C)
Type (a) Type (b) Type (c)
s AR A
| | | | |
’ : i | | Z | S |
vt #% Thes g ] #% || 1% 1
i R | i Vf | |
h, ) h,Y s.+c)
ke =6+2 X Ke =35+2 =~ ke =2+6| = <6
a a h,

Pucynok 6.1 - KoediuieHT BTpaTt CTIHKOCTI Ul PI3HUX THUIAX MPHUKIATAHHS HaBaHTaXEHHS

Figure
6.2  Po3paxyHok Hecy4oi 31aTHOCTI

(1)  PoszpaxyHok Hecy4oi 3AaTHOCTI IS

CTIHOK 3 €JIEeMEHTaMH )KOPCTKOCTI a00 0e3 HUX
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6.1 — Buckling coefficients for different types of load application

6.2  Design resistance

Q) For unstiffened or stiffened webs the
design resistance to local buckling under



MpU MICIEBI BTpaTi CTIAKOCTI Mij] BILTMBOM
JIOKAJIBHOTO HABAaHTA)XCHHS BHKOHYIOTH 3a
HACTYITHOIO (hOPMYIIOIO

JACTY-H b EN 1993-1-5:201X

transverse forces should be taken as

— _yw et Tw (6.1)

pa(Sh

t,, — TOBILMHA CTIHKHY,

f,  — Mexa TeKydocTi MaTepiany CTiHKH;
Ly  — ebexTHBHA NOBXKHMHA IPU BU3HAYECHH1
Hecydoi  3aTHOCTI  CTIHKH, T €0

IMOMEPCYHUX JIOKAJIBbHHUX HABAHTAXCHb, sAKa
BHU3HAYAETHCS 32 GOPMYJIIOIO

where:

t is the thickness of the web;

w

f Is the yield strength of the web;

yw

L, is the effective length for resistance to

transverse forces, which should be determined
from

L = 25 -1y (6.2)

ae:

l, — e(eKTUBHA JOBXXHMHA TPUKJIAJaHHS

HABaHTAKCHHS, BU3HAUEHA B 6.5, IpUIMA€EThCS
M0 JIOBXUHI PO3MOLTY 3yCHIIJISL Ha TIOSIC Yepe3
’KOPCTKI ONIOPHI €JIEMEHTH S, THB. 6.3;

Xe — MOHWKYIOUNH KoedirieHT, 10

BpPaxOBYy€ MICIIEBY BTpATy CTIMKOCTI CTIHKH,
muB. 6.4(1).

6.3  /loB:kHHA po3MOAiJy HABAHTAKEHHS
Ha mosic

@ JIOB)XHMHA PO3MOJAUTY HABAaHTKEHHS Ha
HOsIC S, 4Yepe3 JKOPCTKI OMOPHI €IEMEHTH, 10
SKid  BiIOyBaeThCs Tiepeaada JIOKaJIbHOTO
HAaBAaHTAXCHHS  HA  IOSC,  INPHHMAETHCA
BIAMOBiIHO 110 puc. 6.2. 1l10 MOBXUHY TpH

NPUKIAJaHHI ~ HABAaHTAXKEHHS  HA  TIOSIC
MPOKAaTHUX 1 3BapHUX OajJoK  MOXKHa
pO3paxoByBaTH TIO0  KYTy  pO3IOJLUICHHS

HaBaHTaXCHHs fAK 1:1. 3HaueHHs S, MOBUHHO

npuiiMatucs He Oubie h, .

2 SIKImo Aexuibka OKpeMHUX HaBaHTa)KEHb
ONMU3BKO pO3TAIlIOBaHi OJWUH JO OJHOTO, TO
HEeCy4y 3/IaTHICTh BU3HAYAIOTh SK JJIs KOXKHOT
OKpemMoi  cuiaM, Tak 1 Ui BCHOTO

HAaBaHTAXCHHA S, 3 CHUJIOI0, IIPUKIIAICHOIO B

CeperHl  JOBXHHM  MDK  30BHINIHIMH

HaBaHTaXCHHIMM.

where;

l, is the effective loaded length, see 6.5,

appropriate to the length of stiff bearing s,
see 6.3;

X Is the reduction factor due to local
buckling, see 6.4(1).

6.3  Length of stiff bearing

(1)  The length of stiff bearing s, on the

flange should be taken as the distance over
which the applied load is effectively
distributed at a slope of 1:1, see Figure 6.2.

However, s, should not be taken as larger
than h,,.

S

(2) If several concentrated forces are
closely spaced, the resistance should be
checked for each individual force as well as
for the total load with s, as the centre-to-

centre distance between the outer loads.
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Pucynok 6.2 — JloBxuHa po3M0OIiTy HABAaHTAKECHHSI Ha TI0SIC

Figure

(3) Slkmo mepemaua HaBaHTaKEHHS Ha
CTIHKY BiIOyBa€ThCS HE Yepe3 yCIO MOBEPXHIO
OTIOPHOTO JIUCTA, a IiJ KyTOM B MICIII
MPUKIAJaHHs HaBaHTAXKEHHS (IOUB. TPaBy
gacTUHy puc. 6.2), To, SK MpaBuUIIoO,
npuimarots S, =0.

6.2 — Length of stiff bearing

(3) If the bearing surface of the applied
load rests at an angle to the flange surface, see
Figure 6.2, s, should be taken as zero.

6.4  Ionwxkyroumii koediumieHT y. nId 6.4  Reduction factor y. for effective
e()eKTUBHOI /IOB)KHHHM TIPM BHU3HAYEHHi length for resistance
HeCYy40i 31aTHOCTI
(1)  Toumxkyrouwii KoeilieHT Xr (1)  The reduction factor y. should be
BHU3HAYAETHCS 3a (POPMYJIOF0: obtained from:
0,5
zF :%Sl,o (63)
ﬂ’F
— -t - f
ne (where) A = [ (6.4)
Fcr
t3
F,=09-k.-E. (6.5)
hW
(2)  Koepiumienr k. s crinok 6e3 (2) For webs without longitudinal
TIO3/IOBXKHIX P ——— JKOPCTKOCTI st_iffeners ke should be obtained from
BM3HAYAIOTh 3iIHO 3 puc. 6.1. Figure 6.1.
IMpumitka. B HamioHagpHOMY TOAATKY TOMYCKAETHCS NOTE: For webs with longitudinal stiffeners

BCTAHOBJIIOBATH BHMOI'HM JIA BHU3HAYCHHA kF JUIA

CTIHOK 3 TIO3IOBXKHIMH eNeMEeHTaMH >KOPCTKOCTI.
PexoMeHIyIOTBCS HACTYIHI TpaBWia: IS CTiHOK: 3

MTO3IOBKHIMH E€JIEMEHTaMHU KOPCTKOCTI 3HAYCHHS kF

JIOITYCKA€ThCSl BU3HAYATH 3a (POPMYIIO0

h, T’ b,
ke =6+2 — +5,44g—0,21\/7/_5

a

e b1 — BHCOTa HaBaHTaXXECHOI ceKii,

NpURMAETbCA K BIICTaHb y MPOCBITI MIDK
HaBaHTAXEHMM  MOSACOM 1  €JIEeMEHTOM
AKOPCTKOCTI;
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information may be given in the National Annex. The
following rules are recommended: For webs with

longitudinal stiffeners k_ may be taken as

(6.6)

where b, is the depth of the loaded

subpanel taken as the clear distance between
the loaded flange and the stiffener



I
=10,9—1 <13
7/5 h t {

. 3
W W
ne |y, —MOMeHT iHepuii mUIOIIi eJXeMEHTy

KOPCTKOCTI, II0 3HAXOAUTHCSA HAWOIMK4YE 0
HABaHTaXEHOTO TosICy, BKJIFOYAIOYH
MIPUMUKAIOY1 TUITHKA CTIHKHM 3TifgHO 3 puc. 9.1.

®opmyna (6.6) cripaBeyIMBa A5

0,05<

o | &

1 TIpUKJIaJaHHs HABAHTAXKEHHS 3a TUIIOM (a)
3TiaHO 3 pucC. 6.1.

3 |, Bu3Ha9a0TH 3rinHo 3 6.5.

6.5 EdexTrBHA 10BKMHA NPUKJIATAHHS
HABAHTAKEHHS HA CTIHKY

@ EdextnBHa J0BXKWMHA TNPUKIAJAHHS
HaBaHTAXCHHsA Ha CTiHKYy |, pospaxoByeThcs

13 3aCTOCYBaHHSIM O€3pO3MIPHMX MapaMeTpiB
m im,:

VYV xopoOuactux Oanmkax 3HauyeHHs D, y
dopmyni (6.8) obmexyroTh g0 15¢-t, Bix
KOKHOT CTOPOHHU CTIHKH.

(2)  Hna Bumazkis tumy (a) i (b) Ha puc. 6.1

|, Bu3Ha4a0TH 32 GopmyIoro:

ko (if)

JACTY-H b EN 1993-1-5:201X

h—} +210{0,3—ﬁ} (6.7)

w

a

where 1, is the second moment of area of

the stiffener closest to the loaded flange
including contributing parts of the web
according to Figure 9.1.

Equation (6.6) is valid for

<0,3 ra (and) :])—1 <0,3;

w

and loading according to type a) in Figure 6.1.

(3) |, should be obtained from 6.5.

6.5  Effective loaded length

(1)  The effective loaded length |, should
be calculated as follows:

(6.8)

A >05
(6.9)

A <05

For box girders, b, in equation (6.8) should be
limited to 15¢ -t; on each side of the web.

(2) For types a) and b) in Figure 6.1, |
should be obtained using:

y

|, =, +2t, [L+/m, +m, ), npu (but) |, <a (6.10)

y

|, He mepeBuIllye BiICTAHb MK CYCIIHIMU MONEPSUHUMHU SIEMEHTAMH KOPCTKOCTI

|, <a distance between adjacent transverse stiffeners,

3) Jns Bunaaxy tany (c) |, Busnauarots

IK HaliMEHIlIE 3HAYEHHS, BHU3HAYEHE IIO
dopmynax (6.11), (6.12)1(6.13):

(3) For type c) |, should be taken as the

smallest value obtained from the equations
(6.11), (6.12) and (6.13).
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2
m I
I, =1, +t; —1+[—6J +m, (6.11)
2 |t
I, =1, +t;ym +m, (6.12)
2
L=k Bl o e (6.13)
2f,,-h,

6.6  IlepeBipka Hecy4oi 31aTHOCTI

(1)  Tepemipka Hecy4oi 3JaTHOCTi CTIHKH
IpU MICLEBI BTpaTi CTIAKOCTI Mij] BIJTUBOM

: Leff 'tw

6.6 Verification

(1)  The verification should be performed
as follows:

I:Ed

<10, (6.14)

JIOKAITBHOTO HABaHTAXCHHS MOBUHHA
BUKOHYBATHCS 32 (POPMYIIOIO:
=

Fyu
ne:
Fey  — pPO3paxyHKOBE 3HAYEHHS JIOKAJIHHOTO
HaBaHTAXCHHS,
L  — ebeKkTuBHA NOBKMHA NPH BU3HAYEHHI
Hecydoi 3JaTHOCTI CTIHKA MO JIOKaJIbHUX

HaBaHTAKEHHIX BiAIOBIIHO 110 6.2;

t — TOBIIMHA JIACTA.

w

7 B3AEMOAIA 3YCIJIb

7.1 B3aemonin nomnepevYHoi
3rHHAJIbHOI0 MOMEHTY i 0CbOBOI CHJIH

CHJIH,

(1) 3a ymoBwH, mO 77_330,5(2[1/13. HIKYE),

po3paxyHKOBa  Hecy4ya  3JaTHICTb  JJIs
3TUHAJBHOTO MOMEHTY 1 OCBOBOI CHJIH
npuiiMaroThesi 0€3 3MIH 3 ypaxyBaHHAM

nonepeyHoi cuwid. Skmo 77, > 0,5, To BIMB

B3a€MO/Iii 3rHHAJILHOTO MOMEHTY 1 TIOTIePEYHOT
CWJIM B CTIHIII JBOTaBPOBHX a00 KOpOOUACTHUX
0aJoK MalOTh BIAMOBIIATH YMOBI:

— M — — M
771+[1— M LR ]-(2773—1)2 <1,0 npu nlzﬁ,

pl,Rd
hi(cH
M: rs — PO3paxyHKOBE 3HAY€HHS HECYHOi
3JaTHOCTI Ha 3TMH B IUIACTHYHINA cramil
nepepizy, IO CKIAAaeThCs 3 €(PEeKTUBHOT
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Vw1
where;

Feq isthe design transverse force;

L, is the effective length for resistance to
transverse forces, see 6.2(2);

t is the thickness of the plate.

w

7 INTERACTION

7.1 Interaction between shear force,
bending moment and axial force

(1) Provided that 77_3 I (see below) does

not exceed 0,5, the design resistance to
bending moment and axial force need not be

reduced to allow for the shear force. If 7, is

more than 0,5 the combined effects of bending
and shear in the web of an | or box girder
should satisfy:

(7.1)

pl,Rd
where:

M qq is the design plastic moment of

resistance of the section consisting of the
effective area of the flanges;



ILIOI] MOSCIB;

M rs — PO3paxyHKOBE 3HAUCHHS HECY4Ol

3JaTHOCTI HA 3TMH B IUIACTHYHIA cranil
MOTIEPEYHOTO Mepepizy, M0 CKIANAEThC 3
e(peKTHBHOI IUIONII TMOSACIB 1 TUIOIII mepepizy

JACTY-H b EN 1993-1-5:201X

M, rq is the design plastic resistance of the

cross section consisting of the effective area of
the flanges and the fully effective web
irrespective of its section class.

CTIHKHY HE3aJIC)KHO BiJ KJIacy mepepisy;

— M

=t
M pl,Rd

— V

My =
wa,Rd

JloaTkoBO MaroThb OyTH BHMKOHaHI BHMMOTH
nyHKTIB 4.6 15.5.

BkazaHi yMOBHM NOBHHHI BpaxOBYBaTHCS IS
€JIEMEHTIB KOHCTPYKLIH TMpu CTaTUYHOMY
PO3paxyHKy 2-T0 MOPSAKY, SKIIO L€ JOLUIBHO.

(2)  VYmoBu, Bkazani B (1), maioTh OyTH
MepeBipeHi A BCIX Mepepi3iB, OKPIM MicClb
NPUKIIAAHHS  JIOKAIGHOTO  HaBaHTa)KCHH,
pO3TAIIOBAaHOTO Ha BifcTaHi MeHmre Hix h,/2
BiJl OMOPH 3 BEPTHKAIHHUMH EJIEMCHTAMU
KOPCTKOCTI.

(3)  PospaxyHkoBe  3HAUCHHS  HECY4Ol
30aTHOCTI HAa 3TMH M o, y IIIACTHYHINA cTanii
po6oTH Moke OyTH TNPUUHITO 32 MEXKEI0
TEKy4OCTi 1O €(EeKTHUBHIA IUIOM TMOsCy 3
HallMEHIITUM 3HAYCHHSIM BIJIHOIIICHHS
A f,/7wo 1BiACTaHi MK HEHTPaMH THKIHHS

MOSICIB.

(4)  Sxmo mie oceoBa cmma Ng,, TO

sHayeHHs M.y 1 My, wmatote Oyru

3MeHIeHi BianoBiggo go 6.2.9 EN 1993-1-1 i
5.4(2). Sxmo ockOBa CHJIa HACTUIBKU BEJIHMKA,
110 BCSI CTIHKA € CTUCHYTOO, TO 3aCTOCOBYIOTh

7.1(5).

(5) TMosicu kopobOuacTHX OATOK MalTh OyTH
nepeBipeni 3rimHo 3 7.1(1), npuiimaroun
Moo =0, i 7y mpuiiMaeThcs SK cepenHe
3HAYEHHsI HANPY>KEHHS TPH 3CYBi B MOSICi, SKe

Mae 6yTI/I HC MCHIIC IIOJIOBHMHHA
MAaKCUMAJIbHOTO HAIIPYKCHHA 3CYBY B HOSICi; B

OpOMYy BHUINAAKY O 77, 3aCTOCOBYIOTH 77,

3rijHo 3 4.6(1). JlonatkoBo cekilii MaroTh OyTH
nepeBipeHi, BUKOPHUCTOBYIOUHN cepeHe
3HA4YEeHHsl HAINPY)KEHHS TNPH 3CYB1 Yy Ccekuii i

In addition the requirements in sections 4.6
and 5.5 should be met.

Action effects should include global second
order effects of members where relevant.

(2)  The criterion given in (1) should be
verified at all sections other than those located
at a distance less than h,/2 from a support

with vertical stiffeners.

(3) The nplastic moment of resistance
M s may be taken as the product of the

yield strength, the effective area of the flange
with the smallest value of A f /y,, and the

distance between the centroids of the flanges.

(4)  Ifanaxial force N, is present, M
and M ., should be reduced in accordance

with 6.2.9 of EN1993-1-1 and 5.4(2)
respectively. When the axial force is so large
that the whole web is in compression 7.1(5)
should be applied.

(5) A flange in a box girder should be
verified using 7.1(1) taking M o, =0 and 7,

taken as the average shear stress in the flange
which should not be less than half the

maximum shear stress in the flange and 7, [is
taken as 7, according to 4.6(1). In addition the

subpanels should be checked using the average
shear stress within the subpanel and y,

determined for shear buckling of the subpanel
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HNOHIKYIOUMH Koe(illieHT y,,, BU3HAYECHUH

3rigHo 3 5.3 3 ypaxyBaHHSM BTPaTH CTIHKOCTI
CeKIIil, 32 HAsABHOCTI >KOPCTKHUX MO3T0BXKHIX
€JIEMEHTIB KOPCTKOCTI.

7.2  B3aemoguis MnonepevYHoi CHJIH,
3rHHAJIbHOI0 MOMEHTY i 0CbOBOI CHJIN

(1)  Sxmo Oanka HaBaHTAXCHA
30CepeKEHIM JIOKAJIbHUM HaBaHTaKCHHSIM,
JTIIOYMM Ha CTHUCHYTHH TI0SIC, IO MPAIOE
OJTHOYACHO Ha 3TMH 1 OChOBY CHIIy, Hecyd4a
3/IaTHICTh Mae OyTH mepeBipeHa 3riiHo 4.6 1
6.6 ipu JOTpUMAaHHI HACTYITHOT YMOBH

according to 5.3, assuming the longitudinal
stiffeners to be rigid.

7.2 Interaction between  transverse
force, bending moment and axial force

(1) If the girder is subjected to a
concentrated transverse force acting on the
compression flange in conjunction with
bending and axial force, the resistance should
be verified using 4.6, 6.6 and the following
interaction expression:

n,+08n <14 (7.2)

(2)  Sxmo 3oceperKeHe HABAHTAKEHHS JIi€
Ha PO3TSATHYTHH MOSC, TO HECYdy 3[aTHICTh
MEPEeBIPAIOTH 3TIAHO 3 po3auioM 6. J[01aTKOBO
MarTh Oyru goTpumani mnpaBwia 6.2.1(5)
EN 1993-1-1.

8 BIVIUB IIOSJACY HA BTPATY
CTIMKOCTI CTIHKH

(1) Brpari MicreBoi CTIHKOCTI CTIHKH B
MeEKax TMaHesl MePEenIKopKae CTUCHYTHH T0sIC,
SIKIIIO JOTPUMYETHCSI HACTYITHA YMOBA

— <k
tW

h
ne:
A, —mioma  MHOMepe4yHOro nepepizy
CTIHKH;
A;, —edexTuBHA IJOIIA  IONEPEYHOIO

nepepizy CTUCHYTOTO MOSCY;

h, — BHCOTA CTiHKH;

t — TOBILHWHA CTIHKH.

w

3HaveHHs KoedilieHTa K 3acTocoByeThCS:

— mpu poboTi B maactuuHii cragii K =0,3;

— npu poOOTI B MPYKHO-IUIACTUYHIN cTajii
k=04,

— TpH npyxHii craaii podoru kK =0,55.

2 Y 3irHytux Oankax, 10 MaroTh
3aJIMIIKOBI IPOTHHH, B SIKMX CTUCHYTHH TOSC
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(2) If the concentrated load is acting on the
tension flange the resistance should be verified
according to section 6. Additionally 6.2.1(5)
of EN 1993-1-1 should be met.

8 FLANGE INDUCED BUCKLING

(1) To prevent the compression flange
buckling in the plane of the web, the following
criterion should be met:

E A (8.1)

A

fc
where:

A, isthe cross section area of the web;

A, s the effective cross section area of the
compression flange;

h is the depth of the web;

U

t is the thickness of the web.

w

The value of the factor k should be taken as
follows:

plastic rotation utilized k = 0,3

— plastic moment resistance utilized k = 0,4

— elastic moment resistance utilized k = 0,55

(2) When the girder is curved in elevation,
with the compression flange on the concave



3HAaXOAMUTHCS Ha YBITHYTIH CTOpPOHI, TOBHHHA
BUKOHYBAaTHCS HACTYITHA yMOBA!

JACTY-H b EN 1993-1-5:201X

face, the following criterion should be met:

A

Afc (8 2)
h,-E '
3r-fyf

r is the radius of curvature of the

e I — paalyc KpUBU3HU CTUCHYTOTO TOSCY.

Mpumirka. B  HamioHansHOMY — 10#aTKy — MoXe
HABOIUTHCS JIONATKOBA iH(OpMAIsS MO TOsACY, IO
BIUIMBAE Ha BTPATy CTIHKOCTI.

? EJIEMEHTHU KOPCTKOCTI TA
IX JETAJIBHE BUKOHAHHA

9.1 3arajbHi MoJ0KEeHHA

1) VY mpomy po37ii HABOIATHCS MPaBUIIa
pO3paxyHKy  €JIeMEHTIB  OPCTKOCTI B
IUIACTUHYACTUX  KOHCTPYKIIAX,  AKI €

JIOTIOBHEHHSIM JI0 MPaBUJI MO BTPATI CTIMKOCTI
MIJIACTHH, HABEJIEHUX B po3auiax 4 — 7.

IIpumitka. B HanionansHOMy n0OaTKy MOXYTh OyTH
HaBeJIeHI JI0/IaTKOBI BUMOTH IO €JIEMEHTIB )KOPCTKOCTI

Ta iX JEeTaJbHOrO BUKOHAHHS IPU OCOOIMBUX BHUIIAJKAX
1X 3aCTOCYBaHHSI.

(2) Kouu mepeBipsiroTh HeCydy 34aTHICTD,
MPU BTPATiI CTIMKOCTI IUIACTUH AOIYCKAETHCS
3aCTOCOBYBaTH €(EKTUBHHUH Tepepi3 OpyTTO
CTHCHYTOTO  €JIEMEHTY OPCTKOCTI  ILIIOC
MPUMHUKAIOYl JOUITHKA JIUCTa Ha KOXKHIN
CTOPOHI €JIEMEHTY KOPCTKOCTI IIMPUHOIO HE
OulbLIE 15t BUKJIFOYAOUN Oyb-sIK1
JOJIATKOBl HAKIAJAKH CYMDKHHX €JIEMEHTIB
xopctrocTi (puc. 9.1).

(3) HopmampHe 3ycwiuls B MOMEPEYHUX
eJIeMEHTaX KOPCTKOCTI 3aCTOCOBYIOTh SIK CyMY

compression flange.

NOTE: The National Annex may give further
information on flange induced buckling.

9 STIFFENERS AND DETAILING

9.1 General

(1)  This section gives design rules for
stiffeners in  plated structures  which
supplement the plate buckling rules specified
in sections 4 to 7.

NOTE: The National Annex may give further
requirements on stiffeners for specific applications.

(2) When checking the  buckling
resistance, the section of a stiffener may be
taken as the gross area comprising the stiffener
plus a width of plate equal to 15&t but not
more than the actual dimension available, on
each side of the stiffener avoiding any overlap
of contributing parts to adjacent stiffeners, see
Figure 9.1.

(3)  The axial force in a transverse stiffener
should be taken as the sum of the force

PE3YIIBTYIOYO0TO 3YCHILIS Bi 3CyBY resulting from shear (see 9.3.3(3)) and any
(maB.  9.3.3(3)) Ta  ycix  30BHIIIHIX external loads.
HABaHTaKCHb.
. 154 v 15¢&t . . 15¢&t 15¢&t ,
1
<
R /& R 1771172222222
ST N A
"""H.,_AS ‘HAS
AN AN
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Pucynoxk 9.1 - EdexTuBHMIA nonepeyHmii nepepiz e1eMeHTy )KOPCTKOCTI

Figure
9.2 HopmaJjbHe HANIPY:KeHHSA

9.2.1 Minimanoni eumocu 00 nonepeuHux
en1eMenmie HcopcmKocmi

Q) JIJisi CTBOpPEHHS JKOPCTKOI OIMOPH st
IUTACTUHM 3  TIO3JI0BXHIMH  €JIeMEHTaMH
KOPCTKOCTI 200 0e3 HUX MPOMDKHI NOTepeyHi
€JIEMEHTH YKOPCTKOCTI TIOBUHHI 33JI0BOJIBHATH
KpUTEPI0, BKA3aHOMY HIDKUE.

2 [Tonepeunuit  eIEeMEHT  KOPCTKOCTI
HEOOX1IHO PO3IJISIIaTH SIK IPOCTHIM CTEP>KEHb,
0 MIAJAETbCsl OIYHOMY HABaHTAXEHHIO 3
MOYaTKOBHM BUKPHUBJICHHSIM 3a

CHHYCOIIaIBHOI0 KpHBOIO 3 W, =5/300, mes —
HallMeHIIIe 3i 3HaueHp a,, a, 4n b (puc. 9.2).
B mpomy Bumanky @, i @, € JOBXHHAMH
CYMDKHUX  [aHeled  JaHOTO  EJIEMEHTY
KOPCTKOCTI, a b SBIAETBCA BHCOTO MDK
IIEHTpaMU TIOSICIB  Oanku  abo  JOBKHUHOIO
MOMEPEYHOT0  €JIEMEHTY KopcTKocTi. Llei
eKCLEHTPUCUTET TMOBHHEH BpaxoBYBAaTHUCA B
MOAATBIIOMY PO3PAXYHKY.

1 — monepe4HMii eJieMeHT HKOPCTKOCTI

9.1 — Effective cross-section of stiffener

9.2 Direct stresses

9.2.1 Minimum requirements for transverse
stiffeners

(1) In order to provide a rigid support for a
plate with or without longitudinal stiffeners,
intermediate transverse stiffeners should
satisfy the criteria given below.

(2)  The transverse stiffener should be
treated as a simply supported member subject
to lateral loading with an initial sinusoidal
imperfection w, equal to s/300, where s is
the smallest of a, a, or b, see Figure 9.2 ,
where a, and a, are the lengths of the panels
adjacent to the transverse stiffener under
consideration and b is the height between the
centroids of the flanges or span of the

transverse stiffener. Eccentricities should be
accounted for.

1 Transverse stiffener

Pucynok 9.2 — Ilonepeunuii eneMeHT >KOPCTKOCTI

Figure

(3) Ilomepeunuit emeMEHT  KOPCTKOCTI
MOBUHEH CIPUMMATH 3YCWUIA BII 3THHY
CYMDKHHUX CTUCHYTHX TIAHEJICH 32 YMOBH, KOJIU
oOuaBa CyMDKHI TIOTIEpEYH] E€JIEeMEHTH €
OJIHOYACHO JKOPCTKUMH 1 MIITHUMH TpH i
SIKOTO-HEOYIb 30BHINIHROTO HABAaHTAXKEHHS 1
OCBOBOI CHJIM 3T1IHO 3 MpUMIiTKOI0 10 9.3.3(3).
CrucHyTi maHenmi 1 TO3IOBXKHI €JIEMEHTH
KOPCTKOCTI PO3IIIANAIOTECSA K  IIapHIPHO
NpUETHAHI 70  TOTIEPEYHHX  €JIEMEHTIB
AKOPCTKOCTI.

(4)  3a Teopicro po3paxyHKy 2-TO MOPSAKY
B IPYXKHIH cTazaii po6oTu NoTpidHA nepeBipka
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9.2 — Transverse stiffener

(3)  The transverse stiffener should carry
the deviation forces from the adjacent
compressed panels under the assumption that
both adjacent transverse stiffeners are rigid
and straight together with any external load
and axial force according to the NOTE to
9.3.3(3). The compressed panels and the
longitudinal stiffeners are considered to be
simply supported at the transverse stiffeners.

4) It should be verified that using a
second order elastic method analysis both the



3 ypaxyBaHHSM JIBOX HACTYITHUX KpHUTEpiiB,
II0 33JJ0BOJIBHSIIOTh METOJUIII PO3pPaxXyHKy 3a
IPaHUYHUMU CTaHAMU!

— MaKCHMaJbHE HANpPYKEHHS B eJEMEHTI
KOPCTKOCTI HE TIIOBMHHE IIEPEBHILYBATH

fy/yMl;

— JIOJJATKOBUIA 3TUH €JIEMEHTY )KOPCTKOCTI HE
HOBHMHEH nepeBuiyBaTu 3aaueHns b/300 .

(5) 3a BigcyTHOCTI B IOMEPEYHOMY
€JIEMEHTI KOPCTKOCTI OChOBOI CHJIHM, oOuIBa
kputepii B (4) JOMyCKaeTbcs  BBaXaTH
BUKOHAHUMH, SIKITIO MOMEHT Hepil
MIOTIEPEYHOr0 €JIEMEHTY KopcTkocTi | Oyne

HE MEHIIe
o, (b
Ist =1
E\x
e (where) o, = <. Negf1 1
0w, b \a &
2
n°E-e
— max >
f 3000 -
Ym1

€nax — MakCHUMallbHa BIJICTaHb BiJ ILEHTPY

TSDKIHHST €JIEMEHTY >KOPCTKOCTI JI0 HaMOLIBIIT
BIITAJICHOT TOYKU €JIEMEHTY KOPCTKOCTI;

N Ed — PO3PAaXyHKOBC 3HAUYCHHA I[iI-O‘IOFO

3YCHJUIS CTHCKAaHHS B CYMDKHHUX MaHENSX, alle
HE MEHIIEe 3yCWIIS, PIBHOTO HAHOUIBIIIOMY
HANPY)KEHHIO ~ CTHCKY, ITOMHOXXCHOMY Ha
NONOBUHY e(pEKTUBHOI ~ CTUCHYTOI ILIOII
MOTIEPEYHOr0 TMepepi3y MaHewl, BKIIYA0UYH
€JIEMEHTH KOPCTKOCTI,

o Ocrp™ BU3HaueHi B 4.5.3 1 mogatky A.

cr,ct

Mpumirka. EN 1993-2 i EN 1993-1-7 micTsaTh BKa3iBKH
10 3aCTOCYBAaHHIO IOMEPEYHNX EIEMEHTIB JKOPCTKOCTI,
10 HABAHTAXXYIOTHCS 3 TUIOMIMHY CTIHKU OaJIKH.

(6)  Skmio HoTmepeyHi CIIEMEHTH
AKOPCTKOCTI CIIPUIMAalOTh OChOBE 3YCHILISA
CTHCKY, TO BOHO Mae OyTH 30UIblLIIEHE Ha
sHauenns AN, =o,b’/7° mna Toro, mo6
BpaxyBaTH JOJATKOBI 3YyCHJUIA BiJl 3TUHY.
Kpurepii B (4) 30epiratoTb CBOIO CuUIy, aje
AN, MoOXHa He BpPaxoBYBaTH, KOJH IIPH
pO3paxyHKy B

eIEMEHT1  KOPCTKOCTI

JACTY-H b EN 1993-1-5:201X

following criteria are satisfied at the ultimate
limit state:

— that the maximum stress in the stiffener
should not exceed f, /7, ;

— that the additional deflection should not
exceed b/300.

(5) In the absence of an axial force in the
transverse stiffener both the criteria in (4)
above may be assumed to be satisfied
provided that the second moment of area I, of

the transverse stiffeners is not less than:

1+Wo%uj (9.1)

€..x IS the maximum distance from the

extreme fibre of the stiffener to the centroid of
the stiffener;

N, is the maximum compressive force of
the adjacent panels but not less than the
maximum compressive stress times half the
effective® compression area of the panel
including stiffeners;

o.. . are defined in 4.5.3 and Annex A.

Ocres cr,p

NOTE: Where out of plane loading is applied to the
transverse stiffeners reference should be made to
EN 1993-2 and EN 1993-1-7.

(6) If the stiffener carries axial
compression this should be increased by
AN, = b*/z* Uin order to account for

deviation forces. The criteria in (4) apply but
AN need not be considered when calculating

the uniform stresses from axial load in the
stiffener.
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HaNpYy>KEHHs BiJ] 0CbOBOI CUJIM OJHOTO 3HAKY.

(7) 3a BigcytHOCTI B IOIEPEYHOMY
eIIEMEHTI )KOPCTKOCTI OCHOBHUX CHJI BUMOTH B

(4) MOXyThb mepeBipATHCA 1O  Teopii
pO3paxyHKy 1-ro mopsAKy B MpYXHii cramii
poboTH 3 ypaxyBaHHSAM  HACTYITHOTO

PIBHOMIPHO PO3MOJICHOTO TO JOBXHHI D
J0JJATKOBOTO TOTIEPEYHOr0 HABaHTAXKEHHS (],

0 BU3HAYAETHCS 32 (HOPMYIIOIO:

(7) As a simplification the requirement of
(4) may, in the absence of axial forces, be
verified using a first order elastic analysis
taking account of the following additional
equivalent uniformly distributed lateral load g

acting on the length b:

VA
q =Zo-m(W0+Wel)’ (92)
me: where:
o, — Bu3HaueHO B (5); Om is defined in (5) above;
W,  — BKa3aHo Ha puc. 9.2; Wo is defined in Figure 9.2;
W,  —nedopmamis Tpu TpyXKHIA cranii Wel is the elastic deformation, that may be
pOGOTH, Ky  JIOTYCKA€ThCS  BU3HAYATH either determined iteratively or be taken as the

MeTo/JaMu Irepaiii abo TNPUNHATH PIBHOIO
JOJTAaTKOBOMY 3THHY €JEMEHTY MKOPCTKOCTI

(b/300).

(8)  Slkmo He 3aCTOCOBYETHCS TOYHIIIMI
METOJT  pO3paxyHKy Ui  BUKIIOYCHHS
KpyTWIBHOT ~ GopMH  BTpaTH  CTIAKOCTI
€JICMEHTIB XKOPCTKOCTI 3 BIIKpUTHM
MOTMEPEYHUM TIepepi3oM, TO JUIsl €JIEMEHTIB
KOPCTKOCTI TOBUHHA BUKOHYBATHUCS HACTYITHA

yMOBa
|

T
IP

Ie:

Iy — TOJISIPHUIA Hepuii

MONEPEYHOro mepepizy  OJHOTO
HKOPCTKOCTI, IO PO3PAXOBYETHCS
TOYKH KPIMJICHHS 10 TIACTUHU;

MOMCHT

CJIEMEHTY
BIIHOCHO

I —momeHT iHepuii CeH-Benana mpu
KPYYEHHI JJIsl MOTIEPEYHOTO Iepepizy OJHOTO
eJIEMEHTY >KOPCTKOCTI.

(9) TIIpm BpaxyBaHHI 3TUHAIBHOT
KOPCTKOCTI €JIEMEHTIB Ul HUX Mae OyTH
BUKOHaHMU KpuTepid, BkazaHuii B (8), abo
HACTYIHUN KpUTEPiit:
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>53-2,

maximum additional deflection b/300.

(8) Unless a more advanced method of
analysis is carried out in order to prevent
torsional buckling of stiffeners with open
cross-sections, the following criterion should
be satisfied:

(9.3)

where:

I, is the polar second moment of area of

the stiffener alone around the edge fixed to the
plate;

I; is the St. Venant torsional constant for
the stiffener alone.

(9)  Where warping stiffness is considered
stiffeners should either fulfil (8) or the
criterion

>0-f, (9.4)



ae:

o — KpUTHYHE HaIlpy>KEHHs pu

cr

KpyTWIBHIA ¢opmi BTpaTH CTiiikocTi 6e3

ypaxyBaHHS 3aTUCKaHHS IUIACTUHU  TIpU
3aKpy4yBaHHI,

0 — mapameTp, o 3abesneuye 3 Kiac
poboTH.

[pumitka. Tlapamerp 6 ™Moxe OyTH HaBEICHUH B
HarmionaneHOMy nonmaTky. PekoMeHJoBaHE 3HAadYCHHS
0=6.

9.2.2 Heob6xioni eumozu 00 nO30064HCHIX
eleMenmie Hcopcmkocmi

(1) Bumorm, 1O CTOCYIOTBhCS KPYTHIBHOI
(dbopmu BTpaTH cTiiKocTi, HaBeAeHi B 9.2.1(8) 1
9.2.1(9), momMpPIOIOTECS TAKOX HA TIO3JI0BXKHI
€JIEMEHTH KOPCTKOCTI.

2 [TepepuBuacTi TMO3OBXKHI E€IEMEHTH
KOPCTKOCTI, SIK1 HE MPOXOJATH Yepe3 MpopizH,
3pobneHi B MONEPEYHNX  EJIEeMEHTax
KOPCTKOCTI, a00 MpH iX BIACYTHOCTI 3 1HIIOTO
OOKy TIOTIEPEYHUX EJEMEHTIB KOPCTKOCTI,
MTOBUHHI:

— 3aCTOCOBYBATHCS TUIBKH ISl CTIHOK (TOOTO
HETIPUITYCTUMO JIJISI TIOSICIB);

— HE  BpaxoOBYBaTHUCS B  CTaTUYHOMY
PO3paxyHKY;
— HE BpaxoByBaTHCA TIpPU  PO3PaXyHKY
HaNpyKeHHS,
— posrisaatucs npu BHU3HAUEHHI1

e(eKTHUBHOIP MUPUHU CTIHKH CEKIIii;]

— PO3rISAaTUCA MPU PO3PAXYHKY MPYKHOTO
KPUTHYHOTO HAIPY>KEHHS.

(3)  Ilepemipka Hecyuol 3HaTHOCTI JJIsI
€JIEMEHTIB OPCTKOCTI BUKOHYETHCS 3TiIHO 3
4531i4.6.

9.2.3 3eapui cmuku nucmie

(1) 3Bapui cTHKM TpU Pi3HIA TOBIIMHI
JUCTIB HEOOXITHO pO3MIIIYBaTH MOOIU3Y
MOTIEPEYHUX EIEMEHTIB JKOPCTKOCTI (puc. 9.3).
ExcrieHTpricHTETH HE BPaxOBYIOTh, SKIIO
BIJICTaHb BiJl 3BAPHOTO CTHKY /IO HONEPEYHOTO
€JIEMEHTY  JKOPCTKOCTI ~ HE  IEepeBUIYeE
MEHIIOTO 3i 3HaueHb b, /2 1200 mm, me: b, —

BIACTAaHh MDK IIO3J0BXHIMHA €JIEMEHTAMU
KOPCTKOCT1 TOHIIIOT CTIHKH.

JICTY-H b EN 1993-1-5:201X
where:

o, Is the elastic critical stress for torsional

buckling not considering rotational restraint
from the plate;

% IS a parameter to ensure class 3
behaviour.

NOTE: The parameter 6 [Imay be given in the
National Annex. The value 8 = 6 is recommended.

9.2.2 Minimum
longitudinal stiffeners

requirements for

(1)  The requirements concerning torsional
buckling in 9.2.1(8) and (9) also apply to
longitudinal stiffeners.

(2) Discontinuous longitudinal stiffeners
that do not pass through openings made in the
transverse stiffeners or are not connected to
either side of the transverse stiffeners should
be:

— used only for webs (i.e. not allowed in
flanges);

— neglected in global analysis;
— neglected in the calculation of stresses;

— considered in the calculation of the
effective? widths of web sub-panels;

— considered in the calculation of the elastic
critical stresses.

(3) Strength assessments for stiffeners
should be performed according to 4.5.3 and
4.6.

9.2.3 Welded plates

(1) Plates with changes in plate thickness
should be welded adjacent to the transverse
stiffener, see Figure 9.3. The effects of
eccentricity need not be taken into account
unless the distance to the stiffener from the

welded junction exceeds b,/2 or 200 mm
whichever is the smallest, where b, is the

width of the plate between longitudinal
stiffeners.
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———1

~

<min (gﬂor 200 mm)

|
il

2/

1 — monepe4HHii eJleMeHT >KOPCTKOCTI;

2 — 3BapHMii OB

P

1 Transverse stiffener
2 Transverse weld

Pucynok 9.3 - 3BapHi CTHKH JIUCTIB

Figure

9.2.4 Bupizu 6 enemenmax xcopcmrocmi

(1) BupiBm B TO3I0BXKHIX eJIEMEHTaX
KOPCTKOCTI  HEOOXITHO BUKOHYBAaTH, fK
nmoxa3aHo Ha puc. 9.4.
- s ]
14
14
14
’
h
5 :
’ h
Y _‘Lﬁ 45
k< 40 mm

9.3 - Welded plates

9.2.4 Cut outs in stiffeners

(1) The dimensions of cut outs in
longitudinal stiffeners should be as shown in
Figure 9.4.

:t tmin

_—

L
el

Pucynok 9.4 — Bupizu B M0310BXHIX eIeMEHTaX KOPCTKOCT1

Figure

(2) JHoBxwuHa  BHpI3y I
3a/I0BOJILHSTH HACTYITHUM yMOBaM:

ITIOBHHHA

| >6t,,, — Ui CTHCHYTHX IIOCKHX €IEMEHTIB
YKOPCTKOCTI;

1>8t, -

YKOPCTKOCTI HITUX GOopM mepepi3y;

JJIA CTUCHYTHUX €JIEMEHTIB

| >15t_; — 1Sl eNeMEeHTIB )KOPCTKOCTI, IO HE
3HAXOAATHCA 1] HABAHTAXKECHHSM CTHCKY,

ac tmin — MCHIIC 13 3HA4YCHb TOBIIMHHU JIMCTIB.

(3) TI'panmuni 3mauenns | B (2) mis

CTUCHYTHX €JIEMEHTIB AKOPCTKOCTI

JOMYCKAEThCS  30UTBIIMTH HA  BEIUYHHY
O-x,Rd .
—— , SIKIII0 BUKOHYETHCS HACTYITHA yMOBA!
Gx Ed

Oyeq SOy 11158,

I€ O, gy — CTHCKAIOUE HANpPYXXEHHA B 30HI
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9.4 — Cut outs in longitudinal stiffeners

(2)  The length I should not exceed:
| >6t,,, for flat stiffeners in compression
| >8t,, forother stiffeners in compression

| >15t,,, for stiffeners without compression

Where t... is the lesser of the plate
thicknesses
(3) The limiting values | in (2) for

stiffeners in compression may be increased by

(o2
“R% when o, ¢y <0, g and | <15t
Gx,Ed
o, eq IS the compression stress at the location



BUPI3Y.

(4) Posmipm BHpI3iIB B  HONEPEUHHUX
€JIEMEHTAaX JKOPCTKOCTI MalOTh OYTH BHUKOHaHI,
SIK TIOKa3aHo Ha puc. 9.5.

!
!
!
i
i
i
|
)

E\.\.\.\.\.\.\.\.I
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of the cut-out.
4) The dimensions of cut outs in

transverse stiffeners should be as shown in
Figure 9.5.

|=> lq O‘Bhs

Pucynok 9.5 - Bupizu B nonepeuHux eaeMeHTax )KOpPCTKOCTI

Figure

(5)  Tlepepiz OpyTTO CTiHKM B 30HI BHUPI3Y
pO3paxoByIOTh Ha momepeyny cuiy Vg, 3a
hopmyroro:

.. —MOMeHT iHepuii IJOLl Mepepizy

HETTO TONIEPEYHOTO €JIEMEHTY )KOPCTKOCTI;

e — MaKcHUMaJbHa BiZICTaHb BiJ
30BHIMIHBOT CTOPOHU TIOSICY TIOMEPEYHOTO
pebpa 10 HEUTpambHOI OCI Tepepi3y HETTO
(mmB. puc. 9.5);

bs — IOBKMHA TIONEPEYHOTO  EJICMEHTY
YKOPCTKOCT1 MK MOSICAMH.

9.3 3cyB

9.3.1 JKopcmki onopui wacmunu

(1)  Xopcrka omopHa yacTHHA OaIKH (IHB.
puc. 5.1)  BHUKOPHUCTOBYETHCS B  SIKOCTI
€IIEMEHTY OPCTKOCTI, 110 CIIPHIMAE PEaKIIito
omopu (muB. 9.4), 1 pO3paxoByeTbCA SK
KOpOTKa Oalika, M0 CIPHIMAE TO3I0BKHE
Hanpy>KeHHs! B IJIOIIMHI CTIHKH.

Mpumirka. B EN 1993-2 wmictsaThcsi BKa3iBKU 1010
BIUIMBY €KCIIEHTPUCHUTETY BiJl 3MIIIIEHHS OTIOP.

2 XKopctka omopHa YacTHHa ~ OaTKU
CKJIAJIA€ThCS 3 JIBOX TOMNEPEYHUX CIIEMCHTIB
KOPCTKOCTI, pO3TAIIOBaHUX 3 ABOX CTOPIH, K1
Ha OTOpi YTBOPIOIOTH MOSICH KOPOTKOI Oanku

9.5 _ Cut outs in transverse stiffeners

(5)  The gross web adjacent to the cut out
should resist a shear force V., , where

I P 2 (9.5)

is the second moment of area for the
net section of the transverse stiffener;
e is the maximum distance from the

underside of the flange plate to the neutral axis
of net section, see Figure 9.5;

bs is the length of the transverse stiffener
between the flanges.

9.3 Shear

9.3.1 Rigid end post

(1) The rigid end post (see Figure 5.1)
should act as a bearing stiffener resisting the
reaction from the support (see 9.4), and should
be designed as a short beam resisting the
longitudinal membrane stresses in the plane of
the web.

NOTE: For the effects of eccentricity due to
movements of bearings, see EN 1993-2.

(2) A rigid end post should comprise of
two double-sided transverse stiffeners that

form the flanges of a short beam of length h,,
see Figure 5.1 (b). The strip of web plate
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3aBpoBkku N, (muB. puc. 5.1(b)). Cmyra

CTIHKM MDK BKa3aHHMHU BHIIE MONEPEYHUMHU
€JIEMEHTaMHU KOPCTKOCTI YTBOPIOE CTIHKY IIi€l
O0anku. AJNBTEPHATUBHO JKOPCTKAa OIOpHA
yacTUHa Oanmku Moke OyTH BUKOHaHA 3 OaJIKU
MPOKATHOTO Mpodito, sKa 3'€THYEThCT 13
CTIHKOIO Ha OTIOpi, SIK MOKa3aHo Ha puc. 9.6.

e

1

between the stiffeners forms the web of the
short beam. Alternatively, a rigid end post
may be in the form of a rolled section,
connected to the end of the web plate as
shown in Figure 9.6.

hw

J,_
A

#

1 — BcTaBJeHa (6aKa MPOKATHOrO Mpodiaro

1 Inserted section

Pucynok 9.6 — KoHctpykiiist onmopHO1 yacTHHH OalKH 3 BUKOPUCTAHHSAM MPOKATHUX NMPOQ1iTiB

Figure

(3) MinimManpHa  mUIOIIA
mepepizy  KOXHOTO 3 000X

KOpPCTKOCTi Mae Gyrn He menmre 4h,-t°/e, ne

MOTICPEYHOTO
€JIEMEHTIB

€ — BIACTaHb MDK IEHTPAMH TSDKIHHS
eneMeHTiB  kopctkocti, €>01h,  (aus.

puc. 5.1(b)). Skmo omopHa yacTMHA BUKOHAHA
3 MPOKATHOTO NPOQII0, TO MOMEHT OIOpY
BIIHOCHO OCi, TEPIEeHIUKYISPHOI  CTIHII
Ganku, Mae 6yTu He Menmte 4h, -t

(4) B sKocCTi anpTepHATHUBU KiHENb OallKu
MOXKE€ MaTH OJHMH €IWHUM JBOCTOPOHHIM
eJIEMEHT JKOPCTKOCTI 32 YMOBH, IO II€ OJUH
MOTEPEYHHH eJIEMEHT ’KOPCTKOCTI
3HAXOJUTHCA HACTUIBKM OJIM3BKO JIO OIOPH,
IO CEKIlis MOXe€e CIPHAMATH MaKCHMalbHe
3CYBHE 3yCHILIS, [0 BUHUKAE MIPU PO3PAXYHKY
THYYKHX OITOPHUX YACTHH.

9.3.2 Enemenmu
ONOpHOI YacmuHu

HCOpCmMKOcmi  ZHYUKOY

1) VY rHydKuX OMOPHUX YAaCTHHAX MOXKYTh
3aCTOCOBYBATHUCS MPOCTi JBOCTOPOHHI
€IEeMEHTH JKOPCTKOCTi, SK TIOKa3aHO Ha
pucyHky 5.1(c). Bonu npalitoroTh siK el1eMEeHTH
OTIOpH, IO CHOPUKAMAIOTH OIMOPHY PEaKIIiIo
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9.6 — Rolled section forming an end-post

(3) Each double sided stiffener consisting
of flats should have a cross sectional area of at

least 4h, -t*/e, where e is the centre to centre
distance between the stiffeners and e >0,1h,,

see Figure 5.1 (b). Where a rolled section
other than flats is used for the end-post its
section modulus should be not less than

4h, -t*> for bending around a horizontal axis
perpendicular to the web.

(4)  Asan alternative the girder end may be
provided with a single double-sided stiffener
and a vertical stiffener adjacent to the support
so that the subpanel resists the maximum shear
when designed with a non-rigid end post.

9.3.2 Stiffeners acting as non-rigid end post

(1) A non-rigid end post may be a single
double sided stiffener as shown in Figure 5.1
©. It may act as a bearing stiffener resisting
the reaction at the girder support (see 9.4).



0asnok (aus. 9.4).

9.3.3 IIpomixcui nonepeuni enemenmu
Hcopcmkocmi
(1) [pomikHi  mOmepe4Hi  EIEMEHTH

KOPCTKOCTI, $IKi 3aCTOCOBYIOTHCSI B SKOCTI
KOPCTKOT OMOpH KPaHBOI IMaHEei CTIHKH,
MaloTh OyTH po3paxoBaHi Ha MIIHICT 1
KOPCTKICTb.

(2) Komnu 3aCTOCOBYIOThCS THYYKi
MIPOMDKHI ITOTIEPEUHI €JIEMEHTH YKOPCTKOCTI, iX
XKOPCTKICTb Mae OyTH BpaxoBaHa IpH
po3paxyHKy mis K 3rigHO 3 5.3(5).

(3) MowmenT iHepuii TWION[I MPOMDKHHX
KOPCTKUX MOTEPEYHHUX E€JIEMEHTIB XKOPCTKOCTL

pasoM 3 e(EKTHBHOIO YAaCTUHOIO CTIHKH |

TMOBUHEH BIAIIOBIaTH
MIHIMaJIbHUM 3HAYECHHSM:

HaCTyITHUM

st (for) alh, < J2:
st (for) alh, > J2:

IMpumitka. I[IpoMixkHI KOPCTKI TONEPEYHi EIeMEHTH
JKOPCTKOCTI MalOTh OYTH pO3paxoBaHi Ha OCHOBY CHIIY,

piBHy. V_, —% fyw-hw/(\/g-yw) srigo 9.2.1(3). ¥V
A

pas3i 3MiHHOI MOINEPEYHOI CHIM BHKOHYIOTH MEpPEBIPKY
Ha Bincrani 0,5h Bix kparo maHemi 3 MaKCHMAaJbHOKO

TIONIEPEIHOI0 CHIIOKO.

9.3.4 [Ilo3006cHi enemenmu HcopcmKocmi

(1)  Skmo 03I0BKHI CIIEMEHTH
JKOPCTKOCTI BPAxOBYIOTBCSA IPH PO3PaXyHKY
Ha MIIHICTh, TO BOHHM TaKOX MalTh OYyTH
nepeBipeHi Ha BILIMB HOPMAaJILHOTO
HaTPY)KEHHSI.

9.3.5 3eapmui weu

1) 3BapHi 1IBU MPUBAPIOBAHHS CTIHKH [0
MosiICy  KOPOTKOi ~ OajqKkh  JOMYCKAEThCS
PO3paxoByBaTH ISl HOMIHAJBLHOTO 3HAYCHHS

scyBHoro 3ycumns Vg, /h,, saxmo Vg, He
HEePEBHUIIyE 3HAYCHHS lw'fyw'hw't/(\@'YMl)-
[Tpu Benukux 3HaueHHSX Vi, 3BapHI MBU MIXK

MOSICOM KOPOTKOi OaJKé >KOPCTKOi omopu i
CTIHKOIO OaJIKu HEOOXiZHO PO3paxoBYBaTH Ha

3cyBHE 3ycuius, pisue 77- f,, -t/(\/é-yMl).
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9.3.3 Intermediate transverse stiffeners

(1) Intermediate stiffeners that act as rigid
supports to interior panels of the web should
be designed for strength and stiffness.

(2)  When flexible intermediate transverse
stiffeners are used, their stiffness should be

considered in the calculation of k_ in 5.3(5).

(3)  The effective section of intermediate
stiffeners acting as rigid supports for web
panels should have a minimum second
moment of area |:

I, >1,5ht° /&’ 06
I, >0,75h,t° (58)

st —

NOTE: Intermediate rigid stiffeners may be designed

for an axial force equal to V_, —% f,: hw/(\/é-ym)
A

w

according to 9.2.1(3). In the case of variable shear
forces the check is performed for the shear force at the

distance 0,5h from the edge of the panel with the
largest shear force.

9.3.4 Longitudinal stiffeners

(1) If longitudinal stiffeners are taken into
account in the stress analysis they should be
checked for direct stresses for the cross
sectional resistance.

9.3.5 Welds

(1) The web to flange welds may be
designed for the nominal shear flow V., /h, if

V., does not exceed y, - fyw-hw-t/(\/g-;/w).

For larger values V., the weld between
flanges and webs should be designed for the

shear flow 7- fyw-t/(\/é'?’m)
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(2) B ycix iHmMX BUMAIKaxX 3BapHi IIBU
MaloTh OYTH pO3paxoOBaHi Ha MOMEPEUHY CUITY,
Iifo4y B3JIOBXK 1 MOMEPEK 3BapHHUX WIBIB, 3
ypaxyBaHHSAM X pOOOTH B MPYKHIH 1 MPYKHO-
IUTACTUYHIN cTajii 1 3 epeKTOM 2-TO MOPSAKY.

9.4 TlonmepeyHe HABAHTAMKEHHS

(1)  Slkmo Hecywa 3IaTHICTH CTIHKH Oaiiku
0e3 YKpIIUICHHS HEIOCTaTHS, TO MOTPIOHA

yCTaHOBKa MOTIEPEUHUX CIIEMCHTIB
KOPCTKOCTI.
2 [TepeBipka HeCy4oi 3JIaTHOCTI

MONIEPEYHOT0 €JIEMEHTY >KOPCTKOCTI MJIACTUHU
IIpU BTPATI CTIMKOCTI MiJl BIJIUBOM MICIIEBOTO
HaBaHTaxeHHs 1 monepeunoi cumn (9.3.3(3))
BU3HAYa€ThCs 3rigHO 3 6.3.3 abo 6.3.4
EN 1993-1-1, BUKOPHCTOBYIOUM KPUBY BTpaTH
ctiiikocti. Konmm obuyBa KiHIlI 3aKpiMJIEHO Bif
OI9HOTO 3MIIIEHHs, pO3PaxyHKOBa JOBXKHWHA |
IpU BTpaTi CTIAKOCTI MOBMHHA HpUUMaTUCS
0,75h,. binpme 3HavyeHHs JOBXUHU |

MPUNMAETHCS ISt BUIIAJKY, KOJIH
3a0e3MeYy€eThCsl MEHII KOPCTKE 3aKPIIUICHHS
Ha KIHIX. SIKIIO €JIeMEeHTH J>KOPCTKOCTI,
HaBaHTKCHI Ha KIHIAX, MalTh BHUPI3U, TO
MepeBipka HeCydoi 3JaTHOCTI IOMEpPEYHOTrO
nepepily TMOBHMHHA BHKOHYBATHUCS JUIS  ITi€l
YaCTUHH.

(3)  Ilpwm 3acTocyBaHHI OJHOCTOPOHHIX 200

IHIINX HECUMETPUYIHO PO3TAIIOBAHHUX
€JIEMEHTIB YKOPCTKOCTI HE0OX1IHO
BpaxOBYBaTH CKCIICHTPUCUTET pH

po3paxyHky 3rigHo 3 6.3.3 abo 6.3.4
EN 1993-1-1. Skmo eneMeHTH KOPCTKOCTI
3aKpIUICH] Bix O1YHOTO 3MIIIEHHS CTUCHYTHM
MOSICOM, TO JIJISl HUX MOBHHHI JIOTPUMYBATUCS
YMOBH >KOPCTKOCTI 1 MIITHOCTI IPH KPYTUIIbHIM
(dhopmi BTpaTH CTIMKOCTI.
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(2) In all other cases welds should be
designed to transfer forces along and across
welds making up sections taking into account
analysis method (elastic/plastic) and second
order effects.

9.4 Transverse loads

(1) If the design resistance of an
unstiffened web is insufficient, transverse
stiffeners should be provided.

(2)  The out-of-plane buckling resistance of
the transverse stiffener under transverse loads
and shear force (see 9.3.3(3)) should be
determined from 6.3.3 or 6.34 of
EN 1993-1-1, using buckling curve c. When
both ends are assumed to be fixed laterally a
buckling length of not less than 0,75h,, should

be used. A larger value of should be used for
conditions that provide less end restraint. If the
stiffeners have cut outs at the loaded end, the
cross sectional resistance should be checked at
this end.

(3) Where single sided or other
asymmetric stiffeners are used, the resulting
eccentricity should be allowed for using 6.3.3
or 6.3.4 of EN 1993-1-1. If the stiffeners are
assumed to provide lateral restraint to the
compression flange they should comply with
the stiffness and strength criteria in the design
for lateral torsional buckling.



10 INPUBEJEHE HAIIPYKEHHSA

JACTY-H b EN 1993-1-5:201X
10 REDUCED STRESS METHOD

(1)  Meroauky PO3paxyHKy o (1)  The reduced stress method may be
NPUBEACHOMY HANPYXEHHIO JIOIYCKA€ThCS used to determine the stress limits for stiffened
BUKOPHCTOBYBATH Ut BU3HAYCHHSI or unstiffened plates.

T'paHUYHOTO HaIpy>KeHH MJIaCTHH,

MIACWIEHUX a00 HE IJICUIIEHUX €eJIEMEHTAMU
KOPCTKOCTI.

IIpumiTka 1. Ilefi MeTox € aNbTepHATHBOI METOAY i3
3aCTOCYBaHHSM  €(EeKTHBHOI IIMPHHU  3TiTHO 3
pozainamu 4 — 7 3 ypaXyBaHHSIM:

x,Ed ! Gz,Ed 1 7'-Ed

CTaHy, JiF0Ui CIIJILHO;

- (o — KOMIIOHCHTH HAaIIPpY>XEHOI'O

— TpaHWYHE HaNpYKEHHs Halcnadmol YacTHHH
nepepizy MoXke BH3HA4YaTH HECydy 3JaTHICTh YChOTO
nepepizy.

Mpumirka 2. 'paHuuyHe HaNpyXeHHS IOMYCKA€ThCs
TaKOXK BHUKOPHCTOBYBATH JUIst BU3HAUECHHS
eKBIBaJIEHTHUX e(eKTHBHUX Iuiom. Y HamioHansHOMY
JIOIATKY MOXYTh BCTaHOBIIIOBATHCS OOMEXKEHHsS Ha
BUKOPUCTAHHS BiJIIIOBITHUX METOIIB.

(2) Mna migcwieHHX 1 HE MIJCHJICHHX
€IeMEHTaMU  JKOPCTKOCTI  MaHeneil, vy
CKJIaIHOMY HANPYXEHOMY CTaHl O, 4,0, gq 1
Tgq » JOIYCKAETHCS MPUIHATH KJac nepepizia 3
32 yMOBU

NOTE 1: This method is an alternative to the effective
width method specified in section 4 to 7 in respect of

the following:
o,, and ¢, are considered as acting

x,Ed ! z,Ed

together

- o

— the stress limits of the weakest part of the cross
section may govern the resistance of the full cross
section.

NOTE 2: The stress limits may also be used to
determine equivalent effective areas. The National
Annex may give limits of application for the methods.

(2)  For unstiffened or stiffened panels
subjected to combined stresses o, ¢,0, ¢ and

7gq Class 3 section properties may be
assumed, where

P %k g (10.1)
VM1

ne & — HaiMEHIUH KOe(inieHT 30UIbIIEHHS

PO3paxyHKOBHX HaBaHTaKEHb, MPH SIKUX OyJie
JOCSATHYTE HOPMATHBHE 3HAYCHHS HECydol
3MATHOCTI TUIACTHHH ISl KPUTHUYHOI TOYKHU
IIpU BTpaTi CTIMKOCTI, 1UB. (4);

yo, — MOHWKYIOUNH KoedirieHT, 110

3aJICKUTh Bl YMOBHOI THYYKOCTI A, mpu

p
BTpAaTi CTIHKOCTI IJIACTUHU, AUB. (5);

¥Ym1  — YaCTKOBHH KOE(IIIEHT OE3MeKH.

(3)  YmoBHY IrHyuKicTh A, BH3HA4alOTh 3a

bopmynoro

Where a,, , is the minimum load amplifier for

the design loads to reach the characteristic
value of resistance of the most critical point of
the plate, see (4);

Yo, is the reduction factor depending on
the plate slenderness ﬂ_p [to take account of
plate buckling, see (5);

yw1 IS the partial factor applied to this
method.

(3)  The plate slenderness /I_p (should be
taken from

e Py,
pag LTy (10.2)
Aoy

ne o, — HalMeHIIMHA KoeQillieHT 30UIbIIEeHHS

PO3PaxyHKOBOIO HAaBAHTAXEHHS, IMPU SKOMY
Oyze NoCsArHyTe KpUTUYHE HaBaHTAXEHHS IS
IUIACTUHM TpU  TNPYXKHIA cramii poOoTH,

where ¢, is the minimum load amplifier for

the design loads to reach the elastic critical
load of the plate under the complete stress
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3aBaHTaXEHOI o
HanpyXeHHsIM, uB. (6).

BCbOMY HOJIIO

Mpumitka 1. J{ns Bu3HaUeHHA « TIiICHIIeHa

cr
eJleMEHTaMH KOPCTKOCTI IUTACTHHA MOXe
MOJIETTIOBATUCS TSI PO3PAaXyHKY BiJIIOBIHO 10 MpPaBHII
pozainiB 4 1 5 6e3 3MeHIIEHHs MOMEHTY iHepmii ruromni
TIO3/IOBXKHIX €JIEMEHTIB >KOPCTKOCTI, SIK IIe BKa3aHO B
5.3(4).

Ilpumirka 2. fIkmo He MOXHAa BH3HAYUTH o A
maHenmi 1 11 cekmii B IUIOMY, TO JOIMYCKA€ThCS
MIPOBO/IUTH TIEPEBIPKH OKPEMO ISl CEKIIT 1 MaHei.

(4)  Jlna BU3HAYEHHS ¢, JOIYCKAEThCA

BHKOPHUCTOBYBaTH  PO3pPaxyHOK  HeCydol
3ATHOCTI IJIACTUHHU 33 MEXEI TEeKy4OCTi 3a
dhopmyroro:

2

field, see (6)

NOTE 1: For calculating «_ for the complete stress

field, the stiffened plate may be modelled using the
rules insection 4 and 5 without reduction of the second
moment of area of longitudinal stiffeners as specified in
5.3(4).

NOTE 2: When «_ cannot be determined for the panel

and its subpanels as a whole, separate checks for the
subpanel and the full panel may be applied.

(4)  Indetermining o, , the yield criterion
may be used for resistance:

2

1 o o o o T
— x,Ed z,Ed x,Ed z,Ed +3Ld , (103)
al f f f f f
ult k y y y y y
ne, Oygqr O,eq 1 Tgg — KOMIIOHEHTH where o,., 0, and 7 are the

HaIpy>KEHOTO CTaHy  ITUTACTHHHU pu
pPO3paxyHKy HECyd4Oi 3aTHOCTI 1O TPAaHUYHUX
CTaHax.

IMpumitka. Ilpu Buxopucranui piBHsHHs (10.3)
nepen0avyaeTbCs, 110 OIIPHICTh HECy4ol IUIaCTHHU
JIOCSTA€ThCs, KOJIM MEXKa TEKy4OCTi Mepelnye BTpari
CTiMKOCTI MJIACTHHHU.

(5)  INoHmxkyrouwmii KoedirieHT Yo,
JIOTYCKAEThCS BU3HAYATH OJHHUM 3 HACTYITHHX

METO/IIB:

a) MeHIie 3HAYCHHS 3
MMOHMXKYIOUNX KOe(]IIlieHTIB:

HAaCTYITHHUX

Py — MOHWKYIOUNH KoedirieHT, 110
npuiiMaetbes  3rigHo 3 4.5.4(1) npm il
HOPMAJILHOTO  HANPYXCHHS,  BPaXxOBYIOUH
poOOTY TUIACTHHU K CTHCHYTOTO CTEPIXKHS, JE

e Oyzie JOpevHo;

P, — HOHWXKYIOUUN  KOEIIli€HT, 10
npuiiMaetbes  3rigHo 3 4.5.4(1) npm il
MICIICBOTO  HANpPYXCHHS B  IMONEPECYHOMY
HaTpsMi, BPaxOBYIOYHM POOOTY IUIACTHHU SIK

CTUCHYTOTO CTEP)KHJ, Jie 11e Oy/ie JOPEeUHO;

Xu — MOHWXYIOUUN Koe(iIlieHT, 110
npuiiMaeTbes 3rigHo 3 5.2(1) mpu po3paxyHKy
HEeCy4oi 3/JaTHOCTI Ha 3CyB. YC1 MOHMXKYIOYi

Koe(QIllieHTH BU3HAYAIOTh 13 3aCTOCYBAaHHSIM
YMOBHOI THYYKOCTI Ap 3rimHO 3 QopMymor
(10.2).
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components of the stress field in the ultimate
limit state.

NOTE: By using the equation (10.3) it is assumed that
the resistance is reached when yielding occurs without
plate buckling.

(5)  The reduction factor o, may be
determined using either of the following
methods:

a) the minimum value of the following
reduction factors:
O, for longitudinal stresses from 4.5.4(1)

taking into account column-like behaviour
where relevant;

P, for transverse stresses from 4.5.4(1)

taking into account column-like behaviour
where relevant;

x.  for shear stresses from 5.2(1); each

calculated for the slenderness A, Caccording
to equation (10.2).



Mpumirka. Leid mMeron NPU3BOAWTH /10 IIEPEBIPKH
HECYYOl 3JaTHOCTI 3a (hOPMYIIOFO:

JACTY-H b EN 1993-1-5:201X

NOTE: This method leads to the verification formula:

2 2 2
( O-x,Ed J +( Gz,Ed J _[ x,Ed j[ O-Z,Ed J+3( TEd j S pZ
fy/7M1 fy/7M1 fy/)/Ml fy/7M1 fy/7M1

Ipumirka. [ns BuU3HAYEHHA p, U MICIEBOTO

HANpY)KEHHs, [IIOYOro B MOINCPSYHOMY HAIpsMi,
MPUAMAIOTh TIpaBWIA 3TiAHO 3 po3aiioM 4, ne st

HOPMAaJIbHOI'O HAlIPY>KCHHA o, ITOBMHHE BPaxXOBYBAaTHUCA
HalpyXXeHHA o, y HONEpeYyHOMY Hampsmi. B mpomy
BUIIAKY p03):[i.]'[ 6, SK IMIPpaBUJI0, HE 3aCTOCOBYIOTh:

b) mommxyroui koediumieHTH p,, P, 1 >
BHU3HA4YEH] BIJIIOBITHO 1o a),
BUKOPHCTOBYIOTECS Y QOpPMyI U &, AK

(GyYHKIIS IHTepHOJIALI].

Mpumirka. Leid mMeron NPU3BOAMTH /0 IEPEBIPKH
HEeCy4ol 34aTHOCTI 3a (POPMYJIOH0:

(10.4)

NOTE: For determining p, for transverse stresses the
rules in section 4 for direct stresses o should be

applied to o, in the z-direction. For consistency section
6 should not be applied.

b) a value interpolated between the values of
Py, p, and y, as determined in a) by using

the formula for ¢, as interpolation function

NOTE: This method leads to the verification format:

2 2
[ O-x,Ed J ( Gz,Ed J (
+ —
px.fy/yMl pz'fylyMl px

IMpumiTka 1. OckiNbKY MepeBipKH 3TiTHO 3 popMyIaMu
(10.3), (10.4) i (10.5) Bxke MICTATH B3AEMOMII0 MiX
MONnepEeIYHO0 CHIJIOLO, 3ruHaJIbHUM MOMCHTOM,
MO3JJOBXXHBOIO  CHJIOK0 1 MICHEBUM  IONEPEUHUM
HABaHTAXXEHHSM, TO PO3PaxXyHOK BiAMOBIHO 10 PO3ALTY
7 MOXe€ HE 3aCTOCOBYBATUCS.

Mpumirka 2. HamioHanbHUi 0AaTOK MOXE MICTUTH
JOIATKOBY 1H(OPMALIII0 MO 3acTOCYBaHHIO (OpMYI
(10.4) i (10.5). Skmio B TIACTHHI BUHUKAE HATIPY)KCHHS
pO3TATY i CTHCKY, TO PEKOMEHAYETHCS 3aCTOCOBYBATH
¢dopmyny (10.4) TiTBKM Ui CTUCHYTHUX YacTHH

nepepizis.

(6) 3a  BigcyTHOCTI  3HaYeHb o,
3aBaHTAXEHOI IUIACTHHU 1 KOJM HaBeIeHI
TUIBKM 3HA4€HHSA ¢ ; BIANOBIAHO JUIA

KOMIIOHEHTIB HANPYXEHHA O, gq, O, g 1 Tgq
IUIACTHHU, TO 3HAYCHHS « JOIYCKAETHCS

BH3HA4aTH 3a (1)OpMy.]'IOIOZ

2
O, kd ]( O, e j+3[ e J <1 (10.5)
'fylyml pz.fy/}/Ml Xw.fy/}/Ml

NOTE 1: Since verification formulae (10.3), (10.4) and
(10.5) include an interaction between shear force,
bending moment, axial force and transverse force,
section 7 should not be applied.

NOTE 2: The National Annex may give further
information on the use of equations (10.4) and (10.5). In
case of panels with tension and compression it is
recommended to apply equations (10.4) and (10.5) only
for the compressive parts.

(6)  Where «, values for the complete
stress field are not available and only o ;

values for the various components of the stress
field o, 4, 0,4 and 7, can be used, the «,

value may be determined from:

1/2

2
1 1+ 1+ 1+ 1+ 1- 1- 1
= W 2TV LA AL L IZVX + Z/Z +— : (10.6)
aCI‘ 4acr,x 4acr,z 4aCI’,X 4acr,z 2aCI‘,)( 2aCI’,Z aCr,T
o o T
ne (Where) o, =—"%, &, =—"", 0, =—=
x,Ed O kd T Ed
Ouxr Ouyzr Tegr Wy 1 W, BU3HAYAIOTH 3TiTHO and o, ,, Oy,, Tgq, W, and y, are
posaiiam 4 — 6. determined from sections 4 to 6.
@) Po3paxyHok mapameTpiB  eJIeMEHTIB (7) Stiffeners and detailing of plate panels

KOPCTKOCTI, a TaKOX JeTajbHe BUKOHAHHS
MIPOBOJIATH 3TIAHO po3ainy 9.

should be designed according to section 9.
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JTOJATOK A ANNEX A
(TIOBLIKOBHI) [INFORMATIVE]
PO3PAXYHOK KPUTHYHOI'O CALCULATION OF CRITICAL

HAIIPY’KEHHA JIA JIUCTIB 3
EJEMEHTAMMH KOPCTKOCTI

STRESSES FOR STIFFENED PLATES

A.1  ExBiBajleHTHi OPTOTPONHI MIaCTHHI A.1  Equivalent orthotropic plate
(1) TnacTMHM 3 HE MEHII HDK TpPbOMa (1)  Plates with at least three longitudinal
MO3JIOBKHIMH  €JIEMEHTAMH  YKOPCTKOCTI stiffeners may be treated as equivalent

MOXYTh  TPaKTyBaTHUCS SK  CKBIBaJCHTHI

OPTOTPOIIHI TUTACTHHHU.

orthotropic plates.

(2) TlpyxHe  KpUTHYHE  HANPYXCHHS (2)  The elastic critical plate buckling stress
BTpaTd  CTIHKOCTI i1 €KBIBaJCHTHOI of the equivalent orthotropic plate may be
OPTOTPOIIHOI  IIJIACTMHU BHU3HAYAETBCA  3a taken as:
hopmyroro:
O p = ko-,p *Og, (Al)
2 2 2
7°E-t t
ne (where): o =—=190000(—j , MIla
(where): o 12(1-v?)b? b
K,, — KoedillieHT BTpaTH CTIHKOCTI s k,, isthe buckling coefficient according to
OPTOTPOIHOT ~ TUIACTUHH 3 OKPEMHMH orthotropic plate theory with the stiffeners
eIIEMEHTaMH 5KOPCTKOCTI; smeared over the plate;
b — BU3HAUEHE Ha puc. A.l; b is defined in Figure A.1;
t — TOBIIMHA JIUCTA. t is the thickness of the plate.

Ipumirka 1. Koediuienr Brpatn cridikocti K

JIONYCKAEThCsl  BH3HA4YaTH  ab0 32 JIOIIOMOrOIO
BIJMOBIqHUX Aiarpam (Tabmuib) Ui IUIACTHH 3
OKPEMHUMH eJIEeMEHTAaMHU JKOPCTKOCTI, ab0 3a ZOMOMOI00
KOMIT'FOTEPHUX PO3pPaxyHKiB. AJIbTEpPHATHUBHI JAiarpamu
(tabnmii) mIs IUIACTHH 3 MICHEBUMH eJIeMEHTaMHU
JKOPCTKOCTI MOXKYTh OyTH BUKOPHCTaHI y pa3i MicIeBoi
BTpaTH CTIHKOCTI OKpeMHUX CeKiiid abo MOXyThb OyTH
BUKJIFOYEHI 1 TPAKTYBATHCS OKPEMO.

Mpumirka 2. 0,, € TPYKHAM  KPUTHYHHM

HaLpY)KEHHSAM BTpAaTH CTIMKOCTI Ha Kparo cekmii 3
HANOIIBIINM HANIPYKEHHSIM CTHCKY (pHcC. A.1).
Mpumirka 3. [ns  crinku  Oanku mwmpuHy by
dopmynax (A.1) i (A.2) 3amiHIOOTH Ha h .

Mpumitka 4. [y migcHIeHNX TIACTHH HE MEHIIE HiX

3 TphOMa pO3TAIOBAaHMMH Ha pIiBHIM BifgcTaHi

MMO3IOBKHIMHA ~ €IEMEHTaMH JKOPCTKOCTI Koe(ilmieHT
BTpaTH CTIHKOCTI km (mis  BpaxyBaHHS BTpaTH

CTIMKOCTI BCHOTO TIJCHIICHOI CEKIil) IOIMyCKA€EThCS
BH3HAYATH 32 ()OPMYIIOIO:
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NOTE 1: The buckling coefficient k__ is obtained

either from appropriate charts for smeared stiffeners or
relevant computer simulations; alternatively charts for
discretely located stiffeners may be used provided local
buckling in the subpanels can be ignored and treated
separately.

NOTE2: o, is the elastic critical plate buckling

stress at the edge of the panel where the maximum
compression stress occurs, see Figure A.1.

NOTE 3: Where a web is of concern, the width b in
equations (A.1) and (A.2) should be replaced by h_ .
NOTE 4: For stiffened plates with at least three equally
spaced longitudinal stiffeners the plate buckling
coefficient k- (global buckling of the stiffened panel)
may be approximated by:



" :2((l+a2)2+7—1)
7P’ (y +1)1+6)

~ 4!1+\/ﬂ

P (p +1)1+06)’

i3 3acrocyBanHsaM (With): y = 925 0,5

01
Iy
y==
Ly
L 3A
Ay
a
a=—2>05
b
Je.
Iy — MOMEHT Hepil MIOIIEPEYHOTO

nepepizy Ui BCi€l MiICHUIICHOT eJIeMEHTaMH
YKOPCTKOCTI IJIACTUHU;

| o — 3rUHAIBHUMN

MOTIEPEYHOTO Mepepi3y A IUIACTUHU, PIBHUN
b-t* b-t®
12(1-0%) 10,92°

MOMEHT HepIii

ZA5| — CyMa TUIOII Mepepi3iB OpyTTO TUIBKU
MO3JIOBXKHIX €JIEMEHTIB )KOPCTKOCTI;

A, — IUIoma Tepepisy OpyTTO IUIACTHHH,
piBHa bt;

o, — HalOUIbIIIE TPAHUYHE HATIPY)KCHHS,
o, — HalilMEHIIIe TPAaHUYHE HAIPYKCHHS

a,b,t — BusHaueni Ha puc. A.1.

JACTY-H b EN 1993-1-5:201X

ko (if): a < ‘{/;

(A.2)
sxio (if): o > 4\/;
where:
Iy is the second moment of area of the
whole stiffened plate;
I, is the second moment of area for

b-t* bt

bending of the plate =
J P 12(1—02) 10,92

ZAS, is the sum of the gross areas of the
individual longitudinal stiffeners;

A, is the gross area of the plate =bt ;

o, is the larger edge stress;
o, is the smaller edge stress;

a,band t are as defined in Figure A.1.
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_ , N T I
- \
s F b,
tb:'.l,1
h
\ /
+\ EAN A
) L

1 — meHTp THKIHHSA MO30BKHIX eJIEMEHTIB JKOPCTKOCTI; 1 centroid of stiffeners
2 — HeHTp TSKiHHS YMOBHOI'0 CTHCHYTOI0 cTepkHsi, o 2 centroid of columns = stiffeners + accompanying
CKJIAJA€THCS 3 MO3/I0BKHIX eJIEeMEHTIB JKOPCTKOCTI i plating
NPUMHKAKYAX TUITHOK CTIHKH, JUIf IKHX 3a6e3mevyena
MicieBa CTiliKicTh;
3 — cekist CTIHKH; 3 subpanel
4 — mMo310BKHill eJIeMeHT KOPCTKOCTI; 4 stiffener
5 — TroBmuHa Jimcra t 5 plate thickness t

t

_,HL

e =max(e,,e,)

I_HI/IpI/IHg TIPH TUTOTIT [lInprHa pu eeKTUBHIN IO 3T1THO 3 VmoBa 101 v,
nepepizy OpyrTo tabmuuero 4.1 .
Width for gross area | Widith for effective area according to Table 4.1 | €ondition for v,
3- 3- o
. - b, 4 B, o v, = —osil S0
5 - l/ll 5 - l//l Gcr, o
2 2 o
b su b b e l// = 2 > 0
2,5up 5_[//2 2 5—1)”2 2, eff 2 Gcrsu
3- 3_—
b2 inf lr//z bz l//z b2 off V/Z >0
: 5y, 5y, °
o
b3,sup 01 4b3c 0, 4b3(:,eff [//3 = 3 < O
0-2

Pucynoxk A.1 — I[To3HaueHHs JUIs CTIHKU OAJIKH 3 TIO3/IOBKHIMH €JIeMEHTaMHM KOPCTKOCTI

Figure  A.1 - Notations for longitudinally stiffened plates
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A.2 KpuruyHe HampyKeHHsi BTpaTH
CTIHKOCTI /I IJIACTHH 3 OJHHM a00 JBOMA
eJIeMeHTAMM KOPCTKOCTI B 30Hi CTUCKAHHS

A.2.1 3azanovni nonosxcenns

(1)  Skmo TUTacTMHA MIJACWIICHA TLIBKH
OJTHUM TIO3/IOBXKHIM €JI€MEHTOM YOPCTKOCTI B
30HI CTHCKY, METOJMKAa pPO3paxyHKy 3TiIHO
A.l1 Moxe OyTu cCHpollleHa, NpURMaOYn
€JIEMEHT KOPCTKOCTI y BUTJISAI
MIATPUMYIOYOTO YMOBHOTO CTEPKHS (MIAIOpH)
IUTACTUHU Ha MPYXHIM OCHOBI, 10 BiA0OpaXkae
BIUIMB Y HaIPsIMi, IEPIICHANKYIIPHOMY ITOMY
crepxkHo. [lpy)xHe KpUTHUHE HAaIPYKEHHS
YMOBHOTO CTEpXKHS MOX€ OYyTH BH3HAa4YeHa
3rigHo A.2.2.

2 JUts  BU3HAYeHHS IUIONII  Tepepi3y
Opyrro A, 1 MOMeHTy iHepuii mepepizy I,
YMOBHOTO CTHCHYTOTO CTEpIKHS
pO3rIIAaeThes TMOMEPEeUHUi Mepepi3 OpyTTo
MO3JI0B)KHBOTO ~ €JIEMEHTY  KOPCTKOCTI 1
CYMDKHHUX JUISTHOK CTIHKH, ONMCYBAaHUM TaKUM
YUHOM. SIKIIO CEKIlis MOBHICTIO CTUCHEHA, TO B
PO3paxyHKy NPUHAMAETHCS IUISTHKA TIACTUHU
Bin kpato mameni, pisHa (3-y)/(5-y)
Bucori b, i pisma 2/(5-y) Bix kpawo 3
MaKCUMAJIbHUM HaNpyXeHHIM. SIKIIo y cexiii
Halpy>KCHHS 3MIHIOIOTBCS 31 CTHCKY Ha
po3TAr, TO B  PO3PAXyHKy  HEOOXITHO
3aCTOCOBYBAaTH JUISIHKY CTiHKH, piBHY 0,4
BUCOTH D, 30HM crucky cekuil (puc. A.2 i
tabmuir  4.1). B mpomy BUDAAKy W €
BIJJTHOIIICHHSIM HAINpPYKCHHS JaHOTO CEKIIii.

(3) EdexruBHa® moma  moOmepeyHOro
nepepizy A, 4 CTHCHYTOTO CTEpP)KHS MOBHHHA

npuiimMatucs sk epexTuBHAP IIoIma TIepepizy
CIIEMEHTY  JKOPCTKOCTI 1  NPUMHUKAIOYUX
epexTuBHUXP yacTHH CTIHKH (auB. puc. A.l).
YMOBHa THYYKICTh IUIACTUHH CTHCHYTOTO
CTep:KHA BH3Ha4yaeTbcs 3rigHo 3 4.4(4) 3
PO3PAaXyHKOM Oy, g4 IS IIOILI IIONIEPEYHOTO

nepepizy OpyTTo MIACTUHH.

(4)  Sxmo swavenns p.f /yy,, me p,
BU3HadaeThecsl 3rifHO  4.5.4(1), mnepeBurye
CEepelHE HANPYXKEHHA O gq Y CTHCHYTOMY
CTEpPIKHI, TO noJjianble 3MEHIIIEHHS

eexTHBHOIP TUIONII CTHCHYTOTO CTEPXKHS HE
BUKOHYETbCS. B Takomy Bumnanky e(peKTUBHY

JACTY-H b EN 1993-1-5:201X

A.2  Critical plate buckling stress for
plates with one or two stiffeners in the
compression zone

A.2.1 General procedure

(1) If the stiffened plate has only one
longitudinal stiffener in the compression zone
the procedure in A.1 may be simplified by a
fictitious isolated strut supported on an elastic
foundation reflecting the plate effect in the
direction perpendicular to this strut. The
elastic critical stress of the strut may be
obtained from A.2.2.

(2)  For calculation of A, and, I, the

gross cross-section of the column should be
taken as the gross area of the stiffener and
adjacent parts of the plate described as
follows. If the subpanel is fully in

compression, a portion (3—y)/(5-y) of its
width b, should be taken at the edge of the
panel and 2/(5-y) at the edge with the
highest stress. If the stress changes from

compression to tension within the subpanel, a
portion 0,4 of the width b, of the compressed
part of this subpanel should be taken as part of

the column, see Figure A.2 and also Table 4.1.
w [is the stress ratio relative to the subpanel

in consideration.

(3) The effective? cross-sectional area
A, . of the column should be taken as the

effective® cross-section of the stiffener and the
adjacent effective? parts of the plate, see
Figure A.1. The slenderness of the plate
elements in the column may be determined

according to 4.4(4), with o, ¢, calculated for
the gross cross-section of the plate.

(4) If p.f, /7w, with p,  determined

according to 4.5.4(1), is greater than the
average stress in the column o, ., no further

reduction of the effectiveP area of the column
should be made. Otherwise the effective area
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oy B (4.6) 3aMiHIOIOTH Ha:

&,eff,loc =

(5) 3MEHIIEHHsT  IUIOINI, HaBEJACHE B
A.2.1(4), TOWMPIOETHCS TUIBKKM Ha IUIONLY

YMOBHOTO CTUCHYTOTO CTEPKHSL. He
BUKOPHUCTOBYIOTh 3MEHUICHHS HITIX
CTHCHYTMX  YaCTHH  IUIACTHHH,  OKpIM

MEPEBIPKH BTPATH CTIMKOCTI CTIHKH CEKITii.

(6) Sk anbTepHaTHBAa PO3pAxXyHKy i3
3aCTOCYBaHHSAM €(QEKTHBHOIP IJIOMI 3TiTHO
A.2.1(4), po3paxyHOK CTIHKOCTI TUTACTHHH SIK
CTHCHYTOTO CTEPKHS JIOITYCKAE€ThCSl BU3BHAYATH
srigio A.2.1(5) — A.2.1(7) 3 mnepeBipkamuy,
mo0  HampyXeHHS  He  IEePEBHIYBAIO

CCPECAHBOTI0 HAIIPYKCHHA O-com,Ed .

Ilpumitka. HaGmwxenHs B (6)  JOIMyCKaeThes
BUKOPDUCTOBYBAaTH y pa3i  3acTOCyBaHHS  4acTol
YCTAHOBKHM  €JIEMEHTIB  JKOPCTKOCTI, TPU  LOMY
CTPUMYIOYMM €(EeKTOM IUIACTHHU HEXTYIOTh 1 3a
PO3paxyHKOBY CXEMy IpPH BTpATi CTIMKOCTI IUIACTUHH
CTIHKHM JIOMYCKAETHCS MPHUUMATH BUTbHUN e(eKTUBHHI
CTUCHYTHH CTEP>KCHb.

I
b,
=1

%

pc fy&l,l

com,Ed " VM1

in (4.6) should be modified as follows:

(A.3)

(5)  The reduction mentioned in A.2.1(4)
should be applied only to the area of the
column. No reduction need be applied to other
compressed parts of the plate, except for
checking buckling of subpanels.

(6)  As an alternative to using an effectiveP
area according to A.2.1(4), the resistance of
the column may be determined from A.2.1(5)
to (7) and checked to ensure that it exceeds the

average stress o

com,Ed *

NOTE: The method outlined in (6) may be used in the
case of multiple stiffeners in which the restraining
effect from the plate is neglected, that is the fictitious
column is considered free to buckle out of the plane of
the web.

— Al-l.l
&8
T |/ i T3y
S _}_(S—w} '
i 0.4b
& 1 €
_-r‘-t_ ki L
I
b. C.

Pucynok A.2 — Ilo3HaueHHs A7 JIUCTIB 3 MO3J0BKHIMU €JIEMEHTaMU KOPCTKOCTI

Figure

(7)  Slkmo JgBa  €JIEMEHTH  YKOPCTKOCTI
3HAXOJATBCS B 30HI CTUCHEHHS CTIiHKH,

JOIYCKAETHCS 3aCTOCOBYBATH METOI,
omucanui B A.2.1(1), Ak I OKpeMoro
€JIEMEHTY AKOPCTKOCTI (puc. A3).

[lepenOavaeTbcs, 1O OAWH 3 E€JIEMEHTIB
KOPCTKOCTI BTpayae CTIHKICTb, HpU LbOMY
IHIIMH 3aIUIIaeThesl KOPCTKUM. OpHOYacHa
BTpaTa CTIAKOCTI 000X €EeMEHTIB dKOPCTKOCTI
BU3HAYA€ETHCS, BPaxOBYIOUM, IO OOHBa
€JIEMEHTH JKOPCTKOCTI 3aMIHIOIOTh OJIHUM
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A.2 — Notations for longitudinally stiffened plates

(7) If the stiffened plate has two
longitudinal stiffeners in the compression
zone, the one stiffener procedure described in
A.2.1(1) may be applied, see Figure A.3. First,
it is assumed that one of the stiffeners buckles
while the other one acts as a rigid support.
Buckling of both the stiffeners simultaneously
is accounted for by considering a single
lumped stiffener that is substituted for both
individual ones such that:



YMOBHHUM €JIEMEHTOM XOPCTKOCTi. [l mporo
YMOBHOTO €JIEMEHTY >KOPCTKOCTI CIIPABEIINBO
HACTYIIHE:!

@) mIoIia mepepily i MOMEHT iHepIlii IIOomTi
repepizy yMOBHOTO €JIEMEHTY )KOPCTKOCTI |

€ CYMOIO BIIOBIIHUX BEIMYUH JISI OKPEMHX
€JIEMEHTIB KOPCTKOCTI,

b) posraimryBaHHS ~ YMOBHOTO CIIEMEHTY
KOPCTKOCTI BiJIIOBia€e MIOJIOKEHHIO
PE3yIABTYIOUOTO 3YCHIUISL CTUCKY UL OKPEMHUX
CJICMCHTIB KOPCTKOCTI. st TPHOX
MpeJicTaBlIeHUX Ha puc. A.3 BUNAJKIB
PO3paxoBYIOTh BI/IMOBITHO KpUTHYHE

3Ha4eHHA o , (mB. A2.2(1)), ne b = b’ i
b, =b,, aTakox B =b +b, (puc. A.3).

(
|
i
1
1

]

]

Enement xopcrtkocrti |
Stiffener |

—l

Enement xopctkocri |l
Stiffener 11
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a) its cross-sectional area and its second
moment of area 1 are respectively the sum of
that for the individual stiffeners

b) it is positioned at the location of the
resultant of the respective forces in the
individual stiffeners. For each of these
situations illustrated in Figure A.3 a relevant
value of o, , is computed, see A.2.2(1), with
b=b and b,=b, and B =b +b,, see
Figure A.3.

A A
* 5§

4}

b

4

—r
— - -

—t

b

¥ ¥

3Be/ieH] pa30M YMOBHI €JIEMEHTH
KOPCTKOCTI
Lumped stiffener

Pucynok A.3 - [lo3HaueHHs i1 IMCTa 3 ABOMA €JIEMEHTaMU JKOPCTKOCTI B 30H1 CTUCKY

Figure

A.2.2 Cnpowena mooeirb n0O3008XHCHBLO20
elleMEeHmy HCOPCMKOCH, W0 YMPUMYEMbCA
nIACMUHOI0

(1) VY pa3i, Km0 IUIACTHHA IIiICHIIEHA
TUIBKA ~ OJHUM  TIO3/IOBXHIM  €JIEMEHTOM
KOPCTKOCTI B 30HI CTHUCKY, KpUTHYHE
Halpy)XeHHs BTPaTH CTIMKOCTI EIIEMEHTY
KOPCTKOCTI SIK CTHUCHYTOTO CTepXHA 0e3
ypaxyBaHHS MO3/I0BXKHIX €JIEMEHTIB
KOPCTKOCTI B  PO3TATHYTIH 30HI MOXKe
BU3HaYaTuCs 3a GOpPMYIIOI0:

A.3 - Notations for plate with two stiffeners in the compression zone

A.2.2 Simplified model using a column
restrained by the plate

(1) In the case of a stiffened plate with one
longitudinal  stiffener located in the
compression zone, the elastic critical buckling
stress of the stiffener can be calculated as
follows ignoring stiffeners in the tension zone:
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_1,05E /14, -tD

O'cr,sl - Ag b -b e (lf) aZac
1,1 "My
(A.4)
7z2E.ISll E-t%p-a2 .
Ous = 2' 2 2 5 12 e (1f) agac;
A2%  4r*(1-v?)A,, -bE b
. | . 2‘b2
ne (with) a, =4,33@
t°-b
e where:
—IUIola Tepepizy OpyTTO €IEMEHTY is the gross area of the column
1,1 N

KOPCTKOCT1 SIK CTUCHYTOT'O CTEpPXKHS 3T1ITHO
A2.1(2);

lg; —MOMEHT IHepuii IOl nepepizy
OpyTTO CTHCHYTOTO CTepxHs 3rimHo A.2.1(2)

BITHOCHO OClI MOro MLEHTPY TOKIHHS 1
mapajienabHOI IUIOIIMHHA IACTHHH;

b,, b, —BigcraHi Big TO3MOBXKHIX KpaiB

crinkum 110 enementy sxoperkocti (b +b, =b).

IIpumitka. s po3paxyHKy O

o JHB. NPUMITKY 10
4.5.3(3).

2 JIJis TIaCTHHM 3 JBOMA IO3I0BKHIMH
€JIEMEHTaMHU JKOPCTKOCTI, PO3TANIOBAaHUMH B
30HI CTUCKY, MPY)KHE KPUTHYHE HAIPYKECHHS
BTPAaTH CTIMKOCTI TOBHHHE TNPUUMATHUCS TIO
OUTbIIOMY 3 TPbOX 3HAauY€Hb, BH3HAUCHUX 32

dopmynoro (A.4) i3 3acrocyBaHHsM b =Dh,,
b,=b, i b=B. Ilo3g0oBxkHI eneMeHTH
YKOPCTKOCTI, PO3TaIlIOBaHl1 B PO3TATHYTIH 30Hi,
HE TIOBUHHI BPaXOBYBaTHUCS B PO3PaXYHKY.

A.3  Koediuienru, 111 (1)
BTPATY CTIKOCTI pH 3CyBi

BpPaXOBYHOTh

(1) s moacTHH 3 KOPCTKOKO OMOPHOKO
YaCTHHOIO 3 IIONMEPEYHHMH  EJIEMEHTaMH
JKOPCTKOCTI 1 0€3 TO3J0BXKHIX €JIEMEHTIB
KOPCTKOCTI abo 3 Oulbll HDK JBOMA
[103/10BKHIMH eJIeEMEHTaMuU JKOPCTKOCTI

koedimieHt K_, 110 BpaxoBye BTpary CTIHKOCTI

opu  3CyBi, MoOXxe OyTH BHU3HAuUeHUH 3a
bopmynamu:

k_=5,34+4,00(h,/a)? +k
k_=4,00+5,34(h, /a)? +k
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obtained from A.2.1(2)

l,, is the second moment of area of the

gross cross-section of the column defined in
A.2.1(2) about an axis through its centroid and
parallel to the plane of the plate;

b,, b, are the distances from the longitudinal
edges of the web to the stiffener (b, +b, =b).

NOTE: For determining o, . see NOTE to 4.5.3(3).

(2) In the case of a stiffened plate with two
longitudinal  stiffeners located in the
compression zone the elastic critical plate
buckling stress should be taken as the lowest
of those computed for the three cases using
equation (A.4) with b =b’, b,=b, and
b=B". The stiffeners in the tension zone
should be ignored in the calculation.

A.3  Shear buckling coefficients

(1) For plates with rigid transverse
stiffeners and without longitudinal stiffeners
or with more than two longitudinal stiffeners,
the shear buckling coefficient k. can be

obtained as follows:

npu (when) a/h, >1;
(A5)
npu (when) a/h, <1



3
21 |1
ne (where) kg, =9 >l
a t \'h,
a — BiJICTaHb MDK MOTICPEUYHUMH
eJIEMEHTAaMH JKOPCTKOCTI (IUB. pUCYHOK 5.3);

€JIEMEHTY JKOPCTKOCTI BIAHOCHO OCi Z-Z
(muB. pucynok 5.3 (b)). Just cTiHOK 3 JBOMA
abo0 OuIpIIE TMO3JOBXKHIMH  €JIEMEHTaMHU
KOPCTKOCTI, HE3aJIe)KHO BiJl IX pO3TalIyBaHHS,
|, € cyMOK0 3HaueHb MKOPCTKOCTI BCIX

OKPEMMX €JIEMEHTIB )KOPCTKOCTI.

J — MOMEHT iHepIii  MO3J0BXHBOTO

Mpumirka. ®opmyna (A.5) He MOUIUPIOETHCS HA THYUKI
ONOpHI  NUISHKM 3  TONEPEYHHMH  elIEMEHTaMHU
YKOPCTKOCTI.

(2)  Dopmyny A.5 nOMYCKAETHCS TaKOK
3aCTOCOBYBAaTH JUIsl TUIACTUH 3 OJHHUM abo
JIBOMA TTO3/I0BXKHIMHU €JIEMEHTaMH KOPCTKOCTI,

SKIIO JUIsl BIAHOIICHHS « -2 CIIPaBeIMBO
W

a>3. Jlnga mnactdH 3 OJAHUM abo JaBOMa

MO3JI0BKHIMU €JIEMEHTaMH KOPCTKOCTI MpH

a < 3 3HavyeHHs KoedinieHTa K_, 1110 BpaxoBye

BTPaTy CTIMKOCTI TPHU 3CYBI, JOMYCKA€ETHCA
BH3HA4YaTH 3a (PopMysoro:

JACTY-H b EN 1993-1-5:201X

a is the distance between transverse
stiffeners (see Figure 5.3);

Iy Is the second moment of area of the

longitudinal stiffener about the z—z axis, see
Figure 5.3 (b). For webs with two or more
longitudinal stiffeners, not necessarily equally
spaced, I is the sum of the stiffness of the

individual stiffeners.

NOTE: No intermediate non-rigid transverse stiffeners
are allowed for in equation (A.5).

(2)  The equation (A.5) also applies to
plates with one or two longitudinal stiffeners,

if the aspect ratio « :hi satisfies « >3 For
A

plates with one or two longitudinal stiffeners
and an aspect ratio « <3 the shear buckling
coefficient should be taken from:

6,3+0,18 -

k, =41+

t'hW+zzahJ1 (A.6)
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JTOJATOK B
(TIOBIIKOBHN)
EJJEMEHTH KOHCTPYKIII 31

3MIHHUM IEPEPI3OM

B.1 3arajabHi moJoxeHHs

(1) MpaBuma, HaBemeni B posaim 10,
3aCTOCOBYIOTBCS ~ JIO CTIHOK €JEMEHTIB 3
HemapajeJbHUMHU TOsCaMU K ISl Oalok

KOpoOYacToro mepepidy 1 CTIHOK BIIKPHUTHUX
nepepiziB 3 peryisipHUMA a00 HEPETYISAPHUMH 1
HE OPTOTOHATIBHUMH €JIEMEHTAMH YKOPCTKOCTI.

1«

(2) Hdnsa  Bu3HAueHHA

ulc,k cr

AOIMYCKAa€TbCA BUKOPHUCTOBYBATH METO

CKIHUEHHUX eleMeHTIB (quB. gonatok C).
(3) TMommxkyroui xoedinienTsn p,, p, 1 %,
JUIsl BASHAYEHHS YMOBHOT THYYKOCTi A, MOXYTb

OyTH OTpHUMaHi 3 BIANOBIIHUX KPUBUX BTpaTH
CTIMKOCTI MJIaCTUHHU (IUB. po3Auu 4 15).

IMpumirka. TloHmwkyroui kKoehillieHTH p JOMYCKAETHCS
BU3HAYATHU 3a POPMYJIOH0:

ne (where):

i(and) 1, =

Lleit MeTox 3aCTOCOBY€ETHCS Ul 3HAYEHDb P, , O,
1y, 3uauenns A, 1 o, Bkazaui B Tabmuui B.1.

I[i 3HavyeHHS BIANOBINAIOTH JaHUM KPHUBHX
BTPATH CTIMKOCTI IJIACTUH (IUB. po3auik 4 1 5) 1
JAI0Th OE3MOCEPEHIN 3B'SI30K 3 TE€OMETPHUUHOIO
YMOBHOO HEJIOCKOHAJIICTIO:
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ANNEX B
[INFORMATIVE]
NON-UNIFORM MEMBERS

B.1 General

(1)  The rules in section 10 are applicable
to webs of members with non parallel flanges
as in haunched beams and to webs with
regular or irregular openings and non
orthogonal stiffeners.

(2) Qe and a;, may be obtained from
FE-methods, see Annex C.

crit

(3)  The reduction factors p,, p, and g,
for A, may be obtained from the appropriate
plate buckling curves, see sections 4 and 5.

NOTE: The reduction factor o may be obtained as
follows:

(B.1)

ek
cr

This procedure applies to p,, p, and y, The
values of Zpo and «, are given in Table B.1.

These values have been calibrated against the
plate buckling curves in sections 4 and 5 and
give a direct correlation to the equivalent
geometric imperfection, by :

tl_pvlp
T _7 Y
—Ay) = B.2
o) 1-pA, (B2)



Taouuua B.1 — 3HaueHHs a, i Zpo

Table  B.1- Values for o, and 20
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Bupi6 [TepeBaxkaroua popma BTpaTH CTIHKOCTI a Zpo
Product Predominant buckling mode "
Hopwmansue nanpyxenns ms (direct stress for) w >0 0,70
lapstaexaranuit | Hopmanbhe nanpyxkenns s (direct stress for) y <0 013
Hot rolled Hanpy>xenns npu 3cyBi (Shear) 0,80
ITomepeuni miciieBi HaBaHTakeHHs (transverse stress)
3BapHuii a60 | Hopmanbhi nanpysxenns as (direct stress for)y > 0 0,70
XOJIOJTHO-
(dhopMmoBaHmii - 0,34
Welded or cold | Hopmanbhe nanpysxenns s (direct stress for) y <0
formed Hanpysxenns npu 3pi3i (shear) 0,80
ITomepeuni miciieBi HaBaHTakeHHs (transverse stress)

B.2 3B's3ox Mik BTpaTol CTiMKOCTI
IVIACTUHM | KPYTWIBHOK (POpMOI0 BTPaTH
CTiKOCTI

(1)  Merona, Bkazanuii y B.1, momyckaerbcs
3aCTOCOBYBAaTH ISl MEPEBIPKU  CTIMKOCT1
IUTACTUHU 3 YpaxyBaHHAM OIYHOI KPYTHIIBHOT
dbopMu BTpaTH CTIMKOCTI EJIEMEHTIB, SKIIO

3HaUeHHd o, U O,  BU3HAYAIOTHCA
HACTYITHUM YHHOM:
a,, — HallMeHImMH Koe(dIieHT 30UIbIICHHS

PO3paxyHKOBHX HaBaHTaKEHbB, NMPH SIKUX OyIe
JIOCSATHYTE HOPMATHBHE 3HAYCHHS HECYydol
3MATHOCTI TUIACTMHU JUIS HAWKPUTHYHIIIOTO
MOTIEPEYHOT0 TIepepi3y, HEXTYIOUU OyIb-SKOI0
(hopMOIO BTpAaTH CTIMKOCTI IUIACTUHH, Y TOMY
yuciai 1 TpW  KPYTWIBHIA  (opmi BTpaTH
CTIAKOCTI;

a — HaiMEHIUH Koe(dilieHT 30UThbIIEeHHS

cr
PO3paxyHKOBHX HaBaHTaKEHbB, MPH SIKUX OyJie
JNOCATHYTC KPUTHUYHE 3HAUCHHS  HECydol
3MATHOCTI ~ TUIACTMHU  JUUISI  CJIEMEHTY,
BKJIFOYAIOUM BTPATy CTIMKOCTI IUIACTHHHU, Y
TOMY YHCIi 1 IpU KpYTWIbHIA (opmi BTpatu
CTIMKOCTI.

(2) Sxmo @, 3aneKUTh B KPYTHIBHOI

bopmu BTpaTH CTIHKOCTI, TO
BUKOPHUCTOBYBaHMM MOHWKYIOUMHA KOEQIli€EHT
£ TOBHMHEH OyTM HalMEHIIMM MNOHMKYKUHUM
koedimieaTom 3rigHo m. B.1(3) 1 3HaueHHS
KoedilieHTa Y ; MpH KpyTWIbHIA dopmi
BTpPAaTU CTIMKOCTI HEOOXIAHO 3aCTOCOBYBATH
srigao 3 6.3.3 EN 1993-1-1.

B.2 Interaction of plate buckling and
lateral torsional buckling

(1)  The method given in B.1 may be
extended to the verification of combined plate
buckling and lateral torsional buckling of

members by calculating ¢, and «, as
follows:
a,, IS the minimum load amplifier for the

design loads to reach the characteristic value
of resistance of the

most critical cross section, neglecting any
plate buckling and lateral torsional buckling;

a, IS the minimum load amplifier for the

design loads to reach the elastic critical
resistance of the member including plate
buckling and lateral torsional buckling modes.

(2) When ¢, -contains lateral torsional
buckling modes, the reduction factor p [lused
should be the minimum of the reduction factor
according to B.1(3) and the y,, — value for

lateral torsional buckling according to 6.3.3 of
EN 1993-1-1.
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JTOJATOK C
(TIOBIIKOBHN)
PO3PAXYHKH 3A JJOIIOMOI'OIO
METOAY CKIHYEHHHMX EJEMEHTIB

(MCE)

C.1

(1) VY nonarky C HaBesieHi BKa3iBKH I10
3aCTOCYBaHHIO METOJy CKIHYEHHUX €JIEMEHTIB
OpU  pO3paxyHKy Hecydoi 37aTHOCTI 3a
TpaHUYHUMH CTaHaMu abo TpH TepeBipKax
BTOMHOI MIITHOCT] IUIACTUHYACTUX EJIEMEHTIB
KOHCTPYKIIIi.

3arajbHi MoJ0KEeHHA

Mpumitka 1. B EN 1993-1-6 HaBeneHi BKa3iBKU 110
3aCTOCYBaHHIO METOJY CKIHUEHHUX EJIEMEHTIB JUIs
PO3paxyHKy KOHCTPYKIIIH y BUIIIsIAI OOOJIOHOK.

MpumiTtka 2. 1lg HacTaHoBa TNpU3HAYEHA  JUIS
IH)KEHEepiB, sKi MalTh IEBHHH MJOCBiI pPOOOTH B
pO3paxyHKax KOHCTPYKIH 3 BUKOPHUCTAHHSIM METOIY
CKIHYCHHHX CJICMEHTIB.

2 Bubip Meroay CKIHYCHHHX €JIEMEHTIB
3QJIEKUTH BIJ JOCIIHKYBAaHOTO 3aBIaHHA 1
0a3yeThCs Ha HACTYITHHUX JOMYIIEHHSX:

ANNEX C
[INFORMATIVE]
FINITE ELEMENT METHODS OF
ANALYSIS (FEM)

C.1 General

(1)  Annex C gives guidance on the use of
FE-methods for ultimate limit state,
serviceability  limit state or fatigue

verifications of plated structures.

NOTE 1: For FE-calculation of shell structures see
EN 1993-1-6.

NOTE 2: This guidance is intended for engineers who
are experienced in the use of Finite Element methods.

(2)  The choice of the FE-method depends
on the problem to be analysed and based on
the following assumptions:

Ta6mmus C.1 — JlomymieHHs Ui po3paxyHKiB METOJOM CKIHYEHHHUX €JIEMEHTIB

Table C.1 - Assumptions for FE-methods
Brnacrusocri Henockonamicts,
TIpuxnan 3acTrocyBaHHS
Ne CTPYKTYpH muB. C.5 Example of Use
Material behaviour | Geometric behaviour P
e . IIpyxHa epexTUBHA IIUPHUHA, HECYYA 3ATHICTH IIPH
JIiHiitH1 Hemae Py b . p o yHa si p
1 . MIPYXHIN cTafii podoTn
Linear No . ) .
Elastic shear lag effect, elastic resistance
C e . Hecyua 31aTHICTE B TPAHMYHOMY CTaHI IIPH INUIACTHYHIN
JliniiiHI Hemae yHa si rpaHm Y P
2 Linear No cTaaii poooTu
Plastic resistance in ULS
e Kpurnuae HaBanTakKe€HHS IIPH BTPATI CTIMKOCTI
Hemimiitai Hemae p P P
3 Non linear No [IaCTHHI
Critical plate buckling load
e . Hecyua 3gaTHICTS IIpH BTpaTi CTIMKOCTI INIACTUHHA B
4 Heniniiini € yHa st np )K;I;,I crami
Non linear Yes 1Py ramt
Elastic plate buckling resistance
C o . Hecyua 31aTHICTE B TPAHUYHOMY CTaHI IIPH CTall
Heniniitai c yaa si P "y p a
5 . MPYKHO-TUTACTHYHOI pOOOTH
Non linear Yes . - . .
Elastic-plastic resistance in ULS
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C.2  3acrocyBaHHs

(2 [Tpu BUKOPHUCTAaHHI METOIY
CKIHYCHHHX €JIEMEHTIB JUIsl  PO3PaXyHKY
KOHCTPYKI[ii HEOOXiZHO 3BepTaTH yBary Ha
HACTYITHE!

— MOJICNIIOBAHHS KOHCTPYKTUBHOTO €JIEMEHTY
1 A0OTO TPAaHUYHHUX YMOB;

— BHOIp BIMOBIZTHOTO IIPOrPaMHOTO
3a0e3reyeH s 1 HeOOX1IHOT JOKYMEHTAII(T;

— BpaxyBaHHs HEJIOCKOHAJIOCTEH;
— MO/ICJIIOBAaHHS BJIACTUBOCTEH MaTepiaiy;
— MOJCIIOBAHHSI HABAHTAXXCHb,

— MOJIETIIOBAHHS KPUTEPIiB JUIsl TPAHUYHOTO
CTaHy,

— BUKOPHUCTaHHS 4YacTKOBUX KOEQII[IEHTIB
Oe3MeKH.

IMpumitka. Y HanioHajabHOMY J0OHATKY JOIMYCKAETHCS
BCTAQHOBJIIOBATH JOJATKOBI YMOBH JIIsl 3aCTOCYBaHHS
METOJly CKIHYEHHHX €JIEMEHTIB TP ITPOEKTYBaHHI.

C.3 MojgeaoBanus

(1) Bubip Meromy CKIHUEHHHX EJIEMCHTIB
(utocka abo ob'emHa Mogemi) 1 00'eM CITKH
MPUHMAIOTh 3aJIEKHO BiJl HEOOX1THOT TOYHOCTI
pe3yibTaTiB  po3paxyHKy. Jlias KOHTpOIIO
BIIMOBIIHOCTI ~ PO3paxyHKy  KOHCTPYKIIii
MMOBHHHA BUKOHYBATHCS TEPEBIpKa YyTIMBOCTI
3 TIOCHIJJOBHMM YTOYHCHHSM II0OYaTKOBHX
JaHUX.

2 MopentoBaHH METOJIOM CKIHUEHHHX
€IIEMEHTIB MO3KE IIPOBOIUTUCS IS

— IUIOTO eJIEMEHTY KOHCTPYKIIIi;

— TIACTPYKTYpH K YaCTHHH BCiel

KOHCTPYKIIii.

Mpumitka. IlpukaamoM eneMeHTy KOHCTPYKIIi MOXe
Oyt criHKa a00 HIKHA IUIACTHHA HEPO3pi3HOi
KopoOgacToi Gaku B 30HI MPOMDKHHX OMOp, € HIKHS
IUIaCTHHA CTUCHYTA. [IpUKIIafoM MiACTPYKTYpH MOXe
OyTH CeKIlil HIKHBOI IUIACTHHH, IO MANAEThCSA [ii
JTBOBICHOT'O HATIPYKCHH.

(3) TI'pamuyni ymMoOBH Al OHOpH,
30BHIIIHINA BUIJISA KOHCTPYKLII 1 HMpUKIaneH1
HaBaHTaXXEHHS HEOOXiHO BUOMpATH Tak, 100
pe3ynbTaTd  BIAMOBiganmu JilCHIN  poOOTI
KOHCTPYKIIIi.

JACTY-H b EN 1993-1-5:201X
C2 Use

(1) In using FEM for design special care
should be taken to

— the modelling of the structural component
and its boundary conditions;

the choice of software and documentation;

— the use of imperfections;

— the modelling of material properties;
— the modelling of loads;

— the modelling of limit state criteria;

— the partial factors to be applied.

NOTE: The National Annex may define the conditions
for the use of FEM analysis in design.

C.3  Modelling

(1)  The choice of FE-models (shell models
or volume models) and the size of mesh
determine the accuracy of results. For
validation sensitivity checks with successive
refinement may be carried out.

(2)  The FE-modelling may be carried out
either for:

— the component as a whole or

— a Substructure as a part of the whole
structure.

NOTE: An example for a component could be the web
and/or the bottom plate of continuous box girders in the
region of an intermediate support where the bottom
plate is in compression. An example for a substructure
could be a subpanel of a bottom plate subject to biaxial
stresses.

(3)  The boundary conditions for supports,
interfaces and applied loads should be chosen
such that results obtained are conservative.
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(4) TeomerpuuHi mapaMeTpy  IMOBHHHI

npUMaTHCS K HOMIiHAJIBHI.

(5) Yci HEeTOCKOHATIOCTI MiAPO3AUISIOTHCS
o opmi Ta mpoTsHKHOCTI, 1UB. po3ait C.5.

(6) BmactuBocti Marepiady BUOUpAOTH 3
ypaxyBanHsm C.6(2).

C.4  Bubip nporpamu i 1oKkyMeHTaLis

(1) TIporpama  mOBMHHA  BIAMOBIAATH
3aBJaHHIO 1 0yTH HAINHOIO.

Mpumirka. Hapidinicts  mporpamMu  Moxe  OyTn

MiITBEPIXKCHA 3a JIOTIOMOT'OIO0 BIJMTOBITHUX
TIepeBIPOYHUX BUIPOOYBaHb.

2 Po3mip ciTku, HaBaHTa)KEHHS, TPAaHUYHI
YyMOBM 1 1HINI JaHi, 1[0 BBOJSITHCH,

JOKYMEHTYIOTh B CYIIPOBO/II 10 PO3PAXYHKY 3
METOI0 MOXJIMBOCTI X BIATBOPEHHS TPETIMH
ocobamu.

C.5 BpaxyBaHHS HeI0CKOHaJIOCTeM

(1) HemockoHaiicTh, MO0 BpPaXOBYETHCS

IpU  PO3paxyHKax METOJOM  CKIHYEHHHUX
€JIEMEHTIB, TMOBMHHA CKJIaJaTuci 5K 3
r€OMETPUYHOI, Tak 1 3  CTPYKTYpHOI
HEJOCKOHAJIOCTEM.

(2) VY pasi HEeMOXJIHMBOCTI BpaxyBaTH B
PO3paxyHKy TOUYHY T€OMETPHUHY i CTPYKTYPHY
HEJIOCKOHAJIICTb, JOMYCKAEThCA BUKOPUCTAHHS
CKBIBaJICHTHOT T€OMETPUIHOT HEOCKOHAJIOCTI.

[pumitka 1. I'eomerpuuny HEJIOCKOHAICTh
JIOITYCKA€ThCsl 3aCTOCOBYBATH y (OpMi, IO BiAMOBigae
BTpaTi CTIMKOCTI IUIACTUHM B KPUTHU4YHIN cTamii 3
aMIUTITYJI0K0 3THHIB, HaBeJeHOW B HarioHaisHOMY

JONATKYy. bnusbko 80 % TEOMETPUYHUX
HEJOCKOHAIOCTeH  BIAHOCATBCA O  3aBOJACHKUX
nedekTis.

Mpumirka 2. CTpyKTypHa HEJOCKOHAIICTh, BUKIMKaHA
3QJIMIIKOBUM HATPY)KEHHAM B TpoIeci BUPOOHHUIITBA
IpU  BHTOTOBJICHHI  KOHCTPYKIiH, Moxe OyTh
NpeICTaBlieHa y BUIIAAI OZATKOBOTO HANpYKEHHS 3

aAMILTITYIOI0 3TUHIB, PpiBHOIO cepeaHiM
(mependadyBaHIM) PO3MipaM.

(3) BkaziBku o BpaxyBaHHIO
HE/IOCKOHAJIOCTI B PO3paxyHKy HEOOXiTHO
3aCTOCOBYBaTM 3  METOI0  JOCATHEHHS
HaHMKYO01 HeCy4oi 3JaTHOCTI.

(4) [nsa  exBiBaJIGHTHOI  TI'€OMETPHUYHOI

HEIOCKOHAJIOCTI JIOMYCKAEThCS 3aCTOCOBYBATH
tabnuiio C.2 ipuc. C.1.
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4) Geometric properties should be taken
as nominal.

5) All imperfections should be based on
the shapes and amplitudes as given in section
C.5.

(6) Material properties should conform to
C.6(2).

C.4 Choice of software and documentation

(1)  The software should be suitable for the
task and be proven reliable.

NOTE: Reliability can be proven by appropriate bench
mark tests.

(2) The mesh size, loading, boundary
conditions and other input data as well as the
output should be documented in a way that
they can be reproduced by third parties.

C.5 Use of imperfections

(1)  Where imperfections need to be
included in the FE-model these imperfections
should include both geometric and structural
imperfections.

(2) Unless a more refined analysis of the
geometric imperfections and the structural
imperfections is carried out, equivalent
geometric imperfections may be used.

NOTE 1: Geometric imperfections may be based on the
shape of the critical plate buckling modes with
amplitudes given in the National Annex. 80 % of the
geometric fabrication tolerances is recommended.

NOTE 2: Structural imperfections in terms of residual
stresses may be represented by a stress pattern from the
fabrication process with amplitudes equivalent to the
mean (expected) values.

(3) The direction of the applied
imperfection should be such that the lowest
resistance is obtained.

4) For applying equivalent geometric
imperfections Table C.2 and Figure C.1 may
be used.
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Ta6imus C.2 — ExBiBasieHTHA TeoMeTpUYHA HEJIOCKOHAIICTh
Table

C.2 — Equivalent geometric imperfections

Tun HenockoHanocTi EnemenT KOHCTpYKIii ®opmMma Bennunna
Type of imperfection Component Shape Magnitude
I'moGanbHwMiA EnemMeHT KOHCTPYKILT J0BKHHOKO | Hyra EN 1993-1-1, tabmwums 5.1
Global Member with length | Bow see EN 1993-1-1, Table 5.1
N [To310BXHIH €IEeMEHT KOPCTKOCTI
r”‘gifj”“ JOBKHHOIO @ Hyra min (a/400, b/400)
Longitudinal stiffener with length a
. Bun kpusoi
) P— [Manens abo cekIist 3 KOPOTKO CTOPOHOIO BUNyayBaHHA _
Local abo b Bucklin min (a/200, b/200)
Panel or subpanel with short span a or b g
shape
) (- Enementu HKOPCTKOCTI a0o moscy, 1o Jlyra sruny
Local _ MiJNAKOTHCA STHHY _ Bow twist 1/50
Stiffener or flange subject to twist
3acTocyBaHHS TUIIIB
N Enement koHCTpYyKIIi
HCIOCKOHAJIOCTCU
. . Component
Type of imperfection

['moGasnbHuii eneMeHT KOHCTPYKIIT
JIOBXKHHOIO |
Global member with length |

I'mobanpHHU MO3I0BKHIM €JIEMEHT
YKOPCTKOCTI JIOBXXKHUHOIO @
Global longitudinal stiffener with
length a

JlokanpHa mmaHens a00 CEKIis
Local panel or subpanel

JIokanbHUI 3TUH EIEMEHTY

YKOPCTKOCTi ab0 Tosicy
Local stiffener or flange subject to
twist

Pucynok C.1 - MojentoBaHHS eKBIBaJIGHTHOI FT€OMETPHUYHOI HETOCKOHAIOCTI
Figure  C.1- Modelling of equivalent geometric imperfections
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(5) I[Ipy moegHaHHI  HEJOCKOHANOCTEH
MOBHHHA Oytu oOpana OCHOBHA
HEJOCKOHAJICTh 1 CYNPOBiTHA HEJJOCKOHAIICTh
MO>Ke€ MaTH 3HaueHHs, 3MeHmeHi 10 70 %.
Mpumirka 1. Byap-skuif THM  HEJOCKOHAIOCTI B
tabmuui C.2 Moxe OyTH NpPUHHATHHA SK MpPOBiIHA
HEJIOCKOHAICTb, a 1HII — 5K CYIPOBiIHI.

pumitka 2. ExBiBaseHTHY TEOMETPUYHY
HEJIOCKOHANICTh JIOITyCKAa€ThCS 3aMiHIOBATH

BINMOBITHUMH (DIKTHBHAMH CHJIAMH, JIIOYAMH Ha
€JIEMEHT.

C.6 BuaactruBocti maTepiany

Q) BrnacTuBOCTI Marepiay 3aCTOCOBYIOTh
3 HOPMAaTHBHVUMHU 3HAYCHHAMMU.

(2)  3anexHo Bix HEOOXiTHOT TOYHOCTI i
BEJIMYUHU PIBHS HANIPYXXEHHSI IPH PO3PAXYHKY
JOTYCKA€EThCSI 3aCTOCOBYBATH HACTYIHI
MepelyMOBH U BJIACTUBOCTEH MaTepiany
(puc. C.2):

a) MPY)KHO-TIaCTUYHI 0€3 HaNpYy)KeHHS CTafil
CaMO3MIIIHEHHS (ineanpHUI MIPYXHO-
IJIaCTUYHUHN MaTtepiai);

b) mpyxHO-MIaCTHYHI 3 HOMIHAJILHUM KYTOM
IUTOIIAKA CTaIll CAMO3MIIHEHHS

C) MPY)KHO-TUIaCTUYHI 3 JIHIAHUM KyTOM
HaIpy>KEeHHsI CTa/Ili CaMO3MIITHEHHS,

d) milficHa KpuBa 3alCKHOCTI HANMPYKEHHS 1
nedopmarii, BU3HAUYEHA 3a pe3yJabTaTaMu
BHUNPOOYBaHb, JIIHCHI 3HAYEHHS BU3HAYAIOTHCS
3a popMyIamMH:

(5) In combining imperfections a leading
imperfection should be chosen and the
accompanying imperfections may have their
values reduced to 70 %.

NOTE 1: Any type of imperfection should be taken as

the leading imperfection and the others may be taken as
the accompanying imperfections.

NOTE 2: Equivalent geometric imperfections may be
substituted by the appropriate fictitious forces acting on
the member.

C.6  Material properties
(1) Material properties should be taken as
characteristic values.

(2) Depending on the accuracy and the
allowable strain required for the analysis the
following assumptions for the material
behaviour may be used, see Figure C.2:

a) elastic-plastic without strain hardening;

b) elastic-plastic with a nominal plateau
slope;

c) elastic-plastic with linear strain hardening;

d) true stress-strain curve modified from the
test results as follows:

O =01+ €),

(C.1)

Eme =N+ €)
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Mopenb
Model
fy" .fy“ 1
3 Mexe a) b}
TEKy4OCTi P
tan'(E) tan™(E) _
With yielding > B
plateau
1-tan™ (E/10000)
(abo aHanoriuHe MeHIIe 3HAYCHHS)
1-tan™ (E/10000)
(or similarly small value)
OA
-1
fT tan™(E/100)
I3 craniero c)
CaMO3MIIIHEHHS
tan'(E) -
With strain- g

hardening 1 — nmificHa kpuBa HampyxeHHs-nedopmartis (true
stress-strain curve);
2 — kpuBa HarnpyxeHHs-1edopmartis 3a
pe3yapraramu BUMpoOyBaub (Stress-strain curve
from tests)

Pucynoxk C.2 — MojentoBaHHS BIACTUBOCTEH MaTepiary

Figure

Mpumirka. [ns Moaynst npy»KHOCTI B NPYKHIH 30HI
BU3HAYAJIHLHAM € HOMiHAJIbHE 3HAYCHHS.

C.7 HapaurakeHus

(1) HamanraxeHHs, 110
BUKOPHUCTOBYIOTHCSI, TOBUHHI MICTUTH OCHOBHI
4acTKOB1 Koe(ilieHTH Oe3rneku 1 KoeilieHTH
MO€HAHb  HaBaHTaxeHb. Jlmsg  mpocTtoTh
PO3paxyHKIB JOMYCKAEThCSI BUKOPUCTOBYBATH
€IMHUN KoeilieHT 30UIBIIEHHS
HaBaHTAXEHHS « .

C.8 Kpurepii 118 rPAHUYHOIO CTAHY

(1) Hpm po3paxyHKy KOHCTPYKLill 3a
IpPaHUYHUMHU CTaHaMu TIOBHHHI

C.2 - Modelling of material behaviour

NOTE: For the elastic modulus E the nominal value is
relevant.

C.7 Loads

(1) The loads applied to the structures
should include relevant load factors and load
combination factors. For simplicity a single
load multiplier & may be used.

C.8 Limit state criteria

Q) The ultimate limit state criteria should
be used as follows:
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3aCTOCOBYBATHCS HACTYIHI KpUTEPIi:

1) JUIS KOHCTPYKIIH, 9yTJIUBUX JI0 BTPATH
CTIMKOCTI — JOCATHEHHS MaKCHMAaJIbHOIO
HaBaHTAKEHHS,

2) JUIE  YacTUH  KOHCTPYKIIH, IO
M IAI0THCS BILUIUBY PO3TATYHOUOTO
HAmlpY)KEHHsI — JOCATHEHHS TI'PAaHHYHOTO
3HAYEHHS HATPYXCHHS B HaHOUIBII

HaBaHTAKEHOMY BOJIOKHI.

Mpumitka 1. VY HamioHansHOMY J0AaTKy MOXE
crieriaibHO  OOMEXXyBaTHCSl pIBEHb HANpPYKEHHS B
HaKOIIBII HAaBaHTQKEHOMY BOJIOKHI, Hanpukiag Ha 5 %
BiJl PEKOMEH/JOBAHOT'O 3HAUCHHSI.

Mpumirka 2. 3amicTh HaBeJNEHHX BHIE KPHUTEPIiB
TpPaHUYHUX CTaHIB JIOIYCKA€ThCS BHKOPUCTOBYBATH
TAKOX 1HION KpUTepii, Taki SK JOCSTHEHHS MeXi
TEKy40CTi 200 0OMEXEHHsI 30HU MEXI1 TeKy4OCTi.

C.9

(1)  Koedimient
HABaHTAKCHHS

YacrkoBi koedinieHTn 0e3nexu

30UThIIIEHHS
" PO3paxyHKY
KOHCTPYKIIIH 3a TpaHUYHUMH CTaHAMH Mae
Ooytu JOCUTh 0OTPYHTOBAHUM, 106
BHUKOHYBaJIacs BUMOTa Ha/IIHHOCTI
KOHCTPYKITIi.

)

HaBaHTaXCHHA

a pu

HeoOximuuii xoedimieHT 30UIbIICHHS
o, CKIagaeTbcs 3 JIBOX
KOE]IIIEHTIB:

1)

IIPU MOJICJIIOBAHHI CKIHYEHHUX €JIEMEHTIB ¢,

o, — JJI BpaxyBaHHS OXUOKU MOJEl

BHU3HA4YA€TBCA 3a AOIIOMOI'OIO OI_[iHKI/I oux

BIIMTOBIIHUX BHUMNpPOOYBaHb, JWUB. J0JaTOK D
EN 1990;

2) o, — s BpaxyBaHHs HETOYHOCTEH
MOJICNIIOBAHHS ~ HAaBaHTAaXEHHS 1 Hecy4ol
3/1aTHOCTI. Hns a, JIOTTYCKA€EThCS
3aCTOCOBYBaTH J,,, — IpU 3HaAuHIi BTpaTi
CTabUIBHOCTI 1}y, Ipyd  MPOTHO31
pyHHYBaHHS MaTepiaiy.
(3) Mns «, TmOBMHHA BUKOHYBATHCS
yMOBa!

aU
Mpumitka. Y HamionanbHOMY [JO#aTKy HaBeleHi

BKa3iBKM mwomo y,, 1 y,, Pexomennyerbcs

3aCTOCOBYBAaTH YMCJIOBI 3HAaU€HHdA },, 1 7,,,, HaBeJIeHi
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1. for structures susceptible to buckling:
attainment of the maximum load.

2. for regions subjected to tensile stresses:
attainment of a limiting value of the principal
membrane strain.

NOTE 1: The National Annex may specify the limiting
of principal strain. A value of 5 % is recommended.

NOTE 2: Other criteria may be used, e.g. attainment of
the yielding criterion or limitation of the yielding zone.

C9

(1)  The load magnification factor ¢, to

the ultimate limit state should be sufficient to
achieve the required reliability.

Partial factors

(2)  The magnification factor ¢, should
consist of two factors as follows:

1. a, to cover the model uncertainty of

the FE-modelling used. It should be obtained
from evaluations of test calibrations, see
Annex D to EN 1990;

2. a, to cover the scatter of the loading
and resistance models. It may be taken as y,,,
if instability governs and y,, if fracture
governs.

(3) It should be verified that:

&, (C.2)

NOTE: The National Annex may give information on
7., and y,,. The use of y,, and y,,,as specified in
the relevant parts of EN 1993 is recommended.
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y BiamoBigHux Tadmmmsax EN 1993.
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JTOJATOK D
(TIOBIIKOBHN)
BAJIKH 3 TO®POBAHVMUM CTIHKAMM

D.1 3araabHi moJ0KeHHSA

(1) TpaBuna BH3HAYEHHS PO3PaXyHKOBHX
napameTpiB B 1oAaTKy D mommproroThcs Ha
JBOTaBPOBI Oallkl 3 TpamneuieBUAHUMHU abo
CHHYCOITaJbHUMU TO(QPOBAHMUMHU CTIHKaMU i
nosicamu 3rigHo puc. D.1.

ANNEX D
[INFORMATIVE]
PLATE GIRDERS WITH CORRUGATED
WEBS

D.1  General
(1)  Annex D covers design rules for I-

girders with  trapezoidal or sinusoidal
corrugated webs, see Figure D.1.

2w

Pucynok D.1 - I'eomeTpuuHi 03HauYEHHs

Figure

D.2 TI'pannynmii cTraH 3a
30aTHICTIO

D.2.1 Hecyua 30ammnicmov no 32unanvhomy

Momenmy

Q) Hecyua 3pmaTHiCTP 1O 3THHATBHOMY
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HeCy4010

D.1 - Geometric notations

D.2 Ultimate limit state

D.2.1 Moment of resistance

(1) The moment of resistance M., due to



MoMeHTy M, noBMHHAa npuUAMAaTUCA AK

MiHIMaJIbHa 3 HACTYITHUX 3HAYEHb!

Mg, =min

2

Ymo Ymo

bg -tz . fyf’r (hw+t1+t2jb1t1 fyf,r .
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bending should be taken as the minimum of
the following:

it f
hw+t1+t2];bl AT -(hw+t1+t2] o1

2 2

Vw1

Pasmsznymuii_nosic
(tension flange)

ae:

foe.
OCHOBI1 JIii MOMEHTIB IONEPEYHOr0 3rHHY B
nosicax:

— MeXa TEeKy4oCTi, 3MEHIIeHa Ha

0,(M,) —HanpyxeHHS B TOsCi, BHKIUKaHE
MOMEHTOM HOTNEPEYHOTO 3TUHY;

X — HOHWXKYIOUUH  KOEQIIIEHT  MpH
BTpaTi CTIMKOCTI TUIACTUHH, BU3HAYAETHCA
3rigHo 3 6.3 EN 1993-1-1.

IpumiTtka 1. MomenT mnonepeyHoro 3runy M,

BH3HAYAIOTh 3 Iepeavi 3yCHib 3CYBY BiJ| CTIHKM Ha
nosicu 3rijiHo puc. D.2.

Mpumirka 2. V cunycoigadbHUX ToppoBaHHUX CTiHKaxX

f. =10.
W

Cmucrymuii nosic
(compression flange)

CmucHymuii nosc
(compression flange)

where:

f is the value of yield stress reduced due

yf.r

to transverse moments in the flanges

o,(M,) is the stress due to the transverse
moment in the flange

b4 is the reduction factor for out of

plane buckling according to 6.3 of
EN 1993-1-1

NOTE 1: The transverse moment M results from the
shear flow in flanges as indicated in Figure D.2.

NOTE 2: For sinusoidally corrugated webs f_ is 1,0.

| mm\G B, —

L M) ?

I A

o
(x) M4 (x) Fy (x)
s |

r
)

Pucynok D.2 - IlonepeuHi HaBaHTa)KE€HHsI Ha MOSC BHACIIJIOK Mepeayi 3yCuib 3CyBY

Figure

(2)  EdextuBHYP Moy CTHCHYTOTO TOSACY
BHU3HAYAIOTh 3TiAHO 3 4.4(1), BAKOPUCTOBYIOUH
HailOuIbIIIe 3HAYEHHS YMOBHOI I'HYYKOCTI Ap,
BianoBigHo 10 4.4(2). Koeoiuient K, mo
BpaxoBy€  BTpaTy  CTIMKOCTi,  MOBHHEH
npuiiMaTHCs OUTBIINM 13 3HAUEHB!

D.2 — Transverse actions due to shear flow introduction into the flange

(2)  The effective® area of the compression
flange should be determined from 4.4(1) using
the larger value of the slenderness parameter

Ap Odefined in 4.4(2). The buckling factor
k, Oshould be taken as the larger of:
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2
k, = o,43+(9j ,
a

ne b —makcuManbHa IIUpUHA BiX BajMKa
3BapIOBaHHS JI0 BUIBHOTO Kpalo;

a)

(D.2)

where b is the maximum width of the
outstand from the toe of the weld to the free
edge

a=a, +2a,

b)  k,=0,60,

(D.3)

ne (where) b =%

D.2.2 Hecyua 30amuicmo npu 3cysi

D.2.2 Shear resistance

(1) Hecyuy s3marHicth mpu 3cyBi Vg, (1)  The shear resistance V., should be
BU3HAYAIOTH 332 (GOPMYJIOLO: taken as:
fVW
VRd =X \/— ’ hw 'tw (D4)
7wiV3
Je y. —MEHIIe 3HAueHHS 3 MOHIKYIOUHX where y. is the lesser of the values of
KOe(IIEHTIB NPHU MICUEBIH BTPATi CTIHKOCTI reduction factors for local buckling y,, Cand
Ze3timo (2) i saranvuiii BTpati CTIHKOCTE  gloha) huckling #, , obtained from (2) and (3)
Xe.q 3TiIHO (3).
(2)  Tlommxkyrounii koedilieHT ., TIpH (2)  The reduction factor y., Ofor local
MICIIEBiif ~ BTpaTi  CTIHKOCTI  IJIACTUHHU buckling should be calculated from:
BH3HAYaIOTh 3a (OPMYJIOI0:
1,15
ZC,I = b Slao (D.5)
+ A,
(D.6)
=4,83E - { } (D.7)
ae a,, — NOBUHHO NPHUHAMATHCS SK OUIbLIC nax Should be taken as the greater of a, and
3HA4YEeHHA 3 &, 1 4, . a,.
Mpumitka. {15 CHHYCOiTaNbHUX TOPPOBAHUX CTIHOK B NOTE: For sinusoidally corrugated webs the National
HauioHanbHOMY 107aTKy MOXKYTh JaBaTHCA BKa3IBKH Annex may give information on the calculation of z_
0JI0 BU3HAYE 1, .
OO0 BU3HAYCHHA 7 | 1, ¥, and 2., O,
PeKOMEHTYETHCST 3aCTOCOBYBATH HACTYIIHY (GOPMYITY: The use of the following equation is recommended:
2 2
a,s 7°E t
TcrI=[5'34+ 8 j' 2 '[_W} 3
ht, ) 12-(1-v*) L s
ze: where:
W — JIOBXKMHA TIPOEKIlii MOJIOBUHU XBHIIi w is the length of one half wave, see
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(muB. puc. D.1); Figure D.1,
S — pO3ropHyTa  JIOBXXMHA  IOJIOBHHHU S is the unfolded length of one half
xBuii (nuB. puc. D.1). wave, see Figure D.1
(3) [ommxkyroumit  koeQimieHT Xeg (3)  The reduction factor y , Ufor global
3arajbHOT BTPAaTH CTIHKOCTI PO3PAaXOBYIOTh 32 buckling should be taken as
dhopmyIor0:
15
Heg == —— <10, (D.8)
0,9+ 4,
T (where) 7, = |—" (0.9
¢ (wnhere = |[———F— .
c.g Tcr,g . \/§
32,4
Tog =7 -3/Dy D} (D.10)
tWhW
D. = Etd w
“T12.1-v?) s
El
D, =—42
w
I, — MOMEHT IHepIIii Mol roppoBaHOrO I, second moment of area of one
BiZIpI3Ky JOBXHHOK W (1uB. puc. D.1). corrugation of length w, see Figure D.1
Mpumitka 1. 3navenns s i |, Bu3HAYalOTH s NOTE 1: s and I, are related to the actual shape of
JiiicHOi (hopmu rohpyBaHHS. the corrugation.
Mpumirka 2. ®opmyna (D.10) mnommproerscs Ha NOTE 2: Equation (D.10) is valid for plates that are
MeTasleBi JMCTH TPU JOMYIICHHI IMApHipHAX OIMOp Ha assumed to be hinged at the edges.
Kpasix.
D.2.3 Bumozu 00 cKinuennux enemenmis D.2.3 Requirements for end stiffeners
Hcopcmkocmi
(1) CkinyeHHi  elIeMEHTH  KOPCTKOCTI (1) Bearing stiffeners should be designed
BHM3HAYAIOTh 3TiIHO 3 BAMOraMu po3ziny 9. according to section 9.
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NOJATOK E
(OBOB'SI3KOBUN)
AJIbTEPHATHUBHI
BU3HAYEHHS
IEPEPI3IB

METOIM
E®EKTUBHUX

E.1 EdextuBni miomii mnepepiziB mis
HANPYKEHHS HUKYE MeXkKi TeKy4ocTi

(¢D)] B sKoCTI anbTepHATHBU METOIY 3TiHO
3 4.4(2) pgomyckaeThCs ~ 3aCTOCOBYBATH
HacTymHi  ¢opMyau  JUIi  BU3HAYCHHS
e(EeKTUBHUX IUIONl MpH pIBHI HaNpPyKEHHS
HIDKYE MEXI1 TeKYy4OCTI:

@) JUId CTHUCHYTOI IUTACTHHH 3 JIBOCTOPOHHIM
3aKpITUICHHSIM:
1-0,055- (3+ )/ A pred
pP= = +
ﬂ«p,red

b) s cTHCHYTOT MIIACTHHU 3 OJHOCTOPOHHIM
3aKpIMJICHHSM (3BUC JIMCTA):

p= 1- 0,188/Zp,red
ﬁvp,red

[To3nauenns HaBenmeHi B 4.4(2) 1 4.4(4). Hns
PO3paxyHKy HECydoi 3IaTHOCTI IIPH 3arajibHIi
BTpATi CTIHKOCT1 3aCTOCOBYETHCS 4.4(5).

E.2 EdexrusHi
JKOPCTKOCTI

TJIONI eJIEMEHTIB

(1) s pospaxyHKy e(peKTHBHHX ILIOLI
€JIeMEHTIB  JKOPCTKOCTI MPU  BHU3HAYCHIN
MIITHOCTI 332 TPaHWYHHUMH CTaHAMH YMOBHY
THYYKICTb Aser JOIYCKA€ThCA BU3HAUATH 3a
dbopmynoro:

ﬂ‘ser = /Ip :
1€ Oomedser — HaHOLIBIIE HAIPYyXCHHS
ctucky  (pospaxoBaHe mist  e(EKTHBHOTO

MOTIEPEYHOro Mepepizy) B JAaHil 4YacTHHI
nepepizy MiJl HaBaHTAXKEHHSAMHU B IPAHUYHOMY
CTaH1 MO eKCIUTyaTalliifHil TpUIaTHOCTI.

(2) Moment iHepmii TIOHmII  TEpepizy
JOIMYCKAEThCS MPUHMATH MO IHTEPIOJISLIT MK
MOMEHTOM iHepuii miomii nepepizy OpyTrTo i
MOMEHTOM iHepIii e(eKTUBHOI IOl IS
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ANNEX E
[NORMATIVE]
ALTERNATIVE  METHODS  FOR
DETERMINING EFFECTIVE CROSS

SECTIONS

E.1  Effective areas for stress levels below
the yield strength

(1)  As an alternative to the method given
in 4.4(2) the following formulae may be
applied to determine effective areas at stress
levels lower than the yield strength:

a) for internal compression elements:

Ap—Apre
( i d) , aie (but) p<1,0 (E.1)

b) for outstand compression elements:

(Fo~Toa)
,ame p<10 (E.2)

For notations see 4.4(2) and 4.4(4). For
calculation of resistance to global buckling
4.4(5) applies.

E.2  Effective areas for stiffness

(1) For the calculation of effective areas
for stiffness the serviceability limit state

slenderness p,ser A« Lmay be calculated
from:

O_com,Ed,ser (E3)
fy
where o is defined as the maximum

com,Ed,ser
compressive stress (calculated on the basis of
the effective cross section) in the relevant
element under loads at serviceability limit
state.

(2)  The second moment of area may be
calculated by an interpolation of the gross
cross section and the effective cross section
for the relevant load combination using the



JaHOTO  Tepepidy  HpH  BiINOBiIHOMY
CIIOJTy4eHH1 HABAaHTAXKEHB 32 (POPMYIIOL0:

Iy =1, ——
eff = Tgr
o-com,Ed,ser
ne |, — MOMEHT iHepIii MIONIi MONIEePEIHOro
nepepizy opyrro;
O,  — HaliOUIblIE HANPYKEHHs BiJ 3rUHY,

OTpUMaHE JUIs TOIEPEYHOTO Tepepizy OpyTTo
B TpaHUYHOMY CTaHI MO0 eKCIUTyaTaIiiHIi
MIPUIATHOCTI;

st (O'com,Ed,ser ) — MOMEHT  IHepmii  IuIoIi
€(eKTUBHOTO TMOMNEPEYHOro IMepepizy Mpu
MICIIEBIi1 BTpaTl CTIAKOCTI 3TiAHO (QopMynu
(E.1) Bu3HauaeTbcst  JUIsI  HaNHOUIBLIOTO

HAlPYKEHHSA Oy ser = Oy B MEXKaX

JAOBXHWHU JaHOI'O IMPOTOHY.

(3) Mowment inepuii edexTHBHOI IUTONII
nonepeyHoro nepepizy |y Moxke MaTu pi3Hi

3HAYCHHS B3JI0BXK MIPOTOHY 3T1IHO
PO3MIIIIEHHIO OKPEMHUX €JIEMEHTIB YKOPCTKOCTI.

AnbTepHaTHUBHE 3HAa4eHHS | JOmyckaeTbecs

npurMaTu MOCTIHUM, PIBHUM
MaKCUMaJbHOMY MOMEHTY IHepHii mpu
eKCIUTyaTallifHNX HaBaHTKECHHSIX.

(4)  Po3paxyHOK BHMara€ irepaTHBHOTO
MiIX0My, aje 3 JIOCTaTHbOK  TOYHICTIO
JOITYCKAEThCS BHKOHYBaTH pa3oBuit
PO3paxyHOK, MPH SKOMY PIBEHb HANPYKECHHS

Ma€ OyTU pIBHMM a00 OUTBIINUM HIK Oy g cor -

JACTY-H b EN 1993-1-5:201X

expression:

’ (I gr Ieff (O-com,Ed,ser ))’ (E4)

where 1, is the second moment of area of
the gross cross section

Oy Is the maximum bending stress at

serviceability limit states based on the gross
Cross section

| oi¢ (awm'Ed,ser) is the second moment of area of
the effective cross section with allowance for
local buckling according to E.1 calculated for
the maximum stress o > o, within the

com,Ed,ser —

span length considered.

(3)  The effective second moment of area
I may be taken as variable along the span

according to the most severe locations.
Alternatively a uniform value may be used
based on the maximum absolute sagging
moment under serviceability loading.

(4)  The calculations require iterations, but
as a conservative approximation they may be
carried out as a single calculation at a stress
level equal to or higher than o

com,Ed,ser *
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1) 3wminm xo 1.4

3minumu eusnauenna «b,» ma: «rabaputHa

IIMPHHA MDK 3BAPHUMH MIBaMHU JUIs 3BapHUX
nepepizie @00 MDK 3rMHaMU paaiyCiB JuIs
MIPOKaTHUX MPOQUIIBY».

2) 3wminu g0 2.3

Ilynkm «(2)», 3aminHumu K0 BHKOHYETHCS
ymoBa B 3.1» Ha «fKILIO BUKOHYEThCS yMOBa B
2.2(5)».

3) 3minu 10 2.6

Ilynkm  «(1)»,
«TUTACTHHAY.

«[Ipumitka»,  sudarumu

4) 3minm g0 3.2.1

3azonoeox niopo3oiny, saminumu «EdexTuBHA
mpuHay Ha «EdekTuBHa® UpHUHaY.

Ilynkm «(1)», 6 ocmannbomy peuenni 3aminumu
«/lana edexTnBHa ImUpHHA MOXe» Ha «JlaHa
eeKkTUBHA® IUPUHA MOXKEY.

5) 3minu g0 3.2.2

Ilynkm «(1)», «Pucynok 3.3», saminumu «3
¢(EKTHBHOIO IIUPHHOIO» Ha «3 €(PEeKTHBHOIO®
[THPUHOIOY.

6) 3minu g0 3.2.3

Ilynkm  «(1)», pisnanna «(3.2)», s3aminumu
«Ag M HA €Ay ).

Ilynkm «(1)», pisnanus «(3.2)», nepwiuti psaook
NYHKMY, KU NOYUHAEMBCS 3 «IE», 3aMIHUMU
«3Ma3aHa IUIONIA EJIEMEHTIB MOPCTKOCT» Ha
«Iuiona 0e3nocepeIHbO HaBaHTAKCHUX
€JIEMEHTIB )KOPCTKOCTI, MO IICHA.

Ilynkm «(1)», pisnanns «(3.2)», opyee peuenns
nio «ue», zaminumu «KOHCepBaTHBHO 1€ MOXKE
NPUUMATHCS 32 IJIONY €JIEMEHTIB KOPCTKOCTI,

NOJUIEHY Ha BIACTaHb Sgy;» na «lle Moxe

npuiiMaTUcs K IUIOLA €JIEMEHTIB KOPCTKOCTI,
pO3MOUIEHA IO JOBKUHI BIACTAaHI S ;».

Ihynkm «(l)», pisnannsa «(3.2)», pomatu a0
CIUCKY M «IE»:

« S, — TOBXKHHA )KOPCTKOT OTOPHU;
Sy — BIICTaHb €JIEMEHTIB JKOPCTKOCTD».
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1) Modification to Subclause 1.4

Change the definition for "b," into: "clear

width between welds for welded sections or
between bends of radii for rolled sections".

2) Modification to Subclause 2.3
Paragraph '(2)", change "if the condition in 3.1

is fulfilled" into: "if the condition in 2.2(5) is
fulfilled".

3) Modification to Subclause 2.6
Paragraph '(1)', 'NOTE', delete: "plate™.

4) Modifications to Subclause 3.2.1

Title of the subclause, change "Effective width"
into: "Effective® width".

Paragraph '(1)', change in the last sentence
"This effective width may" into: "This
effective® width may".

5) Moaodification to Subclause 3.2.2

Paragraph '(1)", 'Figure 3.3', change "with the
effective width” into: "with the effective®
width".

6) Modifications to Subclause 3.2.3
Paragraph '(1)', Equation '(3.2)', change "a,"
into: "ag,".

Paragraph '(1)', Equation '(3.2)', first line of the
paragraph beginning with ‘where:’, change
"area of the stiffeners smeared” into: "area of
the directly loaded stiffeners divided".

Paragraph '(1)', Equation '(3.2)", 2nd sentence
under ‘where:', change "This may be taken,
conservatively, as the area of the stiffeners
divided by the spacing s, ;" into: "This may be

taken as the area of a stiffener smeared over the
length of the spacing s, ;"

Paragraph '(1)', Equation '(3.2)', add to the list
under ‘where:":

s, I the length of the stiff bearing;

S, IS the spacing of stiffeners;"



7) 3minu g0 4.2

Ilynkm  «(1)», 3aminumu «BUKOPUCTOBYIOUU
epeKTHBHI IUJIOLI» HA «BUKOPUCTOBYIOUH
edextuBHIP TUTOMII».
8) 3minu 10 4.3

Y nynxmi «(6)» euoamumu «(uix f,,)».

9) 3minu a0 4.4
Ilynkm  «(2)», pisuanna «(4.2)», 3aminumu
«A, < 0,673 » Ha « A, <0,5+,/0,085 - 0,055y ».

Ilynkm  «(2)», pisuanua «(4.2)», 3aminumu

«A, > 0,673 » Ha « A, >0,5+,/0,085 - 0,055y ».

Ilynkm «(2)», piensanusn «(4.2)», sudarumu «jie
(3+y)=0».

«Tabmuus  4.1», JOpyruil  psaIoK — 3HU3Y,
saminumu « =1>wy >-3» na «=1>wy > -3».

10) 3minu g0 4.5.1

Ilynkm «(2)», ocmanniti paook, saminumu " p "
Ha: " pc ll'

Ilynkm «(3)», 3aminumu «IJI0MI1 TIEpEPi3iB» Ha
«IUTOIIA TIEPEPIZY».

11) 3minu g0 4.5.3

Ilynkm «(3)», «llpumirkay, saminumu «by,»

Ha: «by ».

12) 3minu g0 4.6

Ilynkm «(l)», 3aminumu <« OJHOOCHOBOTO
3TUHAHHS»  HA  «IIs  CTUCKaHHI  Ta
OJIHOOCHOBOTO 3THHAHHS.

Ilynkm «(1)», «llpumitkay», saminumu «€,»

HA. «€, \ ».

Ilynkm «(1l)», «llpumitka», 3aminumu « €, »

Ha: «€, y».

13) 3minm g0 5.3

Ihynkm  «(3)», nepwwuii  psaook, 3amiHumu
«mapaMeTp THYYKOCTD» Ha «MoAu(IKOBaHA
THYUYKICTB.

Ilynkm — «(3)»,  «llpumitka 2»,  3aminumu

JCTY-H B EN 1993-1-5:201X
7) Modification to Subclause 4.2

Paragraph '(1)', change "using the effective
areas" into: "using the effective® areas".

8) Modification to Subclause 4.3

Paragraph '(6)', entry 'b)', delete: "(rather
than f,, )"

9) Modifications to Subclause 4.4

Paragraph '(2)’, Equation '(4.2)', change
"4, <0,673" into: "4, <0,5+,/0,085 0,055y ".
Paragraph '(2)', Equation '(4.2)', change

"1, >0,673" into:" 2, >0,5+,/0,085 0,05y .

Paragraph '(2), Equation '(4.2)", delete: "where
(3+y)>0".

‘Table 4.1', second row from the bottom, change
"-1>y >-3"into: "-1>y > -3".

10) Modifications to Subclause 4.5.1

Paragraph '(2),, last line, change "p" into:
" ",

Paragraph '(3)', change "section areas" into:
"section area".

11) Modification to Subclause 4.5.3
Paragraph '(3)', 'NOTE', change "bg," into:
"By "

12) Modifications to Subclause 4.6

Paragraph (1), change "for uniaxial bending"
into: "for compression and uniaxial bending".

Paragraph '(1)', 'NOTE', change "e," into:

(1} ey' N

Paragraph ‘(1)', ‘'NOTE', change "e, " into:

||eZYN )

13) Modifications to Subclause 5.3

Paragraph '(3)', first line, change "slenderness
parameter™ into: "modified slenderness".

Paragraph '(3)', 'NOTE 2', change "slenderness
87
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«mapameTp THYYKOCTD» Ha «Moau(ikoBaHA
THYYKICTB.

Ilynkm «(5)», 3aminumu 08a paszu «mapameTp
THYYKOCTI» Ha «MOJU(pIKOBaHA THYYKICTb.
14) 3minu 10 6.5

Ilynkm  «(3)», 3aminumu «piBHsHHs (6.11),
(6.12) Ta (6.13)" wma: "piBHsuHs (6.11) Ta
(6.12)".

Ilynkm  «(3)», pisuannua  «(6.13)», dooamu
nepeo «l, =.....(6.13) » crnoso «ue».

15) 3wminu 10 6.6

Iynkm «(1)», saminumu nocunanns na «6.2(2)»
Ha: «6.2(1)».

16) 3wminm o 7.1

Ilynkm «(1)», oodamu nicisa pigHAHHA Ons
«13 ». «mofo Vy, nq Ous. pienanus (5.2).»

17) 3minm p0 9.2.4

«Pucynok 9.4», zaminumu «???» na: «< ZS ».

18) 3minu 10 10

Ilynxkm «(3)», 3aminHumu «rHyYKICTh TUTACTUHI
Ha «Moau(IKOBaHa THYYKICTh TIJIACTHHWY

Ilynkm  «(B)», nywkm  «a)», 3amiHumu
«THYYKICTh ITUTACTHHH» Ha «MoAu(IKOBaHA
THYYKICTh TUTACTHHI

Ilynkm  «(B)», nywkm  «a)», 3amiHumu

nocunanns na «5.2(L)» na: «5.3(1)».
Ilynkm  «(6)», nio pieuaunam  «(10.6)»,

SAMIHUMU (K To ) HAL KTy .

Ilynkm «(6)», nio pieuannam «(10.6), saminumu
T, gg » HA: Ty ».

19) 3wminm g0 A.1

Ihnkm  «(2)», «lIpumitka 3», samiHumu
«mmpuHa b B» Ha «mmpuHa b By.
Ihynkm  «(2)», nio  piguanuam  «(A.2)»,

3AMIHUMU KO =

&» HA: «O = ﬁ».
Ap Ap

Ilynkm «(2)», nio pisuanuam «(A.2)», nio «ae»,
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parameter” into: "modified slenderness".

Paragraph '(5)', change two times "slenderness
parameter” into: "modified slenderness".
14)  Modifications to Subclause 6.5

Paragraph '(3)', change "equations (6.11),
(6.12) and (6.13)" into: "equations (6.11) and

(6.12)".

Paragraph '(3)', Equation '(6.13)", add before
'l, =.....(6.13)" the word: "where".

15) Modification to Subclause 6.6
Paragraph '(1)', change the reference to
"6.2(2)" into: "6.2(1)".

16) Modification to Subclause 7.1

Paragraph '(1), add after the equation for 77_3 "
"for V,, s Se€ expression (5.2)."

17)  Modification to Subclause 9.2.4
h

‘Figure 9.4°, change "???" into: "< ZS

18) Modifications to Clause 10

Paragraph <(3)’, change "plate slenderness”
into: "modified plate slenderness”.

Paragraph  ‘(5)’, entry ‘a)’, change
"slenderness" into: "modified plate
slenderness”.

Paragraph ‘(5)’, entry ‘a)’, change reference to
"5.2(1)" into: "5.3(2)".

Paragraph <(6)’, below Equation ‘(10.6),
change "z, "into: "z "

Paragraph <(6)’, below Equation ‘(10.6),

change "z ¢, " into: "z, "

19) Modifications to Clause A.1

Paragraph ‘(2)’, ‘NOTE 3, change "the width
b in™ into: "the width b in".

Paragraph <(2)’, below Equation ‘(A.2)’,
change "5 = 2A into: "5 =
A, A

p

Paragraph (2)’, below Equation ‘(A.2)’, under



bt* _ bt*
12(1-07) 10,92
__ bt _ bt
_12(1—1/2)_10,92 '

3amMiHumu «= Ha.

«

Ilynkm «(2)», nio pienannam «(A.2)», nio «uey,
3aminumu «Z Ay » Ha: « Ag».
Ilynkm  «(2)», «Pucynox A.l», 3aminumu

36epxy cnpaea mexkcm «CJICMCHTU )I(OpCTKOCTi))
Ha «CJIEMCHT )KOpCTKOCTi».

Ilynkm  «(2)», «PucynHox A.l», 3aminumu
36epxy  cnpasea  mekcm — «KOJIOHKW»  Ha
«KOJIOHKQ.

Ilynkm «(2)», «Pucynok A.l», saminumu Ha
PUcyHky « by » na: « g ».

20) 3wminm 0 A.2.1
Ilynkm  «(6)», «PucyHox A.2», 3aminumu

«Asl > Ha: « Ay ».

Ilynkm «(7)», MyHKT CHHUCKY «a)», 3aMIHUMU
«ls» ma: « g ».

21) 3minm g0 A.2.2
Ilynkm «(1)», pieuanns «(A.4)», npyruit psamok

PIBHSHHS, 3aMIHUTH «a <@ » Ha «a < a,»

Ilynxm «(1)», suoaiumu OCMAHHIO

«I[Ipumitky».
22) 3minm g0 A.3

Ilynkm «(1)», nio pisnanuam «(A.5)», nio «ae»,
saminumu «J1as CTIHOK 3 JBOMa abo OUIbIIEH
Ha «J171s CTIHOK 3».

23) 3minm a0 B.2

Ilynkm «(1)», 3aminumu «a g, [1» na: «ag, .

crit

Ilynkm  «(1l)», eusmauenmna «a,», 3aminumu

(IPYXKHUN KPUTUYHHUHA OMIp» Ha «IpYXKHE
KPUTHYHE HAaBAaHTAKCHHSD.

24) 3wminm g0 D.1

«Pucynox D.1», cxema 3niea, euodanumu
cumeon «b,».

25) 3minm po D.2.1

JICTY-H B EN 1993-1-5:201X
bt*  bt®
12(1—02) 10,92

"where:", change "=

bt? bt®

into:"= 12(1-v?) 10,92

Paragraph (2)’, below Equation ‘(A.2)’, under
"where:", change "ZA5| "into: " A"

Paragraph ‘(2)’, ‘Figure A.1°, change in the
top right text "stiffeners™ into: "stiffener".

Paragraph ‘(2)’, ‘Figure A.1°, change in the
top right text "columns™ into: "column".

Paragraph ‘(2)’, ‘Figure A.1°, change in the
figure "b,, " into: "by ,".

20) Modifications to Subclause A.2.1
Paragraph ‘(6)’, ‘Figure A.2’, change "As 1"
into: " A"

Paragraph (7)’, list entry ‘a)’, change "lg"
into: "I, "

21) Modification to Subclause A.2.2

Paragraph ‘(1)’, Equation ‘(A.4)’, second line
of the equation, change "a<a_"into: "a<a_"

Paragraph ‘(1)’, delete the final 'NOTE".

22) Modification to Clause A.3

Paragraph ‘(1)’, below Equation ‘(A.5)’, under
"where:", change "For webs with two or more"
into: "For webs with".

23) Modifications to Clause B.2

Paragraph ‘(1)’, change "a, [I" into: "a,, [1".

crit

Paragraph ‘(1)’, definition of “a, [1”, change
"elastic critical resistance" into: "elastic critical
loading".

24) Modification to Clause D.1

‘Figure D.1°, left-hand sketch, delete symbol
Ilk)t lll

25) Modifications to Subclause D.2.1

89
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Ihynkm  «(1)», nepwuii psidox ma pieHsHHS
«D.1», o0ea paszu szaminumu «My» Ha:

«M gy

Ilynkm «(2)», 3aminumu «KoeodimieHT BTpatu
CTifiKocTi K, MOBMHEH npuiiMaTucs sK OuIbIIe

3Ha4YeHHs 3» Ha «KoedimieHT BTpaT CTIAKOCTI
K, TOBMHEH IpUiMaTHCS SK OLIbIIE 31 3HAYCHD

a) ta b):».

Ilynkm «(2)», nynkm cnucky «b)», euoarumu

b.
«re b=-"1y.
2

26) 3minum o D.2.2

Ilynkm «(1)», nepwuti psook ma pieHAHHS
«D.4», saminumu «Ngy a» na: «Vy, gq »-

Pisnanna «(D.6)» ma «(D.9)», saminumu « f,»

Ha: « fyw».

90

Paragraph <(1)’, first line, and Equation
‘(D.1)’, change two times "M, " into: "M o, "

Paragraph ‘(2)’, change "The buckling factor
k, should be taken as the larger of:" into: " The

buckling factor k_ should be taken as the larger
of a) and b):".

Paragraph ‘(2)’, list entry ‘b)’, delete "where
p=biw
2

26) Modifications to Subclause D.2.2

Paragraph ‘(1)’, first line and Equation ‘(D.4)’,
change "Vg, " into: "V, o "
Equations “(D.6)’ and ‘(D.9)’, change " f "

into: " fyw".
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Kuro4oBi cjioBa: miacTuHu, BTpaTa CTIMKOCTI, €IEMEHT JKOPCTKOCTI, €PEeKTUBHUN Mepepi3, METO

CKIHYEHHUX EJIEMEHTIB.

I'enepanbuuii qupexkrop TOB «Ykpaincbkuit
IHCTUTYT CTaJEeBUX KOHCTPYKIiH iM. B.M.
[IuMaHOBCHKOTO», A.T.H., TPOD.

3asimyBau Bimuiny, HIABTP (kepiBHUK
PO3pOOKHM), K.T.H.

KepiBuuk rpynu IK

KepiBuuk rpynu CHT /I

Kepiuuk rpynu HT/]

[TpoBigHUit HXEHED

[TpoBigHUit HXEHED

[TpoBigHuUit HXKEHED
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A. I'pom
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. JleBueHko
B. ApTtromenko
B. Camych
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