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IHEPEIMOBA

1 BHECEHO: ToBapucTtBO 3 00OMEXEHOIO BiANMOBIAATBHICTIO «YKPAiHCHKUN 1HCTUTYT CTaJEBUX
KOHCTpyKIii iMmeHi B.M. IllumMaHOBCHKOTOY

[MEPEKJIAZl l HAYKOBO-TEXHIYHE PEJIAT'YBAHHS: B. ApTiomenko, A. I'pom (kepiBHUK
po3poOkm), K.T.H., O. Kopayn, SI. Jleuenko, I'. Jlenaa, 51 Jlumap, K. IlaBnoBa, B. Camycs,
O. lInMaHOBCBLKHIA, JI.T.H.

2 HAJAHO YMHHOCTTI: naka3 MiHicTepcTBa PerioHATBHOTO PO3BUTKY, OYAIBHUIITBA Ta
YKUTIIOBO-KOMYHAJILHOTO TOCIIOAapCTBa YKpaiHU BiJl « » 20 Ne

3 Harionansuuii crangapt Biamosizae EN 1993-1-5:2006 Eurocode 3: Design of steel structures —
Part 1-5: Plated structural elements (IIpoekryBanHsi cranieBUX KOHCTpyKiiii. YactuHa 1-5:
[TnacTuHYACTi KOHCTPYKTHBHI ejeMeHTH). CTymmiHb BianoBigHocTi — inentnynuit (IDT)

[Tepeknaz 3 aHTIIICHKOI (en)

Heii cranaapt Bugano 3 10380,y CEN

4 YBEJIEHO BIIEPIIIE

IIpaBo BJIaCHOCTI Ha el JOKYMEHT HAJIEKUTH JIepKaBi.
Ieit noxyMeHT He MOsKke OyTH MOBHICTIO YU YaCTKOBO BiITBOPEeHNIi, THPAKOBaHU
i po3noBcropkennii Ak odiniine BugaHHA 0e3 103BOJIY
MinicTepcTBa perioHaIbLHOT0 PO3BUTKY, OYAIBHHITBA TA )KUTJI0BO-KOMYHAJILHOI0 FOCIIOJAPCTBAa Y KpaiHH
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HAIIIOHAJIBHUHA BCTYII

Lle#t cranmapT € ToroxauM nepekaagom EN 1993-1-5:2006 Eurocode 3: Design of steel
structures — Part 1-5: Plated structural elements (ITpoekTyBanHs craneBux KOHCTpyKii. YacTuHa
1-5: TInacTuHYACTI KOHCTPYKTHBHI CJICMEHTH).

EN 1993-1-5:2006 miarorosneno Texuiuaum komiterom CEN/TC 250, cexperapiaTom
saxoro kepye BSI.

Jlo HaIiOHAILHOTO CTaHJAPTY JOJIYUYEHO aHTJIOMOBHHM TEKCT.

Ha Tepuropii VYkpaiHum sK HalllOHAIBHUN CTaHZApT Ji€ JiiBa KOJOHKA TEKCTY
JICTY-H b EN 1993-1-5:2006 Eurocode 3: Design of steel structures — Part 1-5: Plated structural
elements (ITpoekryBanHs cTaneBux KoHcTpykuii. Yactuna 1-5: [TnacTuHYAcTi KOHCTPYKTHUBHI
CIIEMEHTH), BUKJIa/IcHa YKPATHChKOK MOBOIO.

BigmoBimno mo JIBH A.1.1-1-2009 «Cucrema crangaptusainii Ta HOPMYyBaHHS B
OyniBHUITBI. OCHOBHI TOJIOKEHHS» 1€l CTaHAApPT BITHOCHTHCS 110 KomIuiekcy B.1.2 «Cucrema
Ha/IIHHOCTI Ta Oe3MeKH B OYIIBHUIITBIY.

CraHgapt MICTUTh BUMOTH, K1 BIAMOBIIal0Th YUHHOMY 3aKOHOABCTBY.

HaykoBo-TexHiuyHa oprasizaiis, BiANOBijadbHAa 3a IeWd craHmapr, — ToBapuCTBO 3
00OMEXEHOI BIANMOBITANBHICTIO «YKpPaiHCBhKUN 1HCTUTYT CTalleBUX KOHCTPYKUid iM. B.M.
[IlnMaHOBCHKOTOY.

Jlo ctanaapTy BHECEHO TakKi peAaKIliiiHi 3MiHU:

- CJIOBA «IIe¥ MDKHAPOTHHUHA CTAHIAPT» 3aMIHEHO Ha «IIeW CTaHIapT»;

- CTPYKTYpHI eeMeHTH cTanaapty: «O0knanuuky», «llepenmoBy», «HarionansHuil BCTYI,
«Bu3nauenns moHATH» Ta «bibmiorpadiuni gaHi» 0QOPMIIEHO 3TiITHO 3 BHMOTaMHU
HalllOHAJIBHOT CTaH apTU3aIlil YKpaiHu;

- 3 «llepenmoBn mo EN 1993-1-5» y meit «HamionanpHMiA BCTynm» B3ATE T€, MIO
0e31oCcepeTHbO CTOCYETHCS IILOTO CTAHIAPTY,

- HalllOHAJIbHUU JOB1IKOBUI JOJATOK HABEJIEHO K HACTAHOBY JJI KOPUCTYBaiB.

[Tepenik HanioHanbHUX cTanAapTiB Ykpainu (JACTVY), inentnunnx MC, nocunanHs Ha K1
€B
EN 1993-1-5:2006.

Komii MC, HenpuiiHATUX SK HAI[lOHaJIbHI CTaHIApTH, Ha sKi € mocunaHHs B EN 1993-1-
5:2006, moxxna orpumati B ['onoBHOMY poHai HopmaTtuBHUX nokyMeHTiB 1T « YkpHIHL».
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Beryn
OcHoBu nporpamu €BpOKOAY
Cratyc Ta raixy3b 3acToCyBaHHs €BPOKOIB

HarmionanpHi cTaHgapTH, MO BIPOBAIKYIOTH

€Bpokoau
3B’s13KHU MDK €BpokogaMu Ta
rapMOHI30BaHUMU TeXHIYHUMU

crnenudikamisimu (ENs ta ETAs) nist Bupo6iB
Honatkosa iHpopMmarris moao EN 1993-1-5

Hamionaneuuii nogatok 10 EN 1993-1-5
1  3araabHi noJjoxkeHHs

1.1 Cdepa 3acTocyBaHHs

1.2 HopmaTtuBHI MOCHIaHHS
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Beryn
He#t  moxyment EN  1993-1-5:2006
miaroroBiaeHnii TeXHIYHUM  KOMITETOM
CEN/TC 250 «byniBensHi €Bpokoan»,
cekperapiaT sSKoro miarpumyerbest BSI

[HpoMy €BpomneiicbkkoMy cTaHAapty Oyme
HaJIaHUM  cTaTyc  HaliOHAJTBHOTO 3
MyOJIIKAIli€r0  IIEHTHUYHOTO TEKCTy abo
CXBaJIeHHsIM He mi3Hime KkBiTH 2007 poky i
npu CKacyBaHHI KOH(TIKTYFOUYHX
HAI[lOHAIBHUX CTaHJApPTIB HE Ii3HiIIe
oepesns 2010 poky.

vy BIMOBIAHOCTI 3 BHYTPIIIHIMH
noctanoBamu CEN/CENELEC narioHanbHi
OpraHd 31 CTaHAapTU3alii TakuxX KpaiH
3000B’s3aHl  3OIMCHUTH  IMINIEMEHTALIIO
bOr0 €BPOMNENCHKOr0 CTaHAAPTY: ABCTpIs,
benwris, Kinp, Yecvka PecmyOuika, Jlanis,
Ecronis, ®innsaaisa, Opannis, Himeuuunna,
I'peuiss, Yropmwuua, Icmanmis, Ipmanmis,
Itanmia, JlatBis, JlutBa, JlrokcemOypr,
Manbra, Hinepnanau, Hopgeris, Ilonbiia,
[opTtyranis, PymyHis, CrnoBauuuHna,
Crnogenis, Icmanis, [semis, [lIBeinapis i
O6'ennane KoposmiscTso.

Jlanuit €BpomneichbKUil CTaHAApPT 3aMiHIOE
ENV 1993-1-5.

CEN/TC 250 € BiAnoBiJaJIbHUM 3a BCl
BbynisenbHi €Bpokou.

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 CTAHJIAPT YKPATHU

€BPOKO/ 3: TIPOEKTYBAHHA CTAJIEBUX KOHCTPYKL[IPTU
YACTUHA 1-5: INTACTUHYACTI EJIEMEHTU KOHCTPYKUIN

EBPOKO/I 3: ITIPOEKTUPOBAHUNE CTAJIBHbBIX KOHCTPYKI_[I/{?I
YACTbD 1-5: INTACTUHYACTBIE 9JIEMEHTBI KOHCTPYKLIA

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

OcHoBu nporpamu €Bpokony

VY 1975 poui Kowmicis €Bponeticekoi CiibHOTH
BUpIIIMJIA PO3IIOYATH Mporpamy Aii y ramysi
OymiBHUIITBA Ha mmijcTaBi cratTi 95 JloroBopy.
Mertoro mporpamMu Oyj0 YCYHEHHS TEXHIYHHX
MEPemKkoa Ui TOPTiBIi Ta  Y3TOJKCHHS
TEXHIYHUX YMOB.

VY pamkax wiei nporpamu aii Komicis B3sna Ha
cebe  IHIIaTUBY  BCTAHOBUTU  CHUCTEMY
Y3TOJIKEHUX TEXHIYHUX IpaBUI ISt
MPOEKTyBaHHS OyniBenb 1 cHoopyna, $KI Ha
nepurii craaii Maau cayryBaTH ajJbTepHATHBOIO
YMHHUM HAllIOHAJHPHUM TPaBWIaM JIepiKaB-
YJIEHIB, a 3PEIITOI0 MAJIU 3aMIHUTH iX.

VYoponosx msTHaguatH pokiB  Kowmicis 3a
nonomororo PoGodoro komitery, 10 CKIamy
SIKOTO BXOJWJIM TPEACTaBHUKU JI€p’KaB-UICHIB,
BeJla PO3poOKy mporpamMu E€BpOKOJIB, sKa
npu3Bena 70 MyOsiKamii KOMIUIEKTY IepIIoro
MOKOJIIHHS €Bponeichkux KoiB y 80-X pokax.

VY 1989 poui Kowmicis ta aepxaBu-unenn EU
(Espomneiicbkkoi  CmimpHoTH) Ta  EFTA
(E€sponeiicbkoi Acomiarii Binbnoi Toprisii) Ha
ocuoBi yromu! wmix Komiciero Ta CEN

YuHHUN Bl

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

Yroma wmix Komicieto €sponelicbkoi CHibHOTH Ta
€BporneiickkuM  KomiTeToM 31 ctanmaprusanii (CEN)
mono poboth Hax €BpoOKOAaMH IS NPOCKTYBaHHS
Oyniseus i cniopyn (BC/CEN/03/89).

IAgreement 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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(€BporelcbKUM KOMITETOM 31 CTaHAapTH3aIlii)
BUPILIMIIM TIEpeiaTH MiATOTOBKY Ta MyOJIiKaIiio
€ppoxkoni CEN 3a momomMororo cepii MaH/aTiB,
o B pe3ynbTari Hajganmo O €BpokomaM Yy
MaiOyTHBOMY CTaTycy €BpOIEUCHKOTO
craunapry (EN). Lle nor’sizye €Bpokomu 3
nostiokeHHssMH [{upextuB Pagu 1 Pimmens Komicii
moao  €Bpomeichkux  cTaHmapriB  (ToOTO
JlupekTrBu Pamu 89/106/EEC 1010
OyniBensHux BUpoOiB — CPD — Ta Jlupektun
Pagu 93/37/EEC, 92/50/EEC Ta 89/440/EEC
BITHOCHO CYCHUIBHMX pPOOIT Ta mociayr i
€KBIBaJIECHTHUX JTUPEKTUB EFTA,
3all0YaTKOBAHUX 3  METOK  JOMOMOTTH
3aCHYBaHHIO BHYTPIITHBOTO PUHKY).

CrpykTypHa mporpama E€BpOKOJIIB BKIIOYAE
CTaHJapTH, fKI B OCHOBHOMY CKJIaJarOThCs 3
JEKITbKOX YaCTHH:

EN 1990 €Bpokon: OcHOBUM NpPOEKTYBAHHS
KOHCTPYKLIH

EN 1991 €spokon 1: [Iii Ha KOHCTPYKIIiT

EN 1992 €Bpokon 2:
3a11300€ TOHHUX KOHCTPYKIIIN

IIpoexTyBaHHA

EN 1993 €poxkoa 3: [IpoexTyBaHHS CTaleBUX
KOHCTPYKIIIN

EN 1994 €poxon 4: IlpoekryBaHHsS
CTaje3aj1i300eTOHHUX KOHCTPYKIIN
EN 1995 €spoxon 5: IlpoekryBaHHsS

JIepeB’ IHUX KOHCTPYKIIIH

EN 1996 €Bpokog 6: IIpoexTyBaHHs KaM’ SHUX
KOHCTPYKIIIH

EN 1997 €BpoKOJ 7: I'eoTexuiune
MIPOEKTYBaHHS

EN 1998 €Bpokon 8: IlpoexryBaHHsS
CeMCMOCTIHKHUX KOHCTPYKIIIH

EN 1999 €spokon 9: IlpoekryBanHs
AIIOMIHIEBUX KOHCTPYKIIIH

Crangaptu €BpOKOIiB BU3HAKOTh
BINOBIJAIBHICTh ~ PETYIATOPHUX  OpTaHiB

JepKaB-4eHIB Ta 3axXUIIalOTh iX MpaBO Ha
NpPU3HAYCHHS BEJIWYMH, fAKI TMOB’A3aHI 3

PETYITIOBAaHHSAM [MUTaHb Oe3mnexn Ha
HaI[lOHAILHOMY  pPiBHI ~ Tam, JiIé  BOHH
BIJIPI3HSAIOTHCS.

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 rajy3b 3aCTOCyBaHHS
€Bpokoais

HepxaBu-unenn EU ta EFTA Busnarotsh, 1o
€BpOKOJIM MIOTh SK €TaJOHHI JOKYMEHTH JUIS
TaKUX LIJIEH:

— gk 3aci0  JOBEIEHHS  BIJIIOBIIHOCTI
OyaiBelb 1 CIOPyX OCHOBHUM BHMOTaM
Hupexktusun Pamun 89/106/EEC, 30kpema
ocHOBHIM BuMO3i N°l — MexaHiuyHa
CTIMKICTh Ta CTaOLIBHICTH 1 OCHOBHIM
BuMO31 N°2 — IToxkexxHa Oe3rexa;

—  sIK OCHOBA JUIs YKJIaJaHHS KOHTPAKTIB JJIs
OymiBeNb 1 CIIOPY/ Ta IMOB’SI3aHUX 3 HUMH
IH)KEHEPHUX TOCIIYT;

— K OCHOBAa Ui CKIAQJaHHS Y3TOJDKCHHX
TEeXHIYHUX crerudikanii 1y OyaiBeTbHUX
BupoOiB (ENs Ta ETAS).

€BpOKO/IM, OCKUIBKM BOHH 0e3mocepenHbo
BIJTHOCSTHCSI 10 OYMIiBEIIbHUX CIOPYH, MAalOTh
NpAMHUI 3B’30K 3 TIIYMAUHUMH JOKyMEHTaMH>
po3ainy 12 CPD, He3Baxaroum Ta T€, M0 BOHU
MalTh PI3HY NPUPOLY 3 TapMOHI30BAaHUMHU
cTanjapraMp  Ha BupoOu°. Takum duHOM,
TEXHIYHI  aCIeKTH, SKi  BUIUIMBAIOTh 3
€BpokoaiB /i OyaiBenb 1 cropys, NOBUHHI B
MOBHIN Mipl OyTH pO3ISIHYTUMHU TeXHIYHUMHU
komiteramu CEN Ta/uum pobGouynMu IpynaMu
EOTA, saxi po3poOisdioTh CTaHAapTH Ha
OyaiBeNbHI BUPOOHW, 3 TO3WIIH JOCATHEHHS
MOBHOI CYMICHOCTI T€XHIYHUX crenudikaiiii 3
€BpoKkogamu.

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.

2Bignosizuo 10 c1. 3.3 noxymenta CPD ocHOBHI BUMOTrH
(ER) oTpumaroTe KOHKpeTHY GOopMy y TIyMadHHUX
JOKYMEHTaX JUIi CTBOPECHHS HEOOXITHUX 3B’S3KIB MiX
OCHOBHHMU BAMOTaMH Ta MaHIaTaMu JUTS
rapmoHizoBanux EN ta ETAG/ETA.

SBignosigro mo cr. 12 CPD TIAyMadHi JOKYMEHTH
MAaIOTh:

a) KOHKPETHU3YBaTH OCHOBHI BUMOTH IIIOJI0 TapMOHI3aIii
TepMiHOJIOTIi 1 TexHIYHOI 6a3M, i3 3a3HAYCHHSIM KJaciB
a0o piBHIB 1715 KOXKHOT BUMOTH y pa3i moTpedu;

b) BkazaTi MeTOIM HaBEIEHHS CIiBBiIHOIIEHD MIX UMK
KJacaMu a00 piBHAMH BUMOT i3 TEXHIYHUMH BUMOTaMH,
HalpHKIaJ, METOAN PO3PaXyHKy 1 IepeBipKH, TEXHIUHI
IIpaBuJIa IPOEKTYBAHHS 1 T. 1H.;

C) cayryBatu PEKOMEHALIEO JUISL HaBeJICHHS
Y3TO/DKEHUX CTaHAAPTIB 1 HACTAHOB 11 €BPONENCHKOTO
TEXHIYHOTO YXBaJICHHSI.

€BpoxoaM (HaKTHYHO BiAIrparoTh NOAIOHY poib y cdepi
ER 1 igactuni 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.
3According 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 €BpoOKOIiB pEerIaMeHTYIOTh
3arajbHi  MpaBuja  MPOCKTYBaHHA  JUIS
MPAKTUYHOTO BUKOPUCTAHHS BCIX KOHCTPYKIIH
Ta iX KOMIIOHEHTIB SIK TPaJUIIMHOrO, TaK 1
IHHOBAIIIMHOTO XapakTepy. YHiKaabHI (OpMH
KOHCTpYKLii a00  yMOBM  NIPOEKTYBaHHS
CHEIlaJIbHO HE OXOIUTIOIOTHCSA, 1 B TaKUX
BUIIAJIKaX IIPOEKTYBAJIbHUKY notpideH
JIOAATKOBUH €KCIIEPTHUNA PO3TJISIL.

HauionajbHi cranaapru,
10 BIPOBAKYIOTH €EBPOKOIM

HarmionanbHi cTraHaapT, L0 BIPOBAKYIOTh
€BpOKOAM, 3aBXKIU BKJIIOYAIOTh IMOBHUM TEKCT
€Bpokoy (BKIIOYAIOYH BCi JOJIATKH), BUJAHUH
CEN, SIKOMY MOXYTh IepeayBaTu
Hamionansuuit TUTYJIBHUI JIACT Ta
HamionansHa nepeaMoBa, a TakoX MOXKYTh
CYIpOBOJUKyBaTHCS HallioHanbHUM J101aTKOM.

HarionanbHU#  J0MaTOK  MOXXKE  BKIIHOYATH
iHpopMalio BiTHOCHO THUX NapaMeTpiB, sKi
3aNUIIAINCS BIAKPUTUMU B E€BpoOKOIax JUIs
HAI[IOHAIBHOTO BUOOPY, BiIOMI SIK HAllIOHAJILHO
BU3HAYCHI MapaMeTpH JJIsi BUKOPUCTAHHS TPU
MPOEKTYBaHHI  OyaiBenb Ta  IHXKCHEPHHX
CHopyl, 1o OyayTh 3BEACHI Yy 3alliKaBJCHIH
KpaiHli, a caMe:
— 3Ha4YeHHS YJaCTKOBUX Koe(illieHTIB
HaJIHHOCTI Ta/abo KiIacudikaiiro

BI/IHaI[KiB, JJIA AKHUX €BpOKOI[ PCrIIaMEHTYE
BUKOPUCTAHHA AJIBTCPHATUB,

— 3HAuYEHHS, K1 CJiJl BAKOPHCTOBYBATH TaM,
ne B €BpOKO/Il HABEJIEHO TUIHKUA CHMBOJT;

— cneuudiyHi JgaHi kpaiHu (reorpadivi,
KJIIMaTH4HI TOIIO), HANPUKIAI, KapTta
BITPY;

- KOHKpCTHi MCTOAMKHU JIA THX BI/IHaI[KiB,

KOJIN €BpoKoJ periiaMeHTye
BUKOPHUCTAHHSI aJIbTEPHATHUB.

Bin Moxe Takok MICTHUTH:

— peKoMeHparii 1010 3aCTOCYBaHHS

JIOBIJIKOBHUX JOJATKIB;

— TIOCWJIaHHS Ha JI0JIaTKOBY iH(pOpMAIlito,

sAKa HC CYIIEpCUYUTDH HOpPMAaTUBHUM
BUMOTaM 1 JOIMOMarae Mmpu KOPUCTYBaHHI
€BpoOKOIAMHU.

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 €BpokogamMu
Ta rApMOHI30BAHNMH TeXHIYHUMU
cnenugikanisvu (ENs ta ETAS) nius
BHPOOIB

HeoOxigna Y3TOKCHICTh MIX
rapMOHI30BaHUMU TEXHIYHUMU
cneuu@ikanisMu Uit OyAiBeNTbHUX BUPOOIB Ta
TEXHIYHUMH MPaBUIIAMHU JIJIs1 OyIIBENb 1 CIIOPY/T
ta OyniBenbHHUX poOiT. KpiM TOro, y moBHii
iHdopmartii, sika cynpoBokye CE MapKyBaHHS
OyIiBeNbHUX BUPOOIB 1 Mae BITHOLICHHS [0
€BpoKO/iB, Mae OyTH 4YITKO 3a3HA4YeHO, SKi
HAI[IOHAJIBHO BU3HAYEHI MapaMeTpu Oynu B3ATI
710 yBarw.

JMoxaTkoBa indopmanis
moxao EN 1993-1-5

B EN 1993-1-5 wHamani BkasziBKM  UId
MPOCKTYBaHHS  CTAJIEBUX  KOHCTPYKIIH  Ta
pO3paxyHKy 3’€qHaHb TpPU  IPOSKTYyBaHHI
OyniBenb Ta iIHKEHEPHUX CHIOPY/I.

EN 1993-1-5 npuszHaveHuit )11 BUKOPUCTAHHS
3aMOBHHMKAaMH, MPOSKTYBAITbHUKAMH,
MIIPSATHAKAMHE 1 BIJMOBITHUMHU JCPKaBHHUMH
OpraHaMHu.

EN 1993-1-5 npusHaueHuit Ui BUKOPUCTAHHS 3
EN 1990, immmmum wactmaamu EN 1991 i
EN 1992-1999 nnst npoekTyBaHHS KOHCTPYKLIiH.

HauionaanbHuil 101aTOK
x0 EN 1993-1-5

Y 1upoMy cTaHgapTi HaBeAEHI allbTepHATHUBHI
METO/H, OI[IHKH 1 PpEKOMEH/AIlli 3 MPUMITKaMH,
AKi  BKa3ylTh, [JIé HEOOXiIHO 3poOuTH
HalllOHAJIbH1 BUOID. Takum YUHOM,
HaI[IOHAJILHUN CTaHJApT, SKUHA IMIJIEMEHTYE
EN 1993-1-5, nmoBunen maru HarmioHansunit
JOJIaTOK, IO SIKOTO BKIIFOYEHO yCi HAI[IOHATBEHO
BHU3HAUEHI MapaMeTpH, KI BUKOPUCTOBYIOTHCS
MIPH TIPOEKTYBaHHI CTaJIEBUX KOHCTPYKIIIH, IO
OyayTh oOy10BaH1 y BIIMOBIAHIN KpaiHi.

HamionansHuii BUOID JI03BOJIEHO y
EN 1993-1-5 3a gomomoroxo:

-2.2(5)

-3.3(1)

—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(1)
—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(1) ~9.1(1)
—9.2.1(9) —9.2.1(9)
—10(2) ~10(2)

— 10(5) — 10(5)
—C.2(2) ~C.2(2)
—C.5(2) —C.5(2)
~C.8(1) —C.8(2)
—C.9(3) —C.9(3)
~D.2.2(2) —D.2.2(2)



1 3AT'AJIBHI NIOJIOKEHHSA
1.1  Cdepa 3acrocyBanus

1) B EN 1993-1-5 mnpuBeaeni mnpasuia

NPOEKTYBaHHS 1  PO3PAaxyHKy  CJIEMEHTIB
KOHCTPYKLIH, 10 CKJIJIA0ThCS 3
IUIACTUHYATHX  JIMCTIB, SKi  CIIPUHMAIOTh

HABAaHTa)XCHHS B TUIONIMHI JIUCTA 3 eJIEMEHTAMH
JKOPCTKOCTI 200 0e3 HuX.

(2) Jlani mpaBuIa MOMKPIOIOTHCS TAKOXK Ha
Hecyyl  Oanku 3 METaleBOro  JIUCTa
JBOTaBPOBOTO TEpepizy i KopoOuacTi Oaynku, B
SKUX BHUHUKAIOTh HEPIBHOMIPHI PO3MOILIN
HANIPY)KCHHS. BHACIIJOK e(eKTy 3CYBHOTO
3aMi3HIOBAHHS, a TaKOoX BTPaTH CTIMKOCTI

(BUITyqyBaHHS) IIJJACTUHYACTHX
KOHCTPYKTUBHUX €JIEMEHTIB pu aii
HOPMAJIBHOTO HaIlpyKEeHHS abo pu

OJIHOYACHIA i HOPMAaJbHOTO 1 JOTHUYHOTO
HAIPYKCHb.

Mpumirka 1. IlpaBuna B wiif 4acTHHI JOIOBHIOIOTH
npaBwia JJsl HONepeyHuX mnepepisiB kiacis 1, 2, 3 1 4,
mmB. EN 1993-1-1.

Ipumirka 2. TIpaBmna, o0 MTOMMPIOIOTECS Ha THYYKI
IUTACTHHM 13 3MIHHAM HOPMAaJbHHM HANPYKCHHIM i
HaNpy>XeHHAM 3CYBY, SIKIi MOKYTh IPU3BECTH 1O BTOMH
BHACTIJIOK TIOTIEPEYHOr0 3THHY IUIACTHHU (JIMXaHHS
mucta), HaBeaeHi EN 1993-2 i EN 1993-6.

Mpumirka 3. TlpaBuia, 1m0 pPO3NOBCIODKYIOTBCS Ha
BIUIMB HAaBaHTA)XEHb 11032 IUIOUIMHOK JIMCTa 1 Ha
CIOJIy4eHHS] Jii HaBaHTaXXCHb B IUIOLNIMHI Ta m03a
[JIOLIMHOO iucTa, HaBeneHi B EN 1993-2 1 EN 1993-1-7.

IMpumirka 4. Okpemi noss JucTa MOXKYTh PO3TIISLIATHCS
SIK TUTOLIMHHI, SIKIIO JUIS Paiycy KPUBH3HU CIIPaBEJTUBO
HaCTYIIHE!

r=

J¢ a — IIHpHHA INTOIIWHY JIMCTA,
t — ToBmIMHA JIHCTA.

1.2  HopmaTuBHIi MOCHJIAHHS

(1)  Lleit €Bponeiicbkuii cTaHIAPT MICTHTD Y
BUTJISAJII JATOBaHUX a00 HETATOBAHUX MOCHUIIAHb
MOJIO’KEHHS 1HIIMX myOnikamii. {1 HopmaTuBHI
MOCUJIAaHHS HAaBEJIeHI Yy BIAMOBIIHUX MICIAX
TEKCTYy Ta BHECEH1 J0 CIUCKY mmyOumikamii. J{ms
JMAaTOBAaHUX TMOCHUJIaHb HACTYIHI MOMpPaBKU abo
3MIHM B OyIp-fKMX 13 LHMX MyOmikarmii
MPUIMAIOTHCS IIUM €BPOIEHCHKUM CTaHAAPTOM
TUTBKH TOMI, KOJW IIi TIONMpaBKH a00 3MiHU

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

1.1  Scope

Q) 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:

a2
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. [l HeIaTOBaHMX IIOCHJIAHB
3aCTOCOBYETHCSI OCTaHHS PEAAKIIisl MyOmiKalii.

EN 1993-1-1 €Bpokon 3. IlpoektyBaHHS
cTayieBUX KOHCTpyKIid. Yactura 1-1. 3aranpHi
npaBuJja 1 mpaBuiIa sl OyiBeb.

1.3  Tepminu i BUSHAYEHHS

Y upoMy CTaHAApTI  BUKOPHCTOBYIOTHCS
HACTYIHI TEPMiHU Ta TTO3HAYCHHS:

1.3.1 [Ilpysicne Kpumuune nanpyscenHs

HampyxeHHsT B €IE€MEHTI  KOHCTPYKIIii,
JOCSTHYBIIIA SIKOTO E€JIEMEHT CTAa€ HECTIHKUM,
BiIOYBa€ThCS BUITyYEHHs (BTpaTra CTIHKOCTI)
CIEMEHTY TIpU  TPYXHIH  poboti  yciel
KOHCTPYKIIIi.

1.3.2 Memobpanne nanpyxrcennsn

HampyxeHHs B cepeirHI IUTOMWHYU TUTACTUHH.

1.3.3 [Ilonepeunuit nepepiz 6pymmo

Best moma momepedHoro mepepilzy eIeMeHTY
KOHCTPYKIIi 0e3 BpaxyBaHHS MEPEPUBYACTUX
MIO3/IOBXKHIX €JIEMEHTIB KOPCTKOCTI,
CIONyYEHUX JIUCTIB ab0 JHCTIB I 3aKPUTTS
CTHKY.

1.3.4 Egexmusna naowa
nepepisy i epexkmuena wuupuna

nonéepeunoco

[Tnoma nepepizy OpyTTO ab0 MHUpPUHA TIEpepi3y
€JIEMEHTY, 3MEHILIeHa Ha AUISTHKY a00 JTOBXHUHY
MJIACTUHHU, BHACTIOK BTpPaTH iX CTIMKOCTI Bif
Ji1 HOpMaJNbHOTO a0 JOTUYHOI'O HAIPY)KEHHS
abo BIJ iX cOuIbHOI Aii 1 edeKTy 3CyBHOro
3aIi3HIOBaHHS; MTOHATTA: "edexTuBHUHL"
KJIaCU(IKYIOTh TAKUM YHHOM:

“ehekTUBHUIP” BpaxoBye eQeKT BTpaTu
CTIMKOCTI  (BMUIy4€HHS)  IUIACTUHU  BIJ
HOPMAaJIbHOI'O HAIIPY>KEHHS,

“e(eKTUBHUI>" — BpaxoBye e(eKT 3CYBHOTO
3aIi3HIOBAHHS;
“eexTUBHUI" BpaxoBye e¢eKT BTpaTu
CTIHKOCTI  (BHUIy4eHHs)  IUIACTUHU  BiJ
HOPMAJIFHOTO  HANpYXXEHHS 1  3CYBHOTO
3aImi3HIOBAHHS.

1.3.5 Koncmpykuyia 3 iucmosozo npoxamy

KoHCTpyKIlisi, M0 CKIANAEThCS 3 TUIOIIUHHHUX
aucTiB - (cmyroBa  abo  JIMCTOBAa  CTallb);
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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



MJIONIMHHI METaJeBl JUCTH MOXYTh MaTH abo
HE MaTH €JIEeMEHTIB JKOPCTKOCTI.

1.3.6 Enemenm scopcmxocmi

[Inactuan  ab6o mnpodimpHI  CTEpkHI, SKi
NPHETHYIOTBCS  JI0 METAJIEBOTO JIUCTA  JUIS
3amoOiraHHs  BTpaTH  CTilikocTi abo s
MIJICUJICHHS JIUCTA TIPU MPUKJIAAaHHI MiCIIEBOTO
HaBaHTA)KCHHS; CIEMEHTH JKOPCTKOCTI
BH3HAYAIOTHCS SIK:

— TIO3JOBXHI €JIEMEHTH JKOPCTKOCTI, SKIIO
BOHM TIPOXOMISTH IMapajlebHO OCI EJIEMEHTY
KOHCTPYKLIi;

— TIONEpPeYHl €JNEeMEHTU JKOPCTKOCTI, SKIIO
BOHM  MPOXOIATHh  TEPIEHINKYISIPHO  OCi
€JIEMEHTY KOHCTPYKIII.

1.3.7 ZKopcmka naacmuna (nucm)

[TnactiHa (MeTaneBHid JIMCT) 3 MONEPEYHUMHU
a00 TO3/I0BXKHIMHU €JIEMEHTaMHU KOPCTKOCTI ab0
3 TUMH 1 1HIIIUMH.

1.3.8 Cekuin

['Hyuka rutacTuHa (MeTaJeBUl JIMCT), 3aXUILEHa
nosicaMu 1/ab0 eJIeMeHTaMH JKOPCTKOCTI.

1.3.9 Bimemaneea 6anka

banka 3 JHCTOBOrO mMpoKaTy pi3HUX MapokK
cTajl I MOSICIB 1 CTIHOK, s BKa3aHUX
MpaBUJI MPUMMAETHCA BUIA MapKa CTami Ui
MOSICIB, HI’K JUISI CTIHKH.

1.3.10 Ilpaeuno 3naxie

3yCHIIsl CTUCKAHHSA 1, BIATIOBITHO, HAIIPY KEHHSI
CTHCKAHHs, SAKIIO HE  HaBeAeHl  1HI,
MPUIAMAIOTHCS 3 TIO3UTUBHUM 3HAKOM.

1.4 ITo3nauenns

(1) YV  [ONOBHEHHA 10  IIO3HAYEHb,
npuBeneanx y EN 1990 i EN 1993-1-1,
3aCTOCOBYIOTH HACTYIIHI:

A — CyMapHa IUIOIa YCiX TIO3/I0BXKHIX
€JIEMEHTIB JKOPCTKOCTI TMIJICUIICHOT TUIACTHHH
(;tucta);

A — IJI0LIa MOMEPEYHOro nepepizy OpyTTo
MOTIEPEYHOTO SJIEMEHTY KOPCTKOCTI;

A —eQpexTMBHa  IUIOIIA  IIONEPEYHOrO
nepepizy;

A, —edexTuBHa

nepepizy (mpu BTpaTi CTIHKOCTI TUIACTUHU Bif

sl

st

IIoma MOMNEPpCUIHOTO
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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

@ 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;

c,eff
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JIi1 HOPMaJIbHOTO HAIPY>KEHHS);
A, ot 10c— CPEKTHBHA  TIOImIA  TIOIIEpEYHOrO

mepepizy Mmpu BTpaTi MICHEBOI  CTIMKOCTI
IUTACTUHU BiJ Jii HOPMAJIBHOTO 1 MICIEBOTO

HaIpyKCHb;

a — JIOBXWHA TUIACTUHH MK €JIeMEHTaMHU
JKOPCTKOCTI a00 0e3 HUX;

b — IIUpUHA TUIACTHHUA MIXK eJIEMEHTaMHU
JKOPCTKOCTI ab0 6€3 HuX;

b, — BUIbHA IMUPUHA MK  3BapHUMH
IBAMU;

by  —edexkruBna® mmpuHa TpH  edekTi

3CYBHOT'O 3alli3HIOBaHHA B TPYXHIH cramii
poboTu;

F.y  — po3paxyHKOBE 3HAUCHHS MOTIEPEYHOTO
3YCHILIS,

h, — BUCOTA CTiHKH MIX I10CaMH;

Ly —edextmBHa  moBkHMHA ~ Tpu il

HOMNEPEYHNX 3yCHIIb, TUB. PO3ALI 6;
M py —PO3paxyHKOBE  3HA4€HHs  HECy4oi
3IaTHOCTI TOTIEPEYHOTr0 Tepepi3y MpH 3TUHI 3
ypaxyBaHHIM PO3BUTKY IUTACTUYHUX
nedopmarti, AKIIO  TOpU  PO3PAXYHKY
BPaXOBYIOTBCS TIIBKU TOSICH OAJIKH;

M rs — PO3DaxyHKOBE  3HAYEHHS  HECY4Ol

3IaTHOCT1 MOMEPEYHOro IMepepizy Mpu 3TUHI 3
BpaxyBaHHSIM PO3BHUTKY TUTACTHYHUX
nedopMmariiii  (HesaslexHO Bix Kiacupikarii
nepepizy);

M, —po3paxyHKOBE 3HA4E€HHsS 3TMHAJIBHOTO
MOMEHTY;

Ng; —pO3paxyHKOBE 3HAU€HHs  OCbOBOL
CHUIIH;

F.y —po3paxyHKOBE 3HAa4€HHs JIOKAJILHOTO
3YCHJUIA;

t — TOBIIIMHA JIUCTA;

Voy  —PO3paxyHKOBE 3HAYEHHS IONEPEYHOI
CWJIM TIPH 3THHI 13 3aKPYUyBaHHSIM;

Wy,  — npyxuuit MOMEHT Oropy
e(eKTUBHOTO TIepepizy;

Jij — Koe(iIieHT, mo BpaxoBye eheKTUBHY"
HIUPUHY npu IPYKHOMY 3CYBHOMY
3aITI3HIOBAHHI;

(2) [HI11 MO3HAYEeHHS BU3HAYEHI B TEKCTI.
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A, i 1oc EFfectiveP 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;

b,  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, rs design plastic moment of resistance of

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

Mg, design bending moment;

Ng, 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;

yij effective® width factor for elastic shear
lag;

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



2 OCHOBHU TIIPOEKTYBAHHA I
MOJEJIFOBAHHA

2.1 3arajbHi MoJI0KeHHS

()P  BrumB edexTy 3CyBHOrO 3ami3HIOBaHHS
1 BTpara CTIKOCTI IJAaCTUHU MAlOTh OyTH
BpaxoBaHi MPH PO3paxyHKY HECY4Oi 3JaTHOCTI
a0o BTOMHOI MIIIHOCTI 3a T'pPaHUYHUMH
CTaHaMH.

Ipumirka. Buxopucrani B mboMy CTaHIApTi YacTKOBI
xoedilienTy Oesmexu y, Ta ¥,, BKa3aHi i Pi3HHMX

chep 3acrocyBaHHs B  HarioHampHUX — JomaTKax
EN 1993-1 — EN 1993-6.

2.2 Metoauka Bu3HaYeHHsI epeKTUBHOI
IIHPUHHU MPH CTATHYHOMY PO3PaXyHKY

(1)P  BrmumB edexTy 3CyBHOTO 3ami3HIOBaHHS
1 BTpaTH CTIHKOCTI HA YKOPCTKICTh €JIEMEHTIB 1
3'€¢JHAHb ~ TIOBUHEH  BPAaxOBYBaTHCA  TIpU
CTaTUYHOMY PO3PaXyHKY KOHCTPYKIIii.

(2) BrnuB edexTy 3cyBHOro 3ami3HIOBaHHS
MOSICIB MPU  CTaTUYHOMY  PO3PaxXyHKY
KOHCTPYKIIii BPaXOBYEThCSI 3 BUKOPUCTAHHSM B
po3paxyHKy  epeKTHBHOI®  mmpuHH. Jljis
criponieHHs: epeKTHBHA® MIMPHHA MOXE OyTH
NPUIAHATA TIOCTIHHOK 1O BCId  JIOBXKHUHI
MIPOTOHY.

(3) YV HepospizHux Oankax IS KOKXHOTO
nporony eeKTHBHA® MIMPHHA TMOSCIB MOBUHHA
NPUIMATHACS MEHIIOK 33 IMIUPHHY MOsCY, Y
TOMYy 4YuCI 1 Ha pguissHii  L/8  moBkuHHM
IPOTOHY BiJl KOXKHOI oniopH, e L — mporin a6o
Mo/IBiHA JOBXHHA KOHCOJI.

(4) BmmB  edekry BTpaTH  CTIHKOCTI
IUIACTHHA TIPU CTAaTHYHOMY pO3PaxyHKY B
IpYXHIN crafii BpPaxoBY€ThCS 3
BUKOPUCTAHHSAM B pPO3PaxyHKy e(eKTHBHOI
IUIOII TOMEPEeYHOro mepepizy, Ha SKy IiIOTh
cTucKaro4i 3ycuiuist (aus. 4.3).

(5) pm CTaTUYHOMY PO3paxyHKy
KOHCTPYKIIi BIUIUB €(EeKTy BTpaTH CTIHKOCTI
IVIACTHH  ITHOPYEThCS, SIKMO  edekTuBHaP
IUIOIIA TOTIEPEYHOr0 Tepepi3y CTHCHYTOTO
€IEMEHTY  IEPEBUIYyE€  3HAYCHHA PO,
MIOMHO’KEHE Ha IUIONIY TOMEPEeYHOTO IMepepizy
OpyTTO IILOTO €JIEMEHTY.

Ilpumirka 1. I'pannune 3HaueHHs p,  Moxe OyTu

BKazaHO B HarmioHanpHOMY nomatky. PexomenmoBaHe
3Havenns p, =0,5.

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

2 BASIS OF DESIGN AND
MODELLING

2.1 General

()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 is recommended.

11



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

Mpumirka 2. Bka3iBku 1mo10 BH3HAYCHHS >KOPCTKOCTI
JUTS BUIAJKY, KOJTH BUMOra (5) He JOTPUMYEThCS, TUB. B
noaarky E.

2.3  Brpara criiikocTi MJIaCTHH eJ1eMEHTIB
MOCTIiHOT0 MONEPEeYHOro nepepisy

1) Meroau  BusHaueHHS  e€()eKTUBHOI
HIMPUHA TIPU Ji1 HOPMAIBLHOTO HAIPY)KCHHS,
METOAM BH3HAUEHHS HECydoi 3JaTHOCTI TNpHU
BTpaTi CTIMKOCTI BiA 3CyBy 1 mpu BTpari
CTIMKOCTI ~ BHACHiZOK  Oii  MOMEpPEeYHHX
HAaBaHTAXKCHb, a TAKOXK NPH iX CHUIBHINA 1ii B
IPaHUYHOMY CTaHI MOXYTh OyTH BHUKOPHUCTaHI,
SKIIO JOTPUMYIOTBCSI HACTYITHI YMOBH:

— TaHeJl IUTACTHH TPSIMOKYTHI 1 mosicH
MPOXOJIATH MapaliebHO;

— JiaMeTp HEmiJICMIEHUX OTBOpPIB abo BHPI3iB
HE IIOBUHEH MePEeBUIILYBaTH 0,05b,

ne b — mpuHa maHeni IacTHH.

IIpumirka. IIpaBunamu JIOIyCKA€THCSA TaKOXK
3aCTOCOBYBAaTH HE MPSIMOKYTHI MaHENl IJIACTHH, SKIIO

it kyra o, (muB. pucyHok 2.1) cnpaBeqinBa ymMoBa

limit
a, <10, dxmo «

IUIACTUHU JIOIYCKA€ETHCS PUNMATH YMOBHY IIPSIMOKYTHY

>10", 10 B sKxocti mamemi

limit

naHeb i3 OiMBIMM 3 IBOX po3Mipis b i b, mmactusm.

//a

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

2.3  Plate buckling effects on uniform
members

Q) 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

limit
than 10 degrees. If ¢, exceeds «, , >10", panels may
be assessed assuming it to be a rectangular panel based

on the larger of b andb, of the panel.

il

o

Pucynok 2.1 — BusHadeHHs KyTa o

Figure

(2) [Ipu po3paxyHKy Hecydoi 3JaTHOCTI i
BTOMHOI  MillHOCTI  edekTuBHA®  IUIOIIA
nepepizy NpUHAMAEThCS y BHIAAKAX, KOIHU
BUKOHYIOTbCSI yMOBH, HaBeneHi B 3.1. Ilpm
pO3paxyHKy 3a  TpPaHWYHUMH  CTaHAMHU
epeKTHUBHA IUIOLIa Tepepizy NpUHMAaeThCs
3riaHo 3 3.3, 3amiHtoroun f Ha fB,.

24  Mertoauka PO3PaxyHKy no
NPHUBEICHOMY HAINIPYKEHHIO

(¢D)] B sikocTi anbTepHATHBY BUKOPUCTAHHIO
METOIUKH BU3HAUCHHS €()EKTHBHOI® IIUPUHH
Ipy BHU3HAYEHHI HOPMAIBLHOTO HAIMPYXEHHS,
3TiTHO 3 BUMOTaMH PO3/iIiB 4 — 7, MOnepeyHi

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 g 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



nepepizu MOXYTh OyTH TPUHAHATI SK IS
mepepiziB kimacy 3, SKIIO  HOpMallbHE
Hallpy>KeHHsI ~ JUJI1  KOXXHOI  TaHem — He
IIEPEBUINYE TPAHUYHUX 3HAYECHb, BU3HAYEHUX
B1JIMTOB1THO 10 po3airy 10.

Ipumirka. MeTtoguka po3paxyHKY 3a TNIPHUBEICHUM
HaIpYXXEHHSAM U1l OKPEMHX IUIACTHHYACTUX EIEMEHTIB
BIAMOBiJa€ METONYy pPO3PaxyHKy 3 e(eKTUBHOIOP
mupuHolo  (muB. 2.3). Ilpote mnpu mnepeBipkax
HaIpyKECHHS HE BPaXOBYETHCS 3MEHIIICHHS

HABAHTAXKEHHS MDK I[UIACTHHYACTUMHU EJIEMEHTAMHU B
MOMIEPEYHOMY TIepepisi.

2.5 EjJeMeHTH KOHCTPYKUii 3i 3MiHHHM
nepepizom

(1) B eneMeHTax KOHCTPYKIIi# 31 3MiHHUM
nepepizoM (eNeMEeHTH 3 BYTaMH, IMaHem 3
HemapajieJbHUMH TI0sicaMK) ab0  eJeMEeHTax

KOHCTPYKIIii 3 peryiasipHUMU a0o
HEPETYISAPHUMU BEIIMKUMU OTBOPaMH
JOITYCKAETCS 3aCTOCOBYBaTH METOJ

CKIHYEHHHUX EJIEMEHTIB.

Npumirka 1. B pomatky B HaBeneHi BkasiBKH uis
€JIEMEHTIB KOHCTPYKIIH 31 3MiHHHM TEepepi3oM.

Ipumirka 2. B momatky C HaBemeHI BKa3iBKH [0
PO3paxyHKy 3a METOI0M CKiHdeHHHX ejeMeHTiB (MCE).

2.6 EaemeHTH KOHCTPYKILii 3
ro)poBaHMMH CTiIHKAMH

(1) Ipm PO3paxyHKy €JIEMEHTIB
KOHCTPYKLINH 3 TO(ppOBaHMMHU CTiHKaMH, SK
MPAaBWJIO, 3THHAJIbHA JKOPCTKICTh 3aJICKUTH
TIJIBKU BiJ MOSCIB, CTIHKU CIPUIMAIOTh JIUIIE
3YCHIUIS 3CYBY 1 ITOTICPEYHI HABAHTAXKSHHSI.

Ipumirka. B jmomarky D  HaBemeHi mpaBuia
BHU3HAYEHHS PO3PAaXyHKOBHMX IapaMeTpiB 3a BTPATOIO

CTIMKOCTI CTHCHYTHX MOSCIB i 32 HECY4YOI 3[aTHICTIO
CTIHKH TIPH 3CYBI.

3 BPAXYBAHHA EDEKTY
3CYBHOI'O 3AINIIBHIOBAHHA IIPHU
PO3PAXYHKY EJIEMEHTIB

3.1 3arajbHi M0JI0XKEHHS

1) B nosicax JIOTTYCKAETHCS HE
BpaxoByBaTH €(eKT 3CYyBHOIO 3aIli3HIOBaHHS,
SKIIO BUKOHaHa ymoBa /f, <L, /50. [lns
YaCTUH TMOSCIB 3 OJHOCTOPOHHBOIO OIOPOIO
IMpHrHa nosicy b, BiAMOBinae HasBHIN MIMPUHI

MosICy, JJII YacTHH TIOSCY 3 JIBOCTOPOHHBOIO

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

@ 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 g, <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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omoporo b, HOpiBHIOE TONOBHMHI IIMPHHU
nosicy. JlopxuHa L, IOpiBHIOE BiJCTaHi MikK

HYJIbOBUMH TOYKAMH JIFOYUX MOMEHTIB, IHB.
3.2.1(2).

(2)  Sxwmo Bkazana B (1) ymoBa misa b, He
BUKOHYETHCA, TO TPH OIIHII  HECydoi
3IaTHOCTI 1 BTOMHOI MIIIHOCTI MaTepiany,
HEOOXIJTHO BpaxOBYBaTH BIUIMB 3CYBHOTO
3aImi3HIOBAHHS TMOSCIB, IS [[OTO BU3HAYAIOTH
ebexTuBHY® ImmMpHHY 3rigHo 3 3.2.1 i

BUKOPUCTOBYIOTh  PO3MOAUI  HAIMPYKCHHS
sriguHo 3 3.2.2. Ilpwu oriHIi Hecy4oi 34aTHOCTI
B TPaHUYHOMY craHi JIOITYCKAETHCS

3aCTOCOBYBaTH €(EKTHBHY IUIOILY 3TiJHO
3 3.3.

(3) HampyxeHHss B CTIHIII  BHACIIJIOK
JIOKAJbHOTO TPUKJIAAaHHS HABAHTA)XKCHHS B
piBHI MOSICY BU3HAYAIOTH 3TigHO 3 3.2.3.

3.2 BusHaueHHsi edeKTHMBHOI° IIMPUHHU
NPUA 3CYBHOMY 3alli3HIOBAHHI B HPYKHiil
craaii

3.2.1 Egexmusena wuupuna

(1)  Edexrusny®

BpaxyBaHHI  3CYBHOI'O  3alli3HIOBaHHS B
NpYXHIM cTajli, K MpaBUIO, BU3HAYAIOTH 3a
dbopmyroro:

wupuHy b mpm

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:

by = -by (3.1)

ne ehexTuBHUR® KoedilieHT [ BKa3aHUil B

tabmuui 3.1. g edexktuBHa mUpHHA MOXKE
3aCTOCOBYBATHUCS NPHU OLHII €KCIUTyaTaliifHo1

NpUAATHOCTI 1  BTOMHOI  MIIIHOCTI B
TPaHUYHOMY CTaHi.
(2)  Sxmo CYyMIXHI MIPOTOHH

BiZIpi3HAIOTbCA He Oinbine Hik Ha 50 % abo
IOB)KMHA KOHCOJIEH ckiagac He Ouipine 50 %
MPUMHKAIOYOT0 TPOTOHY, TO €(QEKTUBHY
JOBXMHY L, IomyckaeTbcs BU3HAuUaTU 3TiIHO
puc. 3.1. B inmmx Bunankax L, OIIHIOIOTH SIK

BIJ/ICTAHbP MDK JBOMa HYJIBOBHUMH TOYKAMH
TUIOYUX MOMEHTIB.
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where the effective® factor g 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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Bil,=025(Ly+ L, Bile=2L,

)
B L,=0,85L, . [:L,=0,70L,

] i

L, Ly Ly

L /4! Ly/2 !1’4 /4! La/4 I La/2 ! Lgl4__!

b gy B ﬁm#@

Pucynox 3.1 - EdextuBHa nosxuHa L, 11 Hepo3pi3HUX 6aIOK i po3HOin eeKTHBHOI® IUPUHH
Figure  3.1- Effective length L, for continuous beam and distribution of effective® width

CL

1 — HaBHCAHHSA NPH OONMPAHHI HA OJHY CTOPOHY; 1 for flange outstand
2 for internal flange

3 plate thickness t

4 stiffeners with A, Zng"

2 — HaBHCaHHS NPH OONMPaHHI Ha IBi CTOPOHM;
3 —ToBmuHa Jgucra {;

4 — n0310BKHI e1eMeHTH KOpeTKOCTi 3 A = E A

Pucynox 3.2 - BusHadyeHHs eeKTHUBHOI IIUPUHU
Figure 3.2 - Notations for shear lag

15
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Ta6muus 3.1 — ToHmkyrounii koedirieHT £ it eHeKTUBHOI® IIHPUHH

Table 3.1 — Effective® width factor g
K Micue po3TanryBaHHS 3HaueHus f
Verification p -value
k <0,02 p£=10
V nporoni 6amku B=p = 1
Sagging bending ' 1+6,4-k?
0,02<k<0,70 1
binsg orropu 6anku B=p5= 1
Hogging bending 1+6,0-(k— )+1,6-k2
00-k
VY nporoHni 6anku B=p = 1
Sagging bending ' 59k
>0,70
bins omopu 6anku B=P, = 1
Hogging bending > 8,6-k
. Ki 0
Vei k (all k) IHL‘E‘?}%‘:J‘;E?MMKH B, =(0,55+0,025/k)- 8., B, < 5,
. Komncounp 6anku S = B, —Ha omopi i Ha KiHLi KoHcoi (at support and
Vei k (all k) Cantilever

at the end)

BKa3aHi Ha pucyHkax 3.11 3.2,

in Figure 3.1 and Figure 3.2.

k=a,-p,/L, npu (with) o, = 1+i
ne A, — IuIomia mepepisy ycix HO3J0BXKHIX eIeMEHTIB JKOPCTKOCTI B MeKaxX MHpHHK D, . [HIIi mo3HaueHHS

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

b, -t

0

3.2.2 Po3noodin

HAnpPyHceHHs 3
YPaxyeaunusam ecpexmy 3CY8HO20
3ani3HI06aAHHA

(1) [Jns BpaxyBaHHs e(dekTy 3CYBHOTO

3aIli3HIOBAHHA, SK MPAaBHJIO, 3aCTOCOBYIOTh
PO3MO/IIT HOPMAJIBHOTO HaNpy>KeHHsI B MOsACI
3TiHO 3 pUCYHKOM 3.3.

16

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

O'(y)202+(Gl—02)~(l—y/b0)4
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. ber=PBbo

Oy

Oy}

£ <0,20

o,=0

G(y)ZO'l-(l—y/bl)A

O, BU3HAYAKTh i3 3aCTOCYBAHHAM e(l)eKTHBHO.l' IMHAPUHA beff BEPXHLOT 0 MOSICY

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

Pucynoxk 3.3 — Posmojin HanpyXeHHS 3 ypaxyBaHHIM €(QEKTy 3CYBHOTO 3ari3HIOBaHHS

Figure

3.2.3 Ilpuknaoanns
HAOWUHI TUCma

HA6aAHMAaMCEeHHA 6

(1)  IpyxHuii po3MOMINT HANpPYKEHHS B
CTiHII Oanku 3 peOpaMu >KOpcTKOCTi abo 6e3
HUX BHACIIJIOK MICIEBOTO TMPUKIAJIaHHSI
HaBaHTAKCHHS B TUIOLIHMHI JIKCTA, SIK MTPABUIIO,
BH3HAYa0Th 3a hopmysioro (puc. 3.4):

O-z,Ed -

1e (with): by, =s, 1+[i
0,878-a,
ne n=0,636- 1+t—' ;
Se=S,+2-t;
ne:
dy, —Iuloma mepepisy OpyTTO €NEMEHTIB

KOPCTKOCTi, PpO3NOJUIEHMX Ha  OJMHUIIO
noBxuHU S,. Il BenmmumHa Moxe OyTu
NpUAHATA Yy BUTJIAAI BIJHOIICHHS IUIOINI
€JIEMEHTIB JKOPCTKOCTI [0 BiACTaHI MK iX
LEHTPaMH TSDKIHHS S ;

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:

— 3.2)
beff ’ (tw + a'st,l )

where:

a,, 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, — TOBILMHA CTIHKU,
Z — BIJICTaHb Bij TOSICY IO AAHOI TOYKH
CTIHKH.

Mpumitka. @opmyna (3.2) mificHa mms S, /s, <0,5,

iHaKIIIe BIUIMB €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 Sst A
T O, 2
L —1 l | ‘/3

— V1 1

|

A

1 — e1eMeHT KOPCTKOCTI;
2 — cpOLIeHHIi PO3MOIi HATIPY KEHHS;
3 — haKTHYHUIA PO3MOLT HANIPY KEHHST

1 stiffener
2 simplified stress distribution
3 actual stress distribution

PI/IcyHOK 3.4 - Cxema MPpUKJIAJaHHA HABAHTAKCHHS B HJ'IOH_[I/IHi JIHUCTa

Figure

IMpumirka. Bxazanuii Buile pO3MOALT HAIpPyXEHHS
TaKOX MO’KHa BHUKOPHCTOBYBAaTH JIsl PO3PaxyHKIB Ha

BTOMY 3 YpaxyBaHHAM BTOMHHX BJIACTUBOCTEH
Matepiany.

3.3 BpaxyBanHsa  edeKTy  3CYBHOIO
3ami3HIOBAaHHSI  NPM  PO3PaxyHKy 3a
TPAHNYHMMH CTAHAMHU

(1) TIIpm po3paxyHKy 3a TIpaHHYHHUMH

CTaHaMH eq)eKT 3CYBHOT'O 3ali3HIOBAHHS MOJXKE
6yTI/I BU3HAUCHUHU HaCTYITHUM YHHOM:

a) BIUTUB €(EKTy 3CYBHOTO 3aIli3HIOBaHHS B
OpyXHiM crtaaii poboTH mNpuU BU3HAYEHHI
HECYy4oi 3/1aTHOCTI 1 BTOMHO{ MIITHOCT;

b) npu OJTHOYACHIH pisil
3aITi3HIOBAHHS 1 BUITyYEeHHS IJIACTHH;

3CYBHOTO

C) Mpu MPYXHO-TUIACTUYHIN poOOTI MaTepiany
it eQexkTy ~— 3CYBHOTO  3aIli3HIOBAHHS
JOTTYCKA€eThCSl TPU BpaxyBaHHI OOMEKEHHS
TUTACTUYHUX AeopMariiil.
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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.



Ipumirka 1. Buxopucranuié meron Moxe Oytu
HaBeneHuit B HamionaneHOMy nomatky. Skmo B
EN 1993-2 — EN 1993-6 ne naBejeHi iHIII METOAH, TO
PEKOMEHAYETHCS 3aCTOCOBYBATH METOJ, BKa3aHWHA B
npuMiTI 3.

Ipumirka 2. OpHouacHy [if0 BTpaTH  CTIMKOCTI
IUIACTUHH 1 3CYBHOTO 3alli3HIOBAHHS JOIYCKAa€ThCs
pO3paxoByBaTH 3 BpaxyBaHHSAM e(QEKTHBHOI ILIOMII

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

nepepisy A, 3a popmynoro given by

A = Ac,eff B (3.3)
ae: where:
Ay —ebdexTuBHA® IUIOmIA  MONEPEYHOTO Ay is the effective® area of the

nepepizy CTUCHYTOTO TOsICY TIpH  BTparti
CTIMKOCTI TUIACTMHH BiA Aii HOPMaJIBHOTO
HanpyxeHHs (nuB. 4.4 1 4.5);
B — NOHIKYOUUiL KoeQilieHT
e(eKTUBHOI® IIMPUHK [UIS  BpaxyBaHHs
3CYBHOTO 3aIli3HIOBAaHHS B TPAHMYHOMY CTaHi

Ipy BU3HAYEHHI Hecydoi 37aTHocTi, f,
JOTIYCKA€ThCSl TpUMMATH PIiBHUM [ 3TIAHO
tabmuui 3.1 13 3amiHOO @, Ha @, 3a

dbopmyIoro:

t; — TOBIIAHA TOACY.

Mpumirka 3. Ilpu  npyxHo-TacTUuHii ~ poboTi
MaTepiany st e(eKTy 3CYBHOTO 3ami3HIOBAHHS 3
BpaxyBaHHSIM OOMEKEHHs IUIACTUYHUX Jaedopmariiii
JIOMTYCKAEThCSI BPAaXOBYBATH 3a JOMOMOTI0I0 e(heKTUBHOT

monti mepepisy A, 3a hopmymoro:

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 £ [Jdetermined 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:

Ay = At,eff 'ﬂk 2 A:,eff B (3.5)

ne f ta k mpuiimaroThcest 3rigHo Tabumi 3.1.

@opmynu B mpuMITKax 2 1 3 jgomycKaeTbes
3aCTOCOBYBAaTH TaKOX JUIsl  MOSCIB, IO
IPALIOIOTh HA PO3TAT, B [bOMY BUNAIKy A .

SK TPaBHIIO, 3aMIHIOIOTh Ha IOy Mepepizy
OpYTTO PO3TATHYTOTO TOSCY.

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 CTIMKOCTI
IVIACTUHH 111 DI AI€T0
HOPMAJIBHOI'O HAIIPYKEHHA ITPU
PO3PAXYHKY 3A TI'PAHUYHUMU
CTAHAMM

4.1 3arajbHi MoJI0KeHHS

(1) Y 1mpoMy po3nisii HAaBOASTHCS MpaBHIIA
BpaxyBaHHS BTPATH CTIKKOCTI IUIACTHH IIiJ
JE0 CTHCKAI0UYOT0 HOPMAJIBHOTO HAINpPYKESHHS
IpH PO3PAXyHKY 3a TPAHUYHUMHU CTaHAMHU,
SIKIIO BUKOHYIOTHCSI HACTYITHI YMOBH

a) cekuii cTiHKM (IUIACTHHHU) TPSIMOKYTHI, a
MOSICH TapajienbHi a00 MpUOIM3HO MapaieibHi
(muB. 2.3);

b) ememeHTH JKOPCTKOCTI, SKIIO Taki €,
IPOXOJATh B IO3I0BKHBOMY 1 IOIEPEUHOMY
HarpsMi a0o B 000X HampsMax;

C) oTBOpM abo BHUPI3U HEBeNUKi (quB. 2.3);

d) eneMEHTH KOHCTPYKIII MalOTh MOCTIHHHN
HOTIEpeYHNit TIepepis;

€) BIUIMB MOSCY HA BTPATy CTIHKOCTI CTiHKH
BUKJIIOUEHUM.

Mpumirka 1. BmmB cTucHyTOro mOSCY Ha BTpaTy
CTIMKOCTI CTIHKM HaBeICHO B po3aiii 8.

Mpumirka 2. Bumorn Juisi eneMeHTIB YKOPCTKOCTI 1
TUIACTUH MPU BTPATI CTIMKOCTI BKa3aHi B po3aiimi 9.

4.2 Minnicte i criiikicte npu il
HOPMAJILHOT'O HANIPYKEHHS

(1)  IepeBipka MiHOCTI i  CTIHKOCTI
OoOpaMJICHHX TUIaCTUH TPU il CTHUCKAI4oro
HOPMaJIbHOTO  HANpPYKEHHS  IOIEPEeYHUX
nepepiziB kjacy 4 BHUKOHYETbCS 3
BUKOPUCTAHHSAM XapaKTePHCTHK e(PEKTUBHOI
wiomi morepedHoro nepepizy ( Ay, Lo \Weg )

uis OaloKk 1 KOJOH, y TOMY YHCII 1 Tpu
KPYTUJIbHINA (QopMi BTpaTH CTIMKOCTI 3T1JIHO
EN 1993-1-1.

(2)  EdexrtuBui®  rwromi  mOMEpeYHOTO
nepepisy JOMYCKAaeTbCs BU3HAYATH HA OCHOBI
po3noauty nedopmariiii 3a JIHIHHIM 3aKOHOM
OpU JIOCATHEHHI TNPYXKHUX Jedopmaliii B
Cepe/HI TUTOIWHYU CTUCHYTOI TUTACTHHH.
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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 e \We ) for cross sectional

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

(2)  Effective® 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  EdexTuBHuUii nonepeyHuii nepepis

(1) Ipm BU3HAYCHH] HOPMAaJIbHOTO
Halpy>KeHHs, K  MPaBWIO,  HEOOXITHO
BpPaxoBYBaTH €(EKT 3CYBHOTO 3ali3HIOBaHHS 1
BTpaTU CTIAKOCTI  (BHIy4eHHS) IUJIACTHH,
BUKOPUCTOBYIOUM e(EKTUBHI IUIOII MepepisiB,
HaBeJneHi B 3.3.

(2)  XapaxTepHucTHKH e(eKTHBHOTO
MONIEPEYHOTr0  Tepepisy  KOHCTPYKIl,  sK
NpaBUIO, BU3HAYAIOTHCS 3a €(PEKTMBHUMHU
IUIOLIAMH CTHUCHYTHX €JIEMEHTIB 1
eexkTHBHUX® IUIONI PO3TATHYTHX CICMCHTIB
BHACIIJIOK €()EeKTy 3CYBHOTO 3aIli3HIOBAHHS.

(3) EdexkrtuBHa muoma nepepisy Ay

NMOBMHHA OyTH BU3HA4YeHA 3a YMOBH, IO
MONIEPEUYHU  TIepepi3  MiANAEThCS  TIIBKH
OChOBOMY CTHCKaHHIO cmioo Ng,. [nsa

HECUMETPUYHHMX  Tepepi3iB  Mae  Micue
eKCLECHTPUCUTET €, , SKUI BUHHUKAE B

pe3ynbTaTi  3MIMIEHHS  IEHTPY  TSOKIHHS
epexTUBHOI Mo nepepisy Ay BIAHOCHO

HEHTPY TSOKIHHS — IONEPEYHOro  Tepepisy
Opyrro (muB. puc. 4.1), BHAcCHiZOK 4YOro
BUHHUKAE JOJATKOBHUM 3THHAJILHUM MOMECHT,
KU, SK MpaBUIO, HEOOXiTHO BpPaXxOBYBAaTH
IpU TEPEBIPI MOMEPEYHOro Mepepi3zy 3riHO
3 4.6.

(4)  Mowmentun
nepepizy  Weg

onopy e(hEeKTUBHOTO
MOBUHHI OyTH BHU3HAYEHI

BUXOJITYM 3 TOTO, IO IONEPEYHHUI Iepepi3
MiAIacThCS TIJIBKHA HaIpy>KEHHIO BIJ
3rHHaJIBHOTO MoMeHTy M, (auB. puc. 4.2).
[Ipu gii 3rUHATBHUX MOMEHTIB B JBOX
TOJOBHHUX IUIOIIMHAX, K MIPaBUIIO,
BU3HAYAIOTh MOMEHTH OIOpYy e(hEeKTHBHOTO
nepepizy BiITHOCHO TBOX TOJIOBHHUX OCEH.

Mpumirka. B sxocti amsrepratusu 4.3(3) i 4.3(4)

JIOITyCKAETHCSA BHU3HA4YaTH e(heKkTuBHi 3HAYEHHS
XapaKTePUCTHK MIOTIEPEYHOTO nepepizy i3
3aCTOCYBaHHIM PE3YNIBTYIOUOTO po3mnoainy

TI037I0B)KHBOTO HANIPy KeHHs Bij ogHouacHoi Aii N_, Ta

MEd. HonarkoBuii MOMEHT Bim €, s[K IIPaBUIO,

HeoOXximHO BpaxoByBaTH 3rimHo 3 4.3(3). Lle BuMmarae
MOBTOPHUX PO3PAXYHKIB.

(5)  HampyxeHHs B mosicax BU3HAYAETHCS 3
BUKOPUCTAHHSM IMPYXHOTO MOMEHTY OIOpYy
BIJTHOCHO CepeIHbO]1 IJIOLUIMHHU TOSACY.

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

4.3 Effective cross section

Q) 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 Ay 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 Wy

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 OaaKu MOBHHHI MaTH MOSCH
3 MEXeI0 TeKy4ocTi Marepiany cTinku Big f

10 @, X fyW 3a yMOBH:

a) 30LIbIIEHHS  HAmpY)KEHHSA B IOsACI
NPU3BOJMUTH 10 TMOSBH TEKY4YOCTI MaTepiairy
CTIHKH, sIKa BpPaxOBYEThCS 3a JOMOMOTOIO
0OME)KEeHHSI HAaNPYKEHHS B CTIHIII 10 fyW :

b) edextuBHa 1UTONMIA CTIHKM BH3HAYAETHCSA 13
Bpaxysannsam f . (zamicts f,).

Ipumirka. 3HayeHHA 0, JIOITyCKA€ETHCS

BCTaHOBJIIOBATH B HamionansHoMy TOJTATKY.

Pexomennosane 3Hagenns ¢, = 2,0.

(7)  306inpuieHHs nedopMariiii i HapyXeHb
i OiMeTaneBHX OalloK TpH  IEepeBipKax
BTOMHOI MIIIHOCTI 3a HECYYOK 3IaTHICTIO
JIOTTYCKA€EThCS HE BpaxoByBaTH npu
norpuManHi ymoB 3a 4.3(6) 3 ypaxyBaHHSIM
MPUMITKH.

8 Vv OimMeTaeBuX Oaskax, K1
BiIMOBiAal0Th ymMoBaM 4.3(6), HampyXeHHS
npu nepeBipmi criiikocti 3riqro EN 1993-1-9
JIONYCKAEThCs TpuiiMaTy piBHuM 1,5€

ITepepi3 6pyTTO
Gross cross section

G - neHTp TSKiHHS nepepisy 6pyTTO;
G’ - meHTp TSKIHHS epeKTHBHOTO Mepepisy;
1 - Bich HeHTpY TSKiHHA Mepepizy OpyTTO;

2 - Bich HEHTPY THAKIHHA e)eKTHBHOTO Mepepisy;
3 - HeeeKTUBHI TUISTHKH Mepepidy (TiIsTHKH
nepepisy, AJsl AKMX MicleBa CTiHKicTh He
3a0e3meyeHa)

(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 taken as 1,5f; .

EdexruBHuii 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

Pucynox 4.1 - Ilepepi3u knacy 4 — n1ist 0CbOBUX CHII

Figure
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4.1 — Class 4 cross-sections — axial force
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[epepi3 OpyrTO
Gross cross section

G - HeHTp TSKiHHA mepepizy OpyTTO;
G’ - meHTp TSKIHHS e(peKTHBHOTO Mepepisy;
1 - Bich HeHTpY TSKIHHA Mepepi3y OpyTTO;

2 - Bich HEHTPY TSKIHHSA e()eKTHBHOTO Nepepisy;
3 - Hee()eKTHBHI TJITHKH Nepepi3y (TIsTHKA
nepepisu, JUisl IKUX MicueBa cTiiikicTh He
3a0e3nmeveHa)

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

EdexruBauit 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 4.2 —Ilepepisu kitacy 4 — st 3ruHAIBHUX MOMEHTIB

Figure

4.4 IlnacTunuacri eJIeMeHTH oe3
MO3/10BKHIX eJIeMEeHTIB KOPCTKOCTI

(1)  EdexruBHi’ ol miacTHH CTUCHYTUX
€JIEMEHTIB 3 JIBOCTOPOHHIM 3aKpIIUIEHHSM IO
KpasiX IOBUHHI BU3HAYATHCS 3 BUKOPUCTAHHAM
tabnui 4.1, a AJg MWIACTUH 3 OJHOCTOPOHHIM
3aKpiTUICHHAM (3BUCH JUCTa) — Tabmwuii 4.2.
EdextuBHaP ruromia cTHCHYTOI 30HHU JICTa 3
HOTIEPEYHOIO IUIOILEI0 Niepepi3y OpyTTo A, AK

IMMpaBUJI0, BUBHAYAETHCA 34 q)OpMyJ'IOIO:

e p — HNOHWXKYIOUMN KOe]IIIEHT 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 effectiveP
area of the compression zone of a plate with
the gross cross-sectional area A, should be

obtained from:

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

CTIMKOCTI IUIACTUHH.

(2) Ipu wpomy p
npuitMaty 3a GopMyIaMH:

JIOTTYCKA€EThCS

— JUIS CTHCHYTOI IUJIACTHHHU 3 JBOCTOPOHHIM
3aKPITUICHHSM:

p=10
A, —0,055-(3+y)
A

p:

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

— internal compression elements:

s (for) 1, <0,673

<10 s (for) A, > 0,673, ze (where) (3+y)>0; (42)
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— JUIS CTUCHYTOI IUTACTHHU 3 OJJHOCTOPOHHIM
3aKPIMJICHHSAM (3BHC JIKCTA):

— outstand compression elements:

p=10 s (for) A, <0,748
4,-0,188 -
p:TZSI,O st (for) A, > 0,748
4, (4.3)
b/t
ne (where): A, o " 284z, \/E ,
7 — BIIHOIICHHS ~ HANpYXKCHHS,  SKE W is the stress ratio determined in
BU3HAuaeThes 3rifHo 3 4.4(3) 14.4(4); accordance with 4.4(3) and 4.4(4)
b — pO3paxyHKOBa IIHPUHA TUIACTHHU b is the appropriate width to be taken as
NPUIIMAETBCST HACTYITHOIO (ITO3HAYCHHSI JIUB. B follows (for definitions, see Table 5.2 of
tabmuri 5.2 EN 1993-1-1): EN 1993-1-1)
b, — JUTA CTIHKH, b, for webs;
b —JUIs  €JEMEHTIB  TOsCiB 3 b for internal flange elements (except
JBOCTOPOHHIM  3aKpilUIeHHSIM  (OKpiM RHS);
MPSIMOKYTHUX MOPOKHUCTUX MPOQLTIB);
b—-3t —msa MOSCIB NPSIMOKYTHHUX b—-3t for flanges of RHS;
MTOPOYKHUCTUX TPODLITIB;
c — Ui 3BUCIB MOSICIB 3 c for outstand flanges;
OJIHOCTOPOHHIM 3aKpIIIJICHHSM;
h — JUIsl PIBHOIIOJIMYHUX KYTHKIB; h for equal-leg angles;
h — JUIsl HEPIBHOTIOJIMYHUX KYTHKIB; h for unequal-leg angles;
K, — KoeillieHT, IO BpaxoBye BTpary k. is the buckling factor corresponding to
CTIHKOCTI ~ 3aleXHO  BiA  BIAHOIICHHS the stress ratio w and boundary conditions.

HaNpy>KeHHs ¥ MO0 KpasX IUIaCTUHHU 1 YMOB iX

3aKpiruieHHs. JJig JOBrUX IUTACTHH 3HAYCHHS
koedimienta K Bkazani B Tabmumi 4.1 abo

Tabmui 4.2;
t — TOBIIMHA JINCTA,
Oy —IPYXXHE  KPUTHUYHE  HaMpPYy>KEHHS

BTpaTu cTiiikocti (auB. Qopmyny (A.1) B
A.1(2) i Tabmui 4.1, 4.2);

(3)  ns mosiciB JBOTaBPOBHX MEpepisiB i
KopoOyacTux Oaok KOoeQillieHT BiAHOIIECHHS
HaNpYXEeHHs Y , NPUHHATHI B Tabmuusax 4.1

Ta 4.2, € OCHOBOW JJsi BH3HAYEHHS
XapaKTePUCTHK MTOTICPEYHOTO nepepizy
OpyTTO, 5iIKi 00OB'I3KOBO MOBUHHI MPUHMATHUCS
B PO3paxyHKY MOSICIB MpU BpaxyBaHHI e(eKTy
3CYBHOTO 3ami3HIOBAHHS, SIKIIO II€ JOIIIBHO.
Jlns  CTIHKM  BHW3HAYalOTh  BIIHOIICHHS
HampyXeHHs 3rigHo Tabmuui 4.1 3

ypaxyBaHHSM pO3MOIUTY HAmpYy>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;
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3) For flange elements of I-sections and
box girders the stress ratio  [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 €(EeKTHBHOIO MIMPHHOIO
CTHCHYTOTO MOsICY 1 epepizy OpyTTO CTIHKH.

Mpumirka. Skmo Ha pi3HUX CcTadisx OyaiBHUITBA
pO3IOJIN  HampyXeHb MiHS€TbCS  (HANPHUKIAA, B
KOMOIHOBaHMX MOCTax), CIIOYAaTKy JOITyCKA€ThCS
pO3paxoBYBaTH HANpPYKCHHS I IIepepily, SKUH
CKIIamaeThcsl 3 €(PEeKTHBHUX IUIONI MOSCIB 1 mepepiziB
OpyTTO CTiHKH. 3 OTPUMAHHAM TIPH HBOMY PO3MOILIOM
HaNpy>KeHHS BU3HAYalOTh €(PEeKTHBHY IUIOIIY Mepepi3y
CTIHKH, fKa TIIOTIM 3aCTOCOBYETHCS Ha BCIX CTaIisfiX
OCTAaTOYHOTO PO3PAXYHKY.

4) 3 oOmexeHHsM, BkazaHuM B 4.4(5),

YMOBHY THYYKICTb IUIACTUHH Ay
JIOTTYCKAETHCS 3aMIHUTH HA:

/1 p,red
N€ Oy g — HaMOLIBIIE pPO3paxyHKOBE
3HAQUEHHS ~ CTUCKYIOUMX  HAalpyXeHb B
€JIEMEHTI,  BHM3HA4€HE 3  BpaxyBaHHIM

edextuBHOrOP TMOMEPEYHOro Tepepisy mpu
BCIX OAHOYaCHO ,Z[iIO‘II/IX HaBaHTaXCHHAX.

Mpumirka 1. Ileit Merox BuMarae iTEpaTHBHOTO
pPO3paxyHKy, B SKOMY BiTHOIICHHS HANpYy>KCHHS

(muB. Tabmumi 4.1 Ta 4.2) MOBTOPHO BU3HAYAETHCS Ha
KO>KHOMY €Talli pO3IOALTy HAIIPYKCHHS 3 e(peKTUBHUMP
HepepizoM MOMEPEIHBOTO ITEPATHBHOTO KPOKY.

[pumitka 2. ANbTepHATUBHUIA METOI BKa3aHHU B
nonatky E.

(5)  Ilpum mpoekTyBaHHI MepeBipKy HeCydoi
3aTHOCTI MpH BTPaTi CTIMKOCTI €JIEMEHTIB
KOHCTPYKIIi KJ1acy 4 BUKOHYIOTb,
BukopuctoBytoun EN 1993-1-1 6.3.1, 6.3.2

abo 6.3.4, yMOBHY THYYKICTb Z_p a60 Apred 3

O, Jc O BU3HA4YaA€ETHCA 3a

com,Ed ! com,Ed

PO3paxyHKOM 2-TO TOPSAKY 3 BpaxXyBaHHSIM
HasIBHOI HEJOCKOHAJIOCTI.

(6) TIlpu BimHOWIGHHI CTOpPIH IUIACTHHH
a/b<1 moxnuBa BTpara CTIKOCTI CTEpKHS,

nepeBipka  MOBHHHA  OyTH BUKOHaHa
BinmoBigHO 10 4.54 3 BHUKOPUCTaAHHSIM
MOHMXKYIOYOT0 Koe(illieHTa o, .

Ipumirka. Ile crocyeTscs y TOMY YHCHI 1 MIACTHHOK
MIDX TIOTIEPEYHUMHU €JIeMEHTaMH YKOPCTKOCTI, JIe BTpaTa
CTIMKOCTI TUTACTHHM TIOpPiBHSHA 3 BTPATOIO CTIHKOCTI
CTEpKHS 1 BHMara€ 3acTOCYBaHHS IOHIXKYIOUOTO

xoedinieara p, mna y, (pucyHok 4.3 a) i b)). Jns
IIACTHH 3 TMO3JOBXHIMH eIIEeMEHTaMH YKOPCTKOCTI

BTpaTa CTIMKOCTI CTEPIKHSI MOKE TAKOK MaTH MiCle JUTs
a/b>1 (mus. 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/l_p of an element may be
replaced by:

O

com,Ed
—= (4.4)

fy /7/M0
where o, ¢ IS the maximum  design

compressive stress in the element determined
using the effective® 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
v (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 A, or ApraWith o, g

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 c).
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a) BUITYYCHHSA IJIACTUHHU 0e3 3aKpil'IJ'IeHH$I o Kpasix B

MO3I0BXKHBOMY HaIPsIMi

a) column-like behaviour of plates without longitudinal

supports

b) BumydenHs miaacThHH 0e€3 €JIEMEHTIB YKOPCTKOCTI i3
3aKpIIUICHHSM TI0 KpasxX B IO3JOBXHHOMY HAaIpsiMi 3
MAaJIM BITHOIICHHAM CTOPIiH o

b) column-like behaviour of an unstiffened plate with a
small aspect ratio «

C) BUITYYUCHHS IJIACTHHU 3 HOS,ILOB)KHiMI/I CIICMCHTaAMH )KOpCTKOCTi 3 BCJIIMKUM Bi,I[HOH.IeHHiIM CTOpiH (24
c) column-like behaviour of a longitudinally stiffened plate with a large aspect ratio «

Pucynoxk 4.3 - PoboTa muiacTHHH 32 THIIOM CTUCHYTOT'O CTEPKHS
Figure 4.3 - Column-like behaviour

Tabauua 4.1 — CTHCHYTI IUTACTHUHM 3 JIBOCTOPOHHIM 3aKpIMJICHHSAM 1O Kpasix

Table 4.1 — Internal compression elements

Po3smosin HanpyxeHHsI (CTUCKAaHHSI TO3UTHBHE) E¢exrnsna® wmpuna by,
Stress distribution (compression positive) Effective? width b,
v =1

11 11 .

b |, | beo b = P

“ b 7 b,=0,5-b,,b,=05-b,
1 >0:
a T - ;
O:? beff = p : b
be bez
ekt L _ B2 2
b b =——:b_.,b,=b,-b,
el 5y eff
K b /IV b + 174 < 0

o 1] b, = pb, = pBI (1)

&1[, L&E L/"LL'LLM.ULTE b61:0’4'beﬁ’be2:0’6'beff

A A E A ‘
v =o0,lo 1 1>y >0 0 O>y>-1 1| 1>y >-3
Koedimient BTpatu
critikocri K, 40 | 82/(1,05+y) | 7,81 | 7,81-6,29y +9,78y" | 23,9 | 598 -(1-y )’
Buckling factor k_
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Tadoauusa 4.2 — CTUCHYTI IUTACTUHH 3 OJTHOCTOPOHHIM 3aKPITUICHHSIM

Table 4.2 — Outstand compression elements

Posnozin Hampy>keHHs
(cTUCKaHHS IO3UTHBHE)
Stress distribution (compression positive)

EdexruBnaP mmpuna b,

Effective® width b,

b 1>y >0:
beff = ,0 -C
8 )
¢ %
t <0:
b b | v
0’1
% -beff ’
y=o0,lo, 1 -1 12y >-3
KoediuienT Brpatu
crifikocti K, 0,43 0,57 0,85 0,57-0,21- +0,07 -y*
Buckling factor k_
Tr 1>y >0:
eff
’ WW 0> by =p-C

be b

b, =pb, =pc/(1-y)

y=0,lo, 1

1>y >0

0 O>y>-1 -1

KoeinienT Brpatu
crifikocti K 0,43

Buckling factor k_

0,578/(y +0,34) | 1,70

1,7 -5y +17,1y° 23,8

4.5 IMigcniaeHHsa MJIACTHH MO3X0B:KHIMH
eJleMeHTAMM 7KOPCTKOCTI

45.1 3azanvui nonosricennsn

(1) Jdns  mmacTMH 3 TO3J0BXHIMH
eNIEMEHTAMU KOPCTKOCTI e(eKTHBHIP IIoIIi
IIPYU MICILIEBIH BTpaTi CTIHKOCTI BPaxOBYIOTHCS
JUIS  OKPeMHX CeKLid MK elleMeHTaMu
MKOPCTKOCTI 1 eexTHBHIP 00MacTi migcuIeHUX
naHejne  MOBUMHHI ~ BpPaxOBYBAaTUCS  IIpU
MepeBIpPIll 3arajJbHO1 CTIHKOCTI.

2 EdextuBua® mioma  momepeyHoro
nepepizy KOXHOI OKpeMoOi CeKIlii IMOBHHHA

45  Stiffened plate elements with

longitudinal stiffeners

45.1 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 32 JIOTIOMOTOI0 TOHWXKYIOYOTO
KoedimieHTa 3riHo 3 4.4, BHACTIIOK MiCIIEBOT
BTpaTu CTidkocTi mactuHu. IlimcuieHa
€IeMEHTAaMU  JKOPCTKOCTI  IUTAaCTHHA 3
e(peKTUBHOIOP TUIOMICIO MOMEPEYHOTO Mepepi3y
Mae OyTH TiepeBipeHa TMPH CTATUYHOMY
pPO3paxyHKy Ha 3arajbHy CTIHKICTh
(Momemoroun iy BUINIANI EKBIBaJIGHTHOI
OPTOTPONHOI ~ TUIACTHHM) 1 TOHWKYHOUUH
KoeQillieHT p Mae OyTH BU3HAYCHHM IS BCI€T

TJIACTUHU TP BTPATi CTIMKOCTI.
(3)  EdekruBHy? miomy CTHCHYTOI 30HH

MiJICHICHOT  IJIACTHHM  BHM3HAYAlOTh 34
dbopmyioro

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.

(€)) The effectiveP area of the compression
zone of the stiffened plate should be taken as:

A%,eff = pc At,eff,loc +Zbedge,eff -1 (45)

e A« 1c — €hexTrBHAP TUIOIIA MONEPEeYHUX

nepepisiB ycix EIeMEHTIB JKOPCTKOCTI JIUCTIB
abo cekmii, sAKI IOBHICTIO a00 YacTKOBO
3HAXOMATHCS B 30HI CTUCKaHHS, 32 BUHATKOM
e(eKTUBHUX YaCTUH TMepepizy Ol OMOpHUX
IUISTHOK ~ CYMDKHHX  TUIACTUH

where A . IS the effectiveP 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 b, . , see example in

CHIEMCHTY Figure 4.4.

UIUPUHOIO by, o, IMB. IPUKIIAN Ha puc. 4.4,
(4) Ilmomy A .,  BHU3HAYAIOTH 3a (4)  The area A, . . should be obtained
dbopMmyIIoI0: from:

A:,eff,loc = A%I,eff + Zploc : bc,Ioc -t (46)

C

e where:
D — BiIHOCHTBCS JI0 IIMPHHH CTHCHYTO > applies to the part of the stiffened panel

c

MaHel TMiJICUIICHOT €JIEeMEHTaMH KOPCTKOCTI 3a

BUHATKOM 4YacTMH Tepepisy Dy, JMB.
pUCYHOK 4.4,
A, s —cyma ebexkTuBHEXP miomy  ycix

MO3I0BXKHIX EJIEMEHTIB YKOPCTKOCTI IUIOMICIO
nepepizy Opyrro A, , pO3TalllOBaHUX B 30HI

CTHCKY BIANOBIAHO 110 4.4,
b

JUTSL KOXKHOT CEKIT;

tloc — IIMPHHA CTUCHYTOI YaCTHHH JIUCTa

Ploc — NOHIKYIOUMH KOEQIIIEHT 3riTHO 3
4.4(2) nnst KOXKHOT CEKITii.

28

c

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

edge,eff !

A, . is the sum of the effective? sections

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

Zone;
b. .. Iis the width of the compressed part of
each subpanel;

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

Uy

/f__

Pucynox 4.4 - PobGora miIcuaeHO] TNIACTUHH MTPU PIBHOMIPHOMY CTUCKaHHI1

Figure
Mpumirka. IIpu HEpIBHOMIPDHOMY  PO3IOJILT
Hanpy>KeHHsI CTUCKAaHHA JUB. puc. A.l.
(5) JUis ~ BHU3HAUEHHS  TIOHIKYHOYOTO

KoedilieHTa p, NpHU BTpaTi CTIHKOCTI BCi€i
IUIACTUHM ~ HEOOXIZHO  BpaxoBYBaTH, IO
MOHMXKYIOUHH KOe(]ilieHT BTpaTH CTIHKOCTI 3a
THUTIOM CTEPIKHS € TOYHIIINM, HIXK TIPH BTpaTi
CTIHKOCTI IUTACTHHH.

(6)  Ilommxyroumit  KoedimieHT p,,  fK
OpaBWJIO, BH3HAYalOTh 32  JOIOMOTOIO
THTepIOIAiT MK MOHWKYIOUUM

KOe(IlliEHTOM p BTPATH CTIHKOCTI TUIACTUHHU 1
HNOHMXKYIOUMM  KOe(]illieHTOM ¥,  BTpaTH
CTIMKOCTI TUTACTMHH 3a THUIIOM CTHUCHYTOTO
CTep>kKHA BiANOBIIHO 4.5.4.

(7)  3MeHIIEHHS CTHCHYTOI IIOMI A, . 1o

3a JONOMOIOK p. HAOIYCKA€TbCS IPUUMATH

HOCTIHHUM JJIsl YyChOTO IIOTIEPEYHOT0 Tepepizy.

(8)  SIkmio edekT 3CYyBHOTO 3ammi3HIOBaAHHS
BiamoBiguuii (quB. 3.3), 3aMicTh ePEeKTUBHOI

ILIOLII MONEPEYHOro nepepizy A, 4 CTHUCHYTOI
30HM  II1JACHIIEHOI
npuilHatuii A, U1 pO3paxyHKy He JIMIIE

IUIACTUHU ~ Mae  Oytu

MICIIEBO1 BTpATH CTIMKOCTI MJIACTHUHH, a TAKOXK

TSt BpaxyBaHHS edekTy 3CYBHOTO
3aIi3HIOBaHHS.
9) B  sxocrti epeKTUBHOI  TUIOMII

MOTIEPEYHOTO TIEpepi3y MIACUICHOI TIIACTHHHU
B 30H1 PO3TATYBaHHS 3aCTOCOBYIOTh 3MEHIIIEHY
IJIONIYy Tiepepidy OpyTTO pO3TATHYTOI 30HH,
KO  Mae  Micie  epeKT  3CYBHOTO
3ami3HioBaHHs (quB. 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 i 10c 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) MomeHT omopy e(hEeKTHBHOTO Mepepizy
W, BHM3HAuUalOTh SIK MOMEHT iHepUii IJIOIIi

e(PEeKTHBHOTO IIONEPEYHOro Tepepisy, Mo
JIUTATBCS HA BIJICTAHB BiJl IEHTPY TSDKIHHS 10
Kparo IIaCTHHHU.

45.2 Poooma nnacmunu

1) YMOBHa THYYKIiCTh Ap EKBIBaJCHTHOI
TUTACTUHU BU3HAYAETHCS 32 POPMYIIOH0:

(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, Clof
the equivalent plate is defined as:

_ f
Ay = /ﬁ :7 : (4.7)
cr,p

mpu (with) Bac =

bi(H

A, — TUIOIIA Tepepizy OPYTTO CTUCHYTOT
30HU IMJICHJICHOI IUIACTHHH (3 eJIeMEHTaMHM
XKOPCTKOCTI) 0e3 ypaxyBaHHA CyMDKHHX
IUTACTUH KpPaHIX TUISHOK CeKLid (y MeBHUX

BUIAJKAaX BPAXOBYETHCS €PEKT 3CYBHOTO
3ali3HIoBaHHs, 1uB. 3.3);

A i e — €hexTrBHA wioma  mnepepizy

YaCTUHM IUIACTHMHU (y NEBHUX BMIIAAKaxX 3
YpaxyBaHHSIM edekry 3CYBHOIO
3alli3HIOBAHHA), BPaxOBYIOUYM  MOJKJIMBICTh
BTpaTH  CTIMKOCTI  IJIACTUHHU, CEKIIHA 1
€JIEMEHTIB KOPCTKOCTI.

(2)  Touwxyroumii KoedillieHT p s

€KBIBAJIEHTHOT OPTOTPOITHOL IJIACTUHU
BHU3HAUaIOTh 3TiIHO 3 4.4(2), BU3HaYar0uu A
3a (hopmyioro (4.7).

Mpumirka. B nomatky A HaBeneHi BKa3iBKH IOJO

PO3paxyHKy o

453 Poboma naacmunu 3a  munom
CHUCHYMO020 CIEPIHCHA
(1) IIpyxHe  KpUTHYHE  HampyKECHHSI

BTpaTl CTIMKOCTI 3a THUIIOM CTHUCHYTOTO

CTepkHS O, . HemiacwieHoi (auB. 4.4) abo

nigcuiaeHol miacTuHu (nuB. 4.5), K MpaBwIIo,
npuiiMaroThest 0e3  ypaxyBaHHSI 3aKpiIlIeHb
Y3/I0BXK MMO3J0BXKHIX KpaiB IIACTHHH.

(2) IIpyxHe  KpUTHYHE  HAMPYXKEHHS
BTPAaTH CTIMKOCTI 3a THUIOM CTHUCHYTOTO

CTCPIKHA Ouc HCHi,Z[CI/IJ'IeHOI IIJ1aCTHHHA

30

_ A:,eff,loc
A

where:

A is 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);

Ac,eff ,loc

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

is the effective area of the same

(2)  The reduction factor p for the
equivalent orthotropic plate is obtained from
4.4(2) provided 4, UOis 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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€IIEMEHTAMU YKOPCTKOCTI JIOMYCKAEThCA
BU3HAUYaTH 32 HOPMYIIOI0
t2
T12(1-v)a?
(3) Husa IUTACTHHH, I ICHIIEHOT (3) For a stiffened plate o, ., may be

€JIEMEHTaMHU JKOPCTKOCTI IO Kpasx HaHeml 3
BUCOKMM pIBHEM HAaINPYXCHHS CTHCKaHHA,

3HaYE€HHA O , JOIYCKA€ThCsA BHU3HAYATH 32

NPYKHUM KPUTHYHUM HAaINpYy>KEHHSM BTpaTH

CTIMKOCTI CTEPKHS Oy, |, SIK€ BU3HAYAIOTh 32

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

the panel edge with the highest compressive
stress as follows:

dbopmyIor0:
2
n°E-ly,
Oﬁ§I: é ' (49)
As|,1'a
ne: where:
lg, —MomeHT iHepuii  TOmepeyHoro l,, is the second moment of area of the

nepepizy OpyTTO eNeMEeHTy MKOPCTKOCTi 1
CYMDKHUX 4YacTHH IUIACTHHH, BIiIIOBIIHOT
MaHeJi, IPH BTPATi CTIMKOCTI IJIACTHUHU;

A,, —muoma nepepizy

OpyTTO €NEeMEHTY >KOPCTKOCTI 1 CYMDKHUX
YacTUH  IUIACTHHHW, [0  NPUAMAETHCA
BIJIMOB1THO 70 puc. A.1.

IMOIICPCUYHOI'0

IIpumirka. 3Ha4eHHs o, MOxe OyTHM BM3HAYCHO 3a

.C

b
=0 -——, I O BU3HAYAETHCS  BiJTHOCHO
cr,c cr,sl b cr.c
sl,1
CTHCHYTOTO Kparo macTWHM. 3HadeHHa b, i Db,

NPUAMAKOTBCS 3a eKcTpamoiiiiieo (muB. puc. A.l) mo
eMIopi PO3MOITY HANPYKEHb.

4) YMOBHY THYYKICTh CTHCHYTOTO

CTEpXHS Ac BU3HAYalOTh 3a POpMyIamMu:

ﬂA,c : fy

O-CI',C

. Aslleff
th) g,.=———,
ne (with) 8, A

11

A,, —3rimno 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
NOTE: o, may be obtained from o, =0,  -—,

,C cr,sl b

sl.1

where o is related to the compressed edge of the

plate, and, b, ,

stress distribution used for the extrapolation, see Figure
Al

and b are geometric values from the

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

JUIs TIacTHH Oe3 eneMeHTiB sxopetkocri (for unstiffened plates) (4.10)

TS TIJTACTHH 3 elleMeHTaMu sxopcetkocti (for stiffened plates) (4.11)

A, isdefined in 4.5.3(3);
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A1 —C€PEKTHBHA MIOIA  IOHNEPEYHOrO

nepepizy eneMeHTa KOPCTKOCTI 1 MPHICTIINX
YaCTUH TUIACTHHU 3 HAJICOKHUM YypaxyBaHHSIM
3TUHY [IJJACTUHHU, AUB. puc. A.1.

(5)  ouwmxyrouwmii KoeilieHT e
BM3HA4aroTh 3rigo 3 6.3.1.2 EN 1993-1-1.

Jns  tuactuH  G€3  €JIEMEHTIB  JKOPCTKOCTI
koedimienT o =0,21 TOBHMHEH BIANOBITATH

KpUBiii BTpaTu criiikocTi. Jas 1uiacTuH 3
CJIEMEHTaMHU JKOPCTKOCTI « 3aMIHIOIOTH Ha
o, , 110 BU3HAYAIOTh 32 (hOPMYJIOH0:

e=max(e,e,) Oimpma 3 BifgcTaHedl Bix
BIJIMOBITHOTO TEHTPY TSDKIHHS IUIACTHHH [0
HEHTPY TSOKIHHS OJHOCTOPOHHBOTO pedpa
JKOPCTKOCTI (200 pebep, po3TalioBaHUX 3 JBOX
CTOpiH) ab0 10 HEHUTPAJIBLHOI OC1 €(PEKTUBHOTO
YMOBHOI'O CTEpKHS (1uB. puc. A.l);
a=034 (kpuBa b) — mia

nepepiziB eIEMEHTIB )KOPCTKOCTI;

a = 0,49 (xpuBa ¢) — 1A BIAKPUTHUX TIEpepi3iB

3aMKHYTHUX

€JIEMEHTIB KOPCTKOCTI.

45.4 3¢'azox minc empamoro cmiiikocmi
naACMUHU | 6MPaAmor CMiluKocmi yMo6HO20
CIMUCHYN 020 CHEPIHCHA

(1)  OcratoyHO NOHMXKYHOUYUH KOEDIIliEHT
. BU3HAYAETHCS 3 ypaxyBaHHAM y, 1 p 3a

A, .« Is 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 =034
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

(1)OpMyJ'IOIOI as follows:

pe=(p=1.)-62-¢)+ x.. (4.13)

o
ne (where): & =—"E -1 ane (but) 0<&£<1
cr,c

Oy, —TPYKHE KDUTHYHE  HANPYKEHHs oy, IS the elastic critical plate buckling
BTpaTH CTIMKOCTI TUTACTUHH (uB. stress, see Annex A.1(2);
nonarok A.1(2));
O, . —TpyKHE KpUTUYHE HANPYKCHHS o, . Is the elastic critical column buckling
BTpPAaTH CTIHKOCTI 3a THIIOM CTHCHYTOT'O stress according to 4.5.3(2) and (3),
CTep)KHS, BH3HAYA€ThCA  BIAMOBITHO IO respectively;
4.5.3(2)1(3);
Y.  — NOHIDKYIOUMH KOe(ilieHT mpH BTpaTi e is the reduction factor due to column

CTIMKOCTI IUIACTHMHM 3a THUIIOM CTHUCHYTOTO
CTEePIKHS,

32
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P — MOHMXYIOUNH KOe(DIIIEHT MpH BTPATi
critikocti mactunu (aus. 4.4(1)).

4.6  Ilepesipka criiikocTi

(1) TlepeBipka eaeMEHTIB MNPH IUIOIIMHHIH
dbopMi BTpaTH CTIMKOCTI BHUKOHYETHCS 3a
dbopmyIoro

Mgy +Ngg o€

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

yo, is the reduction factor due to plate
buckling, see4.4(1).

4.6 Verification

@ Member verification for uniaxial
bending should be performed as follows:

n = Neg
=
fy ’ A\aff
Ymo
ne:
Ay —edexTuBHa IUIOIIA  IIOIEPEYHOrO

nepepizy, BU3Ha4a€eThes BiAnoBinHo 10 4.3(3);

ey — BIIXWJICHHS LEHTPY TSOKIHHS
e(eKTUBHOI TUTONI] A BIZTHOCHO
HeirpansHoi oci auB. 4.3(3);

M., —po3paxyHKOBE 3HAU€HHS JAII0YOrO
3TUHAJILHOTO MOMEHTY;

Ng, —po3paxyHKOBE 3HAu€HHI J1I0Y01
HOpPMaJIbHOI CUJIH;

W,  — npyxHuid MOMEHT ornopy
e(eKTUBHOTO Tepepi3y, nus. 4.3(4);

Ywmo  — YaCTKOBMH KOe(IiLI€HT Oe3MeKH, AUB.

EN 1993-2 — EN 1993-6.

Mpumirka. ©opmyna (4.14) s mepeBipkd CTHCHYTHX
€JIEMEHTIB KOHCTPYKIi Ta eJIIEMEHTIB, MO 3a3HAIOTh
JIBOOCHOBOTO 3THHAHHS, MOX€ OyTH IepeTBOpeHa Ha
HACTYITHY:

N
T W, <10 (4.14)
Mo
where:
Ay 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 I 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 Mz,Ed + NEd 'ez,N

n = N +Mnyd+NEd+ey'
=
fy ’ A%ff fy 'Wy,eff
Mo Mo
My,ed, Mzed  — po3paxyHKOBI 3HAYEHHS

MIOYMX 3TUHAIBHUX MOMEHTIB  BIJHOCHO
BIJIMOBIAHUX OCeH y—y 1 Z-Z,

e Ny & — BIIXUJICHHS BIZTHOCHO

YN
BiJIMOBIAHOT HENUTPATHHOI OCI.

(2)  [is edexriB HaBaHTaxkeHHS Mg, 1 N,
MOBHHHA BHUKOPHUCTOBYBATUCS B PO3PAXYHKY
2-T0 TOPAJIKY.

(3) st

CTIMKOCTI

mepeBipka  MiCIeBO1
BUKOHY€ETbCSI IS

HaHeni
IUIACTUHUA

<10, (4.15)

z,eff

Ymo

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

f,-W

€N 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 HAaNpPYXXEHHs Ha BiJICTaHi
0,4a ab6o 0,5b (mailimMeHmie 31 3HAYCHB) Bif
Kpal TaHem, JIé BHHHKae HaHOubIIe
HanpyXeHHs. B naHoMy BuUmajaky HeoOXimHa
nepeBipKka HECydol 3JIaTHOCTI TIONEpPEeYHOro
nepepizy OpyTTo Ha Kparo IUIACTHHH.

5 HECYYA  3JATHICTb nPu
3CYBI

5.1  3araabHi moJjoxKeHHs

1) [IpaBmia 1mporo  po3aily  MIOAO

BU3HAYCHHS HECYy4ol 37aTHOCTI TpHU 3CYBI
€JIEMEHTIB TUIACTUH 3 BpaxXyBaHHSM BTpaTH
CTIMKOCTI MIpH 3CYBi 32 IPAaHUYHUMH CTaHAMHU
CIpaBeINBI 32 HACTYITHUX YMOB!

a) madeni IUTACTUH MaroTh Oyt
OPSIMOKYTHUMH a00 3 OOMEXEHHSIM KyTa
magei 3rigHo 2.3;

b) HasBHI €JIEMEHTH >KOPCTKOCTI MPOXOMASATH B
MO370BKHBOMY 1 TIOTIEPEYHOMY HampsiMi abo B
000X HampsMax;

C) oTBOpH abo BUpi3H HeBeNUKi (auB. 2.3);

d) emeMeHTH KOHCTPYKLIl MarOTh MOCTIiHUIT
MOTIepEeYHU IIepepis.
eJIEMEHTIB

2) Mo
72

OPCTKOCTI 3 BIJHOLIEHHAM N, /t>—-€ i

IUIACTUH oe3

I IIACTUH 3 CICMCHTaMH )KOpCTKOCTi 3

31

BigHomenusiMm  h /t>—-¢- /K.  moBuHHa
n

BUKOHYBaTHCh IEpeBIpKa HECydoi 3/1aTHOCTI
Opy 3CyBlI 1 Ha OINOpax MawTh OyTH

nependayveHi HOTIEePEYHi €JIEMEHTHU
YKOPCTKOCTI,

ne (where) ¢ =
Ipumitka 1. h ~aus. Ha puc. 5.1, a s kK — 1us
5.3(3).

Ipumirka 2. 7 Bu3HavaeTbcss B HamioHansHOMY
noxarky. 3HaueHHs 177 =1,20 pexkoMmeHmoBaHE JUIA

Mapok crtami g0 S460. Jlng BUmMMX Mapok CTali
pexoMeHayeThes 3acTocoByBat 77 =1,0.

5.2  Po3paxyHOK Hecy4o0i 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 E-g
n

for an unstiffened web, or gg\/k—r for a
n

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

235

fy [H/MMzJ

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

NOTE 2: The National Annex will define 7. The value
=120 is recommended for steel grades up to and
including S460. For higher steel grades =10 is
recommended.

5.2 Design resistance
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(1) st crinok 0e3 eJeMeHTIB KOPCTKOCTI (@) For unstiffened or stiffened webs the
1 3 eIeMEHTaMH MKOPCTKOCTI PO3pPaxyHKOBE design resistance for shear should be taken as:
3HAQUYCHHs HECy4YOoi 3JIaTHOCTI Ha  3CYB

BU3HAYAETHCS 32 POPMYIIOL0:

n-f,-h,-t
Vo rd =Vowrd + Vor ra S_\/— — (5.1)
37w
JIe CKJIaJI0Ba HECYYOi 3[aTHOCTI CTIHKH: in which the contribution from the web is
given by:
o T hy ot
Vowrs = —\/— : (5.2)
37w
CxrazoBa Hecydoi 3JaTHOCTI MHOACIB Vi qq and the contribution from the flanges V; .4 is
BU3HAYAETHCS 3TiIHO 5.4. according to 5.4.
(2)  Enemenrtu KOPCTKOCTI [TOBMHHI (2)  Stiffeners should comply with the
BiAMOBigaTH BHMoOram 9.3, 3BapHi IIBU requirements in 9.3 and welds should fulfil the
HEOOX1IHO BUKOHYBATH BifmoBiaHo 10 9.3.5. requirement given in 9.3.5.
by e
Lt
A
hw | |
t
—1 '. i
! : !
[TapameTpu nmonepeyHOTO a) Oe3 eJIeMEHTIB b) 3 )KOPCTKOIO OMOPHOIO C) 3 THYYKOIO OMTOPHOIO
nepepisy JKOPCTKOCTI Ha OTopi; YaCTHHOIO; YaCTHHOIO
Cross section notations a) No end post b) Rigid end post ¢) Non-rigid end post

Pucynok 5.1 - KoHcTpyKTHUBHI pillIEeHHS] ONOPHUX YAaCTHH OaJloK
Figure 5.1 - End supports

5.3  Hecyua 3maTHicTh CTiHKH 5.3  Contribution from the web

(1) VY criHkax 3 MONEPEYHUMH eJIeMEHTaMH Q) For webs with transverse stiffeners at
JKOPCTKOCTI TUTBKHM Ha OMOpax i JJIs CTIHOK 3 supports only and for webs with either
OPOMDKHUMH TOMEPEYHUMHU 1 MO3I0BXKHIMHU intermediate  transverse  stiffeners  or
eIeMEeHTaMH  KOPCTKOCTI  abo mpu  ix longitudinal stiffeners or both, the factor 1y,
OZHOHACHIM — yCTaHOBHL  1IPH  BU3HATCHHL for the contribution of the web to the shear
HEeCyd4oi 3JaTHOCTI KoeQilieHT y,, 1O buckling resistance should be obtained from
BpPaxOBY€E BTPATY CTIHKOCTI CTIHKH MPHU POOOTI Table 5.1 or Figure 5.2.

HAa 3CYyB, IOBUHEH BU3HAYATHCS 3T1IHO TaOIHII
5.1 abo puc. 5.2.
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Tabauusa 5.1 — Koedimient y,, mpu BU3HAYEHHI HECY4Ol 3MaTHOCTI CTIHKH MPH BTPATi CTIHKOCTI

IIPH 3CYBI
Table 5.1 - Contribution from the web y,, to shear buckling resistance
’KopcTka onopHa yacTuHa I'nyuka onopHa yacTuHa
Rigid end post Non-rigid end post
Aw<0,83/n n n
0,83/7 < Aw<1,08 0,83/ Aw 0,83/ Aw
w2108 1,37/(0,7+ ) 0,83/ 7

IMpumirka. /Tus. 6.2.6 EN 1993-1-1.

(2) Ha pucynky 5.1 mHaBeneni pi3Hi
KOHCTPYKTUBHI DIIICHHS OMNOPHUX YacTUH
Oanox:

a) 0e3 eJIEeMEHTIB JKOPCTKOCTI Ha  OMopi
(muB. 6.1(2), Tumn c);

b) 3 XOpcTKOH  OMOPHOIO  YACTHHOIO
(nmuB. 9.3.1); e BUIAI0K TaAKOXK

3aCTOCOBYETHCS ISl TIaHENEH B MPOMIKHIN
oropi 6araTonpoJIbOTHOT OAJIKH;

C) 3 THYYKOIO OTOPHOIO YaCTUHOIO

(muB. 9.3.2).

(3) VYmoBHAa THyYKiCTH CTiHKA Aw, IO
HaBeneHa B Tabimmi 5.1 1 Ha pHCYHKY 5.2,
MOBHHHA BU3HAYATUCS 3a (HOPMYIIOO:

_ f
4,=0,76 /—VW
TCF

:kr.GE

ne (where) T,

Ilpumitka 1. 3mausenns o, u K MoxyTe OyTH

HaBeJIeH1 B 10aTKy A.

IMpumirka 2. [lapamerp rHydkocTi CTiHKH A, Oins
ONOPHOI YacTWHHM MoOXe OyTH BH3HA4YCHUH 3a
hopmynamu:

a) A7l ONOpU TUIBKH 3 TOTMEPEYHUMH EIeMEHTaMU
JKOPCTKOCTI

lW:

b) nnst omopu 3 moNEpeYHUMH eeMEHTaMHU JKOPCTKOCTI
i TPOMDKHMMH IIONEPEYHUMH ab0  TO3AOBXHIMH
€JIEMEHTaMH >KOPCTKOCTI 200 3 TMMH 1 IHIIMMH NIpH X
OJTHOYACHIN YCTaHOBII:

A =

e kf — HallMeHIle 3HAa4YeHHs 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 Aw 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 /_1W 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-sfk

in which k_ is the minimum shear buckling coefficient



BpaxoBY€ BTPATy CTIMKOCTI CTIHKM IaHedi Npu poOoTi
Ha 3CyB.

Mpumirka 3. /Ing naHeneil 3 THyYKUMH MONEPEUHUMHU
€JIEMEHTaMHU KOPCTKOCTI TaK0X JIOIaTKOBO
BCTAHOBJIOIOTH ~ JKOPCTKI ~ TIONEPEYHi  eJIeMEHTH

xopctkocTi. B meomy Bumamky K mpuiiMaeTscs
HalMEHIINM 13 3HaY€Hb IS CTIHKY MMaHeJIel MK JBOMa
Oyab-KMMH TIOTIEPEYHUMH EJIEMEHTaMH KOPCTKOCTI
(manmpuxman, a,xh i a,xh ) i mma nmamemeidt mix
JIBOMa JKOPCTKUMH E€JIEMEHTaMH JKOPCTKOCTI, IO
MICTSTh THYYKI TIONEPEYHI €JIEMEHTH IKOPCTKOCTI
(mampuximan, a, xh ).

Mpumirka 4. XKopcTki Mexi maHened NPHIMAIOTHCS,
SKIIO 10 KPasX 3HAXOIATHCA MOSICH 1 JKOPCTKI €JIeMEHTH
JKOPCTKOCTI. B 1bOMy BHIanKy pO3paxyHOK BTpaTH
CTIMKOCTI NPU 3CYBI MOXX€ BUKOHYBATHCS IJISI TaHEINi
MDK JBOMa CYCIIHIMM TONEPEYHUMH EJIEeMEHTaMU

JopcTKoCTi (Hampuknan, & x h Ha puc. 5.3).

IIpumitrka 5. IIpy THyYyKHX @ONEPEYHHUX eJIEMEHTaX
JKOPCTKOCTI HaliMeHIIe 3HayeHHA K JOMyCKaeThCs
BU3HAYaTH TPH pO3paxyHKax BTPATH CTIMKOCTI TakUM

YHUHOM:

1) KOMOIHAIlS 3 ABOX CYCITHIX MaHeJeH CTIHKH 3
OJTHUM THYYKUM IMOTIEPEYHUM EIIEMEHTOM KOPCTKOCTI;

2) KOMOIHAIS 3 TPHOX CYCIIHIX IMaHeNeH CTIHKH 3
IIBOMa THYYKUMHA MOTMePEYHUMHU eJIEMEHTaMU
JKOPCTKOCTI.

[llono Bu3HAYCHD kr JIUB. 101aTOK A.3.

(4)  Ilpu BusHayeHHi K MomeHT iHepmii
TUTOIII TTO3/IOBXKHBOTO E€JIEMEHTY JKOPCTKOCTI
Mae OyTu 3MeHIIeHuil Ha 1/3 Horo nificHOro
3Ha4yeHHsA. Y ¢opmyni Uit Bu3HaueHHS K,

npuiMaeTbCs 1€ 3HUKEHHS 3rigHo m. A.3
(momaTok 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

1,2
3 <E,1
1

0,9

0,8

0,7

Aw

0,6

[~

0,5

04

03

[/

0,2

0,4 0,6 08 1

1 - :xopcTKa ONMOPHA YACTHHA;
2 — THy4YKa ONMOPHA YaCTHUHA;
3 — 30Ha peKOMEHA0BAHUX 3HAYEHDb ISl 7]

22 24 2,6 28 3

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

Pucynok 5.2 - Ilapamerp y, BTpaTH CTiHKOCTi IIPH 3CYyBi

Figure

(5) Hdns CTIHOK 3 03/I0BXKHIMU
elIEeMEHTaMH YKOPCTKOCTI YMOBHA THYYKIiCTh

Aw y (3) moBUHHA IpUMATHCS HE MEHIIIE HiXkK

Pl hWi
= 37,4t e k.,

B upomy Bunaaky h,, i k; BimHOCATBCS 110

CeKIii 3 HAO1IBIIIO YMOBHOIO THYUKICTIO Aw
MIPU PO3TIISAL CTIHKM MAHENi BCIX CEKIIiH.

Ipumirka. JIns pospaxyHKy K. BH3HA4YeHH:, HABEJEHE

5.2 — Shear buckling factor y,,

5) For webs with longitudinal stiffeners

the slenderness parameter A, 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

B A.3, nonyckaeThcs BuKopucToByBatn 3 K =0. may be used with k _ =0.
h,,
LT N 3 N
~l-l— B * b,
2’, +~— B h,,

(a)

1 — kopcTKHii MonepevYHNii eJieMeHT JKOPCTKOCTI;
2 — MO370BKHili eJIeMEeHT KOPCTKOCTi;
3 — rHyYKWHii MONepeYHHii eJleMeHT KOPCTKOCTI

Pucyno

K ~ KOPCTKOCTI

(b)

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

CriHKa 3 TOTMEPEYHUMH 1 MO3IOBXHIMH €IeMEHTaMH

Figure 5.3 —-Web with transverse and longitudinal stiffeners
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5.4

(1) Komum  po3paxyHKOBHM  3THHAJBHUI
MOMEHT, WO [Oi€ Ha I[OSACH, HE BIAMOBIIAE
PO3paxXyHKOBOMY 3HAYEHHIO HECYYOl 3JIaTHOCTI
NOsACIB HAa 3TMH TPU  BTpaTi  CTIHKOCTI
Mgy <My gy, CKIAOBY HeCydoi 31aTHOCTI

Hecy4a 31aTHicTh nosiciB

MOSICIB MOYKHA BU3HAYUTHU 32 (POPMYIIOIO:

be,Rd =

)

b, i t,— mnpuiimMaroTbCsA A MOSCY, SKUKN

3a0e3neyye HaltMEHIIy OChOBY MIIIHICTB;
b,

KOKHOI CTOPOHHU CTIHKU;

— npuiiMaeThes He Ounbiie 15¢-t, Bifg

Mf,Rd:

— PO3paxyHKOBE 3HAYCHHS HECY4Oi 3aTHOCTI
MOTIEPEYHOTO TIepepi3y MOSACIB 332 3rUHAIBHUM

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

2
1— MEd
Mf,Rd
(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 fk

VMo

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

MOMEHTOM pu BpaxyBaHHi TIIBKH flanges only,
e(heKTUBHUX TUIOI TOSICIB
16b, -t7 - f
c=a 025+ |
t-h,-f,
(2)  Sxumro Takox aie ocvoBe 3ycmimis Ny, (2)  When an axial force N, is present,
TO 3HaueHHs M.,  3MeHmylOTH 32 the value of M, ., should be reduced by
JIOTIOMOT010 KoedirieHTa: multiplying it by the following factor:
N
1- Ed (5.9)
(A +AL)- T,
Ymo

[Tpu oMy A;; 1 A;, € BIAMOBIJHO IJIOAMH

BEPXHBOTO 1 HUKHBOTO TIOSICIB.

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

55  TIlepeBipka minnocti 55  Verification
(1)  TIlepeBipky MIIIHOCTI TNPOBOJATH 3a (1)  The verification should be performed
dbopmyoro: as follows:

78 = e <10 (5.10)

b,

ne Vg, — po3paxyHKOBE 3HaUEHHsI ONePedHO]

Rd
where Vg, is the design shear force
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CHJIM TIPH 3THHI 13 3aKpyYyBaHHSM.
6 HECYYA 3JATHICTb CTIHKHA
IMPU JIOKAJIbBHUX HABAHTAKEHHSAX

6.1 3arajbHi MoJI0KeHHS

1) Po3paxyHOK Hecy4oi 3aTHOCTI CTIHKH
NPOKATHUX 1 3BapHUX OaJoK MOBUHEH
BUKOHYBAaTHCsS 3TiIHO 6.2 3a yMOBH, IO
CTHCHYTUH TOSC PO3KPIIUIEHUWH Bix OIYHOTO
3MILLIEHHS.

(2)  3acrocoByoTh HACTYIIHI THUITH
IPHUKJIaTaHHs HAaBaHTAKCHHS:

a) 3 mepenavcro JIOKAJbHUX CHJ HAa CTIHKY
Yyepes OMOpHUil TUCT nosicy (puc. 6.1, a);

b) 3 mepemadero cui depe3 CTIHKY 3 OJHOTO
OIOPHOrO JIKCTa Ha iHmui (quB. puc. 6.1, b);

C) yepe3 ONOpPHMI JUCT Ha omopi 0e3
€JIEMEHTIB )KOPCTKOCTI (puc. 6.1, ).

(3)  Juas xopobuacTux OaloOK 3 MOXHIUMH
CTiHKaMH Mae OyTh TiepeBipeHa Hecyda
3IATHICTh AK CTIHKH, Tak 1 mosicy. BpaxoBani
BHYTPIIIHI  3yCWJUIA €  KOMIIOHEHTaMHU
30BHIIIHIX HaBaHTa)X€Hb, BIAMOBIAHO IIFOYHX
B TUTONIHMHI CTIHKH 1 MOSICY.

(4)  HeoOximHO BpaxOBYBaTH CIUIbHY IO
JOKaJbHOIO  HABAaHTa)XEHHS,  3TMHAJIBHOTO
MOMEHTY 1 OCBbOBOi CHJIM HIpPHU IEpeBIpKax
3rifHo 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 (c)

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.

Tun (a) Tum (b) Tum (C)
Type (a) Type (b) Type (c)
s AF AF
| | | | |
’ : i | S i X |
st # [hes ja | = | o e
i R | | Vf | |

2
ke =35+ Z(h—wj
a

2
ke =2+6(Ssh+cj <6

W

Pucynox 6.1 - KoedimieHTn BTpaTy CTIMKOCTI IS pI3HUX THIIAX MPHUKIAJaHHS HaBaHTaXESHHS

Figure

6.2  Po3paxyHOK HecCy4oi 31aTHOCTI

(1)  PospaxyHOK Hecy4oli 34aTHOCTI st

CTIHOK 3 eJIeMEHTaMH KOPCTKOCTI abo 6e3 HuX

40

6.1 — Buckling coefficients for different types of load application

6.2  Design resistance

(@8] For unstiffened or stiffened webs the
design resistance to local buckling under



MPU MICIEBIA BTpaTi CTIMKOCTI TiJ] BIUIMBOM
JIOKAJIHOI'O HaBaHTAXXCHHS BI/IKOHYIOTB 3a
HACTYITHOIO (hOPMYJIOIO

FRd =
ac.
t, — TOBIIMHA CTIHKY,
f, ~ — Mexa TeKydoCTi MaTepiany CTiHKH,
L4  — ebexTuBHA NOBKMHA IIPH BU3HAYEHHI
HeCy4oi  3[aTHOCTI  CTiHKM, Wi €0

MONIEPEYHHUX JIOKAIBHUX HABAaHTAXKCHb, SKa
BU3HAYAETHCS 32 (HOPMYIIOIO0

’ Leff -t

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

transverse forces should be taken as

v (6.1)
Ym1

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 =2 -1y (6.2)

bi (S

Iy —e(beKTI/IBHa JOBXXWHA IIPpUKIIaJlaHHA

HAaBaHTA)XCHHs1, BU3HAYCHA B 6.5, IpUIMA€EThCS
II0 JIOBXKHMHI PO3IOJUTY 3yCHIUISL Ha MOSIC Yepes
KOPCTKI OIOPHI €IEMEHTH S, , TUB. 6.3;

X — MOHMXKYIOUNH KoedirienT, 110
BpPaxOBY€ MICIICBY BTpPATy CTIMKOCTI CTiHKH,

nuB. 6.4(1).

6.3  JloB:KMHA PO3MOIiJy HABAHTAKEHHS
Ha mosic

(1)  [omxuHa po3MoOJiny HaBaHTAXKCHHS Ha
HOsIC S, 4epe3 KOPCTKI ONOPHI €IEMEHTH, MO

K1l BiAOyBaeTbcd mepenadya JOKaJIbHOTO
HAaBAHTA)KEHHS  HAa  MOSC, MPUMMAEThCS
BIIMOBIIHO 110 puc. 6.2. Ilio nmoBxuHy mpu
NPUKITAJaHHI ~ HAaBaHTAXEHHS  HA  TOSC
INPOKATHUX 1 3BapHUX  OalloK  MOXHa
pO3paxoByBaTH MO KYTy  pO3IMOJALUIECHHS
HaBaHTaXXCHHA AK 1:1. 3HaueHHsA S, MOBUHHO

npuiimaTucs He 6inbme h, .

(2)  Skmio nmekinbka OKpeMHUX HAaBaHTaKEHb
ONMM3BKO PO3TALIOBaHI OJWH JIO OJHOTO, TO
HeCyuy 3/[aTHICTh BU3HAYAKOTh 5K JJIsI KOXKHOT
OKpemol CHiaM, TaKk 1 JUII  BCHOTO

HaBaHTaXCHHA Ss’ 3 CUJION0, NPUKIIAJACHOIO B

cepenuHi JIOBXUHU MIDK 30BHIIIHIMA

HaBaHTaXCHHAMMU.

where:

I, is the effective loaded length, see 6.5,

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

¥ 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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Pucynox 6.2 — JloBxxuHa po3IOALTY HAaBaHTAKEHHS Ha TOSIC

Figure

(3) Skmo mepemavya HaBaHTaKEHHS Ha
CTIHKY BiIOYBA€ThCS HE Yepe3 YCHO MOBEPXHIO
OTMOPHOTO JIUCTAa, a MiJ KyTOM B MicIi
NPUKIAJaHHs HaBaHTAKEHHS (IUB. TPaBy
yacTuHy puc. 6.2), TO, SAK IpaBUIIO,
npuiimaoTts 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  Ionmkywumii koedimieHT Y. 117 6.4  Reduction factor y. for effective
e(peKTHBHOI [OBKHHHM IIPH BH3HAYEHHI length for resistance
HeCY40i 31aTHOCTi
(1)  ouwmxyrouwmii KoedimieHT X (1)  The reduction factor y. should be
BU3HAYAETHCS 32 GOPMYJIOLO: obtained from:
Ae

— [t

ne (where) Qe = |12 (6.4)
FCI"
t3

F,=09-k. -Eh—W. (6.5)
(2) Koepimient k. st criHok  6e3 2 For webs without longitudinal
TO3TOBYKHIX D — JKOPCTKOCTI stiffeners ke should be obtained from
BU3HAYAIOTh 3T1IHO 3 puC. 6.1. Figure 6.1.
IMpumitka. B HanioHaneHOMY 10OAATKY JIOIMYCKAETHCS NOTE: For webs with longitudinal stiffeners

BCTAaHOBJIFOBATH BHMOTI'HW JJId BHU3HAYCHHI k JUJIsL

.
CTIHOK 3 TO3J0BXHIMH €JEMEHTAMH JKOPCTKOCTI.
PexoMeHyIOTbCS HacTyIHI TpaBWja: Ui CTIHOK: 3

TIO3/I0BXKHIMU €JI€MEHTaMH JKOPCTKOCTi 3HAa4eHHsA K_

JIOITyCKA€THCSI BU3HAYATH 32 (OPMYIIOI0

a

2
ke =6+2[h—w} +[5,44%—0,21}/y_5

e b1 — BHCOTA HaBaHTaXEHO1 ceki,

OpURMAEThCS SIK BIACTaHb y MPOCBITI MIX
HAaBaHTAXCHUM  TIOSCOM 1  €IIEMEHTOM
KOPCTKOCTI;
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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



|
=10,9—"1 <13
7/5 h t {
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w w
ne |y, —MomeHT iHepuii IO eJIEMEHTY

JKOPCTKOCTI, IO 3HAXOIMTHCS HAMOJIMKYE JI0
HABAHTAXXEHOTO osiCy, BKJIIOYAIOYHN
MPUMHUKAIOY1 TUITHKY CTIHKH 3rigHO 3 puc. 9.1.

®opmyna (6.6) cripaBeIBa AJis

o

0,05<—+

a
1 TpUKJIaJaHHS HABAaHTAXKEHHS 3a TUIIOM (a)
3riJIHO 3 puc. 6.1.

(3) |, Bu3HAYarOTH 3riAHO 3 6.5.

6.5 EdexTuBHa 10BKMHA NPHUKJIATAHHSA
HABAHTAKEHHS HA CTIHKY

1) EdextuBHa JOBXKMHA MPUKIAIAHHS
HABaHTAKEHHS Ha CTiHKY |, po3paxoByeTbcs

13 3aCTOCyBaHHSIM O€3pO3MIpHUX MapaMETPiB
m im,:

m, =

2
m, = o,oz[h—vv} simo (if) A >0,5

t;

m, =0
VYV xopobuactux Oankax 3HaueHHS D; vy
dopmyni (6.8) obmexyroTh m0 15¢-t, Bin
KOKHOI CTOPOHU CTIHKH.
(2)  na Bumaakis tumy (a) i (b) Ha puc. 6.1

|, BU3Ha4ar0TH 32 hopmyJIOHO:

f, b,
-1

sikio (if)

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

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

—} + 210{0,3 - —} (6.7)
h a

w

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.

where 1,

Equation (6.6) is valid for
b
h

1 <0,3 ra (and) -+ <0,3;

w

and loading according to type a) in Figure 6.1.

3 I, should be obtained from 6.5.

6.5  Effective loaded length

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

(6.8)

W

(6.9)
A <05

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

y

I, =s, +2t, {1+ /m +m, ), mpu (but) I, <a (6.10)

y

|, He mepeBHIIye BiJICTAHb MiK CYCIIHIMH TONIEPESUHIUMHU €JICMEHTAMH KOPCTKOCTI

|, <a distance between adjacent transverse stiffeners,

3) Jns Bunaaky tany (c) |, BusHauaroTh

AK HaliMEHIIE 3HAYEHHS, BU3HAYEHE IO
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, =1, +t, _J{t_eJ +m, (6.11)
f
I, =1, +t;ym +m, (6.12)
ke -E-t3
= ——%<s +cC (6.13)
2f.,-h
ywow
6.6 IlepeBipka Hecy4oi 31aTHOCTI 6.6  Verification
(1)  TlepeBipka HeCcyd4oi 3MaTHOCTI CTIHKH (1)  The verification should be performed
Opy MiCLEBil BTpaTi CTIHKOCTI MiJ BILUTMBOM as follows:
JIOKQJIbHOT'O HaBaHTaKCHHSI HOBHHHA
BUKOHYBATHCS 32 POPMYJIIOIO:
P 1,0 6.14
772 - f L t — ¥ ( . )
yw eff T tw
m1
i (< where:
Fey — PO3paxyHKOBE 3HAUCHHS JIOKAJIBHOTO Fe, is the design transverse force;
HABaHTAKCHHS,
Ly  — edexTuBHA NOBXHHA IIPU BU3HAYCHHI L, is the effective length for resistance to
Hecy4yoi 37aTHOCTI CTIHKM 1O JIOKQJIbHUX transverse forces, see 6.2(2);

HABaHTAXEHHAX BIAMIOBIIHO 10 6.2;

t, — TOBIIMHA JIUCTA.
7 B3AEMOAIA 3YCIJIb
7.1  B3aemonis MnmonepevHoi CHJIH,

3rMHAJILHOI0 MOMEHTY i 0CLOBOI CHJIN

(1) 3a ymoBu, mo 7, <0,5(auB. HIKUE),
pO3paxyHKOBa  HeCy4a  3[aTHICTb IS
3THHAJBHOTO MOMEHTY 1 OCBOBOI  CHUIH

npuiiMarotecd  0€3 3MIH 3 ypaxyBaHHSIM
nonepeynoi cuimu. Sxkmo 77, > 0,5, To BruMB

B3a€MO/I11 3TMHAJILHOTO MOMEHTY 1 MOMEePeYHO1
CHJIM B CTiHIII IBOTaBPOBUX a00 KOPOOUACTHX
0aJoK MaroTh BIJIOBIAATH YMOBI:

_ M _
f,Rd
m+|1- M '(2773
pl,Rd
ze:
M| p¢ — DPO3paxyHKOBE 3HAY€HHS HECY4Oi
30aTHOCTI Ha 3TMH B IUIACTAYHINA cTramil
nepepizy, IO CKIaJaeThCs 3 ePEeKTUBHOI

44

t, Is the thickness of the plate.
7 INTERACTION
7.1 Interaction between shear force,

bending moment and axial force

(1)  Provided that 77_3I (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:

M f,Rd

pl,Rd

~1f <1,0 npu 7, 2 (7.1)

where:

M s is the design plastic moment of

resistance of the section consisting of the
effective area of the flanges;
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ILTOIII] MOSICIB;

M ) r¢ — DPO3paxyHKOBE 3HAYEHHsI HeECy4oi 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.

3aTHOCTI HAa 3MMH B IUIACTHYHINA cTamil
MOTIEPEYHOr0 Tepepi3y, M0 CKIANAEThCS 3
e(eKTUBHOI IJIOUI MOACIB 1 IUIOWII Tepepizy
CTIHKH HE3aJISKHO BiJI KJIacy mepepisy;

— M
=
M pl,Rd
— 'V
= Vv =
bw,Rd

JlonaTkoBO MaroTh OyTH BHKOHAaHI BHMOTHU
nyHKTIB 4.6 15.5.

Bkazani yMOBU MOBHMHHI BpaxoBYyBaTHUCS IS
€JIEMCHTIB KOHCTPYKI[IH TIpH CTaTUIHOMY
PO3paxyHKY 2-T0 HOPSAIKY, AKIIO 1€ JOLIIBHO.

(2)  VYwmomm, Bkazani B (1), MaioTh OyTH
MepeBipeHi IS BCiX Iepepi3iB, OKPIM MiCIlb
NPUKIAJaHHS  JIOKAJbHOTO  HaBaHTAKCHHSI,
po3TanoBaHoro Ha Bincrani mexmre Hix h, /2

BiJI ONOpH 3 BEPTUKAIBHUMHU CJIEMECHTAMH
KOPCTKOCTI.

(3)  Po3paxyHkoBe  3Ha4YeHHS  HECyd4ol
3aTHOCTI Ha 3TMH M ., y TutacTuuHii cTanii

poboTH Moke OyTH MPHUHHATO 3a MEXero
TEKY4OCTI MO €(QEeKTUBHIM IOl MOsCy 3
HallMeHIINM 3HAYEeHHSAM BiJTHOIIEHHS
A f, /7wy 1 BincTaHi Mix HeHTpaMu TAKIHHS

TOSICIB.

4) Sxmo gie oceoBa cmma N, TO

sHaueHHs M .y 1 My, Maorte Oyru

3MeHIeHi BianoBigHo no 6.2.9 EN 1993-1-1 i
5.4(2). Sxmo ochoBa cWja HACTLIBKU BEJHKA,

10 BCA CTiHKa € CTUCHYTOIO, TO 3aCTOCOBYIOTH
7.1(5).

(5) Tosicu kopoOuacTux OajgoOK MarTh OyTH
nepeBipeni 3rigHo 3 7.1(1), mnpuiimaroun
Mg =0, 1 7y, npuiimMaeTbCca AK CepeIHe
3HAYEHHS HAINPYXXEHHS MpH 3CYyB1 B MOCI, SKe
Mae Oytu HE MeEHIIe MOJIOBUHHU
MaKCHUMaJIbHOTO HAIPY>KEHHS 3CYBY B IOsICi; B
IbOMY BHNAJIKy AJs 7; 3aCTOCOBYIOTb 7}
3rigHo 3 4.6(1). JlonatkoBo cexlilii MaroTh OyTH
nepeBipeHi, BUKOPHUCTOBYIOUHN cepesHe
3HA4YeHHs HAINpYXXEeHHs NpU 3CyBl Yy cekuii 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 plastic moment of resistance
M s Mmay 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) If an axial force Ng, is present, M, ¢,
and M .4 should be reduced in accordance

with 6.29 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, Uis
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  KOoe(illieHT y,,, BHU3HAUYEHHH

3TiIHO 3 5.3 3 ypaxyBaHHSIM BTpPaTH CTIHKOCTI
CeKIlil, 32 HAasBHOCTI YXOPCTKHX IO30BXKHIX
€JIEMEHTIB )KOPCTKOCTI.

1.2 B3aemonis nonepevyHoi CHJIM,
3rHHAJILHOT0 MOMEHTY i 0CLOBOI CHJTH

(1)  Sxmo Oanka HaBaHTa)kKEeHa
30Cepe/KEHIM JIOKAJIbHUM HABAHTAKCHHSM,
IIIOYMM Ha CTHCHYTHH TMOSIC, IO IPAIo€e
OJTHOYACHO Ha 3TMH 1 OChOBY CHIy, Hecy4a
3IaTHICTh Mae OyTH mepeBipeHa 3rigHo 4.6 i
6.6 Ipu JOTPUMaHHI HACTYITHOI YMOBH

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

7.2 Interaction  between  transverse
force, bending moment and axial force

@ 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, +08np, <14 (7.2)

(2) SIKIo 30cepekKeHe HaBaHTaXKCHHS JIi€
Ha PO3TATHYTHUU IOSIC, TO HECydy 3JaTHICTh
MEePEBIPAIOTH 3T1IHO 3 po3aiaoM 6. J[ogaTkoBo
MalTh OyTtu poTpumani mnpaswia 6.2.1(5)
EN 1993-1-1.

8 BILIMB IOSCY HA BTPATY
CTIMKOCTI CTIHKHA

(1)  Brpari MicueBOi CTIMKOCTI CTIHKH B
MeXax MaHe MePelKoKae CTUCHYTHUH MOsC,
SIKIIO TOTPUMYEThCSI HACTYITHA YMOBA

—£ <k
tW

h
ne:
A, — oA MOTICPEYHOTO nepepizy
CTIHKHU;
A, —edexTuBHa IUIOIIA  MONEPEYHOTrO

nepepizy CTUCHYTOIO MOSCY;

h,  —BHUcoOTa CTiHKH;

t — TOBIIIMHA CTIHKH.

W

3HaveHHs KoedimieHTa K 3aCTOCOBYETHCS:

— mpu poboTi B ractuuHii cranii kK =0,3;

— Tpu poboTi B MPYKHO-IIACTUYHIN cTaii
k=04;

— Tpu npyxHii cragii podotn k =0,55.

(2) Y 3irHyrux Oankax, [0 MaroTh
3aJMIIKOBI MPOTUHH, B SIKUX CTHCHYTHH IOSIC
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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 is the effective cross section area of the
compression flange;

fc

h is the depth of the web;

w

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



3HaXOJUTHCS Ha YBITHYTIH CTOPOHI, MMOBHHHA
BUKOHYBAaTHCS HACTYIIHA YMOBA!

ne I — paalyc KpUBU3HU CTUCHYTOTO TOSCY.

Mpumirka. B  HamionaneHOMY  J0AaTKy  MOXe
HaBOJUTHCSA MONATKOBa iHQoOpMaIis Mo MosACy, IO
BIUTMBAE HA BTPATy CTIHKOCTI.

9 EJJEMEHTHU KOPCTKOCTI TA
IX IETAJTBHE BUKOHAHHSA

9.1 3arajbHi MoJI0KeHH

(1) VY 1poMy po37iii HaBOASTHCS MpaBuia
pPO3paxyHKy  €JIIEMEHTIB  KOPCTKOCTI B
IUIACTUHYACTUX  KOHCTPYKIIAX,  fAKI €

JIOTIOBHEHHSIM 0 MIPaBUJI 1O BTPATi CTIMKOCTI
MJIACTHH, HABEACHUX B po3/iiaax 4 — 7.

Ipumirka. B HamionanmsHOMY MOJaTKy MOXYTH OyTH
HaBeJIeH] JI0/IaTKOBI BUMOTH JI0 €JIEMEHTIB )KOPCTKOCTI

Ta ix JACTAJIbHOTO BUKOHAHHSA IIPpU 0CO0JIMBHUX BUIIaJKax
iX 3aCTOCYBaHHs.

(2) Konu nepeBipstoTh HeCydy 37aTHICTB,
IpU BTPATI CTIMKOCTI MJIACTHH JOIYCKAa€ThCA
3aCTOCOBYBAaTH €(QEeKTHUBHMUA mepepi3 OpyTTo
CTHCHYTOTO  €JIEMEHTY JKOPCTKOCTi  ILTIOC
OPUMHKAIOYl JUISSHKH JIUCTa Ha  KOXHIN
CTOPOHi €JIEMEHTY J>KOPCTKOCTI IIUPHHOI HE
Ooinmpmie  15¢t,  Bukmowaroun  Oyab-sKi
JOJIATKOBI HAKJIAJKH CYMDKHHUX €JIEMEHTIB
xopctkocTi (puc. 9.1).

(3) HopmampHe 3ycwiuii B HONEPEYHUX
eIIEMEHTaX )KOPCTKOCTI 3aCTOCOBYIOTh SIK CyMY

h,-E
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face, the following criterion should be met:

A
Afc
(8.2)
+ W
3r- 1:yf
r is the radius of curvature of the

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

PE3YIIBTYI0YOTO 3YCHILIS BiJ 3CyBY resulting from shear (see 9.3.3(3)) and any
(maB. 9.33(3)) Ta ycix  30BHINIHIX external loads.
HABaHTAXXCHb.
. 154 v 15¢t . . 15¢t 15¢et ,
1
<
S /& 7 R 7771122222522
VSN N A
MAS ‘HAS
AN AN
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Pucynox 9.1 - EdexTuBHMII nonepeyHnii nepepi3 eIeMeHTY )KOPCTKOCTI

Figure

9.2  HopmajbHe HANPYKEHHS

9.2.1 Minimanwvni eumozu 00 nonepeyHux
e1eMeHmis HcopcmKocmi

@H)] JlJiss CTBOpEHHS KOPCTKOI OMOPH st
IUIACTUHH 3 MO3JOBXHIMH  €JIEMEHTaMHU
KOPCTKOCTI a00 0e3 HUX MPOMIXHI MonepeyHi
€JIEMEHTH JKOPCTKOCTI MOBHUHHI 3a/10BOJIBHATH
KpPHUTEPil0, BKa3aHOMY HIDKYE.

(2)  Tlomepeunwmii  exeMeHT KOPCTKOCTI
HEOOXIHO PO3IJISAAATH K MPOCTHH CTEPXKEHb,
0 MIiAJAEThCS OIYHOMY HABAaHTaXXEHHIO 3
I0YaTKOBUM BUKPHUBJICHHSIM 3a
CUHYCOIIAIbHOIO KPHBOIO 3 W, =5/300, nes —
HaliMeHIIe 3i 3Ha4eHb @, a, i b (puc. 9.2).
B mpoMmy Bumagky @ 1 @, € HOBXHHAMHU
CYMDKHHMX  TaHEJNeH  JaHOTO  EJIEMEHTY
KOPCTKOCTI, a b SBISETBCS BHCOTOK MIiXK
[EHTpaMU TIOSACIB Oaikkm ab0 JOBKUHOIO
MONIEPEYHOT0  €NIEMEHTY KopcTkocTi. Llei

eKCLIEHTPUCUTET TOBHHEH BpaxOBYBAaTHCS B
MOJAJIBIIOMY PO3PaXyHKY.

1 — monepeyHMii eJleMeHT KOPCTKOCTI

9.1 - Effective cross-section of stiffener

9.2 Direct stresses

9.2.1 Minimum requirements for transverse
stiffeners

Q) 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) [TomepeuHuit  €MEMEHT  YKOPCTKOCTI
MOBUHEH CIPUAMATH 3YCWUIS B 3THHY
CYMDKHUX CTHUCHYTHX TaHellel 32 YMOBH, KOJIH
o0uJBa CYMDKHI TIONEPEYHI EJIEMEHTH €
OJTHOYACHO JKOPCTKUMH 1 MIIHUMH MpH il
SIKOTO-HEOY/Ib 30BHINIHBOTO HABAaHTAXEHHS 1
OCHOBO1 CHJIH 3T1IHO 3 MPUMITKOIO 110 9.3.3(3).
CtucHyTi TaHedl 1 TIO3/I0BXKHI EJIEMEHTH
JKOPCTKOCT1  PO3IMIIANAIOTBCA K  IIapHIPHO
MpUETHAHI  JI0  TIOTIEPEYHUX  €JIEMEHTIB
KOPCTKOCTI.

(4)  3a Teopi€ro po3paxyHKy 2-TO MOPSAAKY
B IPYKHiH cTazaii poOoTH nmoTpiOHA mepeBipka
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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 JBOX HACTYIIHUX KpUTEPIiB,
10 33/I0BOJILHSIIOTh METOAMIII PO3PaxyHKY 3a
rPaHUYHUMH CTaHAMU!

— MakCHMajbHE HaNpYXEHHS B EJIEMEHTI
XKOPCTKOCTI HE TIOBUHHE IEPEBUILYBATH

fy/yMl;

— JIONAaTKOBUH 3TMH €JIEMEHTY JKOPCTKOCTI HE
IOBHHEH TepeBuIyBatu 3Hauenss b/300.

(5) 3a BigCcyTHOCTI B  IONEPEYHOMY
€JIEMEHTI KOPCTKOCTI OChOBOI CHiM, OOWIBa
kputepii B (4) ONyCKaeTbCcs  BBaKaTH
BUKOHAHHUMU, SIKIIIO MOMEHT iHepii
IONEPEYHOr0 EJIEMEHTY KopcTkocTi | Oyzme

HC MCHIIIC

E

3 :%(R

ne (where) o :ﬁ.h( 1 . l]

ap D& a
7°E-e
— max>
fy300b =10
Ymi1

€

TSOKIHHSA €JIEeMEHTY JKOPCTKOCTI A0 HalOiibI
BIJIIAJIEHOT TOUKH €JIEMEHTY )KOPCTKOCTI;

max — MAKCHMaJIbHa BIJCTaHb BIJI LEHTPY

Ng, — PpO3paxyHKOBE 3HAuU€HHS JIH0YOTrO

3YCHJUISL CTUCKAHHS B CYMDKHHUX IaHeNsX, ale
HE MEHIIE 3YyCWJUIA, PIBHOTO HalOLIbIIOMY
Halpy>XEHHIO CTHCKY, ITOMHOXXEHOMY Ha
N0J0OBUHY e(peKTUBHOI ~ CTUCHYTOI ILIOI
MONEPEYHOro TIepepidy MNaHeml, BKIOYaouu
€JIEMEHTH KOPCTKOCTI;

Oy s Oy p — BU3HA4eHi B 4.5.3 1 nomarky A.

cr,c? p

IMpumirka. EN 1993-2 i EN 1993-1-7 micTsaTh BKa3iBKH
M0 3aCTOCYBAHHIO TMOTIEPEUHHUX EJIEMEHTIB JKOPCTKOCTI,
0 HABAaHTAXKYIOTHCS 3 TUIONTUHY CTIHKH OaJKH.

(6)  Sxmo MOTepeyHi CIIEMEHTH
KOPCTKOCTI CHpUIMAalOTh OChOBE 3yCHIUISA
CTHUCKy, TO BOHO Mae OyTu 30i7bIlIeHE Ha
smauenns AN, =o, b’ /7® mia Toro, mio6
BpaxyBaTH JOJATKOBI 3YCWJUIS BiJ 3THUHY.
Kpurepii B (4) 30epiraioTb CBOIO CUITy, aje
AN, MoO)XHa He BpPaxOBYBaTH, KOIM IIpU
pO3paxyHKy B

€IEeMEHTI  JKOPCTKOCTI

T

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, /7y, ;

— 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%OUJ (9.1)

€. 1S 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.

Ucr,c’ 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® (in 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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HaANpPY>KEHHS B1J1 OCbOBO1 CHJIM OJIHOTO 3HAKY.

(7) 3a  BIACYTHOCTI B  TOINEPEYHOMY
€JIEMEHTI KOPCTKOCTI OCHOBUX CHJI BUMOTH B
(4) MOXyThb mepeBipATHCA 1O  Teopii
pO3paxyHKy 1-ro TMOpSIKY B TPYXHIH cTasmii
pobotn 3 ypaxyBaHHSAM  HAacTYIIHOTO
PIBHOMIPHO PO3MOALICHOIO IO JOBXHHI D
JOJJAaTKOBOTO TMONEPEYHOr0 HaBaHTAXKEHHS (],

10 BU3HAYAETHCS 32 POPMYJIOL0:

(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 q

acting on the length b:

6= oWy + W) 9.2)
ne: where:
o,  —BusHaueHO B (5); Om is defined in (5) above;
W,  — BKa3aHO Ha puc. 9.2; Wo is defined in Figure 9.2;
W,  —naedopmamiss mpu npyxkHid craaii Wel is the elastic deformation, that may be

po0OoTH, SIKy  JIONMYCKA€ThCS  BH3HAYATH
MeToJaMH iTepanii abo NPUWHATH PiBHOIO
JOJIATKOBOMY 3THHY €IIEMEHTY JKOPCTKOCTI

(b/300).

(8)  SIkmio He 3aCTOCOBYETHCS TOYHINIMMA

METOJ  PO3paxXyHKy Uil  BUKJIFOYCHHS
KpyTHIbHOT  (GOpMH  BTpaTH  CTIMKOCTI
€JIEMEHTIB  JKOPCTKOCTI 3 BIIKPUTHM

MOTNIEPEUHUM TIePEPI3OM, TO MJII E€JIEMEHTIB
YKOPCTKOCTI MOBHHHA BUKOHYBATHCS HACTYITHA
yMOBa

1 >53
Ip

ae:

I, — MOJISIPHUN

MOMEPEYHOro Mepepi3y OAHOTO  EJIEMEHTY
JKOPCTKOCTi, IO PO3PaxXOBYETHCS BIIHOCHO
TOUYKH KPIMJIEHHS J10 TIACTHHH,

MOMEHT 1Hepuii

I —mMomeHT iHepii CeH-Benana mnpu

Kpy4Y€HH1 JJI MOMEepPEeYHOro nepepizy OJHOTro
€JIEMEHTY JKOPCTKOCTI.

9) [Tpu BpaxyBaHHI 3TUHAIBHOT
JKOPCTKOCT1 €NEMEHTIB i HUX Mae OyTH

BUKOHAaHUN KpuTepiid, BkazaHuii B (8), abo
HACTYIHUN KPUTEPIH:
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either determined iteratively or be taken as the
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:

f

' (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.

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

f 9.4)



ae.

o, — KpUTUYHE HaIpyXeHHs npu

cr

KpYTWIBHIA ¢dopmi BTpaTH cTiHKOCTI 0e3

ypaxyBaHHs ~ 3aTHCKaHHS IUIACTHHU  TIPH
3aKpy4YyBaHHI,

0 — mapaMeTp, 1o 3alesnedye 3 Kiac
poboTu.

Ipumirka. Ilapamerp 6 wMoxe OyTH HaBeAeHUH B

HarionansHOMYy nonmaTky. PexkoMeHmOBaHE 3HAuYCHHS
0=6.

9.2.2 Heooxioni eumozu 00 NO3008IHCHIX
e1eMenmie HcopcmKocmi

(1) Bumoru, 1O CTOCYIOTbCS KPYTHIBHOT
dbopmu BTpaTH CTiHKOCTI, HaBeaeHi B 9.2.1(8) i
9.2.1(9), NOmMPIOIOTECS TaKOXK HA MO3IOBXKHI
€JIEMEHTHU YKOPCTKOCTI.

(2) [TepepuByacTi MO3M0BXKHI €JIEMEHTH
KOPCTKOCTI, 5IKi HE IPOXOJATH Yepe3 MpOopi3H,
3po0JIieHi B TIONEPEYHUX eJIEMEHTax
KOPCTKOCTI, a00 MpH iX BiJCYTHOCTI 3 IHIIOTO
OOKy TMONEepeYyHUX EJIEMEHTIB >KOPCTKOCTI,
MTOBUHHI:

— 3aCTOCOBYBATHUCS TIJIBKU JUJISl CTIHOK (TOOTO
HENPUITYCTHMO JJIS TIOSICIB);

— HE  BpaxoBYBAaTUCA B  CTaTUYHOMY
PO3paxyHKY;
— HE BpaxoByBaTHCS TIIpU  PO3PaxyHKY
HaIpPYKECHHS;
— po3rasaatucs npu BU3HAYEHHI

e eKTHBHOIP MIMPHUHY CTIHKHU CEKIIil;

— PO3IISAATHCA NPU PO3PAXYHKY INPYKHOTO
KPUTHYHOTO HapPy>KEHHS.

(3)  IlepeBipka Hecydoi 3maTHOCTI IS
€JIEMEHTIB JKOPCTKOCTI BUKOHYETHCS 3T1THO 3
4531i4.6.

9.2.3 3eapni cmuxu aucmis

(1) 3BapHi CTHKM TpH pi3HIA TOBIIMHI
JUCTIB HEOOXITHO PO3MINIYBaTH MOOIHU3Y
MOTIEPEYHMX EJIEMEHTIB JKOpPCTKOCTI (puc. 9.3).
EKCIieHTpHCHTETH HE BpPaxOBYIOTh, SKIIO
BiJICTaHb BiJl 3BapPHOTO CTHKY JO MOMEPEYHOTO
€IEMEHTY  JKOPCTKOCTI  HE  IEPEBHIILYE
MeHIIOro 3i 3HaueHb by/2 i 200 mm, me: by —

BiICTAHL MDXK MO3JOBXKHIMU €JIEMEHTAMU
YKOPCTKOCT1 TOHIIIOT CTIHKH.

JCTY-H B EN 1993-1-5:201X
where:

o, Is the elastic critical stress for torsional

buckling not considering rotational restraint
from the plate;

0 is a parameter to ensure class 3
behaviour.

NOTE: The parameter ¢ [Imay be given in the
National Annex. The value @ =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.

o1
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———

—]

<min (goor 200 mm)

|
.l

2/

1 — monepeyHMii eJIeMeHT KOPCTKOCTI;

2 — 3BapHMii OB

P

1 Transverse stiffener
2 Transverse weld

Pucynok 9.3 - 3BapHi CTHKH JHUCTIB

Figure

9.2.4 Bupizu é enemenmax sxcopcmkocmi

(1) Bupism B NO3I0BXKHIX eJIEMEHTaX
JKOPCTKOCTI ~ HEOOXiZIHO  BUKOHYBAaTH, SIK
nokaszasno Ha puc. 9.4.
- s ]
L4
11
L4
/
h
5 /
g hg
154
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
[V

Pucynox 9.4 — Bupi3u B MO30BXKHIX €IEMEHTaX »KOPCTKOCTI

Figure

(2) HomxuHa  BHpI3y I
3a/I0BOJIbHSITH HACTYITHUM YMOBaM:

IIOBUHHAa

| > 6t . — i CTHCHYTHX IJIOCKHX €JIEMCHTIB
YKOPCTKOCTI,;
I 2 8tmin -

KOPCTKOCTI 1HIIMX (OPM Mepepizy;

JUIA CTUCHYTHX eJIEMEHTIB

| >15t,,, — IS eeMeHTIB KOPCTKOCTI, 110 He

3HaXOOAThCA HiI[ HAaBaAHTAKCHHAM CTUCKY,

ne t . — MeHIIe 13 3Ha4eHb TOBIMHM JIUCTIB.

(3) TI'pammuni 3HauenHs | B (2) ms
CTUCHYTHX €JIEMEHTIB KOPCTKOCTI
JIONTYCKA€ThCSl  30UIBIIMTH  HA  BEIMYUHY
Ux,Rd .
, SIKIIIO BUKOHY€ETHCS HACTYIIHA YMOBaA!

Oy Ed

Oyeq SOypg 1 | <15t ,

HC Oy gg — CTHCKaAIO4YC HaIIPY>XXCHHSA B 30HI1
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9.4 — Cut outs in longitudinal stiffeners

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

| >15¢t . for stiffeners without compression

Where t,,, is the lesser of the plate
thicknesses
(3) The limiting values 1| in (2) for

stiffeners in compression may be increased by

(o}
| =R When o, ¢y <0, qq and | <15t
O-X,Ed

o, gq IS the compression stress at the location



BHPI3Y.

(4) Po3mipm BHpI3IB B  IMONEPEUYHHX
eJIeMEeHTaX >KOPCTKOCTI MarOTh OyTH BUKOHaHI,
SK TIOKa3aHo Ha puc. 9.5.

— — — — § ppSar—_— — {1
v hs
j
L/ e
5
5
/]
5
vl R L
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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.

) . |

‘ l< 0,6h
—

\ \

Pucynok 9.5 - Bupi3u B monepeyHux eJIeMEeHTax dKOPCTKOCTI

Figure

9.5 — Cut outs in transverse stiffeners

(5)  Ilepepiz OpyTTO CTiHKH B 30HI BHPI3y (5)  The gross web adjacent to the cut out
PO3paxoByIOTh Ha IONEpeyHy cuiy Vg, 3a should resist a shear force V., , where
dbopmyoro:
fo =«
(VAR S L (9.5)
e Ymo Ds
|l —MOMEHT iHepuil IO mepepizy l.« IS the second moment of area for the

HETTO MOMEPEYHOTO SIIEMEHTY KOPCTKOCTI,

e — MaKCHMaJIbHa BiJICTaHb BIJ
30BHIIIHBOI CTOPOHU TIOSCY TOMEPEYHOTrO
pebpa A0 HEUTpalbHOI OCi Tepepidy HETTO
(muB. puc. 9.5);

bG — AOBKHWHaA IMOICPEYHOI'0  CICMCHTY

YKOPCTKOCT1 MIXK MOSICAMH.

9.3 3cyB

9.3.1 ZKopcmki onopui wacmunu

(1)  Xopcrka onopHa yacTUHa Oanku (IUB.
puc.5.1)  BUKOPUCTOBYETBCS B  SIKOCTI

€JIEMEHTY OPCTKOCTI, 110 CIpUHMaE peakiiito
omopu (nuB.9.4), 1 pO3paxoBYeETbCA 5K
KOpOTKa Oajnka, M0 CIpHUHMAe IO3/I0BKHE
Hanpy>KeHHs B TUIOIINHI CTIHKH.

Ipumirka. B EN 1993-2 wmicTsaTbcsi BKa3iBKH 10110
BIUIUBY €KCLICHTPUCHUTETY BiJ] 3MILLIEHHS OTIOP.

(2) XKopctka omopHa dacTuHa ~OaiKu
CKJIQIA€ThCS 3 JIBOX TIOMEPEUHUX EJIEMEHTIB
YKOPCTKOCTI, pO3TAIlIOBAaHUX 3 ABOX CTOPIH, 5Ki
Ha OIMOpPi YTBOPIOKOTH MOACH KOPOTKOI OasKu

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;

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

9.3 Shear

9.3.1 Rigidend post

(1) The rigid end post (see Figure5.1)
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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3aBnoBxkku h, (muB. puc. 5.1(b)). Cmyra

CTIHKM MDK BKa3aHHMH BHIIE NONEPECYHUMHU
€JIEMEHTAMH >KOPCTKOCTI YTBOPIOE CTIHKY ITi€l
Oanku. AJBTEPHATHBHO JKOPCTKAa OIOpPHA
qacTHHA Oaku Moke OyTH BUKOHAHA 3 OaJKu
MPOKATHOTO Mpodiao, sKa 3'€qHyeTbCS 13
CTIHKOIO Ha OIOpi, AK 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

,L_
A

A-A

1

/
i

‘\L
A

1 — BcTaBJieHa §aJIKa MPOKaTHOTO Mpodiaio

1 Inserted section

Pucynox 9.6 — KoHcTpyKIlis OTOpHOI YaCTMHU OAJIKK 3 BUKOPUCTAHHSM MPOKATHUX TTPOodiTiB

Figure

(3)  MinimanbHa
nepepizy
OpCTKOCTi Mae Oytu He menme 4h, -t°/e, ne

[UIOoIa
KOXXHOIO 3 000X

MOTIEPEYHOTO
€JIEMEHTIB

€ — BIACTaHb MDK [EHTPaAaMU TSOKIHHS
eneMeHTiB  kopctkocti, €>01h,  (ams.

puc. 5.1(b)). fxuio onopHa yacTHHA BUKOHAHA
3 MPOKAaTHOro Mpo(diyito, TO MOMEHT OINOpPY
BITHOCHO OCI, TEpHeHAUKYISIPHOI CTIHII
Ganku, Mae 6yTu He Menme 4h,, -t°.

4) B sixkocTi ampTepHAaTHBH KiHENb OaiKu
MOXK€ MaTU OJUH €IWHHWNA JIBOCTOPOHHIM
€JIEMEHT JKOPCTKOCTI 32 YMOBH, IO 1€ OJIUH
MOTIEPEYHHIA CJICMEHT YKOPCTKOCTI
3HAXOJUTHCS HACTIIBKH OJU3BKO JI0 OTIOpPH,
IO CEKI[iS MOXE CIpUiAMaTH MaKCHUMalbHe
3CYBHE 3YCHJUIS, 110 BUHUKAE TIPH PO3PAXYHKY
THYYKHX OMOPHUX YACTHH.

9.3.2 Enemenmu
ONOPHOI YacmuHu

Hcopcmkocmi - CHyUKoi

(1) VY rHyYKHX OMOPHHUX YaCTHHAX MOXKYTh
3aCTOCOBYBATHUCS POCTi JIBOCTOPOHHI
€IEMEHTH JKOPCTKOCTI, SK I[IOKa3aHO Ha
pucyHKy 5.1(c). BoHU mpaIfiotoTh K eneMeHTH
OMOpH, WI0 CHPUHMAIOTH OINOPHY pEeaKiio
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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)  As an 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).



6anok (auB. 9.4).

9.3.3 Ilpomiricni  nonepeuni enemenmu
Hcopcmkocmi
(1) TIlpomikHi  momepedHi  €JIEMEHTH

XKOPCTKOCTi, SIKI 3aCTOCOBYIOTHCSI B SIKOCTI
JKOPCTKOI OIMOpPH KpalHBOI IaHeNi CTiHKH,
MalTh OyTH pO3paxoBaHi Ha MIIHICTh 1
JKOPCTKICTb.

(2) Komm 3aCTOCOBYIOThCSI THYYKi
MIPOMIXKHI TIOTIEPEYH1 €JIEMEHTH Y KOPCTKOCTI, iX
XKOPCTKICTh Mae OyTH BpaxoBaHa IIpu
pospaxynky mis K. 3rigHo 3 5.3(5).

(3) MowmeHT iHepuii IUTOIII IPOMIKHUX
KOPCTKHX IMOTIEPEYHUX E€JIEMEHTIB KOPCTKOCTI

pa3oM 3 e(EeKTUBHOI YACTHHOIO CTIHKU |

[IOBUHEH BIIIIOBIATH
MIiHIMQJIBHUM 3HAUYECHHSIM:

HAaCTYITHUM

as (for) alh, < V2!
nns (for) a/h, > J2:

Mpumirka. TIpomixkHI JKOPCTKI MONEpeyHi €JIeMEHTH
JKOPCTKOCTI MalOTh OYTH PO3PaxOBaHi Ha OCBOBY CHILY,

pieny. V_, —% f. ~hw/(\/§-;/m) srigHo 9.2.1(3). VY
A

pa3i 3MiHHOI MOMEPEeYHOl CHJIM BHKOHYIOTH MEPEBIPKY
Ha BijcTaHi O,5hW BiJl Kparo MaHeJi 3 MaKCHMaJIbHOIO

MONEPEYHOIO CHUIIOLO.

9.3.4 Il03006scHi enemenmu 3copcmkocmi

(1)  Sxmo MO3I0BXKHI1 SJIEMEHTH
KOPCTKOCTI BpPaxXxOBYIOTbCS MpPHU PO3PaXyHKY
Ha MILHICTh, TO BOHM TaKOX MaroTb OyTH
nepeBipeHi Ha BILJIUB HOPMaJIbHOTO
HaIpyKCHHS.

9.3.5 3eapni wmeu

(1) 3BapHi UIBM MPUBAPIOBAHHS CTIHKH 10
HosCYy  KOpPOTKOi  Oamkum  JIOIYCKA€eThCS
pO3paxoByBaTH Ul HOMIHAJIBHOIO 3HAYEHHS
scyBHoro 3ycumiss Vg, /h,, skmo Vg, He

MEePEBUILY€E 3HAUYECHHS Zw-fw-hw.t/(ﬁ.ym)_

IIpn Benmkux 3Ha4eHHAX Vp, 3BapHI IIBU MK

HOSCOM KOPOTKOi Oajku >KOPCTKOi omopu i
CTIHKOIO OajKu HEeOoOX1JHO po3paxoByBaTH Ha

3cyBHe 3ycuns, pisue 7- f, -t/(x/g-ym) .

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

9.3.3 Intermediate transverse stiffeners

@ 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, >1,5n%t%/a’

st —

I, >0,75h,t°

st —

(9.6)

NOTE: Intermediate rigid stiffeners may be designed

1
for an axial force equal to V,, —=f | 'hw/(\/g'?’m)
/12
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/(J§~yM1).

For larger values V., the weld between
flanges and webs should be designed for the

shear flow 7- fw-t/(\/g-}/m)
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(2) B ycix iHmHMX BUIaaKax 3BapHi IIBH
MaroTh OYTH pO3paxoBaHi Ha MOMEPEYHY CUILY,
JI0Yy B3JIOBXK 1 TONEPEK 3BapHHUX IIBIB, 3
ypaxyBaHHSM X pOOOTH B MPYKHIN 1 PYKHO-
MJIACTUYHIHN cTadii 1 3 eheKTOM 2-TO TOPAIKY.

9.4  IlonmepeyHe HABAHTAKEHHSI

(1)  Slkmo Hecywa 34aTHICTh CTIHKH Oaliku
0e3 yKpIIJIEHHS HEIOCTaTHS, TO TMOTpiOHA

yCTaHOBKa HOTIEPEYHUX €JIEMEHTIB
YKOPCTKOCTI.
(2) [TepeBipka Hecy4oi 3IaTHOCTI

MIOTIEPEYHOTO €JIEMEHTY JKOPCTKOCTI IUIACTUHHU
IpU BTPATI CTIMKOCTI i BIUTMBOM MiCIIEBOTO
HaBaHTaxeHHs 1 monepeunoi cumm (9.3.3(3))
BU3HAYaeThCsl 3rigHO 3 6.3.3 abo 6.3.4
EN 1993-1-1, BUKOPUCTOBYIOYH KPUBY BTPaTH
crifikocti. Konmm o0uaBa KiHII 3aKpIiIUICHO Bif
01YHOTrO 3MIIIICHHS, PO3PaxyHKOBa JIOBXHKHA |
IpU BTPATi CTIMKOCTI MOBHHHA MPUUMATHCS
0,75h,. binpme 3HaYeHHs JOBXKUHH |

PUIMAETHCS VTS BUIIAJIKY, KOJIH
3a0€3MeUy€eThCSl MEHII KOPCTKE 3aKpiIUICHHS
Ha KIHISIX. SIKIIO €JIeMEeHTH JKOPCTKOCTI,
HAaBaHTAXKCHI Ha KIHLAX, MalwTh BHUPI3H, TO
nepeBipka HECydoi 3JaTHOCTI IOMEPEYHOTrO
nepepizy MOBHHHA BHUKOHYBATHCS M IIi€l
YaCTHHH.

(3) [Ipu 3acTocyBaHHI OJIHOCTOPOHHIX ab0

IHIIHAX HECUMETPUIHO pO3TaIIOBaHUX
€JIEMEHTIB YKOPCTKOCTI HEOOX1IHO
BpaxOBYBaTH EKCIIEHTPUCHUTET npu

po3paxyHKy 3rizHo 3 6.3.3 abo 6.3.4
EN 1993-1-1. Skmo eneMeHTH >KOPCTKOCTI
3aKpiIUIeH] B1Jl O1YHOTO 3MIIIEHHS CTUCHYTUM
MOSICOM, TO JUISl HUX TIOBHHHI JOTPUMYBATHUCS
YMOBH 7KOPCTKOCTI 1 MIIHOCTI IPU KPYTUIIbHIN
dbopmi BTpaTH CTIHKOCTI.
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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

Q) 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 ITPUBEJEHE HAIIPYKEHHS
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10 REDUCED STRESS METHOD

(1)  Meromuky PO3paxyHKY o (1)  The reduced stress method may be
NPHUBEICHOMY HANpPYKEHHIO  JIOIYCKA€THCS used to determine the stress limits for stiffened
BUKOPHCTOBYBATH v} BU3HAUCHHS or unstiffened plates.

IPaHUIHOTO HANPY)KCHHSI IUIACTHH,

migcwieHux ab0 He MiJICUIIEHHX eJIEMEHTAMU
YKOPCTKOCTI.

Mpumirka 1. Leit MeTox € ambTepHATHBOIO METOAY i3
3aCTOCYBaHHSAM  €(QEKTUBHOI INMPHUHM  3TITHO 3
pozainamu 4 — 7 3 ypaXyBaHHSIM:

x,Ed ! O-Z,Ed 1 z-Ed

CTaHy, Jir04i CIUIBHO;

- (o} — KOMIIOHCHTH HAIIPYKEHOT'O

— TpaHWYHE HAIPYXCHHS HaicnabIoi dYacTHHHU
mepepisy Moke BH3HAYaTH HECydy 3AaTHICTh YCBOTO

nepepisy.

Mpumirka 2. ['panndHe HaNpyKeHHS OITyCKAETHCS
TaKOX BUKOPHCTOBYBATH UL BU3HAYCHHS
eKBiBaJIeHTHUX e(eKTHBHUX Iuoml. Y HanioHansHOMY
JIOAATKy MOXYTh BCTAQHOBIIIOBATHCS OOMEXEHHs Ha
BUKOPHCTAHHSI BiJIIIOBITHMX METO/IB.

(2) JUis  migcwiIeHuX 1 He IACHIIEHHMX
€IEMEHTAMH  JKOPCTKOCTI  MaHenei, vy
CKJIaJIHOMY HANpPYKEHOMY CTaHI O, gy,0, ¢ 1
Tgq » AOIYCKA€THCA NPUIHATH KJIac mepepizis 3

34 YMOBHU

NOTE 1: This method is an alternative to the effective
width method specified in section 4 to 7 in respect of

the following:
- 0,4 0, and r_ are considered as acting

together

— 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

7, Class 3 section properties may be
assumed, where

P Ayt >1, (10.1)

Vw1

I€e o, — HAUMEHIIUHA KOE(IIEHT 301IbIIEHHS

PO3PaxXyHKOBUX HABAaHTaXXCHb, MIPH SIKUX OyJie
JIOCATHYT€ HOpPMAaTHUBHE 3HAYeHHS HeCcydol
3IaTHOCTI TUIACTHMHH JUII KPUTHUYHOI TOYKH
IIpH BTpaTi CTIMKOCTI, AuB. (4);

P — MOHWKYIOUHI KoeiIienT, 10

3aJIeKUTh BiJl YMOBHOI THYYKOCTI A, mpu

p
BTpaTi CTIKKOCTI MJIACTUHH, AUB. (5);

Vw1  — YaCTKOBUH KOe(]illi€HT Oe3NeKu.

(3)  YMOBHY THYYKiCTb A, BHM3HAYaKOTh 3a

dbopmyoro

Where o, 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 /”L_p [to take account of
plate buckling, see (5);

yw1 1S the partial factor applied to this
method.

3 The plate slenderness /”L_p Cshould be
taken from

o Py,
Ay = |2 itk (10.2)
aCI‘

ne o, — HalMeHIIMH Koe]illieHT 30UIbIIeHHS

PO3PaxyHKOBOI'O HAaBAaHTA)KEHHS, IPHU SKOMY
Oyze AOoCsATHYTEe KPUTUYHE HaBaHTAXXEHHS JIJIS
IUIACTUHU TpU  TOPYXKHIM cramii  pobortw,

where « is the minimum load amplifier for

the design loads to reach the elastic critical
load of the plate under the complete stress

S7
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3aBaHTaXEHOI o
HaIpyXeHHSIM, TUB. (6).

BCbOMY MOJTIO

Mpumirka 1. [ns Bu3HaueHHI migcuieHa

or
eJeMEHTaMHU KOPCTKOCTI IJIaCTHHA MOXKeE
MOJICTIFOBATHUCS JJIsl PO3PAaXyHKY BiJMOBIZHO /0 MPaBUII
po3nimiB 4 i 5 6e3 3MEHIICHHS MOMEHTY iHEpIIil Mol
TIO3IOBXKHIX EJIEMEHTIB JKOPCTKOCTI, SIK II¢ BKa3aHO B
5.3(4).

Ipumirka 2. fIkimo He MOXHA BU3HAUUTH ¢, ML
maHenmi i i CeKmii B IIOMY, TO IOMYCKA€ThCS
TIPOBOIUTH IIEPEBIPKH OKPEMO IS CEKIIii i TaHedT.

(4)  Jlna BU3HAYeHHA o, JOIYCKA€ThCS

BUKOPUCTOBYBAaTH  PO3PaxXyHOK  Hecydol
3aTHOCTI IUIACTMHHU 33 MEXEI0 TEeKy4OCTi 3a
dbopmyoro:

2

field, see (6)

NOTE 1: For calculating o 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.

()] In determining o, the yield criterion
may be used for resistance:

2

1 o o o o T
5 — x,Ed + z,Ed x,Ed z,Ed +3 Ed , (103)
Ayix fy f, f, fy fy

ne, O,ggs O,gq 1 Tgg — KOMIOHEHTH where o,q, o0, and 7 are the

HAIIPpYy>XKXCHOI'O CTany IIJ1aCTUHH Ipu
PO3paxyHKy HECydoi 3JaTHOCTI 10 TPAHUIHHUX
CTaHax.

Mpumirka. [Ipu BukopuctanHi piBHsIHEL (10.3)
nepeadavacThCs, IO OMIPHICTh HECy4ol IJIACTHHH

JIOCSITAEThCS, KOJNM MeXa TEeKy4oCTi Iepenye BTparTi
CTIMKOCTI IJTACTHHH.

(5) [MTormkyro4wii Koe(ilieHT 0

JIOIYCKA€EThCSl BU3HAYATH OJHHUM 3 HACTYIHUX
METO/IIB:

a) MeHIle 3HAYEHHS 3
MOHIKYIOUHMX KOEQIIIEHTIB!

HACTYITHUX

Py — NOHWXKYIOUNN KOEe(ILIIEHT, 10

npuiimMaetecss  3rizHo 3 4.5.4(1) mpum  gil
HOPMAJIBHOTO  HANpPY)KCHHS,  BPaXOBYIOUH
pOOOTY MIACTUHH SIK CTUCHYTOTO CTEpXHS, 1€
e Oy/zie JopeyHo;

P, — MOHIDKYIOUUI  KOeillieHT, 10
npuiimaerscs  3rigHo 3 4.5.4(1) mpu il
MICIIEBOIO  HAINPYXEHHS B  IONEPEYHOMY
HamnpsiMi, BPaxoBYIOUHM PpPOOOTY IUIACTHHHU SK

CTHCHYTOTO CTEp)KHSI, Jie 11e Oy/ie JOpeUHO;

Xw  — HOHWKyOUMd  KoeQilieHT,  II0
npuiiMaeTses 3rigHo 3 5.2(1) npu po3paxyHKy
HEeCyd4ol 3/1aTHOCTI Ha 3CyB. YCi MOHMXKYHOYi
Koe(iIieHTH BHW3HAYAIOTHh 13 3aCTOCYBaHHSIM

YMOBHOI THYYKOCTI Ap 3rigHO 3 dbopmymnoro
(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:
ol for longitudinal stresses from 4.5.4(1)

taking into account column-like behaviour
where relevant;

o for transverse stresses from 4.5.4(1)

taking into account column-like behaviour
where relevant;

Y.  for shear stresses from 5.2(1); each

calculated for the slenderness 4, Caccording
to equation (10.2).



Ipumirka. Lleii meron NUPU3BOAMTL 10 IEPEBIPKH
HECy401 31aTHOCTI 3a popMyIIor0:

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

NOTE: This method leads to the verification formula:

2 2 2
[ O-x,Ed j +( O-Z‘Ed j _( x,Ed j[ O-Z,Ed j+3( TEd ] sz
fy/7M1 fy/;/Ml fy/7M1 fy/7M1 fy/;/M1

Ipumirka. Jlnd Bu3HAYeHHS L, I MiCLIEBOro

HANPYXXCHHS, [IOYOr0 B IONEPCUYHOMY HAmpsMi,
NpUIAMAlOTh TpaBmia 3TiTHO 3 po3aiioM 4, ne I

HOPMANbHOTO HANPYKEHHS O, MOBHHHE BPAXOBYBaTHCS
Hanpy>KeHHA O, y HolepedHoMy Hampsami. B npomy
BUTIAJIKY PO3iT 6, AK MIPAaBHUIIO, HE 3aCTOCOBYIOTh:

b) monmxkyroui koediuieHTH P, P, 1 Ky

BH3HAYCHI BIJITOBIJTHO 110 a),
BHKOPUCTOBYIOTECS y GOpMyIi amd o, AK

(byHKIIS IHTEPIOIALI].

Mpumirka. Left MeTox NPHU3BOOUTH [0 TEPEBIPKH
HEeCy4o1 31aTHOCTI 32 (popMyIIoro:

(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 g, as determined in a) by using

the formula for «,,,, as interpolation function

NOTE: This method leads to the verification format:

2 2
( GxEd j { O-zEd ] [
s + s _
px.fy/yMl pz.fylyMl px

Mpumirka 1. OckinbpKy MepeBipKu 3rimHO 3 PopMyIaMu
(10.3), (10.4) i (10.5) Bke MICTIATh B3aEMOJIII0 MiX
MONEPEYHOI0  CWJIOK,  3TMHAJIBHMM ~ MOMEHTOM,
MO3JIOBXKHBOIO CHJIOK0 1 MICHEBUM  MONEPEYHUM
HaBaHTAXXCHHSM, TO PO3PaxyHOK BIAMOBITHO 10 PO3ALITY
7 MOe€ HE 3aCTOCOBYBATHCH.

Mpumirka 2. HanmioHadpbHUH TOJATOK MOXKE MiCTUTH
JIOJATKOBY iH(pOpMAII0 TI0 3aCTOCYBaHHIO (HopMyT
(10.4) 1 (10.5). ko B rUIaCTHHI BUHUKAE HANPYKSHHS
PO3TATY 1 CTHUCKY, TO PEKOMEHIYEThCS 3aCTOCOBYBATH
dbopmyny (10.4) TimeKH IS CTUCHYTHX YaCTHH

nepepisis.

(6) 3a  BigcyrHOCTI  3HAYEHb o,
3aBaHTAXKEHOI IUIACTUHMA 1 KOJHM HaBeJeHI
TUIBKM 3HA4Y€HHS  ; BUINOBIIHO I

KOMITOHEHTIB HAIPYKEHHS O, ry, O, gq 1 Tgy

2
o (o}

X, Ed j( 2,Ed J_'_s( Tey j <1 (10.5)
'fy/yml pz.fylyMl Zw'fy/)/’v‘l

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, ¢y, 0, ¢4 and 7, can be used, the «,,

IJIACTUHH, TO 3HAYCHHS ), JOMYCKAETHCS value may be determined from:
BU3HAuUaTH 32 GOPMYIOL0:
2 1/2
1 1+ 1+ 1+ 1+ 1- 1- 1
- Y + v, + Y + v, + Z/x + Z/z + . , (106)
acr 4aCF,X 4acr,z 4aCI’,X 4aCI’,Z 26XCI’,X 2aCI’,Z aCF,T
O-CY,X O-CI',Z z.CI’,‘r
Ile (Where) acr,x = ! acr,z = ! aCI’,T =
x,Ed O-z,Ed z-T,Ed
Ouxr Ouzsr Tegr Wy 1 W, BU3HAUAIOTH 3TiTHO and o, ., O,,, Tg, W, and y, are
pozainam 4 — 6. determined from sections 4 to 6.
(7)  Po3paxyHOK mapaMeTpiB  €JICMEHTIB (7)  Stiffeners and detailing of plate panels

JKOPCTKOCTI, @ TaKOX JeTaJlbHE BUKOHAHHS
MIPOBOISATH 3T1THO po3airy 9.

should be designed according to section 9.
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JTOJATOK A
(TOBIIKOBUN)
PO3PAXYHOK KPUTUYHOT' O
HAINIPY)KEHHA I JIMCTIB 3

EJJEMEHTAMM KOPCTKOCTI

A.1 ExBiBajleHTHi OPTOTPONHI NJIACTUHHU

(1) TIlmactmHH 3 He MEHII HDK TpbOMa

7°E -t?
12(1—v2)b

M03/I0BXXHIMU eJIeMEHTaMu AKOPCTKOCTI
MOXYTb  TpPaKTyBaTHUCS SIK  €KBIBaJCHTHI
OpPTOTPOTIHI IJIACTHHH.
(2) TIlpyxHe  KpuUTHYHE  HANpy>XCHHS
BTpaTu CTIAKOCTI IS €KBIBaJIEHTHOT
OPTOTPOMHOI  TUIACTUHM  BHU3HAYAETHCA 32
dbopmyroro:

O-cr,p

ae (where): o, =

ka’p — koe(ilieHT BTpaTH CTIHKOCTI JIA
OPTOTPOMHOI  IUTACTUHU 3 OKPEMHMH
€JIEMEHTaMU >KOPCTKOCTI;
b — BU3HAYeHe Ha puc. A.l;
t — TOBIIIMHA JIMCTA.

MNpumirka 1. Koedinient Brpatn cridikocti K|

JIONIYCKaeThCS ~ BHM3HAuaTH abo 3a  JOMOMOTOH0
BIAMOBIAHMX Jiarpam (Tabimulb) Uil IUTACTHH 3
OKpPEMHMH eJIEMEHTaMH >KOPCTKOCTi, a00 3a JOTIOMOT0I0
KOMIT'IOTEPHHUX PO3pPaxyHKiB. AJBTEpPHATHUBHI Jiarpamu
(rabnuii) a8 IUIACTHH 3 MICHEBHMH  €JIEMEHTAMHU
JKOPCTKOCTI MOXYTh OyTH BUKOPHCTaHI y pa3i MicueBoi
BTPaTH CTIHKOCTI OKpEMHX CEKIii abo MOXYyTb OyTH
BUKJIFOUCHI 1 TPAKTYBaTHCS OKPEMO.

Ipumitka 2. o €

cr,p

HaNpY>KCHHSIM BTpPaTH CTIHKOCTI Ha Kpar CeKii 3
HAOUTBITNM HAIPy>KEHHSM CTHCKY (puc. A.1).

NPYXHAM  KPUTHYHUM

Mpumitka 3. Jlna  crinkn Ganku mwupuHy by

dopmynax (A.1) i (A.2) 3amiHroroTh Ha h .

Mpumirka 4. [y nmigcuieHUX TUIACTHH HE MEHIIE HiX
3 TpbOMa pO3TallOBaHMMH Ha piBHIH  BijcTaHi
MO3/IOBXKHIMH ~ €JIEMEHTAMH  JKOPCTKOCTI ~ KOe(ilieHT

BTpaTu criiikocti K (m1st  BpaxyBaHHS BTpaTH

a,p
CTIKOCTI BCHOTO IMACHICHOI CEKIii) JOITyCKA€ThCS
BU3HAYATH 32 (GOpMYIIOK0:
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ANNEX A
[INFORMATIVE]
CALCULATION OF CRITICAL

STRESSES FOR STIFFENED PLATES

A.1  Equivalent orthotropic plate

@ Plates with at least three longitudinal
stiffeners may be treated as equivalent
orthotropic plates.

(2)  The elastic critical plate buckling stress
of the equivalent orthotropic plate may be
taken as:

Og, (A1)
t 2

5 :190000(—] , MIla
b

k,, isthe buckling coefficient according to

orthotropic plate theory with the stiffeners
smeared over the plate;

b is defined in Figure A.1;
t is the thickness of the plate.

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:



K = 2((1+ az)z +7/—1)

Py +1)1+5)

~ 4HJﬂ

7P (p +1)1+05)’

i3 3acrocyBanusam (With):y = 92 0,5
1
I |
y==
Iy
L YA
Ay
a=2>05
b
e
Iy — MOMEHT iHepii MIOTIEPEYHOT 0

nepepizy s BCi€l MiJICHIICHOI eJleMEHTaMH
YKOPCTKOCTI IJIACTHHH;

I 0 — 3THHAJILHUN MOMEHT iHepii

MOTIEPEYHOr0 Mepepizy A MIACTUHU, PIBHHUM
b-t* bt®
12(1—L%) 10,92

Z'A&l — cyma IJIol] nepepisziB OpyTTO TiJIBKU

MO3/0BKHIX €JIEMEHTIB KOPCTKOCTI;

A, — TIoma Tepepizy OpyTTO IUIACTHHH,
piBHa bt;

o, — HalO1IbI1Ie TPaHUYHE HAIIPYKEHHS,
0,  — HaliMeHIle rPaHNYHE HANPYKEHHS,

a,b,t — Bu3HaueHi Ha puc. A.1.

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

ko (if): o < ‘{/;

(A.2)
axwo (if): o >4y
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, isthe smaller edge stress;

a,band t are as defined in Figure A.1.
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a

| 4 \ N .
a, ) b, 1=
b:'-I,I h
\ /
-\ _ 1A
L .
A 4

1 — meHTp TAKIHHSA MO3T0BKHIX eJ1eMeHTIiB KOPCTKOCTI;
2 — IeHTP THAKIHHS YMOBHOI'0 CTUCHYTOTO CTEP KHS, [0
CKJIAJa€ThCA 3 MO3I0BKHIX eJ1eMEeHTIB KOPCTKOCTI i
MPUMHKAIOYUX JUISTHOK CTiHKH, VISl AKUX 3a0e3meuena
MicneBa cTiiikicThb;

3 — cekmifl CTiHKH;

4 — 03/10B:KHill eJJeMeHT KOPCTKOCTI;

5 — ToBIIMHA JHucTa t

t

e=max(e,.e,)

1 centroid of stiffeners
2 centroid of columns = stiffeners + accompanying

plating

3 subpanel
4 stiffener

5 plate thickness t

[upuna mpu mIoIi [upuna npu eeKTUBHIHN IUIONII 3TiIHO 3 VmoBa sy,
nepepizy OpyTTo tabmuuero 4.1 .
Width for gross area | Width for effective area according to Table 4.1 | Condition for v,
3- 3— P
e - b, Ll B, e y, = N
5 - l//l 5 - l/ll C)-cr, p
2 2 o
b su| bZ b2,eff 1/12 = 2 > 0
- 5 _ V/Z 5 B l//2 O-crsl 1
3-y 3-y
bZ,inf 5_ V/z bz 5_ l/lz b2,eff l//z > 0
o
b3,sup Oa 4b3c 0, 4b30,eff W, = 3 <0
0-2
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A.1 - Notations for longitudinally stiffened plates




A.2 KpurnyHe Hamnpy:KeHHsl BTpPaTH
CTIHKOCTI A/ IJIACTHH 3 OJHHM a00 ABOMA
eJIeMEHTAMM KOPCTKOCTI B 30Hi CTUCKAHHS

A.2.1 3acanwvni nonorcennsn

(1) Sxkmo mgacTMHA MiACHIEHA TiIBKH
OJTHUM TI03/IOBXKHIM €JIEMEHTOM YKOPCTKOCTI B
30HI CTHCKY, METOAHMKA pPO3PaxyHKY 3TiIHO
A.1 Moxe OyTu cCHpOIIEHa, NPUHMAIOYU
€JIeMEHT YKOPCTKOCTI y BUTJISL
HiATPUMYIOYOTO YMOBHOTO CTEP>KHS (ITiAIOPH)
MJJACTUHU Ha MPYKHIN OCHOBI, IO BigoOpaxkae
BIUIMB Y HaIlpsiMi, NEPIICHAUKYIIPHOMY [ILOMY
crepkHio. [Ipy)KHE KpUTHYHE HaNpyKEHHS
YMOBHOTO CTEepXHSI MOKe OyTH BH3HA4eHa
3rigHo A.2.2.

(2) JUis  BU3HAYCHHS IUIONII  TEpepisy
Opyrro A, 1 MOMeHTy iHepuii nepepisy g,
YMOBHOTO CTHCHYTOTO CTEPKHS
pO3IJIAAEThCS TONEPEUHU Tepepi3 OpyTTo
HO3/I0B)KHBOTO  €JIEMEHTY  JKOPCTKOCTI 1
CYMIXXHHX JUISTHOK CTIHKH, ONUCYBAaHHHA TaKUM
YUHOM. SIKILIO CeKIlisl HOBHICTIO CTUCHEHA, TO B
PO3paxyHKy NpUHAMAETHCS TUISHKA IUIACTHHU
Bil Kparo TaHeni, piBHa (3—1//)/(5—1//)
Bucori b, i pisaa 2/(5-w) Bix kpao 3
MaKCHUMAaJIbHUM HamnpyXeHHAM. SIKIIo y cekuil
HalpyKEHHsI 3MIHIOIOTBCA 31 CTHCKY Ha
po3TAr, TO B  PO3pPaxyHKy HEOOXiAHO
3aCTOCOBYBAaTH JAUISHKY CTiHKH, piBHY 0.4
BUCOTH D, 30HM crucky cekuii (puc. A.2 i
tabmuusa 4.1). B mnpoMy Bumaaky y €
B1JIHOIIECHHSIM HaIPY>KEHHS TAHOTO CEKITii.

(3) EdexruBna® mioma  mOMEpeYHOro
nepepizy A, 4 CTHCHYTOIO CTEPKHs NOBUHHA

npuiiMatucs sk edextuBHaP TUTONIa TIEpPEpPi3y
€JIEMEHTY  JKOPCTKOCTI 1  IPUMHKAIOUYMX
edextuBHnX? wacTuH CTiHKH (quB. puc. A.l).
YMOBHa THYYKICTh IJIACTUHH CTHCHYTOTO
CTep)KHS BH3Ha4daeThcs 3rigno 3 4.4(4) 3
PO3PaxXyHKOM O, g4 IS IUIOIII HOMEPEYHOTO

nepepizy OpyTTO IUIACTHHH.

(4)  sxmo smawenns p.f [y, me p,
BU3HauUaeThesl 3rigHo  4.5.4(1), mnepesuiye
Cepe/lHE HANpPYKEHHA O, gqy Y CTUCHYTOMY
CTEePIKHI, TO o TaTbIIIe 3MCHIIICHHS

eeKTHBHOIP IUIOII CTUCHYTOrO CTEPXHS HE
BUKOHY€TbCA. B TakoMy BUIajgKy epeKTUBHY

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

@ 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 Lis the stress ratio relative to the subpanel

in consideration.

3) The effectiveP cross-sectional area
A, . of the column should be taken as the

effectiveP cross-section of the stiffener and the
adjacent effective? parts of the plate, see
Figure A.l. The slenderness of the plate
elements in the column may be determined
according to 4.4(4), with o, 4 calculated for

the gross cross-section of the plate.

4) It po.f, /vy, with p  determined

according to 4.5.4(1), is greater than the
average stress in the column o, ¢, no further

reduction of the effective® area of the column
should be made. Otherwise the effective area
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oy B (4.6) 3aMiHIOIOTH Ha:

A\:,eff,loc =

(5) 3MeHIIEHHsT  IUIOIi, HaBeJeHE B
A.2.1(4), TOMUPIOETHCS TUTBKKM HA TUIOILY

YMOBHOTO CTUCHYTOI'O CTEPIKHSL. He
BUKOPHUCTOBYIOTH 3MEHUICHHS THIINX
CTMCHYTUX  4YacTUH  IUIACTUHM,  OKpIM

MIEPEBIPKH BTPATU CTIMKOCTI CTIHKU CEKIIii.

(6) Sk ampTepHaTHBAa  pPO3PAaXyHKy i3
3aCTOCYBaHHSIM €(EeKTHUBHOIP IUIONI 3TiJAHO
A.2.1(4), po3paxyHOK CTIMKOCTI IUIACTUHH SIK
CTHCHYTOTO CTEPIKHS JIOMYCKAEThCS BU3HAYATH
srimno A.2.1(5) — A.2.1(7) 3 mnepeBipkamu,
mo0  HampyXeHHS  HE  IEPEBHILYBAIO
CEpPEIHBOTO HAIPY)KEHHS O

com,Ed *
Mpumirka. HabmmwxenHs B (6)  JONMyCKaeThes
BUKODHCTOBYBaTH y  pa3i  3acTOCyBaHHS  4acToi
YCTAaHOBKM  €JIEMEHTIB  JKOPCTKOCTi, MpPU  LBOMY

CTPUMYIOYMM e(EeKTOM IUIACTHHU HEXTYHOTh 1 3a
PO3paxyHKOBY CXeMy INpU BTpatTi CTIHKOCTI IUIACTHHH
CTIHKH JIOIYCKA€ThCS MPUHMATH BITbHUHA e()EeKTUBHUMA
CTUCHYTHH CTEPIKCHb.

=
b,
a

\

pc fy'AEI,l

in (4.6) should be modified as follows:

(A.3)

com,Ed " VM1

(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.

I f\ L1
)
4 | [ —J[m_u}b
) —1[-(5'1“} 1
|
f 04b
[ ! c
“ (. |
(S
[ 1
b. C.

Pucynok A.2 - [lo3HaueHHs 715 JIUCTIB 3 MO3JJ0BKHIMU €J1€MEHTaMU )KOPCTKOCTI

Figure
@) Sxmo OBa  e€lIeMEHTH  YKOPCTKOCTI
3HAXOJAThCI B 30HI CTHCHEHHS CTIHKH,
JIOTTYCKAEThCS 3aCTOCOBYBATH METO/I,
onucanud B A.2.1(l), sk 1 OKpemoro
€JIEMEHTY KOPCTKOCTI (puc. A3).

[lepenbavaeTscs, MmO OAWH 3 E€JIEMEHTIB
KOPCTKOCTI BTpayae CTIHKICTb, HpU LbOMY
IHIMUH 3aJIMIIAETHCA KOPCTKUM. OJHOYacHa
BTpaTa CTIMKOCTI 000X €eMEHTIB KOPCTKOCTI
BU3HAYAETHCSI, BPAaxXOBYIOYH, IO 0OHIBa
€JIEMEHTH JKOPCTKOCTI 3aMIHIOIOTh OJHUM
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A.2 — Notations for longitudinally stiffened plates

@) 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:



YMOBHHMM €JIEMEHTOM KOPCTKOCTI. {7151 1boro
YMOBHOTO €JIEMEHTY >KOPCTKOCTI CIIpaBelINBO
HACTYITHE:

a) Mmomia mepepizy i MOMEHT iHepIii IUIomL
nepepizy YMOBHOIO €JIEMEHTY KOpCTKocTi |

€ CYMOIO BiJIOBIHUX BEIHYHMH JUII OKPEMHUX
€JIEMEHTIB KOPCTKOCTI,;

b) posrarryBanHs YMOBHOTI'O €JIEMEHTY
AKOPCTKOCTI BIJIMIOBiIa€ I10JIO’KEHHIO
PE3YJIBTYIOUOr0 3YCHILIS CTUCKY JJII OKPEMHX
€JICMCHTIB AKOPCTKOCTI. st TPHOX
MpEACTaBICHNX Ha puc. A.3 BUNAAKIB
pPO3paxoBYIOTh BiJITIOB1THO KpUTHUYHE

3HaYeHHs o, , (muB. A2.2(1)), ne b = b’ i
b, =b,, aTakox B =b +b, (puc. A.3).

f
!
(
|
i
1
1
]
]

Enement xopctkocri |
Stiffener |
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B | 4=
i Il

ol v v

Enement xopcrkocti Il
Stiffener |1
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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 +h,, see
Figure A.3.

/ B
- %

b b

3BejieHi pa30oM YMOBHI €IEMEHTH
KOPCTKOCTI
Lumped stiffener

Pucynoxk A.3 - [lo3HaueHHs I TMCTa 3 IBOMA €IIEMEHTAMU KOPCTKOCTI B 30HI CTUCKY

Figure

A.2.2 Cnpowena mooenb no300624#CHbO20
eleMeHmy HCOPCHKOCHI, W0 YMPUMYEMbCA
naacmuHoI0

(1) VY pasi, sKmo TIUacTUHA IIiJCHICHA
TUIBKM ~ OJHUM  TO3JIOBXKHIM  €JIeMEHTOM
KOPCTKOCTI B 30HI CTUCKY, KPHUTHYHE
HaNpy>KeHHS BTPAaTH CTIHKOCTI €JIEMEHTY
KOPCTKOCTI SIK CTHUCHYTOTO CTEpKHA 0e3
ypaxyBaHHS MO3/I0BXXHIX €JIEMEHTIB
KOPCTKOCTI B PO3TATHYTIM  30HI  MOXe
BU3HAYaTUCH 3a GopMyIoro:

A.3 — Notations for plate with two stiffeners in the compression zone

A.2.2 Simplified model
restrained by the plate

using a column

(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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l,,-t°b
Ocrsl = 1105E ol ac (lf) az= a,
ALl b1 : b2
(A.4)
2E| +3h.A2
O'crsl:ﬂ- Zl,l . Ezba . i ﬂe(lf) agac,
| A2 4" (1-v")A, b -b;
. | . 2'b2
ne (with) a, =4,33@
t°-b
e where:
Ay, —muoma repepizy OpyTTO €IeMEHTY A,, is the gross area of the column

)KOpCTKOCTi SAK CTHCHYTOI'O CTCPIKHA 3l"i,I[HO
A2.1(2);

lq, —MOMEHT iHepuii momi mnepepisy

OpyTTO CTHCHYTOTO CTepHs 3rigHo A.2.1(2)
BITHOCHO OCi MOro WEHTPY TSDKIHHA 1
MapAIENbHOI IUVIOMWHY IUIACTUHH;

b, b, —BigcraHi Big TO3MOBXHIX KpaiB

CTIHKH JIO €JIEMEHTY )KOPCTKOCTI (b1 +b, = b).

Hpumirka. Ins po3paxyHKy o

o AMB. MPUMITKY 0
4.5.3(3).

(2) JUIss TIacTHHHM 3 JBOMa I03[0BKHIMU
€JIEMEHTAMHU JKOPCTKOCTi, PO3TAIIOBAaHHMHU B
30HI CTHCKY, NMPYXHE KPUTHYHE HANPYKCHHS
BTPaTH CTIMKOCTI TOBHHHE NpPUIMATHCSA IO
OUIBIIOMY 3 TPHOX 3HAU€Hb, BU3HAYEHHUX 3a
dopmynoro (A.4) i3 3actocyBanHsaM b =b,
b,=b, i b=B".
KOPCTKOCTI1, PO3TaIllOBaHi B PO3TATHYTIN 30HI,
HE IMMOBHUHHI BPaXOBYBATHCS B PO3PaXyHKY.

ITo3noBXXHI  eJIEMEHTH

A3 KoedinienTn, 1o
BTPAaTy CTIlKOCTI NPH 3CyBi

BPaxoBYIOTh

(1) JUIs TIacTHH 3 KOPCTKOKO OIMOPHOIO
YaCTUHOIO 3  TONEPEYHUMH  EJIEMEHTaMHU
KOPCTKOCTI 1 0€3 TO3J0BXKHIX €JIEeMEHTIB
JKOPCTKOCTI abo 3 Oimblm  HDK  JBOMaA
[1030BXHIMH eJIeMeHTaMH YKOPCTKOCTI
KoedimieHT K_, 110 BpaxoBye BTpary CTiHKOCTI
opu  3CyBi, MoXe OyTH BH3HAYeHUH 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;
(A.5)
npu (when) a/h, <1



3
21 |1
ne (where) k, =9 sl > =gl sl
a t \h,
a — BIJICTaHb MIX TIOTIEPEYHUMU
eJIEMEHTaMH JKOPCTKOCTI (IUB. pUCYHOK 5.3);

€IEeMEHTY JKOPCTKOCTI BIJHOCHO OCi Z-Z
(muB. pucyHok 5.3 (b)). it cTiHOK 3 1BOMA
a00 OuIbllE TO3JOBXHIMHA  €JIEMEHTaMU
YKOPCTKOCTI, HE3aJIEKHO BiJl IX pO3TallyBaHHS,
I, € cymMOol0 3HaueHb JKOPCTKOCTI BCIX

OKPEMUX €JIEMEHTIB KOPCTKOCTI.

" — MOMEHT iHepIii  TMO340BXXHBHOTO

Mpumirka. @opmyna (A.5) He MOMUPIOETHCS HA THYUKI
ONOpHI  AUISHKH 3  IONEPEYHHMH  €JIEMEHTAMH
JKOPCTKOCTI.

(2) Dopmyny A.5 ONYCKAETHCS TaKOXK
3aCTOCOBYBATH JUIsl IUIACTHH 3 OJHUM abo
JIBOMA IMO3/I0BKHIMH €IEMEHTAMH )KOPCTKOCTI,

. a
AKIMO JIs1 BIAHOMICHHSA <& = -— CIIPaBCAJIUBO
w

a>3. Jlnga miaactTdH 3 OJZHUM abo JBOMa
MO3/7I0BXKHIMH €JIEMEHTAMH JKOPCTKOCTI TPH
o < 3 3HavyeHHs KoediuieHTa K_, mo BpaxoBye

BTPaTy CTIMKOCTI TPH 3CYBi, IOIYCKA€THCS
BU3HAYaTH 3a GOPMYIIOH0:

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

a is the distance between transverse
stiffeners (see Figure 5.3);

I 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, | 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 a = hi satisfies « >3 For

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-h, +2,2.3/t3'f;] (A6)
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JIOJIATOK B
(IOBIIKOBH)
EJJEMEHTH KOHCTPYKIIII 31

3MIHHUM ITEPEPI3OM

B.1 3araabHi mojiokeHHs

1) [IpaBuna, waemeni B posximi 10,
3aCTOCOBYIOTBCSI 7O CTIHOK  €JIEMEHTIB 3
HEeMapaJeIbHUMHU  MMOsicaMd  SIK  JIIsL  OaJioK

KopoOuyacToro mepepizy 1 CTIHOK BIIKPHTHX
nepepiziB 3 peryasspHUMH a00 HEPETYIIPHUMH i
HE OPTOrOHAJIBHUMH €JIEMEHTaMH YKOPCTKOCTI.

1«

(2) Jns  BuU3HAYEeHHA

ule,k cr

AOIYCKA€ThCA BUKOPUCTOBYBATH METOL

CKIHYCHHHX eJieMeHTiB (auB. noaaTok C).
(3)  IMonmxyroui koediuientn p,, p, 1 7,
JUTS BUSHAYCHHST YMOBHOI THYYKOCTI /1p MOXYThb

OyTH OTpHUMaHi 3 BIANOBIIHUX KPUBHUX BTpPaTH
CTIMKOCTI MacTuHH (IUB. po3aiiu 4 1 5).

Mpumirka. [loHmxkyroui KoedilieHTH p HOMYCKAETHCS

BU3HAYaTH 3a (HOPMYJIOLO:

. ¢p +\/¢§ _’Tp |

1 _ _
é, =E-(1+ap(/1p—,1po)+zp)

ne (where):

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) Ay« and o, may be obtained from
FE-methods, see Annex C.

(3)  The reduction factors p,, p, and y,
for 2, may be obtained from the appropriate
plate buckling curves, see sections 4 and 5.

NOTE: The reduction factor o may be obtained as
follows:

L (B.1)

i (and) 7, = [Foe

Ie# MeTo 3aCTOCOBYETHCS IS 3HAYEHb P, , P,
i y,.3uadenns A, 1 o, BkasaHi B Tabiuui B.1.

[li 3HaueHHS BIAMOBINAIOTH JaHUM KPUBHX
BTpaTH CTIMKOCTI IUIacTUH (AUB. po3aian 41 5) 1
NaroTh Oe3nocepeHiil 3B'SI30K 3 T€OMETPUUHOIO
YMOBHOIO HEJJOCKOHAJICTIO!
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cr

This procedure applies to p,, p, and y,The
values of A, 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_p-ﬁp
T 7 Y
— D) = ML B.2
o) 1-pi, (8.2)



Taéauua B.1 - 3naveHns o, 1 Zpo

Table  B.1- Valuesfor a, and Ay

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

Bupi6 [epeBaxkatoua hopma BTpaTH CTIHKOCTI a, ;.po
Product Predominant buckling mode
Hopmanbne Hanpysxenns s (direct stress for) y >0 0,70
lapsiyexatanuit | Hopmanbsre Hanpysxenss mis (direct stress for) y <0 0.13
Hot rolled Hanpyskxenns npu 3cysi (shear) 0,80
IMTomnepeyuni MiciieBi HaBaHTaKeHHs (transverse stress)
3BapHuii abo Hopmanbhi Hanpysxenns s (direct stress for) >0 0,70
XOJIOTHO-
(hopMoBaHwMi - 0,34
Welded or cold | Hopmanbre nanpysxkenns ms (direct stress for) y <0
formed Hanpysxenns npu 3pisi (shear) 0,80
[Moniepeuni miciieBi HaBaHTaxeHHs (transverse stress)

B.2 3B'm3ok Mixk BTparow criliKocTi
IUIACTHHH i KPYTHJIbHOIO (popMOI0 BTpPaTH
criiikocTi

(1)  Meron, Bkazanwmii y B.1, nonmyckaerncst
3aCTOCOBYBAaTH JJisl TEpPEBIPKU  CTIHKOCTI
IUTACTHHM 3 ypaxXyBaHHAM O19HOI KPYTHIHHOI
dbopMH BTpaTH CTIHKOCTI €JIEMEHTIB, SKIIO

3Ha4YCHHA (oA u . BHU3HA4YarOTHCA

HAaCTYITHUM YHMHOM:

a — HallMEeHIIUN KOe(IIIeEHT 301IbIICHHS

ult
PO3paxyHKOBHUX HaBaHTaK€Hb, NPH SIKUX Oyre
JOCATHYT€ HOPMAaTHUBHE 3HAYEHHS HECY4ol
3aTHOCTI IUIACTHUHM ISl HAWMKPUTUYHILIOrO
MOTIEPEYHOr0 Nepepi3y, HEXTYIOUN Oy/b-IKOI0
¢dopMOI0 BTpaTH CTIMKOCTI IUIACTHHH, Y TOMY
yhclli 1 TpU  KPYTWIbHIA ¢dopMi BTpaTu
CTIHAKOCTI;

a — HaliMeHIIUH Koe(ilieHT 30UIbIIeHHS

cr
PO3paxXyHKOBUX HaBaHTaXXEHb, MIPH SIKUX OyJe
JOCATHYTE€ KPUTHYHE 3HA4YEHHS HECydol
31aTHOCTI  IJIACTUHU  JUId  €JIEMEHTY,
BKJIIOYAIOYM BTPATy CTIMKOCTI IUIACTHHH, Y
TOMY YMCI 1 IpU KPYTWIbHIM Qopmi BTpatu
CTIMKOCTI.

2 SIKIO @ 3aleXuTh BiJ KPYTHIBHOI

dbopmu BTpaTH CTIHAKOCTI, TO
BUKOPUCTOBYBAaHUN MOHMKYIOUUNA KOEPIIi€HT
£ TIOBHHEH OyTH HaWMEHIINM MOHWKYIOYHM
koedinieaTom 3rigHo m. B.1(3) 1 3HaueHHS
koedilieHTa y,; MpU KPYTWIbHINA Qopmi
BTPaTH CTIMKOCTI HEOOXITHO 3aCTOCOBYBATH
3rigHo 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 o, as

follows:

crit

o, 1S 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 [Jused
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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JIOJIATOK C
(TOBIIKOBUN)
PO3PAXYHKH 3A JIOIOMOI'OIO
METOJAY CKIHYEHHUX EJIEMEHTIB

(MCE)

C1

(1) VYV momatky C HaBeacHI BKa3iBKH 110
3aCTOCYBaHHIO METOJy CKIHUCHHHX EJIEMEHTIB
IpH  PO3paxyHKy Hecydoi 3JaTHOCTI 3a
TPaHUYHUMH CTaHAMH a0 TpH TepeBipKax
BTOMHOI MIIIHOCTI INIACTHHYACTUX €JEMEHTIB
KOHCTPYKIIIi.

3arajbHi MoJI0KeHHS

Mpumirka 1. B EN 1993-1-6 HaBenmeHi BKa3iBKH IO
3aCTOCYBAaHHIO METONY CKIHYCHHHX €JEMEHTIB s
PO3paxyHKy KOHCTPYKIIiH Y BUTIISIIII OOOIOHOK.

Mpumirka 2. Ilg HacTaHoBa mpHU3HAYCHA  UIA
IMKEHepiB, sKi MAalOTh NEBHHHA OCBiI poOOTH B
pO3paxyHKax KOHCTPYKIIH 3 BHKOPHUCTAHHAM METOIY
CKIHUCHHHUX €JIEMEHTIB.

(2)  Bubip MeTomy CKIHUYCHHHX EIIEMEHTIB
3aJICKUTh BiJl TOCIIPKYBaHOTO 3aBJaHHS 1
0a3yeThCsl HA HACTYIHUX JOMYIICHHSX

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:

Tadoauua C.1 - JlonymeHHs I PO3PaxyHKIB METOJIOM CKIHUCHHUX €JICMEHTIB

Table C.1 - Assumptions for FE-methods
BnactuBocri Hemockonamictb,
[Ipuxan 3acTocyBaHHS
Ne CTPYKTYpH nuB. C.5 Example of use
Material behaviour | Geometric behaviour
e . IIpyxHa eekTUBHA IUPHUHA, HECYYA 34ATHICTE IIPU
JIiH1AH1 Hemae Py b . P 2. yaasi p
1 . NpyxXHil crazaii pobotn
Linear No . ) .
Elastic shear lag effect, elastic resistance
e Hecyua 31aTHICTE B TpaHUYHOMY CTaHI IIPH IIACTAYHIN
JIiH1iH1 Hewmae y A P y p
2 Linear No cTaii poboTu
Plastic resistance in ULS
e . Kputnune HaBaHTaKE€HHS IIPU BTPATI CTIHKOCTI
Heminiiini Hewmae P P p
3 Non linear No [LIACTIHH
Critical plate buckling load
e . Hecyua 31aTHICTB IIpU BTPATI CTIMKOCTI IUIACTUHU B
4 Heminiimi € e np )KHIFI)‘/’I cramii
Non linear Yes 1Py Tagl
Elastic plate buckling resistance
e . Hecyua 31aTHICTS B TPAHUYHOMY CTaHi [P cTamil
Heniniinm € yaasi P “y P A
) . MPYKHO-TUIACTHYHOT poOOTH
Non linear Yes . . . .
Elastic-plastic resistance in ULS
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C.2 3acrocyBaHH#

¢D)] [Tpu BUKOPHCTaHHI METOTY
CKIHUCHHHMX €JEMEHTIB [UIi  PO3PaXyHKY
KOHCTPYKLINA HEOOXiAHO 3BEpTaTH yBary Ha
HACTyITHE:

— MOJICIOBAHHS KOHCTPYKTHUBHOTO €JIEMEHTY
1 ioro rpaHUYHUX YMOB;

— BHUOIp BiJIMTOBITHOTO MIPOrpaMHOTO
3a0e3nedyeHHs 1 HeoOX1qHOT TOKyMEHTallii;

— BpAaxyBaHHs HEJIOCKOHAJIOCTEH;
— MOJIEJIIOBaHHS BJIIACTUBOCTEH MaTepiaiy;
— MOJCIIOBAHHS HABAHTAXCHD,

— MOJIETIIOBaHHSA KpUTEPIiB ANl TPAaHUYHOTO
CTaHy,

— BHUKOPHUCTaHHS 4YacTKOBUX Koe(DiIieHTIB
Oe3neKu.
Mpumirka. Y HarioHanbHOMY TOJATKy IOMYCKAETHCS

BCTAQHOBJIFOBAaTH IOAATKOBI YMOBH IS 3aCTOCYBaHHS
METOAY CKiHUCHHHX €JIEMEHTIB P MPOEKTyBaHHI.

C.3 MonaeaoBaHHA

(1) Bubip MeTOomy CKIHUYCHHHX EJIEMEHTIB
(rutocka abo o0'emMHa Mojem) i 00'eM CiTKH
MPUNMAIOTh 3aJIEKHO BiJl HEOOX1THOI TOYHOCTI
pe3yibTaTiB  po3paxyHKy. Jlias KOHTpoito
BIMOBIAHOCTI ~ pPO3paxyHKy  KOHCTPYKIi
NOBMHHA BUKOHYBATHCs MepeBipKa YyTIMBOCTI
3 TIOCTIIOBHMM YTOYHEHHSM IIOYaTKOBHX
TaHUX.

(2) MopentoBaHHS METOJOM CKIHYEHHHUX
EIIEMEHTIB MOJKE MTPOBOIUTHUCS IS

— UIJIOTO €JIeMEHTY KOHCTPYKIIIT;

— TIACTPYKTYpHU SIK YaCTUHU BCi€T

KOHCTPYKIIIi.

Ipumirka. IlpukmagoM eneMeHTy KOHCTPYKIIi MOXe
Oyt criHka a0o0 HIDKHS IUTaCTHHA HEpO3pi3HOi
KopoOuacToi OGanku B 30HI IPOMDKHHUX OIIOp, [ HHXKHS
IUIaCTUHA CTUCHYTA. [IpuKiIagoM MiACTPYKTYypH MOXKe
OyTH CeKIis HWKHBOI TUIACTHHHU, IO ITIAEThCS il
JIBOBICHOTO Halpy KEHHS.

(3) TI'panmuni  ymOBM Ui OHOpH,
30BHILIHIN BUIIIAL KOHCTPYKII 1 TMpUKIaJEH]
HABAHTAKEHHSI HEOOX1THO BUOMpATH TaK, 1100
pe3ynbTaTH  BIAMOBiNAMM  JiHACHIA  poOOTI
KOHCTPYKIIIi.

JCTY-H B EN 1993-1-5:201X
C.2 Use

Q) 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) Teomerpuyni mapaMeTpH IOBHHHI

npuiMaTHCs K HOMiHAJbBHI.

(5) VYci HeTOCKOHAIOCTI MiAPO3AUISIOTHCS
1o (opMi Ta IPOTSHKHOCTI, 1UB. po3aia C.5.

(6)  BmactuBocTi Marepiany BUOUpAIOTH 3
ypaxyBauusm C.6(2).

C.4  Bubip nporpamu i 1oKkyMeHTaNis

¢D)] [Tporpama [IOBMHHA  BIAMOBIAATH

3aBAAHHIO 1 OyTHU HAIIHHOIO.

Ipumirka. HapifiHicte mnporpamm  Moxe  OyTH

MiATBEpIKECHA 3a JIOTTIOMOT OO BIIIOBITHUX
MIePEBiPOYHNX BUTIPOOYBAHB.

(2)  Po3mip ciTku, HaBaHTAXKEHHS, TPAHUYHI
YyMOBH 1 1IHIII JaHi, 110 BBOJSTKCH,

JOKYMEHTYIOTh B CYIPOBO/JII IO PO3PAXYHKY 3
METOI0 MOJXKJIMBOCTI iX BIATBOPEHHS TPETIMH
ocobamu.

C.5S BpaxyBaHHS HeJOCKOHAJIOCTeM

(1)  HemockonamicTh, WO BPaxXOBYETHCS
IpH  pPO3paXyHKaX METOJOM  CKiHYCHHHX

€JIEMCHTIB, TIOBHHHA CKIaJaTHcs 5K 3
FeOMETPUYHOI, TaKk 1 3  CTPYKTypHOI
HEJIOCKOHAJIOCTEH.

(2) Y pasi HEMOXIHMBOCTI BpaxyBaTH B
PO3paxyHKy TOYHY T€OMETPHUHY i CTPYKTYPHY
HEJI0CKOHAIICTh, TOMYCKAEThCS BUKOPUCTAHHS
€KBIBAJIEHTHOI FT€OMETPUYHOI HEAOCKOHAJIOCTI.

IIpumirka 1. I'eomerpuuny HEIOCKOHAICTh
JIOMTYCKAEThCSI 3aCTOCOBYBATH y (hopMi, IO BIAMOBiIAE
BTpaTi CTIHKOCTI IUIACTWUHM B KPHUTHYHIA cramii 3
aMIUTITYJJOI0 3THHIB, HaBeJeHOW B HamioHaisHOMY

JIOJIaTKy. Bbin3pko 80 % FEOMETPUYHUX
HEJOCKOHAJIOCTEM  BIOHOCATHCA OO  3aBOJICHKUX
JeeKTiB.

Ipumirka 2. CTpyKkTypHa HEIOCKOHAIIICTh, BUKJIMKaHA
3aUIIKOBIM HANpPYKEHHSAM B IIpoIieci BHPOOHHIITBA
IpH  BUTOTOBJICHHI  KOHCTPYKIH, Moxe OyTH
MPEICTaBICHa Y BHUIVIAMI TOJATKOBOTO HANPYKEHHS 3

aMILTITY0I0 3THHIB, piBHOIO CepeaHiM
(mepen6auyBaHUM) PO3MipaM.
(3)  BkazsiBku o BpaxyBaHHIO

HEJIOCKOHAJIOCTI B PO3PaxyHKy HEOOX1IHO

3aCTOCOBYBaTM 3  METOK  JOCATHEHHS
HaHMK4Y01 HeCy4Oi 3JaTHOCTI.
4) JUIs ~ eKBIBAJICHTHOI  I€OMETPUYHOI

HE/IOCKOHAJIOCTI JIOIYCKA€ThCsl 3aCTOCOBYBATH
tabnuo C.2 1 puc. 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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Tadoauusa C.2 — ExBiBaJIeHTHAa reOMETpUYHA HEJOCKOHATICTh
Table C.2 — Equivalent geometric imperfections

Tun HemockoHanocTi Enement xoHCTpYKIIii ®opMma Bennuuna
Type of imperfection Component Shape Magnitude
I'nmoGanpuuii EjleMeHT KOHCTPYKIIii JOBKHHOKO | Hyra EN 1993-1-1, tabauns 5.1
Global Member with length | Bow see EN 1993-1-1, Table 5.1
N [To310BXKHIl €TEeMEHT KOPCTKOCTI
Fn(é?layémlmn JOBXXHHOIO d I[Byra min (a/400, b/400)
oba Longitudinal stiffener with length a ow
. Bun xpusoi
] P [Tanens abo cexIlist 3 KOPOTKOIO CTOPOHOIO d BUITYdyBaHHs _
Local a6q b Buckling min (a/200, b/200)
Panel or subpanel with short span a or b
shape
ToKaLHHi Enementn ?KOpCTKOCTi a0 moscy, 1o Jlyra srimy
Local _ T UIAI0ThCS 3THHY _ Bow twist 1/50
Stiffener or flange subject to twist

3acTocyBaHHS THITIB
HEJOCKOHAIOCTEH

EnemeHT KOHCTpYKIii

Type of imperfection

Component

['mobanpHuii eneMeHT KOHCTPYKLIT
TOBXUHOIO |
Global member with length |

T'noGanbHUi O300BXKHIHM €l1EMEHT

)KOpCTKOCTi IOBXUHOK a
Global longitudinal stiffener with

length a

JlokansHa ma”ens a00 CeKIis
Local panel or subpanel

JlokanpHUM 3TUH €IEMEHTY
KOPCTKOCTI abo mosicy
Local stiffener or flange subject to

twist

Pucynox C.1 - MonentoBaHHS €KBIBaJIEHTHOT T€OMETPUYHOI HETOCKOHAIOCTI

Figure

C.1 - Modelling of equivalent geometric imperfections
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(5) Tlpm moenHaHHI  HEAOCKOHAJIOCTCH
IIOBUHHA Oytu oOpaHa OCHOBHa
HEJIOCKOHATICTh 1 CYMPOBiIHA HEJOCKOHATICTh
MO’K€e MaTH 3Ha4yeHHs, 3MeHIIeHi 1o 70 %.
Mpumirka 1. Byxap-skuii THO  HETOCKOHANOCTI B
tabmuui C.2 Moxe OyTH NUPUHHATHH SK POBiTHA
HEIOCKOHAIIICTh, a 1HII — K CYIPOBiAHI.

Ipumirka 2. ExBiBaseHTHY TCOMETPUIHY
HEJIOCKOHAIICTh JIOITYCKA€ETHCS 3aMIHIOBATH

BINOBITHUMH (DIKTHBHUMH CHJIAaMH, JIIOYUMH Ha
€JICMEHT.

C.6 Buaacrusocti MaTepiany

(1) BnactuBocTi Martepianly 3acTOCOBYIOTH
3 HOPMATUBHUMH 3HAYCHHSIMHU.

(2) 3a1eXHO Big HEOOXIMHOI TOYHOCTI 1
BEJIMYMHY PiBHSI HAIPYKEHHS IIPH PO3PAXYHKY
JIOITYCKAETHCSI 3aCTOCOBYBATH HACTYITHI
HepelyMOBH JUIS BJIACTHBOCTEW MaTepiaay
(puc. C.2):

a) MPYXHO-TLIACTUYHI 0€3 HaNpyKEHHS CTail
CaMO3MILHEHHS (imeanbHMIA IPYKHO-
IUTACTHYHUI MaTepian);

b) mpyXHO-TUTACTUYHI 3 HOMIHAJIBHUM KyTOM
IUIOIIANKH CTaxll cCaMO3MIIIHEHHS,

C) NPYXHO-IUIACTHYHI 3 JHIHHUM KyTOM
HaIpYy>KEeHHSI CTaJlii CAaMO3MIIIHEHHS,;

d) mificHa KpuBa 3aJIEKHOCTI HAINPYKECHHS i
nedopmMarlii, BH3HAUYE€HAa 3a pe3yJbTaTaMHu
BUNIPOOYBaHb, AIHCHI 3HAYEHHS BU3HAYAIOTHCS
3a popMynamu:

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
@ 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-true = O-(1+ 8) 1

(C.1)

Ee = IN(1+ &)
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Mogens
Model
f1 T 1
3 Mexero a) b}
TEKy4O0CTi 4
tan'(E) tan™(E) -
With yielding > e
plateau
1-tan™ (E/10000)
(abo aHamoriyHEe MEHIIIC 3HAUCHHSI)
1-tan™ (E/10000)
(or similarly small value)
oA
-1
£ tan™(E/100}
I3 cramiero c)
caMo3MillHe
MO3MIIIHCHHA ta[T‘(E) _
With strain- g
hardening 1 — nilicHa kpuBa HanpyxeHHs-gedopmaris (true
stress-strain curve);
2 — kpuBa HaIpyXeHHsI-1epopMariis 3a
pesynbratamu BHIIPOOyBaHb (Stress-strain curve
from tests)

Pucynok C.2 - MopemtoBaHHsI BIIACTUBOCTEH MaTepiay

Figure

Mpumirka. [Ins Momyns npyKHOCTI B NPYKHIH 30HI
BU3HAYaJIbHUM € HOMiHAQJIbHE 3HAYCHHSI.

C.7 HaBaHTaXeHHSH

(1)  HaBauTakeHHs, 10
BUKOPUCTOBYIOTbCS, TOBUHHI MICTUTH OCHOBHI
4acTKOB1 Koe(ilieHTH Oe3neku 1 KoedilieHTH
NO€AHAHb  HaBaHTaXeHb. [l  mpocToTu
PO3paxyHKIB JOMYCKAETHCSI BUKOPHUCTOBYBATH
€IMHUN Koe]ilieHT 301TbIICHHS
HaBaHTaXCHHS « .

C.8 Kpurepii 1js1 FpaHMYHOIO CTaHy

KOHCTPYKLIA 3a
IMOBUHHI

(1) IIpu pospaxyHKy
TpPaHUYHUMH CTaHaMU

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

(1)  The ultimate limit state criteria should
be used as follows:
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3aCTOCOBYBATHCS HACTYITHI KpUTEPIi:

1) JUTSE KOHCTPYKIIIH, YyTIMBUX 10 BTPATH
CTIMKOCTI — JIOCATHEHHS MaKCHUMaJILHOTO
HABaHTAKECHH,

2) TUTS YaCTUH KOHCTPYKITIH, j1(0)
M1AHAI0THCS BILJTUBY PO3TATYIOYOTO
HAlPY)KCHHS —  JIOCSATHEHHS TPAHHYHOTO
3HAYEHHS HaTPYKCHHS B HARO1IbII

HAaBaHTAXXCHOMY BOJIOKHI.

Mpumirka 1. YV HamioHansHOMY IOHAaTKy MOXe
cremiaJbHO OOMEKYBAaTHCS pIBEHb HANPYKCHHI B
HaMOLTBIIT HAaBaHTAXXCHOMY BOJIOKHI, HampuKiIag Ha 5 %
BiJl pEKOMEHIIOBaHOT'O 3HAUCHHS.

Ipumirka 2. 3aMicTh HaBEACHWX BHUIIE KPHUTEPIiB
TPAaHUYHUX CTaHIB JOIYCKA€ThCS BHKOPUCTOBYBATH
TaKOX IHIN KpUTepii, Taki SK JOCATHEHHS MeExXi
TeKy4ocTi a00 00OMEeKEeHHS 30HU MEXI1 TEeKy4OCTi.

C.9

(1)  Koedimient
HAaBaHTAKEHHS

YacrkoBi koedinienTu 0e3nexu

3017bIIEHHS
a, PO3paxyHKy
KOHCTPYKIIH 332 TPAaHUYHUMU CTaHAMH MAae
Oyt JIOCUTH OOTpYHTOBAHUM, 110013}
BUKOHYBaJIacs BHMOTIa HaIIMHOCTI
KOHCTPYKIIIi.

(@)

HaBaHTaXCHHA

npu

HeoOxiguuii koediieHT 3011bIIEHHS
¢, CKJIAJaeTbCs 3 JIBOX
KOe(Iilli€HTIB:

1)

IIPY MOJIENIOBAaHHI CKIHUEHHHX €JIEMEHTIB ¢,

o, — JUId BpaxyBaHHs MOXUOKK MoJell

BHU3HAYACTHCI 34 JOIOMOIOI0 OIIHKH IHX
BIJINOBIIHUX BUNPOOYBaHb, JMUB. J0MaTOK D
EN 1990;

2)
MOJEIFOBAHHS
3JIaTHOCTI.

o, — A1 BpaxyBaHHA HETOYHOCTEH
HABAHTAXKECHHA 1
Jns a,
3aCTOCOBYBAaTH J,,, — HIpH 3HA4yHIA BTparTi
Vw2
pyHHYBaHHS MaTepiaiy.
3) Mo

yMOBa:

HECY4ol
JOIyCKAEThCS

cTabimpHOCTI 1 Mpy  TPOTHO3i

o IIOBUHHAa BUKOHYBATHUCHA

u

a,

Mpumirka. Y HamionaneHOMYy g0OmaTKy HaBelIeHi
moo 7,y 1 7y,

3aCTOCOBYBAaTH YMCIOBI 3HAYEHHA },, 1 7,,,, HaBeleHi

BKa3iBKH PGKOMGHZ[}IGJTI)CH

76

>y

.az

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
7w, @and y,,. The use of », and y, , as specified in
the relevant parts of EN 1993 is recommended.



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

y BinmoBigHux Tabmumismx EN 1993.
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JIOJIATOK D
(IOBIIKOBHIA)
BAJIKA 3 TO®POBAHUMHY CTIHKAMHA

D.1 3araiapHi M0JI0KeHHSHA

(1)  IIpaBwia BuU3HAYCHHS PO3PAXyHKOBHX
napaMeTpiB B Joaatky D mommproroThes Ha
JBOTABpOBI Oanku 3 TpameuieBUAHUMHU abo
CHHYCOiMalbHUMH TO(GPOBAHUMHU CTIHKAMH 1
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'eomerpuuHi mo3HauYEHHs

Figure

D.2 TI'panuyHuii cran 3a
3aTHICTIO

D.2.1 Hecyua 30amnicmo no 32uHanbHOMy

momenmy

1) Hecyua 3paTHicTh 1O 3THHATBEHOMY
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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



MOMEeHTY My, TIOBUHHAa NpUMaTHCA SK

MiHIMaJIbHA 3 HACTYITHUX 3HAYCHbD:
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bending should be taken as the minimum of
the following:

M ; b2't2'fyf,r L+t .bl'tl'fyf,r L+t .bl'tl'lfyf,r L+t
pg =MiNg———=—- h + ; I h, + ; | h, + (D.1)
Imo 2 Ymo 2 VM1 2 e
Paszmsenymuii nosc Cmucnymuii nosc CmucHymuii nosic
(tension flange) (compression flange) (compression flange)
ne: where:
fi, —Mexa TekydocTi, 3MEHIIEHa Ha f. isthe value of yield stress reduced due

OCHOB1 JIii MOMEHTIB TIONIEPEYHOrO0 3TUHY B
nosicax:

f,=1-04

0,(M,) —HampyxeHHs B MOsCi, BUKIUKaHE

MOMECHTOM HOIIEPECUYHOIO 3TUHY,

X — HOHWXKYIOUUH  KOEQIIiEHT  TpH

BTpaTi CTIMKOCTI IUIACTUHH, BH3HAYAETHCS

srigao 3 6.3 EN 1993-1-1.

Mpumirka 1. MowmeHT mnomepewyHoro 3ruHy M

z
BHU3HAYAIOTh 3 TIepeladi 3yCWib 3CYBY BiJl CTIHKH Ha
nosicu 3rijgHo puc. D.2.

IMpumirka 2. Y cuHycoigagbHuX ropoBaHMX CTiHKaX

f.=10.
W
T1(X, l

1 —— Tz (x) Tz(x)

to transverse moments in the flanges

o (M,)

fe

Mo
o,(M,) is the stress due to the transverse
moment in the flange

X 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.

A

T
M) R M i
1A

———— —

Pucynox D.2 - [TonepeuHi HaBaHTa)KE€HHsI Ha TOSC BHACIIIOK Nlepeiadi 3yCHIIb 3CYBY

Figure

(2)  EdexrtuBHy” miomnry CTHCHYTOTO MOSICY
BU3HAYAIOTh 3T11HO 3 4.4(1), BUKOPUCTOBYIOUH

HaOLIbIIe 3HAYEHHSI YMOBHOI THYYKOCTI Ap,
BimnoBiqHo 10 4.4(2). Koedimienr k_, mo
BpaxoBye  BTparTy  CTIHKOCTI,
npuiiMaTHCcs OUTBIINM 13 3HAUYEHB!

IIOBUHEH

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

A, Odefined in 4.4(2). The buckling factor
k_ [ishould be taken as the larger of:
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b 2
a) k, =0,43+| = |,
a
ne b — makcumanbHa LIMPHHA BiJ BajHMKa

3BapIOBaHHS JI0 BUTLHOTO KPaIo;

(D.2)

where b is the maximum width of the
outstand from the toe of the weld to the free
edge

a=a +23,

b) k=060,

e (where) b=

D.2.2 Hecyua 30amuicmb npu 3cyei

1)

BHU3HA4YArOTh 3a (I)OpMy'J'IOIOI

Hecyuy 3nmatHicts mnpu  3cyBi Vg,

VRd :ZC_VW.h -t

7/M1\/§ v

J€ ¥, — MEHIIEe 3HA4YEeHHS 3 IOHIKYIYNX
KOoe(iIieHTIB MPH MICHEBIH BTpaTi CTIMKOCTI
X 3TiaHO (2) 1 3arampHill BTpaTi CTiiiKocTi

Xe.q 3T10HO (3).

(D.3)
b,
2
D.2.2 Shear resistance

(1)  The shear resistance V., should be
taken as:

(D.4)

where y. is the lesser of the values of
reduction factors for local buckling ., Cand
global buckling . , obtained from (2) and (3)

(2)  Ilommxyroumii KoedilieHT y., mpH (2)  The reduction factor y., Cfor local
MicleBili  BTpaTi  CTIHKOCTI  IUIACTHHU buckling should be calculated from:
BH3HAUAIOTh 32 (DOPMYIIOIO:
115
=———<10 D.5
Zc,l 0,9 n /10" ( )
A, = fy (D.6)
o z-cr,l\/§ .
t 2
r,, =483E .LIW } (D.7)

ne a,, — HOBUHHO NIpUHMAaTHCA SIK Oliblle

3HAYEHHA 3 & 1 @, .

Ipumirka. [{ng cunycoiganbHuX ropoBaHUX CTIHOK B
HamionansHOMYy 1OAaTKy MOXYTh JlaBaTHCS BKa3iBKH

OO0 BU3HAYEHHA T, 1, X, -

PexomeHTy€eThCSI 3aCTOCOBYBATH HACTYITHY (OPMYITY:

a,., should be taken as the greater of a, and
a,.

NOTE: For sinusoidally corrugated webs the National
Annex may give information on the calculation of z_

and 7,

The use of the following equation is recommended:

2 2
0y, =534+ 25 | _TE_ {tl} ,
: ht, ) 12-(1-v*) Ls
Ie: where:
w — JIOBJKMHA TPOEKIIii MMOJOBHHU XBHJI w is the length of one half wave, see
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(muB. puc. D.1);

S — po3ropHyra  JOBXXMHA  IIOJOBUHHU
xBuii (auB. puc. D.1).

(3)  Ilommkyrounii KoeirieHt Xeoo

3arajibHOi BTPATH CTIMKOCTI pO3paxoBYIOTH 3a
dbopmyIoro:

JCTY-H b EN 1993-1-5:201X
Figure D.1,

S is the unfolded length of one half
wave, see Figure D.1

(3)  The reduction factor y, . Cfor global
buckling should be taken as

Xeg =—1’57 <10, (D.8)
0,5+ 42,
Jle (where) A_, fy (D.9)
(S = .
c,9 Tcr,g \/§
32,4
Terg = twhv%/ YD, Df (D.10)
_ Ety w
©12-(1-v?) s
b, - El
W

z
BIJIPI3KY AOBXKUHOIO W (muB. puc. D.1).

— MOMEHT 1HepIIii TuIonI rodpoBaHOTrO

Ilpumirka 1. 3paderHs S i | BU3HAYAOTH JUIA

niiicHo1 popMu ToppyBaHHS.
Mpumirka 2. dopmyna (D.10) mnommproeTbess Ha

METaJIeBl JIMCTU NP JOMYILIEHHI IMApHIPHUX ONOp Ha
Kpasix.

D.2.3 Bumozu 00 ckinuennux enemenmie
Hcopcmkocmi

(1)  CkiHyeHHI  €JEMEHTH  KOPCTKOCTI
BU3HAYAIOTH 3T1IHO 3 BAMOTaMH po3aiay 9.

I, second moment of area of one

corrugation of length w, see Figure D.1

NOTE1: s and I are related to the actual shape of
the corrugation.

NOTE 2: Equation (D.10) is valid for plates that are
assumed to be hinged at the edges.

D.2.3 Requirements for end stiffeners

1) Bearing stiffeners should be designed
according to section 9.
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JIOJATOK E
(OBOB'SI3KOBHN)
AJBTEPHATHUBHI
BU3HAYEHHSI
IEPEPI3IB

METOIN
E®EKTUBHUX

E.1 EdexkruBHi njomi mnepepiziB pis
HANPY’KeHHSI HUKYE MeKi TeKY4O0CTi

1) B sKocTi anbTepHaTHBU METOAY 3TiIHO
3 4.4(2) nomyckaeTbcs ~— 3aCTOCOBYBATH
HacTymHi  ¢opMynau  JUii  BU3HAYCHHS
e(EeKTUBHHUX IUIONI TPH PIBHI HaINPy>KEHHS
HUKYE MEX1 TeKYJOCTi:

@) Ui CTUCHYTOI IUIACTHHH 3 JBOCTOPOHHIM
3aKPITUICHHSIM:
1-0,055- (34 )/ A pred
pP= =
lp,red

b) mms CcTUCHYTOI TUIACTHHU 3 OJHOCTOPOHHIM
3aKpITJICHHAM (3BHC JIUCTA):

1-0,188/ Ap.es
/1p,red

[Toznauenns HaBeneHi B 4.4(2) 1 4.4(4). s
pO3paxyHKy Hecyd4oi 34aTHOCTI MpH 3arajibHIn
BTpATi CTIHKOCTI 3acTOCOBYEThCS 4.4(5).

E.2 EdektuBHi TLJIONIN] eJIeMeHTIiB
“KOPCTKOCTi

(1)  [Jus po3paxyHKY e(pEeKTUBHHX ILIOII
€JIEMEHTIB  JKOPCTKOCTI MpH  BU3HAYEHIN

MIIIHOCTI 3a TpPaHUYHUMHU CTaHAMU YMOBHY

THYYKICTb Aser JIOIIYCKA€ThCS BH3HAYaTH 32
dbopmyroro:

ﬂ’ser = ﬂ’p ’
1€ Oomedser — HaHOLIBIIE HaIpy>KCHHS
CTUCKY (po3paxoBaHe uisi  €(pEKTHBHOTO

IONEPEYHOro mepepizy) B JAaHId YacTUHI
nepepi3y Il HaBaHTAKEHHSIMHU B TPAaHUYHOMY
CTaHI MO eKCIUTyaTaliiHii MPUIaTHOCTI.

(2) Mowmenr i”epmii TuTOHI  TEpepizy
JIOIMTYCKA€ETHCSI MPUUMATH IO 1HTEPIOJIALIT MK
MOMEHTOM 1HEpILii oLl mepepizy OpyTTo 1
MOMEHTOM iHepIil e(eKTHBHOI TIUIONII JJIs
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+0,18-

+0,18-——

com,Ed,ser

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:

(20~ o (but) p<10 E.1)
—— =, ane (but) p <], .
(2, -0.6)

b) for outstand compression elements:

(Zp —Zp,red)

~——~ ame p<10 (E.2)
(25 -0.6)

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

@ For the calculation of effective areas
for stiffness the serviceability limit state

slenderness p,ser A [Imay be calculated
from:

o
: (E.3)

y

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  OpH  BIANOBIIHOMY
CTOJIY4YEHHI HaBaHTaXEHb 32 (POPMYIIOIO:

Oy

l.=1 -
eff r
¢ (o}

ne |, —MOMeHT iHepuii IO MONEPEYHOTro
nepepizy opyrro;

O,  — HaWOUIbIIE HANPYKEHHS BiJl 3TUHY,

OTpHUMaHe Uil MOMEPEYHOro mepepizy OpyTTo
B TPAaHMYHOMY CTaHi MO eKCIUTyaTauilHii
MIPUAATHOCTI,

|t (acom’Ed'ser) — MOMEHT iHepuii  rurom
e(EKTUBHOTO TIONEPEYHOTO Tepepisy IMpu
MICIIEBId BTpaTi CTIMKOCTI 3TigHO (QOpMYIH
(E.1) Bu3HauaeTbcs I HAHOULIBIIOTO

HANPYKEHHA  Opneger = Oy B MEKax

JOBXWHU AAaHOT'O ITPOTr'OHY.

(3) Mowmenr iHepuii edeKTHBHOI ILIOLII
nornepeyHoro nepepizy | Moxe mMaTu pi3Hi

3HAYCHHS B3JIOBXK MIPOTOHY 3TiTHO
PO3MIIIEHHIO OKPEMHUX €JIEMEHTIB YKOPCTKOCTI.
AnbrepHaTtuBHE 3HaueHHs | JomMycKaeThes

npuiMaTu MOCTIHUM, PIBHEM
MakCHMaJlbHOMY  MOMEHTY 1HEpLil MpH
eKCIUTyaTallifHNX HaBaHTQ)KEHHSX.

4) Po3paxyHOk BHMarae iTepaTUBHOTO
miaxoay, ajie 3 JOCTaTHbOK  TOYHICTIO
JIOMTYCKAETHCS BUKOHYBAaTH pas3oBuii
PO3paxyHOK, TIPU SIKOMY PIBEHb HAINPYKCHHS

Mae OyTH PIBHMM a00 OUIBIINM HIXK Oy kg er -

com,Ed,ser

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

expression:

) (I ar Ieff (O-com,Ed,ser ))’ (E4)

where |, 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

l o (O-com,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 2

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) 3minu po 1.4

3minumu  eusnauenns «b,» ma: «rabapuTHa

HIMPUHA MK 3BapHUMH IIBAMH I 3BapHHUX
nepepiziB @00 MK 3rMHaMU  padiyciB ajs
MIPOKATHUX MPODLTiBY.

2) 3minu 0 2.3

Iynkm «(2)», 3aminumu <«SKIIO BHKOHYETHCS
yMoBa B 3.1» Ha «SKIIO BUKOHYETHCS YMOBA B

2.2(5)».

3) 3minu 10 2.6

Ihynkm — «(1)»,
«IUTaCTHHAY.

«[IpumiTka», suoaiumu

4) 3minu g0 3.2.1

3aconoeok nioposoiny, zaminumu «EdexTuBHA
mpuHay Ha «EQexkruBHa® mmpuHay.

Iynkm «(1)», 6 ocmannvomy peuenni 3aminumu
«/lana edexTuBHa mMpHHA MOXKe» Ha «JlaHa
e eKTHBHA® HINPUHA MOXKED.

5) 3minu g0 3.2.2

Ilynkm «(1)», «Pucynok 3.3», zaminumu «3
¢(EKTHBHOIO MIMPHHOIO» HA «3 e()EeKTUBHOIO®
HIUPHHOIO.

6) 3minu g0 3.2.3

Ilynkm  «(1)», pisnsanna «(3.2)», szaminumu

« ast]1 » HA « ast‘l ».

Ilynkm «(1)», pisusanns «(3.2)», nepuuil paook
NYHKMY, KUl NOYUHAEMbCS 3 «IIe», 3AMIHUMU
«3Ma3aHa IUIoNIA EJIEMEHTIB JKOPCTKOCTI» Ha
«IIoma Oe3mocepeIHbO HaBaHTAXKEHUX
€JIEMEHTIB KOPCTKOCTI, MOALICHA.

Ilynkm «(1)», pienanns «(3.2)», opyee peuenns
nio «ae», saminumu «KoHCEepBaTUBHO 11€ MOXKE
npuiiMaTHCs 3a IJIOULY €JIEMEHTIB JKOPCTKOCTI,

HNOJUIEHY Ha BIACTaHb Sg;» na «le Moxe

npuiiMaTrcs K MJIOIIA €JIEMEHTIB KOPCTKOCTI,
PO3MOALIEHA IO JOBXKHHI BIICTAHI S ;».

Ilynkm  «(1)», pisusnus «(3.2)», nomatu o
CITUCKY T «Ie»:

«S, — TOBXXHWHA )XKOPCTKO1 OIIOPH,
S — BIICTaHb €JIEMEHTIB )KOPCTKOCTI».
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1) Modification to Subclause 1.4

Change the definition for "b " into: "clear

w
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) Modification 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: "a "

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, is the length of the stiff bearing;

s, IS the spacing of stiffeners;"



7) 3minu xo 4.2

Ilynkm «(1)», 3aminumu «BUKOPHCTOBYIOYU
epeKTUBHI IUIOW» Ha «BUKOPUCTOBYIOUHU
ebexTuBHIP IIOIII».

8) 3minm xo 4.3

Y nynxmi «(6)» eudanumu «(uix f, )».

9) 3wminu xo 4.4
Ihynkm  «(2)», pienanns «(4.2)», saminumu
« /”Lp <0,673» Ha « A, <05+ /0,085—0,055y ».

Ihynkm  «(2)», pienanns «(4.2)», saminumu

« /1p > 0,673» na « A, >05+ 1/0,085—0,055y ».

Ilynkm «(2)», piensannsa «(4.2)», eudarumu «ie
(3+w)=0».

«Tabmuus  4.1», [Opyruil  psSgoK  3HUBY,
saminumu « =1>wy >-3» na «—=1>wy > -3 ».

10) 3minum g0 4.5.1

Ilynkm «(2)», ocmanniii psioox, saminumu ™ p ™

« 1 "
Ha:" p,".

Ilynkm «(3)», 3aminumu «I0III TIepepi3iB» Ha
«IITONIA TIePEepizy».

11) 3wminu o 4.5.3

Ilynkm «(3)», «[Ipumitka», saminumu «bgy,»

Ha: «by,».

12) 3minu g0 4.6

Ilynkm «(1)», 3aminumu «1ist OJHOOCHOBOTO
STHHAHHS»  HaQ <11 CTHCKaHHS  Ta
OJITHOOCHOBOTO 3THHAHHS».

Ilynkm «(1)», «IlpumiTka», saminumu <€, »

HA <€\ ».

Ilynkm «(1)», «llpumiTka», 3aminumu « €, »

HA: €€, \ ».

13) 3wminm 10 5.3

Ilynkm  «(3)», nepwuii  psoox, 3amiHumu
«mapaMeTp THYYKOCTI» Ha «MoaudikoBaHa
THYYKICTBY.

Ilynkm  «(3)», «[lpumitka 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 effectiveP 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
"1,<0,673"into: " 1 <0,5+,/0,085-0,055y "
Paragraph '(2)', Equation '(4.2)", change

"1, >0,673" into:" 2, >0,5+/0,085-0,055 ".

Paragraph '(2)', Equation '(4.2)', delete: "where
(3+l//)2 0"

‘Table 4.1', second row from the bottom, change
"-1>w >-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 "b,," into:
i P

12) Modifications to Subclause 4.6

Paragraph '(1), change "for uniaxial bending"
into: "for compression and uniaxial bending".

Paragraph '(1)', 'NOTE', change "e," into:
e,

Paragraph '(1)", 'NOTE', change "e,," into:

"
e, N -

13) Modifications to Subclause 5.3

Paragraph '(3)', first line, change "slenderness
parameter” into: "modified slenderness”.

Paragraph '(3)', 'NOTE 2, change "slenderness
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«rapaMeTp THYYKOCTI» Ha «MoaudikoBaHa
THYYKICTBY.

Ilynkm «(5)», 3aminumu 06a pasu «mapamerp
THYYKOCTI» Ha «Moii(ikoBaHA THYUKICThY.
14) 3minm 10 6.5

Ilynkm  «(3)», saminumu «piBHsausa (6.11),
(6.12) Ta (6.13)" wma: "piBusaas (6.11) Ta
(6.12)".

Ilynkm  «(3)», pisusnnus  «(6.13)», dodamu
nepeo «l, =..... (6.13) » CNI0BO «IEY.

15) 3minu 10 6.6

Iynkm «(1)», saminumu nocunanns na «6.2(2)»
Ha: «6.2(1)».

16) 3wminm g0 7.1

Ilynkm  «(1)», ododamu nicis pisHsHHS OJs

«7], ». OO Vowra OU6. pienannus (5.2).»

17) 3wminm n0 9.2.4

, h
«Pucynox 9.4», saminumu «???» na: «< Zs ».

18) 3minm g0 10

Ilynkm «(3)», 3aminumu «rHYYKIiCTh TUTACTHHNY
Ha «MOAU(IKOBAaHA THYUYKICTb IJTACTHHI

Ilynkm  «(B)», nynkm  «a)», 3amiHumu
«THYYKICTh IUIACTUHU» Ha «MoJu(dikoBaHa
THYYKICTh TUTACTHHU

Ilynkm  «(5)», nynkm  «a)», 3amiHumu
nocunanns na «5.2(1)» na: «5.3(1)».

Ilynkm  «(6)», nio pisuannam  «(10.6)»,

3AMIHUMU KTy,  » HA. KT, M.

Iynxkm «(6)», nio pienannsm «(10.6), saminumu
«T, gy » HAL KTy ».

19) 3wminm g0 Al

Ilynkm  «(2)», «Ilpumitka 3»,  3aminumu
«puHa b B» ma «impuHa b By.

Ilynkm  «(2)», nio  pienanuam  «(A.2)»,

&» Ha: «5:ﬁ
A A

p p

3AMIHUMU KO = ».

Tlynxkm «(2)», nio piensunam «(A.2)», nio «iae»,
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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 17_3 "
"for V,, ¢ S€€ expression (5.2)."

17)  Modification to Subclause 9.2.4

‘Figure 9.4°, change "???" into: S%

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(1)".

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)’,
2A into: " 5=
A, A

p

change "o =

Paragraph ‘(2)’, below Equation ‘(A.2)’, under



bt* _ bt®
12(1-0?) 10,92
bt? bt?
= = ».
12(1—v2) 10,92

3AMIHUMU «= Ha.

«

Ilynkm «(2)», nio piensannsm «(A.2)», nio «aey,
3aminumu «Z:ASI » Hat « Ay ».

Ilynkm  «(2)», «Pucynox A.lw», 3aminumu
38epxy cnpasa mexkcm «EIEeMEHTH JKOPCTKOCTI»
Ha «EJIEMEHT KOPCTKOCTI».

Ilynkm  «(2)», «Pucynoxk A.l», 3saminumu
36epxy  cnpasa  mMeKcm — «KOIOHKW»  Hda
«KOJIOHKa.

Ihynkm «(2)», «Pucynok A.l», saminumu na
pucyHky « by » na: «by ,».

20) 3minm g0 A.2.1
Ilynkm  «(6)», «Pucynok A.2», 3saminumu

«As11» Ha: « A ».

Ilynkm «(7)», TyHKT CIHUCKY «a)», 3aMiHumu

«lsp» ma: «ly».

21) 3minm o A.2.2

Iynkm «(1)», pisusnns «(A.4)», qpyruii psaox
PIBHSIHHSA, 3aMIHUTH «@ < a,» Ha «a < a,»

Ilynkm «(1)», suoanumu OCMAaHHIO

«[IpumiTky».

22) 3minm 1o A.3

Ilynkm «(1)», nio pisusannsam «(A.5)», nio «ue»,
saminumu «JI7sg CTIHOK 3 1BOMa abo OiIbIIe)
Ha «J171 CTIHOK 3».

23) 3minu g0 B.2

ITynkm «(1)», 3aminumu «a;, [1» na: «a, [1».

crit

Ilynkm «(1)», eusnauenns «a,», 3amiHumu

«IPYXHUA KPUTHYHUI OIIp» Ha «IpPYKHE
KPUTHYHE HAaBAaHTAXKEHH».

24) 3minm go D.1

«Pucynox D.1», cxema 3ni6a, eudanumu
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 "ZAsl "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: "bg . ".

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;, " into: "a, [".
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
" bt Il.

25) Modifications to Subclause D.2.1
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JACTY-H b EN 1993-1-5:201X

Ilynkm  «(1)», nepwuii psiook ma pieHsHHSA
«D.1», o0sa pasu saminumu «Myg» na:

«M yRa >

Ilhynkm «(2)», saminumu «KoedilieHT BTpaTH
crifikocti K, mOBMHEH mpuiMaTHcs K Oiiblre

3Ha4YeHHA 3» Ha «KoedilieHT BTpaT CTIHKOCTI
K, TOBHHEH IpUIMaTHCS AK OiiblIe 31 3HAYECHb

a) ta b):».
Ilynkm «(2)», nynkm cnucky «B)», suoarumu

b
«ie b="»,
EE

26) 3minm g0 D.2.2

Ilynkm  «(1)», nepwuii psdox ma pieHsHHS
«D.4», saminumu «Vgy ¢» na: «V, o4 ».

Piensanna «(D.6)» ma «(D.9)», saminumu « f »

Ha « fyw».
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Paragraph ‘(1)’, first line, and Equation
‘(D.1)’, change two times "M, " into: "M ¢, ".

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
pobi
5

26) Modifications to Subclause D.2.2

Paragraph (1), first line and Equation ‘(D.4)’,
change "Vg, " into: "V, o4 "
Equations ‘(D.6)’ and ‘(D.9)’, change " f "

into: " ny".



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

Kuo4uoBi cjioBa: nmiacTuHU, BTpaTa CTIHKOCTI, €JI€MEHT JKOPCTKOCTI, €PEKTUBHUN Mepepi3, METO

CKIHYEHHUX E€JIEMEHTIB.

I'enepanbuuii qupexkrop TOB «Ykpaincbkuit
IHCTUTYT CTaJIeBUX KOHCTPYKIIiK iM. B.M.
[HIuMaHOBCHKOTO», I.T.H., IPOd.

3aBigyBau By, HIBTP (kepiBHUK
PO3pOOKH), K.T.H.

KepiBauk rpymu IK

KepiBauk rpymu CHTI

KepiBauk rpymu HT /]

[TpoBigauii iHXEHEP

[TpoBigauii iHXeHEP

[IpoBigauii iHXeHEP

[Tepexnanau

O. lIlumanoBCHKHUT

A. I'pom

O. Kopayu

I'. Jlenna

S. Jlumap

S1. JleueHko
B. ApTiomienko
B. Camych

K. IlaBioBa
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