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HAIIOHAJIbHUAM BCTYII

Lleit cranmapt € ToroskauM nepekiaagom EN 1993-1-7:2007 Eurocode 3 — Design of steel structures
— Part 1-7: Plated structures subject to out of plane loading . (€spokon 3. IlpoekryBaHHS cTaieBUX
KoHCTpyKIii. Yactuna 1-7. [lmacTuHYACTi KOHCTPYKIT MPH HaABaHTaKEHHI 11032 MEXKaMHU IUIOIIUHH).

EN 1993-1-7:2007 migrorosieno Texuiunum Komitetom CEN/TC250 «KoncTpykiiiiai €Bpokomam»,
Cexkperapiar SKoro yrpumye bputancbKuil iHCTUTYT CTaHIAPTIB.

Jlo HaIiOHAILHOTO CTaHJAPTY JOJTYYEHO aHTJIOMOBHHM TEKCT.
Ha Tepuropii Ykpainu sk HallioHansHUHN cTangapt Aie aiBa kononka texkcty JICTY-H b EN 1993-1-
7:2007 Eurocode 3 — Design of steel structures — Part 1-7: Plated structures subject to out of plane
loading . (€Bpokon 3. [IpoekTyBaHHS cTaleBUX KOHCTPYKIIii - Yactuna 1-7. [lnactunuacti
KOHCTPYKIIi IPY HaBaHTaXEHHI 11032 MEXaMH IIJIOLIUHY ), BUKJIa[IleHa YKPATHChKOIO MOBOIO.

Bigmosigao no IBH A.1.1-1-2009 «Cuctema cranmapTu3allii Ta HOpMyBaHHS B OYyiBHHUIITBI.
OCHOBHI TOJIOKEHHS» LEH cTaHgapT BIAHOCUTHCS N0 Komiuiekcy B.2.6 «KoucTpykuii OyIuHKIB i
CIIOPY».

CraHgapt MICTUTh BUMOTH, K1 BIAMOBIIal0Th YUHHOMY 3aKOHOABCTBY.

HaykoBo-TexHiuHa oprai3amis, BiANOBiZadbHA 3a el ctanmapt — JloHOackka HamioHaJbHA
akajiemisi OyAIBHUIITBA 1 apXITEKTypH.

Jlo cTanmapTy BHECEHO TaKi peaaKIiiiHi 3MIHU:

- CIIOBa «II€i MIXKHApOJIHUHN CTaHApT)» 3aMiHEHO Ha «IIeH CTaHIIapT»;

- CTPYKTYpHI eleMeHTH cTaHmapry: «OO0kmaauaky», «[lepenmoBy», «HamioHanpHHIA BCTYI» Ta
«BusHayeHHsT MOHATH» OG(OPMIEHO 3riIHO 3 BHUMOTaMH HAalllOHAIBHOI CTaHIapTHU3AIlil
VYkpainuy;

- 3 «llIepeamoBu mo EN 1993-1-7:2007» y uell «HamioHadbHHI BCTYM» B3STE€ Te, IO
0e31mocepeIHbO CTOCYETHCS IILOTO CTAHIAPTY;

- HalllOHAJIBbHUU JOBIIKOBUI JOJATOK HABEJIEHO K HACTAHOBY JJII KOPHCTYBaiB.

[lepenik HamioHansHUX craHAapTiB Ykpainu (ACTYVY), inentnunux MC, mocunaHHs Ha fKl € B
EN 1993-1-7:2007, naBeneno B nogatky HA.

Komnii MC, He npuiiHATHX SK HaIliOHAIBHI CTaHAApTH, Ha siKi € mocunanag B EN 1993-1-7:2007,
MoykHa oTpuMaty B ['otoBHOMY ¢oHi HOpMaTUBHUX H0KyMeHTIB JAIT «YkpH/IHLI».
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Beryn

et €sponeticbkuii  Cranmapr EN  1-7,
€Bpokon 3.  IlpoekryBaHHS  CTaleBHUX
koHcTpyKi: Yacrmra 1-7. Ilmactunruacti
KOHCTPYKIIIi IpY HABaHTAXKEHHI 11032 MEKaMHU
IJIOMKUHKA, OyB MiArotoBieHui TexHIYHUM
Komitetom CEN/TC250 «KoHcTpykuiliHi
€Bpokoany», Cekperapiat sikoro tpumae BIC.
CEN/TC250 BIJINTOBIIaIbHUI 3a  BCl
KoHnctpykititini €Bpokoau.

Ilesi €pponeiicbkuii  CTaHmapT MNOBHUHEH
orpumatun  crtatyc Jlepxkcranmapry  abo
nyOJiKamifo  iIEHTHYHOTO  TEeKCTy,  abo
MIATBEP/DKEHHSIM HE TMi3HINIe, SIK Yy >KOBTHI
2007, 1 konmikTyroui Jlep>kcTaHIapTH MAIOTh
OyTu ckacoani He mi3Hime 6epe3ns 2010.p.
Leti €Bpokon 3amintoe ENV 1993-1-7.

3rinio  po Bayrpimuix IlpaBun CEN-
CENELEC, Oprani3arnii HanionansHux
CranpmapTiB HACTYNHUX KpaiH 3B's3aHi JUIs
peanizarii uporo €ppomneiickkoro Cranaapry:
Asctpisa, benbris, Bbonrapis, Kimp, Yecbka
PecniyOnika, J[lawis, Ecronis, ®innsgHais,
Opanmnis, Himeuumna, ['pemis, YropmmHaa,
Icmannist, Ipmannis, Iramis, JlarBis, Jlutsa,
JlroxcemOypr, MaibTa, Hinepnanau,
Hopgerisa, Ilonbma, Ilopryramis, PymyHis,
Cnosauunna, Cnosenisg, Icmanig, IlIBemis,
HIBetinapis 1 O6'eqnane KopomiBcTBo.
Hamionansauii nogarox 1o EN 1993-1-7.

Ileit  crangapT  Hajae  aJbTEpHATHBHI
MpOIeAYpPH, 3HAYEHHS 1 peKoOMeHaamii 3
MPUMITKAMU SIKI BKa3ylOTh, 1€, MOXIUBO,
moTpioHa po3podka HalllOHAJTBHUX
anpTepHaTHB. HamioHanbHUI cTaHOapT, SKUAN
peamizye EN 1993-1-7, mnoBwHEH MaTH
Hamionaneamii  JlogaTok, IO MICTHUTh BCi
HamionanpHO BH3HaueHI mNapaMmeTpH, sKi

MaroTh BUKOPUCTOBYBATHUCS JUIst
MPOEKTYBAaHHS CTaJeBUX KOHCTPYKIIH, IO
KOHCTPYIOIOTb B JOpEYHiit KpaiHi.

Hamionaneuuit BuGip nossonsersca B EN 1-7
yepe3: — 6.3.2(4).

Vi

Foreword

This European Standard EN 1993-1-7, Euro-
code 3: Design of steel structures: Part 1-7
Plated structures subject to out of plane load-
ing, has been prepared by Technical Commit-
tee CEN/TC250 « Structural Eurocodes », the
Secretariat of which is held by BSI.
CEN/TC250 is responsible for all Structural
Eurocodes.

This European Standard shall be given the
status of a National Standard, either by publi-
cation of an identical text or by endorsement,
at the latest by October 2007, and conflicting
National Standards shall be withdrawn at latest
by March 2010.

This Eurocode supersedes ENV 1993-1-7.
According to the CEN-CENELEC Internal
Regulations, the National Standard Organiza-
tions of the following countries are bound to
implement this European Standard: Austria,
Belgium, Bulgaria Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Lat-
via, Lithuania, Luxembourg, Malta, Nether-
lands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzer-
land and United Kingdom.

National annex for EN 1993-1-7

This standard gives alternative procedures,
values and recommendations with notes indi-
cating where national choices may have to be
made. The National Standard implementing
EN 1993-1-7 should have a National Annex
containing all Nationally Determined Parame-
ters to be used for the design of steel structures
to be constructed in the relevant country.
National choice is allowed in EN 1993-1-7
through: — 6.3.2(4)
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HAIIOHAJBHUN CTAHJIAPT YKPATHU

€BPOKO/I 3. IPOEKTYBAHHS CTAJIEBUX KOHCTPYKIIIA
YACTHUHA 1-7. INIACTUHYACTI KOHCTPYKIIII IPU HABAHTAXKEHHI
IHO3A MEXAMM IUVIOIIMHAU

EBPOKO/I 3. IPOEKTUPOBAHUE CTAJIBHBIX KOHCTPYKIUI
YACTD 1-7. INTACTUHYATBIE KOHCTPYKIHWU TP HAT'PY3KE 3A
IMTPEJEJIAMU ITNIOCKOCTH

EUROCODE 3: DESIGN OF STEEL STRUCTURES
PART 1-7: PLATED STRUCTURES SUBJRCT TO OUT OF PLANE LOADING

OcHoBu nporpamu €Bpoxoay

Y 1975 poui Kowmicis €Bponeicbkoi
CrnipbHOTH BHpIIIKJIA PO3MOYATH MPOrpamy
I y Taimy3i OyIiBHHUIITBA HA MiACTaBi CTATTi
95 JHoroBopy. Metoo mnporpamu Oyio
YCYHEHHS ~ TEXHIYHMX  TEPemIKoN st
TOPTiBJIl Ta Y3TOJKEHHS TEXHIYHUX YMOB.

VY pamkax uiei nporpamu aii Komicist B3siia
Ha cebe I1HILIaTUBY BCTAHOBUTH CHUCTEMY
Y3TO/DKEHUX  TeXHIYHMX  TpaBHI IS
POEKTYBaHHS OyiiBeNlb 1 cropyxd, SKi Ha
nepuin cTaii MaJu CIIyryBaTH
QIbTEPHATUBOIO YUHHUM  HAI[lOHAJIBHUM
NpaBUjIaM JiepKaB-yIEHIB, a 3PEIITOI0 Malll
3aMIHUTH iX.

VYoponorx msTHanuaTH pokiB Kowmicis 3a
nonoMororo PoGoyoro Komitery, 10 CKIamgy
SKOTO  BXOJWJIM TIPEACTAaBHUKH  JIEPKaB-
YJIeHIB, BeJla po3poOKy mporpamu €BpOKOIiB,
dKa Tpu3Beraa A0 MyOsiKamii KOMIUIEKTY
HEepIIOro MOKOJMiHHA €BpONEUCHKUX KOIIB Y
80-x pokax.

VY 1989 poui Kowmicist ta aepxxasu-unenn EU

YuHHui Big

Background of the Eurocode pro-
gramme

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 pro-
gramme was the elimination of technical
obstacles to trade and the harmonisation of
technical specifications.

Within this action programme, the Commis-
sion 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, ul-
timately, would replace them.

For fifteen years, the Commission, with the
help of a Steering Committee with Repre-
sentatives 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
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(Eppormeticekoi  CrmimpHoTn) Ta  EFTA
(EBponeiicbkoi Acomiamii BimsHoi Toprismi)
Ha OCHOBI yroz[I/I1 mibk Komiciero ta CEN
(€BporelcbkuM KOMITETOM 31
CTaHIapTH3aIlii) BUPIIIIN nepenaT
miAroToBKY Ta myomikamito €BpokoniB CEN
3a JomoMoror cepii ManpgariB, 1o B
pesynbrari  Hamano O  €BpokomgaM Yy
MaiOyTHROMY  CTaTycy  €BpOIEHCHKOTO
crannapty (EN). Lle noB’s3ye €Bpokoau 3
noyiokeHHssMH  JlupektuB Pagu 1 Pimens
Kowmicii momo €Bponeicbkux CTaHaapTiB
(to6to dupextuBu Pamu 89/106/EEC mono
OyniBenpHuXx BUpoOiB — CPD — ta lupextun
Pagu 93/37/EEC, 92/50/EEC ta 89/440/EEC
BITHOCHO CYCIUIBHUX pOOIT Ta moCmyr i
€KBIBaJICHTHUX JIAPEKTUB EFTA,
3a[l0YaTKOBAHUX 3  METOK  JIOTIOMOTTH
3aCHYBAHHIO BHYTPIIIHBOTO PUHKY).

CrpykTypHa nporpama €BpPOKOIIB BKIIOYAE
CTaHJApTH, SIKi B OCHOBHOMY CKJIQJIalOThCS 3
JeKUIbKOX YaCTHH:

EN 1990 €Bpoxon: OCHOBU NpPOEKTYBAHHS
KOHCTPYKLIN

EN 1991 €Bpokon 1: [lii Ha KOHCTpYKIIii

EN 1992 €spokon 2: IlIpoekTyBaHHs
3aJ11300€TOHHUX KOHCTPYKIIIH

EN 1993 €Bpokon 3: IlpoexkTyBaHHs
CTaJIEBUX KOHCTPYKIIIH

EN 1994 €Bpokon 4: IlpoexkTyBaHHs
CTasIe3a1i300€TOHHUX KOHCTPYKLIN

EN 1995 €Bpokon 5: IlpoekTyBaHHs
JiepeB’ THUX KOHCTPYKIIIH

EN 1996 €Bpokon 6: IIpoekryBaHHS
KaM’SIHUX KOHCTPYKIIIH

EN 1997 €Bpokon 7:
MIPOEKTYBaHHS

EN 1998 €Bpokon 8&: IIpoekTyBaHHs
CEMCMOCTINKHUX KOHCTPYKIIIH

EN 1999 €Bpokon 9: IlpoexTyBaHHs
QTIOMIHIEBUX KOHCTPYKIIIH.

Crangaptu €BpoKOIiB BU3HAIOTh
BIJIMOBIAAJIbHICTG ~ PETYJIATOPHUX  OpraHiB
Jiep KaB-4wIeHIB Ta 3aXMINAIOTh iX MpaBO Ha
MPU3HAYECHHS BEJIMYMH, SIKI TOB’s3aHl 3
peryiaioBaHHSIM  NUTaHb  Oe3leKku  Ha
HalllOHAJILHOMY  pIBHI TaMm, Ji€ BOHH
BiJIPI3HSAIOTHCSL.

I'eoTexHiyne

States of the EU and EFTA decided, on the
basis of an agreementl between the Com-
mission and CEN, to transfer the 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 Euro-
pean Standard (EN). This links de facto the
Eurocodes with the provisions of all the
Council’s Directives and/or Commission’s
Decisions dealing with European standards
(e.g. the Council Directive 89/106/EEC on
construction products - CPD — and Council
Directives 93/37/EEC, 92/50/EEC and
89/440/EEC on public works and services
and equivalent EFTA Directives initiated in
pursuit of setting up the internal market).

The Structural Eurocode programme com-
prises the following standards generally con-
sisting 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 struc-
tures

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 responsi-
bility of regulatory authorities in each Mem-
ber State and have safeguarded their right to
determine values related to regulatory safety
matters at national level where these conti-
nue to vary from State to State.

Wroma mix Komicieto €Bponeiicbkoi CHijbHOTH Ta
€BporneiickkuM KomiteToM 31 crangaprtusanii (CEN)
moao pobotu Haj €BPOKOAAMH IS MPOEKTYBAaHHSI
oyniens i ciopyn (BC/CEN/03/89).

tAgreement between the Commission of the European
Communities and the European Committee for Stand-
ardisation (CEN) concerning the work on
EUROCODES for the design of building and civil
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engineering works (BC/CEN/03/89).
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Cratyc Ta rajy3b 3aCTOCYBaHHS
€Bpokonin

Hepxapu-unenu EU ta EFTA Bu3HaioTh, 1110
€BpOKOJIM MIIOTh SK CTAJIOHHI JTOKYMEHTH
JUTSL TAKKUX L(JIEH:

— 8K 3aci0 [OBeOeHHSA BIAIOBIIHOCTI
OymiBenb 1 CHOOPYA OCHOBHHM BHMOTaM
HupextuBu Pamu  89/106/EEC, 30kpema
ocuoBHIi BuMO3l Nel — Mexaniuna
MILHICTH Ta CTIHAKICTHh — 1 OCHOBHIA BHMO3I1
Ne 2 — Ioxexua Oe3mnexa;

— SIK OCHOBA JIJISl YKJIQJIaHHS KOHTPAKTIB JIJIst
OyziBenb 1 CHOpPYH Ta IMOB’SI3aHUX 3 HUMU
IH)KEHEPHUX TOCTYT;

— SK OCHOBa JUISl CKJQIAHHS Y3TOKEHHX
TEeXHIYHUX crernudikaniii mis OyaiBeTbHIX
BHupoOiB (ENs ta ETAs).

€BpOKOAM, OCKUTBKM BOHHU 0€310CepeTHbO
BIJTHOCSITBCS /10 Oy/iBENbHUX CIIOPYA, MalOTh
psMUi 3B’SI30K i3 TIYMaYHAMH
,Z[OKyMeHTaMI/IZ po3ainy 12 CPD,
HE3BAXAIOUU Ta TE€, IO BOHU MAIOTh Pi3HY
MPUPOAY 3 TapMOHI30BAHUMHU CTaHAApTaMH
Ha BupoOw’. TakuM uMHOM, TexXHiuHi
aCTeKTH, K1 BUILTMBAIOTH 3 €BPOKOJIB Is
OyziBenb 1 CIOpyA, MOBUHHI B MOBHIM Mipi
Oytu PO3TIIAHYTUMHU TexHiuHUMU
koMmitetamu CEN Ta/un poGounmu rpynamu
EOTA, ski po3poOisiioTh CTaHAApTH Ha
Oy/aiBenbHI BUPOOM, 3 MO3HUINN JTOCATHEHHS
MOBHOI CyMICHOCTI T€XHIUYHUX crenupikaiii
3 €BpoOKOAaMHU.

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 Require-
ment No.1 — Mechanical resistance and sta-
bility, and Essential Requirement No 2 —
Safety in case of fire

- as a basis for specifying contracts for the
execution of construction works and related
engineering services

- as a framework for drawing up harmonised
technical specifications for construction
products (EN’s and ETA’s)

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

2Bignosigno 10 cr. 3.3 pgokymenta CPD ocHoBHi
Bumorn (ER) oTpumaioTb KOHKpeTHY ¢GopMmy Yy
TIAYMAuHUX JOKYMEHTaX I CTBOPEHHS HEOOXiTHHX
3B’SI3KIB MiXK OCHOBHMMH BHMOTAaMH Ta MaHJaTaMH
Jutst rapmonizoBanux ENS ta ETAGS/ETAS.

*Bignosigao mo cr. 12 CPD Tioymauni JOKyMeHTH
MAaIOTh:

a) HaJaTH KOHKPETHOI ()OPMHU OCHOBHHM BHMOTAM,
Y3TOAMBIIM TEPMIHONOTII0O 1 TeXHiYHI 3acamu i
BKa3aBIIU Kjacu abo piBHI AJIsT KOXKHOI BUMOTH, e TIe
HEOOXIIHO;

b) Bkasatm MeTonaM BCTAHOBJIEHHS CITIBBIJIHOIIEHHS
MDK 1TUMH KjacamMu a0 piBHAMH BHMOT i3
TEXHIYHMMHA  BHMOTaMH,  HAIpPUKIAad,  METOAU
pO3paxyHKy 1 TepeBipKM, TEXHIYHI IpaBWiIa
MIPOEKTYBaHHS TOIIIO;

C) CIIyTyBaTH PEKOMEHMAINIEI0 Ui BCTAHOBJICHHS
Y3rODKEHUX  CTaHAapTiB 1  HACTaHOB  JUIA

2According to Art. 3.3 of the CPD, the essential re-
quirements (ERs) shall be given concrete form in
interpretative documents for the creation of the neces-
sary links between the essential requirements and the
mandates for harmonised ENs and ETAGS/ETAs.
3According to Art. 12 of the CPD the interpretative
documents shall :

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

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

c) serve as a reference for the establishment of har-
monised standards and guidelines for European tech-
nical approvals.
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€BpPONEHCHKOTO TEXHIYHOTO YXBaJICHHS.
€Bpokoan (PaKTHYHO BIAIrparOTh MONIOHY pONB Y
ctepi ER 1 i gactuni ER 2.

Crapmaptu  €BpOKOMAIB  PETJIaMEHTYIOTh
3arajbHi  NpaBWIa  TNPOCKTYBaHHSA  UIs
NPaKTUYHOTO BUKOPHUCTAHHS BCIX

KOHCTPYKIIIHK Ta 11X KOMIIOHEHTIB SIK
TPaAUIIHHOTO, TaKk 1  IHHOBAIIHHOTO
Xapakrepy. YHiKalbHI (HOpPMH KOHCTPYKIIIi
a00 yYMOBHM TPOEKTYBaHHS CIICIiaJbHO HE
OXOIUTIOIOThCS, 1 B TaKUX  BHUMAJKax
MPOSKTYBAIBHUKY TOTPIOCH JTOAATKOBHIA
EKCIIEPTHHUH PO3TIISAIL.

HanionaabHi cTangaprTu,
110 BIPOBAIKYIOTH €EBPOKOIHU

HarmionanbHi cranaapTH, Mo BOPOBAKYIOTh
€BpOKOAM, 3aBXKIU BKIIOYAIOTh IOBHUHN
TEKCT €BPOKOAY (BKIIOYAIOUU BCi TOJIATKH),
Buganuil CEN, skoMy MOXyTb IepeayBaTH
Hamionansauii TUTYJIbHHUI JIUCT Ta
HamionasibHa nepeaMoBa, a TaKOX MOXYTh
CyNPOBOKYBATHCS HarmionansauM
JIOJJATKOM.

HamioHasibHUM 1071aTOK MOXKE BKJIFOYATH
iH(dopMalli0 BIAHOCHO TUX IapaMmeTpiB, SKi
3QIUILMINACS BIAKPUTHUMU B €BpOKOJAX A
HaI[lOHAJILHOTO  BUOODY, BIIOMI  SIK
HalllOHAIBHO BHU3HAYEHI MapaMeTpu i
BUKOPHUCTAHHS TpU NMPOEKTYBaHHI OyHiBeNb
Ta 1H)KEHEPHUX CIIOpY[, 110 Oy1yTh 3BeleH1
y 3alliKaBJIeH1i KpaiHi, a came:

— 3HAYEHHS  YaCTKOBHX  KOE(]IIi€HTIB
HajliHOCTI Ta/abo Kiacuikalilo BHIIAJIKIB,
s SAKHX €Bpokoa periaMeHTye
BUKOPHCTAHHS alIbTEPHATHB;

— 3HAUYEeHHs, SIKI CJIiJi BUKOPUCTOBYBATU TaM,
ne B €BpOKOJI  HaBENIGHO  TIJIbKH
MO3HAYCHHS;

— cnenudiyHl AaHi kpaiHu (reorpadivi,
KJIIMaTH4HI TOIIO), HAPUKJIIAJ, KapTa BITpY;
— KOHKPETHI METOAWKU JJII TUX BHUIIAJIKIB,
KOJIW €BpPOKOJ PErJIaMEHTYye BHUKOPUCTAHHS
QIbTEPHATHB.

The Eurocodes, de facto, play a similar role in the
field of the ER 1 and a part of ER 2.

The Eurocode standards provide common
structural design rules for everyday use for
the design of whole structures and compo-
nent products of both a traditional and an
innovative nature. Unusual forms of con-
struction or design conditions are not specif-
ically covered and additional expert consid-
eration will be required by the designer in
such cases.

National Standards implementing
Eurocodes

The National Standards implementing Euro-
codes will comprise the full text of the Euro-
code (including any annexes), as published
by CEN, which may be preceded by a Na-
tional title page and National foreword, and
may be followed by a National annex [in-
formative].

The National Annex (informative) may only
contain information on those parameters
which are left open in the Eurocode for na-
tional choice, known as Nationally Deter-
mined 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;

— geographical and climatic data specific to
the Member State, e.g. snow map;

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

— references to non-contradictory comple-
mentary information to assist the user to ap-
ply the Eurocode.
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3B’s13ku Mizk €BpokoxamMu
TA TAPMOHI30BAHMMHU TeXHIYHUMH
cnenudikanisimu (ENs ta ETAS)
J1JIsi BUPOOIB

HeoOxinna Y3TOKEHICTh MiX
rapMOHI30BaHUMU TEeXHIYHUMU
cneuugikanisMu s OyIiBeIbHUX BUPOOIB
Ta TEXHIYHHUMH TpaBUJIaMU JJisi OymiBesb i
criopys Ta 6yaiBensaux podit?. Kpim Toro, y
noBHi iHMopmartii, ska cynpoBomxkye CE
MapKyBaHHs OyniBeJIbHHX BHUpPOOIB 1 Mae
BIIHOIIEHHS 10 €BPOKOIIB, Ma€ OYTH YITKO
3a3Ha4Y€HO, fAKI HaIlOHAJIbLHO BH3HAYEHI
napameTpu OyJu B3sITi 10 YBaru.

HaumionanbHuii 101aTOK
aasa EN 1993-1-7

Ileti cramgapT Hagae  aJbTEPHATHBHI
MPOLICYPH, BEIMYMHU 1 PEKOMEHMAIIl IS
KJIaciB 3 MPUMITKaMH, SIKi BKa3ylTh MicIle,
1e HeoOXiTHO 3pOOWTH HAIlOHAJIBHI BHOIP.
Takum uywmHOoM, HamioHaneHU cTaHAApT,
axuil immiementye EN 1990 noBuHeH Matu
HarmionansHuil TOJATOK, KM BKJIIOYAa€ BCi
HamionanbHo BU3HAYeH1 MapameTpu, SKi
BUKOPUCTOBYIOTBCS ~ TMPH  MPOEKTyBaHHI
OyziBesb Ta LIMBUIBHUX CIIOPYJA , SIKI OyAYyTh
noOynoBaHi y BiIMOBIAHIN KpaiHi.

Links between Eurocodes
and harmonised technical specifica-
tions (ENs and ETAS)
for products

There is a need for consistency between the
harmonised technical specifications for con-
struction products and the technical rules for
works*. Furthermore, all the information
accompanying the CE Marking of thecon-
struction products which refer to Eurocodes
shall clearly mention which Nationally De-
termined Parameters

have been taken into account.

National annex
for EN 1993-1-7

This standard gives alternative procedures,
values and recommendations for classes with
notes indicating where national choices may
have to be made. Therefore the National
Standard implementing EN 1993-1-7 should
have a National Annex containing all Na-
tionally Determined Parameters to be used
for the design of aluminium structures to be
constructed in the relevant country.




1 3AT'AJIBHI ITOJIOKEHHSA

1.1  Taay3s 3acTocyBaHHS

(1)P Lle#t HOpMATHBHMIA IOKYMEHT MICTHTh
OCHOBHI TpaBWJa TPOEKTYBaHHS BUIBHO
MIANEePTUX 1 MIAKPIICHUX IUJIACTHH, SIKI
(GOpMYIOTh  YaCTHHY IIJIOCKHX  JIMCTOBHX
KOHCTPYKLIH, 3aBaHTaXEHUX HaBaHTa)KEHHSIM
1Mo3a MeXaMH TUIONIMHH, TaKUX SK CHIIOCH,
pesepByapu 1 KoHTelHepu. JlaHuii cTaHmapt
MPU3HAYEHUM T 3aCTOCYBaHHs pa3oMm 3 EN

1993-1-1 Ta IHIIUMHA CTaHJapTaMH
BiJIMOBIAHOTO IPU3HAYCHHSI.
(2) um HOPMAaTHBHUM JOKYMEHTOM

BU3HAYAIOTHCS TPOCKTHI 3HAYCHHS MIIHOCTI:
YaCTKOBHM KOE(iIieHT HAIHHOCTI MOe OyTH
NPUHHITHIA 3  HAllOHAIBHUX  JIOJATKIB
CTaHIApPTIB  BIAMOBITHOTO  IPH3HAYCHHS.
[IpoekTHI 3HAYCHHS, MO0 PEKOMEHIYIOTHCS,
MpEeACTaBICHI B CTaHAApTaX BiAMOBIIHOTO
MIPU3HAYCHHSI.

(3) et HOpPMATHB MICTUTh BHMOTH [0
NPOEKTYBaHHS 33 TIPAaHMYHMMH CTaHaMH
[EePLIO] TPYIU:

— IUTACTHUYHE PYWHYBAaHHS;
— MaJIOLIMKIIOBA BTOMA,

— BTpara CTIMKOCTI;
— pyiiHYBaHHS BHACJ11I0K BTOMH.

(4) BaranpHa piBHOBara KOHCTPYKINI (3CyB,
BIJIpUB, NIEPEKUAAHHS) HE BKIIOYEHA J0 IIbOTO
CTaHJapTy, aje po3risaaerbes B EN 1993-1-1.
PosrnsimanHs 0cOONMBUX YMOB TpEICTaBJICHE
y BianoBigHux yactuHax EN 1993.

(5) IpaBuna upOro CTaHAAPTY BiJHOCATHCS JI0
BUIBHO MIANEPTHX 1 MIJKPIIUIEHUX CETMEHTIB
wiactiH. L[i cerMeHTH IUIacCTHH MOXYTh
ySBISATH co00r0 ab0 OKpemi IUIaCTHHH, abo
YACTUHH TUIOCKUX JIMCTOBUX KOHCTPYKIIiM, 110
3aBaHTAKEHI HaBaHTAKEHHSM I103a MEKaMu
IUIOLIVHH.

(6) Inst mepeBipku HeCcydol 3MaTHOCTI BiIBHO
MIANEPTUX 1 MiIKPIICHUX MIOCKUX JTUCTOBUX
KOHCTPYKITIH, 1[0 COPUMUMAIOTh TUTbKH BITUBU
B ix miomuHi, 1uB. EN 1993-1-5. B upomy
CTaHJIAPTiI PO3TJISIAOTHCS TPaBHJIa B3aEMOJIIT
HaBaHTa)KEHb B IUIONIMHI Ta 034 Ii MEKaMH.

np. ACTY-H b EN 1993-1-7: 20XX
1 GENERAL

1.1  Scope

()P EN 1993-1-7 provides basic design
rules for the structural design of unstiffened
and stiffened plates which form part of plated
structures such as silos, tanks or containers,
that are loaded by out of plane actions. It is
intended to be used in conjunction with EN
1993-1-1 and the relevant application stand-
ards.

(2) This document defines the design values
of the resistances: the partial factor for re-
sistances may be taken from National Annexes
of the relevant application standards. Recom-
mended values are given in the relevant appli-
cation standards.

(3) This Standard is concerned with the re-
quirements for design against the ultimate lim-
it state of:

— plastic collapse;
—cyclic plasticity;
— buckling;

— fatigue.

(4) Overall equilibrium of the structure
(sliding, uplifting, overturning) is not included
in this Standard, but is treated in EN 1993-1-1.
Special considerations for specific applica-
tions may be found in the relevant applications
parts of EN 1993.

(5) The rules in this Standard refer to plate
segments in plated structures which may be
stiffened or unstiffened. These plate segments
may be individual plates or parts of a plated
structure. They are loaded by out of plane
actions.

(6) For the verification of unstiffened and
stiffened plated structures loaded only by in-
plane effects see EN 1993-1-5. In EN 1993-1-
7 rules for the interaction between the effects
of inplane and out of plane loading are given.
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(7) Hopmu MIPOCKTYBaHHS JUTS
XO0JIOTHO(OPMOBAHHX €JICMCHTIB 1
npodiIbOBAHUX JIMCTIB po3MIsiIaloThess B EN
1993-1-3.

(8) TemneparypHuii Iiama3oH, y Mekax sSKOTO
LIel CTaHAapT A03BOJIEHUM 10 BUKOPUCTAHHS,

BU3HAUCHWH y  BIANMOBIZHMUX  YaCTHHAX
EN 1993.

(9) Texuiuni  yMOBH  I[OTO  HOPMATHBY
BiJTHOCSITHCS 110 KOHCTPYKIIiH, 101(0)

BHUT'OTOBJICHI Y BiznoBinHOCTi 10 EN 1090-2.

(10) BitpoBe HaBaHTa)XCHHS 1 HaBaHTAXKCHHS
Bl THCKy CHIIyYMX MaTepiaiiB IOBUHHI
PO3TIIAIATHCS SIK KBa3UCTATUYHI BIUIHBH. [[yis
MEePEBIPKH MIITHOCTI 3a BTOMOIO, €(EKTH, SIKi
CIPUYUHECH] JUHAMIYHUMHU HaBaHTAKCHHSIMH,
MOBUHHI  BpPaxOBYBaTUCS  BIAMOBIIHO [0
EN 1993-1-9. T'onoBHI BEKTOpU HAIPYKEHB,
110 BUHUKAIOTH BIJT IUHAMIYHUAX
HAaBaHTAXXCHb, PO3TIIANAIOTHCSA B I YacTHHI
SIK KBQ3UCTATUYHI.

1.2 HopmaTtuBHi nocnjianus

(1) s BUKOpHCTaHHS IBOTO  CTAHIAPTY
HEOOXiJTHE BHWKOPHCTAaHHS JIaTOBaHUX abo
HEJIaTOBAaHUX TOCHJIaHb Ha 1HIII JOKyMeHTH. Lli
HOPMAaTHUBHI MTOCHJTAHHS ITUTYIOTh y
BIAIMOBITHUX MICIISIX 32 TEKCTOM 1 HABOASTHCS Y
KIHII JOKYMEHTY y BUIIAl crnucky. Jlns
JATOBaHUX TMOCWJIaHb HACTYMHI TpaBKH abo
3MIHK B OyOp-fKIii 3 1UX IyOJiKarii
HaBOAAThCS B oMy CTaHmapTi nuie 3a
YMOBOIO BI/IIIOBITHOI MONPaBKK a00 Mepersisiy.
JInst HenaToBaHUX MOCHIIaHb BUKOPUCTOBYEThCS
OCTaHHE BWJAHHS JIOKYMEHTY 3 TIOCHJIAHHSM
(BKITIOYAIOYH yCi IOTO 3MiHH).

JNCTY-H b EN 1993 «EBpokon 3.
[IpoekTyBaHHS CTalleBUX KOHCTPYKIIIH»:

JCTY-H b EN 1993-1-1:2010 «EBpokon 3.
IIpoexTyBaHHS ~ CTaJ€BUX  KOHCTPYKIIii.
Yacruna 1-1. 3aranpHi nmpaBuiia 1 mpaBuia Ajs
ciopya (EN 1993-1-1:2005, IDT)»

JCTY-H b EN 1993-1-3:2012 «EBpokon 3.
IIpoekTyBaHHS ~ CTaJeBUX  KOHCTPYKIIiH.
Yactuna 1-3. 3aranbHi npaBuia. J{omaTkosi
IpaBuiIa A X0J0JHO(OPMOBAHUX €IEMEHTIB
i mpodinpoBanux mmuctiB (EN 1993-1-3:2006,
IDT)»

(7) For the design rules for cold formed mem-
bers and sheeting see EN 1993-1-3.

(8) The temperature range within which the
rules of this Standard are allowed to be ap-
plied are defined in the relevant application
parts of EN 1993.

(9) The rules in this Standard refer to struc-
tures constructed in compliance with the exe-
cution specification of EN 1090-2.

(10) Wind loading and bulk solids flow should
be treated as quasi-static actions. For fatigue,
the dynamic effects must be taken into account
according to EN 1993-1-9. The stress result-
ants arising from the dynamic behaviour are
treated in this part as quasi-static.

1.2 Normative references

(1) This European Standard incorporates, by
dated or undated reference, provisions from
other publications. These normative refer-
ences 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 references the latest edition of the
publication referred to applies.

EN 1993 Eurocode 3: Design of steel struc-
tures:

Part 1.1: General rules and rules for buildings

Part 1.3: Cold-formed members and sheeting



JCTY-H b EN 1993-1-4:2012 «EBpokon 3.
[IpoexTyBaHHs CTaJIeBUX KOHCTPYKLIH.
YacTuHa 1-4. 3araipHi IOJIOKEHHS.

JlogaTkoBi TpaBuiIa s HEp:KaBirouoi craii
(EN 1993-1-4:2006, IDT)»

JACTY-H b EN 1993-1-5:2012 «EBpokon 3.
[IpoekTyBaHHs CTaJIeBUX KOHCTPYKITIH.
Yactuna 1-5. IlmactuHYacTi KOHCTPYKTHBHI

enementy (EN 1993-1-5:2006, IDT)»

JACTY-H b EN 1993-1-6:2011 «EBpokon 3.
[IpoekTyBaHHs CTaJIeBUX KOHCTPYKITIH.
Yactnaa 1-6. MimHIicTh Ta  CTIHKICTB
o6ononok (EN 1993-1-6:2007, IDT)»

JCTY-H b EN 1993-1-8:2011 «EBpokon 3.
[IpoekTyBaHHST ~ CTaJeBUX  KOHCTPYKIIii.

Yactuna 1-8. IIpoekryBanHs 3’enHanb (EN
1993-1-8:2005, IDT)»

JCTY-H b EN 1993-1-9:2012 «EBpokon 3.
[lpoekTyBaHHS ~ CTaJeBUX  KOHCTPYKLIH.
Yactuna 1-9. Burpusamicte (EN 1993-1-
9:2005, IDT)»

JCTY-H b EN 1993-1-10:2012 «EBpoxona 3.
[IpoexTyBaHHs ~ CTaJleBUX  KOHCTPYKLIH.
Yacruna 1-10. Yaapna B’sa3kicts (EN 1993-1-
10:2005, IDT)»

JCTY-H b EN 1993-1-12:2012 «EBpoxon 3.
[IpoekTyBaHHsST ~ CTaneBUX  KOHCTPYKIIIH.
Yactuna 1-12. JlomatkoBi mpaBmia a0 EN

1993 nns craneit kmaciB Bume S 700 (EN
1993-1-12:2007, IDT)»

JCTY-H b EN 1993-4-1:20XX «EBpokox 3.
[IpoexTyBaHHs CTaJIEBUX KOHCTPYKLIH.
Yactuna 4-1. Cumocu (EN 1993-4-1:2007,
IDT)»

JCTY-H b EN 1993-4-2:20XX «EBpokox 3.
[IpoexTyBaHHs CTaJIEBUX KOHCTPYKLIH.
Yactuna 4-2. PesepByapu (EN 1993-4-2:2007,
IDT)»

JACTY-H b EN 1991 «Espoxon 1. [lii Ha
KOHCTPYKLi», BCl YaCTUHU

1.3  Tepminu Ta BU3HAYEHHS
(1) due. 1.5 EN 1990.
(2)B  upoMy craHmapTi = 3aCTOCOBYIOThH

Tepminu, BcraHoBineHi B EN 1993-1-1, a
TAaKO’X HACTYIHI TEPMIHM 13 BiANOBIIHUMU

np. ACTY-H b EN 1993-1-7: 20XX

Part 1.4: Stainless steels

Part 1.5: Plated structural elements

Part 1.6: Strength and stability of shell structures

Part 1.8: Design of joints

Part 1.9: Fatigue strength of steel structures

Part 1.10: Selection of steel for fracture
toughness and through-thickness properties

Part 1.12: Additional rules for the extension of
EN 1993 up to steel grades S700

Part 4.1: Silos

Part 4.2: Tanks

EN 1991 Eurocode 1 — Action on structures —
All parts

1.3 Terms and definitions
(1)  Therulesin EN 1990, clause 1.5 apply.

(2) The following terms and definitions are
supplementary to those used in EN 1993-1-1.:
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BU3HAYCHHSIMU:

1.3.1 KoncTpykrusHi ¢gopmu i reomeTpist 1.3.1 Structural forms and geometry

1.3.1.1 miocka aucroBa KoHCTpykKiis (plat- 1.3.1.1 Plated structure A structure that is
ed structure): KOHCTPYKIIisl, SIKa CKJIaJa€ThCs built up from nominally flat plates which are
i3 HOMIHAJBHO IUIOCKHX IUTACTHH, 3 €IHAHUX joined together. The plates may be stiffened or
pazom. [lnactmHM MOXyTh OyTH SK BUTBHO unstiffened, see Figure 1.1.

MIMEePTAMH, TaK 1 MIIKPIIICHUMHA (PUCYHOK

1.1).

|
I Mnocka nMcToBa KOHCTPYKLis
| Plated structure
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MonepeyHnii eneMeHT XOPCTKOCTI (BiAKPUTMIA aGO 3aKpUTUiA)
Transverse stiffener (trough or closed)

Mo3BAOXHIN eneMeHT XOpPCTKOCTI (BiAKpMTMI abo 3aKkpUTUNA)
Longitudinal stiffeners (open or closed)

CermeHT NnacTuHn
Plate segment
Cy6naHeni

Subpanels

Pucynok 1.1 — EnemMeHTH TUIOCKUX JIUCTOBUX KOHCTPYKIIIH.
Figure 1.1 — Components of a plated structure.

1.3.1.2 cerment miaacrunu (plate segment): 1.3.1.2. Plate segment A plate segment is a
IUIOCKUH JIUCT, SIKUA MOXe OYTH BiJIBHO flat plate which may be unstiffened or stiff-
mignepTuM  abo  minkpiruieHuM.  CerMeHT ened. A plate segment should be regarded as
TUTACTUHY TIOBUHEH PO3TIISIATUCS SIK OKPEMHU I an individual part of a plated structure.
€JIEMEHT IUIOCKO] JIUCTOBOI KOHCTPYKILi.

1.3.1.3 enemenT :kopcrkocri (Stiffener): nucr 1.3.1.3 Stiffener A plate or a section attached
a00 Tpodiib, MPHUKPIIJICHUHA 1O IJIACTUHU 3 to the plate with the purpose of preventing
METOI0  3amoOiraHHs  BTpaTH  MiCLEBOI buckling of the plate or reinforcing it against
CTIMKOCTI TUTACTHHU a00 11 MiICUIICHHS TPH il local loads. A stiffener is denoted:

JIOKJIBHOTO  HaBaHTaXEHHA. Po3pi3HAI0TH
HACTYIHI BUJH €JI€MEHTIB KOPCTKOCTI:

— TIO3JIOBXHIH, SIKIIIO HOro HANpsM CITiBIIAa€e — longitudinal if its longitudinal direction is in
3 OCHOBHHUM pPOOOYMM HAmpsIMOM €JeMEHTa, the main direction of load transfer of the
YJaCTHHOIO SKOTO BiH € member of which it forms a part;

—  TONepeYHuil, SAKIO0 Horo  Hampsm — transverse if its longitudinal direction is per-
NEePICHIUKYIIAPHUN 10 OCHOBHOTO po0OY0ro pendicular to the main direction of load trans-
HanpsMy eJIeMEeHTa, YaCTHHOIO SKOTO BiH €. fer of the member of which it forms a part.
1.3.1.4 minkpiniena mnuactuna  (stiffened 1.3.1.4 Stiffened plate Plate with transverse
plate): mmactmHa 3 TONepeYHUMH  abo and/or longitudinal stiffeners.

MO3/I0BKHIMU €JIEMEHTaMH KOPCTKOCTI.

1.3.1.5 cyonanean (sub-panel): 1.3.1.5 Sub-panel Unstiffened plate sur-

10



HEMIJIKpIMVICHa TUTaCTHHA, SKa OKalMJIeHa
€JIEMEHTaMH >KOPCTKOCTI Yy BUIJISAI CTIHKU 3
rmosicaMH, 1/a0o mosica 3i CTIHKOIO.

1.3.2 Tepminu i BUBHa4YeHHSA

1.3.2.1 nnacruune pyiinyBanns (plastic col-
lapse): Buj pyiiHyBaHHS B TPaHUYHOMY CTaHi,
3a SIKHM KOHCTpPYKIisi BTpadae 3JaTHICTH 10
ONOpPY HABaHTAXCHHIO, IO MiJBHILYETHCS,
BHACIIIZIOK PO3BUTKY IUITACTUYHOTO MEXaHI3MY.

1.3.2.2 po3puB npu posraryBanni (tensile
rupture): Bux pydHYBaHHS B TPAHUYHOMY
CTaHi, 3a SKHUM pYHHYBaHHS IUIACTHHU
B1I0YBA€THCS BHACIIIOK PO3TATY.

1.3.2.3 masnonukiioBa Broma (cyclic plastici-
ty): siBumie, sKe HACTyma€  BHACITIZIOK
TEKy4OCTi, M0 MOBTOPIOETHCS, BHACIIIOK
[MKJTiB HABAHTAXKEHHS 1 PO3BAHTAKEHHSI.

1.3.2.4 Brpara criiikocti (buckling): sBure,
SIKE€ HACTyIa€e BHACIIIOK CTUCKY 1/a00 3CyBY.

1.3.2.5 Broma (fatigue): sBuie, sike HacTymae
BHACHIAOK Jii [MKJIIYHOIO HAaBaHTAKEHHS,
SIKE BUKJIUKAE, B CBOIO qepry,
TPIIMHOYTBOPECHHS 200 pyHHYBaHHS.

1.3.3 BoiiuBu

1.3.3.1 nonepeyne HaBaHTaxkeHHst (Oout of
plane loading): HaBaHTa)KeHHSI, SIKE TOAETHCSI
NEPIEHIUKYISIPHO 10 CEPEIUHHOI MMOBEPXHI
CEerMeHTa IUIACTUHH.

1.3.3.2 3ycusuist B miroummuHi (in-plane forces):
3ycuiuisl, IO Ji0Th NapajielbHO IOBEPXHI
CerMEHTa  IUIACTHHH. BOHWM  BUKJIMKaHI
edexkTtaMu, SKi AIFOTh B IUIOLIMHI TUTACTUHU

(HampukiIaa, BIUIMBU — Temmeparypu  abo
TepTs), abo 3araJbHUM HABAaHTAXKEHHSM,
MPUKIIAJICHAM o IIJIOCKO1 JIUCTOBOI
KOHCTPYKIIi.

1.4 Tlo3HayeHHHA

(1) Ha gomatok 1m0 THX, SIKI HaBeACHI B
EN 1990 i EN 1993-1-1, BUKOPHCTOBYIOTBCS
HACTYIIHI MO3HAYCHHS !

(2) MemOpaHHi Hamnpy»XeHHSI Y MPSIMOKYTHiM
acTuHi (pucyHok 1.2):

Omx — MeMOpaHHI HOpPMaJibHI Hampy>KE€HHS B
HampsiMy oOci X, SKI BHHHUKAIOTh  BiA
MEeMOpaHHOTO 3yCHJUISI Ny, IO Ji€ Ha
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rounded by stiffeners or, on a web, by flanges
and/or stiffeners or, on a flange, by webs
and/or stiffeners.

1.3.2 Terminology

1.3.2.1 Plastic collapse A failure mode at
the ultimate limit state where the structure
loses its ability to resist increased loading due
to the development of a plastic mechanism.

1.3.2.2 Tensile rupture A failure mode in the
ultimate limit state where failure of the plate
occurs due to tension.

1.3.23 Cyclic plasticity Where repeated
yielding is caused by cycles of loading and
unloading.

1324 Buckling Where the structure
looses its stability under compression and/or
shear.

1.3.25 Fatigue Where cyclic loading
causes cracking or failure.

1.3.3 Actions

1.3.3.1 Out of plane loading The load ap-
plied normal to the middle surface of a plate
segment.

1.3.3.2 In-plane forces Forces applied paral-
lel to the surface of the plate segment. They
are induced by in-plane effects (for example
temperature and friction effects) or by global
loads applied at the plated structure.

1.4 Symbols

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

(2) Membrane stresses in rectangular plate, see
Figure 1.2:

omx IS the membrane normal stress in the x-
direction due to membrane normal stress re-
sultant per unit width ny;

11
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OAVHUIIO INNPHUHU ITIJIACTHHH;

Omy — MeMOpaHHI HOpMaJlbHI HANpPYXEHHS B
HampsiMy oci Y, sKI BUHUKAIOTH  BiJ
MeMOpPaHHOTO  3yCHIUIS Ny, Ha
OJIMHUITIO IIUPUHU TIACTUHH;

Tmxy — MeMOpaHHI JOTHYHI HAmpyKEHHS B
IUIOIIHMHI X0V, SIK1 BUHUKAIOTH BIJI
MEMOpPaHHOTO 3CYBHOTO 3yCWJUIA Ny, Ha
OJTMHHMIIIO NIUPUHH TUTACTHHH.

o Jie

omy IS the membrane normal stress in the y —
direction due to membrane normal stress re-
sultant per unit width ny;

Tmxy IS the membrane shear stress due to
membrane shear stress resultant per unit width

nxy.

dx

dy !

Pucynok 1.2 — MemOpaHHI HanpyXeHHS.
Figure 1.2 — Membrane stresses.

(3) HopmanibHi 1 JOTHYHI HAmpyKEHHs B
NPSIMOKYTHIM IJIACTUHI BiJ 3TUHY (PUCYHOK
1.3):

Obx — HOpPMaJIbHI HANPYXEHHS B HAIPsIMy OCl
X Bl 3rHHAJILHOTO MOMEHTY My, L0 Ji€ Ha
OJIMHMIIIO IIMPUHHU TUTACTHHU;

Ob,y — HOpPMaJIbH1 HANPY>KEHHS B HANpsAMY OCl
Y Bl 3rMHaJIbHOTO MOMEHTY My, IIO i€ Ha
OJIMHUIIO IIUPUHU TJIACTHHY;

Thxy — JAOTUYHI HAIPYKEHHSI B1Jl KPYTHJILHOTO
MOMEHTY Myy, IO JIi€ Ha OJMHUIIO IIHUPUHU
IJIACTHUHU;

Thxz — JOTUYHI Halpy>KEHHS BiJ MOMEpPEeUHOi
Cuii (x, IO [l€ HAa OJUHMINO [IUPUHU
TUTACTHHU;

Thyz — JNOTUYHI Hampy>KEHHS BiJ MONEpeyHOoi
cuni (y, MO [l€ HAa OJUHMINO [IUPUHU
TUTACTHHU.
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(3) Bending and shear stresses in rectangular
plates due to bending, see Figure 1.3:

obx IS the stress in the x-direction due to
bending moment per unit width my;

oby IS the stress in the y-direction due to
bending moment per unit width my;

oxy IS the shear stress due to the twisting
moment per unit width myy;

xz 1S the shear stress due to transverse shear
forces per unit width gx associated with bend-
ing;

hyz IS the shear stress due to transverse shear
forces gy associated with bending.
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Pucynok 1.3 — HopmaibHi 1 TOTHYHI HAPY>KEHHS, 1110 BUHUKAIOTh IPH 3THHI.
Figure 1.3 — Normal and shear stresses due to bending.

IIpumitka. B 3aragbHOMY BHIAOKy B
OyIb-Kili TOYIl TUIACTHHH ICHYE BicCiM
CKJIaJJOBUX BEKTOPY HampyxeHb. JloTuuHi
HANPY)KEHHS Thyxz 1 Thy: BT Qx 1 Qy ¥y
OUTBIIOCTI BHIIAJKIB € HECYTTEBHMH B
NOPIBHSIHHI i3 IHIIMMU KOMITOHEHTaMH
HaANPY>KEHOTO CTaHy, 1 BIAMOBIAHO, BOHH
MOXYTh  HE  ypaxoByBaTucsi  Ipu
MPOCKTYBaHHI.

(4) CrpiukoBi JiTepu TpenbKoro andasity:

O — CIIBBiIHOIIEHHS JOBJKUH CTOpIH
CerMEeHTYy IIacTuHH (a/b);

€ — BIIHOCHI nedopmarii;

OR — Koe(iIieHT 301IbIIICEHHS] HABAaHTAXKCHHS,
p — 3HIKYIOUMH Koe(ilieHT NpU BTpaTi
CTIMKOCTI IJIaCTUHY;

Oi — HOpMaJlbHE HAIMPYKCHHS B HANpsMy I,
uB. pucyHku 1.2 1 1.3;

T — JOTHYHE HANpYXEHHS, IAWB. PUCYHKH
1.211.3;

v — koeoiuient Ilyacona;

YM — YacTKOBMM Koe(illieHT HaliiHHOCTI.

(5) IlpomnucHi niTepu TATHHCHKOTO angaBiTy:
E — Moxynb npy>XHOCTI.

(6) CtpiukoBi JITEpH JIATUHCHKOTO andaBiTy:

a — JOBXHHA
pucynku 1.411.5;
b — mumpuHa CcerMeHTy IUIaCTHHH, MIHMB.
pucynku 1.411.5;

f,k — HoOpmaruBHE

CCIMCHTY IIJ1aCTHUHU,

3HaA4YCHHA I‘paHI/ILIi

NOTE. In general, there are eight stress
resultants in a plate at any point. The
shear stresses rnyx, and rny, due to gx and
gy are in most practical cases
insignificant compared to the other
components of stress, and therefore they
may normally be disregarded for the
design.

(4) Greek lower case letters:
a — aspect ratio of a plate segment (a/b);

¢ — strain;
ar — load amplification factor;

p — reduction factor for plate buckling;
oi — Normal stress in the direction i, see
Figure 1.2 and Figure 1.3;

t — Shear stress, see Figure 1.2 and
Figure 1.3;

v — Poisson’s ratio;

ym — partial factor.

(5) Latin upper case letter:
E — Modulus of elasticity.

(6) Latin lower case letters:

a length of a plate segment, see Figure 1.4
and Figure 1.5;
b width of a plate segment, see Figure 1.4
and Figure 1.5;
fy«  yield stress or 0,2% proof stress for ma-

13
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IJTMHHOCTI 200 HOPMAaTUBHE 3HAYCHHS Ov2 AJIA
Martepially 3 HelTiHIHHOO Jiarpamoro o — &

Ni — MeMOpaHHa TO3/IOBXHS CHJIa B 1-TOMY
Harpsimi, KH/Mm;

Nyxy — MeMOpaHHe 3yCHILIsA 3¢yBY, KH/M;

M — 3ruHajabHUH MOMeHT, KH-M/M;

J: — momnepevHa cuiia B Hanpsamy Z, KH/m;

t — TOBmIMHA CETMEHTY IUIACTUHU, JIUB.
pucynku 1.41 1.5.

Ipumitka. CuMBoIHM 1 O3HAYCHHS, SIKI HE
TIepeTiueH] BHINE, MOSCHIOIOTHCS B TEKCTI
TIPH TICPIITiH 3rayBaHHI.

S

terial with non linear stress-strain curve;

ni  membrane normal force in the direction i
[KN/m];

nxy membrane shear force [KN/m];

m  bending moment [KNm/m];

g. transverse shear force in the z direction
[KN/m];

t  thickness of a plate segment, see figure
1.4 and 1.5.

NOTE. Symbols and notations which are
not listed above are explained in the text
where they first appear.

= >

.V;Vﬂ\

ZW

Pucynok 1.4 — Po3mipu 1 0Ci HEMIAKPINJICHUX CETMEHTIB IIACTHH.
Figure 1.4 — Dimensions and axes of unstiffened plate segments.

EnemeHT XopcTKOCTI
Stiffeners

Cy6naHenb
Subpanel

Pucynoxk 1.5 — Po3mipu 1 oci MIIKPIIVIEHUX CETMEHTIB IUIACTUH; €JIEMEHTH )KOPCTKOCTI
MOXYTb OYTH BIJKPUTOT0 a00 3aKPUTOT0 MPODLIIO.
Figure 1.5 — Dimensions and axes of stiffened plate segments; stiffeners may be open or
closed stiffeners.

14



2 OCHOBH ITPOEKTYBAHHA

2.1 Bumoru

(1)P OcHoBHi BUMOTH
nosuHHI Bigmosigatu EN 1990.

IPOEKTYyBaHHS

(2)P [Ipu mpoekTyBaHHI IUIOCKHX JIUCTOBUX
KOHCTPYKLIA MarTh OYTH IepeBipeHUMHU
HACTYIIHI I'PaHUYHI CTaHU TEPIIOT TPYITH:

— IUIACTUYHE pyWHYBaHHs, AUB. 2.2.2;
— MaJIOIIMKJIOBA BTOMA, IHB. 2.2.3;

— BTparta CTIHKOCTI, 1uB. 2.2.4;

— BTOMa, JuB. 2.2.5.

(3) IlpoextyBaHHS IJIOCKUX  JIMCTOBUX
KOHCTPYKLIA Ma€ 3aJ0BOJILHSATH BHUMOTaM
HECY4Oi 3/aTHOCTi, IIO BCTAaHOBJIEHI Yy
BI/IMOBIIHUX HOPMAaTHBAaX.

2.2 HpuHuMnum
TPAHUYHUMH CTAHAMHU

pPO3paxyHkKy 3a

2.2.1 3arajbHi MOJIOKEHHS

(1)P IlpuHummm po3paxyHKy 3a TpaHUYHHUMU
CTaHaMmH, 110 HaBeneHi y po3aim 2 EN 1993-1-1
1 B EN 1993-1-6, mnoBUHHI, TaKOX,
3aCTOCOBYBAaTUCS 10 IUIOCKHX JIMCTOBHX
KOHCTPYKITIH.

2.2.2 TlnacTuyHe pylHYBaHHS

(1) nactuune pyiHYBaHHS — Ii€ CTaH, 3a
SKAM  YaCcTHHA  KOHCTPYKII  OTpUMYE
HaJJIAIIKOB1 ILUIACTUYHI nedopmMaitii,

MOB’si3aHI 13  PO3BUTKOM  IUIACTUYHOTO
MexaHi3My. HaBaHTakeHHs, IO BUKIIHKAE
MJaCTUYHE  pPyWHYBaHHS, SIK  IPaBUIIO,
BU3HAUAETHCS MEXaHI3MOM, OCHOBAaHHM Ha
Teopii MaINX BIAXUJICHB.

2.2.3 MaJjgouuk.iosa BToOMAa

(1) MastonmksioBa BToMa MOBUHHA PO3IIISIATUCS
SIK TPAHUYHUAN CTaH JYIS IIUKJTIB HABAaHTOKEHHS 1
pO3BaHTaXXEHHS, 110  IOBTOPIOKOTBCA 1
BUKJIMKAIOTh IUIMHHICTh MPHU PO3TATYBaHHI ab0
CTUCKYy, ab0 Tpu Tiil 1 iHINK 1ii, THM caMuM
BUKJIMKAIOYM  TPOIEC IUIACTUYHOI  poOOTH
KOHCTPYKIIII, IO TOBTOPIOEThCSA. Taka 3MiHHA
IUIMHHICTh MOXK€ TIPUBECTH [I0 JIOKAIHLHOTO
TPILMHOYTBOPEHHS ~ BHACIIOK  3MEHIIECHHS
3[IaTHOCTI MaTepiay MOTJIMHATH €HEPTito, 0 1 €
OOMEXEHHSIM MAJIOIMKIIOBOI MIITHOCTI 4yepes
BTOoMy. HanpyxeHHs, sKki NOB’S3aHI 3 LM
IPaHUYHKAM CTaHOM, BUHUKAIOTh IPH KOMOIHAIIT
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2 BASIS OF DESIGN

2.1 Requirements

(1)P The basis of design shall be in accord-
ance with EN 1990.

(1)P The following ultimate limit states shall
be checked for a plated structure:

- plastic collapse, see 2.2.2;
- cyclic plasticity, see 2.2.3;
- buckling, see 2.2.4;

— fatigue, see 2.2.5.

(3) The design of a plated structure should
satisfy the serviceability requirements set out
in the appropriate application standards.

2.2 Principles of limit state design

2.2.1 General

(1)P The principles for ultimate limit state
given in section 2 of EN 1993-1-1 and
EN 1993-1-6 shall also be applied to plated
structures.

2.2.2 Plastic collapse

(1) Plastic collapse is defined as the condition
in which a part of the structure develops ex-
cessive plastic deformations, associated with
development of a plastic mechanism. The
plastic collapse load is usually derived from a
mechanism based on small deflection theory.

2.2.3 Cyclic plasticity

(1) Cyclic plasticity should be taken as the
limit condition for repeated cycles of loading
and unloading produce yielding in tension or
in compression or both at the same point, thus
causing plastic work to be repeatedly done on
the structure. This alternative yielding may
lead to local cracking by exhaustion of the
material's energy absorption capacity, and is
thus a low cycle fatigue restriction. The
stresses which are associated with this limit
state develop under a combination of all ac-
tions and the compatibility conditions for the

15
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BCIX BIUTMBIB HA KOHCTPYKITIIO 1 yMOB CYMICHOCTI
ii meopMyBaHHSL.
2.2.4 Brpara criiikocTi

(1) Brpary crTiiikoCTi CliJi pO3MIISAATH SIK
CTaH, 3a SKAM YyCsi KOHCTPYyKIis abo ii
YacTUHA OTPUMYIOTh 3HAUHI TepeMillleHHS,
[0 BUKJIMKAHI HECTIMKMM CTaHOM, IIiJ
BIUTABOM  CTHCKarouux 1/ab0  JTOTUYHUX
HanpykeHb B IuiactuHi. lle, y miacymKy,
NPUBOIUTE 10  HE3NATHOCTI  CHPHIMATH
MPUPICT HABAaHTAKCHHSI.

(2) Jlokampny (MmicueBy) BTpaTy CTIHKOCTI
muB. EN 1993-1-5.

(3) CriiikicTh BUKPUBJICHHUX, 3aKPYYEHHX 1

MOKOPOOJICHUX €JIEMEHTIB KOPCTKOCTI IMB.
EN 1993-1-5.

2.25 Broma

(1) Bromy ciin po3risgaTtd K TPaHUYHHIMA
CTaH, BUKIIMKAHHI MTOSBOIO 1/a00 3pOCTaHHAM
TPIIMH TP IUKIAX  30UIbIICHHSA 1
3MECHIIICHHS HAPY>KEHb, 1110 ITOBTOPIOIOTHCS.

2.3 BiiuBu

(1) XapaktepucTH4yHi  3HAYCHHS  BIUIMBIB
BU3HAYAIOTHCSA Yy BIANOBIIHUX 4YacTUHAX
EN 1991.

2.4 Po3paxyHoOK Ha miacTraBi BUIpOOyBaHb

(1) Bumorn 10 MpOEKTyBaHHS Ha TiJICTaBi
BUNpoOyBaHb HaBezeHl y 2.5 EN 1993-1-11y
BIJIMOBIAHUX yacTHHAX po3airy 9 EN1993-1-3.
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structure.

2.2.4 Buckling

(1) Buckling should be taken as the condition
in which all or parts of the structure develop
large displacements, caused by instability
under compressive and/or shear stresses in the
plate. It leads eventually to inability to sustain
an increase in the stress resultants.

(2) Local plate buckling, see EN 1993-1-5.

(3) For flexural, lateral torsional and distor-
tional  stability = of  stiffeners,  see
EN 1993-1-5

2.2.5 Fatigue

(1) Fatigue should be taken as the limit condi-
tion caused by the development and / or
growth of cracks by repeated cycles of in-
creasing and decreasing stresses.

2.3 Actions

(1) The characteristic values of actions should
be determined from the appropriate parts of
EN 1991.

2.4 Design assisted by testing

(1) For design assisted by testing reference
should be made to section 2.5 of EN 1993-1-1
and where relevant, Section 9 of EN 1993-1-3.



3 BJACTUBOCTI MATEPIAJIIB

(1) Ue#t cranmapT OXOILIFOE IMPOCKTYBaHHS
IUIOCKUX  JIUCTOBHX  KOHCTPYKIH, IO
BUTOTOBJICHI 31 CTallell y BIAMOBIAHOCTI JO
CTaH/apTiB, 3a3HayeHuX B EN 1993-1-1 1 EN
1993-1-12.

(2) BaactuBocri marepiaiiB
XOJIOTHO(OPMOBAHHX €JICMCHTIB i

npodiaroBaHuX JUCTIB HaBeneHi B EN 1993-
1-3.

(3) Baactusocri HEPXKaBirOYO1 craii
Haseneni B EN 1993-1-4.

4 TOBI'OBIYHICTb

(1) OcHOBHI BHMOrHM 10 JOBIOBIYHOCTI —
nuB. po3ain 4 EN 1993-1-1.
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3 MATERIAL PROPERTIES

(1) This Standard covers the design of plated
structures fabricated from steel material con-
forming to the product standards listed in
EN 1993-1-1 and EN 1993-1-12.

(2) The material properties of cold formed
members and sheeting should be obtained
from EN 1993-1-3.

(3) The material properties of stainless steels
should be obtained from EN 1993-1-4.

4 DURABILITY
(1) For durability see section 4 of EN1993-1-1.

17
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5 CTATUYHHUI PO3PAXYHOK
5.1 3arajabHi MOJI0KEeHHA

(1)P Po3paxyHkoBi Moei TTOBUHHI
BIMOBiAaTH  pOOOTI  KOHCTPYKIIi, IO
nepeadavaeTbCsi, 1 TPAHUYHUM CTaHaM, IO
PO3TISIAIOTHCS.

(2) SIkmo rpaHWYHI YMOBHU MOXYTh OyTH
KOHCEPBATUBHO BHU3HAYCHI, a caMme SK
oOMeXxkeHi 1 HeoOMe)KeHi, IIJIOCKa JIHMCTOBA
KOHCTPYKILIiSI MOXe pO30MBaTHCS Ha OKpeMmi
CeTMEHTH TUIACTHH, SKI PO3PaxOBYIOTHCS
HE3aJIe)KHO OJIUH BiJ] OHOTO.

(3)P 3arampHa CTIWKICTH yCi€l KOHCTPYKIIIT
NOBMHHA OyTH MEpEeBIPEHOI0 3TIAHO 10
BianoBigaux yactuH EN 1993.

5.2 HanpyxeHuii cTaH B NJIaCTHHI

5.2.1 3arajapHi M0JI0KEeHHA

(1) PozpaxyHnkoBa Mojaenb 1 OCHOBHI
HPUITYLICHHS Ul BU3HAYCHHS BHYTPILIHIX
HaIpy>KeHb abo 3yCHUJIb MTOBUHHI

BIMOBIAATH TOBEMIHII KOHCTPYKIIi Mij
BIUINBOM HABAaHTAKEHHS, 10 BHKIUKAE
rpaHUYHUM CTaH.

(2) PozpaxynkoBi  Mozeni  KOHCTPYKIIiT
MOXYTbh OyTH CHpOILEHI TAKMM YMHOM, 1100
CTIPOIIIEHHS, K1 BUKOPHUCTOBYIOTHCS,
Ha/laBalu 3aBUIIEHOTO edexTy
(KOHCEpBaTUBHY  OLIHKY  €QeKTy) BiJ
BIUJIMBIB.

(3) Ins TUIOCKMX JIUCTOBHX KOHCTPYKITiit
NIEPEBAKHO BUKOPHUCTOBYETHCS 3araJbHUU
NPY’)KHUM pPO3paxyHOK. B Tux BHmaakax,
KOJIM 1MOBIpHa TIOfBa pYyHWHYBaHHS BiJ
BTOMH, 3araJibHUM PO3paxyHOK 3
YPaxyBaHHSAM PO3BUTKY IJIACTUYHUX
nedopmarliii He TOBUHEH 3aCTOCOBYBATHUCH.

(4) lloBuHHI OyTH ypaxOBaHHMH MOMJIUBI
BIIXWJICHHS  BiJ] HampsMiB Ta  MICIb
NPUKJIAIaHHS BIUIMBIB, 10 MEepe0adaroThes.

(5) Po3paxyHOK 3a YTBOPEHHSAM JIiHIHYaCTHX
IUIACTUYHUX  LIapHIpIB  MOXe  OyTH
3aCTOCOBAHUU IMPH OLIHI TPAHUYHOTO CTaHy
B TOMY BHUIAJKy, KOJM HalpyXeHHS BiJ
CTHCKY a00 3CYyBY ckiaaroTh MeHII Hixk 10%
BIJITIOBITHOI'O 3HAYEHHS HECYYOi 31aTHOCTI.
I'paHnuHnl  PO3PaxXyHKOBUW  3TUHAJIBHUN
MOMEHT B JIMHIHYacTOMYy IUIACTUYHOMY
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5 STRUCTURAL ANALYSIS
5.1 General

(1)P The models used for calculations shall
be appropriate for predicting the structural
behaviour and the limit states considered.

(2) If the boundary conditions can be conser-
vatively defined, i.e. restrained or unre-
strained, a plated structure may be subdivided
into individual plate segments that may be
analysed independently.

(3)P The overall stability of the complete
structure shall be checked following the rele-
vant parts of EN 1993.

5.2 Stress resultants in the plate

5.2.1 General

(1) The calculation model and basic assump-
tions for determining internal stresses or
stress resultants should correspond to the as-
sumed structural response for the ultimate
limit state loading.

(2) Structural models may be simplified such
that it can be shown that the simplifications
used will give conservative estimates of the
effects of actions.

(3) Elastic global analysis should generally
be used for plated structures. Where fatigue
is likely to occur, plastic global analysis
should not be used.

(4) Possible deviations from the assumed di-
rections or positions of actions should be con-
sidered.

(5) Yield line analysis may be used in the
ultimate limit state when inplane compres-
sion or shear is less than 10 % of the corre-
sponding resistance. The bending resistance
in a yield line should be taken as
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[IapHipi BU3HAYAETHCS 32 POPMYIIOIO:
0,25 fyt2

Vmo

de

5.2.2 T'paHn4Hi yMOBHM JJisl IJIACTHHH

(1) I'panuuni yMOBH, IO NPUAMAIOTHCA Yy
po3paxyHKax, MalOTh BIJIMTOBIAATH
IPaHUYHKUM CTaHaM, 10 PO3TJIAIAIOTHCSL.

(2)P flkmo miocka JMCTOBA KOHCTPYKIIIS
PO30MBA€ETHCA HA OKPEMI CErMEHTH TUIACTHH,
TPaHUYHI YMOBH, M0 MPHAMAKTHCT Yy
po3paxyHKax ISl €JIEMEHTIB KOPCTKOCTI B
OKpPEeMHX CEeTrMEHTaX IUTACTHH, HEOOXITHO
BKa3yBaTH y KPECIECHHSIX 1 MPOEKTHIN
JIOKyMEHTAII].

5.2.3 Po3paxyHkoBi Moxenai I IJIOCKHX
JIMCTOBUX KOHCTPYKIii

5.2.3.1 3arajabHi BUMOTH

(1) BuyTpimiHi ~ HampyXeHHS  CErMEHTY
IUIACTHHU HEOOXiTHO BH3HAYAaTH HACTYIHHUM
YHHOM:

— cTaHmapTHUMHU hopmynamu, auB. 5.2.3.2;
— 3arajlbHUM pO3paxyHKoOM, TuB. 5.2.3.3;
— 3 BUKOPUCTaHHSM CIIPOIIEHUX
pO3paxyHKOBUX Mojiese, nuB. 5.2.3.4.

(2) Po3paxynkoBi Metoau, HaBedeHi B (1),
MOBUHHI  ypaxoByBaTH  JiHIMHY  abo
HENIHIAHY Teopil0 3TMHY IJIAaCTUH Yy
BIJIIIOBITHUX BHUIIAIKAX.

(3) Jliniiina Teopis 3rMHY OCHOBaHa Ha
Teopli Manux MepeMilleHb 1 JIiHIHHINA
3alIe)KHOCTI HaBaHTaXeHHA-Aedopmartis. Lle
MOJIOKEHHS Ma€ 3aCTOCOBYBATHUCS, KOIHU
Halpy>KeHHs Bl CTHUCKaHHSI abo 3CyBYy
CKJIa/Ial0Th B IUIOIIMHI IJIJACTUHU MEHIIE HIXK
10 % ix BIAMOBIAHOTO 3HAYEHHS HECy4oi
3aTHOCTI.

(4) Heninifina Teopiss 3rMHY OCHOBaHa Ha
Teopli BEJMKUX MEepeMIlIeHb 1 ypaxyBaHHI
BIUIMBY Je(OpPMOBAHOI CXEMH Ha piBHOBary
KOHCTPYKIIIi.

(5) PospaxynkoBi mopeni, HaBenmeHi B (1),
MOBHHHI ~ 3aCHOBYBAaTHCS ~ Ha  THIAax
PO3paxyHKiB, 3a3HaYeHNX y Tabmuili 5.1.

5.2.2 Plate boundary conditions

(1) Boundary conditions assumed in analyses
should be appropriate to the limit states con-
sidered.

(2)P If a plated structure is subdivided into
individual plate segments the boundary con-
ditions assumed for stiffeners in individual
plate segments in the design calculations
shall be recorded in the drawings and project
specification.

5.2.3 Design models for plated structures

5.2.3.1 General

(1) The internal stresses of a plate segment
should be determined as follows:

- standard formulae, see 5.2.3.2;
- global analysis, see 5.2.3.3;
- simplified models, see 5.2.3.4.

(2) The design methods given in (1) should
take into account a linear or non linear bend-
ing theory for plates as appropriate.

(3) A linear bending theory is based on
small-deflection assumptions and relates
loads to deformations in a proportional man-
ner. This may be used if inplane compression
or shear is less than 10% of the correspond-
ing resistance.

(4) A non-linear bending theory is based on
large-deflection assumptions and the effects
of deformation on equilibrium are taken into
account.

(5) The design models given in (1) may be
based on the types of analysis given in Table
5.1.
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Ta6auus 5.1 — Tunu po3paxyHkiB

Table 5.1 — Types of analysis

3akoH :
Tun po3paxyHky Teopis 3runy nedopMyBaHHS T'eomerpis
. IJIaCTHHU
Mareplany
. Bending Material law Plate geometry
Type of analysis
theory
JliniiiHui npyxHUA po3paxyHok (LA) JliniiiHa JliniiiHu# IneanpHa
Linear elastic plate analysis (LA) linear linear perfect
I'eomerpuuno HemiHiHui npyxHuil | Heniniitna JliniiiHu#’ IneansHa
po3paxyHok (GNA)
Geometrically non-linear elastic anal- | non-linear linear perfect
ysis (GNA)
Po3paxyHok 3 ypaxyBaHHIM (Hi3UUHOT Jliniitna Hemniniitna IneanpHa
HesniHiiHOCTI (MNA)
Materially non-linear analysis (MNA) linear non-linear perfect
Pospaxynok 3 ypaxyBanHsMm | Heniniiina Heniniiina IneanpHa
r€OMETPUYHOT i ¢dhiznyHOT
HeniHiHOCTI (GMNA)
Geometrically and materially non-| non-linear non-linear perfect
linear analysis (GMNA)
['eomeTpuyHO HemiHiWHUN npyxHuii | Heniniiina Jliniiina 3 MNOYaTKOBUMH
PO3paxyHOK 3 ypaxyBaHHSAM HEJIOCKOHAJIOCT
IIO4YaTKOBUX HeﬂOCKOHaHOCTeﬁ SAMHU
(GNIA)
Geometrically non-linear elastic anal- | non-linear linear imperfect
ysis with imperfections (GNIA)
['eomerpuuHo 1 ¢i3uyHO HeniHidHMM | Heniniitna Heniniiina 3 NO4YaTKOBUMH
PO3paxyHOK 3 ypaxyBaHHSIM HEJIOCKOHAJIOCT
IIO4YaTKOBUX He,Z[OCKOHaHOCTeﬁ AMHU
(GMNIA)
Geometrically and materially non- | non-linear non-linear imperfect
linear analysis with imperfections
(GMNIA)
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[pumitka 1. BusHaueHHS pi3HUX THITIB
PO3paxyHKiB HaBEJCHO B JIOJATKY A.

IMpumirka 2. Tun PO3paxyHKY,
3aCTOCOBaHMI 10 KOHKPETHOI CHTYyaLii,
Mae OyTH 3a3HAYeHUM B THPOEKTHIH
JIOKYMEHTAIIii.

Ipumitka 3. Bukopucranus po3paxyH-

KOBHX MoJenen 3 I EENIN 0N
rEOMETPIEI0 nepeadayae, 110
reoMeTpHYHI HEI0CKO-

HasiocTi a0 € HecyTTeEBMMH, abO Bpaxo-
BaHi B iHIIMX PO3PaxyHKOBHX YMOBaX.

I[pumitka 4. AMIUTITYZM BiIXUJICHB TS
KOHCTPYKLIH 3 MMOYaTKOBUMHU
reoMeTpuy-

NOTE 1. A definition of the different
types of analysis is given in Annex A.

NOTE 2. The type of analysis appropriate
to a structure should be stated in the
project specification.

NOTE 3. The use of a model with
perfect geometry implies that geometrical
imperfections are either not relevant or
included through other design provisions.

NOTE 4. Amplitudes for geometrical
imperfections for imperfect geometries
are chosen such that in comparisons with



HUMH  HEJIOCKOHAIIOCTSMH  OOWPAIOTh
TaKUM  4YWHOM, 100  pe3ylbTaTtu
PO3paxyHKIB TOKa3yBaJlH 3aJ[OBLIbHY
BiJNOBIZIHICTh Y TIOPiBHSHHI 3 pe3yJbTa-
TaMH BHUIPOOYBaHb 3 BHKOPHCTAHHIM
BUTIPOOYBATLHOTO KOHTPOJIBHOTO 3pa3Ka,
BUTOTOBJICHOTO 3  JIOMYCKaMH, IO
Bigmosimarores EN 1090-2. Bimmosigmo, 1t
aMIUTITyIH, B IJIOMY, BIAPI3HAIOTHCA Bij
noryckis, HaBeaeHux B EN 1090-2.

5.2.3.2 Buxopucranus
Gopmyn

(1) Jns OKpeMuxX CEerMeHTIB IUIACTHUH
MJIOCKOT JIMCTOBOT KOHCTPYKIII BHYTPIIIHI
HaNpy>KEHHS MOXXYTb OyTH OOYHMCIIeHI ISt
neBHO1 KOMOiHalii pO3paxyHKOBUX BILIUBIB,
3 BUKOPHUCTAHHIM BIIOBIAHUX
pO3paxyHKOBUX (OpPMYJ, 3aCHOBAaHUX Ha
THIIaX PO3PAXyHKIB, HaBeJACHUX B 5.2.3.1.

CTaHAAPTHHX

Hpumirka. Y nonarkax B i C maBeneHi Tadmmii
JUISL  PO3PAaXyHKY TIPSMOKYTHHX IUIaCTHH, He
MiAKPITUICHUX €JIEMEHTaMHU >KOPCTKOCTI, TiJT i€
HaBaHTA)XEHHS 11032 MEKaMy IUIOMMUHK. J{i1s
KOJIOBHX IUIACTWH  PO3PaxyHKoOBi  (opmymu
HaBemeHi B EN 1993-1-6. Hamemeni mami
PO3paxyHKOBI dbopmynu MaroTh OyTH
BUKOPHCTaHUMH,  SIKIIO  iX  3aCTOCYBaHHS
BIZMOBIa€ BUMoOraM, 1110 BukiaaeHi B EN 1991-1.

(2) YV Bumagky IUIOCKOTO HaMpPyKEHOrO
CTaHy, OTPUMAHOTO Ha M1JICTaB1
06€e3MOMEHTHOT Teopii pO3paxyHKY,
€KBIBAJIEHTHI PO3PaXyHKOBI HaNpYKEHHS
OeqEd B TIJIACTHHI (HampyxkeHHs Mizeca)
MOXYTh OyTH BH3HAYEHHUMH HACTYITHUM
YUHOM:

np. ACTY-H b EN 1993-1-7: 20XX

results from tests using test specimens
fabricated with tolerances according to
EN 1090-2 the calculative results are
reliable, therefore these amplitudes in
general differ from the tolerances given
in EN 1090-2.

5.2.3.2 Use of standard formulas

(1) For an individual plate segment of a plated
structure the internal stresses may be calcu-
lated for the relevant combination of design
actions with appropriate design formulae
based on the types of analysis given in
5.2.3.1.

NOTE. Annex B and Annex C provide tabulated
values for rectangular unstiffened plates which are
loaded transversely. For circular plates design
formulas are given in EN 1993-1-6. Further de-
sign formulas may be used, if the reliability of the
design formulas is in accordance with the re-
quirements given in EN 1991-1.

(2) In case of a two dimensional stress field
resulting from a membrane theory analysis
the equivalent VVon Mises stress may be de-
termined by

1 2 2 2
O-eq,Ed :E'\/nx,Ed + ny,Ed _nx,Ed ny,Ed +3nxy,Ed :

(3) YV Bumagky IIIOCKOTO HANpPYKEHOTO
CTaHy, OTPUMAHOI0 Ha MiJCTaBI MOMEHTHOI
Teopli MPYKHUX IUTACTUH 1 OOOJIOHOK,
€KBIBAJICHTHI PO3PaxyHKOBI HaIpyKEHHS
CeqEd B IUIacTUHI (HampykeHHs Mizeca)
MOXYTh OyTH BHM3HAYEHHUMH HACTYITHUM
YHHOM:

(5.1)

(3) In case of a two dimensional stress field
resulting from an elastic plate theory the
equivalent Von Mises stress may be deter-
mined, as follows:

_ 2 2 2
OeqEd = \/O-X,Ed +O—y,Ed ~ Oy EdOy,Ed +32—xy,Ed |

e

Gx,Ed =

(5.2)

where

+ mx,Ed
t?/4
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z-xy, Ed —

NxEd, NyEd, NxyEd, MxEd,
Bu3HaveHi B 1.4 (1)1 (2).

MyEd B MxyEd

Hpumitka. Hapenmeni Bumie ¢opmymn
JIAFOTh CIPOINEHHS (IO OOYMCITIOETHCS B
3ar1ac) eKBiBaJICHTHE 3HAYEHHS HATIPYKEHb

JJIL IPOCKTYBAHHA.
5.2.3.3 3acTocyBaHHs 3arajibHOro
a”aiizy: PO3pPaxyHOK yKnCceJIbHUMHU
MeToJaMHu

(1) Sxmo BHYTpIIIHI HANpPYXEHHS B TUIOCKIH

JINCTOBIN KOHCTPYKIIT BU3HAYAIOTHCS
PO3pPaxyHKOM YHCEIBHUMH METOJaMH, SIKi
OCHOBYIOTbCS ~ Ha  (I3UYHO  JIHIHOMY
pPO3paxyHKy, MaKCHMallbHC  CKBIBAJICHTHE
PO3paxyHKOBE HaIpY>KESHHS Oeq Ed
(Harpy>xeHHs Mizeca) HEOOX1THO
o0uncIroBaTd IS BIAHOBIAHOI KoOMOIHAI1
PO3pPaxyHKOBUX BILIUBIB.

(2) ExBiBaneHTHe PO3paxyHKOBE

HaNpYyKEHHSI Oeqed (HampyxeHHsa Mizeca)
BU3HAYAETHCS KOMITOHCHTAMH HaIPYKCHb,
Kl BHHHMKAIOTHL B JaHid TOYI[l ILIOCKOI
JUCTOBOT KOHCTPYKIII:

n

xy,Ed

t

+ mxy,Ed
Ct? /4
and nxged, Ny,ed, NxyEd, MxEd, Myed and MxyEd
are defined in 1.4(1) and (2).
NOTE. The above expressions give a

simplified conservative equivalent stress
for design

5.2.3.3 Use of a global analysis: numerical
analysis

(1) If the internal stresses of a plated structure
are determined by a numerical analysis which
is based on a materially linear analysis, the
maximum equivalent Von Mises stress o, ¢4

of the plated structure should be calculated for
the relevant combination of design actions.

(2) The equivalent Von Mises stresso,,¢, IS

defined by the stress components which oc-
curred at one point in the plated structure.

O,

1€ OxEd , OyEd € TMO3UTHBHUMHU Yy BHUIMAAKY
po3TArYy.

(3) Sxmo  po3paxyHOK  YHCEIbHUMH
METOJIJaMU 3aCTOCOBYETbCSA MJII IEPEBIPKU
CTIMKOCTi, HEOOXIJTHO BpaxOBYBaTH BILJIMB
HAaCTyITHUX HEIOCKOHAJIOCTEH:

(a) reoMeTpUYHI HETOCKOHATIOCTI:

BIIXWJIEHHSI BIJT HOMIHAJIBbHOI
reoMeTpuYHO1 (OPMU TUTACTUHU (TIOYATKOBA
nedopmartisi, BUTHH 3 IIOIMIUHH);

— HEpIBHICTh 3BaprOBaJIbHHUX IIBIB (Mai
€KCLIEHTPUCUTETH);

— BIAXHUIEHHS BiJ HOMIHAILHOI TOBIIHMHI;

(0) ¢i3uvHI HETOCKOHAJIOCTI:

— 3aJUIIKOBI HANpPYXEHHS, 10 BHUKJIMKaHi
TUTFOIIICHHSIM, IITAMITYBaHHSIM,
3BapIOBaHHSIM, pUXTYBAHHSIM;

22

[ 2 2
eq,Ed — \/O_X,Ed +O_y,Ed ~ Oy ed0y Ed +3Txy,Ed 1

(5.3)

where oxed and oyeq are positive in case of
tension.

(3) If a numerical analysis is used for the veri-
fication of buckling, the effects of imperfec-
tions should be taken into account. These im-
perfections may be:

(a) geometrical imperfections:

— deviations from the nominal geometric
shape of the plate (initial deformation, out of
plane deflections);

— irregularities of welds (minor eccentrici-
ties);

— deviations from nominal thickness.

(b) material imperfections:

— residual stresses because of rolling, press-
ing, welding, straightening;



— HEOJTHOPITHICTh 1 aHI30TPOITisl.

(4) I'eomerpuuHi 1 (i3UYHI HETOCKOHAIOCTI
HEOOXiTHO BpPaxOBYBATH B PO3PAxXyHKY SK
[OYaTKOBI  EKBIBAIGHTHI  T'€OMETPHYHI
HEJIOCKOHAJOCTI  iAeanbHOi  IUIACTHHH.
dopma MOYaTKOBUX €KBIBaJICHTHUX
TE€OMETPUYHUX HEJOCKOHAIOCTEH IOBHHHA
BUBOJIUTHCS 3 BiAMOBIAHOT (popMuU 3THHY IPH
BTpaTi CTIHKOCTI.

(5) AmmuriTyna MOYaTKOBOI €KBIBaJCHTHOI
Te€OMETPUYHOT HEJIOCKOHAJIOCTI €0
OPSIMOKYTHOTO CETMEHTY IUIACTHHH MOXKE
OyTH OTpHMMaHa CTAaTHCTUYHOI OOpPOOKOIO
pe3yibTariB  BUMPOOYBaHb  JIOCIHITHHUX
3pa3KiB, SKi MOXKHa pO3MNISAATH  SIK
pEeNPe3CHTATUBHI 3HAYCHHS JUJISI OTPUMaHHS
KPUBOi BTpPAaTH CTIMKOCTI IJIACTUHH 3a
EN 1993-1-5 macTynmHUM YHHOM:

(1-p%)-(-p)
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— non-homogeneities and anisotropies.

(4) The geometrical and material imperfec-
tions should be taken into account by an ini-
tial equivalent geometric imperfection of the
perfect plate. The shape of the initial equiva-
lent geometric imperfection should be derived
from the relevant buckling mode.

(5) The amplitude of the initial equivalent
geometric imperfection eo of a rectangular
plate segment may be derived by numerical
calibrations with test results from test pieces
that may be considered as representative for
fabrication from the plate buckling curve of
EN 1993-1-5, as follows:

€ =

Jac

_6b2-(b2+va2)

: (5.4)

pS

where

o< V2,

t~(a2+b2)2

A» — BimHOCHA THYYKICTh IUIACTHHH, JIHB.
EN 1993-1-5;
p —3HWKauMil Koe]ilieHT NpH BTpaTi

CTIMKOCTI TUTACTHHMU, BH3HAYAECTHCSI
BignosigHo 10 4.4 EN 1993-1-5;

a, b — reoMerpuuHi pPO3MIpU IUIACTHHH,
PUCYHOK 5.1;

{ — ToBIIMHA IJIACTUHH,;

0L — CHIBBIJIHOIIEHHS CTOpIH IJIACTHHU

(6inbma cropona 10 Menma) a/b < /2 .

A is the relative slenderness of the plate, see
EN 1993-1-5.

p is the reduction factor for plate buckling as
defined in 4.4 of EN 1993-1-5;

a, b are geometric properties of the plate, see
Figure 5.1;

t is the thickness of the plate;

a is the aspect ratio a/b <+/2

2 /
o 2
1 a |

Pucynok 5.1 — [louyaTtkoBa ekBiBaJIeHTHA T€OMETPUYHA HEIOCKOHAIIICTh €0 Y BUIJISAI BUTUHY
CCIMCHTY INIACTHHHU.
Figure 5.1 — Initial equivalent geometric bow imperfection eo of a plate segment.

(6) B 3amac cTifiKOCTI aMmIuliTyga MOXE
posrisaaTrcs sk € = a/200, ne b <a.

(7) Xapakrep €KBIBaJCHTHHX T'€OMETPUYHHIX
HEJOCKOHAJIOCTEHl  IOBHHEH, SKIIO I

(6) As a conservative assumption the ampli-
tude may be taken as ep = a/200 where b<a.

(7) The pattern of the equivalent geomet-
ric imperfections should, if relevant, be
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MOXJIUBO,  BIAMOBIAaTH  KOHCTPYKTUBHIN
neTanizamii 1 qedexram, siki BUHUKAIOTh TPH
BUT'OTOBJICHHI 1 30MpaHHI.

(8)P V¥ Bcix BUDaaKax TOYHICTH PO3PaXyHKY

YHCeTbHUMHU METOAaMHU MTOBHHEH
HiTBEPIKYBATHCS pe3yabTataMu
BUIPOOYBaHb abo MOPIBHSJILHUM
AQHATITHYHUM PO3PAXYHKOM.

5.2.34 3acTocyBaHHs CIPOLIIEHUX

PO3PAaXyHKOBHUX MeETO/IiB

5.2.3.4.1 3arajabHi M0I0KEeHHA

(1) BayrpimHi 3ycminisi ab0 HanpyXeHHs B
IUTOCKUX JMCTOBUX KOHCTPYKIIifIX,
3aBaHTAKCHUX HABaHTKCHHSAM nosa
MeXaMHd 1 B IUIONIIMHI IUIACTHHH, MOXKHA
BU3HAYUTH, BHKOPUCTOBYIOUM CIIPOIICHY
pPO3paxyHKOBY  MOJE€Nb,  fKa  HaJae
KOHCEPBAaTHBHY OI[IHKY (pO3paxyHOK B
3amac).

(2)3 wmier0o  Merow, IJIOCKY  JIMCTOBY
KOHCTPYKIIII0 MOKHa PO3JUINTH HAa OKpeMi
CEeTMEHTH IUIACTHHH, MIJKPIIUICHOT abo
HEIIIKPIIUICHO] €JIeMEHTaMH KOPCTKOCTI.

5.2.34.2 CermeHTH MJIACTHH, He
MiAKPinJIeHi eJ1eMEeHTaMH JKOPCTKOCTI

(1) IpsimokyTHa TJAacTHHA, HE MiJKpilIeHa
€IEMEHTaMH  JKOPCTKOCTI, IIiJ] BIUIMBOM
HABAHTAKCHHS 11032 MEXaM{ IUIONMHU
MO€e MOJIEITIOBATUCS K EKBiBaJIEHTHA Oanka
B OCHOBHOMY  HampsiMi  TepelaBaHHS
HaBaHTaKCHHS, SKIIO0 BUKOHYIOTBCSI
HACTYITHI YMOBH:

— CIIBBIIHOIIEHHS  CTOPiH  (BIAHOIICHHS
Oubioi cToporu a0 MeHoi) a/b Oinbmie
HIXX IBa;

— IJJAaCTHMHA 3aBaHTaXEHA PO3MOJIJICHAMH
HABAaHTA)XCHHSIMHU 11032 MEXKaMH ILIOIIMHHU,
Kl MOXYTb abo OyTu piBHOMIpHHM, a0o
3MIHSITUCS JIIHIHHO;

— MILHICTh, CTIMKICTh 1 JKOPCTKICTb pPaMu
abo Oanku, sKa MIATPUMYE  CETMEHT
MJIaCTHHH, BIAMOBI1AAIOTH rpaHUYHUM
YMOBaM, 110 JIOTTYCKaIOThCS JUTS
€KBIBaJICHTHOI OaJIKH.

(2) BuyrpimHi 3ycwulsi B €KBIBaJEHTHiH
Oarl BHU3HAYAIOTHCSI Ha micrasi
3aCTOCYBaHHS INPYKHOTO pO3paxyHKy abo
pO3paxyHKy 3  ypaxyBaHHSM  DPO3BUTKY
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adapted to the constructional detailing and
to imperfections expected from fabricating
or manufacturing.

(8)P In all cases the reliability of a numer-
ical analysis shall be checked with known
results from tests or compared analysis.

5.2.3.4 Use of simplified design methods

5.2.3.4.1 General

(1) The internal forces or stresses of a plated
structure loaded by out of plane loads and in-
plane loads may be determined using a sim-
plified design model that gives conservative
estimates.

(2) Therefore the plated structure may be sub-
divided into individual plate segments, which
may be stiffened or unstiffened.

5.2.3.4.2 Unstiffened plate segment

1) An unstiffened rectangular plate under
out of plane loads may be modeled as an
equivalent beam in the direction of the domi-
nant load transfer, if the following conditions
are fulfilled:

— the aspect ratio a/b of the plate is greater
than 2;

— the plate is subjected to out of plane distrib-
uted loads which may be either linear or vary
linearly;

— the strength, stability and stiffness of the
frame or beam on which the plate segment is
supported fulfil the assumed boundary condi-
tions of the equivalent beam.

(2) The internal forces and moments of the
equivalent beam should be determined using
an elastic or plastic analysis as defined in
EN 1993-1-1.



MIACTUYHUX AedopMariiii y BiAMOBITHOCTI A0
EN 1993-1-1.

(3) Slkmo mporuH MEpUIOTO MOPSIKY, IO
BUHUKAE€ TIpH [ii HABaHTAXCHHS 11032
MeXaMH TUIONMIMHU, ToAI0HMI GopMi BTpaTn
CTIHKOCTI TIpH i1 CHJI CTHCKAHHS B TUIOIIHHI
IUIACTHHH, TO HEOOXIAHO TpUMaTH 10
yBaru B3a€MOZII0 Mi>K 000Ma SIBUILAMH.

(4) Y Bumankax, KOJU CUTYaIlis, 1110 OTMcaHa
B (3), Mae wmicme, ¢opMyna B3aEMOII,
HaBemeHa B 6.3.3 EN 1993-1-1, moxe
3aCTOCOBYBATHUCS JI0 €KBIBAJIGHTHOT OAJIKH.

5.2.3.4.3 CerMeHTH IUIACTHH, MiIKpinJeHi
eJleMEeHTAMM KOPCTKOCTI

(1) [Tinkpimiena MJIaCTUHA abo
MiIKPITUICHWHA CEerMEHT IUIACTHHH MOXE
MOJICITIOBATUCST SIK POCTBEPK, SKIIO BiH
PIBHOMIPHO MiAKPIIUICHUH B TONIEPEYHOMY 1
M03/I0B)KHbOMY HaIpsSIMaXx.

(2) BwuzHayarouum IUIOILY  IIONEPEYHOTO
nepepizy Ai IUIACTHHH 1 OKPEMOTO €JIEMEHTY
pOCTBEpKY |, 10 B3aEMOJIIOTh, BIUIUB
3CYBHOTO 3ani3HEeHHS HeoOXiIHO
ypaxoBYyBaTH PeAYKIIHHUM KoedilieHToM [3
y BianoBigHocti 1o EN 1993-1-5.

(3) IIpu BTpati CTIKKOCTI TJIACTHUHHU IS 1-
TOTO €JIEMEHTY POCTBEpKY, MNapaieabHOro
CHJIaM CTHCKAaHHS B IUIONIMHI TUIACTHHH,
IUIOIA TOMEPeYHoro mnepepizy Ai MOBHHHA
BU3HAYATUCS 3 YypaxXyBaHHIM NPUBEICHOT
(edbexTuBHOT) IMPHHK cyOmaHened, IO
NPUMHUKAIOTh, BinnosigHo 10 EN 1993-1-5.

(4) Bsaemomis MK edekTaMH 3CYBHOIO
3aIli3HEHHS 1 BTpaTu CTIMKOCTI (JUB. PUCYHOK
5.2) moBHHHA ypaxOBYBaTUCsS E(PEKTUBHOKO

IJIOMICI0  TOomepedyHoro  mepepizy  Aj
BIJITIOBITHO HACTYIHIN opMyi

A = |:p c’ (AL,eff
ne ALeff — eeKTUBHA IUIONIA MOMEPEYHOTO
nepepizy eJIeMEeHTa KOPCTKOCTI 3

ypaxyBaHHSM e(eKTy HOro JIOKaapHOi BTpaTi
CTIHAKOCTI;

Pc  —  penyKuidHui  KoeilmieHT I
pPO3paxyHKy 3arajbHOi BTpaTH  CTIHKOCTI
MIIKPIMJIEHOTO TJIACTUHYACTOTO CETMEHTY,

sik 3a3HaueHo y 4.5.4 (1) EN 1993-1-5;
Ppani — PEAYKIIMHUN KoeDimieHT mis

+ pran,ibpan,itpan’i ):|ﬂk ’
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(3) If the first order deflections due to the out
of plane loads is similar to the (plate) buck-
ling mode due to the in plane compression
forces, the interaction between both phenom-
ena need to be taken into account.

(4) In cases where the situation as described
in (3) is present the interaction formula speci-
fied in EN 1993-1-1, section 6.3.3 may be
applied to the equivalent beam.

5.2.3.4.3 Stiffened plate segments

(1) A stiffened plate or a stiffened plate seg-
ment may be modeled as a grillage if it is
regularly stiffened in the transverse and longi-
tudinal direction.

(2) In determining the cross-sectional area Ai
of the cooperating plate of an individual
member i of the grillage the effects of shear
lag should be taken into account by the reduc-
tion factor B according to EN 1993-1-5.

(3) For a member i of the grillage which is
arranged in parallel to the direction of inplane
compression forces, the cross-sectional area
Ai should also be determined taking account
of the effective width of the adjacent subpan-
els due to plate buckling according to
EN 1993-1-5.

(3) The interaction between shear lag effects
and plate buckling effects, see Figure 5.2,
should be considered by the effective area A,
from the following equation:

(5.5)

where AL eff IS the effective area of the stiffen-
er considering to local plate buckling of the
stiffener;

Pe is the reduction factor due to global
plate buckling of the stiffened plate segment,
as defined in 4.5.4(1) of EN 1993-1-5;

pPpan,i 1S the reduction factor due to local
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PO3paxyHKy JIOKaJbHOI BTpaTH CTIHKOCTI i-
Toi cyOmanenmi, sk 3a3HaueHo y 4.4 (1)
EN 1993-1-5;

Dpanj —mmpuHa i-Toi cyOnmanemi, SK
3a3nadeno B 4.5.1 (3) EN 1993-1-5;

tpan,i — TOBIKHA I-TOT CyOTIaHeN i,

B — xoedimienT mnpuBeAcHOi (ehEeKTUBHOI)
HMIMPUHM JUTS 3CYBHOTO 3ari3HeHHs, 1uB. 3.2.1
EN 1993-1-5;

kK — cmiBBimHomenus, Bu3HauyeHe B 3.3 EN
1993-1-5.

plate buckling of the subpanel i, as defined in
4.4(1) of EN 1993-1-5;

bpani IS the width of the subpanel i, as de-
fined in 4.5.1(3) of EN 1993-1-5;

tpani 1S the thickness of the subpanel i;

s is the effective width factor for the
effect of shear lag, see 3.2.1 of EN 1993-1-5;

k is the ratio defined in 3.3 of EN 1993-
1-5.

Monepe4yHni enemMeHT XXOPCTKOCTI

Transverse stiffener

N
1 Ve !
1 e1
Ai

A
[ a
[‘

PucyHnoxk 5.2 — Bu3HaueHHs 1UI011I TONEPEYHOTO nepepizy Ai.
Figure 5.2 — Definition of the cross-section Ai.

(5) IlepeBipka 1-ro eJIE€MEHTY pPOCTBEPKY
Moyke OyTH BUKOHAaHA LUIIXOM 3aCTOCYBAaHHS
dopmymu B3aemoxii BimmoBigHO 10 6.3.3
EN 1993-1-1 3 ypaxyBaHHAM HaCTyIHHUX
YMOB HaBaHTa)KCHHSI:

— e(heKTH NMoNepeyHOro HaBaHTaKEHHSI,

— EKBIBJICHTHA IMO3J0BXKHs CHJIA, IO JIi€ B
HornepeyHoMy Imepepizi miomero Aj, 1 sKka
BUKJINKAaHa HOPMAJIBHUMHU HAINPYKEHHSAMHU B
IJIACTHHI;

—  eKCIEHTPUCUTET €  eKBIBaJEHTHOI
no370BXKHbOT cuiI Ned BIZHOCHO LEHTPY
Baru NoIepeyHoro nepepisy miomiero A.

(6) SIkmro emeMEeHTH >KOPCTKOCTI TJIACTHHHU
abo 11 CcerMeHTy pO3TallOBaHi TUIbKH
napajeigbHO HANpsAMy IUIOCKICHUX 3YCHIIb
CTHCKAHHS, NIAKpIIUIEHA IUIACTHHA MOXe
MOJIETTIOBATUCS SIK €KBIBaJICHTHAa Oajika Ha
OpY)XKHUX onopax (mpyxwuHax), aumB. EN
1993-1-5.

(7) Alxkmo  pebpa  KOPCTKOCTI  CETMEHTY
MIIKPIJIEHOT TJIACTUHU PO3TAIlIOBYIOTHCS B
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(5) The verification of a member i of the gril-
lage may be performed using the interaction
formula in EN 1993-1-1, section 6.3.3 taking
into account the following loading conditions:

— effects of out of plane loadings;
— equivalent axial force in the cross section Ai
due to normal stresses in the plate;

— eccentricity e of the equivalent axial force
Neq With respect to the centre of gravity of the
cross-sectional area Ai.

(6) If the stiffeners of a plate or a plate seg-
ment are only arranged in parallel to the direc-
tion of inplane compression forces, the stiff-
ened plate may be modeled as an equivalent
beam on elastic springs, see
EN 1993-1-5.

(7) If the stiffeners of a stiffened plate segment
are positioned in the transverse direction to the



HaIpsIMy, NEePHEeHANKYISIPHOMY IIOCKICHUM

3yCWJUISIM ~ CTHCKAaHHS, B3aEMOJIA  MiX
3YyCWIUISIMA ~ CTHCKAaHHS 1 3THHAJIBLHUMHU
MOMEHTaMU B HEM1IKPITUIEHUX
IUIACTUHYACTUX CErMEHTaX MK pedpaMu
AKOPCTKOCTI IIOBUHHA nepeBipATHCS
BiAmoBigHO 10 5.2.3.4.2 (4).

(8) Tlo3moBXkHI €IEMEHTH KOPCTKOCTI

MOBUHHI BiAIIOBigaTH BUMOraM, HaBEJIECHUM B
po3aini 9 EN 1993-1-5.

(9) TIlomepeuHi eIeMEHTH  IKOPCTKOCTI
IIOBHHHI BIAIIOBIgaTH BUMOTaM, HaBEIECHUM B
po3aini 9 EN 1993-1-5.

6 TPAHUYHI CTAHM IEPIIOI
I'PYIIN

6.1 3arajbHi H0JI0KeHHS

()P  Bei  yacTMHM — TUIOCKOi  JIMCTOBOi
KOHCTPYKIIIi TMOBHHHI MaTH Taki MpPOMOPIIii,
00N  3370BOJIHSTH OCHOBHHUM BHUMOTaM
PO3paxyHKy 3a TEpLIOK TPYIOK T'PAaHUYHHX
CTaHiB, HABEJICHUX Y PO3Li 2.

(2) st BU3HAYCHHS YaCTKOBOT'O
KoeQillieHTy  HAAIMHOCTI  yM  IUIOCKOI
JUCTOBOI  KOHCTPYKIi JHUB.  BIAMOBIIHI
YaCTUHHU

EN 1993.

3) Hns BU3HAYCHHS YaCTKOBOTO
koe(imieHTy  HamIMHOCTI  Ym 3 €IHAHb
IUIOCKOI ~ JTUCTOBOI  KOHCTPYKIIi  JUB.
EN 1993-1-8.

6.2 O0MeskeHHS IJIACTHYHHUX Jedopmaniit

6.2.1 3arajnHi MoJI0OKeHHSA

(1) B koxHIii ToOUIll TJIOCKOi JIUCTOBOI
KOHCTPYKIIi pPO3paxyHKOBE €KBIBaJICHTHE
HaNpy)KEHHsI TOBUHHO 3a/I0OBOJILHSTH YMOBI:

Geq,Ed < Geg,Rd ,

Je OeqEd € MaKCUMAJIbHHUM 3HAYCHHAM
€KBIBaJICHTHOIO HAlpyKEHHs (HampyXeHHs
Mizeca) 1 Bu3Ha4aeThes y 5.2.3.

(2) B mpyxHOMYy pO3paxyHKYy MIIHICTb
CeTMEHTY IUIACTHMHM  BiJl  IUTACTHYHOTO
pyiiHYBaHHS a00 pyHHYBaHHS BiJl pO3TATY
M CYMICHOI €0 TIO3/I0OBXKHIX CHJI 1
3TUHAJBHUX MOMEHTIB BHM3HAYa€ThCS 32

np. ACTY-H b EN 1993-1-7: 20XX

compression forces, the interaction between
the compression forces and bending moments
in the unstiffened plate segments between the
stiffeners should be verified according to
5.2.3.4.2(4).

(8) The longitudinal stiffeners should fulfill
the requirements given in section 9 of
EN 1993-1-5.

(9) The transverse stiffeners should fulfill the
requirements given in section 9 of EN 1993-1-5.

6 ULTIMATE LIMIT STATE

6.1 General

(1) P All parts of a plated structure shall be so
proportioned that the basic design require-
ments for ultimate limit states given in section
2 are satisfied.

(2) For the partial factor ym for resistance of
plated structures see the relevant application
parts of EN 1993.

(3) For partial factor yw of connections of plat-
ed structures see EN 1993-1-8.

6.2 Plastic limit

6.2.1 General

(1) At every point in a plated structure the
design stress ceq,ed Should satisfy the condi-
tion:

(6.1)

where oeq,ed IS the largest value of Von Mises
equivalent stress as defined in 5.2.3.

(2) In an elastic design the resistance of a plate
segment against plastic collapse or tensile rup-
ture under combined axial forces and bending
is defined by the Von Mises equivalent stress
Oeq,Rd aS:
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€KBIBaJICHTHUM HaIPY>KEHHsIM Mi3eca Geg,Rd:

Geg,Rd = fyk /YMO

Ipumitka. /)1 BU3HAYCHHS 3HAYCHHS Ym0
muB. 1.1 (2).

6.2.2 JlonaTkoBi nmpaBuia Ui 3arajbHOr0
aHaJi3y NpPH NPOEeKTYBAHHI

(1) Sxmmo po3paxyHOK YMCETBHUMH METOIAMH
BUKOHYEThCSI 0€3  ypaxyBaHHS  (pi3HUHOL
HEJTIHIHHOCTI, TO MIIHICTh NPU IIACTUYHOMY
pylHYBaHHI a00 pyHHYBaHHI BiJl PO3TATY
MIEPEBIPSIETBCS Y BIMOBIIHOCTI /10 BHUMOT
6.2.1.

(2) Sxmo ¢i3MYHO HETHIMHUK PO3paxyHOK
OCHOBaHMII Ha pPO3PaXyHKOBIH 3al€KHOCTI
HanpykeHs Big aedopmarii 3 fyq (= fy /ymo), TO
IUIOCKA JIMCTOBAa KOHCTPYKIiS ITOBHHHA
3aBaHTA)KyBaTHCs HABaHTAXKCHHAIM Fegq, ske

PHITMAETHCS 3a PO3paxyHKOBHMH
3HAYEHHIMUA BILIMBIB, bi o) TOTO,
HABAaHTA)XCHHS IOBHHHE  301JIbIIyBaTHCS

MOCTYIIOBO IS  BU3HAYCHHS KOCQIIiEHTY
30UIBIICHHS ~ HaBaHTAXEHHA  ORrR (A
IPAaHUYHOTO TTACTHYHOTO CTaHy Frq).

(3) PesympTaT poO3paxyHKy UHCEIbHUMH
METOJIJaMH TIOBHHEH BiJIIIOBIIaTH YMOBI

Fed < Frd,

ne Frd = arFeq,

OR — KOe(IIiEHT 30UIBIIICHHS HaBaHTAXCHHS
JUIT HABaHTaXKEHb Fed, 32 SKUX JOCATAETHCS
TPAHUYHUN CTaH MEPILIOI IPYIIH.

6.2.3 lonaTkoBi npaBuiIa 1JIs1 PpO3PaXyHKY
CIIPOLLIEHMMH PO3PaXyHKOBMMH MeTOAAMH

6.2.3.1 HeniakpinieHi mjiiacTuHu

(1) Sxmo  HemiakpimieHa  IUIaCTUHA
pPO3paxoByeTbCs SIK EKBIBaJIeHTHa OaJka,
MIIHICTH i1 TIOMEPEeYHOTO Mepepi3y MOBUHHA
nepeBipsATUCS HAa KOMOIHAIlII0 HaBaHTaXEHb,
0 JiI0Th Yy TUIONIMHI Ta 1mo3a i Mexamu, 3a
OpaBUIaMU PO3pPaxyHKy, HaBEJCHUMHU B
EN 1993-1-1.

6.2.3.2 IligkpinJieni njacTuHu

(1) SIkmro miAKPITUIEHU# CErMEHT IJIACTHHH!
MOJICTFOETBCSI  IK POCTBEPK, OINHCAHUHA B
5.2.3.4, MIIHICTP TOMEPEYHOTO Tepepisy i
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(6.2)

NOTE. For the numerical value of ymo see
1.1 (2).

6.2.2 Supplementary rules for the design by
global analysis

(1) If a numerical analysis is based on materi-
ally linear analysis the resistance against plas-
tic collapse or tensile rupture should be
checked for the requirement given in 6.2.1.

(2) If a materially nonlinear analysis is based
on a design stress-strain relationship with fq,
(=fylymo) the plated structure should be subject
to a load arrangement Feq that is taken from
the design values of actions, and the load may
be incrementally increased to determine the
load amplification factor ar of the plastic limit
state Frq.

(3) The result of the numerical analysis should
satisfy the condition:

(6.3)

where Frd = ar Fed
ar 1s the load amplification factor for the loads
Feq for reaching the ultimate limit state.

6.2.3 Supplementary rules for the design by
simplified design methods

6.2.3.1 Unstiffened plates

(1) If an unstiffened plate is designed as an
equivalent beam, its cross-sectional resistance
should be checked for the combination of
inplane loading and out of plane loading ef-
fects with the design rules given in
EN 1993-1-1.

6.2.3.2 Stiffened plates

(1) If a stiffened plate segment is modeled
as a grillage as described in section 5.2.3.4 the
cross-section resistance and the buckling re-



CTIAKICTh  TIPU  TIO3JOBXKHHOMY  3THHI
OKpPEMOro i-ro eJIeMeHTa POCTBEPKY MMOBHHHI
MepeBIpATUCS KOMOIHAIIE€I0 TIOCKICHOTO 1
MOTIEPEYHOTO HAaBaHTAKEHHS 32 (OPMYIIOI0
B3aemo/ii, HaBeaeHow y 6.3.3 EN 1993-1-1.

(2) Sxmo MiAKPITUIGHWH CETMEHT TUIACTUHU
MOJICITIOETBCSI SIK CKBiBAJIGHTHAa Oanka, K
ornucaHo y 5.2.3.4, MIIHICTH MONEPEYHOrO
nepepizy 1 CTIHKICTh TpH TO3J0BKHBOMY
3TMHI  CKBIBaJIGHTHOI  OankW  MOBHHHI
MepeBIpATUCA KOMOIHAIIE€ TIJIOCKICHOTO 1
MOTIEPEYHOTO HABaHTAXKEHHS 3a (OPMYIIOI0
B3aemoJii, HaBegeHow y 6.3.3 EN 1993-1-1.

(3) Bayrpimmi 3ycwuis ab0  HaIpyKEHHSI
cyOmaHesi IMOBHMHHI TIEPEBIPATHCS HA MILHICTD

NpY IUIACTHYHOMY PYHHYBaHHI a00 pyHHYBaHHI
BiJI pO3TATY BiIOBiIHO 710 5.2.3.2-5.2.3.4.

6.3 MaJioliMKJI0Ba BTOMA

6.3.1 3arajbHi 0JI0KeHHHA

(1) B xoxHiii ToYli IUIOCKOT  JIMCTOBOT
KOHCTPYKIIi HaHOLIbIIe 3HAYEHHS PO3Maxy
HarnpyXeHb AGEd TOBUHHE Bi/INOBIATH YMOBI

AOEd £ AGRd

ae Aoy MakcuMajbHE 3HAYCHHE

€KBIBAJICHTHOT'O HampykeHHs Mizeca
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sistance of the individual members i of the
grillage should be checked for the combina-
tion of inplane and out of plane loading ef-
fects wusing the interaction formula in
EN 1993-1-1, section 6.3.3.

(2) If a stiffened plate segment is designed as
an equivalent beam as described in section
5.2.3.4 the cross-section resistance and the
buckling resistance of the equivalent beam
should be checked for the combination of
inplane and out of plane loading effects using
the interaction formula in EN 1993-1-1, sec-
tion 6.3.3.

(3) The stress resultants or stresses of a sub-
panel should be verified against tensile rupture
or plastic collapse with the design rules given
in5.2.3.2,5.2.3.30r5.2.3.4.

6.3  Cyclic plasticity

6.3.1 General

(1) At every point in a plated structure the design stress
range Aogq should satisfy the condition:

(6.4)

where Aceq is the largest value of the Von
Mises equivalent stress range

AO_eq,Ed

y BIAMOBIIHIN TOYI[I CETMEHTA TUIACTUHU TMPU
BIIMOBIIHIM ~ KOMOiHAIIl  PO3paxyHKOBUX
BILJINBIB.

(2) B ¢izuunHo  JiHIHHOMY  PO3PaXyYHKY

MILHICTH CerMeHTa IJTACTUHU 3a
MAJIOITUKIIOBOIO BTOMOIO MOXE TIEPEBIPATHCS
OOMEXEeHHSIM  po3Maxy  eKBIBAJIEHTHOTO

HaIpy>KEeHHs AGRd:

Acrd = 2,0fyk lymo.

Ipumirka. 3navenss ymo aus. 1.1 (2).

6.3.2 JlonaTkoBi mpaBuJia 1Jisi 3arajibHOT0
aHaJi3y

(1) Y Bumamky 3acrtocyBaHHS — (i3UYHO
HEJIIHIHHOTO aBTOMAaTH30BAHOTO PO3PaXYHKY
0 TUTACTHHH  TIOBHHHI  TPUKIIAJATHCS
PO3paxyHKOB1 3HAUEHHS BIUIHBIB.

_ 2 2 2
= \/AO'X’Ed +Aay’Ed —Ao-X’EdAO'y’Ed +3A7g, .

at the relevant point of the plate segment due
to the relevant combination of design actions.

(2) In a materially linear design the resistance
of a plate segment against cyclic plasticity /
low cycle fatigue may be verified by the Von
Mises stress range limitation Acrgd.

(6.5)

NOTE. For the numerical value of o See
1.1 (2).

6.3.2 Supplementary rules for the design by
global analysis

(1) Where a materially nonlinear computer
analysis is carried out, the plate should be
subject to the design values of the actions.
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(2) BarampHa ~ HaKOIUIEHa  CKBiBaJCHTHA (2) The total accumulated Von Mises equiva-
nebpopmania  (Miseca)  €eqed  HicHA lent strain eeq,eq at the end of the design life of
3aKiHUCHHS [POEKTHOTO TepMiHy the structure should be assessed using an
eKcIuTyaTanii KOHCTPYKIIi{ MOBUHHA analysis that models all cycles of loading.

OIIIHIOBATUCS PO3PAXYHKOM, SIKHU MOJICITIOE
yCi IUKJIM HABAaHTAKCHHS.

(3) SIkm0 HEe BHKOHYETHCS OIUIBII TOYHHI
pO3paxyHOK, TO 3arajbHy  HAKOIUIEHY
EKBIBAJICHTHY  IUIACTHYHY  Jedopmariiro
(Mi3eca) €eqEed MOXXKHA PO3paxOBYBaTH 3a
dbopmyoro

€eq,Ed = MA&geq,Ed,

J€ M — MPOEKTHA KJIbKICTh IUKIIIB;

AgeqEd — HAWOUTBIIMIT MPHUPICT TUIACTUYHUX
nedopmariii  (Mizeca) MPOTSITOM — OJHOTO
MOBHOTO IIMKJIYy HaBaHTQXEHHsS B OyIb-sKii
TOYILIl KOHCTPYKIIi, SKUH BiOyBa€ThCS MICIS
TPETHOTO LUKITY.

(4) 3a BUKITFOUCHHSIM 3aCTOCYBAaHHS
crenialbHUX METONIB OLIHKHA MaJIOLUKIIOBOI
BTOMH, IIPOCKTHE 3HAUCHHS HAKOIUICHOT
€KBIBAJICHTHOI  IUTACTMYHOI  jaedopmairii
(Mizeca) &eqEd MOBUHHE  3aJ[0BUIBHATH
HACTYIMHIN yMOBI

(3) Unless a more refined analysis is carried
out the total accumulated Von Mises equiva-
lent plastic strain eeq,es May be determined
from:

(6.6)

where: m is the number of cycles in the design
life;

Aégeq,ed IS the largest increment in the Von
Mises plastic strain during one complete load
cycle at any point in the structure occurring
after the third cycle.

(4) Unless a more sophisticated low cycle fa-
tigue assessment is undertaken, the design
value of the total accumulated Von Mises
equivalent plastic strain &qed Should satisfy
the condition

f
L (6.7)
Exmo

&

p.eq,Ed < r‘qu :

[pumitka 1. B HamioHaEHOMY TOAATKY
MOXke OyTH 00paHO 3HAUYCHHS Neg.
3HaueHHsI, [0 PEKOMEHIYETHCS Neg = 25.
Mpumitka 2. [ly11 BU3HaueHHs 3HAYECHHS
ymo uB. 1.1 (2).

6.4 Brpara crilikocTi
6.4.1 3araJjbHi MOJOKEHHSA

(1) Sxkmo  cerMeHT  IUIACTHHH  IUIOCKOT
JUCTOBOT KOHCTPYKIII 3HAXOIWUTHCA MiJl
BIUIMBOM CTHKAaHHA B HOro IUIOLIMHI a0o
3CyBY, Horo CTIHKICTh MMOBUHHA
HepeBipsATUCA  BIAMOBIIHO /0  HpaBUII
po3paxyHKy, HaBeAeHnx B EN 1993-1-5.

(2) CriiikicTh BUKPUBIICHHX, 3aKpy4eHHUX 1
MOKOPOOJIEHUX  €JIEMEHTIB  KOPCTKOCTI
MOBUHHA TIEPEBIPATUCSA  BIAMOBITHO /IO
EN 1993-1-5, takox nuB. 5.2.3.4 (8) 1 (9).
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NOTE 1. The National Annex may choose
the value of neq. The value neq = 25 is rec-
ommended.

NOTE 2. For the numerical value of juo see
1.1(2)

6.4 Buckling resistance
6.4.1 General

(1) If a plate segment of a plated structure is
loaded by in-plane compression or shear, its
resistance to plate buckling should be verified
with the design rules given in EN 1993-1-5.

(2) Flexural, lateral torsional or distortional
stability of the stiffness should be verified
according to EN 1993-1-5, see also 5.2.3.4 (8)
and (9)



(3) IIpo ypaxyBaHHS B3a€EMO/Iii HABaHTaKEHb
y IUIONIMHI TJIACTHMHH Ta To3a ii MekXaMu
JIUB. PO3ALI 5.

6.4.2 JlonaTkoBi mpaBuia s 3arajbHOr0
aHaJIi3y NPH NPOEKTYBAHHI

(1) Slkmro  CTIMKICTh ~ IUIACTMHUA  TIPH
KOMOIiHaIll HaBaHTa)XE€Hb B 1l IUIOLIMHI Ta
no3a ii MexaMmu MepeBipsAETbCA PO3PAXYHKOM
YUCEIbHUMU METOJaMHU, TO PO3PaXyHKOBUMN
BIUTUB FEd MOBUHEH 33J0BOJIBHATH YMOBI:

Feq < FRro.

(2) CriiikicTh IUIOCKOT JIMCTOBOT KOHCTPYKIIIi
IPH [030BXHBOMY 3TUHI FRrd BH3HAYa€ThCS
dbopmyroro:

Frd = KFri/ym1,

ne Frk —XxapaktepucThuHe — 3HAYCHHS
KPUTAYHOI CWJIM UISI IUIOCKOI JIMCTOBOI
KOHCTPYKIIii,
k — xoedimienT kaniopyBanHs, auB. (6).
Hpumitka. /{5151 BUSHAUYECHHS 3HAYEHHS Ym1
nuB. 1.1 (2).
(3) XapakrepucTHuHEe 3HAYCHHS KPHUTHYHOI
cwi Frk TTOBUHHO BU3HAYATHCS 32 KPUBOIO
3alIeKHOCTI AedopMaliiii BiJi HaBaHTaKEHb,
sKa OOYMCIIIOETLCS IS BIAMOBIAHOI TOYKH
KOHCTPYKLIi 3 YypaxyBaHHSM BiJIOBIIHOL
KOMOIHaIl ppO3paxyHKOBUX BIUIMBIB Feq.
Pozpaxynkom TaKOX IMOBUHHI
ypaxoBYBaTUCS HEIOCKOHAJIOCTI, SIK OMHUCAHO
y5.23.2.

(4) XapkrepucTuuHe 3HAYCHHS KPUTUYHOL
cui Frk BU3HAYAETHCS OJTHUM 13 HACTYITHHX
KpUTEPIiB!

— 32 MaKCUMaJbHUM HaBaHTaXXEHHSIM KPUBOI
3JIEKHOCTI  «aedopMaIlisi-HaBaHTAKEHHS
(TpaHMYHE HABAaHTAKEHHS);

—3a MaKCHMaJIbHO MIPUITYCTUMOFO
nedopMarriero KpUBOIi 3aJIeKHOCTI
«nedopmartisi-HaBaHTAKCHHS» BiJ
HaBaHTaXEHb, 10 BIIIIOB1JAIOTH
JNOCATHEHHIO  Touku  Oidypkamii  abo
TPaHUYHOTO  HABAaHTAXXECHHS, SKIIO 1€
MIPHUITYCTHMO.

(5) HocToBipHiCTh 3Ha4Y€HHS KPUTUYHOI
CHIIH, BU3HAYEHOI PO3PaXyHKOM YHCEITHbHIUMHU
METO/aMH, [IOBUHHE MEPEBIPSATUCS:
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(3) For the interaction between the effects of
in-plane and out of plane loading, see section
5.

6.4.2 Supplementary rules for the design by
global analysis.

(1) If the plate buckling resistance for com-
bined in plane and out of plane loading is
checked by a numerical analysis, the design
actions Feq should satisfy the condition:

(6.8)

(2) The plate buckling resistance Frq of a plat-
ed structure is defined as:

(6.9)

where Frx is the characteristic buckling re-
sistance of the plated structure

k is the calibration factor, see (6).

NOTE. For the numerical value of jyu see

1.1(2).
(3) The characteristic buckling resistance Frk
should be derived from a load-deformation
curve which is calculated for the relevant
point of the structure taking into account the
relevant combination of design actions Fgq. In
addition, the analysis should take into account
the imperfections as described in 5.2.3.2.

(4) The characteristic buckling resistance Frk
is defined by either of the two following crite-
rion:

- maximum load of the load-deformation-
curve (limit load);

— maximum tolerable deformation in the load
deformation curve before reaching the bifurca-
tion load or the limit load, if relevant.

(5) The reliability of the numerically deter-
mined critical buckling resistance should be
checked:
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a) MNUIIXOM pPO3paxyHKy CTIHKOCTI iHIIOL
IUTACTUHU, UIS  SKOI  XapaKTepUCTHYHE
3HAYEHHS KPUTUYHOI CHUIH Frkknown SIKE
BIIOMO, 3 THMH K€ NPUIYLICHHAMHU 1
BIIXWIEHHSAMU. Y  pO3paxyHKax, IO
HOPIBHIOIOTHCS, PO3PaxXyHKOBI KOHTPOJIbHI
napaMeTpH CTIMKOCTI MalOTh OyTH TOIIOHUMHU
(HampuKIaa, THYYKICTh IUIACTUHH, (HOpPMHU
BTPATH CTIHKOCTI, YyTIUBICTh A0 MOYATKOBUX
HEJIOCKOHAIOCTEH, BJIACTHUBOCTEH
Marepiany);

0) abo mUIIXOM TOPIBHSHHS OTPUMaHUX
3HaYeHb 13 pe3yibTaTaMH BUIPOOYBaHb
FRk,known-

(6) B 3anexHOCTI BiJl pe3yJbTaTiB MepeBipKU
JOCTOBIpHOCTI KoedimieHT KamiOpyBanus K
BHU3HAYAETHCS 32 POPMYIIOF0

k= FRk,known,check /FRk,check

ne  FRrkknowncheck TPUUMAETHCS 3a JaHUMU
OTPUMaHMMH BUIIIC;
FRk,check pe3y/IbTaTH YHCEILHUX PO3PAXYHKIB

6.4.3 lonaTkoBi npaBuia 1Jis1 pO3paxyHKy
CIPOIEHUMH PO3PAXyHKOBHMH METOIaMHU

(1) ko miAKPIMJICHUH CETMEHT IUIACTHHU
PO3/IAEThCS Ha cyOmaHeni 1 €KBiIBaJIEHTHI
€JIEMEHTHU KOPCTKOCTI, SIK onucaHo y 5.2.3.4,
CTIHKICTh MiJKPIIVIEHOTO CETMEHTY IJIaCTUHU
MOXe OyTH TIepeBipeHa pO3paXyHKOBHUMHU
Meromamu, HaBemeHumMu B EN 1993-1-5,
CTiliKiCTh BUTBHUX KpaiB TOsICIB  pedep
KOPCTKOCTI ~ MOXXe  OyTM  mepeBipeHa
BiamosigHo 10 6.3.3 EN 1993-1-1.

(2) CriiikicTh €KBIBAJICHTHOT'O
(«ehexTUBHOTO») eJeMEeHTa IKOPCTKOCTI,
KU BU3HAUYaeThes y posaium 5.2.3.4, moxe
Oyt nepeBipeHa PO3PaxXyHKOBUMH
MeToJaMHu, HaBeaeHumu B EN 1993-1-1.

7 BTOMA

(1) Ans mIOCKUX JIMCTOBUX KOHCTPYKITIH
BHUMOTH JI0 BTOMH TPUHAMAIOTBCI Yy
BIJIMOBIAHKX AojaTkax ctanaapty EN 1993.

(2) Ouinka BTOMH IOBHHHA BHUKOHYBATHCSI
BIZIMIOBITHO 10 MPOIEAYPH, MPEICTABICHOI B
EN 1993-1-9.
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(a) either by calculating other plate buckling
cases, for which characteristic buckling re-
sistance values Frk,known are known, with the
same basically similar imperfection assump-
tions. The check cases should be similar in
their buckling controlling parameters (e.g.
non-dimensional plate slenderness, post buck-
ling behaviour, imperfection-sensitivity, mate-
rial behaviour);

(b) or by comparison of calculated values with
test results Frk,known.

(6) Depending on the results of the reliability
checks a calibration factor k should be evalu-
ated from:

(6.10)

where Friknown, check as follows from prior
knowledge;

Frik check are the results of the numerical calcu-
lations.

6.4.3 Supplementary rules for the design by
simplified design methods

(1) If a stiffened plate segment is subdivided
into subpanels and equivalent effective stiff-
eners as described in section 5.2.3.4 the buck-
ling resistance of the stiffened plate segment
may be checked with the design rules given in
EN 1993-1-5. Lateral buckling of free stiffen-
er-flanges may be checked according to EN
1993-1-1, section 6.3.3.

(2) The buckling resistance of the equivalent
effective stiffener which is defined in section
5.2.3.4 of the plate may be checked with the
design rules given in EN 1993-1-1.

7 FATIGUE

(1) For plated structures the requirements for
fatigue should be obtained from the relevant
application standard of EN 1993.

(2) The fatigue assessment should be carried
out according to the procedure given in EN
1993-1-9.



8 TPAHUYHI CTAHM JIPYT'OI T'PYII

8.1 3arajbHi MoJI0KeHH

(1) Mpubuuny  BH3HAYEHHS  TI'PAHHMYHHX
CTaHIB JIpyroi Ipymnu, 3a3Ha4yeHi B po3maimi 7
EN 1993-1-1, Takox 3acTOCOBYIOTHCS O
IJIOCKHX JIMCTOBUX KOHCTPYKIIIH.

(2) Inst MIOCKUX JIMCTOBUX KOHCTPYKIIii
0CcOOJIMBO TOBHHHI TEPEBIPATHCA KpUTEPii
IPaHUYHMX CTaHIB, 3a3Ha4yeHi B 8.2 1 8.3.

8.2 IIporunu 3 MIOHIMHUA

(1) I'pannune 3Ha4eHHS MPOTUHY W TTOBUHHO
BU3HAUATUCSA SIK YMOBa, 3a SKOK HE
BUKOHYIOTBCS YMOBH HOPMaJbHOL
eKCIUTyaTallii CerMeHTa TUIACTUHHU.
IpumiTka. /{11 BU3HAUEHHS TPaHUYHUX
3HaYeHb MPOTHMHY W JMB. BIiJOBITHI
HOPMaTHBH.

8.3 XucTkicTh (HaaAMipHi KOJTHBAHHS)

(1) HagmipHi KOJIMBaHHS TIOBUHHI
BU3HAUATUCS SIK TPAHUYHA YMOBA, 3a KO0 a00
BiZI0OYBa€eThCsl pYHHYBAaHHS IUIOCKOi JIMCTOBOI
KOHCTPYKIIii BHACTIJJOK BTOMH, 110 BUKJIMKaHA
HAJIMIPHUMH KOJIMBAaHHSMH IUIACTHHH, 200
BCTYNa€ B CUIy OOMEXEHHS 3a BTpPaTOIO
eKCIUTyaTaIliitHOl 3/JTaTHOCTI.
Hpumitka. i BU3HAYEHHS T'PaHUYHUX
3HAQYCHb THYYKOCTI 3 METOK YCYHCHHS
HaJMIpHUX KOJMBaHb JWB. BiAMOBIAHI
HOPMaTHBH.
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8 SERVICEABILITY LIMIT STATE

8.1 General

(1) The principles for serviceability limit state
given in section 7 of EN 1993-1-1 should also
be applied to plated structures.

(2) For plated structures especially the limit
state criteria given in 8.2 and 8.3 should be
verified.

8.2 Out of plane deflection

(1) The limit of the out of plane deflection w
should be defined as the condition in which
the effective use of a plate segment is ended.

NOTE. For limiting values of out of plane
deflection w see application standard.

8.3 Excessive vibrations

(1) Excessive vibrations should be defined as
the limit condition in which either the failure
of a plated structure occurs by fatigue caused
by excessive vibrations of the plate or service-
ability limits apply.

NOTE. For limiting values of slenderness
to prevent excessive vibrations see
application standard.
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JOJATOK A ANNEX A

(moBimKoBMIT) [informative]

THUIIU PO3PAXYHKIB IIVIACTHUH TYPES OF ANALYSIS FOR THE
DESIGN OF PLATED STRUCTURES

A.1 3arajibHi M0JI0KEeHHSs A.l General

(1) BuyTpiniHi Hanpy>xeHHsI B TAKPITUICHIN 1 (1) The internal stresses of stiffened and

HEIAKpITUIeHi i IUTaCTHHI MOXYTh unstiffened plates may be determined with the

BHU3HAYATUCS HACTYITHUMH TUTIAMU following types of analysis:

pO3paxyHKiB:

— LA niHifiHA#N NPYKHUIA; — LA: Linear elastic analysis;

— GNA: reoMeTpUyHO HETIHINHUIA; — GNA: Geometrically nonlinear analysis;

—MNA: 3  ypaxyBaHAM  (pi3uuHOL — MNA: Materially nonlinear analysis;

HEJIHIAHOCTI;

— GMNA: 3 ypaxyBaHHAM I'€OMETPHYHOI i — GMNA: Geometrically and materially non-

¢bi3U4HOT HETMHIHHOCTI; linear analysis;

— GNIA: reomerpuyHo  HeNiHIMHUAN — GNIA: Geometrically nonlinear analysis

OPY)KHHH 3  ypaxyBaHHSM  II0YaTKOBHX elastic with imperfections included,

HEeJOCKOHAJIOCTEM,

— GMNIA: reomerpuuno 1  }i3udHO — GMNIA: Geometrically and materially non-

HENHIHUA 3 ypaxyBaHHSAM II0YaTKOBHX linear analysis with imperfections included.

HEJOCKOHAJIOCTEN.

A.2 Jlinilinuii npyXHUHI  PO3PAXYHOK A.2 Linear elastic plate analysis (LA)

niaacrunu (LA)

(1) Jlimifiguii  OpyKHHUH — PO3paxyHOK (1) The linear elastic analysis models the be-

MOJICTIFOE TOBEIIHKY TOHKOI IUIACTHHH Ha haviour of thin plate structures on the basis of

miZicTaBi TEOpil 3rMHY IJIACTHH 3 i7eaIbHOIO the plate bending theory, related to the perfect

reometpiero. JliHeapu3ailisi € pe3y’abTaToM geometry of the plate. The linearity of the the-

JIOMYIIEHHS  JHIHHO-TIPY)KHOTO  3aKOHY ory results from the assumptions of the linear

nedbopMyBaHHS Marepiany i JiHIHHOI Teopil elastic material law and the linear small de-

MaJIiX TPOTHHIB. flection theory.

(2) B niHiiHOMY MpPYKHOMY pPO3paxyHKy (2) The LA analysis satisfies the equilibrium

(LA) 3a10BOJBHSIOTE SIK YMOBH PiBHOBArH, as well as the compatibility of the deflections.

TaKk 1 cyMmicHOCTI mporuHiB. HampykeHHs i The stresses and deformations vary linear with

nedopmariii  3MIHIOIOTBCS  JIHIMHO 13 the out of plane loading.

3POCTAHHSM IONEPEYHOr0 HABAHTAKCHHSI.

(3) [IIpukmagomM  JHIHHOTO  MPYXHOTO (3) As an example for the LA analysis the

pPO3paxyHKy € HacTymHe JudepeHIliine following fourth-order partial differential

PIBHSHHS YEeTBEPTOTO HOPSAKY 3 equation is given for an isotropic thin plate

YaCTKOBUMH  TIOXiTHHMH, HaBeICHE IS that subject only to a out of plane load p(x,y):

130TpONHOi TOHKOi TIACTUHU, 3aBaHTAXKEHOT
TUIBKM  HABAaHTAXEHHAM 11034 MEXaMU

TIJIOIIWHMU:
o'w o'w  o'w X,
2 ——— 4:p( y), (A.1)
X X’y oy D
e Where
3
D-__Et
12-(1-v?)
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A3 I'eomeTpuuno HeJIIHIHHu

po3paxyHok (GNA)

(1) TeomerpuuHO HETIHIMHUN PO3PAXyHOK
3aCHOBYETBCS Ha TEOpii 3TUHY IUIACTHH 3
17IealTbHOI0 TEOMETPIEI0 3  3aCTOCYBAHHSIIM
3aKOHY JIHIWHO-TIPYXXHOTO AehOpMYyBaHHS

MaTepiaiB  HeNiHIHHOI  Teopil  BETUKHX
MIPOTHHIB.
(2) B re€OMETPUYHO HENIIHIHHOMY

pPO3paxyHKy MAaloTh 3aJI0BOJBHITHCA 5K
YMOBH PIBHOBArd, TaK i CyMiCHOCTI IIPOTHHIB
P PO3TIIAL AehOPMYBaHHS KOHCTPYKIIIi.

(3) B Teopii  BeNMMKHX ~ TIPOTHHIB
BPaxOBYETHCS B3aEMO/IIS MiXK 3THHAJIbHUMH 1
MEMOpaHHUMHU BIUTUBaMu. [lepemimeHHs i
Halpy>KCHHs  3MIHIOIOTBCSI  HENIIHIMHO 3
3pOCTAHHSM ITOTIEPEYHOTO HAaBAHTAKCHHSI.

(4) IlpuknagoM T'E€OMETPUYHO HEIIHIHHOTO

np. ACTY-H b EN 1993-1-7: 20XX

A.3 Geometrically nonlinear

(GNA)

(1) The geometrically nonlinear elastic
analysis is based on the principles of the
plate bending theory of the perfect structure
using the linear elastic material law and the
nonlinear, large deflection theory.

analysis

(2) The GNA analysis satisfies the equilib-
rium as well as the compatibility of the de-
flections under consideration of the defor-
mation of the structure.

(3) The large deflection theory takes into
account the interaction between flexural and
membrane actions. The deflections and
stresses vary in a non linear manner with
the magnitude of the out of plane pressur.

(4) As an example for the GNA analysis the

PO3PaXyHKY € HACTYITHA cucrema following fourth-order partial differential
nudepeHIiHIX piBHSHB YEeTBEPTOrO equation system is given for an isotropic
MOPS/IKY, HaBeAEHas Ui 130TPOIHOI TOHKOI thin plate subjected only to a out of plane
[UTACTHHH, 3aBaHTaKEHOT TLIBKH load p(x,y).
HaBaHTaXEHHSIM  p(X,y) 103a  MeKaMu
[UTONHHU:
4 4 4 2 2 2 2 2 2
CATPPRATI: \:V_l.{a f2 ‘Q’_z.(a f o w]+a f2 vzv} POSY)  (aze)
OX oxoy® oy D |oy° ox OXoy Oxoy ) oOx° oy D
4 4 4 20, \2 A2 2
a£+2_ azf2+aZ:E.(awj _8\/2v.8vzv’ (A2b)
OX ox°oy® oy OXoy ox° oy

where f is the Airy's stress function
3
Do EC
12-(1-v?)

ne f— dynkuis Hanpyxens Epi;

A.4 Po3paxyHOK 3 ypaxyBaHHAM (i3H4HOI
Heqainilinocti (MNA)

A.4 Materially nonlinear analysis (MNA)

(1) PospaxyHok 3 ypaxyBaHHSM (i3UYHO]
HENTIHIMHOCTI OCHOBaHM Ha Teopli 3TUHY
MJIACTUH imeanbHOl reoMeTpii 3
MPUMYIIEHHSIM MaJIuX MPOTUHIB, K B PO3ALI1
A.2, 1 HeNMiHIMHOT TOBEIIHKHM MaTepiany.

A.S

(1) The materially nonlinear analysis is based
on the plate bending theory of the perfect
structure with the assumption of small deflec-
tions - like in A.2 -, however, it takes into ac-
count the nonlinear behaviour of the material.

Po3paxyHok 3  ypaxyBaHHAM A.5 Geometrically and materially nonlinear

reoMeTpuyHoi i ¢isuuHoi HesiHiliHOCTI analysis (GMNA)

(GMNA)

(1) PozpaxyHox 3 ypaxyBaHHSIM (1) The geometrically and materially nonline-
reoMeTpuuHol 1 (i3uuHOl  HETIHIHHOCTI ar analysis is based on the plate bending theo-
OCHOBaHMN Ha Teopii 3rUHY TUIACTUH ry of the perfect structure with the assump-
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imeanpbHOI  TeoMeTpii 3  IPUMYHIEHHSIMH
HENIHIHHOT Teopii BENMKUX TPOTHHIB 1
HENHIMHOrO 3aKOHY NPYXHO-TJIACTUYHOTO
negopMmyBaHHS MaTepiaiy.

A.6 T'eomMeTpUYHO HeJiHIHMA NPYKHUI
PO3PaxyHOK 3 YpaxXyBaHHSIM MOYATKOBHX
Hemockonasiocreii (GNIA)

(1) F'eomeTpuyHO HENMIHIHHUN PO3PAXYHOK 3
ypaxyBaHHIM IOYaTKOBUX HEJIOCKOHAIOCTEH
BIJIMIOBIZJA€ ~ TEOMETPUYHO  HEJIHIHHOMY
PO3paxyHKy, BUKIQJICHOMY B po3aim A.3,
OTHAK B SIKOCTI TEOMETPUYHOI MOmemi

BUKOPHUCTOBYETHCS KOHCTPYKIIis 3
r€OMETPUYHUMHU MOYaTKOBUMU
HEJOCKOHAIOCTSIMH, HAIIPUKIIA],

nornepeaHiM 1eopMyBaHHSM IIACTHHH, 110
BijmoBigae Gpopmi BTpaTi CTIHKOCTI.

(2) Teomerpu4yHO HENIHIMHUNA HPYXKHUN
PO3paxyHOK 3aCTOCOBYETbCS B  JIESKUX
KOHCTPYKIIAX  IUIACTHUH y  BHIIaJKax
[epeBakaHHs HAIPYKEHb CTUCKY abo0 3CyBY,
3YMOBJICHHX BIUIMBOM €(QEKTIB y IJIOUINHI
miacTuHU.  Bin  3a0e3medye  CTIHKICTH
TUTACTUHH 3 (baKkTHIHUMHU
HE/JIOCKOHAJIOCTSIMU Y  HpPYXHUH  cTasii
poboTH.

A.7Teomerpuyno i (Gi3MYHO HeTIHIHHUN
PO3paxyHOK 3 YpaxyBaHHSIM TOYaTKOBHX
Hemockonasocreit (GMNIA)

(1) T'eomerpuuyno 1 (i3UYHO HETIHIMHUI
PO3paxyHOK 3 YypaxyBaHHSIM IOYaTKOBHX
HEJOCKOHAJIOCTEH BIAMNOBIJAE PO3PaXyHKY 3
ypaxyBaHHSAM TIeOMeTpU4Hoi 1 (pi3uuHOi
HENIHIMHOCTI, 1110 OoNMucaHui B po3aum A.S5,
OJHAK y SIKOCTI T'€OMETPUYHOI MoJei

BUKOPHUCTOBYETHCS KOHCTPYKIIisI 3
T€OMETPUYHUMHU HEJIOCKOHAJIOCTAMH,
HampuKiIag, y  BUIMISAAL  ONEPEAHBO

nedopmoBaHoi (y BiAMOBITHOCTI 3 (HOpMOIO
BTpaTH CTIHKOCTI) MJIACTHHH.

(2) T'eomerpuuHO i (Bi3UYHO HETMIHIHHUHA
PO3paxyHOK 3 ypaxyBaHHSIM TOYaTKOBUX
HE/I0CKOHAJIOCTEH 3aCTOCOBYETHCS y
BUTIQ/IKaX TIepeBaKaHHS HANpPYXEHb CTUCKY
ab0 3CyBy, 3yMOBIIEHUX BIUTHBOM €(EKTiB B
IJIOMMHI  TulacTHHU.  Bin  3a0e3mnedye
CTIMKICTh ~ IUIACTMHH 3 (PaKTUYHUMHU
HEIOCKOHAJIOCTSIMH Y TIPYKHO-TUIACTUYIHIN
crajii podoTu.
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tions of the nonlinear, large deflection theory
and the nonlinear, elasto-plastic material law.

A.6 Geometrically nonlinear analysis elastic
with imperfections included (GNIA)

(1) The geometrically nonlinear analysis with
imperfections included is equivalent to the
GNA analysis defined in A.3, however, the
geometrical model used the geometrically
imperfect structure, for instance a predefor-
mation applies at the plate which is governed
by the relevant buckling mode.

(2) The GNIA analysis is used in cases of
dominating compression or shear stresses in
some of the plated structures due to in-plane
effects. It delivers the elastic buckling re-
sistance of the "real" imperfect plated struc-
ture.

A.7 Geometrically and materially nonlinear
analysis  with  imperfections included
(GMNIA)

(1) The geometrically and materially nonlinear
analysis with imperfections included is
equivalent to the GMNA analysis defined in
A.5, however, the geometrical model used the
geometrically imperfect structure, for instance
a pre-deformation applies at the plate which is
governed by the relevant buckling mode.

The GMNIA analysis is used in cases of dom-
inating compression or shear stresses in a plate
due to in-plane effects. It delivers the elasto-
plastic buckling resistance of the “real” imper-
fect structure.
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JOJATOK B

(moBimKOBMIL) _

HAIIPY XEHUU CTAH BIJIBHO
HIAIEPTUX IIJIACTHH 3A TEOPIEIO
MAJIUX IEPEMIIIEHb

B.1 3araanui moJo:xeHHs

(1) B IbOMY JIOJIaTKY HaBeIEH]

po3paxyHKoBi (Gopmynaun Il 0OYMCIICHB
BHYTPIIIHIX HaNpyXeHb B HEMAKPIIUIEHUX
NPSIMOKYTHUX TUTACTUHAX, SKI OCHOBaHI Ha
Teopii MaJux MIPOTHHIB IUTACTHH.
BinnmosinHo, pe3ynbTaTH BILIMBIB
MeMOpaHHUX CHJI HE BpPaxOBYIOTbCA Y
po3paxyHKOBHX (opMyJax, HaBEICHUX B
IBOMY JTOJATKYy.

(2) PospaxynkoBi Gpopmynu nepeabadeHi s
HACTYITHUX BHJIIB HABAHTAXKCHb:

— PIBHOMIPHO PO3IOIiJICHOT0 HaBaHTAXKCHHS
0 BCi¥ mtuTi, 1uB. po3in B.3;

—  PO3MOJUJICHOTO  HAaBaHTAXEHHS, IO
MpUKIAAeHa [0 I[EHTPaJbHOI  JAUISHKH
IJIACTUHH, JTUB. po3/ia B.4.

(3) [lporua W  cerMeHTa IUIACTHHH 1
3TUHAJIbHI HANPYXEHHS Obx 1 Oby Y CETMEHTI
IUTACTHUHH ~ MOXKYTb ~ OOYHCITIOBAaTHCS — Ha
miacTaBl  KOoeQILIEHTIB, 3a3HAuY€HUX B
tabmuisix posainie B.3 1 B.4. KoediuienTn
BpaxoByIoTh kKoedinieHT [Tyacona v = 0,3.

B.2 [To3nauyenusn

(1) Tlo3HaueHHs, 1110 BUKOPUCTOBYIOTHCS:

OEed - pO3paxyHKOBeE 3Ha4YECHHA
PO3MOAIEHOTO HABAaHTAKCHHS;
PEed — pPO3paxyHKOBE 3HAYECHHA

HaBaHTA)KCHHS Ha JIJISHI{ IUIACTUHMU;

a — MEHIIIa CTOpOHA IIACTUHH;

b — GisbIra cTopoHa MJIACTHHY;

t — TOBIIMHA JIACTUHU;

E — Monynb npyxHOCTI;

kw — Koe(illieHT I BU3HAUCHHS NPOTHHY
MJACTHHU, 10 BIANOBIa€ TPAHUIHUM
yMOBaM, 3a3HAYE€HUM B HaBEJCHHUX HIDKUE
TaOIHIIAX;

Ksbx — KoeiIieHT IS BU3HAYEHHSA
3TUHAILHOTO HAIMPYKEHHS Opx TIACTHHU, 110
BIJNIOBIJJa€ TPAHUYHUM YMOBaM, 3a3Hau€HUM
B HaBEJICHMX HMKYE TAOJIHIINX;
Ksby — Koe(iIieHT TUIA BHU3HAUYECHHS
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ANNEX B

[informative]

INTERNAL STRESSES OF
UNSTIFFENED RECTANGULAR

PLATES FROM SMALL DEFLECTION
THEORY

B.1 General

(1) This annex provides design formulae for
the calculation of internal stresses of unstiff-
ened rectangular plates based on the small
deflection theory for plates. Therefore the
effects of membrane forces are not taken into
account in the design formulae given in this
annex.

(2) Design formulae are provided for the fol-
lowing load cases:

— uniformly distributed loading on the entire
plate, see B.3;

— central patch loading distributed uniformly
over a patch area, see B.4.

(3) The deflection w of a plate segment and
the bending stresses obx and ony in a plate
segment may be calculated with the coeffi-
cients given in the tables of section B.3 and
B.4. The coefficients take into account a Pois-
son's ratio v of 0,3.

B.2 Symbols

(1) The symbols used are:
Qed IS the design value of the distributed load;

Ped i the design value of the patch loading;

a is the smaller side of the plate;

b is the longer side of the plate;

t is the thickness of the plate;

E is the Elastic modulus;

kw is the coefficient for the deflection of the
plate appropriate to the boundary conditions
of the plate specified in the data tables;

Ksbx 1S the coefficient for the bending stress
ovx Of the plate appropriate to the boundary
conditions of the plate specified in the data
tables;

Ksby 1S the coefficient for the bending stress



3TUHAILHOTO HAINPYXCHHS Gby TUIACTHHH, 110
BIJINIOBiJJa€ TPAHUYHUM YMOBaM, 3a3HAYECHUM
B HaBEJEHUX HIDKYE TAOIUIIIX.

B.3 PiBHoMipHO
HABAHTAKEHHA

po3nojaijieHe

B.3.1 Ilporusx 3 mionuHu

(1) Iporua W pIBHOMIPHO 3aBaHTAKEHOT'O
CErMEHTY IUIACTHHU MOXKHA PO3paxyBaTH 3a
hopmyroro

w=Kk

Hpumirka. Popmyna (b.1) ngiiicHa,
TUIBKH KOJIH W MEHII HiX t.

B.3.2 BuyTpimHi HanpyskeHHs

(1) 3ruHambHI HaMpYKEHHS Obx 1 Oby Y

CErMEHTI IUIACTMHM MOJKHAQ BW3HAYUTH 3
HACTYIHUX PIBHSHb:
OpxEd —
Oy Ed =

(2) Jns cerMeHTa IUIACTHHH EKBiBaJICHTHE
Halpy»kKeHHs ~ MOXKHa  po3paxyBaTd  3a
JIOTIOMOT 010 3TUHAIBHUX HaIpy>KeHb,
HaBe/leHUX B (1), HACTYTHUM YMHOM:

4
Oeq@
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oy Of the plate appropriate to the boundary
conditions of the plate specified in the data
tables.

B.3 Uniformly distributed loading

B.3.1 Out of plane deflection

(1) The deflection w of a plate segment which
is loaded by uniformly distributed loading
may be calculated as follows:

- (B.1)

NOTE. Expression (B.1) is only valid
where w is small compared with t.
B.3.2 Internal stresses

(1) The bending stresses obx and ovy in a plate
segment may be determined with the follow-
ing equations:

a2
o S ©2)
. Oeq a’ (B 3)
oby t2 . .

(2) For a plate segment the equivalent stress
may be calculated with the bending stresses
given in (1) as follows:

_ [ 2
OcqEd = \/O-b,x,Ed 0% yed ~ObxedObyEd -

IpumiTka. Touxkw, JUISL SIKUX
HANpy’>KeHHS, BH3HAYCHI B HAaBEJICHHUX
HIDKYE TaONMIAX, 3HAXOIATLCS abo Ha
Bicsix cuMmerpii, abo Ha TpaHHUIIX
IUTACTUHH, TaK, 10 3aBJSIKH CUMETPii abo
c(OpMYITHOBAaHUM T'PAaHWYHUM YMOBAM,
MOTUYHI HANpYXEHHS TpH 3THHI 7h
JIOPIBHIOIOTB HYITIO.

(B.4)

NOTE. The points for which the state of
stress are defined in the data tables are
located either on the centre lines or on
the boundaries, so that due to symmetry
or the postulated boundary conditions,
the bending shear stresses z, are zero.
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B.3.3 Koediuientn K pas piBHOMipHO

B.3.3 Coefficients k for uniformly distribut-

PO3NOiIEHNX HABAHTAKEHb ed loadings
Taoauus B.1 — Koedimientu k
Table B.1 — Coefficients k
HaBaHTakeHHs:
PIBHOMIPHO PO3MO/IiIJICHE
v Loading:
Uniformly distributed loading
- > I'panuuni ymoBu:
BCl Kpal 3akpiljieHi MIapHIPHO HEPYXOMHMH
oropamu
> Boundary conditions:
All edges are rigidly supported and rotationally
free
b/a kwl kqul kcbyl
1,0 0,04434 0,286 0,286
1,5 0,08438 0,486 0,299
2,0 0,11070 0,609 0,278
3,0 0,13420 0,712 0,244
Ta6auus B.2 — Koeodimientu k
Table B.2 — Coefficients k
HaBaHTaxeHHs:
4 PiBHOMIpHO po3MoIineHe
Loading:
b Uniformly distributed loading
x I'pannyuni ymoBu:
BC1 Kpai )KOPCTKO 3aIieMyeHi
Boundary conditions:
PRI All edges are rigidly supported
and rotationally fixed.
b/a le kobxl kcbyl kaxZ
1,0 0,01375 0,1360 0,1360 -0,308
1,5 0,02393 0,2180 0,1210 —-0,454
2,0 0,02763 0,2450 0,0945 0,498
3,0 0,02870 0,2480 0,0754 —-0,505
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Ta6muus B.3 — Koeoimientu k
Table B.3 — Coefficients k
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=
-
v

«d 5

HaBanTaxeHHs:
PIBHOMIPHO pO3MOIiIeHe
Loading:

Uniformly distributed loading

I'panuyni ymoBu:

TP Kpai 3aKpiIljIeHi MIapHIPHO HEPYXOMO i
OJIUH — KOPCTKO SaH_IeMJ'IeHI/Iﬁ

Boundary conditions:

Three edges are rigidly supported and rotation-
ally free and one edge is rigidly supported and
rotationally fixed.

b/a

kwl

kcbxl

kcbyl

kc.va4

15

0,04894

0,330

0,177

-0,639

2,0

0,05650

0,368

0,146

—0,705

Tab6muus B.4 — Koedimientu k
Table B.4 — Coefficients k

xv

HaBaHTaeHHs:
PIBHOMIPHO pO3MOIiIeHe
Loading:

Uniformly distributed loading

I'panuyni ymoBu:

JiBa Kpai 3aKpiIUIeH] IapHIpHO HEPYXOMO 1 JBa —
YKOPCTKO 3alleMIIeH1

Boundary conditions:

Two edges are rigidly supported and rotational-
ly free and two edges are rigidly supported and
rotationally fixed.

b/a

kwl

kobxl

kobyl

kcbx4

1,0

0,02449

0,185

0,185

0,375

15

0,04411

0,302

0,180

-0,588

2,0

0,05421

0,355

0,152

-0,683
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Ta6muus B.5 — Koeoimientu k
Table B.5 — Coefficients k

”n HaBaHnTakeHHA:
3 PIBHOMIPHO PO3IOIiICHE
; . Loading:
b X Uniformly distributed loading
I'pannyni ymoBu:
«a 5 JBa IPOTUWICKHUX KOPOTKHX Kpai 3ameMneHi,

JIBa THIINX — OIMHPAIOTHCS MAPHIPHO PyXOMO
Boundary conditions:
Two opposite short edges are clamped, the oth-
er two edges are simply supported.

b/a le kcbxl kayl kcby3

1,0 0,02089 0,145 0,197 -0,420

15 0,05803 0,348 0,274 —-0,630

2,0 0,09222 0,519 0,284 -0,717

Ta6muus B.6 — Koedimientu k
Table B.6 — Coefficients k
HaBaHTakeHHSsI:
ya PIBHOMIPHO PO3IOIiICHE
Loading:
Uniformly distributed loading
b - > I'pannyuni ymoBu:
JBa TMPOTUIIC)KHUX JOBIUX Kpal 3aH1€MJ'IeHi
KOPCTKO, JIBa IHIIUX — IIAPHIPHO PyXOMO
a5 Boundary conditions:

Two opposite long edges are clamped, the other
two edges are simply supported.

b/a Kw1 Kobx1 kcbyl Kobx2

15 0,02706 0,240 0,106 —-0,495

2,0 0,02852 0,250 0,0848 —-0,507

B.4  HaBaHTakeHHsI Ha UeHTPAJbHIH
TINISHI IJIaCTHHA

B.4.1 IIporux 3 niomuHu

(1) TlpormH W cermMeHTa TUIaCTUHH 3
HAaBAaHTAKEHHSIM Ha [EHTPAIbHIA  JIUISHIT
MOYKHA PO3paxyBatu 3a (hOpMYIIO

B.4 Central patch loading

B.4.1 Out of plane deflection

(1) The deflection w of a plate segment which
is loaded by a central patch loading may be
calculated as follows:

4
w=k, - Ped (B.5)

B.4.2 BHyTpimHi HanpyKeHHs!

(1) 3ruHanbHI HaPYKEHHS Obx 1 Oby B CETMEHTI
42
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B.4.2 Internal stresses

(1) The bending stresses obx and ony in a plate




IUTACTMHN MOYKHA BH3HAYUTH 33 HACTYMHUMHU
¢bopmynamu:

=k

Gb,x,Ed

Oy ed = kcrby :

(2) Jnst cerMeHTa IUTACTUHU CKBIBaJICHTHI
Halpy>XeHHs BIJl 3THUHY MOXYTb OyTH
obuncieni Ha miAcraBi ckimagoBux (1)
HACTYITHHM YHHOM:
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segment may be determined by the following

formulas:
obx p_gd’ (BG)
t
p
£, (B.7)

t

(2) For a plate segment the equivalent stress
may be calculated with the bending stresses
given in (1) as follows:

(o)

B.4.3 KoediuienTn K 1jisi HaBaHTa)KeHHS
HA HEeHTPAJbHINA JUISHII MJIACTUHA

Ta6muus B.7 — Koedimientu k
Table B.7 — Coefficients k

[ 2
eq,Ed — \/O-b,x,Ed *+ 0y yed ~Obx,edOb,y.Ed -

(B.8)

B.4.3 Coefficients k for patch loading

HaBaHTaeHHs:
Ha IEHTPaAIbHIN JAUISHII
Loading:
vt Central patch loading
i I'panu4ni ymoBu:
BC1 Kpai 3aKkpiIuieHi mapHipHO HEPYXOMO
’ “I 3 —
T Boundary conditions: _
L All edges are rigidly supported and rotationally
8 free.
ITapamerpu:
Parameters:
a=ula P=vla
b/a axp Kw1 Kobx1 Koby1
0,1x0,1 0,1254 1,72 1,72
0,2x0,2 0,1210 1,32 1,32
1 0,3x0,3 0,1126 1,04 1,04
0,2x0,3 0,1167 1,20 1,12
0,2x0,4 0,1117 1,10 0,978
0,1x0,1 0,1664 1,92 1,70
0,2x0,2 0,1616 1,51 1,29
1,5 0,3x0,3 0,1528 1,22 1,01
0,2x0,3 0,1577 1,39 1,09
0,2x0,4 0,1532 1,29 0,953
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3akinyenns Tadauui B.7
End of Table B.7

HaBanTakeHnHns:

Ha [EHTPaNbHIN AUISHII
Loading:

Central patch loading

I'pannyni ymoBu:
BCi Kpai 3aKpiIuieHi MapHipHO HEPYXOMO

Boundary conditions:
All edges are rigidly supported and rotationally

free.
1
IHapamerpu:
Parameters:
oa=ula P=vla
b/a axp Kw1 Kobx1 Koby1
0,1x0,1 0,1795 1,97 1,67
0,2x0,2 0,1746 1,56 1,26
2,0 0,3x0,3 0,1657 1,28 0,985
0,2x0,3 0,1708 1,45 1,07
0,2x0,4 0,1665 1,35 0,929
0,1x0,1 0,1840 1,99 1,66
0,2x0,2 0,1791 1,58 1,25
3,0 0,3x0,3 0,1701 1,30 0,975
0,2x0,3 0,1753 1,47 1,06
0,2x0,4 0,1711 1,37 0,918
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JOJATOK C
(moBimKOBMIL)
HAIPYXKEHUI CTAH
HEIIIKPINIJIEHUX IPAMOKYTHHUX
IIJIACTHH 3A TEOPIEIO BEJIUKHUX
IIPOI'UHIB

C.1 3arajbHi m0JI0KEeHHA

(1) B bOMY JIOAATKY HaBecHl
pO3paxyHKOBI (OPMYIH JJisi BHYTPIIIHIX
Hanpy>KeHb HEMAKPIIUICHUX MPSIMOKYTHUX
IUTACTHH, OCHOBaHI Ha Teopii BEITUKUX
MPOTHHIB TUIACTHH.

(2)  PosrmsparoTbes
3aBaHTAKEHHS:

HAaCTyNHI  yMOBH

— PpIBHOMIPHO pO3MIOJUJICHE HaBaHTAKCHHS
M0 BCI TOBEpXHI IUIACTUHHU, IUB. PO3JILT
C.3;

— PpIBHOMIPHO pO3MOAUICHE HABAHTAKCHHS
Ha IICHTPAJbHIA IUISHI TUTACTHHH, IHB.
po3ain C.4.

(3) 3ruHanpHi 1 MeMOpaHHI HaNpy>XEHHS B
IUIACTHHI 1 TPOTMHM W TUIACTUHU MOJKHA
po3paxyBaTH 3a JIOMOMOTOI KOe(]iIlie€HTIB,
3a3HayeHux B Tabmuipsix posxainie C.3 1 C.4.
Koedimientn oTpumani 3 ypaxyBaHHSIM
koeimienta [Tyacona v = 0,3.

C.2 Ilo3HayeHHs
(1) Tlo3HaueHHs, 1110 BUKOPUCTOBYIOTHCS:

Jed — PO3PaXyHKOBE 3HAYEHHS PIBHOMIPHO
pPO3MOAUICHOT0 HAaBaHTAXEHHS 1O  BCIH
MIOBEPXHI;

PeEd — PO3PaxXyHKOBE 3HAYEHHS PIBHOMIPHO
PO3MOJIIJICHOTO0 HABAaHTAXKEHHSA Ha JAUISHII
IUTACTHUHU 3 po3MipaMu U X V;

a — MeHbIlIa CTOPOHA IJIACTHUHU;

b — OinbIa cTOpOHA TUTACTHHH;

t — TOBIIMHA TJIACTHHU;

E — Monynb npyxHoCTI;

FBC —rpaHu4yHi yMOBHM MJii 3THHAJIBHOTO
CTaHy,

MBC — rpanuuHi ymMOBU A1 MEMOPaHHOTO
CTaHy,

Kw — KoeQilieHT Ui BH3HAYEHHS IMPOTHHY
IUTACTUHM, IO  BIJANOBIAE  IPaHUYHUM
yMOBaM, 3a3HaU€HUM B HABEICHUX HIDKYE
TaOIHIIAX;

Kobx — koedimienT s BU3HAYEHHS
3THHAIBHOTO HANPYXKEHHS Obx B IUIACTHHI,
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ANNEX C

[informative]

INTERNAL STRESSES OF
UNSTIFFENED RECTANGULAR

PLATES FROM LARGE DEFLECTION
THEORY

C.1 General

(1) This annex provides design formulas for
the calculation of internal stresses of unstiff-
ened rectangular plates based on the large de-
flection theory for plates.

(2) The following loading conditions are con-
sidered:

— uniformly distributed loading on the entire
plate, see C.3;

- central patch loading distributed uniformly
over the patch area, see C.4.

(3) The bending and membrane stresses in a
plate and the deflection w of a plate may be
calculated with the coefficients given in the
tables of section C.3 and C.4. The coefficients
take into account a Poisson's ratio v of 0,3.

C.2 Symbols
(1) The symbols used are:

Qed is the design value of the load uniformly
distributed over the total surface;

Ped IS the design value of the patch loading
uniformly distributed over the surface u x v;

a is the smaller side of the plate;

b is the longer side of the plate;

t is the thickness of the plate;

E is the Elastic modulus;

FBC flexural boundary conditions;

MBC membrane boundary conditions;
kw is the coefficient for the deflection of the
plate appropriate to the boundary conditions

specified in the data tables;

Ksbx 1S the coefficient for the bending stress
obx Of the plate appropriate to the boundary

45



np. ACTY-H b EN 1993-1-7: 20XX

o0  BIAMOBIZAE  TPAHWUYHUM  yMOBaM,
3a3HAYCHUM B HaBEJCHHMX HIKUE TAOIUIIAX;

Koby — Koe(iIieHT TS BU3HAYECHHI
3TUHAJLHOTO HAINPYXKEHHS Oby B IUIACTHHI,
0  BIAMOBIZA€E  TPAHWUYHUM  yMOBaM,
3a3HAYCHUM B HaBEJCHHMX HIKYE TAOIUIINX;

Komx ~ — Koe(illieHT  Jas  BU3HAYCHHS
MEMOPaHHOTO HANpPY>KEHHS Gmx B IUIACTHHI,
0  BIANOBIA€E  TPaHUYHHUM  YMOBAaM,
3a3HAYCHUM B HaBEJICHHUX HUXKYE TAOIHIIX;

Komy  —koedimieHT  [uIs  BU3HAYCHHS
MeMOPaHHOTO HAIPY)XCHHSI Omy B TUIACTHHI,
0  BIANOBIA€E  TPaHUYHHUM  YMOBAaM,
3a3HAYCHUM B HAaBEICHHMX HUXKYE TAOIUIIX.

C3 PiBHOMipHO po3nojaijieHe
HABAHTAKEHHs1 MO  BCili  moBepxHi
MJIACTUHH

C.3.1 IIporuH i3 mIoOIHHHA

(1) IporuH W cermMeHTa IUIACTUHH, SIKa
HaBaHTAKEHA PIBHOMIPHO  PO3IMOIiJICHUM
HAaBaHTAXXCHHSAM, MOXKHA pO3paxyBaTH 3a
hopmyoro

w=Kk -

W

C.3.2 BuyTpimHi Hanpy:KeHHs

(1) 3runHanbHi HampyKEHHS Gbhx 1 GCby B
CeTMEHTI IUTACTMHM MOYKHA BH3HAYHUTH 3a
HACTYMHUMU (HOpMYTIaMu:

conditions specified in of the plate in the data
tables;

Ksby IS the coefficient for the bending stress
oby Of the plate appropriate to the boundary
conditions specified in the data tables;

Ksmx IS the coefficient for the membrane stress
omx Of the plate appropriate to the boundary
conditions specified in the data tables;

Komy 1S the coefficient for the membrane stress
omy Of the plate appropriate to the boundary
conditions specified in the data tables.

C.3 Uniformly distributed loading on the
total surface of the plate

C.3.1 Out of plane deflection

(1) The deflection w of a plate segment which
is loaded by uniformly distributed loading
may be calculated as follows:

Qe a’ (C.1)

Et®
C.3.2 Internal stresses
(1) The bending stresses obx and oby in a plate

segment may be determined with the follow-
ing equations:

a2

O-b,x,Ed = ko-bx : thd2 ’ (CZ)
Oea”

Op,yEd — ko—by Etd—z (C.3)

(2) MemOpaHHi HampyXeHHS Omx 1 Omy B
CErMEHTI TUIACTMHU MOYKHA BH3HAYUTH 32
HACTYMHUMH (OPMYIIaMH:

O-m,x,Ed

O-m,y,Ed =

(3) Ha wnaBaHTa)keHili TOBEPXHI IUIACTHHU
3arayibHi HaATPY>KCHHS BU3HAYAIOTHCS
3THHAIBHUMU 1 MeMOpaHHUMU
HampyxeHHsMH, HaBeneHuMu B (1) 1 (2),
HACTYITHUM YHHOM:

Oyed = “ObxEd +O_m,x,Ed '

46
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(2) The membrane stresses omx and omy in a
plate segment may be determined as follows:

a2
S C4)

Oeg@”
oy Etdz : (C.5)

(3) At the loaded surface of a plate the total
stresses are calculated with the bending and
membrane stresses given in (1) and (2) as fol-
lows:

(C.6)
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Gy,Ed = _O-b,y,Ed +O_m,y,Ed ' (C7)

(4) Ha HenaBaHTaXeHIH MOBEPXHI IJIACTHHHU
3arajbHi HaATNPYKCHHS BU3HAYAIOTHCS
3TUHAIbHUMU 1 MeMOpaHHUMU
HanpykeHHsMH, HaBeaeHumu B (1) 1 (2),
HACTYITHUM YHHOM:

(4) At the no-loaded surface of a plate the total
stresses are determined with the bending and
membrane stresses given in (1) and (2) as fol-
lows:

Oy ed =Obxed T Omyxkd ! (C.8)

ay,Ed = O-b,y,Ed +Gm,y,Ed " (Cg)

(%) st MJIACTUHU €KBiBaJICHTHE
HATPY)KEHHSI CeqEd MOXXHA BH3HAYUTH 32

(5) For a plate the equivalent stress ceqed Mmay
be calculated with the stresses given in (4) as
follows:

HaIpyKEHHSAMM,  HaBeleHuMH y  (4),
HACTYIIHUM YHHOM:
_ 2 2
Geq,Ed - \/O-X,Ed + O-y,Ed - Gx,Ed Gy,Ed . (ClO)

Hpumitka. Touku, A5 SKUX HaNpy>KEHUI
CTaH BU3HAYAETHCS B HABEICHUX HIDKYE
TaOJMISAX, pO3TalioBaHi ab0 Ha BICAX
cuMeTpii, a00 Ha KpasX Tak, IO 3aBISKH
cuUMeTpii abo chopMyITEOBaHIM
TPaHUYHUM yMOBaM, MeMOpaHHI JOTHYHI
Halpy>XeHHA 7m, @ TAaKOX JOTHUYHI
HamNpy>XeHHS B 3rWHY 17hb JOPIBHIOIOTH
Hymo. AnrebpaidHa cyma BiJIIOBiITHOTO
3TUHAJIBHOTO i MEMOpPaHHOTO HaNpyXeHb B
TOUYKaX, 3a3HAUYCHUX B HABEACHUX HIDKYE
TaOIMLAX, Aa€ 3HAYCHHS MAKCHUMAJIBHUX 1
MiHIMAIbHUX HamnpyXeHb Ha TMOBEPXHi
TUTACTHHH B X TOYKaX.

NOTE. The points for which the state of
stress are defined in the data tables are
located either on the centre lines or on the
boundaries, so that due to symmetry or the
postulated boundary conditions, membrane
shearing stresses mm as well as bending shear
stresses 7, are zero. The algebraic sum of the
appropriate bending and membrane stresses
at the points considered in the data tables
gives the values of maximum and minimum
surface stresses at these points.
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C.3.3 Koepinientn K ngas piBHOMipHO
PO3MNOAiIJIeHNX HABAHTAKEHb

Taoauus C.1 — Koediuientu k
Table C.1 —Coefficients k

C.3.3 Coefficients k for uniformly distribut-
ed loadings

HaBaHTaskeHHs:
PIBHOMIPHO PO3MO/IiIJICHE
Loading:
Uniformly distributed loading
ya I'pannyHi ymoBH:
FBC: yci kpail mapHipHO pyXOMO HiANEPTH
MBC: HopManbHi 1 JOTHYHI  HANPY>KESHHS
b 1 5 JOPIBHIOIOTH HYITIO
X Boundary conditions:
FBC MBC )
FBC: All edges are simply supported.
PN MBC: Zero direct stresses, zero shear stresses
ITapamerpu:
Parameters:
4
ke
S
b/a Q Kw1 Kobx1 kcfbyl Komx1 kcmyl Komx2
20 0,0396 0,2431 0,2431 0,0302 0,0302 —-0,0589
40 0,0334 0,1893 0,1893 0,0403 0,0403 —0,0841
120 0,0214 0,0961 0,0961 0,0411 0,0411 -0,1024
1,0 200 0,0166 0,0658 0,0658 0,0372 0,0372 -0,1004
300 0,0135 0,0480 0,0480 0,0335 0,0335 —-0,0958
400 0,0116 0,0383 0,0383 0,0306 0,0306 —-0,0915
20 0,0685 0,3713 0,2156 0,0243 0,0694 —-0,1244
40 0,0546 0,2770 0,1546 0,0238 0,0822 -0,1492
L5 120 0,0332 0,1448 0,0807 0,0170 0,0789 -0,1468
’ 200 0,0257 0,1001 0,0583 0,0141 0,0715 -0,1363
300 0,0207 0,0724 0,0440 0,0126 0,0646 -0,1271
400 0,0176 0,0569 0,0359 0,0117 0,0595 —-0,1205
20 0,0921 0,4909 0,2166 0,0085 0,0801 —-0,1346
40 0,0746 0,3837 0,1687 0,0079 0,0984 -0,1657
20 120 0,0462 0,2138 0,0959 0,0073 0,0992 -0,1707
’ 200 0,0356 0,1516 0,0695 0,0067 0,0914 -0,1610
300 0,0287 0,1121 0,0528 0,0061 0,0840 -0,1510
400 0,0245 0,0883 0,0428 0,0061 0,0781 —-0,1434
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Taoauus C.2 — Koediuientn k
Table C.2 — Coefficients k
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HaBaHTakeHHs:

PIBHOMIPHO PO3MO/IiIJICHE
Loading:

Uniformly distributed loading:

I'panuyni ymoBu:
FBC: Bci kpai mapHipHO pyXxOoMO MiANepTi

yt MBC:Bci  kpai  3anMIIAIOTBCS  IPSIMUMU.
HopmameHi 1 [1OTMYHI — Hampy)KeHHS  Ha
b CepeIMHHIHN MOBEPXHI JOPIBHIOIOTH HYIIIO
X Boundary conditions:
FBGC MBC )
FBC: All edges are simply supported.
<@ . .
MBC: All edges remain straight. Zero average
direct stresses, zero shear stresses
ITapamerpu:
Parameters:
ey
=
Q- Et*
b/a Q k Kobx1 Koby1 Komxt Komy1 Komx2 Komy2
20 0,0369 | 0,2291 | 0,2291 | 0,0315 | 0,0315 | 0,0352 | —0,0343
40 0,0293 | 0,1727 | 0,1727 | 0,0383 | 0,0383 | 0,0455 | —0,0429
. 120 0,0170 | 0,0887 | 0,0887 | 0,0360 | 0,0360 | 0,0478 | —0,0423
200 0,0126 | 0,0621 | 0,0621 | 0,0317 | 0,0317 | 0,0443 | —0,0380
300 0,0099 | 0,0466 | 0,0466 | 0,0280 | 0,0280 | 0,0403 | —0,0337
400 0,0082 | 0,0383 | 0,0383 | 0,0255 | 0,0255 | 0,0372 | —0,0309
20 0,0554 | 0,3023 | 0,1612 | 0,0617 | 0,0287 | 0,0705 | —0,0296
40 0,0400 | 0,2114 | 0,1002 | 0,0583 | 0,0284 | 0,0710 | —0,0293
r 120 0,0214 | 0,1079 | 0,0428 | 0,0418 | 0,0224 | 0,0559 | —0,0224
’ 200 0,0157 | 0,0778 | 0,0296 | 0,0345 | 0,0191 | 0,0471 | —-0,0188
300 0,0122 | 0,0603 | 0,0224 | 0,0296 | 0,0167 | 0,0408 | —0,0161
400 0,0103 | 0,0505 | 0,0188 | 0,0267 | 0,0152 | 0,0369 | —0,0147
20 0,0621 | 0,3234 | 0,1109 | 0,0627 | 0,0142 | 0,0719 | —0,0142
2 40 0,0438 | 0,2229 | 0,0689 | 0,0530 | 0,0120 | 0,0639 | —0,0120
120 0,0234 | 0,1163 | 0,0336 | 0,0365 | 0,0086 | 0,0457 | —0,0083
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3akinuenns Tadauni C.2
End of Table C.2

HaBaHTaskeHHs:

PIBHOMIPHO PO3MO/IIJICHE
Loading:

Uniformly distributed loading:

I'pannyni ymoBH:
FBC: Bci kpai mapHipHO pyXxOoMO MiANepTi

yt MBC:Bci  kpai  3aJMIIAIOTBCS  HPSIMHMH.
HopmanmeHi 1 1OTMYHI ~ Hampy)KeHHS  Ha
b CepeIMHHIHN MOBEPXHI JOPIBHIOIOTH HYIIIO
X Boundary conditions:
FBC MBC )
FBC: All edges are simply supported.
2| MBC: All edges remain straight. Zero average
direct stresses, zero shear stresses
ITapamerpu:
Parameters:
LY
_ Ed
°- Et*

Q K kaXl kcfbyl kcmxl kcmyl kcmxz kcsmyz
200 0,0172 0,0847 0,0247 0,0305 0,0075 0,0384 | —0,0067
300 0,0135 0,0658 0,0195 0,0268 0,0067 0,0335 | —0,0058
400 0,0113 | 0,0548 | 0,0164 | 0,0244 | 0,0064 | 0,0305 | —0,0050
20 0,0686 0,3510 0,1022 0,0477 0,0020 0,0506 | —0,0007
40 0,0490 0,2471 0,0725 0,0420 0,0020 0,0441 0,0000
120 0,0267 0,1317 0,0390 0,0320 0,0027 0,0335 0,0010
200 0,0196 | 0,0954 | 0,0283 | 0,0271 | 0,0044 | 0,0285 | 0,0027
300 0,0153 0,0733 0,0217 0,0242 0,0059 0,0256 0,0044
400 0,0127 | 0,0605 | 0,0178 | 0,0221 | 0,0066 | 0,0235 | 0,0051
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Tadanusa C.3 — Koedimientu k
Table C.3 — Coefficients k
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x v

HaBaHnTakeHHS:

PIBHOMIPHO PO3MNOAUIICHE
Loading:

Uniformly distributed loading:

I'pannyni ymoBu:

FBC: Bci kpai )KOpCTKO 3amiemMieHi

MBC: HopManbHi 1 JOTHYHI  HaNpyKEHHS
JIOP1BHIOIOTH HYJIIO

Boundary conditions:

FBC MBC
FBC: All edges are clamped.
7 > MBC: Zero direct stresses, zero shear stresses
ITapamerpnu:
Parameters:
= a’
e
b/a Q Kw1 Kobxt Kobyt Komxt Komy1 Komx2 Komy2
20 0,0136 | 0,1336 | 0,1336 | 0,0061 | 0,0061 | —0,3062 | —0,0073
40 0,0131 | 0,1268 | 0,1268 | 0,0113 | 0,0113 | —0,3006 | —0,0137
1 120 0,0108 | 0,0933 | 0,0933 | 0,0212 | 0,0212 | —0,2720 | —0,0286
200 0,0092 | 0,0711 | 0,0711 | 0,0233 | 0,0233 | —0,2486 | —0,0347
300 0,0078 | 0,0547 | 0,0547 | 0,0233 | 0,0233 | —0,2273 | —0,0383
400 0,0069 | 0,0446 | 0,0446 | 0,0226 | 0,0226 | —0,2113 | —0,0399
20 0,0234 | 0,2117 | 0,1162 | 0,0061 | 0,0133 | —0,4472 | —0,0181
40 0,0222 | 0,1964 | 0,1050 | 0,0098 | 0,0234 | —0,4299 | —0,0322
15 120 0,0173 | 0,1406 | 0,0696 | 0,0124 | 0,0385 | —0,3591 | —0,0559
200 0,0144 | 0,1103 | 0,0537 | 0,0116 | 0,0415 | —0,3160 | —0,0620
300 0,0122 | 0,0879 | 0,0430 | 0,0105 | 0,0416 | —0,2815 | —0,0636
400 0,0107 | 0,0737 | 0,0364 | 0,0098 | 0,0409 | —0,2583 | —0,0635
20 0,0273 | 0,2418 | 0,0932 | 0,0010 | 0,0108 | —0.4935 | —0.0150
40 0,0265 | 0,2330 | 0,0897 | 0,0017 | 0,0198 | —0.4816 | —0.0277
5 120 0,0223 | 0,1901 | 0,0740 | 0,0032 | 0,0392 | —0.4223 | —0.0551
200 0,0192 | 0,1578 | 0,0621 | 0,0039 | 0,0456 | —0.3780 | —0.0647
300 0,0165 | 0,1306 | 0,0518 | 0,0042 | 0,0483 | —0.3396 | —0.0690
400 0,0147 | 0,1120 | 0,0446 | 0,0044 | 0,0487 | -0.3132 | —0.0702
20 0,0288 | 0,2492 | 0,0767 | —0.0015 | 0,0027 | —0.,5065 | —0.0033
40 0,0290 | 0,2517 | 0,0795 | —0.0022 | 0,0066 | —0.5095 | —0.0084
3 120 0,0281 | 0,2440 | 0,0812 | —0.0010 | 0,0247 | —0.4984 | —0.0331
200 0,0260 | 0,2230 | 0,0750 | 0,0000 | 0,0368 | —0.4702 | —0.0497
250 0,0247 | 0,2096 | 0,0707 | 0,0002 | 0,0415 | —0.4520 | —0.0564
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Ta6aunsa C.4 — Koedimientu K
Table C.4 — Coefficients k

x v

HaBaHTameHnns:
PIBHOMIPHO PO3IOIiICHE
Loading:
Uniformly distributed loading

I'pannyni ymoBH:
FBC: Bci kpai )KOpCTKO 3aIeMIICHI.
MBC: Bci pebpa 3anuIIarOThCs MPSMUMH,
i Hanpy)XCHHS  Ha
CepeMHHIN MTOBEPXHi IOPIBHIOIOTH HYIIO

HOpPMaJIbHI 1

JOTAYHI

FBC MBC Boundary conditions:
FBC: All edges are clamped.
<2 5] MBC: All edges remain straight. Zero average
direct stresses, zero shear stresses
IMapamerpu:
Parameters:
I a’
T
b/a Q Kw1 Kobx1 kobyl Komx1 kcsmyl Kobx2 Komxz kcmyz
20 0,0136 | 0,1333 | 0,1333 | 0,0065 | 0,0065 | —-0,305 | 0,0031 | —0,005
40 0,0130 | 0,1258 | 0,1258 | 0,0118 | 0,0118 | —-0,300 | 0,0059 | —0,010
10 120 0,0105 | 0,0908 | 0,0908 | 0,0216 | 0,0216 | -0,270 | 0,0123 | —0,020
’ 200 0,0087 | 0,0688 | 0,0688 | 0,0234 | 0,0234 | -0,247 | 0,0151 | —0,023
300 0,0073 | 0,0528 | 0,0528 | 0,0231 | 0,0231 | -0,226 | 0,0169 | —0,024
400 0,0063 | 0,0430 | 0,0430 | 0,0223 | 0,0223 | 0,211 | 0,0176 | —0,024
20 0,0230 | 0,2064 | 0,1125 | 0,0137 | 0,0097 | -0,443 | 0,0118 | —0,008
40 0,0210 | 0,1833 | 0,0957 | 0,0218 | 0,0155 | -0,419 | 0,0200 | —0,013
15 120 0,0149 | 0,1175 | 0,0532 | 0,0275 | 0,0202 | —-0,344 | 0,0295 | —0,018
' 200 0,0118 | 0,0876 | 0,0369 | 0,0259 | 0,0195 | -0,302 | 0,0304 | —0,018
300 0,0096 | 0,0678 | 0,0275 | 0,0238 | 0,0180 | -0,271 | 0,0300 | —0,017
400 0,0083 | 0,0562 | 0,0221 | 0,0220 | 0,0168 | —0,249 | 0,0291 | —0,016
20 0,0262 | 0,2288 | 0,0853 | 0,0140 | 0,0060 | —0,481 | 0,0149 | —0,005
40 0,0234 | 0,1994 | 0,0701 | 0,0206 | 0,0086 | —0,449 | 0,0234 | —0,007
20 120 0,0162 | 0,1276 | 0,0404 | 0,0238 | 0,0094 | —-0,361 | 0,0299 | -0,008
' 200 0,0129 | 0,0963 | 0,0296 | 0,0223 | 0,0085 | 0,316 | 0,0289 | —0,007
300 0,0105 | 0,0752 | 0,0230 | 0,0208 | 0,0077 | —-0,282 | 0,0274 | —0,007
400 0,0090 | 0,0627 | 0,0190 | 0,0196 | 0,0071 | -0,260 | 0,0259 | —0,006
20 0,0272 | 0,2331 | 0,0700 | 0,0102 | 0,0010 | —0,487 | 0,0111 | —0,000
40 0,0247 | 0,2071 | 0,0615 | 0,0149 | 0,0011 | -0,457 | 0,0167 | —0,000
30 120 0,0177 | 0,1396 | 0,0413 | 0,0186 | 0,0009 | -0,372 | 0,0202 | —0,000
’ 200 0,0143 | 0,1074 | 0,0319 | 0,0184 | 0,0009 | -0,327 | 0,0197 | —0,000
300 0,0117 | 0,0848 | 0,0251 | 0,0176 | 0,0008 | —0,292 | 0,0192 | —0,000
400 0,0101 | 0,0709 | 0,0210 | 0,0169 | 0,0008 | —0,268 | 0,0182 | 0,0000
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C4 Po3nogiieHe HaBaHTa’KeHHSI Ha
HEeHTPAJbHIN TUISHII JIACTHHA

C.4.1 3araJjbHi MOJIOKEHHSA

(1) MMporua W i HanpyKeHHS IOBHHHI
BU3HAYaTHCA 3a QopMyJaMH JJIs IJIACTUHH,
3aBAHTAKEHOI PO3MOAUICHUM I10 IOBEPXHI
HABaHTAXXCHHSIM pEd Ha TICHTPAITBHIN JUISHII
JOBXKHMHOIO U 1 IIUPUHOKO V-

4

w=k -
R =i

C.4.2 BuyTpiuHi Hanpy:keHHs1

(1) 3ruHanmpHi HampyXEHHS Obx 1 Oby B
CerMEHTI IUIaCTUHU MOXKHAa BU3HAUUTH 32
HACTYIMHUMHU (OPMYITaAMHU:

Opx,Ed — K g

Op,yEd = kaby

(2) MemOpanHi HanpyXeHHST Omx 1 Omy B

CErMEHTI1 IJ1aCTUHAU MO>XKHa BU3HAYUTU
HAaCTyITHUMHU YAMHOM:
O-m,x,Ed - kcmx
O-m,y,Ed = kamy

(3) Ha 3aBanTa)keHili MOBEpPXHI IUIACTUHU
3aranbHi HANpyXEeHHS BHU3HAYAIOTHCS 3a
3THHAIBHUMU 1 MeMOpaHHUMU
HampyXeHHsMH, HaBeneHuMu B (1) 1 (2),
HACTYITHUM YHHOM:

Oyed = " Ob,xEd +Gm,x,Ed J

Oyed = Obyea T O

(4) Ha He3aBaHTakKeHIN TOBEPXHI TUIACTHHU
3arajibHi HANPYXCHHS BHU3HAYAIOTHCS 3a
3TUHAIbHUMU 1 MeMOpaHHUMU
HampyXeHHsMH, HaBeneHumu B (1) 1 (2),
HACTYITHUM YHHOM:

O-X,Ed = O-b,x,Ed +Gm,><,Ed !

O

(5) Ans TUTACTUHU €KBIBaJICHTHI
HaNpyXXEeHHSI OeqEd MOKHA pO3paxyBaTH 3a
Hamnpy>KeHHSAMM,  HaBeleHUMH Yy  (4),

Peq@

v.Ed = Ob,y.ed T Om,y.Ed-
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C.4 Central patch loading

C.4.1 General

(1) The deflection w and the stresses should be
determined with the formulas provided for a
plate which is loaded by a central patch load-
ing ped, distributed over an area of u long and
v wide:

(C.11)

C.4.2 Internal stresses

(1) The bending stresses obx and ohy in a plate
segment may be determined with the follow-
ing equations:

2

p'ft+a (C.12)
2

pEt+a . (C.13)

(2) The membrane stresses omx and omy in a
plate segment may be determined as follows:

= (C.14)
2
pEtdza (C.15)

(3) At the loaded surface of a plate the total
stresses are calculated with the bending and
membrane stresses given in (1) and (2) as fol-
lows:

(C.16)

(C.17)

m,y,Ed *

(4) At the no-loaded surface of a plate the to-
tal stresses are determined with the bending
and membrane stresses given in (1) and (2) as
follows:

(C.18)
(C.19)

(5) For a plate the equivalent stress ov,eq may
be calculated with the stresses given in (4) as
follows:
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HAaCTYIITHUM YHUHOM:

O,
IpumiTka. Touxkn, iuie: SIKUX
HallPy)KEHUH CTaH BU3HAYAETHCS B

HaBeJICHUX HWXKYe TaONHIIX, PO3TAIIO-
BaHi abo Ha BicaX cuMerpii, abo Ha
TPAHUIAX TaK, IO 3aBISKA CUMETPii a00
BIIITOBITHUM TPaHUYIHAM yMOBaM,
MeMOpaHHI JTOTHYHI HAMNPYXEHHS Tm , @
TaKOX JIOTHUYHI HATIPYXXCHHS BiJl 3THHY Th
JOPIBHIOIOTh HyJI0. AnreOpaiuHa cyma
BIJIITOBITHOTO 3THHAJILHOTO 1 MeMOpaH-
HOT'0 HaIlPYXCHb B TOYKAX, 3a3HAYCHUX B
HABEJACHUX  HIDKYEC TaONMMILX, Jae
3HaYeHHS MaKCUMAIIbHUX 1 MiHIMaJbHUX
HaNpPY>KCHb Ha TIOBEPXHI TUIACTUHU B IIHX
TOYKaX.

C.4.3 Koepimientu K 118 HaBaHTaKeHHS
HA HEeHTPAJIbHIN JIAHII NIaCTUHA

Ta6muusa C.5 — Koedimientu K
Table C.5 — Coefficients k

[ 2
eq,Ed — \/Gx,Ed +0, e “OxedOyed -

(C.20)

NOTE. The points for which the state of
stress are defined in the data tables are
located either on the centre lines or on the
boundaries, so that due to symmetry or the
postulated boundary conditions, membrane
shearing stresses tm as well as bending
shear stresses 1, are zero. The algebraic
sum of the appropriate bending and
membrane stresses at the points considered
in the data tables gives the values of
maximum and minimum surface stresses at
these points.

C.4.3 Coefficients k for patch loading

yjl

o
<
<]
-J_A.
N

xXv

HaBaHTakeHHA:

Ha [CHTPATBHIN JTUTSHIT
Loading:

Central patch loading

I'pannyni ymoBu:

FBC: yci kpai 3akpiruieHi MapHipHO HEPYXOMO
MBC: HopMasibHi 1 JOTHYHI HampyKeHHS
JIOPIBHIOIOTh HYJIIO

Boundary conditions:

FBC: All edges are rigidly supported and rota-

FBC MBC tionally free.
MBC: Zero direct stresses, zero shear stresses
. a 5
ITapamerpu:
Parameters:
o =ula; B =vla
e
bla=1
OLXB p le kcbxl kcbyl kcmxl kcmyl
10 0,1021 1,4586 1,4586 0,1548 0,1548
20 0,0808 1,2143 1,2143 0,1926 0,1926
0.1x0.1 60 0,0485 0,8273 0,8273 0,2047 0,2047
o 100 0,0372 0,6742 0,6742 0,1978 0,1978
150 0,0298 0,5693 0,5693 0,1892 0,1892
200 0,0255 0,5005 0,5005 0,1823 0,1823
0.2x0 2 10 0,0998 1,0850 1,0850 0,1399 0,1399
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20 | 00795 | 08593 | 08593 | 01729 | 01729 |

55



np. ACTY-H b EN 1993-1-7: 20XX

3akinuenns Tadauni C.5

End of Table C.5

yll

HaBanTakeHHA:
Ha HEeHTpaIbHIN JUTSHIT
Loading:

Central patch loading

I'pannyni ymoBH:
FBC: yci kpai 3akpiruieHi IiapHipHO HEPYXOMO

MBC: HopmanbHi 1 JOTHYHI HaNpy>KCHHS
JOPIBHIOIOTHCS HYJIIO
b v {[_‘j 2 > Boundary condition_s:_
<5l FBC: All edges are rigidly supported and rota-
FBC MBC tionally free.
< a) MBC: Zero direct stresses, zero shear stresses
ITapamerpu:
Parameters:
o =ula; B=vla
4
Peq@
bla=1
axf3 p Kw1 Kobxt Koby1 Komxt Komy1
60 0,0478 0,5108 0,5108 0,1756 0,1756
100 0,0364 0,3881 0,3881 0,1624 0,1624
150 0,0293 0,3089 0,3089 0,1505 0,1505
200 0,0249 0,2614 0,2614 0,1412 0,1412
10 0,0945 0,8507 0,8507 0,1144 0,1144
20 0,0759 0,6614 0,6614 0,1425 0,1425
0.3x0.3 60 0,0459 0,3702 0,3702 0,1425 0,1425
100 0,0351 0,2704 0,2704 0,1300 0,1300
150 0,0282 0,2101 0,2101 0,1186 0,1186
200 0,0240 0,1747 0,1747 0,1102 0,1102
10 0,0971 0,9888 0,9128 0,1224 0,1288
20 0,0776 0,7800 0,7101 0,1512 0,1602
0.2x0.3 60 0,0468 0,4596 0,4021 0,1488 0,1624
100 0,0358 0,3468 0,2957 0,1368 0,1512
150 0,0287 0,2760 0,2307 0,1248 0,1389
200 0,0245 0,2340 0,1926 0,1152 0,1310
10 0,0939 0,9119 0,7961 0,1078 0,1183
20 0,0755 0,7216 0,6142 0,1320 0,1487
0.2x0.4 60 0,0457 0,4235 0,3355 0,1287 0,1516
100 0,0350 0,3201 0,2435 0,1166 0,1408
150 0,0280 0,2541 0,1868 0,1045 0,1301
200 0,0239 0,2156 0,1545 0,0968 0,1213
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Ta6muus C.6 — Koedimientu K
Table C.6 — Coefficients k
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HaBaHnTakeHHS:

Ha IEHTPAJIbHIN JUISHII
Loading:

Central patch loading

I'pannyni ymoBu:

A FBC: yci kpai 3akpimieHi mapHipHO HEPYyXOMO
MBC: HopMasibHi 1 JOTHYHI HamNpyXCHHS
JOP1IBHIOKOTH HYJIIO
{[j > Boundary conditions:
<> FBC: All edges are rigidly supported and rota-
FBC MBC tionally free.
ca MBC: Zero direct stresses, zero shear stresses
ITapamerpnu:
Parameters:
o=Uula; B=vla
Peg a'
=
bla=1,5
oxf p Kw1 Kobx1 Koby1 Komxt Komy1
10 0,1303 1,5782 1,3855 0,1517 0,1921
20 0,1018 1,3056 1,1373 0,1786 0,2295
0.1x0.1 60 0,0612 0,8986 0,7701 0,1824 0,2380
T 100 0,0469 0,7411 0,6273 0,1747 0,2295
150 0,0378 0,6298 0,5287 0,1670 0,2193
200 0,0323 0,5568 0,4641 0,1594 0,2125
10 0,1281 1,1974 1,0049 0,1344 0,1780
20 0,1007 0,9453 0,7766 0,1555 0,2116
0.2x0.2 60 0,0605 0,5783 0,4554 0,1465 0,2103
100 0,0462 0,4485 0,3457 0,1329 0,1974
150 0,0372 0,3624 0,2748 0,1208 0,1845
200 0,0317 0,3111 0,2322 0,1133 0,1742
10 0,1229 0,9589 0,7737 0,1074 0,1525
20 0,0972 0,7405 0,5828 0,1232 0,1818
0.3x03 60 0,0585 0,4282 0,3161 0,1110 0,1788
100 0,0449 0,3221 0,2353 0,0988 0,1667
150 0,0361 0,2550 0,1828 0,0878 0,1535
200 0,0309 0,2147 0,1525 0,0805 0,1444
10 0,1260 1,1037 0,8360 0,1154 0,1657
0,2x0,3 20 0,0994 0,8688 0,6322 0,1321 0,1984
60 0,0598 0,5296 0,3553 0,1168 0,1973
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3akinuenns Tadoauui C.6
End of Table C.6

HaBanTakeHHA:

Ha HEeHTPaIbHIN AUTSHIT
Loading:

Central patch loading

I'pannyni ymoBH:
FBC: yci kpai 3akpimieHi mapHipHO HEPYyXOMO

g MBC: HopMasibHi 1 JOTHYHI HamNpyXCHHS
JOP1IBHIOKOTH HYJIIO
bl v {[j 2 > Boundary conditions:
<! FBC: All edges are rigidly supported and rota-
FBC MBC tionally free.
a MBC: Zero direct stresses, zero shear stresses
ITapamerpu:
Parameters:
o=Uula; B=vla
4
Ppga
bla=1,5
axf3 p Kw1 Kobxt Koby1 Komxt Komy1
100 0,0459 0,4114 0,2649 0,1043 0,1853
0,2x0,3 150 0,0369 0,3336 0,2082 0,0931 0,1722
200 0,0314 0,2877 0,1755 0,0848 0,1624
10 0,1235 1,0294 0,7271 0,0993 0,1563
20 0,0977 0,8101 0,5432 0,1109 0,1877
60 0,0590 0,4954 0,2983 0,0955 0,1877
0204 100 0,0453 0,3857 0,2220 0,0826 0,1754
150 0,0365 0,3148 0,1744 0,0722 0,1630
200 0,0311 0,2722 0,1468 0,0658 0,1544
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Ta6muusa C.7 — Koedimientu K
Table C.7 — Coefficients k
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HaBaHnTakeHHS:

Ha IEHTPAJIbHIN JUISHII
Loading:

Central patch loading

I'pannyni ymoBu:
FBC: yci kpai 3akpimieHi mapHipHO HEPYyXOMO

g MBC: HopMasibHi 1 JOTHYHI  HamNpy>KEHHS
JOP1IBHIOKOTH HYJIIO
ﬂj 2 > Boundary condition_s:_
L FBC: All edges are rigidly supported and rota-
FBC MBC tionally free.
a MBC: Zero direct stresses, zero shear stresses
ITapamerpnu:
Parameters:
o=Uula; B=vla
4
Peq@
S
bla=2
oX B P kwl kcbxl kcbyl Komxt kcmyl
10 0,1438 1,6351 1,3560 0,1517 0,1904
20 0,1154 1,3692 1,1106 0,1773 0,2288
0.1x0.1 60 0,0725 0,9633 0,7498 0,1753 0,2438
100 0,0564 0,7979 0,6112 0,1675 0,2355
150 0,0456 0,6797 0,5127 0,1596 0,2271
200 0,0390 0,6028 0,4492 0,1517 0,2188
10 0,1414 1,2542 0,9752 0,1326 0,1751
20 0,1138 1,0078 0,7510 0,1513 0,2104
0.2x0.2 60 0,0716 0,6427 0,4410 0,1373 0,2167
100 0,0555 0,5054 0,3339 0,1232 0,2054
150 0,0449 0,4134 0,2646 0,1108 0,1928
200 0,0384 0,3572 0,2230 0,1030 0,1827
10 0,1362 1,0227 0,7506 0,1062 0,1517
20 0,1104 0,8090 0,5615 0,1190 0,1822
0.3x03 60 0,0698 0,4941 0,3093 0,1024 0,1862
100 0,0542 0,3789 0,2275 0,0883 0,1753
150 0,0421 0,3046 0,1783 0,0794 0,1645
200 0,0374 0,2586 0,1487 0,0717 0,1546
10 0,1395 1,1702 0,8164 0,1146 0,1231
0,2x0,3 20 0,1129 0,9396 0,6153 0,1262 0,1990
60 0,0712 0,6003 0,3488 0,1088 0,2044
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3akinuenns tadauni C.7
End of Table C.7

HaBaHnTakeHHA:

Ha [EHTPaIbHIN AUISHII
Loading:

Central patch loading

I'panuyni ymoBu:
FBC: yci kpai 3akpimuieHi mapHipHO HEPYXOMO

" MBC: HopManbHi 1 JOTHYHI HaNpPy>KEHHS

JAOP1BHIOKOTH HYJIIIO

bl v ﬂj 2 > Boundary conditior!s:_
4| FBC: All edges are rigidly supported and rota-
FBC MBC tionally free.
a MBC: Zero direct stresses, zero shear stresses

IMapamerpu:

Parameters:

o =Uu/a; B=vla

4
Peq@
TR
bla=2
OLXB P kwl kcbxl kcbyl Komxt kcmyl
100 0,0553 0,4742 0,2611 0,0943 0,1947
150 0,0447 0,3901 0,2065 0,0841 0,1830
200 0,0383 0,3379 0,1744 0,0754 0,1733
10 0,1375 1,0976 0,7051 0,0959 0,1551
20 0,1117 0,8829 0,5267 0,1053 0,1886
0.2x0.4 60 0,0706 0,5670 0,2945 0,0851 0,1942

100 0,0549 0,4496 0,2220 0,0729 0,1849
150 0,0445 0,3713 0,1765 0,0635 0,1737
200 0,0381 0,3227 0,1496 0,0554 0,1644
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Ta6muusa C.8 — Koedimientu K
Table C.8 — Coefficients k
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HaBaHnTa:keHHA:

Ha [EHTPaTbHIN TIISHIT
Loading:

Central patch loading

I'pannyni ymoBu:

v4 FBC: yci kpai 3akpimieHi mapHipHO HEPYyXOMO
MBC: HopMasibHi 1 JOTHYHI HamNpyXEHHS
JOP1BHIOKOTH HYJIIO
£¢ > Boundary conditions:
<5l FBC: All edges are rigidly supported and rota-
FBC MBC tionally free.
a MBC: Zero direct stresses, zero shear stresses
ITapamerpu:
Parameters:
o=Uula; B=vla
Peq?’
P
bla=2,5
axf3 p Kw1 Kobxt Koby1 Komxt Komy1
10 0,1496 1,6636 1,3463 0,1552 0,1826
0,1x0,1 20 0,1235 1,4109 1,1006 0,1811 0,2175
60 0,0861 1,0428 0,7453 0,1811 0,2374
10 0,1470 1,2814 0,9650 0,1359 0,1688
0,2x0,2 20 0,1218 1,0491 0,7400 0,1548 0,2000
60 0,0849 0,7205 0,4363 0,1390 0,2088
10 0,1419 1,0504 0,7410 0,1092 0,1443
0,3x0,3 20 0,1182 0,8489 0,5519 0,1222 0,1726
60 0,0827 0,5681 0,3052 0,1014 0,1775
10 0,1455 1,1981 0,8056 0,1161 0,1579
0,2x0,3 20 0,1210 0,9820 0,6053 0,1294 0,1876
60 0,0847 0,6806 0,3487 0,1088 0,1982
10 0,1434 0,1126 0,6949 0,0986 0,1469
0,2x0,4 20 0,1199 0,9261 0,5168 0,1069 0,1763
60 0,0844 0,6480 0,2993 0,0849 0,1873

61



np. ACTY-H b EN 1993-1-7: 20XX

JOJATOK HA
(noBigKOBMIA)

MNEPEJIIK HAIIIOHAJIBHUX CTAHJIAPTIB YKPATHU (JICTY),
IJEHTUYHUX MIZKHAPOJHUM CTAHJAPTAM (MC), IOCHUJIAHH HA SIKI € B
EN 1993-1-7:2007

[TozHayeHHst Ta Ha3Ba | CTymiHb [TozHayeHHss Ta  Ha3Ba  HALIOHAJIBHOIO
€BPOIEHCHKOI0 CTAHIAPTY BiANOBiAH | cTtanmapty Ykpainu (JJCTVY)
ocTi
EN 1993 Eurocode 3: Design of steel IDT JACTY-H B EN 1993 «EBpokox 3.
structures [IpoekTyBaHHsl CTaleBUX KOHCTPYKIIi», BCl
JACTHHH
EN 1993-1-1:2005 Eurocode 3. De- | 'PT JICTY-H B EN 1993-1-1:2010 «EBpokon 3.
sign of steel structures. General rules [TpoekTyBaHHsI CTaJeBUX KOHCTPYKIIIH.
and rules for buildings Yactuna 1-1. 3aranpHi npaBuia i npaBuia Jyis
cinopyn (EN 1993-1-1:2005, IDT)»
EN 1993-1-3:2006 Eurocode 3: De- | 10T JCTY-H B EN 1993-1-3:2012 «EBpokox 3.
sign of steel structures - Part 1-3: [TpoekTyBaHHS CTaJICBUX KOHCTPYKIIiH.
General rules - Supplementary rules Yactuna 1-3. Baranpni npaBwmia. JomaTkosi
for cold-formed members and sheet- npaBuJjIa Ui XOJIOAHO(POPMOBAHUX CIIEMEHTIB i
ing npodineoBannx suctiB (EN 1993-1-3:2006,
IDT)»
EN 1993-1-4:2006 Eurocode 3: De- | 10T JICTY-H B EN 1993-1-4:2012 «EBpokon 3.
sign of steel structures — Part 1-4: ITpoextyBaHHs CTaJIEBUX KOHCTPYKIIIH.
General rules — Supplementary rules Yactuna 1-4. 3aranabHi nojgoxenHs. J[omaTkosi
for stainless steels npaBuia a8 Hepkasitouoi crami (EN 1993-1-
4:2006, IDT)»
EN 1993-1-5:2005 Eurocode 3: De- | 10T JCTY-H B EN 1993-1-5:2012 «EBpokox 3.
sign of steel structures — Part 1-5: ITpoextyBaHHs CTaJIEBUX KOHCTPYKIIIH.
Plated structural elements Yactuna 1-5. TlnactuHYacTi KOHCTPYKTHUBHI
enementr (EN 1993-1-5:2006, IDT)»
EN 1993-1-6 Eurocode 3: Design of | !PT JCTY-H B EN 1993-1-6:2011 «EBpokox 3.
steel structures: General rules: Part [TpoexTyBaHHs CTaJIeBUX KOHCTPYKIIIH.
1.6: Supplementary rules for the YacTtura 1-6. MiIHICTh Ta CTIHKICTh 000JIOHOK
strength and stability of shell structures (EN 1993-1-6:2007, IDT)»
EN 1993-1-8:2005 Eurocode 3. De- | 10T JCTY-H B EN 1993-1-8:2011 «EBpokox 3.
sign of steel structures. Design of [TpoexTyBaHHs CTaJIeBUX KOHCTPYKIIIH.
joints Yactuna 1-8. IlpoekryBanus 3’emananb (EN
1993-1-8:2005, IDT)»
IDT

EN 1993-1-9:2005 Eurocode 3: De-
sign of steel structures - Part 1-9:

JACTY-H b EN 1993-1-9:2012 «EBpokon 3.
IIpoexTyBaHH CTaJIeBUX KOHCTPYKIIH.
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Fatigue

Yactuna 1-9. Bwurpusamicts (EN
9:2005, IDT)»

1993-1-
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EN 1993-1-10:2005 Eurocode 3: | 'PT JICTY-H B EN 1993-1-10:2012 «Espokon 3.
Design of steel structures — Part 1- [TpoekTyBaHHs CTaJICBUX KOHCTPYKIIiH.
10: Material toughness and through- Yactuna 1-10. Yaapua B’s3kicts (EN 1993-1-
thickness properties 10:2005, IDT)»
EN 1993-1-12:2007 Eurocode 3: DT JCTY-H B EN 1993-1-12:2012 «Espokox 3.
Design of steel structures — Part 1- [TpoekTyBaHHs CTaJICBUX KOHCTPYKIIiH.
12: Additional rules for the extension Yactuna 1-12. Jlogarkosi npasuia g0 EN 1993
of EN 1993 up to steel grades S 700 ans craneit xnacip sume S 700 (EN 1993-1-
12:2007, IDT)»
EN 1993-4-1 Eurocode 3: Design of | !PT JICTY-H B EN 1993-4-1:20XX «EBpokon 3.
steel structures: Part 4.1: Silos [TpoexTyBaHHs CTaJIeBUX KOHCTPYKIIIH.
Yactuna 4-1. Cumocu (EN 1993-4-1:2007,
IDT)»
EN 1993-4-2 Eurocode 3: Design of | 'PT JICTY-H B EN 1993-4-2:20XX «EBpokon 3.
steel structures: Part 4.2: Tanks [IpoektyBanHs CTaJIeBUX KOHCTPYKIIIH.
Yactuna 4-2. PesepByapu (EN 1993-4-2:2007,
IDT)»
IDT

EN 1991 Eurocode 1 — Action on
structures — All parts

JACTY-H b EN 1991 «€Bpokon 1. [lii Ha
KOHCTPYKIIii», BCl YaCTHHU
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Kox YKH/: 91.080.10

Kiro4oBi ciioBa: mpoekTyBaHHS, TOBrOBIYHICTh, TPAHWYHI CTaHH, MaTepialiid, MIIHICTh, IUIACTHHA,
CETMEHT IUTACTHUHH, CTIHKICTh, HAMPYKEHO-Ie(POPMOBAHHUI CTaH.

Pextop Jlon6ackkoi HaIlioHaTBHOT aKaaeMii
OyIIBHHUIITBA 1 apXITEKTypH, A.T.H., Tpod.
(HayKOBUH KEPiBHHUK) €. I'opoxos

[TpopekTop 3 HAyKOBO1 poOOTH,

I.T.H., Tpod., BIANOBIJAUIPHIUN BHUKOHABEIlh B. MymanoB
pO3poOKu
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