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HAIIIOHAJIbHUH BCTYII

Lleii crannapt € TotoxkuuM rnepekiagom EN 1993-1-5:2006 Eurocode 3: Design of steel
structures — Part 1-5: Plated structural elemdiip®dkryBanns craneBux KOHCTpyKLid. YacTuHa
1-5: [InacTiHYacTI KOHCTPYKTHBHI €ICMEHTH).

EN 1993-1-5:2006miarorosineno Texuiunum komiretom CEN/TC 250, cexperapiatom
sxoro kepye BSI.

Jlo HaliOHATLHOTO CTAHAAPTY J0JIYUYEHO aHTJIOMOBHHM TEKCT.

Ha repuropii VYkpaiHu $K HallOHAIBHMM CTaHAAPT Jli€ JliBa KOJIOHKA TEKCTY
JICTY-H b EN 1993-1-5:2006 Eurocode 3: Design of steel stines — Part 1-5: Plated structural
elements I{lpoekryBanHs craneBux KoHcTpykmii. Yactuna 1-5: [TnacTMHYAcTi KOHCTPYKTHUBHI
CIIEMEHTH), BUKJIaJICHA YKPATHCHKOIO MOBOIO.

BimmoBinno mo JIBH A.1.1-1-2009 &ucrema crangapTuzaiii Ta HOPMYBaHHS B
OyniBHUIITBI. OCHOBHI MOJIOKEHHS» I CTaHAApPT BIAHOCUTHCA 10 Komiuiekcy B.1.2 «Cucrema
HAJIMHOCTI Ta Oe3reku B OyIIBHULITBI».

CrangapT MICTHTh BUMOTH, SIKi BIATIOBIAIOTh YHHHOMY 3aKOHOJIABCTRBY.

HaykoBo-TexHi4Ha oprasi3aiis, BiimoBinambHa 3a Led cTaHgapt, — TOBapuCTBO 3
O0OMEXEHOI0 BIMOBIJANBHICTIO «YKpPaiHCBKUN I1HCTUTYT CTaJe€BHX KOHCTPYKIiH iM. B.M.
[[TnMaHOBCHKOTO».

Jlo ctangapTy BHECEHO TaKi pelaKIliiftHi 3MIHU:

- CIIOBA «IIeil MDKHAPOIHUIN CTaHAAPT» 3aMIHEHO Ha «Iei CTaHAapT»;

- CTPYKTYpHI eleMeHTH ctaHaapry. «O0knaauaky», dlepenmoBy», «HarioHanbHUNA BCTYI»,
«Bu3HaueHHs mNOHATH» Ta «bibmiorpadiuni ngaHi» OQOPMIIEHO 3riIHO 3 BHUMOTaMHU
HaI[IOHAJILHOT CTaHAapTU3allii YKpaiHu,

- 3 «lepemmoBu mo EN 1993-1-5»y meit «HamioHansHuii BCTYm» B3STE T€, IO
0e31mocepeIHbO CTOCYETHCS IIbOTO CTAHIAPTY;

- HaIOHATBHUH JOBIIKOBHH TOATOK HABEACHO SIK HACTAHOBY JUISI KOPUCTYBAYiB.

[Mepenik HanionanbHuX cranaaptiB Ykpaiau (JICTY), inentuunux MC, mocunaHHs Ha sKi
€B
EN 1993-1-5:2006.

Komii MC, HenpuifHITHX SK HaI[lOHAIbHI CTaHIApPTH, Ha ski € mocwiaanHs B EN 1993-1-
5:2006,mo0xHa orpumatu B ['onoBHOMY onal HopmaTuBHUX JokyMeHTIB 11 «YxkpHIHL».



JCTY-H b EN 1993-1-5:20X

Beryn
OcHoBu nporpamu €BpOKOaY
Craryc Ta raigy3b 3acTOCyBaHHS €BpPOKO/IIB

HarionaneHi cTaHmapTe, 10 BIPOBAIKYIOThH

€Bpokon
3B’ s13kH MDK €BpokxoaamMu Ta
rapMOHI30BaHUMH TEeXHIYHUMU

cnenudikamismu (ENsTa ETAS) ais Bupo0OiB
HonatkoBa iHdopmarris mogo EN 1993-1-5

Hamionansauii nogarok no EN 1993-1-5
1  3araabHi moJI0kKeHHA

1.1 Cdepa 3acTocyBanHs

1.2 HopmaTHBHI HOCUIaHHS

1.3 Tepminu i BUBHAYECHHS

1.4 TIlo3naueHHs
2  OcHoBH
MO/IeJTI0BAHHS
2.1 3aranbHi OJOKEHHS

2.2 Mertoquka BH3HA4YCHHA  €(EKTHBHOL
IIMPUHH [IPU CTATUIHOMY PO3PAXYHKY

2.3 Brpara CTIMKOCTI IJIACTHH €JIIEMEHTIB
MOCTIHHOTO TOTIEPEYHOTO TIEpepi3y

2.4 Metoauka po3paxyHKy IO MPUBEICHOMY
HaTpy>KEHHIO

2.5 EneMeHTH KOHCTPYKWIH 13 3MIHHUM
nepepizom

2.6 EnemeHTH KOHCTPYKUiil 3 roppoBaHUMHU
CTIHKaMH

3  BpaxyBaHHs eexTy 3CYBHOI'0
3ami3HIOBAHHS IIPH PO3PaxyHKY eJIeMeHTIB
3.1 3aranbHi HOJOKEHHS

3.2 BusnaueHHS e(eKTUBHOI IIMPUHU TPH
3CYBHOMY 3aIli3HIOBaHHI B IPYXHIH cTaaii

3.3 BpaxyBanus edexTy 3CYBHOT'O
3aIi3HIOBAHHS npu PO3paxyHKy 3a
IpPaHUYHUMH CTaHAMU

4  Brpara CTIHKOCTi INJIACTHHHU MiJ Ji€l0
HOPMAJIBHOT 0 HaNpYy:KeHHA npu
PO3PaxyHKy 3a TPAHMYHUMHU CTAHAMHU

4.1 3aranbHi OJIOKEHHS

4.2 MinHicTh 1 CTIMKICTP  mpu  [il
HOPMAaJILHOTO HATIPYXCHHS

4.3 EdexTuBHUI ONEpevyHU epepi3

4.4 TlnactuHYaCTi eJIEMEHTH oe3
M03/I0BXKHIX €JI€MEHTIB )KOPCTKOCTI

45 TligcuimeHHS IUIACTHH  MO3I0BXKHIMU
eJIEMEHTaMU >KOPCTKOCTI

4.6 IlepeBipka cTiiikocTi

NPOEKTYBAHHSA i

IV

3MICT

C.
Foreword Vi
Background of the Eurocode programme 1
Status and field of application of

Eurocodes 3
National Standards implementing
Eurocodes 4

Links between Eurocodes and harmonised
technical specifications (ENs and ETAS)

for products 5
Additional information specific for
EN 1993-1-5 5
National annex for EN 1993-1-5 5
1  Introduction 7
1.1 Scope 7
1.2 Normative references 7
1.3 Terms and definitions 8
1.4 Symbols 9
2 Basis of design and modelling

11
2.1 General 11
2.2 Effective width models for global
analysis 11
2.3 Plate buckling effects on uniform
members 12
2.4 Reduced stress method

12
2.5 Non uniform members

13
2.6 Members with corrugated webs

13
3 Shear lag in member design

13
3.1 General 13
3.2 Effectives width for elastic shear lag

14

3.3 Shear lag at the ultimate limit state

18
4  Plate buckling effects due to direct
stresses at the ultimate limit state

20
4.1 General 20
4.2 Resistance to direct stresses

20
4.3 Effective cross section 21
4.4 Plate elements without longitudinal
stiffeners 23
4.5 Stiffened plate elements with
longitudinal stiffeners 27
4.6 Verification 33



5  Hecyua 3paTHicTh IpH 3CyBi
5.1 3aranbHi HOJOKEHHS

5.2 Po3paxyHOK Hecydoi 31aTHOCTI
5.3 Hecyua 31aTHICTH CTIHKH
5.4 Hecyua 31aTHICTb MOSICIB
5.5 TlepeBipka MIIIHOCTI

6 Hecyua 31aTHiCTB
JIOKAJbHUX HABAHTAKEHHX
6.1 3aranbHi NOJOXKEHHS

6.2 Po3paxyHOK Hecyuoi 31aTHOCTI

6.3 JloBXuHa pO3MOALTY HABAHTAXXCHHS Ha
nosic

6.4 TloHmwxyounii

CTIHKH  NIpH

KoeiieHT X s

epeKTUBHOI  JOBXHHM TIpU  BU3HAUCHHI
HECY40i 34aTHOCTI
6.5 EdextuBHa MOBKMHA  MPUKIAJAHHS

HABAaHTAKEHHSI HA CTIHKY
6.6 IlepeBipka HeCy4oi34aTHOCTI
7 B3aemogais 3ycnib

7.1 Bsaemonis MOMepeyHol CHIIH,
3TUHAJIBHOTO MOMEHTY 1 OCOBOI CHIIH
7.2 Bzaemonis MOMepeyHol CHIIH,

3TUHAJIEHOTO MOMEHTY 1 0ChOBOT CHIIH

8 BmnumB mosicy Ha BTpaty criiikocTi
CTIHKH

9 EneMeHTH KOPCTKOCTI Ta iX JeTajibHE
BHKOHAHHS

9.1 3aranbHi MOJOKEHHS

9.2 HopmanbHe HaApPyXCHHS

9.3 3cys

9.4 TlonepeuHe HaBaHTAXXECHHS

10 IIpuBeneHe Hampy:KeHHA

Jomatok A (moBigkoBmii) Po3paxyHok
KPUTHYHOI0 HANpPY:KeHHSl [JIsl JIMCTIB 3
eJIeMEeHTAMM KOPCTKOCTI

Jonatok B  (moBinkoBmii) EaxemenTn
KOHCTPYKUII 3i 3MiHHNM nepepizom
Jonatoxk C (moBigkoBuii) Po3paxynkm 3a
AOMOMOTI0K) MeTOAYy CKiHYEHHMX eJIeMEeHTIB
(MCE)

Jomatok D  (moBigkoBwmii)
ro)poBaHUMHU CTIHKAMH
Jonatok E (000B'si3k0BHIT) AJIbTepHATUBHI
MeTOAU BU3HAYCHHS e()eKTMBHHUX NepepisiB

Bbaaku 3

Texniuna monpaska

JCTY-H b EN 1993-1-5:20X

5 Resistance to shear 34
5.1 Basis 34
5.2 Design resistance 35
5.3 Contribution from the web 35
5.4 Contribution from flanges 39
5.5 Verification 39
6 Resistance to transverse forces

40
6.1 Basis 40
6.2 Design resistance 40
6.3 Length of stiff bearing

41
6.4 Reduction factory. for effective
length for resistance

42
6.5 Effective loaded length

43
6.6 Verification 44
7 Interaction 44
7.1 Interaction between shear force,
bending moment and axial force 44
7.2 Interaction between transverse force,
bending moment and axial force 46
8  Flange induced buckling

46
9  Stiffeners and detailing

47
9.1 General 47
9.2 Direct stresses 48
9.3 Shear 53
9.4 Transverse loads 56
10 Reduced stress method 57
Annex A (informative) Calculation of
critical stresses for stiffened plates

60

Annex B (informative) Non uniform
members 68
Annex C (informative) Finite Element
Methods of Analysis (FEM)

70
Annex D (informative) Plate girders
with corrugated webs 77
Annex E (normative) Alternative
methods for determining effective cross
sections 81
TexniuHa monpaBka 85



JCTY-H b EN 1993-1-5:20X

Vi

Beryn

et  moxymentr EN  1993-1-5:2006
MIArOTOBIEHUA  TeXHIYHUM  KOMITETOM
CEN/TC 250 &ynisenbai €Bpokoan»,

ceKkpeTapiaT sikoro miarpumyerbest BSI.

[lpomy €BpormeiicbkoMy cTaHgapTy Oyne
HaJ@aHUIl ~ cTaTyc  HAIlOHAJIBHOTO 3
nyOJIIKaLiel0  1IEHTHMYHOTO TEKCTy abo
cxBaJleHHsM He mi3Hime kBiTHA 2007 poky i

pu CKacyBaHHI KOHQIIIKTYIOUHX
HAI[IOHAILHUX  CTaHJApTIB HE TIi3HilIe
6epesnst 2010poky.

v BIZIMOBIZTHOCTI 3 BHYTPIIIHIMHU

nocrtanoBaMu CEN/CENELECuauionanpsi
opraHu 31 cTaHaapTu3alii Takux KpaiH
3000B'sA3aHl  3OIMCHUTH  IMINIEMEHTALIIO
11bOro €BPOINEHCHKOr0 CTaHAAPTYy.: ABCTDIf,
benwris, Kinp, Yecpka Pecmybmika, [laHis,
Ecronis, ®innsupais, Opaniis, HimeyunHa,
I'peniss, VYropmwuna, Icmanmis, Ipmanmis,
Itamis, JlatBis, JlutBa, JlrokcemOypr,
Manbta, Hinepnanau, Hopseris, Ilombima,
[Mopryramis, PymyHis, CnoBauuuHa,
Cnosenis, Icmanis, IBemis, IlIBeiinapis i
O6'ennane KopomicTao.

Jlanuii €BpOIEHCHKUI CTaHIApPT 3aMiHIOE
ENV 1993-1-5.

CEN/TC 250 ¢ sBiamoBigaabHUM 3a BCi
BbyniensHi €Bpokoau.

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
ENV 1993-1-5.

supersedes

CEN/TC 250 is responsible for all Structural
Eurocodes.
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HALIOHAJIbHUM CTAHJIAPT YKPATHU

€BPOKO]I 3: TIPOEKTYBAHHS CTAJIEBMX KOHCTPYKIII
YACTHUHA 1-5:TNIACTUHYACTI EJIEMEHTU KOHCTPYKIIU

EBPOKO/] 3: TIPOEKTUPOBAHUE CTAJIbHBIX KOHCTPYKIIUI
YACTbD 1-5: TNTACTUHYACTBIE DJIEMEHTBI KOHCTPYKINHA

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

OcHoBu nporpamu €Bpokoay

VY 1975poui Komicis €Bponelicbkoi CriiibHOTH
BUpILIMJIA PO3MOYATH TporpaMy i y ramysi
OyniBHUIITBA Ha MijacTaBi ctarti 95 JloroBopy.
Mertoio mporpamu Oyn0 YCYHEHHSI TEXHIYHHX
NEPEeIIKOJl s TOPTiBJAl Ta  Y3rOJDKEHHS
TEeXHIYHUX YMOB.

VY pamkax wiei nporpamu aiii Kowmicis B3sia Ha
ceOe  IHINIATUBY  BCTAHOBUTH  CHUCTEMY
y3TO/DKEHUX ~ TEXHIYHMX  TpaBWiI  JJIs
NpOEKTyBaHHS OyniBenb 1 cmopyn, SKi Ha
nepurii craaii Manu CIyryBaTH ajJbTepHATHBOIO
YMHHUM HAllOHAJBHUM MpaBUJIaM JeprKaB-
YJICHIB, a 3pEIITOI0 MAJIX 3aMIHUTH iX.

VYrponosxk 1m'stHaauATH pokiB  Kowmicis 3a
nonomoroto PobGoyoro komitery, 10 CKJazmy
SKOTO BXOJIWJIM TPEJICTABHUKHU JEpKaB-wIEHIB,
Bela po3poOKy mporpamMu €BpOKOMIB, sKa
npu3Bena N0 MyOuikarii KOMIUIEKTY MEepIIoro
NOKOIiHHS €Bponeiicbkux koiB y 80X pokax.

VY 1989 poui Kowmiciss ta nepxasu-wienn EU
(EBpormeiicbkkoi  CroimpHoTH) Ta  EFTA
(EBporeiicbkoi Acomiarii BinbHoi Toprisii) Ha
OCHOBI yroz[Hl mbk  Kowmicieto T1a CEN

YuHHUI BiJ

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 agreemént between the

Commission and CEN, to transfer the

Wroma mix Komiciero €Bpomeiichkoi CrimpHOTH Ta
€sporeiicbkkuM komiterom 3i crampaptuszanii  (CEN)
mono0 podOTH Haa E€BpPOKOAAMH JUIS IIPOSKTYBaHHS
Oyaisens i ciopyn (BC/CEN/03/89).

!Agreement between the Commission of the European
Communities and the European Committee for
Standardisation (CEN) concerning the work on
EUROCODES for the design of building and civil

engineering works (BC/CEN/03/89).
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(E€BpormeiickkuM KOMITETOM 31 CTaHIapTH3aIlii)
BUPIIIMIM NIEpeAaTH MiATOTOBKY Ta MyOIiKaIliio
€pokozie CEN 3a gonomororo cepii MmaHaaris,
o B pe3ynbTaTi Hazano O E€BpokogaM Yy
Maif0yTHBOMY cTarycy €BponenchKOro
crauaapry (EN). Lle moB'sBye €Bpokomu 3
nojoxenHsMu upexktus Pamu 1 Pimens Kowmicii
moa0  €BpONeHchbkUX  CTaHAapTiB  (TOOTO
JupexktuBun  Pamm 89/106/EEC  mono
OynienbHux BupoOiB — CPD —ta Jlupektun
Pamn 93/37/EEC, 92/50/EECra 89/440/EEC
BIIHOCHO CYCHUIBHMX po0OiT Ta mochmyr i
E€KBIBAJICHTHUX JTUPEKTUB EFTA,
3all0YaTKOBAaHUX 3 ~ METOI  JIOOMOITH
3aCHYBaHHIO BHYTPILIHBOTO PUHKY).

CtpykTypHa mnporpama E€BpPOKOIIB BKIIOYAE
CTaHJAapTH, SKI B OCHOBHOMY CKJIQJalOThCA 3
JEKITbKOX YaCTHH:

EN 1990 €Bpoxon: OcCHOBH TNpOEKTYBaHHS
KOHCTPYKIIH

EN 1991€spoxon 1: lii Ha KOHCTPYKIiT

EN 1992 €spokong 2:
3aJ11300€TOHHUX KOHCTPYKITii

IIpoekTyBaHHs

EN 1993€Bpokon 3: [IpoekTyBaHHS CTaJeBUX
KOHCTPYKLIH

EN 1994 €spokon 4: IlpoekryBaHHs
CTase3a1i300eTOHHUX KOHCTPYKLIN

EN 1995 €Bpokog 5:
JiepeB’ SHUX KOHCTPYKIIIH

IIpoekTyBaHHs

EN 1996€Bpokon 6: [IpoexTyBaHHsS KaM’ THUX
KOHCTPYKIIH

EN 1997 €Bpokox 7: TeorexHiuHe
MIPOEKTYBaHHS

EN 1998 €spokon 8: IIpoekryBanHs
CeMCMOCTIHKUX KOHCTPYKITIH

EN 1999 €spokon 9: IlpoekryBanHs
AIIOMIHIEBUX KOHCTPYKIIiH

Crannaptu €BpoKOIiB BU3HAIOTh
BIJMOBIJANBHICTh  PETYASTOPHUX  OPraHiB

Jep)KaB-wIeHIB Ta 3aXHUINAIOTh iX MpaBO Ha

MpPU3HAYCHHS BEIWYMH, SKI TIOB's3aHI 3
PETYIIOBaHHSIM [UTAHb Oe3rexu Ha
HaI[lOHATILHOMY  piBHI ~ TaMm, J€ BOHH

BiZIPI3HSIOTHCS.

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 factathe 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.



CraTyc Ta rajy3b 3aCTOCYBaHHS
€Bpokoais

Hepxapu-unenun EU ta EFTA Bu3HatoTh, 1o
€BpOKOU MOiIOTH SK €TAJIOHHI JOKYMEHTH IS
TAKUX LUIEH:

— K 3acl0 JOOBEOEHHS  BIAIIOBIOHOCTI
OymiBenb 1 CIOPYA OCHOBHUM BHUMOTaM
HupexktuBu Pamu 89/106/EEC, 30kpema
ocHoBHii BHMO31 N°1 — MexaHiyna
CTIMKICT Ta CTAOUIBHICTE 1 OCHOBHIHN
BuMo31 N°2 —IToxexHa Oe3rexa;

—  SIK OCHOBA JUIsl YKJIAJJAaHHS KOHTPAKTIB IS
OyaiBenb 1 COPY Ta MOB’SI3aHUX 3 HUMH
IH)KEHEpHUX TOCTYT;

— SK OCHOBAa JUIS CKJIAQJaHHS Y3TO/DKEHUX
TeXHIYHUX crienupikaniid s OyiBeTbHUX
Bupo6OiB (ENsTa ETAS).

€BpPOKOIM, OCKUIBKM BOHHM 0O€3MOCEpEaHbO
BITHOCATBCSL 10 OyIiBENbHUX CHOPYZ, MalOTh
IPAMUIT 3B 130K 3 TIYMAYHHMH JOKYMEHTAMH®
po3ainy 12 CPD,ne3Baxaroun Ta Te, 10 BOHU
MalOTh pi3HY MPHPOAY 3 TapMOHI30BaHUMU
CTaHgapTaMu Ha BHpoOH°. TaKUM dHHOM,
TEXHIYH] aCHEeKTH, SKI BHUIUIMBAIOTH 3
€BpokoiB A OyJiBeNb 1 cnopys, MOBHHHI B
MOBHIN Mipi OyTH PO3TISHYTUMH TeXHIUHUMHU
komitreramu CEN Ta/um poGoummu rpynamu
EOTA, ki po3poOnsiioTh CTaHAapTH Ha
OymiBenbHI BUPOOW, 3 TO3MINNA JOCATHEHHS
MOBHOI CYMICHOCTI T€XHIYHUX crenudikaiii 3
€BpOKOJIaMHU.

JCTY-H b EN 1993-1-5:20X

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 Documénts
referred to in Article 12 of the CPD, although
they are of a different nature from harmonised
product standardsTherefore, 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.

Bianosiaxo 1o cr. 3.3 mokymenra CPD ocHOBHI BUMOrH
(ER) orpumaroTh KOHKpeTHY (OpMYy Yy TIyMavyHHX
JIOKyMEHTaX JJIsl CTBOPEHHS HEOOXiIHHMX 3B'S3KIB MiX
OCHOBHUMH BUMOraMH  Ta  MaHgatamMu s
rapmonizoBannx EN ta ETAG/ETA.

®BianosiaHo mo cr. 12 CPD miymadHi TOKYMEHTH
MalOTh.

a) KOHKPETU3YBaTH OCHOBHI BUMOTH IIOAO TapMOHi3arlii
TEPMIHOJIOTIT 1 TeXHIYHOI 0a3H, i3 3a3HAYCHHSIM KJIaciB
a0o piBHIB ISl KOOKHOI BUMOTH Y pa3i moTpedu;

b) Bkazatu mMeromu HaBenEeHHs CIiBBIAHONICHD MK [IUMU
KJlacaM¥ a0 pIBHSAMH BHMOT i3 TEXHIYHUMH BHMOTaMH,
HaIlpHKJIaa, METOAN PO3PAaXyHKY i NEpeBipKH, TEXHI4HI
MIpaBWJIa IPOCKTYBAHHS 1 T. iH.;

C) cyryBartu pEeKOMEHaMi €0 JUIst HaBEJCHHS
Y3TO[DKEHHUX CTaHAAPTIB 1 HACTAHOB Ul €BPOINEHCHKOTO
TEXHIYHOTO YXBaJICHHSI.

€Bpokoan (akTUIHO BiAIrparoTh NoaiOHY poib y cdepi
ER 1ligacruni ER 2.

’According to Art. 3.3 of the CPD, the essential
requirements (ERs) shall be given concrete form in
interpretative documents for the creation of theessary
links between the essential requirements and the
mandates for harmonised ENs and ETAGS/ETASs.
3According to Art. 12 of the CPD the interpretative
documents shall :

a) give concrete form to the essential requireméyts
harmonising the terminology and the technical bases
indicating classes or levels for each requiremenére
necessary;

b) indicate methods of correlating these classdswals

of requirement with the technical specificationsg. e
methods of calculation and of proof, technical suler
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 infible of

the ER 1 and a part of ER 2.
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Crannaptu €BpoKoiB PErIaMeHTYIOTh
3arajibHi  MpaBWja  NPOEKTYBaHHA  JJIS
MPAKTUYHOTO BUKOPUCTAHHS BCIX KOHCTPYKIIIH
Ta iX KOMIIOHEHTIB SK TPaAUIIHHOTO, TaK 1
IHHOBaLITHOTO XapakTepy. YHIKanbHI (opMHU
KOHCTPYKIii ab0  yMOBH  NIpPOEKTYBaHHS
CHeLiaTbHO HE OXOIUTIOIOThCS, 1 B TaKUX
BHIIAJIKaxX IIPOEKTYBAIbHUKY notpideH
JNOJATKOBUM €KCIIEPTHUU PO3TIIAL.

HauionauabHi cTanaapru,
10 BIPOBAIKYIOTH €Bpokoan

HamionanbHi cTaHaapTd, L0 BIPOBAKYIOTH
€BpOKOM, 3aBXKIU BKJIIOYAIOTh NMOBHUIH TEKCT
€Bpokoy (BKIHOUAKOYH BCl JOJATKU), BUAAHUI
CEN, AKOMY MOXYTh neperyBaTu
Hamionansaui TUTYJIbHUMN JIACT Ta
HamionanbHa mnepeaMoBa, a TaKOX MOXYTh
CyHnpoBOKyBaTHCs HarlioHanbHUM J01aTKOM.

HarmionaneHuid  MOATOK  MOE  BKIJIFOYATH
iHpOpMalil0 BIJHOCHO THX HapameTpiB, fKi
3ANUIIAINCSA BIAKPUTUMH B E€BpOKOAax JyIs
HAI[IOHAIBHOTO BHOOPY, BIIOMI SIK HallIOHAJILHO
BHU3HAYCHI MapaMeTpH AJs BUKOPUCTAHHS MPHU
NpOoeKTyBaHHI  OyniBenb Ta  IHXKEHEPHHUX
criopyn, mo OyayTh 3BEACHI y 3alliKaBJICHIH
KpaiHi, a came:
— 3HaYEeHHS YaCTKOBUX Koe(ilieHTiB
HaIIHHOCTI Talabo KIacudikailito

BUITAJIKIB, JUTSl IKUX €BPOKOJI peTIaMEHTY€E
BUKOPHUCTAHHS aJbTEPHATHB,;

— 3HAUEHHS, fAKi CIIiJ] BAKOPHCTOBYBATH TaM,
1e B €BPOKO/Ii HABEIEHO TUTbKUA CUMBOT,

— cneuu¢iuHi gaHi kpainm (reorpadiusi,
KJIIMaTUYHI TOINO), HANPHUKIAJ, KapTa
BITPY;

— KOHKPETHI METOIUKU JUIsi THX BHITAJIKIB,

KOJIN €BpoKoJ periameHrye
BUKOPHUCTAHHS aJIbTEPHATHUB.

BiH MOXke TakoX MICTUTH:

— peKoMeHJaril 100 3aCTOCYBaHHS

JIOBIIKOBUX JOJATKIB;

— TIOCWJIaHHS Ha JIOJATKOBY iH(pOpMAIIiL0,

gKa HE  CYNEpeYuTh  HOPMATUBHUM
BUMOTAaM 1 JONOMarae npu KOPUCTYBaHHI
€BpOKOJIaMHU.

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

National Standards implementing
Eurocodes

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

The National Annex may only contain

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

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

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

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

— 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’ 13ku Mixk €BpokogamMu
Ta FTAPMOHI30BAHMMHM TEeXHIYHMMH
cnenudikanisimu (ENsTa ETAS) nas
BHPOOIB

HeoOxigna Y3TOKEHICTh MDK
rapMOHI30BaHUMH TEeXHIYHUMU
cneuuikaisMu Juis OyaiBenbHUX BUPOOIB Ta
TEXHIYHUMU MPaBUIAMH JUIs OYIiBEIb 1 CIIOPYT
ta OyniBenbHUX poOit. Kpim TOro, y moBHii
iHopmauii, sika cynpoBokye CE mapkyBaHHS
OymiBeNbHUX BHUPOOIB 1 Mae BIJHOIIECHHS JI0
€BpoKo/IiB, Mae OyTH YITKO 3a3HAYCHO, SIKi
HAI[IOHAJIBHO BU3HAYCHI MapameTpu Oyiau B3ATI
710 yBarH.

JoaarkoBa indopmanis
mono EN 1993-1-5

B EN 1993-1-5 magmani Bka3iBKH JUIA
MPOCKTYBaHHS  CTAJIEBUX  KOHCTPYKIIH Ta
pO3paxyHKy 3'€IHaHb TpPU  I[POEKTYBaHHI
OyniBesb Ta IHKEHEPHUX CHOPY/I.

EN 1993-1-5Snpusnauenuii yis BUKOPUCTaAHHS
3aMOBHHUKaMHU, MPOEKTYBAIbHUKAMH,
MIAPSATHUKAMHA 1 BIINOBIAHUMH JCPKABHUMHU
OpraHaMH.

EN 1993-1-5npusnauenuii i BUKOPUCTAHHS 3
EN 1990, immmmu wyactmaamu EN 1991 i1
EN 1992-1999u1s npoekTyBaHHS KOHCTPYKIIIH.

HanionaabHuii 101aTOK
1o EN 1993-1-5

Y 1mpoMy CTaHAapTi HaBeleHl albTEpPHATUBHI
METO/IH, OIIHKK 1 peKOMEHAIlil 3 TPUMITKaMH,
SKi BKa3ylOTh, JI¢ HEOOXiqHO  3poOuTH
HaIlOHAJILHI BHOIp. Taxum YUHOM,
HAI[IOHAILHUW CTaHAAPT, SKUA IMIUIEMEHTYE
EN 1993-1-5, noBuner maru HamioHansHUA
J0JaTOK, JI0 SIKOTO BKJIIOYEHO YCl1 HaI[IOHAJIHHO
BHU3HAYCHI MapaMeTpH, sKi BUKOPHUCTOBYIOTHCS
IIPU MPOEKTYBaHHI CTAJIEBUX KOHCTPYKIIH, 110
OyayTb moOy10BaHi y BiAMOBIIHIN KpaiHi.

Hamionansauit BHOIp JI03BOJIEHO y
EN 1993-1-5a nonomororo:

—-2.2(5)

-3.3(1)

—4.3(6)
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Links between Eurocodes
and harmonised technical specifications
(ENs and ETASs) 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(1) —10(1)
—10(5) —10(5)
—C.2(1) —C.2(1)
— C.5(2) —C.5(2)
—-C.8(1) —C.8(1)
—~C.9(3) —-C.9(3)
- D.2.2(2) - D.2.2(2)



1 3ATAJIBHI ITOJIOKEHHSA
1.1 Cdepa 3acTocyBaHHA

(1) B EN 1993-1-5 npuBeneni mnpasuia

NPOEKTYBAaHHS 1  PO3paxyHKy  €JIEMEHTIB
KOHCTPYKITIH, 110 CKJIaAIOTHCS 3
IUIACTUHYATHX  JIMCTIB, SIKI  CHOPHUIMAIOTH

HaBaHTAa>XCHHA B HJ'IOH_II/IHi JIMCTA 3 CJIEMCHTaAMU
AKOPCTKOCTI a00 0e3 HUX.

(2)  [ani npaBuia NOUIMPIOIOTHCS TaKOXK Ha
Hecydi  OaJiku 3 METaJeBOro  JIMCTa
JIBOTaBPOBOTO Tepepizy 1 kopoOuyacTi Oanku, B
SKMX BHHUKAIOTh HEPIBHOMIPHI PpO3MOILUTH
HamNpyKEHHs] BHACHIIOK e(eKTy 3CyBHOTO
3alli3HIOBAHHS, a TaK0X BTpPaTH CTIMKOCTI

(Bumy4yBaHHS) TUTACTUHYACTUX
KOHCTPYKTUBHHUX eJIEMEHTIB pu ait
HOPMaJIBHOTO HanpyKeHHs  abo npu

OJTHOYACHIH i HOPMalbHOTO 1 JOTUYHOTO
HaNpyXeHb.

Hpumitka 1. TlpaBuna B 1ilf 4YacTWHI JOMOBHIOIOTH
TpaBwiIa JUIs TONEPEYHUX IepepisiB kiaciB 1, 2, 3i 4,
nus. EN 1993-1-1.

Ipumirka 2. [IpaBuia, 00 NMOMMPIOIOTHECS HA THYYKI
IUIACTUHM i3 3MIHHMM HOPMaJIbHAM HANPYXKEHHIM 1
HaNpY)XEHHAM 3CYBY, SIKIi MOXXYTh IPH3BECTH O BTOMH
BHACIIJIOK IIOIEPEYHOr0 3TUHY IUTACTUHU (IMXaHHSI
ncrta), Haseneni EN 1993-2 EN 1993-6.

Ipumirka 3. TlpaBuna, MmO pPO3MOBCIOKYIOTHCS HA
BIUIMB HABaHTAXEHb 1032 IUIOLIMHOIO JIMCTa 1 HA
CHOJNY4eHHS Mif HaBaHTa)XeHb B IUIOMIMHI Ta 032

IUIOIMHOIO jucTa, HaBeneHi B EN 1993-21 EN 1993-1-7.

Mpumitka 4. OkpeMi 1mosst JIMcTa MOXYTh PO3TIISIATHCS
SIK TUTOLLMHHI, SIKIIO JUIS Pajiycy KpUBU3HH CIIPABEIITUBO
HACTYIIHE!

e a4 — [IUPUHA IUIOLLIWHY JIUCTA,
t —TOBIIMHA NUCTA.

1.2 HopmaTuBHi OCUJIAHHSA

(1)  Leit €Bpomeiicbkuii CTAaHAAPT MICTUTD Y
BUTJISLI JATOBAHUX a00 HENATOBAHUX ITOCUJIAHb
MOJIOKEHHS IHIIUX myOnikanii. L{i HopmaTuBHi
MOCWJIAHHS HABEACHI Y BIAMOBITHUX MICISX
TEKCTYy Ta BHECEHI /10 CUCKY mmyOmikariid. s
JaTOBAaHMX MOCWJIaHb HACTYIIHI MOTPABKU abo
3MIHU B OyIOb-SIKMX 13 IHMX IyOJiKarii
IPUMMarOThCS UM €BpONENCHKUM CTaHIapTOM
TUIBKM TOJi, KOJH I[i TONpPaBKU ab0 3MiHU

JCTY-H b EN 1993-1-5:20X
1 INTRODUCTION

1.1 Scope

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

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

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

NOTE 2: For the design of slender plates which are
subject to repeated direct stress and/or shearatsad
fatigue due to out-of-plane bending of plate eletmen
(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-glan
loading effects see EN 1993-2 and EN 1993-1-7.

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

a’
[

wherea 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. /I HemaToOBaHUX TOCHIIAHBb
3aCTOCOBYETHCS OCTAHHS PEAaKIlis myOumikarii.

EN 1993-1-1 €Bpokon 3. IIpoekTyBaHH:S
crajeBux KOHCTpykuiil. Yactuna 1-1. 3arambHi
npaBuiIa 1 IpaBuiIa i OyliBemb.

1.3 Tepminm i BUBHAYEHHS

Y  upoMy cTaHIapTi  BHKOPHCTOBYIOTHCS
HACTYIIH1 TEPMIHU Ta MO3HAYCHHS

1.3.1 Ilpys«cne kpumuune nanpyscenns

HanpyxeHHss B eleMEHTI  KOHCTPYKIIii,
JOCSATHYBILU SIKOTO €JIEMEHT CTa€ HECTIHKuM,
BiIOyBa€Tbcsl BHITYdeHHs (BTpara CTIMKOCTI)
eIEMEHTY TpuU  TPYXKHIA  poOoTi  yciel
KOHCTPYKIIii.

1.3.2 Membpanne nanpyxrcenns

HanpyxeHHs B cepeIuHi IUIOIIMHYU TJIACTUHU.

1.3.3 Ilonepeunuit nepepiz opymmo

Best muoma momepedHOro mepepizy eleMeHTy
KOHCTpYKIIi 0e3 BpaxyBaHHA NEPEPUBUACTUX
IMO3I0BXHIX €JIEMEHTIB AKOPCTKOCTI,
CTOJYYEHUX JHUCTIB a00 JMCTIB Ui 3aKPUTTS
CTHKY.

1.3.4 Egexmusna nnowa
nepepizy i epekmuena wiupuna

nonepeurnozo

[Tnoma nepepizy 6pyrTo abo mupHHa mepepizy
€JIEMEHTY, 3MEHILIEHAa Ha AUISIHKY a00 JOBXHUHY
IUTACTUHU, BHACTIOK BTPATH X CTIMKOCTI BiA
Iii HOpMaAJILHOTO a00 JOTUYHOTO HAIPYKEHHS
abo Big ix cmimebHOi mii 1 edekry 3CyBHOTO
3aMi3HIOBAHHS, MOHATTH. "edexTuBHUN"
KJIacu(iKyIOTh TAKUM YHHOM:

“epexruBHu™ BpaxoBye e(eKT BTpaTH
CTIMKOCTI  (BUIYYEHHs)  IJIACTUHU  Bif
HOPMAJIBHOTO HAIPY>KEHHS;

“e(eKTHBHUI™ — BpaxoBye €()EKT 3CYBHOTO
3aMi3HIOBAHHS,
“eexTuBHUI" BpaxoBye e(eKT BTpaTH
CTIMKOCTI  (BUIYYEHHs)  IJIACTUHU  Bif
HOPMaJIBHOTO  HANpPYXEHHS 1  3CYBHOTO
3aITi3HIOBAHHS.

1.3.5 Koucmpykuin 3 nucmoeozo npokamy

KoHcTpyKilis, 10 CKIAMAEThCS 3 TUIOMIMHHUX
muctiB  (cMyroBa  abo  JIMCTOBA  CTajlb);

8

references the latest edition of the publication
referred to applies.

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

1.3 Terms and definitions

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

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

1.3.2 Membrane stress
Stress at mid-plane of the plate

1.3.3 Gross cross-section

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

1.3.4 Effective cross-section and effective
width

The gross cross-section or width reduced for the
effects of plate buckling or shear lag or both; to
distinguish between their effects the word

“effective” is clarified as follows:

“effective”™ denotes effects of plate buckling

“effective™ denotes effects of shear lag

“effective” denotes effects of plate buckling and
shear lag

1.3.5 Plated structure

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



IUIONIUHHI MeTalieBi JTUCTH MOXKYTh MaTtu abo
HE MaTHu eJIEMEHTIB )KOPCTKOCTI.

1.3.6 Enemenm xncopcmkocmi

[Tmactuan  abo npodiabHI  CTEpXKHI, SKI
NPUEAHYIOTBCS JIO METaleBOro JHCTa s
3amoOiraHHss BTpaTH  CTIMKocTi  abo  Juis
MIJICWJICHHS JIUCTA IPU MPHUKJIAAAHHI MICIIEBOTO
HaBaHTAXKCHHS, eJIEMEHTH KOPCTKOCTI
BHU3HAYAIOTHCS SIK:

— TO3J0BXKHI EJIEMEHTH IKOPCTKOCTI, SIKIIO
BOHU MPOXOJAITh TapaielbHO OCI EIeMEHTY
KOHCTPYKIIT;

— TIOTIEPEYHI EJIEMEHTH JKOPCTKOCTI, SKIIO

BOHM  TPOXOJATh  MEPHEHIUKYISIPHO  OCl
€JIEMEHTY KOHCTPYKIIi.

1.3.7 JKopcmka nnacmuna (1ucm)

[TnactuHa (MeTaneBUil JUCT) 3 TONMEPEYHUMHU
a00 MO3JI0BXKHIMH €JIeMEHTaMH KOPCTKOCTI a00
3 TUMU 1 IHIIUMHU.

1.3.8 Cekuin

'nydka muactiuHa (METaNeBHA JIMCT), 3aXHUILEHA
nosicamu 1/abo eleMeHTaMH )KOPCTKOCTI.

1.3.9 Bimemanesa 6anka

banka 3 7MCTOBOTO TpOKaTy pI3HUX MapokK
cTaji Mg MOSACIB 1 CTIHOK, UI1 BKa3aHUX
MpaBWJI MPUIAMAETHCA BUIA MapKa CTall JyIs
IMOSICIB, HDK [JIS CTIHKH.

1.3.10 IIpasuno 3naxie

3yCUILIsl CTUCKAHHS 1, BIATIOBITHO, HATIPYKCHHS
CTUCKaHHs, dKII0 HE HaBeIeHl  IHII,
MPUIMAIOTHCS 3 TO3UTHBHUM 3HAKOM.

1.4 ITo3HauyeHHs

(1) vy JIOTIOBHEHHS bi (o) [I03HAYEHb,
npuBenenunx y EN 1990 i EN 1993-1-1,
3aCTOCOBYIOTH HACTYIIHI:

A, —cymapHa MIoma YCiX HO3IO0BXKHIX
€JIEMEHTIB JKOPCTKOCTI MiJICHJIEHOT IJIaCTUHHU
(;mucra);

A, —Ioma nomnepeyHoro nepepisy Opyrro
MOTIEPEYHOT0 EJIEMEHTY KOPCTKOCTI,

A —ecdexkTuBHa  mIOIIAa  MONEPEYHOrO
nepepisy;

Ay —ebekTuBHA

nepepidy (mpu BTpaTi CTIHKOCTI TUIACTHHH Bif

IIoma MOMNEpCUHOTO

JCTY-H b EN 1993-1-5:20X

stiffened or unstiffened

1.3.6 Stiffener

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

— longitudinal if its direction is parallel to the
member;

— transverse if its direction is perpendicular to
the member.

1.3.7 Stiffened plate

Plate with transverse or longitudinal stiffeners
or both

1.3.8 Subpanel

Unstiffened plate portion surrounded by flanges
and/or stiffeners

1.3.9 Hybrid girder

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

1.3.10 Sign convention

Unless otherwise stated compression is taken as
positive

1.4  Symbols

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

A, total area of all the

stiffeners of a stiffened plate;

longitudinal

A, gross cross sectional area of one

transverse stiffener;
A  effective cross sectional area,

A

c,eff

effectivé cross sectional area;
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Iii HOpMaJIBHOTO HANPYKEHHS);

A, et oo — €DekTHBHAY  UIOIA  [OINEPEYHOro A, ¢ 1oc €ffectiveé’ cross sectional area for locall
nmepepizy Mpu  BTpaTi MICIEBOI CTIHKOCTI buckling;

IUTACTUHM BiA Jii HOPMaJbHOTO 1 MICIIEBOTO

HaIpyXeHb;

a — IOBKWUHA IUIACTUHU MDK €JIEMEHTaMU a length of a stiffened or unstiffened plate;
KOPCTKOCTI a00 0e3 HUX;

b —IIMpPHHA TUIACTUHH MDK €JIEMEHTaMH b width of a stiffened or unstiffened plate;
KOPCTKOCTI a00 0e3 HUX;

b, —BUIbHA INIUPHHA MDK  3BapHUMHU b, clear width between welds;

IIBaMH;

by  —edexrusna® wmpuna npu edekri b,  effectivé width for elastic shear lag;
3CYBHOTO 3alli3HIOBAHHS B TPYXHIM cramil

poboTH;

Fey  —pO3paxyHKOBE 3HaU€HHS MONEPEIHOTO F., design transverse force;

3YCHILIA,;

h,  —BuHCOTa CTIHKM MiX HOsicaMy,; h, clear web depth between flanges;

L.s —edextuBHa  JOBXKMHA  Opu  Ail Ly  effeffective length for resistance to
MOTIEPEYHUX 3yCUIIb, IUB. PO3JII 6; transverse forces, see 6;

M| rg —PO3paxyHKOBE 3HA4Y€HHA  HECY4YOi M| -4 design plastic moment of resistance of a
3IATHOCT1 MOTIEPEYHOro Mepepi3y MpH 3TUHI 3 cross-section consisting of the flanges only;
ypaxyBaHHSIM PO3BHTKY TUTACTUYHUX

nedopmartii, AKILO IIpU  pO3paxyHKy
BPaxXOBYIOThCS TUIBKH MOSICH OaJIKH;

M rg —PO3DaxXyHKOBE  3HA4YEHHS  HECYYOi M, re design plastic moment of resistance of
3JaTHOCTI MOTEPEYHOr0 IMepepidy MpH 3THHI 3 the cross-section (irrespective of cross-section
BpaxyBaHHIM PO3BUTKY IJIACTUYHUX class);

nedopmariii  (He3asexkHO Bim  Kiacudikarii

nepepizy);

Mg, —poO3paxyHKOBE 3HAYEHHS 3TMHAJILHOTO M., design bending moment;

MOMEHTY;

No; —pO3paxyHKOBE 3HAUeHHS  OCBOBOI N, design axial force;

CHJIH;

F., —po3paxyHKOBe 3HA4YEHHS JIOKAJIBHOIO F., design transverse force;

3YCHILIA,;

t — TOBIIIMHA JIUCTA,; t thickness of the plate;

Vey  —PO3paxyHKOBE 3HA4YEHHs IONEPEYHO] V., design shear force including shear from
CHJIU TIPH 3THHI 13 3aKpY4yBaHHSIM; torque;

W,; —npyxHuit MOMEHT oropy W,,; effective elastic section modulus;
e(eKTUBHOTO Tepepizy;

B — koeilieHT, o BpaxoBye e()eKTUBHY" B effectivé width factor for elastic shear
MUPUHY npu IPpYXKHOMY 3CYBHOMY lag;

3ami3HIOBaHHI,

(2)  Inmii mo3HaYeHHS BU3HAYCHI B TEKCTI. (2)  Additional symbols are defined where

they first occur.
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2 OCHOBH ITPOEKTYBAHHA I
MOJAEJIFOBAHHA

2.1 3arajbHi MoJI0KeHH

()P BmmB edekTy 3CyBHOTO 3ali3HIOBaHHS
1 BTpara CTIMKOCTI MJACTUHU MAlOTh OyTH
BpaxoBaHi MPH PO3paxyHKYy HECy4oi 31aTHOCTI
a00 BTOMHOI MIIHOCTI 3a TpPaHUYHUMHU
CTaHaMH.

IIpumirka. Bukopucrani B boMy CTaHIApTi 4acTKOBI
koe(inientn Oe3nexu ), Ta ), BKasaHi IS pi3HUX

chep 3acrocyBaHHS B  HarioHambHHUX  JTOmATKaX
EN 1993-1—-EN 1993-6.

2.2 Meroauka BU3HAYEHHS e()eKTUBHOI
IIHPUHHA IPH CTATHYHOMY PO3PAXyHKY

()P BmmB edekTy 3CyBHOTO 3ali3HIOBAHHS
1 BTpaTH CTIMKOCTI Ha JKOPCTKICTh €IEMEHTIB 1
3'¢/lHaHb ~ TIOBMHEH  BPAaxOBYBaTHCS  MpU
CTaTHYHOMY PO3pPaxyHKY KOHCTPYKIIil.

(2) BmmB edekTy 3CYyBHOTO 3ami3HIOBaHHS
MosICIB MpH  CTaTUYHOMY  PO3PAXYHKY
KOHCTPYKIIii BPaXOBYETbCS 3 BUKOPUCTAHHSAM B
po3paxyHKy edeKkTHBHOI® mupuHH. s
crpoleHHs e(eKTUBHA® IHpHHA MOXKE OyTH
NpUIHATA TMOCTIHHOI TO BCid  JTOBXKUHI
MIPOTOHY.

(3) YV HepospisHux Oaikax sl KOKHOTO
nporody eeKTUBHa® IMMPUHA T0ACIB MOBHMHHA
NpUAMAaTUCST MEHIIOK 3a IIUPUHY TOSCY, Y
ToMy uucil 1 Ha guisHIi  L/8  doBkuHH
IIPOTOHY BiJ] KOKHOI onopH, ne L — mporin a6o
MO/BIHA TOBXMHA KOHCOJII.

(4) BmmB edekry BTpath  CTIHKOCTI
IUIACTUHU TIPU  CTaTUYHOMY pO3PaxyHKy B
MPYXHII crafii BpPaXOBYETHCS 3
BMKODHUCTaHHAM B PO3PaxyHKY e(EeKTHBHOI"
IUTOII TIOMEPEYHOro Mepepidy, Ha SKy IiIOTh

cruckaroui 3ycuiuis (muB. 4.3).

(5) Hpm CTaTUYHOMY PO3paxyHKy
KOHCTPYKIIi BIUIUB e(QEeKTy BTpaTH CTIMNKOCTI
IJIACTUH  iTHOpYeThes, sAKmO  edexkTuHa’
IUIOIIA TIOTIEPEYHOT0 Tepepizy CTHCHYTOTO
CIEMEHTY  IEpeBUIlye  3HAYEHHA 0.,
MIOMHO’KEHE Ha IUIOLIY TOIMEPEYHOro mepepizy
OpYTTO IILOTO E€JIEMEHTY.

Ipumirka 1. 'panudne 3HadeHHs O, Moxe OyTn
BKa3aHO B HaHiOHaHBHOMy JAOJATKYy. PeKOMeHHOBaHe

sgauenns o, =0,5.

JCTY-H b EN 1993-1-5:20X

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 factorsy, ;and y,,,used in this part are

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

2.2 Effective width models for global
analysis

()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 effectiVewidth. For simplicity
this effectivé width may be assumed to be
uniform over the length of the span.

3) For each span of a member the effeétive
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
effectivé’ 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 effectivé cross-sectional area of an element
in compression is larger thap,, times the

gross cross-sectional area of the same element.

NOTE 1. The parameterp, may be given in the

National Annex. The valug, = 0,5 is recommended.

11
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[pumitka 2. Bka3iBku MOM0 BU3HAYCHHS YKOPCTKOCTI
JUTSL BUMAAKy, Koiu Bumora (5) He TOTpUMYEThCS, JUB. B
nonatky E.

2.3  Brpara cTiiiKOCTi NJIACTHH eJIeMeHTiB
MOCTIHOT O NMONEePeYHOro nepepiszy

(1) Meronu  Bu3HAueHHS  e(EKTUBHOI"

IIUPUHU TIPU Jii HOPMAJIBHOTO HAIPYKEHHS,
METOIY BHU3HAYEHHS HECY4oi 3JaTHOCTI INpH
BTpaTi CTIMKOCTI BiA 3CyBy 1 MHpH BTpaTi
CTIAKOCTI ~ BHACHiIOK  Aii  MONEPEeYHHUX
HAaBaHTaXXCHb, a TAKOX MpPH IX CHUIbHIA Hii B
I'PaHUYHOMY CTaHi MOXYTh OyTH BHKOPHCTaHI,
SKIIO JOTPUMYIOThCS HACTYITHI YMOBH:

— TmMaHedl IUIaCTHMH NOPSAMOKYTHI 1 TOscH
MPOXOAATH NapayeibHo;

— JiaMeTp HeMmiJICHJIEHUX OTBOPIB ab0 BHpI3iB
HE MOBHHEH NePEBHIIYyBaTH 0090,

ne b —mmpuHa naHeni miIacTHH.

pumirka. IIpaBunamu JIOILYCKA€ThCS TaKOX
3aCTOCOBYBAaTH HE NPSMOKYTHI TNaHENl IUTACTHH, SKIIO

st kyra @, (muB. pucynok 2.1) cipaBemiiBa yMoBa

limit

a  <10. Skmo a, >10, 10 B sKOCcTI naHemi

limit limit

IUTACTUHH JIOMYCKAETHCS IPUHMATH YMOBHY IPSIMOKYTHY

HaHeNb i3 OiNbIUM 3 ABOX po3Mipis b, i b, nnactunm.

/%’

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

2.3 Plate buckling effects on uniform
members

(1) Effectivéd 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 excee@d0%, whereb is the

width of the panel.

NOTE: The rules may apply to non rectangular panels
provided the anglexr.  (see Figure 2.1) is not greater

limit

than 10 degrees. Wr, . exceedsa,  >10, panels may

limit

be assessed assuming it to be a rectangular paseti b
on the larger ob andb, of the panel.

Gl

A

Pucynok 2.1 — BuszHaueHHs KyTa O

Figure

(2) Ipu po3paxyHKy HecCydoi 30aTHOCTI i
BTOMHOI  MIIHOCTI e(beKTI/IBHaS IIoIIa
nepepizy NpUHAMAETbCS y BHUIAIKaX, KOJH
BUKOHYIOThCSI yMOBH, HaBeneHi B 3.1. Ilpu
pO3paxyHKy 3a TpaHMYHMMH  CTaHaMH
epeKTHBHA IUIOLIa Tepepidy NpUMaeThCs
3rigHo 3 3.3,3aMiHIO049M [ Ha S5, .

2.4  Mertoauka PO3PaxyHKy no
NpHUBeAEHOMY HANIPYKEHHIO

(1) B sxocTi abTepHATUBY BUKOPHCTAHHIO
METOMKY BM3HAYEHHS €()EKTUBHOI IMMPHHU
NpU BH3HAYEHHI HOPMAJILHOTO HAIpYKEHHS,
3TiIHO 3 BUMOTaMH po3ailiB 4 — 7,momnepeuni

12

2.1 — Definition of anglea

(2) For the calculation of stresses at the
serviceabilty 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 B replaced byg,, .

2.4 Reduced stress method

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



nepepisM MOXYTb OyTH TpUHAHATI SK A7
nepepi3iB  Kjmacy 3, SKIIO HOpMAalbHE
Hampy)KEHHs  JIs  KOXHOI  TaHeli  He
NEpCBUINYE T'PAHUYHHUX 3HAYCHBb, BHU3HAUCHUX
BignoBiaHO 10 posairy 10.

IpumiTtka. MeTtoauka po3paxyHKy 3a IpPUBEACHUM
HANpPYXEHHAM U1l OKPEMUX IUIACTUHYACTUX CIEMEHTIB
BIAMIOBia€ METOAY PpO3paxyHKy 3 edeKTHBHOO
mmpuHoro  (quB.  2.3). Ilpore mpu mepeBipkax
HaIpyXeHHs HE BPaxoBYETHCS 3MEHIICHHS

HABaHTa)XEHHS MDK IUIACTHHYACTUMH €IEMEHTaMH B
TIOIIepeYHOMY TIepepisi.

2.5 EjgeMeHTHM KOHCTPYKUii 3i 3MiHHMM
nepepizom

(1) B enemeHTax KOHCTPYKIIii 31 3MIHHUM
nepepizoM (eleMeHTH 3 ByTaMH, MaHel 3
HemapajeIbHUMU TMosicaMH) abo eJeMeHTax

KOHCTPYKIIi{ 3 peEryisspHUMU abo
HEpEryIIpHUMHU BEJITMKHMHU OTBOPaMH
JOIYCKAETHCSA 3aCTOCOBYBAaTH METOJT

CKIHUEHHUX E€JIEMEHTIB.

Mpumitka 1. B nomatky B HaBemeHi BKkasiBKU s
€JIEMEHTIB KOHCTPYKIIH 31 3SMiHHIM HIEpepi3oM.

Ipumitka 2. B nogarky C HaBeneHi BKa3iBKH 10
pO3paxyHKy 3a MeTosioM ckinueHuux enementis (MCE).

2.6  Eaementn KOHCTPYKIIH 3
rogpoBaHMMHU CTiIHKAMH

(1) Hpm PO3paxyHKy eJIEMEHTIB
KOHCTPYKIINA 3 TO(POBAaHUMM CTIHKAMH, SIK
MPaBWJIO, 3THHANBHA JKOPCTKICTH 3alIeXKHTh
TUIBKU BiJ MOSCIB, CTIHKUA CIIPUIMAIOTh JIHIIE
3YCHUJUIA 3CYBY 1 MONIEPEYH] HABAaHTAKEHHS.

Ipumitka. B pomatky D  naBenmeni mpaBmiia
BU3HAYUCHHA PO3PAXYHKOBHUX IIAPaMCTpPIB 34 BTPATOIO

CTIMKOCTI CTHCHYTHX IOSCIB 1 3a HECY4OIO 3JaTHICTIO
CTIHKH IIPH 3CYBI.

3 BPAXYBAHHAA EDEKTY
3CYBHOI'O 3AIII3BHIOBAHHsA IIPH
PO3PAXYHKY EJIEMEHTIB

3.1 3arajbHi MoJI0KeHHA

1) B mosicax JOITYCKAEThCS HE
BpPaxoBYBaTH €(EeKT 3CYBHOTO 3alli3HIOBAaHHS,
SKII0 BHMKOHaHa YyMmoBa [, <L, /50. [us
YaCTUH IOSCIB 3 OJHOCTOPOHHBOIO OIIOPOIO
mupuHa nosicy b, Binmosinae HasgBHIN mMpHHI

noAcCy, 4jd 4YaCTUH IMOACY 3 ABOCTOPOHHBORO

JCTY-H b EN 1993-1-5:20X

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

NOTE: The reduced stress method is analogous to the
effectivé width method (see 2.3) for single plated
elements. However, in verifying the stress limaat

no load shedding has been assumed between thd plate
elements of the cross section.

2.5 Non uniform members

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

NOTE 1: See Annex B for non uniform members.

NOTE 2: For FE-calculations see Annex C.

2.6 Members with corrugated webs

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

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

3 SHEAR LAG IN
DESIGN

MEMBER

3.1 General

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

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

zero bending moment, see 3.2.1(2).

13
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omoporo b, mopiBHIOE TONOBHMHI IIMPHHU
noscy. JlosxuHa L, TOpIBHIOE BiACTaHI MDK

HYJTBOBUMHU TOYKAMH JIFOYMX MOMEHTIB, JUB.

3.2.1(2).

(2)  Sxwmo Bxazana B (1) ymoa mus b, He

BUKOHYETbCA, TO TMpPH OIIHLI Hecydoi
3MATHOCTI 1 BTOMHOI MIIIHOCTI Marepiaiy,
HEOOXIJTHO BpPaxOBYBAaTH BIUIUB 3CYBHOTO
3aIli3HIOBAHHS MOACIB, A7 IIbOTO BU3HAYAIOTh
epextuBHy® mmpuHy sriggo 3 3.2.1 i
BUKOPUCTOBYIOTb ~ PO3NOAUT  HANpPYyKEHHS
3rigHo 3 3.2.2.11pu omiHmi HeCydoi 31aTHOCTI
B TpPaHUYHOMY CTaHI  JIOMYCKA€ThCsA

3aCTOCOBYBAaTH €(EKTUBHY IUIONLYy 3TiJHO
3 3.3.

(3) HampyxenHs B CTIiHII BHACIIiJOK
JOKaJIBHOTO TPUKIAJaHHS HABAHTA)XCHHS B
piBHI MOsICY BU3HAYAIOTH 3rinHO 3 3.2.3.

3.2 BusHaueHHsi e()eKTMBHOI® MMPHHH
NpPH 3CYBHOMY 3ali3HIOBAHHI B NPYXKHIH
craaii

3.2.1 Ecpexmuena wiupuna

(1)  Edexrusny®

BpaxyBaHHI  3CYBHOTO  3alli3HIOBaHHA B
NPYXKHIM cTajii, K MpaBUIO, BU3HAYAIOTH 3a
¢bopmynoro:

mmpuny b,  mpm

(2) Where the above Ilimit forb, 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 effectivé width b,, for shear lag

under elastic conditions should be determined
from:

beff = ﬁ |:ﬂ)o (31)

ne edextuBHuii® koedimienT B BKazaHuil B

tabmumi 3.1. s edexkTuBHa mupHHa MOXKeE
3aCTOCOBYBATHUCS MPHU OLIHII eKCIUTyaTaIiifHo1

OPUAATHOCTI 1 BTOMHOI  MII[HOCTI B
IPaHUYHOMY CTaHi.
(2)  Sxmo CYMDKHI IPOTOHU

Bipi3HAIOTECA He Outbiie HDK Ha 50 % abo
OBXXWHA KOHcoJIel ckiamae He Oursire 50 %
MPUMHUKAIOYOTO  TPOTOHY, TO e(PCKTHBHY
JTOBXHUHY L, MOMyCKaeThCsl BU3HAYaTH 3TiTHO
puc. 3.1.B iHmux Bunaakax L, OLIHIOIOTH K

BIICTAHP MDK JIBOMa HYJIbOBHUMHU TOYKaAMU
JUIOYUX MOMEHTIB.

14

where the effectivifactor S 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 casels, should be taken as

the distance between adjacent points of zero
bending moment.
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BoiLo=025(Ly+ Ly) Bile=2L,

 BiL=085L | | BiL=070L, |
TN |

‘ l‘-1 ‘ -'-2 1’.3

Lq/4 L2 Li/4] La/4 La/2 La/4

3 By B ﬁ‘_\@lj@

Pucynox 3.1- EdexruBna nosxuna L, 1 Hepo3pisHuX GaloK i po3noain epeKTHBHOI® WHPHHY
Figure 3.1- Effective lengthL, for continuous beam and distribution of effectwedth

CL

1 — HaBHCAHHS DU OGNUPAHHI HA OJHY CTOPOHY; 1 for flange outstand
2 for internal flange

3 plate thicknesst

4 stiffeners with Ay = > A,

2 — HaBHCaHHs NPU OONMPAHHI HA JABi CTOPOHU,
3 —roBumHa Jgucra {;

4 — n0310B:KHi es1eMeHTH KopeTKocTi 3 A = Z A,

Pucynoxk 3.2- BusHauyeHHs eeKTHBHOI IIUPUHU
Figure 3.2— Notations for shear lag

15
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Taéauusn 3.1 — Honmwkyrounii koedirient B s eeKTUBHOI® IUPHHH

Table 3.1 — Effective’ width factor 8
K Micue po3rauryBaHHS 3nauenns 3
Verification S -value
k<0,02 £=10
V nporoHi 6anku f=4 = 1
Sagging bending Y1+6,4K°
0,02<k< 0,7C 1
bins omopu 6anku B=p5= 1
Hogging bendin 1+6,00 k- +1,6K°
99ing J [ﬁ 2500[!1()
YV nporoHi 6anku f=5 = 1
Sagging bending ' 5,90k
>0,70
bins onopu 6anku f=4, = 1
Hogging bending > 8,6k
. Kinnesa omopa 6anxu -
Vei k (all k) End support B, =(0,55+ 0,023k) (B, B, < B,
Vei k (all k) Korcorms Oanku B = B, —Ha onopi 1 Ha KiHIi KoHcomi (at support and
Cantilever at the end)

k=a, B,/ L, npu (with) @, = |1+
b, 0

ne A, —Iuoma rnepepizy ycix HO310BKHIX eIeMEHTIB XKOPCTKOCTI B MexXax IMPUHU b, . IHII no3HaueHHs

BKa3aHi Ha pucyHkax 3.11 3.2.

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

in Figure 3.1 and Figure 3.2.

3.2.2 Po3nooin HANPYMHCeHHA
YPaxysanHam eghexkmy 3CY8HO20
3ani3HI06AHHA

(1) dns BpaxyBaHHS eQeKTy 3CYBHOTO
3aIli3HIOBAHHS, SK MPAaBHIIO, 3aCTOCOBYIOTh
PO3MOALT HOPMAJIBHOTO HANpPY>KEHHS B MOsICi

3TriHO 3 pucyHkom 3.3.
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3.2.2 Stress distribution due to shear lag

(1) The distribution of

longitudinal

stresses across the flange plate due to shear lag
should be obtained from Figure 3.3.
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betr=pbag ;o 1= Bbq

Oy
(a3

O iy} f
L
G2
Gyl

\—_

— — y .
y bs = 5By
by by
£ >0,20: £<0,20
0,=1,25(B- 0,20 b, 0,=0
o(y)=0,+(o,-0,){1-y/b)" o(y)=0,{1-y/h)’

O, BU3HAYAIOTH i3 3acTOCyBaHHAM e()eKTHBHOI INMPHHHU D BepXHBLOro mnosicy

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

Pucynox 3.3- Po3nonin HanpyxeHHS 3 ypaXyBaHHAM e€(EeKTy 3CyBHOTO 3aIli3HIOBAaHHS
Figure 3.3- Distribution of stresses due to shear lag

3.2.3 Ilpuxknadannsa HABAHMANCEHHA 6 3.2.3 In-plane load effects

NJIOWUHI TUuCma

(1) [pyxHuit po3MOALT HANPYKEHHS B () The elastic stress distribution in a
CTiHIII Oanku 3 pedpaMu KOPCTKOCTI abo Oe3 stiffened or unstiffened plate due to the local
HUX BHACIIZOK MICIICBOTO  MPHUKJIAIAHHS introduction of inplane forces (patch loads),
HABaHTA)KECHHS B TUIOLIMHI JIKCTA, SIK MPABUIIO, see Figure 3.4, should be determined from:

BU3HAYAIOTh 32 popmysioro (puc. 3.4):
I:Ed

O,gy=——E—— (3.2)
“ beff mtw +ast,l)
2
: z
ne (with): b, =s, 1+(—J ,
sh
0,878
re n=063601+20 2B
tW
S, =s +2[;;
ae: where:
a,, —Iomla Iepepisy OpyTTO eIeMEHTIB a,, Is the gross cross-sectional area of the
KOPCTKOCTI, ~ PO3MNOAUIEHUX HA  OJUHHIIO stiffeners smeared over the lengthThis may
poxuHu  S,. Llg BenmuumHa MOxe OyrH be taken, conservatively, as the area of the
OpUAHATA Yy BUIISAAI BiJHOLIEHHS ILIOMII stiffeners divided by the spacirsy ;

€JIEMEHTIB JKOPCTKOCTI JI0 BiICTaHI MK iX
LEHTPAaMU TSOKIHHS S ;

17
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t, — TOBILUHA CTIHKH,
z — BIICTaHb BiJl MOSICY IO JAaHOI TOYKH
CTIHKHU.

Mpumirka. @opmyna (3.2) mificna mis S, /s, < 0,5,
IHAKIIIe BIUIUB EJIEMEHTIB XKOPCTKOCTI HE BPaXOBYIOTh.

t is the web thickness;

w

2 is the distance to flange.

NOTE: The equation (3.2) is valid whes), /s, < 0,5;
otherwise the contribution of stiffeners should be
neglected.

-

1 —eneMeHT KOPCTKOCTI;
2 —crpoueHunii po3noaia HaNpPYyKeHHS,
3 —¢haKkTHYHMIA PO3MOALT HANPYKEHHS

1 stiffener
2 simplified stress distribution
3 actual stress distribution

Pucynok 3.4- Cxema npuKIIaJaHHS HABAHTAKEHHS B IUIOIIMHI JIUCTA

Figure

Ipumirka. Bkasanuii BuIne po3MOALT HANpPYKEHHS
TAaKOXX MO)KHa BHUKOPHCTOBYBAaTH IJIsI PO3PAaxyHKIiB Ha

BTOMY 3 YpaxyBaHHAM BTOMHHX BJIACTUBOCTEH
MaTtepiaiy.

3.3 BpaxyBanHa  edeKTy  3CYBHOIO
3almi3HIOBAHHSI NPH  PO3PaxyHKy 3a
rPAHUYHMMH CTAHAMHU

(1) T[pm pospaxyHKy 3a TpaHHYHHUMHU

cTaHaMH e(eKT 3CYBHOTO 3aIi3HIOBAaHHS MOXKE
OyTH BU3HAYCHUN HACTYITHUM YHHOM:

a) BIUIUB e(eKTy 3CYBHOTO 3alli3HIOBaHHS B
NpYXKHIH cTaaii poOOTM mNpH BHU3HAYEHHI
HEeCy401 3/1aTHOCT1 1 BTOMHOI MiITHOCTI;

b) mpu OJIHOYACHIH hiyit
3aITi3HIOBAHHS 1 BUITYYEHHS TUTACTHUH,;

3CYBHOT'O

C) TpH NPYKHO-IUIACTHYHIA poOOTI Marepiary
mist  edekTy  3CyBHOTO  3alli3HIOBaHHS
JOMYCKAETbCA TPU BpaxyBaHHI OOMEXEHHs
IUTACTUYHUX JedopMalriil.
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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.



Ipumitka 1. Buxopucranuit merox Moxe Oyrn
HaBeneHWE B HamionanpHOMY momaTky. SIkmo B
EN 1993-2— EN 1993-6ne HaBejcHi iHIII METOAM, TO
PEKOMEHAYETbCS 3aCTOCOBYBATH METOJH, BKa3zaHUU B
mpuMiti 3.

Mpumirka 2. OpHouacHy [Iil0 BTpaTu  CTIMKOCTI
IUIACTUHA 1 3CYBHOTO 3aIi3HIOBAHHS JIOIYCKA€THCS
pO3paxoByBaTH 3 BpaxyBaHHSIM e(EKTHBHOI IUIONI

JCTY-H b EN 1993-1-5:20X

NOTE 1: The National Annex may choose the method
to be applied. Unless specified otherwise in EN3t29
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 usig as

) given by
nepepizy A, 3a popMmynoro
At = Acer LB (3.3)
ae: where:
Ay —ebexruBHa’ mOma momepedHOro Ay is the effective area of the

nepepisy CTHUCHYTOTO TOsiCy TpH BTparti
CTIAKOCTI TJIACTMHU Bif JAii HOPMAaJIBHOTO
HanpyxeHHs (quB. 4.41 4.5);
B,  —TOHIKYIOUHH KoedirieHT
e(eKTMBHOI® INMPMHHM i1 BpaxyBaHH:
3CYBHOT'O 3aIli3HIOBAaHHS B IPaHUYHOMY CTaH1
Opy  BU3HAYCHHI Hecydoi 3maTtHoOCTi, [,
JIONYCKA€ThC NpUAMATH piBHUM [ 3TiTHO

*

tabmuui 3.1 13 3amiHOIO 4, Ha a, 3a

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

B, is the effectivé width factor for the

effect of shear lag at the ultimate limit state,
which may be taken ag . determined from

Table 3.1 witha, replaced by

¢bopmynoro:
ay = Poen (3.4)
b,
t; — TOBIIHHA TOSICY. t; is the flange thickness.

Mpumirka 3. [lpn  npyxHo-macTUyHii  poboTi
MaTepiaxy ais edekTy 3CyBHOro 3aIli3HIOBaHHS 3
BpaxyBaHHSAIM OOMEXEHHS IUTaCTUYHHUX JaedopMariii
JIOIYCKAa€ThCS BPAXOBYBATH 32 JIOTIOMOT0I0 €(heKTHBHOL

miomi nepepizy A, 3a Gpopmynoro:

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

A, as follows:

A\eff = Ac,eff E.Bk 2 Ac,eff EB (35)

ne [ ta k mpuiiMaroThes 3rigHo Tabmuii 3.1.

@opmynu B mpuMiTKax 2 i 3 JAOMYCKAETHCA
3aCTOCOBYBAaTH TaKOX JUIsl  MOSCIB, WIO
NPAIIOIOTh HA PO3TAT, B ILOMY BUIAAKY A, ¢
SK MPaBUJIO, 3aMIHIOIOTh Ha IUIOLIY 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.

19



JCTY-H b EN 1993-1-5:20X

4 BTPATA CTIUKOCTI
MJACTUHHU 1110 h11 (3} {6)
HOPMAJIBHOI'O HANPY)XEHHS NPU
PO3PAXYHKY 3A TI'PAHUYHUMMU
CTAHAMMU

4.1 3arajbHi MoJI0KEeHHA

(1) VY 1bOMy pO3/UTI HABOISTHCS MpaBHIIA
BpaxyBaHHS BTpPaTH CTIHKOCTI IUIACTHH IIif
JI€I0 CTHCKAIOYOTO HOPMAJILHOTO HAIPYKEHHS
Py pO3paxyHKy 3a TIpaHUYHHMHU CTaHAMH,
SIKIIIO BUKOHYIOThCSI HACTYITHI YMOBH:

a) cekuii cTiHKM (TUTACTHHU) NPSIMOKYTHI, a
MOSICH TapasiesibHi a00 MPUOIU3HO MapaesbHi

(muB. 2.3);

b) enemenTn KOpCTKOCTi, SKIO Taki €,
NPOXOJATh B TO3J0BXHBOMY 1 TOMEPEUHOMY
HanpsMmi abo B 060X Hampsmax;

C) oTBOpH ab0 BUpi3u HeBenukKi (nuB. 2.3);

d) enmeMeHTH KOHCTPYKIIiI MarOTh MOCTIHHHN
MOTIEPEYHUI Tepepis;

€) BIUIMB MOSICY Ha BTPATy CTIKOCTI CTIHKH
BUKJIIOYECHUM.

Mpumitka 1. Bromms  crucHyTOro mosicy Ha BTparty
CTIMKOCTI CTIHKM HaBeZEHO B po3aiii 8.

Ipumitka 2. Bumorn 11t el€MEHTIB JKOPCTKOCTI 1
IUTACTHH TIPU BTPaTi CTIHKOCTI BKa3aHi B po3aiii 9.

4.2 Mignicte i crilikicte npum il
HOPMAJILHOTO HATIPY KEHHS

(1) Tepemipka MimHOCTI 1  CTiiiKOCTI
oOpaMJIeHHX IUIACTMH TPHU Jii CTHCKAIO4OTO
HOPMAJBHOTO  HANpPYXCHHS  IONEPEYHUX
nepepi3iB  kimacy 4 BUKOHYETbCA 3
BUKOPUCTAHHSM XapaKTEePUCTUK E(PEKTUBHOI
wiomi nonepevHoro nepepizy ( Ay, o » Wagr )

st GaloK 1 KOJIOH, y TOMY 4YHCHI 1 TNpH
KpYTHIBHIH (opmi BTpaTH CTIMKOCTI 3TiHO
EN 1993-1-1.

(2) Edextuui® momi  IOmepeyHOro
nepepizy JOIMyCKAEThCS BU3HAYATH HA OCHOBI
po3noniry nedopmailiid 3a JHIHHUM 3aKOHOM
IpU JIOCSTHEHHI MpPYXHUX Jedopmariiii B
cepeinHI IIOIUHI CTUCHYTOI IJIAaCTUHHU.
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4 PLATE BUCKLING EFFECTS
DUE TO DIRECT STRESSES AT THE
ULTIMATE LIMIT STATE

4.1 General

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

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

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

c) Open holes and cut outs are small2s&e

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
(A e W) for Cross sectional

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

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



4.3  EdexTuBHMii nonepevyHuii nepepis

(1) Hpm BU3HAYEHHI HOPMAJIBHOTO
HamnpyXKeHHs, K  TpaBWIO,  HEOOXiJTHO
BpaxoByBaTH €()eKT 3CYBHOTO 3alli3HIOBAHHS 1
BTpaTH CTiiiKocTi (BHITy4eHHs) IUIACTHH,
BUKOPUCTOBYIOUH e(EKTHBHI IO TIepepi3iB,
HaBesieHi B 3.3.

(2)  XapakrepucTuku e(EeKTUBHOTO
MOTIEPEYHOr0  Tepepidy  KOHCTPYKIIl, fK
NpPaBUJIO, BHU3HAYAIOTHCA 32 EPEKTUBHUMU
IIoUIaMu CTUCHYTHX eJIEMEHTIB i
e(peKTMBHUX® IUIOLI PO3TATHYTUX EJIEMEHTIB
BHACIIIZIOK €(heKTy 3CYBHOTO 3aIli3HIOBAHHS.

(3) EdextuBHa tutoma mepepidy Ay
MOBMHHA OyTH BHU3HA4YeHa 3a YMOBH, IIO
MOTIEPEYHU  Tiepepi3  MIANA€Tbes  TUIBKH
OCbOBOMY CTHCKaHHIO cunoro Ng,. [
HECUMETPUYHMX  Tepepi3iB  Mae  Micue
CKCLIEHTPUCUTET €, SKUH BHHUKAe B
pe3ynbTaTi  3MIMIEHHS  LEHTPY
epexkTuBHOI miomii nepepisy Ay BIIHOCHO
IEHTPY TSOKIHHS MOMEPEYHOro  mepepizy
opyrro (muB. puc. 4.1), BHACIIIOK YOTO
BUHUKA€ JOJATKOBHH 3THHAJIbHUM MOMEHT,
SKWH, SK TMPaBUIO, HEOOXiTHO BpPaxOBYBATH
IpU TIEPEeBIpLi MOMEPEUHOro IMepepi3y 3TiHO
3 4.6.

(4) Mowmenrtu oropy e(EeKTUBHOTO
nepepisy W,; TOBMHHI OyTM BHU3HAYeHI

TSOKIHHSA

BUXOJSIYM 3 TOrO, IO TOMEpPEeyHUi mepepis
MAIAETHCS TIIBKHA HaIpY>KEHHIO BIJI
3ruHanbHOro MomeHty M, (muB. puc. 4.2).
I[Ipu nii 3ruHaTPHUX MOMEHTIB B JBOX
TOJIOBHHUX [JIOIIHMHAX, K MIPABUJIO,
BU3HAYAIOTh MOMEHTH OIOpPY €(PEKTHBHOIO
nepepizy BiTHOCHO JABOX FOJIOBHUX OCEH.

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

JOIYCKAETbCS ~ BU3HAYAaTH  ©(CKTUBHI  3HAYCHHS
XapaKTEPUCTUK MIOIIEPEYHOr0 niepepizy i3
3aCTOCYBaHHIM PE3YIABTYHOUOrO po3noairy

HO03/10BXKHBOT0 HAIIPY)KCHHS BiJ ognHodacHoi mii N_, Ta

M_,. HomaTtkoBuii MOMEHT Bil €, fK IPaBHIO,

HeoOxigHo BpaxoByBatu 3rifgHo 3 4.3(3). lle Bumarae
MIOBTOPHUX PO3PaxyHKIB.

(5) HanpyxeHHs B mosicax BH3HA4Ya€ThCs 3
BUKOPHCTAHHSM TIPY)KHOTO MOMEHTY OIOpY
BIZIHOCHO Cepe/IHBOT IIOLIHHY TOSICY.

JCTY-H b EN 1993-1-5:20X

4.3 Effective cross section

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

(2) The effective cross sectional properties

of members should be based on the effective
areas of the compression elements and on the
effective’ area of the tension elements due to

shear lag.

(3) The effective areaA, 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 shié, of the centroid

of the effective area); 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\V,,

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_, and

M_, acting simultaneously. The effects ef should

Ed
be taken into account as in 4.3(3). This requires a
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) BimeTaneBi Oanku MOBUHHI MaTH IOSICH
3 MEKEI TEKYYOCTi Marepiany cTinku Bin f,

no @, x f,, 3a ymosu:

a) 30UIbIICHHS  HANpPYXEHHS B MOsCI
IPU3BOIUTH /IO MOSIBU TEKY4OCTI MaTepiaiy
CTIHKH, $Ka BpPAXOBYEThCS 3a JOMNOMOTOIO

0OMeXEHHSI HAMpYyXEHHS B CTIHIII JI0 ny;

b) edexTrBHA muIONmIA CTIHKM BU3HAYAETHCS 13
spaxysannsam f, (zamicts f,,).

IIpumirka. 3Ha4YeHHA 9, JIOIyCKA€ThCS

BCTaHOBJIIOBATH B HaHiOHaJII)HOMy JAOJATKY.

PexoMennoBaHe 3HaUCHHS ¢h =2,0.

(7)  30inprueHHs nedopmariiii i HaNMPyKeHb
s OiMeraneBUx OaloK TMpH  TMepeBipKax
BTOMHOI MIITHOCTI 3a HECY4YOK 3IaTHICTIO
JIONYCKa€ThC ~ HE  BpPaxOBYBaTH  IPH
notpuMmanHi ymoB 3a 4.3(6) 3 ypaxyBaHHSIM
TPUMITKH.

8) Vv OiMeTaaeBUX Oankax, AKI

BiAmoBinaroTh ymoBam 4.3(6), HampyxeHHS

npu nepeipii criiikocti 3riqao EN 1993-1-9
JIOTYCKA€ThCS IpuiiMaTy pisHuM 15f ;.

[epepi3 6pyrTO
Gross cross section

G - ueHTp TSKIHHSA Nepepi3y OpyTTO,;
G’ - ueHTp TsKiHHA ePEeKTUBHOIrO MEPepi3y;
1 - Bich HeHTPY TAKIHHA Nepepi3y OpyTTO;

2 - Bich HeHTPY THAXKiHHA e)eKTHBHOIO Nepepisy;
3 - HeedeKTUBHI TiNSTHKH mepepizy (TiassHKH
nepepisy, AJs AKUX MiceBa CTiHKiCThL He
3a0e3meveHa)

(6) Hybrid girders may have flange
material with yield strengtHf ; 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 fq,,;

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

NOTE: The National Annex may specify the valge.

Avalue of ¢, = 2,0 is recommended.

@) 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 ag§5f,; .

Edexrusnuii nepepis
Effective cross section

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

Pucynoxk 4.1- Ilepepizu knacy 4 — 11isi OCbOBHX CHJI

Figure
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4.1- Class 4 cross-sectionsaxial force



[epepi3 6pyTTO
Gross cross section

G - ueHTp TSKIHHSA Nepepi3y OpyTTO,;
G’ - ueHTp TsKiHHA ePEeKTUBHOIrO MEpepi3y;
1 - Bich HeHTPY TAKIHHA Nepepi3y OpyTTO;

2 - Bich HeHTPY THAXKiHHA e)eKTHBHOIO Nepepisy;
3 - HeedeKTUBHI TiNsTHKY mepepizy (TiassHKH
nepepisu, AJs AKMX MicleBa CTiHKICTb He
3a0e3meveHa)

JCTY-H b EN 1993-1-5:20X

Edexrusnnii 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-Ilepepizu knacy 4 — 1ist 3rMHAIBHAX MOMEHTIB

Figure
4.4  IlnactuH4acTi eJIeMEeHTH 0e3
MO310BKHIX eJIeMEHTIB KOPCTKOCTI

(1)  EdexTuBHI" Mol IUIACTHH CTHCHYTHX
€JIEMEHTIB 3 JIBOCTOPOHHIM 3aKpIIICHHSM I10
KpasiX TOBHHHI BU3HAYATHUCS 3 BUKOPUCTAHHSAM
tabmuui 4.1, a I IacTHH 3 OJTHOCTOPOHHIM
3aKpiruieHHSIM (3BHCH JiucTa) — Tabmuii 4.2.
EQextuBHa” mioma CTHCHYTOT 30HH JHCTA 3
HOTIEPEYHOO IUIOIE0 Nepepizy OpyTTo A, , K

p

MIPAaBUJIO, BU3HAUAETHCS 32 (OPMYIIOIO:

4.2-Class 4 cross-sectioadending 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 effeétive
area of the compression zone of a plate with

the gross cross-sectional aregg should be
obtained from:

Ace = PLA (4.1)
e 0 — NMOHIKYIOUUH KoeillieHT mpu BTpaTi where p Is the reduction factor for plate
CTIAKOCTI MJIACTUHHU. buckling.
(2) TIlpu wpomy p JIOMYCKA€ETHCS (2) The reduction factopp may be taken

npuiiMaTH 3a GopMynamu:

— ISl CTUCHYTOI IJIACTUHHU 3 JBOCTOPOHHIM
3aKpITICHHSIM

p=10
p=t” 05503 +y)

<10
A

s (for) Ap > 0673, ne (where)(3+¢)=0;

as follows:
— internal compression elements:

s (for) A, < 0673

(4.2)
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— ISl CTUCHYTOI IJIACTUHU 3 OJIHOCTOPOHHIM
3aKpIrUICHHSIM (3BHC JICTA):

— outstand compression elements:

p=10 s (for) A, < 0748
A,-0,188 -
p=———<10 s (for) A, > 0748
)l§ 4.3)
b/t
ne (where): A = =,
( A 284¢0fk,
7/ —BIJHOUICHHS  HANpYyXEHHd,  sKe 7/ iIs the stress ratio determined in
BU3Ha4aeThes 3riaHo 3 4.4(3)i 4.4(4); accordance with 4.4(3) and 4.4(4)
b —pO3paxyHKOBa IIUPUHA I[UIACTHHU b Is the appropriate width to be taken as

npuiiMaeThCsl HACTYMHOIO (MMO3HAYCHHS JTUB. B
tabmumi 5.2 EN 1993-1-1):
b, — JUIS CTIHKH;
b —IUI1  EJEMEHTIB  IOsCIB 3
JABOCTOPOHHIM  3aKpiIUICHHSM  (OKpiM
NPSMOKYTHUX TIOPOKHUCTUX PO LTIB);

b-3t —nna HOSICIB NPSMOKYTHHUX

MOPOKHUCTUX MPODILNTIB;

C — U1 3BHCIB MOsICIB 3

OJTHOCTOPOHHIM 3aKpIilJICHHSM,;

h — JUI PIBHONIOJIMYHUX KYTHKIB;

h — JUISl HEPIBHOTIOJIMYHHUX KYTHKIB,;
k, —Koe(iIlieHT, 10 BpaxoBye BTPaTy

CTIAKOCTI 3aJICIKHO BiJ BITHOIIEHHS
HaNpYyXEHHs {J MO Kpasx IJIACTUHU 1 yMOB iX
3akpirieHHs. st TOBrUX TUTACTUH 3HAYCHHS
koe¢imienta K, Bkasani B Tabmumi 4.1 abo

Tabnuii 4.2;
t — TOBIIMHA JIUCTA,
g, —IpPYXHE  KPUTHYHE  HaIPYKEHHS

BTpaTH criiikocti (muB. Qopmyny (A.1) B
A.1(2)iTabmuui 4.1, 4.2);

(3) [Mns mosciB IBOTaBpOBUX TNepepi3iB i
KopoOuyacTux Oamok Koe(ilieHT BiTHOIICHHS
HaTpyXXeHHs (/, npuiiHaATHi B Tabmuusax 4.1

Ta 4.2, € OCHOBOIO M BHU3HAYCHHA
XapaKTePUCTHK MOTIEPEYHOTO nepepizy
OpyTTO, sIKi 00OB'I3KOBO MOBUHHI TPHIUMATHCS
B PO3paxyHKY IOSCIB MPU BpaxyBaHHI edekTy
3CYBHOTO 3ami3HIOBAHHS, SKIIO II€ JOILIBHO.
JInss  CTIHKM  BH3HAYalOTh  BIJHOIICHHS
HampyxkeHHs (Y 3rigHo Tabmuui 4.1 3

ypaxyBaHHAM pO3MOJIUTY Hamnpy>KeHHs, SKAN
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follows (for definitions, see Table 5.2 of
EN 1993-1-1)

b, for webs;
b for internal flange elements (except
RHS);

b-3t for flanges of RHS;

C for outstand flanges;

>

for equal-leg angles;
for unequal-leg angles;
k is the buckling factor corresponding to

the stress ratiay and boundary conditions.
For long platesk, is given in Table 4.1 or

Table 4.2 as appropriate;

>

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

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

235
f, [H/MMZ]

3) For flange elements of I-sections and
box girders the stress ratigg. used 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 ¢ 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 €(PEKTHBHOIO IIMPHUHOIO
CTHCHYTOTO TOSICY 1 mepepi3y OpyTTo CTIHKH.

Mpumirka. Skmo Ha pi3HUX cTagisx OyaiBHHUITBA
pO3MOALNT  HANPY)XEHb  MIHSEThCA  (HALPHKIAN, B
KOMOIHOBAaHMX  MOCTax), CIOYaTKy JOITyCKA€ThCS
pO3paxoByBaTH HANpYKEHHS sl Iepepidy, SKUi
CKIaZaeThesl 3 e(eKTHBHHUX IUIONI IOSICIB 1 Iepepisis
OpyTTO CTiHKH. 3 OTPHMaHHM IIPH IILOMY PO3IOJIIOM
HaNpY)XEHHS BU3HAYaIOTh €(EeKTUBHY IUIONLY IEpepi3y
CTIHKHM, sIKa IIOTIM 3aCTOCOBYEThCS Ha BCIX CTaisixX
OCTaTOYHOT'O PO3PAXYHKY.

(4) 3 oOmexennsm, Bkazanum B 4.4(5),

YMOBHY THYYKIiCTb TUTACTUHH Ay
JOTITYCKAETHCSI 3aMIHUTH Ha'

A pred =
n€ O.ompq —HaHOLIBLIE PO3paxyHKOBE

3HAYeHHS  CTHUCKYIOUMX  HAmpyXeHb B
€IEMEHT],  BH3HAU€HE 3  BPaxyBaHHIM
e(peKTMBHOIOP TONEpeYHOro Iepepisy MpH

BCIX OJJHOYACHO JIFOYMX HaBaHTAKCHHSX.
Hpumitka 1. Ileit merom BUMarae iTepaTUBHOTO
pO3paxyHKy, B SKOMY BiIHOIICHHS HAmNpPYKEHHS {J

(muB. Tabmuui 4.1 Ta 4.2) MOBTOPHO BHU3HAYAETHCS HA
KOXKHOMY €Tarli PO3NOJiTy HAIPY/KEHHS 3 epEKTUBHUM”
TriepepizoM HONEPEaHBOr0 ITEPaTHBHOIO KPOKY.

Ipumitka 2. AnbTepHATHBHUI METOJA BKa3aHUH B
nonatky E.

(5)  [Ipu mpoekTyBaHHI MEpeBipKy HeCydol
3MATHOCTI TpU BTpPaATi CTIHKOCTI €JIEMEHTIB
KOHCTPYKIIi{ KJ1acy 4 BUKOHYIOTb,
BukopuctoByroun EN 1993-1-1 6.3.1, 6.3.2

ab6o 6.3.4,yMOBHY THYYKICTb )l_p a60 Apred 3

Owomedr M€ Oopmeq  BH3HAYAETHCA 32

pPO3paxyHKOM 2-TO TOPSAAKY 3 BpaxyBaHHSIM
HasIBHOI HEAOCKOHAJIOCTI.

(6) [Ipn BigHOUIEHHI CTOPIH IUTACTUHU
a/b<1 moxuBa BTpara CTIHKOCTI CTEpKHS,
nepeBipka MMOBUHHA oytu BHKOHaHa
BiAmoBinHO 10 4.5.4 3 BUKOPUCTAHHAM
HOHIDKYI0YOro KoedilieHTa g, .

Ipumirka. Ile cTocyeTbcs y TOMY YHCHi 1 IIACTHHOK
MIDX MONEPEYHUMH €JIEMEHTaMH JKOPCTKOCTI, Jie BTpaTa
CTIMKOCTI IUIACTHHM TIOpiBHSIHA 3 BTPATOIO CTIHKOCTI
CTEp)KHS 1 BHUMarae 3acTOCYBAaHHS IIOHIKYIOUOTO

koedimienra o s ), (pucynok 4.3 a) i b)). [na
IUIACTMH 3 TIO3JOBXKHIMHM €JleMEHTaMH  YKOPCTKOCTI
BTparta CTIHKOCTI CTEPKHS MOKE TAaKOXK MaTH MicIe st
a/b=1 (muB. pucyHok 4.3c)).
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NOTE: If the stress distribution results from different
stages of construction (as e.g. in a composit@bjithe
stresses from the various stages may first be leaézl
with a cross section consisting of effective flangad
gross web and these stresses are added togethigr. Th
resulting stress distribution determines an effectieb
section that can be used for all stages to cakeutes
final stress distribution for stress analysis.

(4) Except as given in 4.4(5), the plate
slendernessl, of an element may be replaced

by:

g,
comEd (44)
fy/yMO
where g, is the maximum design

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

NOTE 1: The above procedure is conservative and
requires an iterative calculation in which the streatio
¢ (see Table 4.1 and Table 4.2) is determined dt eac

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

NOTE 2: See also alternative procedure in Annex E.

(5) For the verification 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 slendernessl, or ApreaWith o, g4

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

(6) For aspect ratiog/b<1 a column type

of buckling may occur and the check should
be performed according to 4.5.4 using the
reduction factorp, .

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

column-like and require a reduction factpr close to

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

For plates with longitudinal stiffeners column type
buckling may also occur foa/b =1, see Figure 4.3 c).
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T

a) BUIlyYeHHs IUIACTUHU 0€3 3aKpilUleHHS IO Kpasx B D) BuIlydeHHs IUTaCTUHH O€3 €IEMEHTIB JKOPCTKOCTI i3

TI03/I0BXXKHBOMY HaIIpsIMi 3aKpIIVICHHSIM 110 Kpasx B IMO3J0BXXHBOMY HAaImpsMi 3
MaJIMM BiJHOIICHHSIM CTOpiH O

a) column-like behaviour of plates without longial b) column-like behaviour of an unstiffened platehwva

supports small aspect ratiar

C) BUITYYCHHA IIJIACTUHU 3 HOBI[OB)KHiMI/I CIIEMEHTaAMHU )I(OpCTKOCTi 3 BCJIIMKUM BiI[HOHIeHHHM CTOpiH a
¢) column-like behaviour of a longitudinally stiffed plate with a large aspect ratio

Pucynok 4.3- Po6oTa ruiacTHHM 32 TUIIOM CTUCHYTOTO CTEPIKHS
Figure 4.3- Column-like behaviour

Taoaunsa 4.1 — CTUCHYTI IJIACTUHU 3 JBOCTOPOHHIM 3aKPIIUICHHSAM TI0 Kpasx
Table 4.1 — Internal compression elements

. P
Posmozin HanpyxeHHsI (CTUCKaHHS TO3UTHBHE) E¢pexrnsna” mmpnna b,

Stress distribution (compression positive) Effective® width b_,

11 1 v e
b, = pb

bei |, bez
b’ b, =0,50b,, b, = 0,50b,,

eff 1 “e2

1 >0:
Oz b, =p

Lbet | , be2
b z[ﬂ) b.=b.—-b

b 91:5—1/1 eff’ e2 ~ eff a
P b: K b ¥ Y< 0:
T 2o <o)
&1[, | beo LW‘LLL“ %2 bel = 0’4Ebeff’ 2 = 0’6[beff
A A E A |
Yy=o,lo, 1 1>¢ >0 0 o>y >-1 -1 | “1>¢>-3
Koediuient BTpatn
crifikocti K, 4,0 | 82/(1,05+y) | 7,81 7,81- 6,29 + 9,78° |23,9| 5,980 1-¢)’
Buckling factork
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Taoaunsa 4.2 — CTUCHYTI IJIACTUHU 3 OJTHOCTOPOHHIM 3aKpPIIICHHAM

Table 4.2 — Outstand compression elements

Posnozin HanpyKeHHs Edexrusna’ mmpuna b,
(cTHCKaHHS TO3UTUBHE) _ _
Stress distribution (compression positive) Effective’ width b,
b 1>¢=0:
beff = IOB:
1
%
c L
v <0:
b b v
beff = lom)c = p[t/(l_l//)
0'1
o | b
eff
y=o,lo 1 0 -1 12¢=2-3
Koediuient BTpatn
criiikocti K, 0,43 0,57 0,85 | 0,57- 0,21 + 0,0Ty>
Buckling factork
Tr 1>¢=0:
o 11 Pu=plt
¢ L
Dt g<0:
“ b, =pb,=pc/(1-v)
e
b by
Y=o,lo 1 1>¢>0 0 0>y >-1 -1
Koediuient Brpatn
crifiocri K, 0,43 | 0,578/(w+ 0,33 | 1,70 1,7- 5+ 17,° 23,8
Buckling factork
4.5 IlincuieHHsl TUIACTHH TMO3A0BKHIMH 45  Stiffened plate elements  with
eJleMeHTaMHM sKOPCTKOCTI longitudinal stiffeners
4.5.1 3acanvui nonoscenus 45.1 General
(1) Jdns  tactTiH 3 TO3JOBXKHIMH (1) For plates with longitudinal stiffeners

eJEMEHTAMHU KOPCTKOCTi e(eKTHBHI® riomi

IIPU MICIIEBiH BTpaTi CTIIKOCTI BPaXOBYIOTHCS
JUIE  OKPeMHX CeKI[ii MDK eJlleMEeHTaMu
AKOPCTKOCTI 1 e(beKTHBHip 00J1acTi MiJICHIIEHUX
MaHeNel  MOBMHHI  BpPaxOBYBaTHUCS  IPH
MepeBipIli 3arabHOI CTIMKOCTI.

(2) EdextuBra® mnnoma  HomepevyHOro
nepepizy KOXKHOT OKpeMoi CeKilii MOBHHHA

the effectiv@ areas from local buckling of the
various subpanels between the stiffeners and
the effectiv€ areas from the global buckling
of the stiffened panel should be accounted for.

(2) The effectiveé section area of each
subpanel should be determined by a reduction
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BHU3HAYATUCS 32 JOMOMOTOI0 TIOHMKYIOUOTO
koedimieHTa 3rigHo 3 4.4, BHACTIIOK MICIIEBOT
BTpaTH CTiiikocTi mactunu. llizcunena
€IEMEHTaMU  JKOPCTKOCTI  IUTacTUHA 3
e(EKTUBHOIO" TUJIOMICIO MOTIEPEYHOTO TIepepizy
Mae OyTH TmepeBipeHa TMpH CTAaTHYHOMY
PO3paxyHKy Ha 3arajabHy CTIMKICTh
(Monmemoroun ii y BUIISINI  €KBIBaJIEHTHOT
OPTOTPOMHOI  IJIACTUHHU) 1 MOHIKYHOUUI
koe(ilieHT O Mae OyTH BU3HAYCHHH TSI BCIET

TUTACTUHHM TIPU BTPATI CTIHKOCTI.

p

(3)  EdextuBHy’ miomy CTHCHYTOi 30HH
HiICHJICHOT  IUIACTMHU  BHM3HAYalOTh 32
bopmyIoro

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

determined for overall plate buckling.

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

Ateff = pcAc eff, Ioc+ Z bedge efJ:t (45)

1e A grie — ebexruBHaP

MepepiziB ycix €JIEeMEHTIB >KOPCTKOCTI JIMCTIB
abo cekmidd, sKi TOBHICTIO a00 YacTKOBO
3HAXOMATHCSA B 30HI CTHCKaHHS, 332 BUHSATKOM
e(EeKTUBHUX YacTUH Iepepizy Ouls OMOPHHUX

IJIoma MmornepeuHmux

where A_ ¢ . is the effective section areas of

all the stiffeners and subpanels that are fully or
partially in the compression zone except the
effective parts supported by an adjacent plate
element with the width, ..., Se€ example in

TOUISHOK ~ CYMDKHMX — IUIACTHH — €JIEMEHTY Figure 4.4
IHPUHOKO D, 400 , IMB. IPUKIIAL Ha puc. 4.4,
(4) IInomy A, 4. BHU3HAYAIOTH 34 (4) The areaA . ,. should be obtained
dopmymoro: from:

Ac,eff,loc = Asl,eff + zploc |:ﬂ)c,loc [ﬂ (46)

Cc

ae: where:
> —BiIHOCHTBCS JIO IIMPHHH CTHCHYTOI Y. applies to the part of the stiffened panel

Cc
MaHeN MiJICUICHO1 eJIEeMEHTaMHU KOPCTKOCTI 3a

BUHATKOM 4YacTHH Tepepisy D,y o MAuB.
pucyHok 4.4,
Ayer —cyma ebekTHBHEX® miom  ycix

MO3JI0BXKHIX EJIEMEHTIB >KOPCTKOCTI TUIOIICIO
nepepizy OpyTTo A, pO3TallOBaHUX B 30HI
CTHICKY BinmoBigHo 1o 4.4,

b

ioc ~— IIMPHHA CTUCHYTOI YaCTUHH JIMCTa

JUISL KOXKHOT CEKIT;

Poc  —TNOHWKYIOUHH KOE]IIEHT 3TigHO 3
4.4(2) ans KOKHOT CEKITii.
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C

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

edge eff?

A, is the sum of the effectilesections

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

b... Is the width of the compressed part of
each subpanel;

Po. IS the reduction factor from 4.4(2) for
each subpanel.
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by p, A¢ effloc b3 cdge.cff

Uy

by b, b

/f__

Pucynoxk 4.4- Po6oTa mificuieHo1 iIacTUHU PpH PIBHOMIPHOMY CTUCKaHHI1

Figure
IIpumirka. IIpu HEpiBHOMIDHOMY  PO3HOALIL
HaINpyXXEHHs CTUCKaHHs JuB. puc. A.1.
(5) Jlnst BU3HAYCHHS  TOHIKYIOUOTO

KoedilieHTa L, NpH BTpaTi CTIMKOCTI BCi€l
IUIACTUHA ~ HEOOXiJHO  BpaxoBYBaTH, IO
MOHMXKYIOUHUH KOe(illieHT BTpATH CTIMKOCTI 3a
TUTIOM CTEPKHS € TOYHIIIMM, HDK TMPHU BTpPaTi
CTIMKOCTI IJIACTUHHU.

(6) Ilommxkyroumit  KoedilieHT O,,  SK
NpaBWIO,  BH3HAYAIOTH 33  JOMOMOTOIO
IHTEePMIOJIALIT MDK MOHWKYIOUUM

Koe(ilieHTOM 0 BTpaTH CTIMKOCTI IJIACTUHHU 1
HNOHIDKYIOUMM  KOe(IllieHTOM Y,  BTpaTu
CTIMKOCTI TUJIACTUHU 3a THIIOM CTHUCHYTOTO
CTEp>KHS BinoBiaHO 4.5.4.

(7) 3MEHIICHHS CTUCHYTOI IO A 4 1oc

3a JONOMOIOI0 L. MAOIyCKA€TbCAd NPUKUMATH
MOCTIHUM U1 yChOTO MOTIEPEUHOTO Mepepizy.

(8)  Skmo edekr 3cyBHOTO 3alli3HIOBaHHS
BignoBinHuid (muB. 3.3), 3amicTh e(PEKTUBHOI

ILIOII IIONIEPEYHOTO TEPEPi3y A, 4 CTHCHYTOI
30HM TMIACWICHOT IUJIACTUHH Mae  OyTH
OpUMHATHH A, UIA PO3PAXyHKY HE JIHIIE

MICIIEBOT BTpATH CTIMKOCTI TUIACTUHH, a TAKOK

TUIS BpaxyBaHHs edexty 3CYBHOT'O
3ami3HIOBaHHS.
(99 B  skocti  edexkruBHOI  ILIONII

MOTIEPEYHOr0 Tepepi3y MiACHICHOI MIacTUHU
B 30H1 pO3TATYBaHHS 3aCTOCOBYIOTh 3MEHILICHY
IOy Tepepisy OpyTTO PO3TATHYTOI 30HH,
AKIIO ~ Mae  Micie  eQeKT  3CYBHOTO
3ami3HioBaHHs (n1uB. 3.3).

4.4 Stiffened plate under uniform compression

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

(5) In determining the reduction factgr,

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 factorp for plate buckling and the

reduction factor y, for column buckling to
determinep, see 4.5.4.

(7) The reduction of the compressed area
A..oc through o, ¢ 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 ared. ., of the
compression zone of the stiffened plate should
then be taken 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(peKTHBHOIrO Mepepizy
W, BHU3HAYaIOTh SK MOMEHT iHepuii riomnii

e(EeKTUBHOTO TMOMEPEYyHOro Tepepidy, Mo
TITUTHCA Ha BIJCTaHb BiJ LIEHTPY TSDKIHHS /10
Kparo IJIaCTUHHU.

4.5.2 Poboma nanacmunu

(1)

TUTACTUHU BU3HAYAETHCS 32 POPMYIOIO:

VYMoOBHa THYYKicTh Ap eKBiBaJeHTHOT

ae:

A

30HM MIICHICHOI IUIACTHHH (3 eJIeMEHTaMu
KOpCTKOCTi) 0e3  ypaxyBaHHS CYMDKHUX
IUTACTUH KPaWHIX NUISTHOK CeKiid (y TMEeBHHX
BUIAJKaX BPAxXOBYEThCS €(PEKT 3CYBHOTO
3aIi3HIOBaHHs, AuB. 3.3);

—IomIa nepepizy OpyrTo CTUCHYTOL

A cioc —CbexTuBHA  moma  Tepepisy

YaCTUHHU IIJIACTHHU (y II€CBHUX BHUIIaAKax 3

ypaxyBaHHSIM edexry 3CYBHOT'O
3alli3HIOBAHHS), BPaXxOBYIOUM MOKIIMBICTH
BTpaTH  CTIMKOCTI  IJIACTHHH, CEKIIA 1
€JIEMEHTIB KOPCTKOCTI.

(2) [ommxkyroumit koediieHT L0 IS
€KBIBAJIEHTHOT OPTOTPOIHOL [JIACTUHU

BH3HAYAIOThH 3rigHO 3 4.4(2), BU3Haua0un jp
3a (hopmyoro (4.7).

Ipumitka. B nomatky A HaBeaeHi BKa3iBKH IIOJO
PO3paxyHKy O,

4.5.3 Poboma naacmunu
CHLUCHYM020 CIMEPHCHA

(1) IpyxHe  KpUTHYHE  HaNpPYKCHHS
BTpAaTU CTIMKOCTI 3a THUIOM CTHUCHYTOTO

cTepikHa O, . Hemigcuienoi (muB. 4.4) a6o

nigcuieHoi miactunu (nuB. 4.5), ik mpaBwIIo,
npuiiMaloThCsi 0€3 ypaxyBaHHS 3aKpilUIEeHb
Y3IIOB3K TIO37I0BXKHIX KpaiB IIACTHHH.

3a munom

(2) IpyxHe  KpUTHYHE  HaNpPYyKCHHS
BTpaTl CTIMKOCTI 3a THUIOM CTHUCHYTOTO
CTepXXHS O, . HEMJICWICHOI IIACTHHH

30

A — IBA,C ny
P Ucr,p

npu (With) B, . =

(10) The effective section moduluV,,

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 slendernesk,  of
the equivalent plate is defined as:

(4.7)
_Ac,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);

A et toc is the effective area of the same

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

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

NOTE: For calculation ofg_ = see Annex A.

4.5.3 Column type buckling behaviour
(1) The elastic critical column buckling
stress 0., . 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 stresgr,, . may be

obtained from



eIEMEHTaMU  JKOPCTKOCTI
BHU3HAYATH 32 (GOPMYIIOIO

AOIMYCKAETHCA

(3) Jlnst IJIACTUHH, MIJICUIICHOT
€JIEMEHTaMHU JKOPCTKOCTI MO Kpasx MaHenml 3
BUCOKUM pIBHEM HAaINpPYXEHHS CTHCKaHHS,

3HA4YCHHA Ucr.c AOIMYCKA€TbCA BHU3HA4YaTU 3a

NPY)KHUM KPUTHUYHUM HAIPYXKEHHSM BTpaTU

CTIMKOCTI CTepkHA O, AK€ BU3HAYAIOTh 3a

JCTY-H b EN 1993-1-5:20X

, - TEDF
" 12(1-v?)a

(4.8)

(3) For a stiffened plateg, ., may be
determined from the elastic critical column
buckling stressr, , of the stiffener closest to

the panel edge with the highest compressive
stress as follows:

bopmynoro:
mEN
Ucr,sl = Slzyl ’ (49)
A la
e: where:
lg1  —MOMeEHT iHepUii  MOTepPeYHOro ly, is the second moment of area of the

nepepizy OpyTTO €IEeMEHTY MKOPCTKOCTI 1
CYMDKHUX YacTHH IUIACTUHHU, BIAMOBITHOT
MaHeN, TP BTPATi CTIHKOCTI TIACTUHY,

A, —moma nepepizy

OpyTITO €JIEeMEHTY JOPCTKOCTI 1 CYMDKHUX
YacTUH  IUIACTUHH, [0  NPUAMAETHCA
BIMOBIAHO 10 puc. A.1l.

MOMEPCUHOTO

Ilpumirka. 3HaueHns O, Moxe OyTH BM3HAYCHO 3a

, J€ O__ BHU3HAYAECTBCA BiIHOCHO

CTUCHYTOrO Kparo IiacTuHu. 3HaueHns b ., i b
sl,1 (o

OpUAMArOThCS 3a ekcrpamnoisimiero (nus. puc. A.l) mo
eIopi PO3MOALTY HAIPYXKEHb.

(4)  Ywmosmy
CTep)KHA Ac BU3HA4aIOTh 3a (GopMyIaMu:

THYYKIiCTb CTHCHYTOTO

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

A,, Iis 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 fronw, =0 G-,

sl,1
where o _ is related to the compressed edge of the
plate, and,b,, and b are geometric values from the

stress distribution used for the extrapolation, Segere
Al

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

- f
¢ = Y- s nnactun 6e3 enemenris xoperkocti (for unstiffened plates) (4.10)
Ucr,c
- [t
Ac = h JUTs TUTACTHH 3 eneMenTamu sxopetkocti (for stiffened plates) (4.11)
Ucr,c
— A%I,l,eff

ne (with) B, = A,

A, —srigno 4.5.3(3);

A, isdefined in 4.5.3(3);
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A 1 —ehexkTHBHA  IUIOIIA

nepepizy eneMeHTa KOPCTKOCTI 1 MPHIIETIIUX
YaCTUH TUIACTMHHU 3 HAJICKHUM YypaxXyBaHHSIM
3TUHY IJIaCTUHHU, AuB. puc. A.1.

MOMEPCUHOTO

(5) ToHmxkyrouwmii Koe(ilieHT Xe

BU3HAYAKOTH 3rigHo 3 6.3.1.2 EN 1993-1-1.

Jns tutactuH  0e3  eJeMEHTIB  JKOPCTKOCTI
koedimieaT @ = 021 mnoBUHEH BiANMOBigaTH
KpHUBiii BTpatu cTiikocTi. /s tulactuH 3
€JIEMEHTaMHU >KOPCTKOCTI @ 3aMiHIOIOTh Ha
Q' 0 BU3HAYAIOTh 3a (hOPMYJIOIO:

a,=a+

ne (with)

e=max(g e,) Oinpma 3 BigcTaHeW Bix
BIJIOBITHOTO LEHTPY TSDKIHHA TUIACTHHH JI0
LHEHTPY TSOKIHHS OJHOCTOPOHHBOTO pebpa
’opcTKocTi (200 pedep, po3TaloBaHKX 3 ABOX
CTOpiH) abo 70 HEUTpaIbHOI OCi €PEeKTUBHOTO
YMOBHOTO cTepkHs (nuB. puc. A.1);
a=034 (kpuBa b) — musa

nepepiziB eNeMEHTIB )KOPCTKOCTI;

a = 049 (kpuBa c) — U1 BIAKPUTHX epepi3iB

3aMKHYTUX

€JIEMEHTIB KOPCTKOCTI.

4.5.4 36'a30k mixc empamoro cmiilkocmi
nAACMUHU | 6MPAmMo CMIUKOCMI YMOBHO20
CMUCHYM 020 CHEPHCHA

(1)  OcrarouHO MOHIKYIHOYHI KOEDIiEHT
0. BU3HAUYAETHCS 3 YpaxyBaHHSIM X, 1 O 3a

¢bopmynoro:

p.=(p-x.)E2-8)+x..

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 factory., should be

obtained from 6.3.1.2 of EN 1993-1-1. For
unstiffened platesa = 021 corresponding to
buckling curve a should be used. For stiffened
plates its value should be increased to:

009

ile’
Isl,l

A

e=max(g &,) 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 (curve b) for
stiffeners;

a = 049 (curve c) for open section stiffeners.

(4.12)

closed section

4.5.4 Interaction between plate and column
buckling

(1) The final reduction factop, should be
obtained by interpolation betweey. and p
as follows:

(4.13)

ne (where):& =22 _1 ane (but) 0< & <1

cr,c

O, —TpPYKHE
BTpaTH CTIHKOCTI1
noxatok A.1(2));

Ucr,c — IIPY’XKHC

BTpAaTU CTIMKOCTI 3a THUIOM CTHUCHYTOTO
CTepXHS, BU3HAYAE€THCA  BIAMOBIAHO IO

4.5.3(2)i (3);

Xe — MOHIKYIOUMH KOE(IllieHT MpH BTpaTi

KpUTHYHE  HaIpPYKCHHSA

IUTACTUHU (muB.

KpUTHYHE  HAIpPYKCHHSA

CTIMKOCTI TUJIACTUHU 3a THIIOM CTHUCHYTOTO
CTEepXKHS,

32

o, iIs the elastic critical plate buckling

cr,p

stress, see Annex A.1(2);

o, . s the elastic critical column buckling

stress according to 4.5.3(2) and (3),
respectively;

X. s the reduction factor due to column
buckling.



P — MOHIKYIOUHH KOEQIllieHT MpH BTpaTi
crivikocti mactuuu (mus. 4.4(1)).

4.6  Ilepeipka criiikocTi

(1) TlepeBipka eneMEHTIB MPH IUIOIIUHHIM
¢dopmi BTpaTH CTIKOCTI BHUKOHYETHCA 3a
bopmyIoro

JCTY-H b EN 1993-1-5:20X

P iIs the reduction factor due to plate
buckling, see4.4(1).

4.6 Verification

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

= nyiﬁ ¥ 'V'Edfy* S\lEi S <10 (4.14)
Vo Yo
ae: where:
Ay —edexkTHBHA IIOMA  TOIEPEYHOro Ay Is the effective cross-section area in

nepepizy, BU3HAYA€eThes BiAmoBiaHo 10 4.3(3);

ey — BIAXUJIEHHS LHEHTPY TSDKIHHS

TUTOIIT Ay
He#TpanbHoi oci quB. 4.3(3);

e(eKTUBHOT BITHOCHO

Mg, —po3paxyHKOBE 3HAU€HHsS JiI0YOrO

3TMHAJIbHOTO MOMCHTY,

Ng, —PpO3paxyHKOBE 3HAU€HHs  JII0YOl
HOPMaJIBHO1 CHJIH;

W, —npyxHuii MOMEHT onopy
edekTuBHOTO 1epepizy, auB. 4.3(4);

VYmo  —4acTKOBHH Koe]ilieHT Oe3MeKHu, IUB.

EN 1993-2 — EN 1993-6.

Mpumitka. ®opmyna (4.14) niist mepeBipKH CTHCHYTHX
CIIEMEHTIB KOHCTPYKIi Ta EJIEMEHTIB, IO 3a3HAIOTh
JIBOOCHOBOTO 3THHAHHI, MOXXE OYTH IepeTBOpeHa Ha
HACTYIIHY:

accordance with 4.3(3);

ey is the shift in the position of neutral
axis, see 4.3(3);

Mg, isthe design bending moment;

Ng, Is the design axial force;

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

Yuo 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, = f NEd + M y,Ed + NEd +ey,N M 2ed T NEd Eez,N <10, (4.15)
yM 0 yM 0 yM 0
Myed Mzed  —pO3paxyHKOBI 3HAYCHHS Myes Mzeq  are  the design  bending

MIIOYMX 3TAHAJIBHUX MOMEHTIB  BIIHOCHO
BIIMOBIAHKUX OCEU y—) 1 Z-Z,

€Nt &N — BIIXWJICHHS BiTHOCHO
BIJINOBITHOT HEUTPAITBHOT OCI.

(2) iz edexriB HaBaHTaskeHHs M, 1 Ny,
NOBUHHA BUKOPHCTOBYBATUCS B PO3PAaXyHKY
2-T0 TIOPSIZIKY.

(3) Jns mamemi
CTIMKOCTI  IUIACTUHU

nepeBipka  MICIIeBOT
BUKOHYETbCA  JUIA

moments with respect tg—y and z—z axes
respectively;

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

(2)  Action effectsM_, 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 HANpYXEHHS Ha BiICTaHi
0,4a a6o 0,5b (aiimenie 31 3HA4YCHB) BIA
Kpalo TaHeni, Ji¢ BUHUKAE HaiOuIbIIe
HanpyxkeHHs. B maHoMmy Bumanky HeoOXigHa
mepeBipka HECy4dol 3JaTHOCTI IOMEPEYHOTrO
nepepizy OpyTTo Ha Kparo IUIACTHHH.

5 HECYYA
3CYBI

3JATHICTD IIPH

5.1 3arajbHi MoJI0KeHHA

(1) TIlpaBunma 1BOro  pO3AULY  IIOJO
BU3HAYCHHA HECY4Oi 37aTHOCTI MHpU 3CYBI
€JIEMEHTIB TUIACTUH 3 BpaxyBaHHSIM BTpPaTH
CTIMKOCTI TIpU 3CYBI 3a TPAaHUYHUMH CTaHAMH
CIpaBeJIMBI 32 HACTYITHUX YMOB:

a) maxeni TUTACTUH MaloTh Oytu
OPSIMOKYTHUMH a00 3 OOMEXKEHHSIM KyTa
naHesni 3rigHo 2.3;

D) HasBHI eneMeHTH >KOPCTKOCTI MPOXOJSTH B
M03/I0BXKHBOMY 1 MONIEPEYHOMY HampsMi abo B
000X HampsIMax;

C) oTBOpH ab0 BUpi3u HeBenuKi (nuB. 2.3);

d) enmeMeHTH KOHCTPYKIIiI MarTh MOCTIHHHN
MOTIEPEYHUI mepepis.
CJICMEHTIB

(2) Mo
72

KOPCTKOCTI 3 BimHomenusm h,/t>—[F i

IUIACTUH 0e3

4 INIACTHH 3 CIICEMCHTaAMH )KOpCTKOCTi 3

Binnomennsm  h,/t> 31 F3 EI/E [IOBUHHA
n

BUKOHYBaTHCh IEpeBipKka HECydoi 31aTHOCTI
opu  3CyBi 1 Ha oOmopax MaioThb OyTH
nependaveHi noTepeyHi €JIEMEHTHU
AKOPCTKOCTI,

ne (where) e =

Mpumirka 1. hgus. va puc. 5.1,a mma k — nus
5.3(3).
Mpumitka 2. /) BusHauvaerscs B HarioHambHOMY

nomatky. 3nHaueHHs /] =1,20 pexoMmeHIOBaHE IS

Mapok crami jgo S460. [ns BUmMX Mapok craii
peKOMeHayeThes 3acTocoByBaTh /] =1,0.

5.2  Po3paxyHOK HecCy4oi 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 (s8¢ 2

d) members are of uniform cross section.

(2)  Plates withh,/t greater than7—2Q
n

for an unstiffened web, oﬂ@ﬁl/kj for a
n

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

235

f, [H/MMZ]

NOTE 1: h, see Figure 5.1 and fdc_ see 5.3(3).

NOTE 2: The National Annex will defingy. The value

n =1,20 is recommended for steel grades up to and
including S460. For higher steel gradegs=1,0 is
recommended.

5.2  Design resistance
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(1)  [Jns criHok 0€3 eJIeMEHTIB )KOPCTKOCTI (1) For unstiffened or stiffened webs the
1 3 eIeMeHTaMH >OPCTKOCTI PO3PaXyHKOBE design resistance for shear should be taken as:
3HAYeHHsT HECy4oi 3JaTHOCTI Ha  3CYyB

BHU3HAYAETHCS 32 (POPMYIIOIO:

nt,,t, @
V.. =V _ +V_ _ < Y (5.1)
bRd bwRd bf,Rd !
V30,
Jie CKJIaJI0Ba HECY4Oi 3[aTHOCTI CTIHKU: in which the contribution from the web is
given by:
_ X Oy, O [
Vourd ——\/_ : (5.2)
3
CknamoBa Hecydoi 37aTHOCTI HOSCIB Vi pg and the contribution from the flang&%; ., is
BHU3HAYAETHCS 3riHO 5.4. according to 5.4.
(2)  Enementu HKOPCTKOCTI MMOBUHHI (2) Stiffeners should comply with the
BigmoBimatu BuMoram 9.3, 3BapHi IIBHU requirements in 9.3 and welds should fulfil the
HEoOX1THO BUKOHYBATH BiqnoBimaHo 10 9.3.5. requirement given in 9.3.5.
by e
e
A
nw | |
t
—_‘- II :
! . !
IMapamerpu morepeYHoro a) 6e3 eeMeHTIB b) 3 skopcTKOIO OMTOPHOIO C) 3 THYYKOIO OITOPHOIO
niepepizy YKOPCTKOCTI Ha O110pi; YaCTUHOIO; YaCTUHOIO
Cross section notations a) No end post b) Rigidpsrsd ¢) Non-rigid end post
Pucynoxk 5.1- KOHCTpYKTHBHI pillIeHHS OTIOPHUX YaCTHH OaoK
Figure 5.1- End supports
5.3  Hecyua 31aTHiCTh CTiHKH 5.3  Contribution from the web
(1) VY criHkax 3 MONEPEYHUMH CICMCHTAMHU (1) For webs with transverse stiffeners at
KOPCTKOCTI TUTbKH HAa OMOPAax i JUIsl CTIHOK 3 supports only and for webs with either
OPOMDKHUMH TIOTIEPEYHUMH 1 TO3I0BXHIMHU intermediate  transverse  stiffeners  or
eIEeMEHTaMHM  KOPCTKOCTI  abo mpu  iX longitudinal stiffeners or both, the factqr,
OAHOHACHIM — yCTAHOBUL  TpH  BU3HATCHHL for the contribution of the web to the shear
HeCydoi 3jaTHOCTI KoediuieHT Y, IO buckling resistance should be obtained from
BpaxoBY€ BTPATy CTIHKOCTI CTIHKH MpPHU POOOTI Table 5.1 or Figure 5.2.

Ha 3CYB, TOBHHEH BU3HAYATHUCS 3T1IHO TAOIHUII

5.1a6o puc. 5.2.
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Tabmuusa 5.1 — KoediuieHT ), Mpu BU3HAYCHHI HECYYOl 30aTHOCTI CTIHKM HPH BTPATi CTIHKOCTI

IpHU 3CyBi
Table 5.1 — Contribution from the wely,, to shear buckling resistance
’KopcTka onopHa yacTuHa I'myuxa onopHa yacTHHa
Rigid end post Non-rigid end post
Aw<0,83n 7 n
0,837 < Aw< 1,0¢ 0,83 A 0,83 Aw
Aw=108 1,37/( 0,7+ Au) 0,83 Aw

Mpumitka. [lus. 6.2.6 EN 1993-1-1.

(2) Ha pucynky 5.1 HaBemeHi pi3Hi
KOHCTPYKTUBHI DIIICHHS ONOPHUX YacTHUH
Oanox:

a) 0e3 eNeMEHTIB JKOPCTKOCTI Ha Omopi
(muB. 6.1(2),Tun ¢);

D) 3 KOpCTKOIO  OMOpPHOIO  YACTUHOIO
(muB. 9.3.1); wmei  BUMAZOK  TaKOX

3aCTOCOBYETbCSA ISl TAaHENeH B MPOMDKHIN
omopi 6araronmpoIbOTHOT OANKH;

C) 3  THYYKOIO  ONOPHOI  YacTUHOIO
(muB. 9.3.2).
(3) YMOBHa THYYKICTh CTIHKH jw, 110

HaBeJeHa B Tabmuni 5.1 1 Ha pucyHky 5.2,
MMOBUHHA BU3HAYATHCSA 32 (HOPMYIIOIO:

- fow
A, =076 |
TCI’

ne (where) T

cr

Mpumirka 1. 3pavenns o, u Kk Moxyrs Oyru

HaBEJICHI B IOMATKy A.

Ipumirka 2. TTapamerp THYYKOCTI CTIHKH A, O
ONOPHOI YacTWMHH MOXe OyTH BH3HA4YCHHH 3a
¢bopmynamu:

a) I ONMOPH TUIBKM 3 TIONIEPEYHHMH €lleMEHTaMH
KOPCTKOCTI

A=

b) s onopu 3 nonepeyHUMH eTEeMEHTAMU JKOPCTKOCTI
i TPOMIKHHUMH TIONIEPEYHHMHU ab0  ITO3JOBXKHIMH
eJIeMEHTaMH >KOPCTKOCTI abo 3 TMMH 1 IHIIMMHU TIpH X
OTHOYACHIN yCTaHOBII:

A=

ne kr —HallMEHIIIE 3HA4YCHHS KoeQillieHTa, IIo
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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;

c) Non rigid end posts see 9.3.2.

(3) The slenderness parame?ey in Table
5.1 and Figure 5.2 should be taken as:

(5.3)

=k, [0, (5.4)

NOTE 1: Values for . and k. may be taken from
Annex A.

NOTE 2: The slenderness paramet_daz may be taken
as follows:

a) transverse stiffeners at supports only:

h
— (5.5)
86,401 (&

b) transverse stiffeners at supports and interatedi
transverse or longitudinal stiffeners or both:

h
— (5.6)
37,40k,

in which k_is the minimum shear buckling coefficient



BpaxoBy€e BTPATy CTIHKOCTI CTIHKM ITaHeNi Hpu poOoTi
Ha 3CYB.

Mpumirka 3. [ ma"eneil 3 THYYKUMH TTOTIEPEYHUMHE
eJIeMEHTaMU KOPCTKOCTI TaKOXK JIOTaTKOBO
BCTAHOBJIIOIOTh ~ JKOPCTKI ~ TIOMEPEYHI  EJIEMEHTH

xKopcrkocti. B mpomy Bumagky K npuiiMaerscs

HalMEHIINM 13 3Ha4Y€Hb JUIA CTIHKHU IMaHeleld MK JBOMa
OyIb-KUMHU TIONEPEYHUMH CIIEMCHTAMHU KOPCTKOCTI

(manpukmax, a,xh i a,xh) i mia nmanenmeid mix

JIBOMa JKOPCTKUMH E€JIEMEHTaMH JKOPCTKOCTi, IO
MICTATh THYYKI IIONEPEYHi E€JIEMEHTH YKOpPCTKOCTI

(manpuknan, a, xh ).

Ipumitka 4. Koperki Mexi naneneil mpuiMaroThCs,
SIKIIO TI0 KPasiX 3HAXOJATHCS IOSICH 1 5KOPCTKI €IEMEHTH
KOpPCTKOCTI. B IIbOMYy BHIAIKy pO3paxyHOK BTpPaTH
CTIMKOCTI TIpM 3CyBI MOXKE€ BHUKOHYBATHCS VISl IaHENI
MDK JBOMa CYCIIHIMH IIOINEpEeYHHMH €JIeMEHTaMH

opcTKocTi (Hanpuknan, a x h na puc. 5.3).

Mpumitka 5. [Ipr THYYKHX NHONEpeYHHX e€JIEeMEHTaxX
’KOPCTKOCTI HaliMeHIIe 3HayeHHs K J0mycKaeThecs
BH3HAYaTH IIPU PO3PaxyHKaX BTPATH CTIHKOCTI TaKUM
YHHOM:

1) KOMOIHAIlisl 3 IBOX CYCIJHIX MaHeJed CTIHKH 3
OJTHMM THYYKHM ITONIEPEYHUM EIEMEHTOM >KOPCTKOCTI;

2) KOMOIHAIIiS 3 TPHOX CYCIJHIX IaHeJeH CTIHKH 3
JBOMa  THYYKAMH  [IONEPEYHHMH  €JIEeMEHTaMH
KOPCTKOCTI.

lomo Bu3Hauens K nuB. nomatox A.3.

(4) [lpn Bu3HaueHHi K. MoMmeHT iHepiil
IUTOII TO3JJ0BXKHBOTO €JIEMEHTY >KOPCTKOCTI
Mae Oyru 3MeHmeHuid Ha 1/3 ¥ioro aiiicHoTO
3HaueHHA. Y ¢opmyai s BH3HAueHHS K.

OpURMAETbCA 1€ 3HIDKEHHS 3rimHo 1m. A.3
(momarox A).

JCTY-H b EN 1993-1-5:20X

for the web panel.

NOTE 3: Where non-rigid transverse stiffeners are also
used in addition to rigid transverse stiffeneks, 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 stiffieng.g.
a, xh).

NOTE 4: Rigid boundaries may be assumed for panels
bordered by flanges and rigid transverse stiffernEng
web buckling analysis can then be based on thelpane

between two adjacent transverse stiffeners (@.g.h,
in Figure 5.3).

NOTE 5: For non-rigid transverse stiffeners the
minimum valuek 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 determirle 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 fork, taking this reduction into
account in A.3 may be used.
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1,3

1,2
3 -{,1 \\

1 \\
0,9
. \\ il
0,7

, ~J

Zw 0,6 §
0,5 P
) —
0.4 NZ\ -_.‘-‘-—-_
03 'ET/ T
=]

0,2
0,1

0

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
1 —:KopcTKA OMOPHA YaCTHHA; 1 Rigid end post
2 —Ir'Hy4YKa ONOpPHA YACTHHA; 2 Non-rigid end post
3 —30Ha peKOMEHI0BAHUX 3HAYEHB 11 /] 3 Range of recommended}

Pucynok 5.2- Ilapamerp Y, BTpaTH CTIHKOCTi IPH 3CyBi
Figure 5.2- Shear buckling factoy,

5) [Hdns CTIHOK 3 MO3/I0BKHIMU (5) For webs with longitudinal stiffeners
CICMCHTAMU KOPCTKOCTI yMOBHA TIHYHYKICTb the slenderness parametdy in (3) should not
Aw y (3) moBuHHA IPUHMATHCS HE MEHIIIEC HDK be taken as less than
/]_ = L (5.7)
Y374k,
B mpomy Bumaaxy h, 1 K, BimHOcAThCA mO where h,, and k; refer to the subpanel with
CeKIii 3 HAWOUTBIIOI YMOBHOIO THYYKICTIO Aw the largest slenderness parameter. of all
IPY PO3IJISAI CTIHKHY TTaHEINi BCIX CEKIii. subpanels within the web panel under
consideration.
IMpumirka. Jlng pospaxysky K. Bu3HaueHHs, HaBeJeHE NOTE: To calculatek, the expression given in A.3
B A.3, nomyckaerscs BukopuctoBysatu 3 K =0. may be used wittkk _ = 0.
A
11 1 h, - i
e ™ N N ’ )
h, 156t
s !
|~ I Z
( 2/ +-B ) h,
a, a, a,
- - o -
(@) (b)
1 —:kopcTKMii monepeYHHii eJJeMeHT KOPCTKOCTI; 1 Rigid transverse stiffener
2 —N0310BKHiil eJIEeMEHT JKOPCTKOCTI; 2 Longitudinal stiffener
3 —rHy4YKHii monepevYHMii eJIeMEHT KOPCTKOCTI 3 Non-rigid transverse stiffener
Pucyno CriHKa 3 TIOTIEPEYHUMH 1 TIO3/I0BXKHIMU €JIEMEHTaMU
K " JKOPCTKOCTI

Figure 5.3-Web with transverse and longitudinal stiffeners
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5.4

(1) Komm po3paxyHKOBUI  3THHAIbHUIA
MOMEHT, IO /i€ Ha TMOSCH, HE BIINOBifae
PO3paxyHKOBOMY 3HAYEHHIO HECY4Oi 3JaTHOCTI1
MosiciB  Ha 3TMH TpU  BTpaTi  CTiMKOCTI
Mgy <M g4, CKIAZOBY HECy4oi 3JaTHOCTI

Hecyua 31aTHicTh nosiciB

MOSICIB MOYKHA BU3HAYUTH 32 POPMYIIOI0:

JCTY-H b EN 1993-1-5:20X
5.4

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

the flanges should be obtained as follows:

Contribution from flanges

2
— bf [ﬂ? nyf _ MEd
bf,Rd — 1 y
c:llel M f,Rd
(5.8
)
b, i t, — mnpuiimMaroTbcss UIs TOSICY, SKUH b, andt;, are taken for the flange which

3abe3rneuye HaliMEHIITy OChOBY MILIHICTB;
b,

KOXXHOI CTOPOHH CTIiHKH;

— npuiiMaetbes He Oinbine 156 [, Bin

— pO3paxyHKOBE 3HAUYEHHS HECy4oi 3JaTHOCTI
MOTIEPEYHOT0 Tepepi3y MOSCIB 32 3rUHAIBHUM
MOMEHTOM pu BpaxyBaHHI TUTBKH

e(EKTUBHUX ILIOIII MOSCIB
c= { 025+

16b, 7 [T,

provides the least axial resistance,

b; being taken as not larger thabe [,
on each side of the web,
- M fk
yMO

is the moment of resistance of the cross
section consisting of the effective area of the
flanges only,

j |

t Chy,

(2)  Sxwmo Takox aie ocvoBe 3ycmmast Ng,, (2) When an axial forceN., is present,
To 3HadeHHds M,  3MeHmylOTh 32 the value of M., should be reduced by
JOTIOMOT OO0 KoeiIlieHTa: multiplying it by the following factor:
1-— Neg (5.9)
(A * AL O,
Ymo

ITpu pomy A;; 1 A;, € BIANOBIAHO IJIOLIAMH

BEPXHBOTO 1 HIPKHBOTO TOSICIB.

5.5 IlepeBipka minHoOCTI
(1) TIepeBipky MiTHOCTI HPOBOISATH 32
bopmynoro:

3=

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

5.5  Verification
(1) The verification should be performed
as follows:
Vea <10 (5.10)
Vb,Rd
whereV,, is the design shear force

ne Vg, —PpO3paxyHKOBE 3HAYEHHS MIONEPEYHOL
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CHJIU TIPH 3THHI 13 3aKpY4yBaHHSIM.

6 HECYYA 3JJATHICTH CTIHKH
ITPU JIOKAJIBHUX HABAHTAKEHHAX

6.1 3arajbHi MoJI0KEeHH

(1)  PoszpaxyHOK Hecydol 3AaTHOCTI CTIHKH
NPOKAaTHUX 1 3BapHUX OallOK TOBHHEH
BUKOHYBaTHCA 3rimHo 6.2 3a ymoBH, WIO
CTUCHYTUH TMOSIC PO3KPIIUIEHUH Big OIYHOTO
3MIIICHHS.

(2)  3acrocoByroTh HACTYIHI THITH
NPUKIIAIAHHS HABAHTAXKCHHSI:

a) 3 mepenaycro JOKAIbHUX CWJI Ha CTIHKY
yepe3 onopHuit auct nosicy (puc. 6.1,a);

b) 3 mepenmauero cui depe3 CTIHKY 3 OJHOTO
OTIOPHOTO JIMcTa Ha iHmui (nuB. puc. 6.1, b);

C) yepe3 OMNOpPHUI JUCT Ha omnopi 0Oe3
eNIeMEeHTIB JopcTKocTi (puc. 6.1,c).

(3) s xopoOuactux OaloK 3 MOXHIUMH
CTiHKaMH Mae OyTH TepeBipeHa Hecyya
3IATHICTh K CTIHKH, Tak 1 mosicy. BpaxoBani
BHYTPIIHI ~ 3yCWJUIA €  KOMIIOHEHTaMHu
30BHIMIHIX HABAHTAXKEHB, BIAMOBIAHO IIFOYAX
B IJIONIUHI CTIHKH 1 MOSICY.

(4) HeoOximHO BpaxoBYBAaTH CHUIBHY IO
JOKaJIbHOTO  HABAaHTAXCHHs, 3TUHAIBHOTO
MOMEHTY 1 OCbOBOI CWJIM MpH IepeBipKax
3rijHo 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.

Turm (a) T (b) Tum (C)
Type (a) Type (b) Type (c)
2 o A
' | _ ! | |
L Thes e [ 1 B e
| | |

1

k =35+ z[&jz
a

2
ke :2+6(Sshﬂ <6

Pucynoxk 6.1- KoeoimienTu BTpaT CTIMKOCTI UL pI3HUX THUIAX NMPUKIAJaHHS HaBAaHTaKECHHS

Figure

6.2 Po3paxyHOK Hecy4oi 31aTHOCTI

(1) PospaxyHox Hecy4oi 3aTHOCTI st

CTIHOK 3 €JIEMEHTaMH XKOPCTKOCTI a00 0e3 HUX

40

6.1- Buckling coefficients for different types of loaggication

6.2  Design resistance

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



MpU MICIEBI BTpaTi CTIHKOCTI MiJ] BILTUBOM
JIOKAJIbHOTO HAaBAHTA)XCHHS BHUKOHYIOTH 3a
HACTYITHOIO (hOPMYIIOIO

Fra =
ae:
t, — TOBILUHA CTIHKH,
f,n  —Meka TeKydoCTi MaTepiany CTiHKH,;
L.s —edexTuBHA NOBXKHMHA IPU BU3HAUCHHI
HECy4oi 3JaTHOCTI  CTIHKM, Wi €0

NOMCPCYHUX JIOKAJIbHUX HABAHTAXKCHbL, sKa
BHU3HAYAETHCS 32 (HOPMYIIOIO

fyW |:Leff |:ﬂw
Vw1
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transverse forces should be taken as

(6.1)
where:
t, is the thickness of the web;
f. isthe yield strength of the web;

L is the effective length for resistance to

transverse forces, which should be determined
from

L = Xe O, (6.2)

ae:

|y —edexkTBHA JOBXKHMHA MPUKIAIaHHS

HaBaHTAXXEHHsI, BU3HAUYeHa B 6.5, mpuiiMaeTbes
0 JIOBKUHI PO3MOJIUTY 3yCHIIIS Ha TOSAC Yepe3
’KOPCTKI ONOPHI €IEMEHTH S, IUB. 6.3;

Koe(illieHT, 110

BpPaxoBYy€ MiCLIEBY BTpaTy CTIHKOCTi CTIHKH,
uB. 6.4(1).

Xe  — IOHIKYIOYHM

6.3 JloB:KMHA PO3MOJiJy HABAHTAKEHHS
HA MOosIC

(1)  [JdomxwuHa po3nonily HABAaHTAXKCHHS Ha
HosC S, 4epe3 JKOPCTKI OMOPHI €IEMEHTH, IO
AKii  BigOyBaeThCsl Tmepenaya JIOKAJIbHOTO
HaBaHTAXKEHHS  Ha  MOsiC, MPUHMAETHCA
BIINOBIAHO 110 puc. 6.2. [{ro moBxkuHY Mpu

NPUKIAJaHHI ~ HABAaHTAXEHHS  HA  TIOSC
OPOKaTHUX 1 3BapHUX  OaJloOK  MOXKHA
pO3paxoByBaTH MO  KYTY  PO3IMOJAUICHHS

HaBaHTaxeHHA AK 1:1. 3HadyeHHsA S, NMOBUHHO

npuiiMatucs He Oinbie h,.

(2)  Sxmo mekinbKa OKPEeMUX HaBaHTAKEHb
ONMM3BKO PO3TALIOBAaHI OJUH 1O OJHOTO, TO
Hecydy 3JaTHICTh BU3HAUYAIOTh 5K JUIS KOXKHOI
OKpeMoi  cuWiM, Tak 1 I  BCHOTO
HAaBaHTaXEHHA S, 3 CUJOIO, IIPUKIAJCHOIO B

CepelrHl  JOBXHHM  MDK  30BHINIHIMH

HaBaHTaXCHHSIMMU.

where:

l, is the effective loaded length, see 6.5,

appropriate to the length of stiff bearirgy,
see 6.3;

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

6.3 Length of stiff bearing

(1) The length of stiff bearings, 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,,.

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

centre distance between the outer loads.
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Pucynoxk 6.2- JloBxHHA pO3MOIUTY HABAaHTAKEHHS Ha TOSIC
Figure 6.2— Length of stiff bearing

(3) Skmo mepemaua HaBaHTaKEHHS Ha (3) If the bearing surface of the applied
CTIHKY BiZIOyBa€ThCsl HE Uepe3 yCIO MOBEPXHIO load rests at an angle to the flange surface, see
ONIOPHOTO JIMCTa, @ I KyToM B Mici Figure 6.2,s, should be taken as zero.
NpUKIaJaHHs HaBaHTAXEHHs (AMB. TIpaBy

yacTMHYy puc. 6.2), TO, SK OpaBUIIO,

npuiiMaiots S, = 0.

6.4 Ilonmxywunii koedimieHT Y. AIA 6.4  Reduction factor y. for effective

e(peKTUBHOI JOB:XKMHHM TPH BHU3HAYEHHI length for resistance

HeCY40i 31aTHOCTi

KoeQiIieHT Xe (1) The reduction factory. should be
obtained from:

(1) ToHmxkyrouwmii
BHU3HAYAETHCS 32 (POPMYIIOIO:

_05

Xe ==—=<10 (6.3)
F
— |, 8, CF
e (where) A= [ (6.4)
FCF
t3
F. = 09Kk EIEEW. (6.5)
(2) Koeodiuienr k. s criHok  0e3 (2) For webs without longitudinal
TTO3I0BIKHIX elleMEHTIB JKOPCTKOCTI stiffeners ke should be obtained from
BM3HAYaOTh 3riHO 3 pHC. 6.1, Figure 6.1.
Ipumitka. B HanioHaapHOMY NOAATKY JOMYCKAETHCS NOTE: For webs with longitudinal stiffeners
BCTAHOBJIIOBATH BHMOTH JUis Bi3Hauenms K juis information may be given in the National Annex. The
. . i . following rules are recommended: For webs with
CTIHOK 3 TO3IO0BXHIMHU CICMCHTAMU JKOPCTKOCTI. . i A
PexoMeHIyIOTbCS HAcTyNHI TpaBWia: JJIsl CTIHOK. 3 longitudinal stiffenersk, may be taken as
HOB,HOB)KHiMI/I CIIEMEHTaAMHU )KOpCTKOCTi 3HA4YCHHA kF
JOITYCKA€ThCA BU3HAYATH 3a (bOpMyJ'IOIO
2
k. =6+2 M| +| 5242 021| /), (6.6)
a a
ne b —Bucora HABAHTAXEHOT CeKILi], where b, is the depth of the loaded

OpURMAETbCA K BIICTaHb Yy MPOCBITI MDK
HAaBaHTAKEHUM  MOSICOM 1 €JIEMEHTOM
AKOPCTKOCTI;
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subpanel taken as the clear distance between
the loaded flange and the stiffener



y,=109—1 <1

h, I,

ne |y, —MOMeHT iHepuii IOl eJIeMEHTY

KOPCTKOCTI, L0 3HAXOJUTHCS HaOmmK4e 10
HaBaHTAKEHOTO nosicy, BKJTIOYAIOYH

MPUMUKAIOY1 TUISTHKY CTIHKH 3TiAHO 3 puc. 9.1.

®opmyna (6.6) cipaBepmBa st

JCTY-H b EN 1993-1-5:20X

_} +21<{o,3—5} (6.7)
h, a

wherelg, isthe second moment of area of

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

Equation (6.6) is valid for

005< 2 <03 1a (and) 2 < 03
a h,

1 MPUKJIaJaHHS HaBaHTAXCHHsS 3a THIOM (a)
3rijiHo 3 puc. 6.1.

(3) |, Bu3HAuaroTh 3rigHo 3 6.5.

6.5 E¢dexTBHa 10BKMHA NPHUKJIAAAHHSA
HABAHTAKEHHS HA CTIHKY

1) EdexrtuBHa g0OBXKMHA MpUKIAJaHHS
HaBaHTAKECHHsS Ha CTiHKy |, po3paxoByeThcs

13 3aCTOCYBaHHSAM O€3pO3MIpHUX IMapaMeTpiB

m im,:

nl:

m, = 0,0{t&j axmo (i) A >05

f

m, =0
VYV xopobwacTux Oanmkax 3HaueHHA D, y
dopmyni (6.8) oomexyrore no 156, Bix

KO’KHO1 CTOPOHHU CTIHKH.

(2)  Jns Bunankis tuny (a) i (b) Ha puc. 6.1

|, BU3HAUaIOTH 32 HOPMYJIOIO:

l, = s + 2t (1+,/ml+mz), mpu (but) |, <a

|, He mepeBuIye BiACTaHh MDK CYCIIHIMH MTOTIEPEYHUMH €IIEMEHTaMH )KOPCTKOCTI

y

¢ by
i

and loading according to type a) in Figure 6.1.

(3) |, should be obtained from 6.5.

6.5  Effective loaded length

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

(6.8)

w

(6.9)

sxuo (f) . <05

For box girdersh, in equation (6.8) should be
limited to 15¢ [f; on each side of the web.

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

(6.10)

|, <a distance between adjacent transverse stiffeners,

3) Jns Bunaaky tany () |, Bu3HagaroTh

K HaWMEHIIe 3HAa4YCHHs, BH3HA4YCHC IIO

dopmynax (6.11), (6.12) (6.13):

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

smallest value obtained from the equations
(6.11), (6.12) and (6.13).
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2
I
1, =1, +t, ﬂ{—ej +m, (6.11)
2 |t
l, =l +t;yym+m, (6.12)
2
Ie:msss+c (6.13)
2f,, th,

6.6 IlepeBipka Hecy4oi 37aTHOCTI

(1) IepeBipka Hecy4oi 34aTHOCTI CTiHKH
MpU MICIEBI BTpaTi CTIAKOCTI MiJ] BILTUBOM

6.6 Verification

(1) The verification should be performed
as follows:

JIOKaJIbHOTO HaBaHTa)KCHHS MOBUHHA
BUKOHYBATHCA 32 (HOPMYJIOI0:
n, =#S10, (6.14)
fow ey [,
Vw1
ae: where:
Fey —po3paxyHKOBe 3HAYEHHS JOKAJIbHOI'O F, Is the design transverse force;
HaBaHTaKCHHS,
L.s —edexTuBHA NOBXKHMHA IPU BU3HAUCHHI L Is the effective length for resistance to

HECy4oi 3JaTHOCTI CTIHKM TIO JIOKAJIBHHX
HABAaHTAXXEHHAX BIAIOBIIHO 110 6.2;

t, — TOBIIIMHA JIUCTA.

7 B3AEMOAIA 3YCIJIb

7.1 B3aemonis nonepevYHol CHJIN,

3rHHAJBLHOT0 MOMEHTY i 0CbOBOI CHJIH

(1) 3a ymoBwu, mo ITSS 05 (muB. HIKUE),

pO3paxyHKOBa  Hecyya  3JaTHICT  JJIs
3TUHAJIFHOTO MOMEHTY 1 OChOBOi  CHIIH
npuiMaloThesi 06€3 3MIH 3 ypaxyBaHHSIM

nonepeyHoi cunu. Skmo 77, > 05, To BIIMB

B3a€MO/Iii 3rMHAJILHOTO MOMEHTY 1 IOTIepeYHOi
CHJIM B CTIHLI JBOTaBPOBUX a00 KOPOOUACTHUX
0aJOK MalOTh BiAMOBIIATH YMOBI:

— (™ _ M
,71{1—%} e, -1 <10 mpu 7, 2 S

pl,Rd
Pl (M
M {rg — DPO3pPaxXyHKOBE 3HAYEHHS HECYydoi
3JaTHOCTI HA 3TMH B IUIACTHYHINA crafil
nepepizy, IO CKIAJaeThCs 3 e(PEeKTHUBHOT
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transverse forces, see 6.2(2);

t is the thickness of the plate.

w

7 INTERACTION

7.1 Interaction between shear force,

bending moment and axial force

(1)  Provided thaty, (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. I}V3 is more than

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

(7.2)

plL,Rd
where:

M qqs is the design plastic moment of

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



IUIOII(] ITOSICIB;

M ke — PO3PaxXyHKOBE 3HAYCHHS HECYdOi

3JaTHOCTI HA 3TMH B IUIACTHYHINA cramil
MOTIEPEYHOTr0 Tepepidy, M0 CKIANAEThCI 3
e(eKTUBHOI IJIOUI MOSCIB 1 IUIOIII Tepepizy
CTIHKHM HE3aJIe)KHO BiJ KIIacy mepepisy;

JlonatkoBo MaroTh OyTH BHUKOHAHI BHUMOTHU
nyHKTiB 4.615.5.

Bkaszani yMOBH MOBUHHI BPaxOBYBaTHCS IS
€JIEMEHTIB KOHCTPYKIIA MpHU CTAaTUYHOMY
PO3paxyHKy 2-TO MOPSIIKY, SIKIIO 1€ AOIUTBHO.

(2)  VYwmoBu, Bkazani B (1), matorh OyTH
nepeBipeHi Al BCiX IMepepi3iB, OKpIM MiCIb
NPUKIAJaHHs  JIOKAJIBHOTO  HAaBaHTAXKCHHS,
pO3TaNIOBAHOIO Ha Bincrani menme ik h,/2
BiJl ONOpPH 3 BEPTHKAIBHUMH EJIEMEHTaMu
KOPCTKOCTI.

3) Po3paxyHkoBe  3Haue€HHS  Hecydol
3MATHOCTI Ha 3TUH M ; p, y MIacTu4Hii cramii
poboTu Moke OyTH TNPUHHATO 32 MEXEIo
TEKy4ocTi 1O e(eKTUBHIM TmIomi moscy 3
HallMeHITUM 3HAYeHHAM BIZIHOIIICHHS
A f,/Vuo 1BincTani Mk HEHTpaMHU TAKIHHS

MOSCIB.

(4) Sxmo ngie oceoBa cmiaa  Ng,, TO
sHauenus M .y 1 Mg, wmatwoTh OyrH

3MeHIIeH] BianoBigHo a0 6.2.9 EN 1993-1-1
5.4(2). SIkmo och0Ba CHila HACTUIBKH BEIIMKA,
110 BCSI CTIHKA € CTUCHYTOIO, TO 3aCTOCOBYIOTh
7.1(5).

(5) Tlosicu xopoGuacTux OaloOK MarwTh OyTH
nepeBipeHi 3rigo 3 7.1(1), npuiimaroun
M re =0, 1 Ty, mpuiimMacTbca K CEpEIHE
3HA4YCHHS HANpPY)KEHHS MPH 3CYBI B MOCI, sIKE

Mae oyt HE MEHIIIE MOJIOBUHU
MaKCHMaJbHOTO HANPYKEHHS 3CYBY B IOSCI; B

[IbOMY BHIIQJKy JUIi /], 3aCTOCOBYIOTH /],
3rijno 3 4.6(1).JlonaTkoBo cekilii MaroTh OyTH

nepeBipeHi, BUKOPHUCTOBYIOUH CepeaHe
3HA4YCHHsl HANPYKEHHS IMpH 3CYB1 y Cekuii i

JCTY-H b EN 1993-1-5:20X

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.

VEd

bwRd

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 tham /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 f, /y,,, and the

distance between the centroids of the flanges.

(4) If an axial forceNg, is presentM 4
and M o, should be reduced in accordance

with 6.2.9 of EN 1993-1-1 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) takingM ; ., = @nd 7,
taken as the average shear stress in the flange
which should not be less than half the
maximum shear stress in the flange apds
taken asy, according to 4.6(1). In addition the
subpanels should be checked using the average
shear stress within the subpanel ang,
determined for shear buckling of the subpanel
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MOHWXKVIOUMN KoehIlieHT , BU3HAYCHUU
w

3riiHo 3 5.3 3 ypaxyBaHHSIM BTpPaTH CTIMKOCTI
CEKIii, 3a HAsBHOCTI >KOPCTKUX TMO3I0BKHIX
€JIEMEHTIB KOPCTKOCTI.

7.2 Bsaemopis nomnepevYHoi CHJIN,
3rHHAJBLHOT0 MOMEHTY i 0CHOBOI CHJIH

(1)  Sxmo Oanka HaBaHTa)KCHA
30CepeKEHUM JIOKAJIbHUM HAaBaHTaXCHHSIM,
JII0YMM Ha CTUCHYTHH TMOSC, IO MPAIIoe
OJIHOYACHO Ha 3TMH 1 OChOBY CHIIy, Hecy4a
3MaTHICT Mae OyTu mepeBipeHa 3rigHo 4.6 1
6.6 mpu JOTpUMaHHI HACTYITHOT YMOBH

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

7.2 Interaction between transverse
force, bending moment and axial force

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

n,+08n, <14 (7.2)

(2)  Skmio 3ocepemKkeHe HaBaHTAKEHHS JTi€
Ha PO3TATHYTHH MOSC, TO HeCcydy 3[aTHICTh
NEePEeBIPSIIOTH 3TiAHO 3 po3ainom 6. JlonaTkoBo

MarTh Oyru poTpumani mnpaBwia 6.2.1(5)

EN 1993-1-1.

8 BILUIUB IIOSICY HA BTPATY
CTIMKOCTI CTIHKHA

(1) Brpari MmicieBoi CTIHKOCTI CTIHKH B
MeKax TaHesl MepPeIIKoKAE CTUCHYTUH TosIC,
SIKIIIO TIOTPUMYEThCSI HACTYITHA YMOBaA

tW
ne:
A, —ImIoma  MOHEpeYyHOro  Iepepizy
CTIHKY,
A, —ecdexkTuBHa IIOMIAa  IONEPEYHOTO

nepepizy CTUCHYTOTO TOSCY;

h, — BHCOTA CTIHKH,

t, — TOBILMHA CTIHKH.

3HavyeHHs KoedinieHTa K 3aCTOCOBYETHCS:

— 1pu poboTi B mactuuHii cragii K = 0,3;

— mnpu poOOTI B MPYKHO-TIACTUYHIN cTajii
k=04,

— mpu npyxHii craaii podotn k= 055.

(2) Y 3irHytux Oankax, IO MaloTh
3aJIMIIKOBI IPOTHHH, B SIKUX CTUCHYTHH TOSIC

46

(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:

EA o

A, isthe cross section area of the web;

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

h, is the depth of the web;

t is the thickness of the web.

w

The value of the factok should be taken as
follows:

— plastic rotation utilizek = 0,3

— plastic moment resistance utiliz&d= 0,4

— elastic moment resistance utilizéd 055

(2) When the girder is curved in elevation,
with the compression flange on the concave
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3HAXOJIUTHCS HA YBITHYTIM CTOpOHI, MOBHHHA face, the following criterion should be met:

BUKOHYBAaTHCS HACTYITHAa yMOBA!

E [A
£\ A
t&:v—ﬂg (8.2)
o LA
3r Lf
e I —pajaiyc KpUBH3HU CTUCHYTOTO MOSCY. r is the radius of curvature of the
compression flange.
Ipumitka. B  HamioHanmpHOMY  JOJAaTKy — MOXe NOTE: The National Annex may give further

HABOIUTHECA JIONATKOBA iHGpOpMAIS IO TOACY, IO
BIUIMBA€E Ha BTPATY CTIHKOCTI.

9 EJIEMEHTH XOPCTKOCTI TA
IX TETAJIbHE BUKOHAHHSA

9.1 3arajbHi MoJI0KEeHHA

1) Y 1boMy po3/ii HABOJSATHCS MpaBUIIa
pO3paxyHKy  €JIEMEHTIB  JKOPCTKOCTI B
IIACTHHYACTUX KOHCTPYKITIfIX, SIK1 €

JOTIOBHEHHSM JI0 MPaBUJI 1O BTPATi CTIMKOCTI
IJIACTHH, HABEJACHUX B po3auiax 4 — 7.

Ipumirka. B HarioHansHOMY J0#aTKy MOXYTb OyTH
HaBE/ICHI JOJATKOBI BIMOTH JIO €JIEMEHTIB KOPCTKOCTI

Ta iX JAETaJbHOIO BUKOHAHHS IIPU OCOOJIMBUX BHIIAIKAX
1X 3aCTOCYBaHH.

(2) Komm mepeBipstoTh HeCydy 34aTHICTB,
IpU BTPaTi CTIHKOCTI TJIACTUH JIOIYCKA€ThCS
3aCTOCOBYBAaTH €(EeKTUBHUU Tmepepis OpyrTo
CTHUCHYTOTO  €JIEMEHTY JKOPCTKOCTI  IUTIOC
MPUMHUKAIOYl JUISHKA JINCTa Ha KOXKHIN
CTOPOHi €JIEMEHTY >XOPCTKOCTI LIMPUHOIO HE
Oubme  15&t,  Bukmowaroun  Oyab-sKi
JOJTAaTKOBI HAKJIAIKU CYMDKHUX €JICMCHTIB
xopctkocTi (puc. 9.1).

(3) HopmampHe 3ycwiuis B TOINEPEYHUX
€JIEMEHTAaX JKOPCTKOCTI 3aCTOCOBYIOTH SIK CyMY

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 application

(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 th5st 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

PE3yIbTYIOUOTO 3yCHILIS Bil 3CYBY resulting from shear (see 9.3.3(3)) and any
(muB.  9.3.3(3)) Ta  ycix  30BHINIHIX external loads.
HaBaHTAa>XCHb.
. 15 & v 15t . . 15t 15&t ,
11
<
7 % 2 W N 77/, 2522525
AT N A
MAS “HAS
N N

a7
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Pucynoxk 9.1- EdexTuBHMII HONEpeYHHIA IEpEpPi3 €IEMEHTY )KOPCTKOCTI

Figure

9.2 HopMmaJjbHe HANIPY:KEHHA

9.2.1 Minimanoni eéumocu 00 nonepeuHux
enleMeHmie HcopcmKocmi

(1) [dns cTBOpeHHS KOPCTKOi OMOPH JUIst
IUIACTUHM 3 TO3J0BXHIMHU  €JIeMEHTaMH
KOPCTKOCTI 260 0e3 HUX MPOMDKHI MOTepeyHi
€JIEMEHTH JKOPCTKOCTI MOBHMHHI 33J0BOJIbHATH
KPHUTEPiI0, BKa3aHOMY HUXKYE.

(2) TlomepeyHuit  emEeMEHT  IKOPCTKOCTI
HEOOXIJTHO PO3IJISAATH SIK MPOCTUH CTEPKEHb,
0 WIiAJAETbCS OIYHOMY HABaHTAXKCHHIO 3
MOYaTKOBUM BUKPHBIICHHSIM 3a

CHHYCOiNaNBbHO KpHBOK 3 W, = §/300, nes —

HaliMeHIIe 3i 3HaYeHb &, &, un b (puc. 9.2).

B npomy Bumagky @, 1 @, € JOBXHHAMHU
CYMDKHUX  MaHeJIed  JaHOTO  EJIEMEHTY
KOPCTKOCTI, a D sBIAETBCA BHCOTOK MIiK
[EHTpaMH TOsICIB  Oalku abo JIOBXKHUHOIO
MOTIEPEYHOr0  €JIEMEHTY KopcTKocTi. Lleit
EKCIIEHTPUCUTET TIOBHHEH BPaXOBYBATHCS B
MOAATBIIIOMY PO3PAXYHKY.

1 —nonepevyHHii eJIeMEHT *KOPCTKOCTI

9.1- Effective cross-section of stiffener

9.2 Direct stresses

9.2.1 Minimum requirements for transverse
stiffeners

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

(2) The transverse stiffener should be
treated as a simply supported member subject
to lateral loading with an initial sinusoidal
imperfection w, equal to §/300, where s is
the smallest ofa,, 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

Pucynoxk 9.2- IlonepeuHuii e1eMeHT KOPCTKOCT1

Figure

(3) [Tonepeynuii  eIeMEHT  KOPCTKOCTI
MOBUHEH CIPUAMAaTH 3YCWUIA BiA 3THHY
CYMDKHHUX CTUCHYTHX TaHEJel 32 yMOBH, KOJIU
o0uaBa CyMDKHI IIOTIEpEYHI EJIEMEHTH €
OJTHOYACHO JKOPCTKUMH 1 MIIHMMH OpU Aii
SIKOTO-HEOYb 30BHINIHROTO HABAHTAXKCHHS 1

0CBOBOT CHJIH 3TiAHO 3 mpuMiTkoro 10 9.3.3(3).

CrucHyTi maHenmi 1 TO3MOBXKHI E€JIEeMEHTH
KOPCTKOCTI PO3TJISAAIOTECS  SIK  IIAPHIPHO
NpUEAHAHI 70  TONEpPEYHUX  EJIEMEHTIB
AKOPCTKOCTI.

(4)  3a Teopierw po3paxyHKy 2-TO MOPSAKY
B IPYXKHIM cTaaii poboTu NMoTpiOHA TepeBipka

48

9.2- Transverse stiffener

3) The transverse stiffener should carry

the deviation forces from the adjacent

compressed panels under the assumption that
both adjacent transverse stiffeners are rigid

and straight together with any external load

and axial force according to the NOTE to

9.3.3(3). The compressed panels and the
longitudinal stiffeners are considered to be

simply supported at the transverse stiffeners.

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



3 ypaxyBaHHSM JIBOX HACTYITHUX KPHUTEPIiB,
10 33/I0BOJIBHSIOTH METOJHII PO3PaxXyHKY 3a
IPaHUYHUMH CTaHAMMU!

— MaKCHMaJbHE HamNpYKEHHS B EJIEMEHTI
KOPCTKOCTI HE TIOBUHHE IIE€PEBHILYBATH

fy/yMl;

— JI0/IaTKOBUM 3T'MH €JIEMEHTY KOPCTKOCTI HE
TIOBMHEH NepeBUILyBaTH 3Ha4enHs b/300.

(5) 3a BigcytHOCTI B MONIEPEYHOMY
€JIIEMEHTI KOPCTKOCTI OChOBOI1 cuiu, oOuIBa
kputepii B (4) [IOMyCKaeTbcs  BBaXKaTH
BUKOHAHUMH, SIKIIIO MOMEHT iHepIii
HONIEPEYHOTr0 E€JIEMEHTY >KOpcTKocTi | Oyne

HC MCHIIIC

_Um[b
Ist__

E

o
ne (where)g, =—=° E’\L—Ed(i +ij
o

cr,p a1 a2
TE[&,
g 11:% S
“="F 30m =10
Vw1
€. —MakcuMalbHa BiICTaHb Bil LEHTPY

TSOKIHHSL €JIEMEHTY JKOPCTKOCTI 0 HaHOLIbII
BiJTaJIEHOT TOYKH €JIEMEHTY KOPCTKOCTI;

Ngy —PpPO3paxyHKOBE 3HAUCHHS JI0YOTO

3YCUJUIS CTHCKAaHHS B CYMDKHUX HaHEJX, aje
HE MEHIIE 3yCHJUIs, PIBHOTO HaiOUIbIIOMY
HANpYKEHHIO CTHCKY, ITOMHOXXCHOMY Ha
nonoBHHy  ed)eKTUBHOT ~ CTHCHYTOI IO
MOTIEPEYHOr0 Tepepi3y MaHemi, BKIYa0uu
€JIIEMEHTH KOPCTKOCTI;

O, ., O, ,—Bu3HaueHi B 4.5.31 nonatky A.

crcr “erp

Mpumitka. EN 1993-21 EN 1993-1-7micTsaTh BKa3iBKH
10 3aCTOCYBAHHIO ITONIEPEYHUX EIEMEHTIB YKOPCTKOCTI,
110 HAaBaHTAXXYIOTHCS 3 TUIOLIMHY CTIHKN OAJIKH.

(6) ko noTnepeyHi CIIEMEHTHU
KOPCTKOCTI CIPUIMAaIOTh OChOBE 3YCHILISA
CTHCKY, TO BOHO Mae OyTH 30UIbllIeHE Ha
smavenns AN, =0, 0’/ mis toro, mo6
BpaxyBaTH JOJATKOBI 3YCHJUIA BiI 3TUHY.
Kpurepii B (4) 30epiratoTb CBOIO CHIY, aie
AN, Mo)xxHa He BpPaxoOBYBAaTH, KOJIU IIpU
pO3paxyHKy B

€JIEMEHT1  KOPCTKOCTI

1+w,—u
T b
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following criteria are satisfied at the ultimate
limit state:

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

— that the additional deflection should not
exceedb/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 argeof
the transverse stiffeners is not less than:

390 j (9.1)

€. IS the maximum distance from the

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

N, Iis the maximum compressive force of

the adjacent panels but not less than the
maximum compressive stress times half the
effectivd compression area of the panel
including stiffeners;

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

crcr “erp

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, =0, p*//7 _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.

49



JCTY-H b EN 1993-1-5:20X
HaNpYyKEHHs B1Jl 0CbOBOI CUJIM OJJTHOTO 3HAKY.

(7) 3a BigcyTHOCTI B  MOMEPEUHOMY
€JIEMEHTI JKOPCTKOCTI OChOBHUX CHUJI BUMOTH B
(4) M™oOXyTh mepeBipATHCS 1O  Teopil
po3paxyHkKy 1-ro mopsaky B MpyxHIM cTasuii
poGoTh 3  ypaxXyBaHHAM  HACTYIHOTO
PIBHOMIPHO pPO3IMOJUICHOTO MO JOBXHHI D
J0JJATKOBOTO TONEPEYHOr0 HABAHTAXKEHHS (],

110 BU3HAYAETHCA 32 (POPMYIIOIO:

(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 loayl

acting on the length:

q="3 0, +w,) 0.2)
ae: where:
0,  —Bu3HaueHO B (5); Om is defined in (5) above;
W,  —BKa3aHo Ha puc. 9.2; Wo is defined in Figure 9.2;
W,  —aedopmaiis mOpu OPYXKHIA cramii Wer IS the elastic deformation, that may be

po0oTH, Ky JONYCKAa€TbCcs  BU3HAYATH
MeTogaMu irepauii abo HPUWHATH PIBHOIO
JI0JaTKOBOMY 3THMHY €JEMEHTY MOPCTKOCTI

(b/300).

(8) Slkmo He 3aCTOCOBYETHCS TOYHIIIHIA

METOJT  pO3paxyHKy Ui  BUKJIIOUYEHHS
KpyTHIIbHOT ~ (OpMH  BTpaTh  CTIMKOCTI
€IEMEHTIB  JKOPCTKOCTI 3  BLAKPUTHM

MOTIEPEYHUM TIepPepi3oM, TO JUIsl EJICMCHTIB
KOPCTKOCTI TOBUHHA BUKOHYBATHUCS HACTYITHA
yMOBa

ae:

I — NOJISIPHUN MOMEHT iHepil

p
HONEPEYHOr0 Mepepidy OJHOIO  EJIEMEHTY
KOPCTKOCT], IO PO3PAXOBYETHCS BITHOCHO
TOYKH KPIIJICHHS 10 TUTACTUHH;

I —momeHT iHepuii Cen-Benana mnpu
KPY4YEHHI1 JJIS TOIMEPEYHOro Iepepizy OTHOTro
€JIEMEHTY JKOPCTKOCTI.

(9 Ipm BpaxyBaHHI 3TUHAIBHOL
KOPCTKOCTI €JIEMEHTIB JUIi HUX Mae OyTH
BUKOHaHWI KpuTepiii, Bkasanuii B (8), abo
HACTYITHUNA KPUTEPIH:
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either determined iteratively or be taken as the
maximum additional deflectiob/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:

v (9.3)

Iy Is the polar second moment of area of

the stiffener alone around the edge fixed to the
plate;

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

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

> GCF (9.4)



ae:

g,

cr

KpyTWIBHIA ¢dopmi BTpaTH cTiiikocTi 6e3

— KpUTUYHE HaIlpy>XEHHs pu

ypaxyBaHHs  3aTHCKaHHS IUIACTHHH  [PU
3aKpy4yBaHHI,

o —nmapamerp, 1o 3abesmedye 3 Kiac
poboTH.

Mpumirka. [apamerp & ™Moxxe OyTH HaBeICHUH B
Hanionansnomy nponmatky. PexoMeHnmoBaHe 3HAa4YEHHS
6=6.

0.2.2 Heooxioni eumozu 00 no3008I4HCHIX
e1eMeHmig HcopcmKocmi

(1) Bumorm, MmO CTOCYIOThCS KPYTHIBHOI
¢dbopmu BTpaTH cTiiikocTi, HaBeaeHi B 9.2.1(8)i
9.2.1(9), momIUPIOOTECS TAKOXK Ha MO30BKHI
€JIEMEHTH KOPCTKOCTI.

(2)  IlepepuBuacTi TMO3IOBXHI E€JICMEHTH
KOPCTKOCTI, sIKi HE MPOXOJIATh Yepe3 Mpopi3y,
3po0ieHi B MONEpPEYHUX  eJIEMEHTax
KOPCTKOCTI, a00 IpH iX BIICYTHOCTI 3 1HIIOTO
00Ky TONEPEeYHUX EeJIEMEHTIB KOPCTKOCTI,
MTOBUHHI:

— 3aCTOCOBYBATHCS TUTBKH JUIsl CTIHOK (TOOTO
HETPUITYCTUMO JIJIS TIOSICIB);

— He  BpAaxoBYBaTUCA B  CTaTHYHOMY
PO3paxXyHKY;

— He BpaxOBYBaTHCS HPU  PO3PAXYHKY
HAIPYKEHHS,

—  po3rasaaTucs npu BU3HAUYCHHI
e(eKTUBHOI® MIUPUHU CTIHKM CEKIIiii;

— PO3IJISAATUCA NPU PO3PAXYHKY IPYKHOTO
KPUTHUYHOT'O HaIPY>KEHHS.

(3) Ilepemipka Hecyuoi 34aTHOCTI JUIs
€JIIEMEHTIB YKOPCTKOCTI BUKOHYETHCS 3TITHO 3
4.5.3i14.6.

9.2.3 3eapui cmuku nucmie

(1) 3Bapui cTHKM TpU Pi3HIA TOBIIMHI
JUCTIB HEOOXIHO pO3MIIIYBAaTH MOOIU3Y

MOTIEPEYHUX EJIEMEHTIB JKOpCTKOCTI (puc. 9.3).

ExcuieHTpuCHTeTH HE BpPaxOBYIOTb, SKIIO
BIJICTaHb BiJl 3BAPHOTO CTHKY JI0 MOMEPEYHOTIO
CIEMEHTY  JKOPCTKOCTI  HE  IEpPEeBUILYE
MeHIIoro 3i 3Hauenb b,/2 i 200mm, ne: b, —

BIICTAHh MDK IIO3J0BXHIMH €JIEMEHTAMU
KOPCTKOCT1 TOHIIIOT CTIHKH.

JICTY-H b EN 1993-1-5:20X
where:

o, is the elastic critical stress for torsional

buckling not considering rotational restraint
from the plate;

(7] IS a parameter to ensure class 3
behaviour.

NOTE: The parametef may be given in the National
Annex. The valued = 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
effectivé 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 exceeddy,/2 or 200 mm
whichever is the smallest, wherlg, is the
width of the plate between longitudinal
stiffeners.

51



JCTY-H b EN 1993-1-5:20X

———1

~

<min (g”or 200 mm)

|
.l

2

1 —nmonepeuyHmii eJIeMEHT KOPCTKOCTI;

2 —3BapHwMii OB

e

Ll

1 Transverse stiffener
2 Transverse weld

Pucynoxk 9.3- 3BapHi CTHKH JIUCTIB

Figure

9.2.4 Bupizu ¢ enemenmax yxcopcmrocmi

1) Bupizsu B MO3IOBXKHIX €JIEeMEHTax
KOPCTKOCTI  HEOOXiTHO BUKOHYBAaTH, SK
nokaszaHo Ha puc. 9.4.
- FZZ ]
L4
L4
L4
/
h
5 /
g N
<4
k< 40 mm

9.3- Welded plates

9.2.4 Cut outs in stiffeners

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

\ /

( /:\ 1 :t:fmin

\ b | \

Pucynok 9.4- Bupi3u B MO3I0BXKHIX eI€eMEHTaX KOPCTKOCTI

Figure 9.4- Cut outs in

(2) [HomxumHa  BUpI3Y I MOBHHHA

3a7I0BOJIBHATU HACTYIIHUM YMOBaM:

| =6t — i CTUCHYTUX INIOCKHUX EIEMEHTIB
AKOPCTKOCTI;
=8t —
KOPCTKOCTI 1HIIMX GopMm mepepizy;

JUIE ~ CTUCHYTUX  €JICMCHTIB

| 215 . — Ui eIeMeHTIB KOPCTKOCTI, 10 He

3HaXO0AATbCA Hi[[ HaBaHTAXXCHHAM CTHCKY,

ne t,_ ., —MEHIIE i3 3HAUYCHb TOBIIHUHY JIHCTIB.

(3) TI'panmuni 3nauenns | B (2) mis
CTUCHYTHUX eJIEMEHTIB AKOPCTKOCTI
JOMYCKAETbCA ~ 30UTBIIMTH  HA  BEIMYUHY
Ude .
, SIKIIIO BUKOHYETHCS HACTYITHA YMOBA!

Ux Ed

O,eq S0,pq1 118

min ?

I€ O,pqy —CTHCKAIOYE HANPYKEHHS B 30HI
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longitudinal stiffeners

(2) The length | should not exceed:
| =6t forflat stiffeners in compression
| =8t ,, forother stiffeners in compression

| 215, for stiffeners without compression

Wheret,;,, is the lesser of the plate

thicknesses
3) The limiting values| in (2) for
stiffeners in compression may be increased by

—— wheno,, <0, andl <18
Ux,Ed

O.eq Isthe compression stress at the location



BUPI3Y.

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

!
!
!
i
i
i
|
)

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

transverse stiffeners should be as shown in
Figure 9.5.

|=> lq O‘Bhs

Pucynox 9.5- Bupisu B monepeyHux eineMeHTax >KOpCTKOCTI

Figure

(5)  Ilepepiz OpyTTO CTIHKM B 30HI BHpI3y
pO3paxoBYIOTh Ha MomlepeyHy cuiy Vg, 3a
¢bopmynoro:

Ves =

| . —MOMEHT IHepuii IUIOmI Hepepizy

HETTO MONEPEYHOr0 €JIEMEHTY )KOPCTKOCTI;

€ — MaKCUMaIbHa BIJCTAaHb Bij
30BHIIIHBOT CTOPOHM TOACY THONEPEYHOTrO
peOpa 110 HEUTpaJbHOI OCi mepepi3y HEeTTO
(muB. puc. 9.5);

b —IOB)XMHA IIOIEPEYHOIO  EJIEMEHTY

AKOPCTKOCTI MIXK TIOSICAMH.

9.3 3cyB

9.3.1 ZKopcmki onopni uacmunu

(1)  Xopcrka onopHa yactTuHa OanKu (TUB.
puc. 5.1) BHKOPUCTOBYETHCS B  SIKOCTI
€JIEMEHTY KOPCTKOCTI, 110 CIIPHIMAaEe PeaKIlito
omopu (muB. 9.4), 1 pPO3paxoOBYEThCST SIK
KOpoTKa Oanka, L0 CIPHIMAaEe IO3I0BXKHE
HaNpYy>KEHHs B IJIOIMIMHI CTIHKH.

Mpumitka. B EN 1993-2 mictsaThest BKa3iBKM 10110
BIUIMBY EKCLEHTPHUCHTETY BiJ 3MIIIEHHS OIOp.

(2) XKopctka omopHa dYacTHHA OAaJKH
CKJIQJIA€ThCS 3 JBOX TIOMEPEYHHUX EJICMCHTIB
KOPCTKOCTI, pO3TAIIOBAHUX 3 IBOX CTOPIH, iK1
Ha OTOpPi YTBOPIOIOTH MOSICH KOPOTKOI Oaliku

9.5- Cut outs in transverse stiffeners

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

f
g gt (9.5)
yMO

b

.« IS the second moment of area for the
net section of the transverse stiffener;
€ is the maximum distance from the

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

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

9.3 Shear

9.3.1 Rigid end post

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

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

(2) A rigid end post should comprise of
two double-sided transverse stiffeners that
form the flanges of a short beam of lendth

see Figure 5.1 (b). The strip of web plate

53



JCTY-H b EN 1993-1-5:20X
3aBnoBkku h, (muB. puc. 5.1(b)). Cmyra

CTIHKM MDK BKa3aHUMHU BHWINE IMMONEPEUHUMHU
€JIEMEHTAaMU YKOPCTKOCTI YTBOPIOE CTIHKY ITi€l
Oanku. AJNBTEPHATUBHO JKOPCTKAa OIOpHA
yacTUHa Oalku Moke OyTH BUKOHaHA 3 OaJKU
NPOKAaTHOrO TMpo¢ulo, sKa 3'€qHYyeTbea 13
CTIHKOIO Ha OTOpi, K MMoKa3aHo 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

1 —BcTaBjaeHa (0aKa MPOKATHOro mpodiaro

1 Inserted section

Pucynok 9.6- KoHcTpyKilis onopHOT YacTUHU OAJIKM 3 BUKOPUCTAHHAM MPOKATHUX MPOQLTiB

Each double sided stiffener consisting

Figure 9.6- Rolled section forming an end-post
(3) MiHiManpHa  TUIOIIA  TIOMEPEYHOTO (3)
mepepizy KOXHOrO 3 000X  €JIeMEHTIB

’KOpCTKOCTI Mae Oytu He MeHIe 4h, [112/ e, ne

€ BIJICTAHb
€IIEMEHTIB  KOPCTKOCTI,

MDK [EHTpPaMH TSDKIHHS
e>01h, (mus.

puc. 5.1(b)).fIkmio onopHa yacTiHA BUKOHAHA
3 MPOKATHOTO NPOQiI0, TO MOMEHT OIOpPY

BITHOCHO OCi, TEpHNeHANKYIIPHOI CTIiHII
Ganku, Mac 6yTu He menme 4h, 1.
(4) B sKoCTi anbTepHATUBU KiHEIb OAJKH

MOX€ MaTH OJIMH €IUHUH JBOCTOPOHHII
€JIIEMEHT >KOPCTKOCTI 32 YMOBH, IO 1€ OJUH
MOTICPEYHMIA €JIEMEHT HKOPCTKOCTI
3HAXOJUTHCSA HACTUTBKH OJM3BKO JIO OIOPH,
0 CeKI[iI MOXE CHpHUMAaTh MaKCHMallbHE
3CYBHE 3yCHIUIS, III0 BUHUKAE MPU PO3PAXYHKY
THYYKUX OMOPHUX YaCTHH.

9.3.2 Enemenmu
ONOpPHOI YacmuHu

(1) VY rHy4YKuX ONOPHUX YACTHHAX MOXKYTh
3aCTOCOBYBATHUCS poCTi JBOCTOPOHHI
CNIEMEHTH > KOPCTKOCTI, $K TIOKa3aHO Ha
pucyHky 5.1(). Bonu npaliioroTh K eJIeMeHTH
ONOpH, M0 CHPUHAMAIOTH OIOPHY pPEaKIIiIo

HcopcmKocmi - CHYUKOT
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of flats should have a cross sectional area of at
least 4h, /e, wheree is the centre to centre

distance between the stiffeners aea 01h,,

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, @ 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).



0asnok (mus. 9.4).

9.3.3 Ilpomixcui nonepeuni  enemenmu
Hcopcmkocmi
(1) pomikHi  TOmepe4Hi  EJIEMEHTH

KOPCTKOCTI, $IKI 3aCTOCOBYIOTBCSI B SIKOCTI
KOPCTKOi ONOpH KpaiHbOI MaHesl CTIHKH,
MaloTh OYyTHM poO3paxoBaHi Ha MIIHICTE 1
HKOPCTKICTb.

(2) Komn 3aCTOCOBYIOTBCS THYYKI
MPOMDXKHI IMTOTIEPEYHi €JIEMEHTH KOPCTKOCTI, iX
KOPCTKICTh Mae OyTH BpaxoBaHa Ipu
pospaxyHKy mis K. 3rigHO 3 5.3(5).

(3) Mowment iHepuii TWIONmII MPOMDKHUX
KOPCTKHX IMOTIEPEUHUX E€JIEMEHTIB KOPCTKOCTI

pa3oM 3 e(EeKTUBHOIO YACTHHOIO CTIHKH |

IIOBUHEH BIJIIOBiIATH HaCTYHUM

MIHIMAJIbHUM 3HAYEHHSM:

nns (for) a/h, <2
nns (for) alh, =2 V2!

Ipumirka. TIpoMi>KHI >KOPCTKiI ITOIIEpEYH] E€IEeMEHTH
KOPCTKOCTI MaloTh OyTH pO3paxoBaHi Ha OCHOBY CHITY,

1
pieny: V, -= f_h/(V303,,) arimmo 921(3).v
/]2

pasi 3MIiHHOI TIOMEPEYHOi CHJIM BHUKOHYIOTH IEPEBIpKY
Ha BIacTaHi O,5hW BiJl Kpalo MaHeNi 3 MaKCHMaJBHOIO

MOMEPEYHOI0 CHUIIOLO.

9.3.4 Il030085cHi enemenmu xcopcmrkocmi

(1)  Sxmo MO3JIOBXKHI1 CIEMEHTH
KOPCTKOCTI BPaxOBYIOTHCS TPH PO3PAXYHKY
Ha MIIHICT, TO BOHHM TaKOX MalOTh OyTH
nepeBipeHi Ha BILJIUB HOPMaJIbHOTO
HaIpyKCHHS.

9.3.5 3eapmui weu

(1) 3Bapni mWIBU NpUBApIOBaHHS CTIHKH JO
nosicy ~ KOPOTKOI ~ Oallku  JIOIYCKA€ThCs
pPO3paxoByBaTH Ui HOMIHAJBHOTO 3HAYCHHS

scyBHoro sycuwist Vg, /h,, skmo Vg, He
nepepuulye 3Ha4eHusa y, [f  [h, [ﬂ/ (\/:T} D/Ml) .

[Ipu BenuKMX 3HaU€HHAX Vg, 3BapHI IIBU MK

MOSICOM KOPOTKOi OajKu >KOpCTKOI OmopH 1
CTIHKOIO OaJIKu HEOOXiZHO PO3paxoBYBaTH Ha

3cyBHe 3ycuiuis, pisue /77 LT, [ﬂ/(\/é D/Ml) :

JCTY-H b EN 1993-1-5:20X

9.3.3 Intermediate transverse stiffeners

(1) Intermediate stiffeners that act as rigid
supports to interior panels of the web should
be designed for strength and stiffness.

(2) When flexible intermediate transverse
stiffeners are used, their stiffness should be
considered in the calculation &f 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 ared :

I, 21,5%°%/a?
|, = 0750 t°

NOTE: Intermediate rigid stiffeners may be designed

(9.6)

1
for an axial force equal v, —= f IZhW/(\/g D/Ml)
/]2

w

according to 9.2.1(3). In the case of variable shea
forces the check is performed for the shear fotahe

distance 0,5 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,/h, if

Ve, does not exceeq, [f,, [IhWDl/ (\/5 EyMl).

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

shear flown (¥, [ﬂ/ (\@ D/Ml)

55



JCTY-H b EN 1993-1-5:20X

(2) B ycix iHmMX BUMagKax 3BapHi IIBU
MaloTh OYTH pO3paxoBaHi Ha MOTEPEUHY CUITY,
Jifo4y B3/IOBXK 1 TOMEPEeK 3BapHUX IIBIB, 3
ypaxyBaHHAM iX poOOTH B NMPYKHIH 1 MPYKHO-
TUTACTUYHIN cTaaii 1 3 epeKTOM 2-T0 MOPSAKY.

9.4 IlonmepeyHe HABAHTAKEHHA

(1)  Skmo Hecyua 3IATHICTH CTIHKH Oayku
0e3 YKpIIUIGHHS HEIOCTaTHs, TO MOTpiOHA

yCTaHOBKA MOTIEPEUHUX CIIEMCHTIB
AKOPCTKOCTI.
(2)  Iepesipka HeCcy4oi 31aTHOCTI

MOTIEPEYHOT0 €JIEMEHTY JKOPCTKOCTI MJIACTUHU
IpU BTPaTi CTIMKOCTI Mi BIUTMBOM MICIIEBOTO
HaBaHTaxeHHs 1 momnepedynoi cuu (9.3.3(3))
BHU3Ha4YaeThcsl 3rigHo 3 6.3.3 abo 6.3.4
EN 1993-1-1 BukopucTOBYIOUM KpUBY BTpaTH
criiikocti. Konm o0uaBa KiHII 3aKpiMieHO Bif
O14HOTO 3MIIIEHHS, PO3pPaXyHKOBa JOBXHHA |

IpU BTPaTi CTIMKOCTI MOBMHHA NpUHAMAaTHUCA
Q75h,. binpme 3HaueHHs JOBXKUHU |

MpUITMa€EThCS TUIS BUIIAJIKY, KOJIN
3a0e3Meuy€eThCsl MEHII KOPCTKE 3aKpIMICHHS
Ha KIHIOAX. SIKOI0 eneMeHTH JKOPCTKOCTI,
HABaHTAXXCHI Ha KIHIAX, MAalOTh BUPI3H, TO
nmepeBipka HeECy4dol 3JaTHOCTI IOMEPEYHOTrO
nepepizy TMOBHHHA BUKOHYBATHUCS JUISL ITi€l
YACTHHHU.

(3)  IIpum 3acTocyBaHHI OJHOCTOPOHHIX a00
THIIUX HECHUMETPHYHO pO3TaIIOBaHUX
eJIEMEHTIB HKOPCTKOCTI1 HEOOXITHO
BpPaxoBYBaTH eKCIICHTPUCUTET npu
po3paxyHky 3rimHo 3 6.3.3 abo 6.3.4
EN 1993-1-1. SIkmo eneMeHTH KOPCTKOCTI
3aKpirieH1 BiJ O1YHOTO 3MIIIEHHS CTHUCHYTUM
MOSICOM, TO JJIsl HUX MOBHHHI JOTPUMYBATUCS
YMOBH KOPCTKOCTI 1 MIITHOCTI MPU KPYTHIIbHIH
¢dopmi BTpaTu 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

(1) If the design resistance of an
unstiffened web is insufficient, transverse
stiffeners should be provided.

(2) The out-of-plane buckling resistance of
the transverse stiffener under transverse loads
and shear force (see 9.3.3(3)) should be
determined from 6.3.3 or 6.3.4 of
EN 1993-1-1, using buckling curve . When
both ends are assumed to be fixed laterally a
buckling length of not less tha@75h, should

be used. A larger value of should be used for
conditions that provide less end restraint. If the
stiffeners have cut outs at the loaded end, the
cross sectional resistance should be checked at
this end.

3 Where single sided or other

asymmetric stiffeners are used, the resulting
eccentricity should be allowed for using 6.3.3
or 6.3.4 of EN 1993-1-1. If the stiffeners are
assumed to provide lateral restraint to the
compression flange they should comply with
the stiffness and strength criteria in the design
for lateral torsional buckling.



10 INPUBEJEHE HAIIPYKEHHA

(1) Meroauky PO3paxyHKy o
MPUBEJICHOMY HAIMPYKEHHIO  JIOMYCKA€ThCA
BUKOPHUCTOBYBATU TUTSt BU3HAYCHHS
TPAHUYHOTO HaIpyXeHHS TJIACTHH,
MIACHWIEHNX a00 HE IJICHUIIEHUX eJIEMEHTAMU
KOPCTKOCTI.

Mpumitka 1. Lleli MeTon € anbTepHATHBOIO METOAY i3

3aCTOCYBaHHSM  €(EKTHBHOI IIMPUHU  3TITHO 3

pozainamu 4 — 73 ypaxyBaHHSIM:
x,Ed’ Jz Ed 1 TEd

CTaHy, JiI0Yi CITUTBHO;

- O — KOMIIOHCHTHU HAaIPY>KCHOI'O

— TpaHMYHE HANpPYXEHHS HaWcmadmoi YacTHHU
mepepizy MOXKe BHW3HAYaTH HECY4y 3[aTHICTh yChOTO
nepepisy.

Mpumitka 2. I'pannyHe HaNpyXeHHS JOITYCKA€ThCS
TaKOX BHKOPHUCTOBYBATU ISt BU3HAYEHHS
€KBIBaJICHTHUX e(QeKTHBHUX Imioml. Y HamioHansHOMY
OJATKY MOXXYTH BCTAHOBIIIOBATHUCS OOMEKEHHS Ha
BHUKOPHCTAHHS BiJIIOBITHAX METO/IB.

(2) JIns  macWIeHUuX 1 He MiACHICHUX
€IEMEHTaMU  KOPCTKOCTI  TMaHeneu, y
CKJIAJHOMY HAIIPYKEHOMY CTaHi O, gy,0,gq 1
Ty, JOIIYCKAETHCS MIPUUHATH Kilac nepepizis 3
32 yMOBH

pla

ult, k > 1,

ne a,, ,— HallMeHIMi KoediieHT 301IbIIeHHS

PO3paxyHKOBHX HaBaHTaKEHbB, NMPH SIKUX OyJie
JOCATHYTe HOPMATHBHE 3HAUCHHS HECY4oi
3MATHOCTI TUIACTHHU JJISi KPUTHYHOI TOYKH
IIpU BTPATI CTIHKOCTI, AuB. (4);

Yo, — HOHIKYIOUU T Koe(illi€eHT, 1110

3aJIeKHUTh BiJl YMOBHOI THYYKOCTI A mpu

p
BTpATi CTINKOCTI macTuHu, quB. (5);

Ymi  —4YacTKOBUM KoedilieHT Oe3MeKu.

(3)  VYMOBHY IrHyuKicTh A, BH3HAYAKOTH 3a

bopmyIoro

A =

p

1€ . — HaliMeHIINi Koe]ilieHT 30UIbIIeHHS

PO3PaxyHKOBOTO HABAHTAXXCHHS, INPH SKOMY
Oyze MoCsIrHyTe KpUTUYHE HAaBAHTAXXCHHS JJIS
IUIACTUHM TpU TPYXKHIA cranii poboTH,

PLI

cr
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10 REDUCED STRESS METHOD

(1) The reduced stress method may be
used to determine the stress limits for stiffened
or unstiffened plates.

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

o, and 7, are considered as acting

x,Ed? z, Ed

together

- O

— the stress limits of the weakest part of the <ros
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 metisod

(2) For unstiffened or stiffened panels
subjected to combined stresses.;,0,, and

I, Class 3 section properties may be
assumed, where

(10.1)

Where a  is the minimum load amplifier for

the design loads to reach the characteristic
value of resistance of the most critical point of
the plate, see (4);

P is the reduction factor depending on
the plate slendernesz%_p _to take account of

plate buckling, see (5);

Yui IS the partial factor applied to this
method.

(3) The plate slenderness_p_should be
taken from

, (10.2)

where a,, is the minimum load amplifier for

the design loads to reach the elastic critical
load of the plate under the complete stress
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3aBaHTaXXCHO1 1o
HaTpyXeHHsIM, uB. (6).

BCbOMY IIOJIIO

Hpumitka 1. [ns BusHaueHHS O MmicuiIeHa

cr
eJIeMEHTaMHt KOPCTKOCTI IUTACTHHA MOXe
MOJICTIOBATUCS JJIsl PO3PAXYHKY BiAMOBIAHO J0 MPaBUI
po3ainiB 41 5 6e3 3MeHIIEHHS MOMEHTY iHepuii IuIomi
TIO3/JOBXKHIX €JIEMEHTIB >KOPCTKOCTI, SIK Ile BKa3aHO B
5.3(4).

Ilpumirka 2. SIkmo He MOXHA BUSHAYHTH @ I

maHenmi 1 11 cekmiii B MUIOMY, TO JOIMYCKA€THCS
MIPOBOTUTHU TICPEBIPKH OKPEMO UIS CEKIIii 1 TTaHedTi.

(4)  lnsa Bu3sHA4YeHHA Q' JAOILYCKAETHCA

BUKOPUCTOBYBATH PO3paxyHOK Hecy4ol
3IaTHOCTI TUIACTHMHHM 33 MEXKEI TEKy4OoCTi 3a
bopmynoro:

field, see (6)

NOTE 1: For calculatinga_ for the complete stress

field, the stiffened plate may be modelled using th
rules insection 4 and 5 without reduction of theosel
moment of area of longitudinal stiffeners as spediin
5.3(4).

NOTE 2: Whena_ cannot be determined for the panel

and its subpanels as a whole, separate check$dor t
subpanel and the full panel may be applied.

(4) In determininga,,, . the yield criterion
may be used for resistance:

2

1 — U)gEd UzEd Ux,Ed UzEd TEd
= —=4 (10.3)
a; f f f f f
ult,k y y y y y
ne, Oygqy O,gq 1 Tgy — KOMIIOHEHTH where o,., 0, and 1., are the

HaIIPY>KEHOTO CTaHy IIJIACTUHU pu
PO3paxyHKy Hecydoi 34aTHOCTI MO T'paHUYHUX
CTaHax.

Mpumitka. Tlpu Bukopucranni piBusaas (10.3)
nepen0avyaeTbesl, IO OINPHICTh HECY4oi IUTaCTUHHU
JIOCSITAETHCS, KOJMM MeEXa TEKy4OCTi Iepenye BTparti
CTIWKOCTI IJTACTHHH.

(5)  ToHmxkyrouwmii Koe(ilieHT P
JOMYCKAEThCS BU3HAYATH OJHUM 3 HACTYITHHUX

METO/IB:

a) MeHIe 3HAUCHHS 3 HACTYITHUX
MOHMXKYIOUHX KOE(DIIiEHTIB!
oy — HOHIKYIOUU T Koe(illi€eHT, 1110

npuiiMaetbess  3rigao 3 4.5.4(1) npu il
HOPMAJILHOTO  HANPYXCHHS,  BPaxOBYIOUH
poOOTY TUIACTHHU K CTHCHYTOTO CTEPIXKHS, ¢
e Oyze JOpevHo;

Koe(illieHT, 10
npuiiMaetbes  3rigao 3 4.5.4(1) npu il
MICIIEBOTO ~ HANPYXKXCHHS B  MONEPEUYHOMY
HampsMi, BPaxOBYIOUM pOOOTY IUIACTHHU SIK
CTHCHYTOTO CTEpXH:, Jie 11e OyJie TOpedHo;

P, — IIOHWKYIOYUI

Xu — HOHIKYIOUU T Koe(ilieHT, 1110
npuiiMaeTbes 3rigHo 3 5.2(1) npu po3paxyHKy
HECYy4oi 3/aTHOCTI Ha 3CyB. YC1 HMOHMXKYIOYi

KOoe(IllieHTH BU3HAYAIOTH 13 3aCTOCYBAaHHSIM
YMOBHOI THYYKOCTI Ap 3rigHO 3 (Qopmyioro
(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 occursowtth
plate buckling.

(5) The reduction factorp may be
determined using either of the following
methods:

a) the minimum value of the following
reduction factors:
you 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;

X, for shear stresses from 5.2(1); each

calculated for the slenderneds, according to
equation (10.2).



Mpumirka. Leid meron NPU3BOAWTH 0 IIEPEBIPKH
Hecy4oi 3JaTHOCTI 3a ()OPMYIIOI0:

JCTY-H b EN 1993-1-5:20X

NOTE: This method leads to the verification formula:

)]
fy/yMl fy/yMl fy/yMl

Ipumirka. [ng BuH3HAYECHHA O, MU MICHEBOrO

HaNIpY)KEHHS, [IOYOro B IONEPEYHOMY HAIpsMi,
MpUIAMAIOTh TIpaBWJIA 3TiAHO 3 po3aiioM 4, me mis

HOPMAaJIbHOI'O HAIIPY>KCHHSA Jx IIOBMHHC BPaXOBYBATHUCH
HalpyXXeHHA O, y IONEPEYHOMY Hampami. B npomy
BHITAIKY PO3JLT 6, IK IpaBUIIO, HE 3aCTOCOBYIOTH!

b) mommxyroui koediuieHTH O,, O, 1 X,»
BU3HAYEHI BIJIIOBIHO 1o a),
BHUKOPHUCTOBYIOTECS y (BopMymi IIs @, , AK

(byHKIIS IHTEPIOJIALII.

Mpumirka. Leii meron NPU3BOAWTH 0 IIEPEBIPKH
Hecy4oi 3JaTHOCTI 3a ()OPMYIIOI0:

Jz Ed TEd 2 2
+3 <p (10.4)
fy/Vm fy/yMl

NOTE: For determiningp, for transverse stresses the
rules in section 4 for direct stresses should be

applied tog, in the z-direction. For consistency section
6 should not be applied.

b) a value interpolated between the values of
p., p, and y, as determined in a) by using

the formula fora,, , as interpolation function

NOTE: This method leads to the verification format:

Jx,Ed 2+ JzEd i
prfy/yMl pszy/yMl p

Mpumitka 1. OckigbKY NepeBipKy 3TiAHO 3 (HopMyTIaMH
(10.3), (10.4)i (10.5) Bke MICTATh B3aEMOMII0 MiX
MOIEPEYHOI0 ~ CWJIOI0,  3TMHAJBHAM  MOMEHTOM,
MO3/IOBXXHBOI0  CHJIOI0 1 MICHEBHM  IIONEPEYHUM
HaBaHTa)KEHHSIM, TO PO3PaxyHOK BiITOBIIHO 10 PO3ALTY
7 MOXe€ HE 3aCTOCOBYBATHUCS.

[pumitka 2. HamioHansHUH TOJATOK MOXKE MICTUTH
JIONATKOBY 1H(OpMAIi0 10 3aCTOCYBaHHIO (OPMYI
(10.4)i (10.5). SIkmio B macTHHI BUHUKAE HATIPYKCHHS
pO3TATY 1 CTHUCKY, TO PEKOMEHIYETHCS 3aCTOCOBYBATH
¢dopmyny (10.4) TimbkM Ui CTUCHYTHUX YaCTHH
niepepisis.

(6) 3a
3aBAHTAXKEHOT INIACTHHHA 1 KOJHM HaBeIEHI

TUIBKM 3HAa4eHHSA Q,; BIANOBIAHO JUIA

3HAUYCHb a

BIICYyTHOCTI or

KOMIIOHEHTIB HANPYXEHHA O, gy, O,gq 1 Ty

IIJTaCTUHHM, TO 3HAYCHHA a'cr AOIMYCKA€EThCA

BHU3HAYaTH 32 (POPMYIIOIO:

JzEd TEd 2
+3 <1 (10.5)
LIV et Ty, XSV

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) and5)L0n
case of panels with tension and compression it is
recommended to apply equations (10.4) and (10.5) on
for the compressive parts.

(6) Where a_, values for the complete
stress field are not available and ondy, ;

values for the various components of the stress
field 0,., 0, and7, can be used, the,

value may be determined from:

1/2

4a

cr,z

_ Ucr,x _ Ucr,z
ne (Where) acr,x - acr,z - acr,r -
x,Ed UzEd
Ouxr Ocyr Tegr W, 1 Y, BU3HAYAIOTH 3TITHO

po3ainam 4 — 6.

(7)  PozpaxyHOK mapaMeTpiB  €JIEMEHTIB
’KOPCTKOCTI, @ TaKOX JeTalbHE BUKOHAHHS
MPOBOJIATH 3TiHO po3ainy 9.

2
1 _l+y, 1y, [1+wx+1+wzJ Ao 1y, 1
4acr,x

X z
TX + :

(10.6)

4a 2a

cr,z

and o, ,, 0., Ty, Y, and g, are
determined from sections 4 to 6.

(7) Stiffeners and detailing of plate panels
should be designed according to section 9.
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JTOJATOK A
(TIOBIZIKOBHI)
PO3PAXYHOK KPUTUYHOT O
HANIPY)KEHHA A JIACTIB 3

EJJEMEHTAMM )KOPCTKOCTI

A.1 ExBiBajleHTHi OPTOTPONHi NJIACTHHH

(1) IlmacTiHM 3 HE MEHII HDK TphOMa

M03/10BXKHIMHU eIEMEHTaMU  KOPCTKOCTI
MOXYTh  TPaKTyBaTHCA K CKBIBaJICHTHI
OPTOTPOIIHI TUIACTHHH.

(2) IpyxHe  KpUTHYHE  HaNpPYyKCHHS
BTpaTu CTIMKOCTI ISt €KBIBAJIEHTHOT

OPTOTPOINIHOI ~ IJJACTUHU  BHU3HAYAETHCS  3a
bopmynoro:

ANNEX A
[INFORMATIVE]
CALCULATION OF CRITICAL
STRESSES FOR STIFFENED PLATES

A.1  Equivalent orthotropic plate

(1) 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:

Ucr,p = ka,p |]TE ’ (Al)
TE [ t)?
ne (where)o. =———=190000 — | , MIla
©12(1-v?) b b

K,, ~—KoehillieHT BTpaTH CTIHKOCTI s k,, is the buckling coefficient according to
OPTOTPOMHOT  TMJIACTUHU 3 OKPEMHMH orthotropic plate theory with the stiffeners
EJIEMEHTAaMH JKOPCTKOCTI, smeared over the plate;
b — BU3HAYCHE Ha puc. A.1; b is defined in Figure A.1;
t — TOBIIIMHA JIUCTA. t is the thickness of the plate.

Ipumirka 1. Koediuienr Brpatn crifikocri K, |

JIOIYCKa€ThC ~ BH3HA4YaTH abo0 3a  JJOIOMOTOI0
BinoOBigHMX miarpam (tabuuip) Uit [UIACTHH 3
OKpEMHUMH €JIEMEHTaMH KOPCTKOCTI, ab0 3a JOIOMOT0I0
KOMIT IOTEPHUX PO3PaxyHKiB. AJBTEpPHATUBHI Aiarpamu
(Tabnummi) Ui IUIACTMH 3 MICHEBHMH EIEMECHTAMU
KOPCTKOCTI MOXXYTh OyTH BUKOPHCTaHi y pa3i MicueBoi
BTPaTH CTIHKOCTI OKpeMHX CeKLiii abo MOXyTb OyTH
BHKIJIIOYEH] 1 TPaKTyBaTHCS OKPEMO.

Hpumitka 2. 0, € [OPYXHUM  KPUTHIHHM

HalpY)KEHHAM BTpaTH CTIMKOCTI HAa Kparo CeKmii 3
HaNOIIbIINM HanpyXxXeHHsIM cTucky (puc. A.1).
Mpumirka 3. na crinku Oanku mwmpuHy by
dopmynax (A.1)i (A.2)3aminrorors Ha h, .

Mpumitka 4. J{i1a miACHICHUX TUIACTHH HE MCEHIIIE HiX

3 TphOMa pO3TAllOBAaHMMH Ha pIiBHIH  BifcTaHi

MO3/IOBXXHIMU ~ €JIEMEHTAaMH  YKOPCTKOCTI ~ KOe]imieHT
BTpaTh crifikocti K, (w11 BpaxyBaHHs BTpath

CTIHKOCTI BCBOTO MIJACHIEHOI CEKIl) JOIMYyCKAETHCS
BH3HAYATH 33 ()OPMYIIOLO:
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NOTE 1. The buckling coefficientk, is obtained

either from appropriate charts for smeared stifferoe
relevant computer simulations; alternatively chdots
discretely located stiffeners may be used providedl
buckling in the subpanels can be ignored and wleate
separately.

NOTE 2: 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 widthin
equations (A.1) and (A.2) should be replacedhby

NOTE 4: For stiffened plates with at least three equally
spaced longitudinal stiffeners the plate buckling

coefficientk, =~ (global buckling of the stiffened panel)
may be approximated by:



_ra?f +y-1)
oy +11+9)

o = dy)

" re)

g,

ag,p

13 3actocyBanusiM (With): ¢ =

i
M
e

ae.
I

nepepizy Ui BCi€l MiACHICHOT eleMeHTaMu
KOPCTKOCTI IJIACTHHH;

o — MOMEHT iHepHii  IMONEepeYyHoro

| o — 3rUHAJIbHUN

MOTIEPEYHOr0 Mepepizy A IIIACTUHU, PIBHUH
b _ b
12(1-0?) 10,92

MOMEHT iHepil

ZAS, —CcyMa IUJIoL] IepepiziB OpyTTO TUIBKU
MO3/I0BXKHIX €IEMEHTIB )KOPCTKOCTI;

A,  —muoma mnepepisy OpyTTO IUIACTUHH,
piBHa bt;

o, — HalO1IbIlIe TPAaHUYHE HATIPYKEHHS;
0,  —HaillMeHIe rpaHUYHE HANIPYKCHHS,

a,b,t —Buznaueni Ha puc. A.1.

JCTY-H b EN 1993-1-5:20X

sxmro (if): a <3y

(A.2)
skiro (if): a >3y
where:
Iy is the second moment of area of the
whole stiffened plate;
Iy is the second moment of area for

3 3
bending of the plate bl = bft
12(1-0?) 10,92

Z'% iIs the sum of the gross areas of the
individual longitudinal stiffeners;

A, Is the gross area of the platbt=;
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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\
i
_ N N\ _
I
ULI El b-’ 7
tb:'-ll
h
\' 5
o ) [
S —
J a )
1 —ueHTp TH:KIHHA MO310BKHIX eJIEMEHTIB KOPCTKOCTI; 1 centroid of stiffeners
2 —1eHTP THAKIHHS YMOBHOIO CTHCHYTOro crep:kus, mo 2 centroid of columns = stiffeners + accompanying
CKJIA/IA€THCS 3 MO3A0BKHIX eJIeMeHTIB KOPCTKOCTI i plating
NPUMHUKAKYUX IUIHOK CTIHKH, UIf SIKUX 3a0e3ne4YeHa
MicHeBa CTiHKICTh,
3 —cekuis CTiHKH; 3 subpanel
4 —10310BKHili eJ1eMeHT JKOPCTKOCTI; 4 stiffener
5 —ToBumHa JucTa t

5 plate thickness t

1

7HL

e=maxg e,)

H_[I/IpI/IH’fl TIPH TUIOII [IupuHa npu eheKTUBHIN TUTOIII 3TiTHO 3 VmoBa ans ¥,
nepepizy OpyrTo tabmumero 4.1 .
Width for gross area | Width for effective area according to Table 4.£condition for¢,
3_4/ 3_4/ a-cr,s s
bl,inf 5 - bl : bl,eff l//l = ol >0
—l//l 5—l//l g'cr'p
2 2 0.
b2,sup b2 ), eff ‘//2 = 2_>0
5 _wz 5 _wz a-crsl,l
3- 3-
b i v b, % b, o Y,>0
5 _‘//2 S _‘//2
.
b3,sup 01 4b35 0, 4b35£ff ‘//3 =—3<(
0-2

Pucynoxk A.l —Ilo3HaueHHs Ui CTIHKM OaJIKU 3 O3/I0BXXHIMH €JIEeMEHTaMH KOPCTKOCTI
Figure

A.1 —Notations for longitudinally stiffened plates
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A.2 KpuTuyHe HamNpy:KeHHsI BTPaTu
CTIHKOCTI /ISl IJIACTHH 3 OAHUM 200 JBOMA
eJIeMEeHTAMM KOPCTKOCTI B 30HI CTHCKAHHA

A.2.1 3azanvni nonoicenus

(1) SIkmo IUtacTHHA MIACWIEHA TUIBKU
OJIHUM TI03/IOBXKHIM €J€MEHTOM OPCTKOCTI B
30HI CTHUCKY, METOJHMKAa pPO3pPaxyHKy 3TiIHO
A.1 wmoxe OyTH CHOpOIIEHA, MPUUMAIOYH
€JIEMEHT HKOPCTKOCTI y BUTJIAI
HIITPUMYIOYOTO YMOBHOTO CTEPXHsI (ITAMOpH)
IUTACTUHM Ha MPY)KHIH OCHOBI, 110 BifoOpakae
BIUIMB y HAIIPSIMI, MIEPIIECHANKYISIPHOMY IIbOMY
crepkHio. IlpyXHe KpUTHUHE HaIpy>KEHHS

YMOBHOTO CTEp)KHS MOXKe OyTH BH3HaAu€HA
3rigHo A.2.2.

(2) JIns Bu3HAYCHHSA IUIONIl TEpepi3y
OpyrTo A, 1 MOMeHTy iHepuii mepepizy |y,
YMOBHOT'O CTHCHYTOTO CTEpIKHS
PO3IIISIIAETBCS MOTEPEYHUil mepepiz OpyTTo
MO3/I0B)KHBOTO ~ €JIEMEHTY  JKOPCTKOCTI 1
CYMDKHUX JIUISTHOK CTIHKH, ONUCYBAaHUI TaKHM
YUHOM. SIKIIO CEKI[iS MOBHICTIO CTUCHEHA, TO B
PO3paxyHKy NpHUIMAaeThCsl OUISHKA TUIACTHHU

BiJl Kpalo TaHeni, piBHA (3—[//)/(5—[//)

BUCOTI b 1 piBHa 1(5—4{/) Bill Kpaio 3
MaKCUMAaJIbHUM HampyXeHHAM. SIKIo y cexii
HaNpy>KEHHsT 3MIHIOIOTBCS 31 CTUCKY Ha
po3TAr, TO B  PO3PAaXyHKYy  HEOOXiJHO
3aCTOCOBYBAaTH JUIAHKY CTiHKH, piBHY 0,4
BUCOTH D, 30HM crucky cekuii (puc. A.2 i
tabmunst  4.1). B 1mpoMy Bumaaky ¢ €
BiTHOIIICHHSIM HAMPYKCHHSI TAHOTO CEKIIii.

(3) EdextuBra® mnnoma  HomnepevyHOro
nepepizy A .4 CTHCHYTOIO CTEPKHS IIOBUHHA

npuiimatucs sk edekrusHa’ mioma nepepizy

CNIEMEHTY JKOPCTKOCTI 1  NPHUMHUKAIOYUX
epexTuBHUX" yacTuH cTiHku (muB. puc. A.l).
VYMOBHa THYYKICTh IUIACTUHH CTHUCHYTOTO
CTep)KHsS BH3Ha4aeThcs 3rigHo 3 4.4(4) 3
PO3PaxXyHKOM U ey VIS IIIOLII TOIEPEYHOTO

nepepizy OpyTToO MIaCTUHH.

(4) Sxmo smavemns pO.f [y, 1e P,
Bu3Ha4yaeThes 3rimHo  4.5.4(1), mepeBwuiye
Cepe/lHE HAMPYKEHHA Oy eq Y CTUCHYTOMY
CTEpIKHI, TO OIaJIbIIIE 3MCHIIICHHS

e(peKTHBHOI® IUIOII CTHCHYTOTO CTEPKHS HE
BUKOHYETbCA. B Takomy BuUNanky e(QeKTUBHY

JCTY-H b EN 1993-1-5:20X

A.2  Critical plate buckling stress for
plates with one or two stiffeners in the
compression zone

A.2.1 General procedure

(1) If the stiffened plate has only one
longitudinal stiffener in the compression zone
the procedure in A.1 may be simplified by a
fictitious isolated strut supported on an elastic
foundation reflecting the plate effect in the
direction perpendicular to this strut. The
elastic critical stress of the strut may be
obtained from A.2.2.

(2) For calculation ofA,, 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 portiof3-¢)/(5-y) of its
width b, should be taken at the edge of the
panel and 2/(5-¢) 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, of the compressed

part of this subpanel should be taken as part of
the column, see Figure A.2 and also Table 4.1.
. is the stress ratio relative to the subpanel in

consideration.

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

effective’ cross-section of the stiffener and the
adjacent effective parts of the plate, see
Figure A.1. The slenderness of the plate
elements in the column may be determined
according to 4.4(4), witlw, ., calculated for

the gross cross-section of the plate.

4) It o.f,/Vu, with p,  determined

according to 4.5.4(1), is greater than the
average stress in the colurmn, -, no further

reduction of the effectiVearea of the column
should be made. Otherwise the effective area
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oty B (4.6)3aMiHIOIOTh Ha:

A

(5) 3MEHIIEHHsT  IUIOINI, HaBEACHE B
A.2.1(4), NOWMUPIOETBCS TUIBKK Ha IUIOINLY

YMOBHOTO CTUCHYTOI'O CTEPKHSL. He
BUKOPHUCTOBYIOTh 3MEHIICHHS HITNX
CTUCHYTMX  YaCTHH  IUIACTUHH,  OKpIM

MePEeBIPKH BTPATHU CTIMKOCTI CTIHKHU CEKITii.

(6) sk anpTepHaTHBAa  PO3paxyHKy i3
3aCTOCYBaHHSIM e(beKTHBHOIp IUIOIII  3TIAHO
A.2.1(4), po3paxyHOK CTIHKOCTI TUIACTUHU SIK
CTUCHYTOTO CTEpP)KHSI JIOIYCKA€ThCSl BU3HAYATH
srinio A.2.1(5) — A.2.1(7) 3 nepeBipkamu,
mo0  HampyKeHHS  He  IEPEeBHIIYBAJIO
CEpENHBOT0 HAMPYKEHHS T gy -

Mpumitka. Habmwkenass B (6)  gomyckaerscs
BUKOPDHCTOBYBAaTH y pa3i  3aCTOCYBaHHS  4acToi
YCTQHOBKM  €JIEMEHTIB  KOPCTKOCTi, TIpH  IbOMY
CTPUMYIOUMM e(eKTOM IIJIaCTUHH HEeXTYIOTh 1 3a
PO3paxyHKOBY CXEMY TpPH BTpaTi CTIMKOCTi IUIACTHHU
CTIHKH JOITYCKA€THCS MPUMMATH BIIBHUM e(EeKTHBHHUN
CTHCHYTHH CTEp)KEHb.

I ——

=

be

%

— pcfyA&I,l

ceff loc .
comEd |j/Ml

in (4.6) should be modified as follows:

(A.3)

(5) The reduction mentioned in A.2.1(4)
should be applied only to the area of the
column. No reduction need be applied to other
compressed parts of the plate, except for
checking buckling of subpanels.

(6) As an alternative to using an effective
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 stresg,,,q -

NOTE: The method outlined in (6) may be used in the
case of multiple stiffeners in which the restragin
effect from the plate is neglected, that is théitfaus
column is considered free to buckle out of the glah
the web.

[ I r"t L1
o
_[_ — [{B_Wb
ey —[—{5"";} 1
f 04b
o ! G
< z ]
L
r L 1
b. C.

Pucynok A.2 - [lo3HaueHHs JUIs JIUCTIB 3 TIO3OBXKHIMH €JI€MEHTaMH KOPCTKOCT1

Figure

(7) Slkmo 1Ba  €JIEMEHTH  KOPCTKOCTI
3HAaXOHATHCS B 30HI CTHCHEHHS CTIHKH,

JOMYCKAETHCS 3aCTOCOBYBATH METO/I,
omucanunii B A.2.1(1), sk an8 OKpeMoro
€IIEMEHTY AKOPCTKOCTI (puc. A.3).

[lepenbavaeThcsi, MO OAWH 3 EIEMEHTIB
KOPCTKOCTI BTpayae CTIHKICTh, NPU LHBOMY
IHIIMH 3anuIIaeTsest KopcTkuM. OHOYacHa
BTparTa CTIAKOCTI 000X €JIEMEHTIB KOPCTKOCTI
BU3HAYAETHCS, BpaxoBYIOUM, IO OOHIBa
€IIEMEHTH JKOPCTKOCTI 3aMIHIOIOTh OJHHM
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A.2 — Notations for longitudinally stiffened plates

(7) If the stiffened plate has two
longitudinal stiffeners in the compression
zone, the one stiffener procedure described in
A.2.1(1) may be applied, see Figure A.3. First,
it is assumed that one of the stiffeners buckles
while the other one acts as a rigid support.
Buckling of both the stiffeners simultaneously
is accounted for by considering a single
lumped stiffener that is substituted for both
individual ones such that:



YMOBHUM €JIEMEHTOM OpPCTKOCTi. s 1poro
YMOBHOTO €JIEMEHTY >KOPCTKOCTI CIIpaBeINBO
HACTYIIHE!

a) 1oma rmepepisy i MOMEHT iHepIii IuIoni
nepepizy YMOBHOTO €IEMEHTY XKOPCTKOCTI |

€ CyMOIO BIMOBIIHUX BETUYHMH JJIsI OKPEMUX
€JIEMEHTIB JKOPCTKOCTI;

b) posramryBanus YMOBHOT'O CJIEMEHTY
AKOPCTKOCTI1 BiIMoBimae MOJIOKEHHIO
Pe3yABTYIOUOTO 3yCHIUIS CTUCKY Ul OKPEMUX
eJIEMEHTIB KOPCTKOCTI. s TPHOX
MpencTaBieHnX Ha puc. A.3 BHUMNAIKIB
PO3paxoBYIOTh BiIMTOBITHO KpUTHUYHE
3HaueHHs O, , (mB. A2.2(1)), ne b =b i

cr,p

b, =b,, atakox B  =b +b, (puc. A.3).

r ]
o}

B | T
H? Y !
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a) its cross-sectional area and its second
moment of ared 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 g, , is computed, see A.2.2(1), with

cr,p
b=b and b,=b, and B =hb +b,, see
Figure A.3.

“T A
B

- X

b b

Enement xopcrkocri |
Stiffener |

Enement xxopcerkocri |l
Stiffener Il

Y

3Be/eHi pa30M YMOBHI €IEMEHTH
KOPCTKOCTI
Lumped stiffener

Pucynoxk A.3- [lo3HaueHHs [uis 1MCTa 3 IBOMA €IEMEHTaMHU KOPCTKOCTI B 30H1 CTHCKY

Figure

A.2.2 Cnpouwgena Mmooenb no3008)HCHBLO20

e/1eMeHmYy HCOPCIMKOCHI, W0 YMPUMYEMbCs
nAACMUHOI0

(1) VY pa3i, skmo I1UlacTMHA TiACHIICHA
TUIBKA  OJHHAM  IIO3JOBXHIM  €JIEMEHTOM
KOPCTKOCTI B 30HI CTHCKY, KpUTHYHE
Hampy>KEHHsI BTpPAaTH CTIHKOCTI  €JIEMEHTY
KOPCTKOCTI SK CTHCHYTOTO CTEp)XKHA 0e3
ypaxyBaHHS MO30BXKHIX eJIEMEHTIB
KOPCTKOCTI B  PO3TATHYTIH 30HI MOXKe

BHU3HAYATHUCS 32 (POPMYIIOIO:

A.3 — Notations for plate with two stiffeners in the conegsion 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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_105E 414, b

o= e (if) a>
", bib, *

(A.4)
U :nZEEnS,1 E #*b@&? e (if) a<a.:
i ST @ aP(-V)A, b b Y As%

I, b2 (b2
ne (with) a, = 43%/@

ae.
A,; —Ioma Iepepisy OpyTTO €JIEMEHTY

KOPCTKOCTI SIK CTHCHYTOTO CTEpXKHS 3TiHO
A.2.1(2);

lg1 —MOMEHT iHepwii IUIOII IEpepizy
OpYTTO CTHUCHYTOTO CTepkHs 3rimHo A.2.1(2)

BITHOCHO OCi WOro MEHTpy TSOKIHHSI 1
napajieabHOI IUIONUHY IJIACTHHH;

b, b, —Bigcrani Big NO3MOBXHIX KpaiB

CTIHKHU JIO0 €JIEMEHTY KOPCTKOCTI (bl +h, = b).

Hpumitka. JIns8 po3paxyHky O

oo JWB. MIPUMITKY IO
4.5.3(3).

(2) JIns mIacTUHU 3 JBOMA MO3J0BXKHIMH
€JIEMEHTaMHU JKOPCTKOCTI, PO3TAIIOBAaHUMH B
30HI CTUCKY, MpPY)XHE KPUTHUYHE HAIpPYKECHHS
BTpPAaTU CTIMKOCTI NMOBHHHE MNPHUHMAaTUCS TIO
OUIBIIOMY 3 TPbOX 3HAYEHb, BU3HAYCHUX 34

dopmynoro (A.4) i3 3actocyBanmmam b =h,
b, =hb, i
’KOPCTKOCTI, pO3TalllOBaHi B PO3TATHYTIH 30HI,
HE MMOBHHHI BPAXOBYBATHUCS B PO3PAXYHKY.

b=B". Ilo310BXHI eJleMEeHTH

A.3 Koedinientu, 1mo
BTPAaTy CTIfKOCTI NpH 3CyBi

BPaxoBYIOTh

(1) JIns mmacTUH 3 JKOPCTKOK OMOPHOIO
YaCTUHOIO 3  TOTIEPEUYHUMH  EeJIEeMEHTaMu
KOPCTKOCTI 1 0€3 TO3I0BXKHIX E€JICMCHTIB
KOPCTKOCTI abo 3 OuUTbII HDK JBOMA
M03/10BXKHIMU eIEMEHTaMU  KOPCTKOCTI
koe¢imient K., mo BpaxoBye BTparTy CTIHKOCTi
npu 3CyBi, Moxe OyTH BHU3HAUCHUH 3a
bopmynamu:

k =5,34+ 4,000,/a 5+ k.,
k =4,00+ 5,34p,/af+ k.

66

where:

A, is the gross area of the column
obtained from A.2.1(2)

g, 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 stiffenr +hb, =b).

NOTE: For determiningr_ = 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 =h, 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 coefficientkk, can be

obtained as follows:

npu (When)a/h, =1;

A5
npu (when)a/h, <1 (A5)



3
>§$;
t \h,

MONEPEYHUMHU

ne (where)k = 9[—

|2

MDK
EJIEMEHTAaMU JKOPCTKOCTI (TUB. pUCYHOK 5.3);

a — BIJICTaHb

I
€JIEMEHTY JKOPCTKOCTI BIHOCHO OCi Z-Z
(muB. pucynok 5.3 (b)).lns criHok 3 mBOMa
abo Oulbllle  TO3JOBXKHIMH  €JIEMEHTAMH
’KOPCTKOCTI, HE3aJIeKHO Bijl iX pO3TallyBaHHS,
|, € cymMowo 3HadeHb JKOPCTKOCTI BCIX

OKPEMUX €JIEMEHTIB KOPCTKOCTI.

—MOMEHT  iHepuii  MO3T0BXKHBOTO

sl

Mpumitka. @opmyna (A.5) He HOMIUPIOETHCS Ha THYYKI

OHOpHi ﬂiJ'IHHKI/I 3 nonepeuYHnMu CICMCHTaAMH
YKOPCTKOCTI.
(2) Dopmyny A.5 nomycKaeTrbcs TaKOXK

3aCTOCOBYBAaTH JJsi TUIACTUH 3 OJXHUM abo
JIBOMa TIO3/I0OBKHIMH €JIeMEHTaMH JKOPCTKOCTI,

. a
SAKIIO JUIA BIOJHOIICHHSA & =-— CHPaBCAJIMBO

a=>3. Jlnga nnacTdH 3 OAHUM abo JBOMa
MO3/I0BXXKHIMU €JI€MEHTaMH KOPCTKOCTI TpH
a < 3 3Ha4yeHHA KoedinieHTa K, , mo BpaxoBye
BTpaTy CTIMKOCTI MPH 3CYBI, JOIMYCKA€ThCS
BHU3HA4YaTH 32 (POPMYIIOIO:

63+ 018

=41+
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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 ratiar :% satisfiesa =3 For

plates with one or two longitudinal stiffeners
and an aspect ratiar <3 the shear buckling
coefficient should be taken from:

Isl

(A.6)

0,2

3
UM, 5o Ja
t“h,
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JTOJATOK B
(TIOBIIKOBHI)
EJJEMEHTH KOHCTPYKIIII 31

3MIHHUM IEPEPI3OM

B.1 3arajanHi moJoxxeHHs

(1) [IpaBuma, wHaBegeni B posnumi 10,
3aCTOCOBYIOTBCS JI0 CTIHOK EJIEMEHTIB 3
HemapajaellbHUMH TosicaMu  sIK sl 0aJjok
KOpoOJacToro mepepidy 1 CTIHOK BIIKPUTHUX
nepepiziB 3 peryisipHUMU a0 HEperyIsIpHUMH 1
HE OPTOTOHATILHUMU €JIEMEHTAMH KOPCTKOCTI.

(2) Jdna  Bu3HaYeHHd Q. 1 4,

JIOMYCKAETHCS BUKOPHCTOBYBAaTH
CKIHYEHHHX eJleMeHTiB (auB. moaatok C).

METO

(3) Ilommxkyroui koediuientu p,, p, i X,
JUISl BU3HAYEHHS yMOBHOT THYYKOCTi A MOXYTb

OyTH OTpHMaHI 3 BiINOBIIHUX KPUBUX BTPATH
ctikocTi mactuuu (muB. po3aimm 41 5).

Mpumirka. TTormxkyroui koedimieHTH L AOMYCKAETHCA
BH3HA4aTH 32 (hopmyroro:

p:

@t

1
%

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) a,. and a,, may be obtained from
FE-methods, see Annex C.

rit

(3) The reduction factorp,, o, and y,,
for )_Ip may be obtained from the appropriate
plate buckling curves, see sections 4 and 5.

NOTE: The reduction factoro may be obtained as
follows:

—, (B.1)
-A

p

ne (where): @ =%[@1+ap()'_p_7'po)+)'_p)

i(and) A, =

Ient MeTox 3aCTOCOBYEThCA Ul 3Ha4€Hb O, , O,
i )X,-3uasenns A, i &, Bkazani B Tabnuui B.1.

I[i 3Ha4YeHHS BIANMOBINAIOTH JaHUM KPUBHX
BTPATH CTIMKOCTI TutacTuH (nuB. po3aum 41 5) i
JAr0Th Oe3MmocepeHiii 3B'SI30K 3 T€OMETPUIHOIO
YMOBHOIO HEJIOCKOHAJIICTIO:

ault,k

cr

This procedure applies tp,, p, and x, The
values ofA, and a, 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 :

1P

- oot
e =a,(X -1 )-G—Lu (B.2)
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3uavenns a, i Apo

Table  B.1- Values fora, andAp
Bupi6 [epeBakatoua hopma BTpaTH CTIHKOCTi a oo
Product Predominant buckling mode ’ ’
Hopmansne Hanpysxenns ms (direct stress foryy = 0 0,70
Falﬁq'[eKaﬁa}éHﬁ Hopmansne Hanpysxenns ms (direct stress forjy <0 0,13
otrolle Hanpy:xenns npu 3cyBi (Shear) 0,80
ITonepeuni miciieBi HaBaHTaXXeHHs (transverse stress)
3BapHwuii abo Hopwmanehi Hanpysxenns s (direct stress fogy = 0 0,70
XOJIO/IHO-
(dhopmoBaHMit - 0,34
Welded or cold | Hopmanbre nanpyxenns s (direct stress forjy <0
formed Hanpysxenns npu 3pizi (Shear) 0,80
[Monepeuni micieBi HaBaHTaXeHHs (transverse stress)

B.2 3B's3ok Mixk BTpaTow crilikocTi
IJIACTHHHM i KPYTHJIbHOIO (popMOI0 BTpaTH
cTiiKOCTI

(1) Meron, Bkazanuit y B.1, nomyckaerbcs
3aCTOCOBYBAaTH Ui TEPEBIPKM  CTIMKOCTI
IUTACTUHH 3 YpaxyBaHHSIM Oi4HOT KPYTHUIBHOI
dbopMH BTpaTH CTIHKOCTI €JIEMEHTIB, SKIIO

3HaYeHHA d,, U O,  BU3HAYAIOTHCI

HACTYITHUM YHAHOM.

a,

ut  — HaMEHIUH KoeQilieHT 30UIbIIEHHS
PO3paxyHKOBHUX HaBaHTaKEHb, NMPH AKUX Oyne
JOCATHYT€ HOpPMATHBHE 3HAYEHHS HECydoi
3aTHOCTI TUIACTUHU [UIsI HAWKPUTUYHIIIOTO
MOTIEPEYHOr0 Tepepizy, HEXTYIOUN Oy/Ib-sIKOI0
($opMOI0 BTpaTH CTIHKOCTI MJIACTUHHU, Y TOMY
yucai 1 OpU  KPYTWIBHIM  ¢opmi BTpaTu
CTIHKOCTI,

a,

.,  —HaliMeHmMH KoeQilieHT 30UIbIIEHHS
PO3paxyHKOBHUX HaBaHTaKEHb, NPH AKUX Oyre
JIOCATHYT€ KPUTHYHE 3HAUYEHHS  HECydoi
3MAaTHOCTI  TUIACTMHHM  JJsL  €JIEMEHTY,
BKJIIOYAIOYM BTPATy CTIAKOCTI IUIACTHHH, Y
TOMY YHCI 1 TIpU KPYTHIBHIM (opmi BTpatu
CTIAKOCTI.

(2) SIKmo @, 3aleXuTh BiA KPYTHIBHOI

dbopmu BTpaTu CTIMKOCTI, TO
BUKOPHUCTOBYBaHUN MOHMKYIOUUNA KOEQIIi€EHT
O TOBHHEH OYTH HAalMEHIIUM MOHWKYIOUUM
koedimienTom 3rigHo m. B.1(3) i 3HaueHHS
koediieHTa )X, MNpH KPYTHIbHIA dopmi
BTpPAaTU CTIMKOCTI HEOOXIAHO 3aCTOCOBYBAaTH
3rigno 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 calculatinga,, and a,, as
follows:
a, is the minimum load amplifier for the

design loads to reach the characteristic value
of resistance of the

most critical cross section, neglecting any
plate buckling and lateral torsional buckling;

a, is the minimum load amplifier for the

design loads to reach the elastic critical
resistance of the member including plate
buckling and lateral torsional buckling modes.

(2)  When a, contains lateral torsional
buckling modes, the reduction factar. used
should be the minimum of the reduction factor
according to B.1(3) and thg,; — value for

lateral torsional buckling according to 6.3.3 of
EN 1993-1-1.
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JTOJATOK C
(TIOBIZIKOBHI)
PO3PAXYHKH 3A JOIOMOI'OIO
METOAY CKIHUEHHUX EJEMEHTIB

(MCE)

C1

(1) Y nomarky C HaBeieH1 BKa3iBKH IO
3aCTOCYBAHHIO METOJly CKIHYEHHUX €JIEMEHTIB
OpU  pO3paxyHKy Hecydoi 37aTHOCTI 3a
IPaHUYHUMH CTaHaMu abo TpH TepeBipKax
BTOMHOI MIITHOCTI IUTACTUHYACTUX EJIEMEHTIB
KOHCTPYKIIii.

3arajbHi MoJI0KeHHA

Hpumitka 1. B EN 1993-1-6 HaBeneHi BKa3iBKU IO
3aCTOCYBAaHHIO METOJY CKIHYEHHUX €JIEMEHTIB JUIs
PO3paxyHKy KOHCTPYKIIH y BUIIIA1 00OJIOHOK.

Ipumitka 2. 1lg  HacraHoBa  mHpu3HAueHa  JUIA
IH)KEHepiB, fKi MalOThb IIEBHMH JOCBiI pPOOOTH B
pO3paxyHKax KOHCTPYKIH 3 BHUKOPHUCTaHHSIM METOIY
CKIHUCHHHUX €JIEMEHTIB.

(2) Bubip Merony CKIHUCHHHX €JIEMEHTIB
3aNeXUTh BiA JOCTIHKYBAHOTO 3aBIaHHS 1
0a3yeTbCsl HAa HACTYITHUX JOTYIICHHSX:

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 mathod

(2)

the following assumptions:

Ta6imua C.1 — JlomymeHHs A pO3paxyHKiB METOJOM CKIHYCHHHX €JIEMEHTIB

Table C.1 — Assumptions for FE-methods
Bnactusocti Henockonamnicrts,
[Mpukmnan 3acTocyBaHHS
Ne CTPYKTYpH muB. C.5 Example of use
Material behaviour | Geometric behaviour
e IIpyxHa epekTUBHA [IMPUHA, HECYUYA 34ATHICTH IIPU
JIiniia1 Hemace Py b .. P yHa 31 P
1 . MPYXHIiH cTafii poooTH
Linear No . . .
Elastic shear lag effect, elastic resistance
e Hecyua 31aTHICTS B TpPaHUYHOMY CTaHI IIPY [IACTUYHIN
2 JIiniiia1 Hemace yaa si (?Tazxi'l' po 63;1/1 p
Linear No . . .
Plastic resistance in ULS
e . Kpurnune HaBaHTa)XKeHHS IPU BTPATI CTIHKOCT1
Heminiiini Hemace P P p
3 Non linear No THIaCTHHH
Critical plate buckling load
e Hecyua 3maTHICTS IIpH BTpaTi CTIMKOCTI INIACTUHHA B
4 HemHidHi € . np )KHII;/’I craaii
Non linear Yes 1Py amu
Elastic plate buckling resistance
e Hecyua 31aTHICTE B TPAHUYHOMY CTaHI IIPU cTamll
5 HemHidHi € a Z[H )KHO-HI?&ICTI/I‘-IHO'I' y060TI/I b §
Non linear Yes py: ; HOL pobo
Elastic-plastic resistance in ULS
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The choice of the FE-method depends
on the problem to be analysed and based on



C.2 3acrocyBaHHS

(1) TIpm BUKOPHUCTaHHI METOY
CKIHUEHHMX €JEMEHTIB [UIi  pO3PaxyHKy
KOHCTPYKIIH HEOOXiHO 3BEpTaTH yBary Ha
HACTYIIHE:

— MOJICNIIOBAHHS KOHCTPYKTUBHOTO €JIEMEHTY
1 HOTO TPAaHUYHUX YMOB;

— BHOIp BIIMIOBIJTHOTO IIPOrPaMHOTO
3a0e3neyeHHs 1 He0OX1THOT JOKYMEHTAIl{{,

— BpaxyBaHHs HEJIOCKOHAJIOCTEH;
— MOJIENIIOBAaHHS BIIACTHBOCTEW MaTepiaiy;
— MOJCIIOBAHHS HABAHTAXCHD,

— MOJENIOBAHHS KPUTEPIiB I TPAaHUYHOTO
CTaHy;

— BHUKOPUCTAHHS YACTKOBHUX KOEQIIi€HTIB
Oe3mexH.

Mpumitka. Y HanionansHOMY 10JaTKy AOITYCKAa€ThCS
BCTAHOBJIOBATH JIO/IATKOBI yYMOBH [UISi 3aCTOCYBAHHS
METOy CKIHYEHHHX €JIEMEHTIB IIPH NTPOEKTyBaHHI.

C.3 MopgeawBaHHs

(1) Bubip MeToay CKIHUCHHHX CJIEMEHTIB
(mmocka abo oO'emHa mojeni) i 00'eM CiTKU
MPUIMAIOTh 3aJIe)KHO Bl HEOOX1THOT TOYHOCTI
pe3yibTaTiB  po3paxyHKy. o KOHTpoIo
BIJMOBITHOCTI  PO3paxyHKy  KOHCTPYKIil
MOBHHHA BUKOHYBATHCS MEPEBIpKa YyTIUBOCTI
3 TIOCHIJOBHMM YTOYHEHHSM IIOYaTKOBHX
TaHUX.

(2) MojenoBaHHS METOJIOM CKIHUCHHHX
CJIEMEHTIB MOJKE TIPOBOIUTUCS JIJISL:

— IJIOTO eJIeMEHTY KOHCTPYKIIii,

— MIACTPYKTYpHU AK YaCTHHHU BCi€l

KOHCTPYKIIii.

Mpumirka. TIpuknanoM eneMeHTy KOHCTPYKILII Moxe
Oyrn criHka a00 HWKHS IUTaCTUHA HEpPO3pi3HOI
KopoOJacToi Gaku B 30HI MPOMIKHHUX OMOp, € HIKHS
IUTACTUHA CTUCHYTA. [IpHKIazoM MiACTPYKTypH MOXKeE
OyTH CEKIlisl HIDKHBOI IUTACTHHH, IO MiJNA€ThCs il
JIBOBICHOT'O HAITPY>KEHHSI.

(3) TI'panmyni ymoBM Ui OHOPH,
30BHIIIHINA BUIJISA KOHCTPYKLII 1 MpUKIaneH1
HABaHTa)XCHHS HEOOXiTHO BUOHMpATH TaK, 1100
pe3ynbTaTH  BIAMOBigANM  JiHCHINA  poOOTI
KOHCTPYKIIii.

JCTY-H b EN 1993-1-5:20X
C.2 Use

(1) In using FEM for design special care
should be taken to

— the modelling of the structural component
and its boundary conditions;

— the choice of software and documentation;

— the use of imperfections;

— the modelling of material properties;
— the modelling of loads;

— the modelling of limit state criteria;

— the partial factors to be applied.

NOTE: The National Annex may define the conditions
for the use of FEM analysis in design.

C.3 Modelling

(1) The choice of FE-models (shell models
or volume models) and the size of mesh
determine the accuracy of results. For
validation sensitivity checks with successive
refinement may be carried out.

(2) The FE-modelling may be carried out
either for:

— the component as a whole or

— a Substructure as a part of the whole
structure.

NOTE: An example for a component could be the web
and/or the bottom plate of continuous box girderthie
region of an intermediate support where the bottom
plate is in compression. An example for a subsiinect
could be a subpanel of a bottom plate subjectazidi
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) TeomerpuyHi mapameTpu  IOBHHHI

npuiMaTHCS K HOMIHAJIBHI.

(5)  VYci HemOCKOHANOCTI MiAPO3AUISIIOTHCS
no ¢opmi Ta IpOTSHKHOCTI, TUB. po3at C.5.

(6) BmactuBocti Mmarepiany BUOMpAOTH 3
ypaxyBauusim C.6(2).

C.4 BuOip nporpamu i J0OKyMeHTaLis

) [Iporpama  TOBWHHA  BIAMOBiIATH

3aBJIaHHIO 1 OyTH HAAIHHOIO.
Ipumirka. Hagidinicts nporpamMm  Moxe  OyTH

i ATBEPIKCHA 3a JIOTIOMOT'0I0 BIITOBITHUX
MIepeBipOYHNX BUNPOOYBAHb.

(2) Po3mip ciTku, HaBaHTaKEHHS, TPAaHUYHI
YyMOBH 1 IHIII JaHi, 10 BBOJSATHCH,
JOKYMEHTYIOTh B CYNPOBO/II 0 PO3PAXYHKY 3
METOI0 MOXJIMBOCTI iX BiITBOPEHHS TPETIMHU
ocobamu.

C.5 BpaxyBaHHS HeJOCKOHAJIOCTeMH

(1) HenockoHamicTh, 10 BpPaxOBYETHCS
IpU  PO3paxyHKax METOJAOM CKIHYEHHUX
CJICMEHTIB, TIOBHHHA CKJIAJaTHCI K 3
FeOMETPUYHOI, TaKk 1 3  CTPYKTypHOI
HEJI0CKOHAJIOCTEH.

(2) VY pa3i HEMOXJIHMBOCTI BpaxyBaTu B
PO3paxyHKy TOYHY T€OMETPUUHY 1 CTPYKTYpHY
HE/I0CKOHAJICTh, JIOYCKA€ThCSI BUKOPUCTAHHS
€KBIBAJICHTHOI T€OMETPUYHOT HEOCKOHAJIOCTI.

Mpumitka 1. I'eomerpuuny HEIOCKOHAJIICTh
JIOIYCKAa€ThCS 3aCTOCOBYBATH y (hOpMi, IO BiIIOBizNa€E
BTpaTi CTIMKOCTI IUIACTMHM B KPUTHYHINA cTamil 3
aMIUTITYZIOI0 3THHIB, HaBeleHOI B HamioHansHOoMy

JOOATKY. bmuseko 80 % FEOMETPUYHHX
HEJIOCKOHAIOCTEH  BIAHOCATBCA 7O  3aBOJACHKUX
nedekTis.

Ipumitka 2. CTpyKkTypHa HEJOCKOHAIICTh, BUKIMKaHA
3aJIMIIKOBUM HAINpYKEHHSIM B HPOLECi BUPOOHMIITBA
IPU  BWUTOTOBJICHHI  KOHCTPYKILiH, Moxke OyTn
NIPE/ICTaBJICHA Y BUIIAAl JONATKOBOTO HANPYXKEHHS 3

aMIUTITY1010 3THUHIB, PpiBHOIO cepenHiM
(mepenbauyBaHuM) pO3MipaM.
(3) BkaziBku o BpaxyBaHHIO

HE/IOCKOHAJIOCTI B PO3paxyHKy HEOOXiJIHO

3aCTOCOBYBaTH 3  METOK  JIOCSATHCHHS
HaWHUKYO1 HECYYOi 3JJaTHOCTI.
(4) JIns  ekBiBaJICHTHOI  T'€OMETPUYHOT

HE/I0CKOHAJIOCTI JIOIYCKAEThCSl 3aCTOCOBYBATH
tabmumo C.21 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 patterrtheo
fabrication process with amplitudes equivalent he t
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.



Ta6imns C.2 — ExBiBaneHTHA reOMETPUYHA HEJIOCKOHATICTh
Table C.2 — Equivalent geometric imperfections

JCTY-H b EN 1993-1-5:20X

Tun HemockoHanocTi EnemenT koHCTpyKIii dopma Bennunna
Type of imperfectior] Component Shape Magnitude
I'mobanpHwMi EnemenT KOHCTPYKILT JOBKHHOKO | Hyra EN 1993-1-1rabnuns 5.1
Global Member with length Bow see EN 1993-1-1, Table 5.
AT A— [To3moBXkHIH €T1EeMEHT )KOPCTKOCT1 Jiyra
Global JIOBXKUHOIO d B}(;rw min (&/400,b/400)
Longitudinal stiffener with length
. Bun kpusoi
) P—— [Tanens abo cexiisi 3 KOPOTKOIO CTOPOHOIO d - '
ado b : min (&/200, b/200)
Local . Buckling
Panel or subpanel with short spaar b
shape
] P—— Enementn KOPCTKOCTI a0o moscy, Mo Jlyra srumy
Local . TUVIQIOTBC STHHY , Bow twist 1/50
Stiffener or flange subject to twist
3acTocyBaHHS TUIIB
HEIOCKOHAJIOCTEN

Type of imperfection

EnemenT koHCTpYKIiT
Component

JIOBXKHUHOIO |

I'mobanbHuii eneMeHT KOHCTPYKI|

Global member with length

)KOpCTKOCTi JOBXXHHOIO

length a

I'nmobOanpHuUi O3 00BXKHIHN €JIEMEHT

Global longitudinal stiffener with

a

JlokanpHa maneab a0o CeKIist
Local panel or subpanel

JlokanbHUN 3TUH €IEMEHTY
KOPCTKOCTI 200 nosicy

Local stiffener or flange subject tg

twist

Pucynok C.1- MojenoBaHHs €KBIBAJIGHTHOI T€OMETPHUYHOT HETOCKOHATIOCT1
Figure

C.1- Modelling of equivalent geometric imperfections
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(5) [Ipy moegHaHHI  HEJOCKOHAIOCTEH
IIOBUHHA Oytu oOpaHa OCHOBHa
HE/IOCKOHAJICTh 1 CYIPOBIJHA HEIOCKOHATICTh
MOY€ MarH 3Ha4yeHHs, 3MeHmeHi 10 70 %.
Mpumitka 1. Byap-skuii  THI  HEJOCKOHAJIOCTI B
tabmuui C.2 moxe OyTn NUpPUHHATHHA SK NPOBiTHA
HEJIOCKOHAICTb, & 1HIII — SIK CYIPOBiIHI.

[pumitka 2. ExBiBasieHTHY TEOMETPUUHY
HEJOCKOHANICTh JIOITYCKAETHCS 3aMiHIOBaTH

BIMOBITHUMH (DIKTHBHAMH CHIIAMH, JIIOYAMH Ha
€JIEMEHT.

C.6 BuaacruBocti MaTepiany

(1) BnacruBocTi MaTepiany 3aCTOCOBYIOTH
3 HOPMATUBHUMU 3HAUCHHSIMHU.

(2) 3aJIe)KHO BiJ HEOOXITHOI TOYHOCTI 1
BEJIMYUHY PIBHS HAIIPY)KEHHS TPU PO3PaXyHKY
JOMYCKAEThCS ~ 3aCTOCOBYBATH  HACTYITHI
NEepeyMOBH ISl BJIACTUBOCTEH Marepiany
(puc. C.2):

a) TpYXHO-IIACTUYHI 0e3 HaNpyXEeHHs CTaii
CaMO3MIIIHCHHS (ineanbHwMiA MPY>KHO-
IUTACTUYHUEN MaTepian);

b) nmpyxHO-mIacTHYHI 3 HOMIHAJILHUM KYTOM
IUTOIAJIKA CTaail CAaMO3MIIHEHHS,

C) NPYXHO-IUIACTUYHI 3 JIHIHHUM KyTOM
HAMPYKCHHsI CTaJ(ii CAMO3MIIIHCHHS

d) mificHa kpuBa 3aJIE)KHOCTI HANpPYKEHHS 1
nedopmariii, BU3HAUE€HA 3a pe3yJbTaTaMHU
BUNPOOYBaHb, TIMCHI 3HAYCHHS BU3HAYAIOTHCS
3a (hopMynamu:

g,

true

(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 bentase
the accompanying imperfections.

NOTE 2: Equivalent geometric imperfections may be
substituted by the appropriate fictitious forcesragon
the member.

C.6  Material properties
(1) Material properties should be taken as
characteristic values.

(2) Depending on the accuracy and the
allowable strain required for the analysis the
following assumptions for the material

behaviour may be used, see Figure C.2:

a) elastic-plastic without strain hardening;

b) elastic-plastic with a nominal plateau
slope;

c) elastic-plastic with linear strain hardening;

d) true stress-strain curve modified from the
test results as follows:

=og@l+¢),

(C.1)

Evue = IN(A+E)
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Mopenb
Model
fy" fY“ 1
3 Mexero a) b)
TEKY4JOCTi .
tan'(E) tan(E) -
With yielding P 2
plateau
1[tan” (E /1000
(abo aHayNOriYHE MEHIIIC 3HAYCHHS)
1ltan” (E /1000
(or similarly small value)
oA
fT tan’(E/100)
I3 cragiero c)
CaMO3MiITHEHHS }
tan(E) N
With strain- g

hardening 1 —pnificHa KpuBa HampykeHHs-IedopMmais (true
stress-strain curve);
2 —xpuBa HaInpyKeHHs-edopmartis 3a
pesynbraTamu BUIpoOyBaHp (Stress-strain curve
from tests)

Pucynok C.2- MojenoBaHHS BIaCTUBOCTEH MaTepiary

Figure

Mpumirka. s Moxynst mpyXHOCTI B NPYKHIM 30HI
BH3HAYAILHUM € HOMiHaJbHE 3HAYCHHSI.

C.7 HaBauraxkeHus

(1) HaBanrtaxeHHs, 110
BUKOPUCTOBYIOTbCSI, TIOBUHHI MICTUTH OCHOBHI
YaCcTKOBI KoedilieHTH Oe3meku 1 KoedilieHTH
MO€JHAHb  HaBaHTaxeHb. Jlng  mpocrotn
PO3paxyHKIB JOMYCKAETHCS BUKOPUCTOBYBATU
€TUHUI Koe(ilieHT 30UTBIICHHS
HaBaHTAXEHHS O .

C.8 Kpurepii 1j1s1 rpPAHUYHOIO CTAHY

(1) T[pm po3paxyHKYy KOHCTPYKLIH 3a
IpPaHUYHUMH CTaHaMU MOBHHHI

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 multipliera may be used.

C.8 Limit state criteria

(1) The ultimate limit state criteria should
be used as follows:
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3aCTOCOBYBATHUCS HACTYIHI KpUTeEpii:

1) IJ1s1 KOHCTPYKIIH, YyTIMBHUX 0 BTPATH
CTIAKOCTI — JOCSATHEHHS MAaKCHMAaJbHOTO
HaBaHTaKCHHS,

2) JUIE  YacTUH  KOHCTPYKIIH, IO
Hia0ThCS BIUIMBY PO3TATYIOYOTO
Hamlpy)KEHHsI — JOCATHEHHS TI'PaHHUYHOTO
3HAUEHHS HaIpYKEHHS B HaOUTBII

HaBaHTAKEHOMY BOJIOKHI.

Mpumitka 1. YV  HanionansHOMYy 10#aTKy MOXe
crelialibHO OOMEXYyBaTHCS pIiBEHb HANpYKEHHI B
HaANOIIBII HABAHTAXKEHOMY BOJIOKHI, Hanpukiam Ha 5 %
BiJl PEKOMEHI0BAHOTI'0 3HAYCHHS.

Ipumirka 2. 3amicTh HaBEJEHUX BHINE KPUTEPIiB
TPaHWYHUX CTaHIB JIOIYCKA€TbCS BHKOPUCTOBYBATH
TAKOX 1HON KpuTepii, Taki SK JOCATHEHHS MEXi
TEKy40cTi 200 0OMEXEHHs 30HH MEXI1 TeKy4OCTi.

C.9 Yacrkosi koepinieHTH 0e3nexn

30LIbIIEHHS
PO3PaXyHKY
KOHCTPYKI[Ii 3a TpaHWYHUMU CTaHAMH Mae
Oytu JOCUTD 0OIpyHTOBAHUM, o6
BUKOHYBaJacs BHUMOTa HagIIHOCTI
KOHCTPYKITii.

(1) Koedimient

HaBaHTAaXCHHA a u npu

(2) HeoOxinHuii koedimieHT 30UTbIICHHS
HABaHTaXXEHHS @, CKJIAJA€TbCs 3 JBOX
Koe(illieHTIB:

1) @, —UId BpaxyBaHHS MOXUOKU MOJeNi
MIPU MOJICNIOBAaHHI CKIHYEHHUX EJIEMEHTIB &,

BU3HAYAETHCA 3a JOIIOMOI'OIO OI_[iHKI/I 11040.¢

BIIMOBIAHUX BUIPOOYBaHb, AWB. AomaTok D
EN 1990;

2) Q, —JUld BpaxyBaHHS HETOYHOCTEH
MOJICITFOBAHHS ~ HABaHTAXCHHS 1
3JIaTHOCTI. Honst a,

Hecy4ol
JOILyCKA€EThCsA
3aCTOCOBYBAaTH J,,; — IHpH 3Ha4HIi BTpaTi
crabulbHOCTI 1 )y, — HpU MPOrHO31

pyHHYBaHHS MaTepiaty.

@) M= a

, TOBHMHHA

BUKOHYBATHUCS

yMOBa!

a,

u

Mpumitka. Y HamionanbHOMY JONaTKy HaBeIcHI

BKa3iBKM 1momo ), 1 ),, Pexomennyerncsa

3aCTOCOBYBAaTH YHCIIOBI 3HAYECHHA ), , 1 V, ,, HABEICHI
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1. for structures susceptible to buckling:
attainment of the maximum load.

2. for regions subjected to tensile stresses:
attainment of a limiting value of the principal
membrane strain.

NOTE 1: The National Annex may specify the limiting
of principal strain. A value of 5 % is recommended.

NOTE 2: Other criteria may be used, e.g. attainment of
the yielding criterion or limitation of the yieldjnzone.

C.9 Partial factors

(1) The load magnification factoo, to

the ultimate limit state should be sufficient to
achieve the required reliability.

(2) The magnification factora, 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 takeryas

if instability governs andy,,, if fracture
governs.

3 It should be verified that:

>a, @, (C.2)

NOTE: The National Annex may give information on
¥,, and y,,. The use ofy,, and y, , as specified in
the relevant parts of EN 1993 is recommended.
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JTOJATOK D
(TIOBIZIKOBHI)
BAJIKH 3 TO®POBAHUMM CTIHKAMM

D.1 3arajbHi moJ0KeHHSA

(1) paBuna BH3HAYEHHS PO3PAXYHKOBUX
napameTpiB B jaoaatky D mommproroTecs Ha
JBOTAaBPOBI OaJIku 3 TpameuieBUAHUMHU abo
CHHYCOIIaJbHUMHU TO(GPOBAHMUMHU CTIHKaMHU 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.

X
£

2w

Pucynoxk D.1- I'eomerpuuHi mo3Ha4eHHs

Figure

D.2 TI'pannunmuii
31aTHICTIO

CTaH 3a HECY4010

D.2.1 Hecyua 30amnicmov no 32unanshomy
MomeHnmy

(1) Hecyua 3nmaTHiCTh IO 3THHAJIBHOMY
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D.1- Geometric notations

D.2 Ultimate limit state

D.2.1 Moment of resistance

(1) The moment of resistandd ,, due to



MoMeHTy My, noBHMHHAa npuUAMaTUCa AK

MiHIMaJIbHa 3 HACTYITHUX 3HAYEHb.

a, Oof
MRd =min M[ﬁhw+

t1+t2j_b1D1nyf,
Yo

2 Yo

[ﬁm t+tj b, (%, 0k f, [Em

JCTY-H b EN 1993-1-5:20X

bending should be taken as the minimum of
the following:

j (D.1)

Pasmaenymuii nosc
(tension flange)

ae:

fyfyr —MeXa TEKy4oCTi, 3MCHIIEHA Ha

OCHOBi Jii MOMEHTIB IONEPEYHOTO 3TUHY B
Mosicax:

Cmucnymuii nosc
(compression flange)

Cmucnymuii nosic
(compression flange)

where:
f. is the value of yield stress reduced due
to transverse moments in the flanges

fe, =1, Of
o,(M
f=1-04 |ZM.).

fo

Mo
0,(M,) —HampyxeHHA B TOsCi, BUKIUKaHE o,(M,) is the stress due to the transverse
MOMEHTOM MOTNEPEYHOT0 3rHHY; moment in the flange
X — MOHWXKYIOUYHH  KOeQIieHT  TpH X iIs the reduction factor for out of
BTpaTi CTIMKOCTI IUTACTUHH, BH3HAYAETHCS plane buckling according to 6.3 of
3rijguHo 3 6.3 EN 1993-1-1. EN 1993-1-1
Ilpumitka 1. MoMent nomepednoro 3runy M, NOTE 1: The transverse momemd  results from the

BH3HAYAIOTh 3 II€pefadi 3yCHJIb 3CYBY BiJl CTIHKM Ha
nosicu 3rijHo puc. D.2.

Mpumitka 2. YV cunycoigadbHuX ropoBaHMX CTiHKAX

f. =1,0.
W
T1(X) l

shear flow in flanges as indicated in Figure D.2.

NOTE 2: For sinusoidally corrugated welds is 1,0.

B iy L
|
T
M.x) B M) FX
A

3

———

Pucynok D.2- [lonepeuHi HaBaHTa)XEHHS Ha MOSIC BHACIIAOK Mepeaadi 3yCHIIb 3CYBY

Figure

(2)  Edexrtusny” miouyy cTHCHYTOTo I0ACY
BU3HAYAIOTh 3TiAHO 3 4.4(1), BUKOPUCTOBYIOUH
HaOUThIIE 3HAUYCHHS YMOBHOI THYYKOCTi Ap,
BimnoBigHo 10 4.4(2). Koedimient K, mo
BpaxoBy€  BTpaTy  CTiMKOCTi, = NOBHHEH
npuiiMaTUCs OUTBIINM 13 3HAYEHb.

D.2- Transverse actions due to shear flow introductima 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

ﬁp_ defined in 4.4(2). The buckling factds,
.should be taken as the larger of:
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2

a) k, = O,43+[Ej :
a

ne b —wmakcumanbHa MmMIUpPUHA BiA BaJHMKa
3BapIOBaHHS JI0 BUIBHOTO KpParo;

(D.2)

whereb is the maximum width of the

outstand from the toe of the weld to the free
edge

a=a +2a,

b) k=080,

ne (where)b = >

D.2.2 Hecyua 30amnicmo npu 3cyei

(1) Hecyuy s3parHicTh mpH 3CyBi Vg,
BHU3HAYAIOTH 32 (opMyIIoro:

VRd :Xc

ne X, —MEHIIEe 3HAUeHHS 3 MOHIKYIOUHX
KoeIIieHTIB MPHU MICIEeBill BTpaTi CTIMKOCTI
Xo3rigHO (2) 1 3aranbHid BTpaTi CTIHKOCTI
Xe.g 3rinnO (3).

(2)  Ilonmxyrounit koedimieHT )X, IpH
MICLIEBIH BTparTi CTIHKOCTI IIACTUHU

BHU3HAYAIOTH 32 (OpMYIIOIO:

(D.3)
b,

D.2.2 Shear resistance

(1) The shear resistanc¥,, should be
taken as:

i
. K D.4
yMl\/él:hN W ( )

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

(2)  The reduction factory,,  for local
buckling should be calculated from:

=T <10 D.5
Xc,l 0 N :L ( )
Ay = [ (D-6)
Y Z-cr,l\/§
t 2
%:%£%W} (D.7)
Anax

ne a.,, —IOBUHHO NpuiMarucs sK Oulble

3HAUEHHS 3 & 1 4, .

Mpumirka. /{11 cuaycoiganbHIX roppoBaHNX CTIHOK B
HanionansHoMy m0#aTKy MOXYTh JaBaTHCs BKa3iBKH

LI0/10 BUBHAYCHHA T 1, X, -

PexoMeHyeTECS 3aCTOCOBYBATH HACTYITHY (OPMYILY:

a.., should be taken as the greaterapfand
a,.

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

and x,, -

The use of the following equation is recommended:

: :(534&5 7E [M
T he ) 120a-v?) s

ae.

W — IOBXKMHA TIPOEKI(ii TOJIOBUHU XBHIIi
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where:
W Is the length of one half wave, see
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(muB. puc. D.1); Figure D.1,
S —pO3ropHYTa  JOBXXHHAa  TIOJOBHHHU S is the unfolded length of one half
xwii (muB. puc. D.1). wave, see Figure D.1
(3) ToHmxkyrouwmii KoeQiIieHT Xeo (3) The reduction factory, , . for global
3arajbHOI BTPAaTH CTIHKOCTI PO3PaxOBYIOThH 32 buckling should be taken as
bopmynoro:
15
Xeg=—— 5 S 10, (D.8)
05+ A,
Jle (where) A, ! @
¢ (where = |/ .
“ N\, 3
324 3
Teg = he /D, D, (D.10)
v
E @
D, =
12 lﬁ—vzj S
El
D,=—+*
W
I, —MOMEHT iHepIii Iomi rogpoBaHOTO I, second moment of area of one
BIZIPi3Ky AOBXUHOIO W (muB. puc. D.1). corrugation of lengthw, see Figure D.1
Mpumirka 1. 3Hauenns S i |, Bu3HAuaOTH A NOTE 1: s and |, are related to the actual shape of
nificHoi hopmu rodpyBaHHs. the corrugation.
Mpumitka 2. @®opmyna (D.10) nommproerscst Ha NOTE 2: Equation (D.10) is valid for plates that are
MeTaJIeBl JIMCTU TPH AOMYLICHHI IIAPHIPHUX ONOp Ha assumed to be hinged at the edges.
Kpasx.
D.2.3 Bumozu 00 cKinuenHux enemenmis D.2.3 Requirements for end stiffeners
Hcopcmkocmi
(1) CkiHdyeHHI  €JIEMEHTH  OPCTKOCTI (1) Bearing stiffeners should be designed
BU3HAYAIOTh 3TTHO 3 BAMOTraMH po3zaity 9. according to section 9.
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NOJATOK E
(OBOB'SI3KOBHN)
AJIbTEPHATHUBHI
BU3HAYEHHS
IEPEPI3IB

METOIH
E®EKTUBHUX

E.1 EdextuBni muomi mnepepisiB ais
HATNIPYKeHHS HUKYe MeXKi TeKy4O0CTi

(1) B skoCTi anbTEepHATHBH METOY 3T1ITHO
3 4.4(2) nomyckaeThCsl — 3aCTOCOBYBAaTH
HacTymHi  ¢opMyau Ui BU3HAUYCHHS
e(EeKTUBHMUX IUIOL] TNPH pPiBHI HaNpyXEHHS
HIDKUE MEX1 TeKy4OCTi:

a) A CTUCHYTOI IUTACTHHHU 3 JIBOCTOPOHHIM
3aKPITICHHSIM:

P 1-0,055(3+ ¢ J A pred

A p,red

D) mnst cTucHyTOT IUTACTHHYU 3 OTHOCTOPOHHIM
3aKpIrUICHHSIM (3BHC JIMCTA):

p - 1_ O,Esgj p,red
p,red
[To3nauenns naBencui B 4.4(2) 1 4.4(4). dns

PO3paxyHKy HECy4ol 31aTHOCTI MPH 3araibHiil
BTpaTi CTIHKOCTI 3acTrocoByeThest 4.4(5).

E.2 EdextusHi
“KOPCTKOCTI

IO eJIeMEeHTIB

(1) [dns pospaxyHKy e(EKTHBHUX ILIOI]
€JIEMEHTIB  JKOPCTKOCTI TNpU  BU3HAYEHIH
MIIIHOCTI 3a TPaHUYHMMU CTaHAMH YMOBHY

THYYKICTh Aser JIONMYCKA€THCS BH3HAUATH 32
bopmynoro:

+0,18

+0,18

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:

DT )

(25-0.6)

b) for outstand compression elements:

, aie (but) p<10 (E.2)

jp_jp,red) aﬂep<lO (E 2)
(25-0.6) B '

For notations see 4.4(2) and 4.4(4). For
calculation of resistance to global buckling
4.4(5) applies.

E.2 Effective areas for stiffness

(1) For the calculation of effective areas
for stiffness the serviceability limit state

slenderness p,seks.. may be calculated from:

- - g,
A =7, D/—w"; = (E-3)
y

I€ Ooomeqser — HAMOLIBIIE HaTPyXKCHHS

cTucky (po3paxoBaHe [y  e(EKTUBHOTO
MOTIEPEYHOr0 Mepepidy) B JaHid dYacTuHI
nepepizy MmiJl HaBaHTAXKEHHSMU B TPAHUYHOMY
CTaH1 IO eKCIUTyaTaliiiHii MpUIATHOCTI.

(2) MowmenT iHepuii IO  TEpepi3y
JOIMYCKAETHCS MPUHMATH MO IHTEPIIOJISALIT MK
MOMEHTOM 1HepLii Mo nepepizy OpyrTTo i
MOMEHTOM iHepIii e(EeKTUBHOI IO IS
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where 0,4 1S defined as the maximum

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  NpH  BiINOBiIHOMY
CIOJIy4€HH1 HaBaHTaKEHb 32 (OPMYIIOIO:

g,

= | o

I
eff r
v o

e Igr — MOMEHT 1HepIIii MJIOMIi MOMEePEYHOTO
nepepizy OpyrTo;

O,  —Hal0OUIbIIE HANPYKEHHS Bl 3TUHY,
OTpUMaHe JUIsl MOIEPEYHOro mepepizy OpyTTo
B TPaHUYHOMY CTaHI TO eKCIUTyaTauiiHii

MIPUAATHOCTI;

| o (UcomEd,ser) — MOMEHT iHepuii  momi
e(EeKTUBHOTO TOIMEPEYHOTro Tepepizy MpHu
MICIIeBii BTpaTi CTiKOCTI 3rimHO (opmynu
(E.1) BusHayaeTbcs A HAHOLIBIIOTO

HaIpy>XCHH: Ocomed,ser 20y B MEXax

JOBXXUHU JAHOIO IIPOTOHY.

(3) Mowmenr inepuii edeKkTHBHOT IUIONII
MOTIepEeYHOro mepepizy |, MoXke MaTu pi3Hi

3HAUEHHS B3JIOBXK IPOTOHY 3riTHO
PO3MIIIEHHIO OKPEMHX €JIEMEHTIB KOPCTKOCTI.
AnbTepHaTUBHE 3HA4YECHHA | JOIyCKaeThCS

npuiimMaru MOCTIHUM, pIBHUM
MaKkCUMaJlbHOMY  MOMEHTY  iHepuii mpu
eKCIUTyaTaI[ifHUX HaBaHTAKECHHSIX.

(4) PozpaxyHOK BHMarae iTepaTUBHOTO
MiAX0ody, ajleé 3 JIOCTAaTHhOK  TOYHICTIO
JOMYCKA€EThCS BUKOHYBAaTH pa3oBuit
PO3paxyHOK, NpU SKOMY PIBEHb HANpYKEHHS

Mae OyTu piBHEM a00 OUIBIIMM HIK Oy eq seor-

com Ed,ser

JCTY-H b EN 1993-1-5:20X

expression:

E(I ar - Ieff (UcomEd,ser)) ’ (E4)

wherel , 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

| o (UcomEdyser) is the second moment of area of
the effective cross section with allowance for
local buckling according to E.1 calculated for
the maximum stresg,,, e ser 2 I, Within the

span length considered.

3 The effective second moment of area
|« 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 thadr,, g4 -
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1) 3wminm go 1.4

3minumu  eusnauenns «b,» na. «rabaputHa

IIMPUHA MDK 3BapHUMH IIBAMH JUIS 3BapHHUX
nepepiziB @00 MDK 3THHAMH paaiyCiB JyIs
MPOKATHUX MPOPLIIB».

2) 3wminu g0 2.3

Ilynkm «(2)», 3aminumu «IKIO BUKOHYETHCS
yMOBa B 3.1»Ha <SIKIIO BHKOHYETHCS YMOBa B
2.2(5)».

3) 3minu 10 2.6

Ilynkm — «(1)»,
«IUTACTHHA.

JlIpumitka»,  eudarumu

4) 3minu g0 3.2.1

3azonosox nioposdiny, 3aminumu <EQekTuBHA
S
mupuHa» Ha «EdexkTuBHa” IIMpUHA».

Ilynkm «(1)»,6 ocmannvomy peuenni 3aminumu
«Jlana edexkTHBHA IIMpUHA MOXe» Ha <«JlaHa
e(eKTHBHA® IMPUHA MOKE.

5) 3wminu g0 3.2.2

Ilynkm «(1)», «Pucynok 3.3», zaminumu <3

e(PEKTHBHOIO HIMPUHOKO» HA <3 €(PEKTHBHOIO®

LIUPUHOIO».

6) 3minm g0 3.2.3
Ilynkm  «(1)», pienanna «(3.2)», zaminumu

« ast,l» Ha « ast,l»'

Ilynkm «(1)», pisnannsa «(3.2)»,nepuwuii psaook
NYHKMY, SIKULL NOYUHAEMBCS 3 <TC», 3aMIHUMU
«3Ma3aHa IUIOIIA EJICMEHTIB YOPCTKOCTI» Ha
«IUIOIIA 0e3mocepeHbO HABaHTAXEHUX
€JIEMEHTIB KOPCTKOCTI, MOALIICHA.

Ilynkm «(1)», piensanns «(3.2)»,0pyee peuenns
nio «ae», saminumu «KOHCEepBaTUBHO II€ MOXKE
npuiMaTHCS 3a IJIOUTY eEMEHTIB KOPCTKOCTI,
HNOJUIEHYy Ha BIACTaHb Sy;» na «lle Moxe
MpPUIAMATHCS SIK TUIOIIA €TIEMEHTIB JKOPCTKOCTI,

pO3MOALIEHA 10 IOBXKHKHI BIICTaH1 S;;».

Ilynkm  «(1)», piensanns «(3.2)», nogata 10
CIHUCKY TIiJ] «Ie»:

«S, — I0BKMHA KOPCTKOI OIIOPH;
S, —BIACTaHb €IEMEHTIB JKOPCTKOCTI».
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1) Modification to Subclause 1.4

Change the definition for Ij," into: "clear

width between welds for welded sections or
between bends of radii for rolled sections".

2) Modification to Subclause 2.3

Paragraph (2)', change'if the condition in 3.1
is fulfilled" into: "if the condition in 2.2(5) is
fulfilled".

3) Modification to Subclause 2.6
Paragraph'(1)', 'NOTE',delete "plate".

4) Modifications to Subclause 3.2.1

Title of the subclause, chantfeffective width"
into: "Effective’® width".

Paragraph '(1)', change in the last sentence
"This effective width may" into: "This
effective width may".

5) Maodification to Subclause 3.2.2

Paragraph'(1)’, 'Figure 3.3'change"with the
effective width" into: "with the effectivé
width".

6) Modifications to Subclause 3.2.3
Paragraph'(1)', Equation‘(3.2)',change” a,,"
into: "ag,".

Paragraph'(1), Equation’(3.2)',first line of the
paragraph beginning with'where:', change

"area of the stiffeners smeareiiito: "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,;" into: "This may be
taken as the area of a stiffener smeared over the
length of the spacing,;".

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) 3minm 10 4.2

Ilynkm  «(1)», 3aminumu <«BUKOPHCTOBYIOUYH
epeKTUBHI IUJIOL[» Ha «BUKOPUCTOBYIOUH
edexTuBHi’ mIomIi».
8) 3minu g0 4.3

V nynxmi «(6)» suoanumu «(mix f,,)».

9) 3wminu g0 4.4

Ilynkm  «(2)», pienanna «(4.2)», zaminumu
«A, < 0673» na «A < 05+,/ 0085— 0055/ ».
Ilynkm  «(2)», pienanna «(4.2)», zaminumu

«A, > 0673» na «A, > 05+, 0085— 0055/ ».

Ilynkm «(2)», piensanna «(4.2)»,6udarumu «ue

(3+l//) > 0».

«Tabmuusg  4.1», napyruil  psSgoK — 3HUBY,
saminumu «=1> >-3» na «=1>( =2 -3 ».

10) 3wminm no 4.5.1
Ilynkm «(2)», ocmannii psiook, 3aminumu " p"

Ha: n pc ll.

Iynkm «(3)», 3aminumu «UIO0III IEPEPI3iB» Ha
«qUIOIIA MEPepizy».

11) 3wminm no 4.5.3

Ilynkm «(3)», dlpumirka», saminumu «bgy,»

Ha: «by ,».

12) 3wminm no 4.6

Ilynkm «(1)», 3aminumu <«uisi 0JJHOOCHOBOTO
3IrUHaAHHA» Ha KJIJIA CTUCKAaHHA Ta
OJIHOOCHOBOT'O 3THHAHHS.

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

Ha. «eyy N>

Ilynkm «(1)», {IpumiTka», 3aminumu «€,»

HA. €€, ».

13) 3minu g0 5.3

Ilynkm  «(3)», nepwuii  psodok, 3aminumu
«rapamMeTp THYYKOCTI» Ha «Moau(ikoBaHA
THYYKICTB».

Ilynkm  «(3)»,  lpumitka 2», 3aminumu

JACTY-H B EN 1993-1-5:20X
7) Modification to Subclause 4.2

Paragraph (1), change "using the effective
areas'into: "using the effectivkareas".

8) Modification to Subclause 4.3

Paragraph '(6)', entry 'b)’, delete: "(rather
thanf,,)".

9) Modifications to Subclause 4.4

Paragraph '(2)', Equation '(4.2)', change
")Ip < 0673" into: "A, < 05++/ 0085- 0055/ ".
Paragraph '(2)', Equation '(4.2)", change

"A, > 0673"into:" A > 05+, 0085- 0055 ".

Paragraph'(2)', Equation’(4.2)', delete:"where
B+y)=z0"

‘Table 4.1'second row from the bottom, change
"=1>¢ >-3"into: "-1>¢ > -3".

10) Modifications to Subclause 4.5.1
Paragraph '(2)', last line, change"p" into:

p."

Paragraph '(3)', change "section areas'into:
"section area".

11) Modification to Subclause 4.5.3
Paragraph '(3)', 'NOTE', change "b,," into:

12) Modifications to Subclause 4.6

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

Paragraph '(1)', 'NOTE', change "e," into:
" eyy N ll.
Paragraph '(1)', 'NOTE', change "e,," into:

1]
e n -

13) Modifications to Subclause 5.3

Paragraph'(3)', first line, change'slenderness
parameterinto: "modified slenderness".

Paragraph'(3)', 'NOTE 2',change"slenderness
87
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«rapaMeTp THYYKOCTI» Ha <«Moau(ikoBaHA
THYYKICTB».

Ilynkm «(B)», 3aminumu 06a paszu <«mapameTp
THYYKOCTI» Ha «MOJIU(pIKOBaHA THYYKICTB».
14) 3minu a0 6.5

Ilynkm  «(3)», szaminumu <«piBusHHS (6.11),
(6.12) ta (6.13)" na: "piBusuus (6.11) Ta
(6.12)".

Ilynkm  «(3)», piensanns  «(6.13)», ooodamu
neped «l_=..... ( 6.13 » CII0BO «IE».

15) 3wminu 10 6.6

Iynkm «(1)», 3aminumu nocunanus na «6.2(2)»
Ha: «6.2(1)».

16) 3minugo 7.1

Ilynkm  «(1)», o0ooamu nicis pisHsnHs 05
«l]y». «@uono Vy, gy Ous. pisnanus (5.2).»

17) 3minu g0 9.2.4
hy

«Pucynok 9.4»,3aminumu «???ma; «< 2 ».

18) 3minu g0 10

Iynkm «(3)», 3aminumuy «CHYYKICTh TJIACTUHU»
Ha «Moau(iKoBaHA THYUKICTh TUIACTHHI»

Ilynkm — «(B)», nywkm  <«@)»,  3amiHumu
«CHYYKICTh IIACTHHH» Ha <«Moau(ikoBaHa
THYUYKICTb TUTACTUHH»

Ilynkm  «(B)», nywkm  <«@)»,  3amiHumu

nocunanns na «5.2(L)»ua: «5.3(1)».

Ilynkm  «(©)», nio  pisuanuam  «(10.6)»,

3amiHumu T . » Ha: T ».
Ilynkm «(6)», nio pisuannam «(10.6),3aminumu
« TT,Ed » Ha. K TEd ».

19) 3minum g0 A.1

Ilynkm — «(2)»,  dlpumitka 3», 3aminumu
«auupuHa b B» na «uupuna b B».
Ilynkm — «(2)», nio  pienannam  «(A.2)»,

3aMiHumu «52& » HA. «5:i ».
A A

p p

Iynkm «(2)», nio piensnnsam «(A.2)»,nio «ue»,
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parameterinto: "modified slenderness".

Paragraph'(5)’, change two timesslenderness
parameterinto: "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, "
“for V,,rs S€€E expression (5.2)."

17) Modification to Subclause 9.2.4
Ell

‘Figure 9.4’ change'???"into: "<

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'r

"into: " T, "

cr,r

Paragraph ‘(6)’, below Equation ‘(10.6)’,
change'r, ., " into: "1 ".
19) Modifications to Clause A.1

Paragraph‘(2)’, ‘NOTE 3’, change"the width
b in"into: "the widthb In".

Paragraph ‘(2)’, below Equation ‘(A.2),
change' 5:&" into: "5:ﬁ".
A, A,

Paragraph’(2)’, below Equatiori(A.2)’, under



bt* bt
—_ »
12(1—u2) 10,92
_ btt bt
L= - ».
12(1—u2) 10,92

3aMiHUmu «= Ha.

Ilynkm «(2)», nio piensnnsam «(A.2)»,nio «ue»,
3aminumu «Z A, » Ha: <A ».

Ilynkm  «(2)», ®ucynok A.l», zaminumu
38€EpXy CNpPasa meKkcm <«CICMEHTH YKOPCTKOCTI»
Ha «@IIEMEHT KOPCTKOCTI».

Ilynkm  «(2)», <«Pucynok A.l», zaminumu
36epxy  cnpaea  mekcm — «KOJOHKH»  Ha
KKOJIOHKA.

Ilynkm «(2)», «Pucynok A.l», saminumu Ha
pucynky «bg,» na: «by ».

20) 3minm go A.2.1
Ilynkm  «(B)», <«PucyHok A.2», zaminumu

«Agl > Ha: « Ay ».

Ilynkm «(7)», MyHKT CHHCKY <«Q)», 3aMIiHUmMu
dgp na: «l  ».

21) 3minm po A.2.2

IIynkm «(1)», pienanna «(A.4)», npyruit psnok
pIBHSHHS, 3aMIHUTH «a< 8, » Ha «a<a,»

Ilynxkm «(1)», guoanumu

«IIpumitky».

OCMAHRHIO

22) 3wminm po A.3

Iynkm «(1)», nio piensnnsam «(A.5)», nio «ue»,
saminumu «JIJIsl CTIHOK 3 IBOMa a0o OUIbIIE»
Ha <[] CTIHOK 3.

23) 3minm g0 B.2
ITynxkm «(1)», 3aminumu <@, » Ha. €8, ».

Ilynkm «(1)», eusnauenna «a.», 3amiHumu

WIPY)KHUH KPUTHYHHHM OIIp» Ha <«IIpyxHE
KPUTHYHE HAaBAHTAKCHHS».

24) 3wminm g0 D.1

«Pucynox D.1», cxema 3niea, eudanrumu
cumeon «hy ».

25) 3minm go D.2.1
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bt bt?

‘where:, 12(1— UZ) 10, 92"

change "=

bt bt

intor” = 12(1— u2) 10, 92"'

Paragraph‘(2)’, below Equatiori(A.2)’, under
"where:",change"ZASI “into: " A"

Paragraph ‘(2)’, ‘Figure A.1’, change in the
top right text'stiffeners"into: "stiffener".

Paragraph ‘(2)’, ‘Figure A.1’, change in the
top right text'columns"into: "column®.

Paragraph ‘(2)’, ‘Figure A.1’, change in the
figure"b,,, " into: "by ,".

20) Modifications to Subclause A.2.1
Paragraph ‘(6)’, ‘Figure A.2’, change"Agq 1"
into: " A"

Paragraph ‘(7), list entry ‘a)’, change"ls"
into: "I "

21) Modification to Subclause A.2.2

Paragraph‘(1)’, Equation‘(A.4)’, second line
of the equation, chande<a_" into: "a<a_".

Paragraph’(1)’, delete the finalNOTE'.

22) Moadification 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_”, change
"elastic critical resistancahto: "elastic critical
loading".

24) Moadification to Clause D.1
‘Figure D.1’, left-hand sketch, delete symbol

"h",

25) Modifications to Subclause D.2.1
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Ilynkm  «(1)», nepwuti psaook ma pieHsHHS
«D.1», o0sa pasu saminumu «Mg» Ha:

«Mnyd»_

Ilynkm «(2)», 3aminumu «KoedilieHT BTpaTH
crifikocTi K, HOBHHEH mpuiiMartucs sk Oiibiie

3Ha4YeHHs 3» Ha «KoedilieHT BTpaTH CTIMKOCTI
K, moBMHEH mpuiiMaTHCs SK ONbIIe 31 3HAYCHD

a) ta b):».

Ilynkm «(2)», nynkm cnucky «b)», suoarumu
by

«ae b=—-».
2

26) 3minm o D.2.2

Ilynkm  «(1)», nepwuti psaook ma pieHsHHS
«D.4»,3aminumu «Ngya» na: <V, po».

Pignanns «(D.6)»ma «(D.9)», saminumu « f,»

Ha. « fyw».
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Paragraph ‘(1)’, first line, and Equation
‘(D.1)', change two time$M " into: "M o,".

Paragraph ‘(2)’, change"The buckling factor
k, should be taken as the larger ofito: " The

buckling factork, should be taken as the larger
of a) and b):".

Paragraph‘(2)’, list entry ‘b)’, delete"where

p=2 »
2

26) Modifications to Subclause D.2.2
Paragraph’(1)’, first line and Equatior{(D.4)’,
change' V" into: "V, g™

Equations /(D.6)’ and ‘(D.9)’, change™ f "

into: " fyw".



JCTY-H b EN 1993-1-5:20X

Kuro4oBi cj10Ba: miacTuHU, BTpaTa CTIMKOCTI, €JIEMEHT KOPCTKOCTI, epeKTUBHUMN mepepi3, METO

CKIHYECHHUX EJIEMEHTIB.

I'enepanbunii mupexkrop TOB «YkpaiHcbkuit
IHCTUTYT CTaJEBUX KOHCTPYKIiil iM. B.M.
[[IumMaHOBCHKOTO», 1I.T.H., IPO.

3aigyBau Bigniny,HIBTP (kepiBHuK
PO3pOOKHM), K.T.H.

KepiBauk rpynu IK

KepiBauk rpymu CHT

KepiBauk rpynmu HT

[TpoBinuuii iHXeHEP

[TpoBinuuii iHXEeHEP

[TpoBinuuii iHXEeHEP

Ilepexnanau

O. lllumaHOBCHLKHUH

A. I'pom

O. Kopayu

I'. Jlenga

S1. Jlumap

S1. JleBuenko
B. AptromeHko
B. Camyce

K. I1aBnoBa
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