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INIEPEIMOBA

1 BHECEHO: /Ion6acbka HallioHaJIbHa akaaeMisi OyAiBHUAIITBA 1 apXiTEKTypH
INEPEKJIAl I HAYKOBO-TEXHIYHE PEJIAI'YBAHHA: €. I'opoxoB, 1.T.H., (HAyKOBUI KepiB-
HuK), B. MymaHnos, 1.T.H.

2 HAJAHO UYHMHHOCTI: wnaka3 MiHicTepcTBa pPETIOHATBHOTO  PO3BUTKY, OYIIBHHUIITBA
Ta KUTIOBO-KOMYHAJIBLHOTO TOCIIOAAPCTBA Y KpaiHU BiJl Ne

3 Hauionaneuuii ctannapt Bianosigae EN 1993-1-7:2007 Eurocode 3: Design of steel structures -
Part 1-7: Plated structures subject to out of plane loading. (€Bpokosx 3. [IpoekTyBaHHS CTaJIEBHX KOHC-
Tpykuiil. Yactuna 1-7. [InacTuHYacTi KOHCTPYKIIi MPU HABAHTAXKEHH1 1032 MEKaMU TUIOIIHNHH)
Crymnins BianoBigHocTi — inentuunuii (IDT)

[Tepexnan 3 aHTiHCHKOI (en)

Heii cranpapt Buaano 3 no3soay CEN

4 YBEJIEHO BIIEPIIIE

IIpaBo BiacHOCTI Ha el JOKYMEHT HAJICIKUTD JIeP:KaBi.
Heit 1ToKyMeHT He Mo:Ke OyTH MOBHICTIO YH YaCTKOBO BiITBOpPEeHU, THPAKOBAHU
i po3noBcloIKeHUI sIK odiniiiHe BUIaHHA 0€3 103BOTY
MinicTepcTBa perioHajJbLHOT0 PO3BUTKY, OYAIBHHUTBA Ta KUTIOBO-KOMYHAJbHOI0 FOCNOJApCcTBa YKpaiHu

Minperion Ykpainu, 20XX

II
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HAIIIOHAJIBHUH BCTYII

Le#t cranmapt € TotoskHUM niepeknagom EN 1993-1-7:2007 Eurocode 3 — Design of steel struc-
tures — Part 1-7: Plated structures subject to out of plane loading . (€Bpokon 3. [IpoekTyBaHHS cTaje-
BUX KOHCTpyKIii. Yactuna 1-7. [InacTuHYAcTi KOHCTPYKIIT MPH HaBaHTAXXEHHI 11032 MEXaMH TUIOMIH-

EN 1993-1-7:2007 migrotosneno Texuiuanm Komiterom CEN/TC250 «KoHCTpyKIiitHI €BpOKOIN»,
Cekperapiat skoro yrpumye bpuTaHChKUN 1THCTUTYT CTaHIAPTIB.

J1o HaIIOHATLHOTO CTAHJAPTY JOJYYICHO AaHTJIOMOBHUH TEKCT.

Ha  Teputopii VYkpaiHu §K  HallOHAJBHMA  CTaHIApT  Ji€  JiBa  KOJOHKAa  TEKCTY
JACTY-H b EN 1993-1-7:2012 «€EBpoxoa 3. [IpoekTyBaHHs CTajlieBUX KOHCTpyKiiil. Yactuna 1-7.
[TnacTuHYacTi KOHCTPYKIii MpU HaBaHTa)xeHHI mo3a Mexamu Twiomman (EN 1993-1-7:2007, IDT)»,
BUKJIaJICHA YKPAIHCHKOI MOBOIO.

Bignosigno no /IBH A.1.1-1-2009 «Cucrema cranaapTu3sailii Ta HOpMyBaHHS B OyIiBHUIITBI.
OCHOBHI TIOJIOKEHHS» TIeH CTaHAAPT BiTHOCUTHCS 10 KoMIuiekcy B.2.6 «KoHcTpykmii Oy inHKIB i cro-
pyI».

CraHgapT MICTUTh BUMOTH, K1 BiATIOBITAlI0OTh YAHHOMY 3aKOHOJABCTRBY.

HaykoBo-TexHiuHa oprasizaiisi, BiAMoBiJanbHa 3a Lel cTaHmapT — JloHOacbka HalioHaNbHA
akazeMis OyIiBHHIITBA 1 apXiTEKTYypH.

Jlo ctanmapTy BHECEHO TaKi peAaKIiiiHi 3MiHU:

- CIIOBa «IIei MKHAPOJHUN CTAHIAPT» 3aMiHEHO HA «IICH CTaHIapT;
- CTPYKTYypHi eneMeHTH ctaHaaprty: «OOkmaauHky», «l[lepenMoBy», «HamioHanbHUN BCTY»,

«BusnaueHnst moHATH» Ta «bibmiorpadivni maHi» 0GOpMIIEHO 3TiAHO 3 BUMOTAaMH HAIliOHAJb-

HO1 cTaHAapTu3alii YKpainy;

- 3 «llepenmoBu 10 EN 1993-1-7:2007» y nieii «HarioHaIbHUI BCTYID» B35TE TE, IO Oe3mocepe-

JTHBO CTOCYETHCS IIbOTO CTAHAAPTY;

- HaIOHAJTBHHHA JTOBIJKOBHH JTOJIATOK HABEJACHO SIK HACTAHOBY JIJISl KOPHUCTYBAYiB.
[Tepenik HamioHanpHUX crtaHAaptTiB Ykpainu (JACTY), inentuunux MC, mocuiiaHHs Ha sIKi € B
EN 1993-1-7:2007, naBeneno B nogatky HA.
Komii MC, He nmpuifHATHX K HaI[lOHAJIbHI CTaHAAPTH, Ha sKi € mocunanHs B EN 1993-1-7:2007,
MoOkHa oTpuMatu B ['onoBHOMY (oIl HOpMaTuBHUX H0KyMeHTiB JAIT « YkpHJIHL.

III
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Beryn

et €Bponeiicbkuit Crannapt EN 1-7, €spo-
Koz 3. [IpoekTyBaHHS CTaneBUX KOHCTPYKIIIiA:
Yactuna 1-7. [TnactuHYacTi KOHCTPYKLIT MU
HAaBaHTAXXCHHI 032 MeXaMH IUIOIIKWHU, OyB
MHIATOTOBIECHUN TexHiuHUM KomiteTom
CEN/TC250 «KoncTpykuiiiHi  €Bpokoan»,
Cexkperapiar sikoro tpumae BIC. CEN/TC250
BignoBigansHUil 3a Bci KoHcTpykuiiiHi €Bpo-
KOJIH.

Ileii €pponeiicbkuit CTaHmapT NOBHHEH
orpumaru craryc [epxkcranmapty abo my6i-
Kallilo 1J€HTUYHOTO TEKCTy, abo MiaTBep-
JDKCHHSIM HE Ti3Hime, sk y koBTtHi 2007, 1
koH(pmikTytoul JlepkcTaHgapTu MaioTh OyTu
ckacoBasi He mi3HimIe oepesns 2010.p.

Leit €Bpoxon 3aminioe ENV 1993-1-7.

3rinHo g0 Bayrtpimnix IIpaBun CEN-
CENELEC, Opranizauii Hamionanpaux Cra-
HIApTIB HACTYMHMUX KpaiH 3B's3aH1 /Ui peai-
3amii nporo €Bponericbkkoro Crangaprty: ABc-
Tpis, benbris, bonrapis, Kinp, Uecbka Pecrmy-
onika, [lanis, Ecronis, @innanais, Opaniris,
Himeuunna, I'pemis, Yropmwmna, Icmammis,
Ipnannis, Iramis, JlatBis, JIuta, Jltokcem-
Oypr, Mansra, Hinepnanau, Hopgeris, [1ons-
mia, [Topryranis, Pymynis, CnoBauuuna, Cino-
BeHis, Icmanis, [Iseris, Ilseinapis i O0'en-
Hane KopoumniBcTBo.

Hamionaneauit nonatok 1o EN 1993-1-7.

Le#t cranmapT Haxae albTEPHATHBHI MPOIIE-
NypH, 3HaYEHHsI 1 peKOMEHAIII1 3 TPUMITKAMU
SK1 BKa3ylOTb, 1€, MOKJIIMBO, TOTPiOHA PO3po-
OKa HaliOHAJTBHHUX aNbTepHATHB. HarioHaan-
HUW craHmapt, skuil peamizye EN 1993-1-7,
noBuHeH MaTtu Harmionansumii Jlomatok, 1o
MicTuTh Bci HalioHanbHO BH3HAuYeHI mapame-
TpPH, SIKi MalOTh BUKOPUCTOBYBATHUCS ISl TIPO-
eKTyBaHHS CTaJeBUX KOHCTPYKIIiH, 110 KOHC-
TPYIOIOTh B JIOpeuHil KpaiHi. HamioHamsHMit
BUOip no3BonseThcsi B EN 1-7 wuepe3: —
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 BSL
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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HALIOHAJILHUN CTAHJIAPT YKPATHU

€BPOKO/ 3. IPOEKTYBAHHS CTAJIEBUX KOHCTPYKIIN
YACTHHA 1-7. INTACTUHYACTI KOHCTPYKIII ITP1 HABAHTAKEHHI
HHO3A MEXAMMU IJIOIIUHU

EBPOKO/] 3. TIPOEKTUPOBAHUE CTAJIbHBIX KOHCTPYKIINIA
YACTD 1-7. INTACTUHYATBIE KOHCTPYKIHNU TP HAT'PY3KE 3A
I[MTPEJAEJIAMUA ITNIOCKOCTH

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

OcHoBu nporpamu €Bpokoay

VY 1975 poui Kowmicis €Bponeiicbkoi Crifib-
HOTH BHpIIIMIA PO3MOYATH Mporpamy il y
ramysi OyNiBHUIITBa Ha MiJACTaBi crarTi 95
JHloroBopy. MeTtoro nporpamu 0yino ycyHEH-
HS TEXHIYHUX MEpelIKoj sl TOPriBii Ta
Y3TOPKEHHSI TEXHIYHUX YMOB.

VY pamkax uiei nporpamu aii Komicist B3sina
Ha cebe 1HINIaTUBY BCTAHOBUTHU CHUCTEMY
Y3TODKEHUX TEXHIYHUX TPABWII IS TPOCK-
TyBaHHsS OyJiBeNb 1 CHOPYI, AKI Ha MEpIIii
CTafmii Malu CIyryBaTH aJbTEPHATHUBOIO
YUHHUM HAallOHAJbHUM MpaBUJIaM JeprKaB-
YJICHIB, a 3PEIITOI0 MaJIA 3aMIHUTH iX.

VYnoponosx msTHaguaTH pokiB Kowmicis 3a
nonomoror PoGoyoro komiTtery, 10 CKIamy
SAKOTO BXOIWIM TIPEICTABHUKU JICPIKaB-
YJICHIB, BeJla PO3poOKy mporpamu €BpOKOIB,
sKa Tpu3Bena 10 MyOJiKalli KOMIUIEKTY
NEepIIOro MOKOJIIHHS €BpPONEHChKUX KOIIB Y
80-x pokax.

VY 1989 poui Kowmicist ta nepkaBu-unenn EU
(E€sporneiicbkoi CrninmbHoTH) Ta EFTA (E€BpO-

YuHHui Bijg

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
States of the EU and EFTA decided, on the
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neiicbkoi  Acorriamii BimeHoi Toprismi) Ha
ocHoBi yromu' Mix Kowmiciero ta CEN (€Bpo-
NEeChbKUM KOMITETOM 31 CTaHAapTu3allli) BU-
pIIMIM TIepeaTH MiArOTOBKY Ta MyOiKallio
€spoxonai CEN 3a nonomoroto cepii Manna-
TiB, IO B pe3yJbTaTi Hajano 0 €BpokojgaM y
MaliOyTHbOMY cTaTycy €BpONeichKOro CTaH-
napty (EN). Lle nos’s3ye €Bpokoau 3 moso-
xenasMu Jlupektu Pamu i Pimens Kowicii
moao €Bporneichkux crtannapris (Tooto u-
pektuBu Pamu 89/106/EEC mono OymiBens-
HUX BHpoOiB — CPD — Tta [upextuB Panm
93/37/EEC, 92/50/EEC Tta 89/440/EEC Bin-
HOCHO CYCHLUIFHUX POOIT Ta MOCIYT 1 eKBiBa-
nentHux aupektuB EFTA, 3anmodyarkoBanux 3
METOIO JIOTIOMOITH 3aCHYBAHHIO BHYTPILIHBO-
IO PUHKY).

CrpykTypHa nporpama €BpOKOAIB BKJIOYA€E
CTaHJIapPTH, SIKi B OCHOBHOMY CKJIaJal0ThCA 3
JEKUTbKOX YaCTHH:

EN 1990 €Bpokon: OcHOBU NPOEKTYBAHHS
KOHCTPYKIIN

EN 1991 €Bpokon 1: [lii Ha KOHCTpYKLIi

EN 1992 €Bpokon 2: [IpoexTyBaHHS 3ai1i30-
OETOHHUX KOHCTPYKIIN

EN 1993 €Bpokon 3: IIpoektyBaHHs cTae-
BHX KOHCTPYKIIIH

EN 1994 €Bpokon 4: IIpoexTyBaHHs cTase-
3113006 TOHHUX KOHCTPYKITIH

EN 1995 €Bpokon 5: IlpoextyBanHs ne-
pEeB’SIHUX KOHCTPYKITIH

EN 1996 €Bpokon 6: IlpoexTyBaHHS
KaMm’STHUX KOHCTPYKIIIH

EN 1997 €Bpokop 7: 'eoTexHiuHE MPOEKTY-
BaHHS

EN 1998 €spokon 8: IlpoekTyBaHHs ceiic-
MOCTIHKHX KOHCTPYKIIIH

EN 1999 €Bpokon 9: IlpoekTyBaHHS aitoMi-
HIEBUX KOHCTPYKIIIH.

Crangaptu €BpOKOJiB BU3HAIOTH BiJIMOBiA-
JTBHICTh PETYJISATOPHUX OpPraHiB JepKaB-
YJICHIB Ta 3aXUIIAIOTHh iX MPaBO Ha MPHU3HA-
YEHHs BEJIMYMH, SK1 TTOB’S3aH1 3 PETyJIIOBaH-
HSM TWUTaHb O€3MEKH Ha HalliOHAILHOMY
piBHI TaMm, Jie BOHU BiJIPI3HIIOTHCS.

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.

'Vrona mix Komiciero €Bponeiicbkoi CrinbHOTH Ta
€BporeiiceknM koMmiTeToM 31 cramapruzamnii (CEN)
mono poboTh Hajy €BPOKOJAMH IS MPOEKTYBAaHHS
oyniseins 1 cnopyn (BC/CEN/03/89).

' Agreement 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
engineering works (BC/CEN/03/89).



Craryc Ta rajiy3b 3aCTOCyBaHHS
€Bpokoain

Hepxau-unenu EU ta EFTA Bu3HatoTsh, 110
€BpOKOIM MIIOTH SK €TAJIOHHI JTOKYMEHTH
JUTSL TAKKUX LI

— sIK 3aci0 JOBENCHHS BiAMOBIIHOCTI OyIi-
BEIb 1 CIIOPYJ OCHOBHUM BHMOTaMm Jlupek-
tuBu Pagm 89/106/EEC, 30kpeMa OCHOBHIi
BuMO31 Ne 1 — MexaniuHa MIIHICTb Ta CTiii-
KICTh — 1 OCHOBHIN BHMO31 Ne 2 — TloxkexxHa
Oe3meka;

— SIK OCHOBA ISl YKJIQAAHHS KOHTPAKTIB IS
OyIiBeNb 1 CIOPYJ Ta TOB’S3aHUX 3 HUMU
IH)KEHEPHHUX MOCTYT;

— SIK OCHOBa JUIsl CKJIIQJaHHS Y3TOPKEHUX
TEXHIYHUX crenuikamiii s OyaiBelIbHUX
BHupoOiB (ENs ta ETAsS).

€BpOKOAM, OCKUIBKM BOHU 0O€3MOCEPEIHbO
BITHOCATBHCS 10 OY1IBEIBHUX CIIOPY, MAIOTh
OpsIMUKA 3B 30K 13 TIIyMayHHUMH JOKYyMEH-
TaMu’ po3ainy 12 CPD, He3Baxarouu Ta Te,
III0 BOHM MAaroTh Pi3HY NMPHPOIY 3 FapMOHI-
30BaHMMHM CTaHAapTaMu Ha BHpoOW . Takum
YUHOM, TEXHIYHI aCIEKTH, IKi BUIIMBAIOTH 3
€BpokoxiB s OyniBesb 1 criopy, TOBUHHI
B TOBHIi Mipi OyTH po3riasHyTuMu TexHid-
Humu komiteramu CEN Tta/um pobounmu
rpynamMu EOTA, ski po3poOisitoTh cTaHzap-
TH Ha Oy/iBeNbHI BUPOOH, 3 MO3UIINA JOCAT-
HEHHSl TIOBHOI CYMICHOCTI TEXHIUHHUX CIIe-
nugikariii 3 €Bpokogamu.

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

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.l — 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..

’Bigmosiggo mo cr. 3.3 nokymenta CPD ocHOBHIi
Bumoru (ER) orpumarors koHKpeTHy Qopmy y Tiy-
MaYyHUX JOKYMEHTaX JUIsi CTBOPEHHS HEOOXiTHHUX
3B’S3KIB MK OCHOBHHMH BHMOTaMH Ta MaHIaTaMH
s rapmoHizoBaHuX ENs Ta ETAGS/ETAs.

3BinmosiaHo mo cr. 12 CPD TtiaymauHi ZOKyMEHTH
MaroTh:

a) HalaTH KOHKPETHOI (OpMHU OCHOBHHUM BHMOTaM,
Y3TOJIUBILY TEPMIHOJIOTIIO 1 TEXHIYHI 3acajy 1 BKa3a-
BIIM Kyacu abo0 PiBHI JJIsi KOXKHOI BUMOTH, JI€ 11e He-
00XiHO;

b) BkazaTH MeTOAM BCTAHOBJIEHHS CIIiBBIJHOIICHHS
MDK IIMMH KJj1acaMu a0o PIBHSIMM BHMOT 13 TEXHIYHH-
MU BUMOTaMHM, HAaIlPUKIIa], METOAW PO3PaXyHKY 1
TIepeBipKH, TEXHIYHI IPaBUIa MIPOSKTYBAaHHS TOIIIO;

C) CIyTyBaTH pEKOMEHIALIEI0 JUIsI BCTAHOBICHHS
Y3rOKEHUX CTaHOAPTIB 1 HACTAHOB AT €BPOIIEHCH-
KOT'O TEXHIYHOT'O YXBaJICHHS.

According 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.
According 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.;

¢) serve as a reference for the establishment of har-
monised standards and guidelines for European tech-
nical approvals.
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€Bpokoan (PaKTUYHO BIFIrparOTh MOMIOHY pONb Yy
cepi ER 1 i gactuni ER 2.

Crangaptu €BpOKOAIB PETIAMEHTYIOTh 3a-
rajibHi MpaBuia MPOEKTYBAaHHS JJSl MPaKTH-
YHOTO BUKOPHCTAHHS BCiX KOHCTPYKIIN Ta ix
KOMITOHEHTIB SK TPAAMIIIHOrO, TaK 1 1HHO-
BallifHOTO XapakTepy. YHiKanbHI (opmMu
KOHCTpYKIii a00 yMOBH HpPOEKTyBaHHS CIie-
11aJIbHO HE OXOILTIOIOTHCS, 1 B TAKUX BHUMAJI-
KaX MPOEKTYyBaJbLHUKY MOTPIOCH T0JaTKOBUIA
€KCIIEPTHUN PO3IJISL.

HaunionajabHi crangaptu,
110 BIPOBAIKYIOTH €EBpoKoau

HarionaneHi crangapTy, 1o BIPOBAIKYIOTh
€BpOKOJIM, 3aBXIH BKIIOYAIOTH TTOBHHM
TeKCT €BpOKOAY (BKIIOYAIOYM BC1 JOJIATKH),
Buganuii CEN, sikoMy MOXyTh nepenyBaTH
Hamionaneuuii TutynpHUE nuct Ta Hamio-
HaJbHA TIEPEIMOBA, a TAKOXK MOXKYTh CyIpO-
BOKyBaTHCs HaiioHanbHUM JOJTaTKOM.

HamionanbHuil 10aTOK MOXKE BKJIHOYATH
iH(pOpMaIIif0 BiTHOCHO THX TapameTpiB, fKi
3aJMIIWINCS BIIKPUTUMHU B €BpOKOJAX AJs
HaI[lOHAIBHOTO BHOOpPY, BiJIOMi SIK HaIliOHA-
JHHO BM3HAYEHI HapaMeTpu il BUKOPHC-
TaHHS NP MIPOEKTYBaHHI OyiBeNb Ta 1HXKe-
HEPHUX CHOpYJ, 10 OyIyTh 3BENEHI y 3alli-
KaBJICHIH KpaiHi, a came:

— 3HAUEHHS YaCTKOBUX KOeQillleHTIB Hali-
HOCTI Ta/abo0 Kiacudikaiiro BHITAJKIB, IS
AKMX €BPOKOJ| PErJIaMEHTy€ BUKOPUCTAHHS
aJIbTePHATHB;

— 3HAYEeHH4, SIK1 CJIiJi BUKOPUCTOBYBATH TaM,
e B €BPOKOJAI HAaBEIEHO TIIHKU TO3HAYCH-
HS;

— crneuudivyHi gaHi kpainum (reorpadivHi,
KJIIMaTU4Hi TOIIIO), HATTPUKIIA[, KapTa BITPY;
— KOHKPETHI METOJUKHU Il THX BUMAJKIB,
KoJIn €BpPOKOJ| PEryIaMeHTye BUKOPHUCTAHHS
AJIbTEPHATHB.

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.



3B’s13Kku Mixk €BpokogaMu
Ta TAPMOHI30BAHUMHU TeXHIYHUMHU
cneuudikanisvu (ENs ta ETASs)
1JIs1 BUPOOiB

HeoOxigHa y3romkeHicTh MK rapMOHI30Ba-
HUMH TEXHIYHUMH Crierudikamisamu s 0y-
NiBEIbHUX BUPOOIB Ta TEXHIYHHUMH TpaBU-
JTaMu Ui OyZiBelb i ciopya Ta OyaiBeTbHIX
poGit®. Kpim Toro, y moBHiii indopmarii, sika
cynpoBokye CE mapkyBaHHsI OyiBEITbHUX
BUPOOIB 1 Mae BITHOLICHHS 10 €BPOKOIB,
Mae OyTH YITKO 3a3HAYCHO, SKi HAI[IOHAHLHO
BU3HAUYEHI MapaMeTpu OyJu B3ATi O yBaru.

HanionansHuii 101aTOK
s EN 1993-1-7

Le#i crangapT Hajgae albTepHATHBHI MpOIIe-
JypH, BETMYUHU 1 pEKOMEHAITIT /TSI KJTaciB 3
MIPUMITKaMH, SIKi BKa3ylOThb Micle, Je HeoO-
XigHO 3poOWTH HarioHaNbHI BUOIp. Takum
yuHOM, HarlioHansHU#W cTaHAApT, SIKUH iMII-
nementye EN 1990 nosunen matu Harriona-
JBLHUN JOOATOK, KUK BKIro4Yae Bcl Hartiona-
JHHO BHU3HAYCHI MapaMeTpH, SIKi BUKOPUCTO-
BYIOTbCSI TIPH TPOEKTyBaHHI OyJiBenb Ta
IUBUIBHUX CIIOPYI , SIKI OyAyTh 1MOOY/10BaHi
y BIAMOBITHIN KpaiHi.

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

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.
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1 3AT'AJIBHI ITIOJIOKEHHSA

1.1  T'any3b 3acToCcyBaHHA

(1)P Lleii HOpMATHBHHMI JTOKYMEHT MICTUTh
OCHOBHI TpaBWJIa MPOEKTYBaHHS BIIbHO MiJ-
MEePTUX 1 MAKPITUIEHUX IJIACTUH, siKi Gopmy-
I0Th YaCTHHY IUIOCKHMX JIMCTOBUX KOHCTPYK-
1[1{, 3aBaHTAKCHUX HABAHTAXXCHHSIM I103a Me-
KaMHU IUIOIIMHY, TaKUX SK CHJIOCH, pe3epBya-
pu 1 KoHTeMHepu. JlaHuil cTaHmapT NMpuU3HaYe-
HUW 1715 3acTocyBaHHS pazoM 3 EN 1993-1-1
Ta IHIIMMU CTaHJAPTaMH BiAIMOBIIHOTO TPHU3-
HAYEHHS.

(2) llum HOpMATHBHMM JIOKyMEHTOM BH3Ha-
Yal0ThCs MPOEKTHI 3HAYEHHS MILHOCTI: 4acT-
KOBUI Koe(imieHT HamiiHOCTI MOXe OyTH
NPURHATHNA 3 HalllOHAJIBHUX JOAATKIB CTaH[a-
pTiB BigmoBimHOro mpu3HavyeHHs. [IpoexTHi
3HA4YEHHS, 1110 PEKOMEHAYIOThCS, MIPECTaBIIe-
Hl B CTaH/IapTax BIJANOBIIHOTO MPU3HAYEHHS.

(3) Lleit HopMaTUB MICTUTH BUMOTH JIO TIPOEK-
TYBaHHS 32 TPAHUYHUMH CTaHAMU 33 HECYUOIO
30ATHICTIO;

— IUTACTHYHE PYWHYBAaHHS;
— MaJIOLIMKJIOBA BTOMA,

— BTpara CTIHKOCTI;
— pyHHYBaHHS BHACIIJOK BTOMH.

(4) 3aranbHa piBHOBara KOHCTPYKLIi (3CYB,
BIJIpUB, EPEKUIAHHA) HE BKIIOYEHA 10 IIbOTO
CTaHAapTy, aine po3risiaaerbes B EN 1993-1-1.
PosrnsmanHs 0cOONMBUX YMOB IpENCTaBIICHE
y BiamoBigHux yactuHax EN 1993.

(5) IlpaBuna pOro CTaHAAPTY BIAHOCATHCS A0
BUTBHO MIANMEPTHX 1 MITKPITUICHUX CETMEHTIB
rracTiH. L{i cerMeHTH MmiIacTUH MOXYTh YSIB-
nATH co00r0 abo OKpeMi IIacTUHHU, abo vac-
TUHHU TUIOCKHMX JIMCTOBHX KOHCTPYKIIIH, IO
3aBaHTA)XEHI HABAHTAXKEHHSAM 11032 MEXKaAMH
IJIOIHHHU.

(6) Jlnst mepeBipky HECydoi 3MaTHOCTI BUTBHO
MIANePTUX 1 MiIKPIICHUX MIIOCKUX JINCTOBUX
KOHCTPYKIIii, 0 CIPUHMAOTh TUTbKH BILTUBU
B ix mmomuHi, 1uB. EN 1993-1-5. B mpomy
CTaHJIAPTi PO3TIISIIAIOTHCS TPaBHJIa B3aEMOJIIT
HABaHTAXXEHb B IUIOLIMHI Ta 03a 11 MEeKaMHU.

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.



(7) Hopmu mpoekTyBaHHS sl XOJIOAHO(DOP-
MOBAHHUX €JIEMEHTIB 1 Mpo(iIbOBAHUX JIUCTIB
posrisinaroteesi B EN 1993-1-3.

(8) TemmepaTypHHil qianma3oH, y MeXax SKOTO
el craHgapT JO3BOJICHHH 10 BUKOPHCTAHHS,
BU3HAYCHWH Yy  BIANOBITHMX  YacTHHAX
EN 1993.

(9) TexHiyHi YMOBU LIbOTO HOPMATUBY BiJHO-
CATBCS 7O KOHCTPYKIIM, 110 BUTOTOBJIEHI Yy
BianosinHocTi 1o EN 1090-2.

(10) BirpoBe HaBaHTa)XKeHHSI 1 HaBaHTAXCHHS
BiJl TUCKY CUIIyYUX MaTepialliB MOBHUHHI pO3T-
JSIMATUCS SIK KBa3WCTAaTH4HI BIuMBH. [lis me-
PEBIPKM MIIHOCTI 32 BTOMOIO, €(eKTH, SKi
CIPUYMHEH] JWHAMIYHUMHU HaBaHTA)XKCHHSIMH,
MOBUHHI  BpPaxOBYBaTUCS  BIAMOBIZHO 1O
EN 1993-1-9. TI'onoBHI BEKTOpH HaNpyKeHb,
10 BHUHUKAIOTh BiJ| JAMHAMIYHHUX HaBaHTa-
KEHb, PO3TIIAIOTHCS B LI YaCTHHI SIK KBa-
3UCTAaTUYHI.

1.2 HopmaTuBHi nocunanus

(1) Imst BUKOpUCTAHHS IIbOTO CTAHAAPTy HEO0O-
XiJTHe BUKOPUCTAHHS JITaTOBaHUX a00 HEIaTOBa-
HUX TMOCWJIaHb Ha 1HII JoKyMeHTH. Lli HOpMma-
THBHI TIOCWJIAHHS IIUTYIOTh y BIATIOBIIHUX Mic-
X 3@ TEKCTOM 1 HABOJATHCS Y KIHII JOKyMEH-
Ty y BUIJIS/I CIUCKY. JIJ1si JaTOBaHMX MOCUIIAHb
HACTYITHI TIpaBKU a00 3MIHU B Oyab-sIKiH 3 1UX
myOumikariii HaBoAiThCs B IboMy CTaHmapTi
JMIIIE 32 YMOBOKO BIAMOBIAHOI TOMpPaBKH a0o
neperisity. [l HenaToBaHUX MOCHJIAHb BUKO-
PHCTOBYETHCSI OCTAHHE BHIAHHS IOKYMEHTY 3
MOCHJIAHHSIM (BKITIFOYAIOUH yCi IOTO 3MiHH).

JACTY-H b EN 1993 «€Bpokox 3. Ilpoekry-
BaHHS CTAJIEBUX KOHCTPYKIII»:

JACTY-H b EN 1993-1-1:2010 «€EBpoxon 3.
[IpoektyBaHHsl cTaneBUX KOHCTpyKmii. Yac-
tuHa 1-1. 3aranbHi nmpaBuia 1 mpaBwiia AJis
cropyn (EN 1993-1-1:2005, IDT)»

JACTY-H b EN 1993-1-3:2012 «€EBpoxon 3.
[IpoektyBaHHsl cTaneBUX KOHCTpyKmiil. Yac-
tuHa 1-3. 3aranbHi npasuia. JlogaTkoBi Ipa-
BUJA N7 XOJIOAHO(OPMOBAHUX EIIEMEHTIB 1
npodinboBanux smctiB (EN 1993-1-3:2006,
IDT)»
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(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
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JCTY-H b EN 1993-1-4:2012 «€EBpokon 3.
[IpoektyBaHHsl cTajeBUX KOHCTpYyKIiil. Yac-
tiHa 1-4. 3aranpHi mojokeHHS. J[oaaTKoBi

npaBuiia ans Hepxkasitouoi cram (EN 1993-1-
4:2006, IDT)»

JACTY-H b EN 1993-1-5:2012 «€EBpokon 3.
[TpoexTyBaHHSI CTaNeBUX KOHCTpyKmii. Yac-
tuHa 1-5. [lnacTuHYAcTI KOHCTPYKTHUBHI elle-
MeHTH (EN 1993-1-5:2006, IDT)»

JACTY-H b EN 1993-1-6:2011 «€EBpokon 3.
[TpoexTyBaHHSI CTaNeBUX KOHCTpyKmii. Yac-
TiHA 1-6. MIinHICTE Ta CTIHKICTE OOOJOHOK
(EN 1993-1-6:2007, IDT)»

JACTY-H b EN 1993-1-8:2011 «€Bpokon 3.
[TpoexTyBaHHSI CTalNeBUX KOHCTpyKmiid. Yac-
tuHa 1-8. IlpoextyBanus 3’eqnanb (EN 1993-
1-8:2005, IDT)»

JACTY-H b EN 1993-1-9:2012 «€Bpokon 3.
[IpoexTyBaHHSI CTaNeBUX KOHCTpyKmii. Yac-
tuHa 1-9. Burpusamicts (EN 1993-1-9:2005,
IDT)»

JACTY-H b EN 1993-1-10:2012 «€Bpoxoa 3.
[TpoexTyBaHHSI CTaNeBUX KOHCTpyKmii. Yac-
tuHa 1-10. Ynpapaa B’szkicte (EN 1993-1-
10:2005, IDT)»

JACTY-H b EN 1993-1-12:2012 «€Bpoxoa 3.
[TpoexTyBaHHS CTaleBUX KOHCTpyKii. Yac-
tuHa 1-12. JlomarkoBi mpaBuna 10 EN 1993
st craned kiaciB Bume S 700 (EN 1993-1-

12:2007, IDT)»

JCTY-H b EN 1993-4-1:20XX «€Bpokon 3.
[IpoexTyBaHHS CTaJeBUX KOHCTPYKIid. Yac-
tuHa 4-1. Cunocu (EN 1993-4-1:2007, IDT)»

JACTY-H b EN 1993-4-2:20XX «CBpokog 3.
[TpoexTyBaHHS CTaJeBUX KOHCTpyKmii. Yac-
tuHa 4-2. PesepByapu (EN 1993-4-2:2007,
IDT)»

JCTY-H b EN 1991 «€EBpokon 1. [lii Ha
KOHCTPYKIIi», BC1 YaCTUHH
1.3  Tepminu Ta BU3HAYCHHA

(1) Jlus. 1.5 EN 1990,

(2) B upoMy cTaHAapTi 3aCTOCOBYIOTH TE€pPMi-
HH, BctaHoBlieHl B EN 1993-1-1, a Takox Ha-
CTYMHI TEPMiHHM 13 BIAMOBIIHUMH BU3HAYCH-
HSIMU:

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) The rules in EN 1990, clause 1.5 apply.

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



1.3.1 KoncrpykrusHi ¢popmu i reomerpist

1.3.1.1 niiocka JucToBa KOHCTpykKHisa (plat-
ed structure): KOHCTPYKIIis, sIKa CKIQTA€ThCS
i3 HOMIHAJBHO TUIOCKUX IUIACTHH, 3’€IHAHHUX
pasom. [lmactuHM MOXYTH OyTH SIK TiAKpII-
JeHUMH, TaK 1 HEeMigKPIIUIeHUMU (pucy-
HOK 1.1).

Monepe4yHni eneMeHT XOPCTKOCTI (BiAKPMTMI abGo 3aKpUTUN)
Transverse stiffener (trough or closed)

CermMeHT NNacTuHu
Plate segment

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

1.3.1 Structural forms and geometry

1.3.1.1 Plated structure A structure that is
built up from nominally flat plates which are
joined together. The plates may be stiffened or
unstiffened, see Figure 1.1.

Mnocka nucToBa KOHCTPYKLiA
Plated structure

e

oy
—me
—_——
— —

Mo3BAOXHI eneMeHT XOpCTKOCTi (BiAKPUTUIA abo 3aKpUTUM)
Longitudinal stiffeners (open or closed)

Cy6naHeni
Subpanels

Pucynoxk 1.1 — EnemMeHTH MIOCKHUX JIUCTOBUX KOHCTPYKIIIH.
Figure 1.1 — Components of a plated structure.

1.3.1.2 cermenT muaactuHm (plate segment):
TUIOCKHM JIMCT, SIKHH MOXe OyTH BIIBHO Tij-
neptuM abo migkpirmieHuM. CerMeHT IUIacTH-
HU TIOBUHEH PO3IIISJIATUCS SK OKpEeMHUH ee-
MEHT IIJIOCKOT JINCTOBOI KOHCTPYKITii.

1.3.1.3 enemenT xopcTrocTi (stiffener): muct
a06o mpodib, TPUKPITUICHUN 10 TUIACTUHU 3
METOI0 3armobiraHHs BTpaTH MicLIeBO1 CTilKoC-
Ti IJIACTUHU a0o 11 MiJCUICHHS TIPH il JIOKa-
JHHOTO HaBaHTAXKEHHsS. PO3PI3HIIOTH HACTYTI-
Hi BUJIM €JIEMEHTIB KOPCTKOCTI:

— TIO3/IOBXKHIH, SIKIIO WOTO HAMPsIM CITIBIIAA€
3 OCHOBHUM pPOOOYMM HAIPSIMOM €JIEMEHTAa,
YaCTHHOIO SKOT'O BiH €

— TONEPEYHUH, SKIIO HOTro HapsM MepIeH-
TUKYJISSPHUN O OCHOBHOTO POOOYOro Hampsi-
My eJIeMEHTa, YaCTHHOIO SKOTO BiH €.

1.3.1.4 migkpiniena mnuacruna (stiffened
plate): mnacTuHa 3 momepeyHUMH aboO TO3]0-
BXKHIMU €JIEMEHTaMH JKOPCTKOCTI.

1.3.1.5 cyonmaneasb (sub-panel): memigkpirie-
Ha I1J1aCTUHa, JAKa OKaliMJICHA eJeMEHTaMU
YKOPCTKOCTI Y BUTJISIII CTIHKH 3 TIOsicamH, 1/a00

1.3.1.2. Plate segment A plate segment is a
flat plate which may be unstiffened or stift-
ened. A plate segment should be regarded as
an individual part of a plated structure.

1.3.1.3 Stiffener A plate or a section attached
to the plate with the purpose of preventing
buckling of the plate or reinforcing it against
local loads. A stiffener is denoted:

— longitudinal if its longitudinal direction is in
the main direction of load transfer of the
member of which it forms a part;

— transverse if its longitudinal direction is per-
pendicular to the main direction of load trans-
fer of the member of which it forms a part.

1.3.1.4 Stiffened plate Plate with transverse
and/or longitudinal stiffeners.

1.3.1.5 Sub-panel Unstiffened plate sur-
rounded by stiffeners or, on a web, by flanges
and/or stiffeners or, on a flange, by webs
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mosica 31 CTIHKOIO.

1.3.2 Tepminu i BU3HAYECHHS

1.3.2.1 niiacTuyHe pyiiHyBanus (plastic col-
lapse): Bua pyliHyBaHHS B TPaHMYHOMY CTaH1
3a HECYYOIO 37IaTHICTIO, 32 SKHM KOHCTPYKIIis
BTpayae 3AaTHICTh A0 ONOPY HaBaHTaKEHHIO,
110 TIIBUIIYETHCS, BHACIIOK PO3BUTKY IUTaC-
TUYHOTO MEXaHI3MY.

1.3.2.2 po3puB npu po3TAryBaHHi (tensile
rupture): BUJ pyHHYBaHHS B TPaHUYHOMY CTa-
Hi 32 HECYYOIO 3J]aTHICTIO, 32 IKUM PyHHYBaH-
HSl TUTACTUHU BiIOYBA€THCSI BHACTIAOK PO3TSI-

ry.
1.3.2.3 manounukaoBa BToma (cyclic plastici-
ty): sIBHIIE, K€ HACTYIA€ BHACIIIOK TEKy4OC-

Ti, IO TIOBTOPIOETHCS, BHACHTIIOK IUKJIIB Ha-
BaHTAXCHHS 1 PO3BAHTAKCHHSI.

1.3.2.4 BTpaTa criiikocTi (buckling): sBuie,
SIK€ HACTYyTIa€ BHACIIOK CTUCKY 1/a00 3CyBY.

1.3.2.5 BToma (fatigue): siBuIe, sike HaCTyMa€e
BHACIIZOK i LMKIIYHOTO HaBaHTaKEHHS,
SIKE BUKJIIUKA€E, B CBOIO Yepry, TPIIIUHOYTBO-
peHHS a00 pyHHYBaHHSI.

1.3.3 BiiiuBn

1.3.3.1 HaBaHTa)KeHHsI M03a MeXKaMHu ILI10-
muHA (momepeyHe HaBaHTa:keHHs1) (out of
plane loading): HaBaHTa)KE€HHS, SIKE JJOIA€THCS
NEPIEHANKYISAPHO /10 CEPEeIUHHOI IOBEPXHI
CEerMeHTa TUTACTUHH.

1.3.3.2 3ycnaas B miommHi (in-plane forces):
3ycwis, MO [II0Th TapajiebHO TOBEPXHI
CerMEeHTa IUIaCTUHU. BOHM BUKIMKaHI edek-
TaMH, SKI JIIOTh B TUIONIMHI TIIACTHHHU (Ha-
MPUKIAJl, BIUIUBA TeMIIepaTypu abo TepTs),
ab0 3araJlbHUM HAaBaHTAXEHHSM, IMPUKIIAJIe-
HUM JI0 TUTOCKOT JINCTOBOI KOHCTPYKIIIi.

1.4 Ilo3uayenHs

(1) Ha ngomatoxk 10 THX, SIKI HaBEACHI B
EN 1990 1 EN 1993-1-1, BUKOPUCTOBYIOThCS
HACTYIHI MO3HAYCHHS:

(2) MeMOpanHi Hanmpy>KeHHS y TPSMOKYTHIN
acTuHi (pucyHok 1.2):
o, . — MeMOpaHHI HOpPMaJIbHI HaIpy>KCHHS B

m,x

HampsIMy OCl X, SIKi BUHUKAIOTh BiJ MeMOpaH-
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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.

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

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

1.3.2.5 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

(1) 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:
o, . 1s the membrane normal stress in the x-

5 X

direction due to membrane normal stress re-



HOTO 3yCWId n , 10 I[i€ Ha OJUHHLIO IIUPH-

HU IIJIAaCTHUHU,

0,., — MeMOpaHHI HOPMAJbHI HAIPYKEHHS B

HampsMy oci ), SKi BHHUKAIOTh BiJ MeM-

OpaHHOTO 3yCWJUIA 7, IO JI€ Ha OJWHHIIO

y’
UIMPUHHU TUTACTHHU;
T — MeMOpaHHI JOTHYHI HANpy>XCHHS B

m,xy
wromuHi x0y, sIKi BUHUKAIOTh BiJ MeMOpaH-
HOIO 3CYBHOTO 3yCHIUIA 7, HA OJMHHIIO

IOUPUHHA TJIACTHUHU.
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sultant per unit width »n_;

0,., is the membrane normal stress in the

y —direction due to membrane normal stress
resultant per unit width »_;

T is the membrane shear stress due to

m,xy

membrane shear stress resultant per unit width

1, My

dy, :

Pucynok 1.2 — MeMOpaHH1 Hanpy>KEHHS.
Figure 1.2 — Membrane stresses.

(3) HopmanbHi 1 TOTHYHI HaMpy»XeHHS B Tpsi-
MOKYTHIH IJIaCTHHI BiJI 3ruHY (prCcyHOK 1.3):

0, , — HOPMAJIbHI HANPY>KEHHs B HANPSIMY OCi

X Bl 3TMHAJIBHOTO MOMEHTY m_, WO Ji€ Ha

OJIMHUIIIO ITMPHHU IJIaCTHHU;
0, — HOpMAJIbHI HAIPY)KEHHS B HATIPSIMY OCi

Y Bijl 3THHAILHOTO MOMEHTY /., WO JI€ Ha

OJIMHUIIIO IIMPHHY IJIaCTHHU;
7)., — AOTHYHI HANIPY)KEHHS Bil KPY TUIBHOTO

MOMCHTY mxy, 1o Z[i€ Ha OJWMHHUIIO HIMPUHU

TUIACTHHHY;
T,. — JOTHYHI HANPYXXEHHS BiJ MONEPEYHOI

CUIM ¢ _, IO Ji€ Ha OJUHUILII0 UIMPUHU IIac-

THUHU;
7,,. — JNOTHYHI HAaNPYXKEHHS BIJl MONEPEYHOL

CUJIA ¢, WO Jli€ Ha OJMHULIIO UIUPUHU TUIac-

THUHU.

(3) Bending and shear stresses in rectangular
plates due to bending, see Figure 1.3:

0, 1s the stress in the x -direction due to

bending moment per unit width m _;

0, s the stress in the y -direction due to

bending moment per unit width m ;

7, ,, 18 the shear stress due to the twisting

moment per unit width m_;

7, . 1s the shear stress due to transverse shear
forces per unit width ¢g_ associated with bend-
ing;

7, .. 18 the shear stress due to transverse shear

forces g, associated with bending.

11
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V

Pucynok 1.3 — HopmanbHi 1 JOTHYHI HaNpy>KeHHS, 1110 BAHUKAIOTh TPU 3THHI.
Figure 1.3 — Normal and shear stresses due to bending.

IIpumitka. B 3aragpHOMY BHWITaIKy B
OyIp-sIKili TOYIl TUIACTMHH ICHYE BiCiM
CKJIaJOBUX BEKTOPY HamlpykeHb. JloTHuHI
HANpPYXCHHSL T, . 1 7, Bl ¢ 1¢q,y
OIMBIIOCTI BWIIAAKIB € HECYTTEBUMH B
MOPIBHSIHHI i3 IHIIMMU KOMITOHEHTaMH
HaIpY’>KEHOTO CTaHy, i BiIIOBIAHO, BOHH
MOXYTh  HE  YypaxOBYBaTHCS  IIpH
MPOCKTYBaHHI.

(4) CrpiukoBi JiTepH rperbKoro andaity:

Q@ — CHIBBIIHOIIEHHS JIOBXXKUH CTOPIH CErMe-
HTy mnactunu (a/b);

& — BITHOCHI AedopmMartii;

o, — KoeilieHT 301IbIICHHs] HABaHTaXXEH-
HS;

£ — 3HIKYIOUUH Koe]illieHT mpu BTpaTi
CTIMKOCTI IIJIACTHHH,

O, — HOpPMaJbHE HANpy>XEHHS B HANpsAMY i,

mvB. pucyHkH 1.211.3;

T — JIOTUYHE HAaIpY>KEHHS, JUB. PUCYHKH 1.2
11.3;

v —koedimient [lyacona;

¥,  — YaCTKOBMH KOE(]iLI€HT HaJIHHOCTI.

(5) IpormucHi JiTEpH TATHHCHKOTO aI(aBiTy:
E — Momynb IpYyKHOCTI.

(6) CtpiukoBi JTiTepH JaTUHCHKOTO andaBiTy:

a — JOBXHMHA CETMEHTY IUIaCTUHH, PUCYHKH
1.411.5;
b — mMpHHA CETMEHTY IJIACTUHH, AHUB. PUCY-
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NOTE. In general, there are eight stress
resultants in a plate at any point. The

shear stresses 7, _ and 7,  dueto g,

and ¢, 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;

o, —load amplification factor;
p —reduction factor for plate buckling;

o. — Normal stress in the direction i, see

Figure 1.2 and Figure 1.3;

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

v —Poisson's ratio;

v, — 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



ok 1.411.5;
S, — HOPMATHBHE 3HAYEHHS TPAHMII TUIMH-

HOCTI a00 HOpPMaTHBHE 3HAUEHHA O, M1
Marepiany 3 HeHINHOI AlarpaMoio o — ¢

n, — MeMOpaHHa IMO3J0BXKHS CUJa B i-TOMY
Hanpsimi, kH/m;

n,, — MeMOpaHHe 3yCchiuis 3¢yBy, KH/m;

m — 3TUHAJIBHUI MOMEHT, KH-M/M;
q. — TIoTIepevHa cuja B HampsaMy z, KH/M;

{ — TOBIIMHA CETMEHTY IJIACTHHHU, JIUB. PUCY-
Hxu 1.411.5.

Mpumitka. CHMBOJIH 1 TO3HAYCHHS, SKi HE
MIEPENiYCHI BHIIE, MOSCHIOIOTHCS B TEKCTI
TIPY TP 3raayBaHHi.
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and Figure 1.5;
1eld stress or 0,2% proot stress for ma-
w yleld 0,2% proof fi

terial with non linear stress-strain curve;

n, membrane normal force in the direction
i [kN/m];

n,, membrane shear force [kN/m];

m  bending moment [kKNm/m];

q. 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.

Pucynok 1.4 — Po3mipu 1 0ci HEMIAKPIMJICHUX CETMEHTIB IUIACTHH.
Figure 1.4 — Dimensions and axes of unstiffened plate segments.

EnemeHT )xopcTKOCTI
Stiffeners

Cy6naHenb
Subpanel

y,v/]\
Xy

z,w

Pucynok 1.5 — Po3wmipu i oci miIKpiTIeHNX CETMEHTIB IUTACTHH; €JIEMEHTH KOPCTKOCTI MO-
KYyThb OyTH BIIKPUTOTO 200 3aKPUTOTO MPOdLIIO.
Figure 1.5 — Dimensions and axes of stiffened plate segments; stiffeners may be open or
closed stiffeners.

13
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2 OCHOBM TPOEKTYBAHHA

2.1 Bumorn

(1)P OcHOBHI BUMOTH MPOEKTYBaHHS MOBUH-
Hi Biamosigatu EN 1990.

(2)P [Ipn mpoekTyBaHHI TUIOCKHX JIMCTOBUX
KOHCTPYKLIA MaroThb OyTH IepeBipeHUMH
HACTyIHI TPAaHWYHI CTaHM 3a HECY4YOIO 3]1aT-
HICTIO:

— IUIaCTUYHE pyHHYBaHHS, AUB. 2.2.2;

— MaJIOLMKJIOBA BTOMA, IUB. 2.2.3;

— BTpara CTIAKOCTI, TuB. 2.2.4;

— BTOMa, AuB. 2.2.5.

(3) IlpoekTyBaHHS IMJIOCKUX JTUCTOBUX KOHC-
TPYKIIl Mae 3aJOBOJBHATH BUMOTAaM €KC-
TUTyaTaiiHol MPHUIATHOCTI, 10 BCTAHOBJICHI
y BIATIOBITHUX HOPMAaTUBAX.

2.2 IlpuHUMIM PO3PAXYHKY 32 IPAHUYHH-
MM CTAHAMH

2.2.1 3arajbHi H0JOKeHHSHA

(1)P IpuHummm po3paxyHKy 3a TpaHHYHHMHU
CTaHaMH 3a HECYYOIO 3/IaTHICTIO, 1[0 HaBeJe-
Hi y po3aimi 2 EN 1993-1-1 1 B EN 1993-1-6,
MOBHMHHI, TaK0OX, 3aCTOCOBYBAaTHCS JIO TUIOC-
KUX JINCTOBUX KOHCTPYKIIIH.

2.2.2 IlnacTtuyHe pyiiHYBaHHS

(1) Ilnactuune pyHHyBaHHS — II€ CTaH, 3a
SIKUM YaCTHHA KOHCTPYKIIi OTPUMY€E HaJJIH-
IIKOB1 TUIacTU4HI Jedopmalii, moB’si3aHi 13
PO3BUTKOM IUTACTUYHOTO MexaHi3My. HaBan-
TaXCHHS, 10 BUKJIMKAE IUIACTHYHE DPYHHY-
BaHHS, SIK MPABUJIO, BU3HAYAETHCS MEXaHI3-
MOM, OCHOBaHUM Ha TEOPii MaIHUX BIIXHUICHb.

2.2.3 MaJouuK.JI0Ba BTOMA

(1) ManomukioBa BToMa MOBUHHA PO3IJIsijia-
THUCS SIK TPAaHUYHUI CTaH JJIs IIUKJIIB HaBaH-
TaXEHHA 1 PO3BAHTAKEHHS, IIO MOBTOPIO-
IOTBCS 1 BUKJIMKAIOTh TUIMHHICTh TIPU PO3TS-
ryBaHHI 200 CTUCKY, a00 Tpu Tiif 1 1HIIIN 1ii,
TUM CaMHUM BUKJIMKAIOYX MPOLEC IIACTUIHOT
poOOTH KOHCTPYKIIii, 1110 MOBTOPIOETHCS. Ta-
Ka 3MiHHA TUIMHHICTh MOX€E MPHUBECTH JI0 JIO-
KaJbHOTO  TPIIIMHOYTBOPEHHS  BHACIIJIOK
3MEHIICHHS 3[JaTHOCTI MaTepiaixy MOTJIMHATH
€HEeprilo, 10 1 € 0OMEKEHHSIM MaJIOIUKIOBOT
MIITHOCTI 4epe3 BToMmy. HampyxkeHss, ski
NOB’5I3aHi 3 IIMM TPaHUYHHM CT@HOM, BUHH-

14

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



KaloTh IPY KOMOIHAII1 BCiX BIUIMBIB Ha KOHC-
TPYKIIIO 1 YMOB CyMiCHOCTI ii gedopmyBaH-
HSI.

2.2.4 Brpara criiikocTi

(1) Brpary cTiKOCTI cHimg po3riisigaT sk
CTaH, 3a SIKUM yCsl KOHCTPYKIist abo i1 yactu-
Ha OTPUMYIOTh 3HA4YHI TepeMillleHHs, IO
BUKJIMKAaHI HECTIMKMM CTAaHOM, IIiJi BILJIUBOM
CTHCKAIOUUX 1/a00 NOTHYHHUX HANpyXeHb B
wiactudi. Lle, y mincymky, NpuBOIUTH A0 He-
3IaTHOCTI CIPUIMAaTH NPUPICT HABAHTAXKEH-
HSl.

(2) JlokampHy (MicueBy) BTpaTy CTIHKOCTI
nuB. EN 1993-1-5.

(3) 3runanpHa, OiyHAa KPYTHIJIbHA 1 JIETIaHA-
IilfHA CTIMKICTh €EMEHTIB >KOPCTKOCTI JIUB.
EN 1993-1-5.

2.2.5 Brtoma

(1) Bromy cmig po3rismatd sSiK TpaHUIHHI
CTaH, BUKJIMKaHHIA MOSBOIO 1/a00 3pOCTaHHAM
TPIIIMH NP ITUKIaX 301IbIIEHHS 1 3MEHIIICH-
HSl HaIlpyKeHb, 1110 MTOBTOPIOIOTHCA.

2.3 BniiuBu

(1) XapakTepucTU4HI 3HaYCHHS BIUIMBIB BH-
3HAYAIOTBCA Y  BIANMOBIIHUX  YaCTHHAX
EN 1991.

2.4 Po3paxyHok Ha miacTaBi BUNpoOyBaHb

(1) Bumorn 10 mMpoOeKTyBaHHS Ha IiJICTaBl
BUNpoOyBaHb HaBeneHi y 2.5 EN 1993-1-11y
BIJIMOBIAHKUX YacTUHAX po3aury 9 EN 1993-1-3.
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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.

15
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3 BJACTUBOCTI MATEPIAJIIB

(1) Lleit cranmapT OXOIUTIOE MPOEKTYBaHHS
TUIOCKHX JIICTOBUX KOHCTPYKIIIH, III0 BUTOTOB-
JIeHi 31 cTaneil y BiANOBITHOCTI 10 CTaHAApPTIB,
3a3HaueHux B EN 1993-1-1 1 EN 1993-1-12.

(2) BractuBocTi MarepianiB X0ia01H0QOpMO-
BaHUX EJIEMEHTIB 1 TPOQIILOBAHUX JIHCTIB
HaBeneHi B EN 1993-1-3.

(3) BractuBoCTI HEep)KaBilOYMX CTajei HaBe-
neni B EN 1993-1-4.

4 TOBI'OBIYHICTbH

(1) OcHOBHI BUMOTH 10O JOBIOBIYHOCTI —
auB. 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 EN 1993-1-1.



5 CTATUYHHUIM PO3PAXYHOK
5.1 3arajbHi MOJIOKEHHSA

(1)P Po3paxyHKOBI MO/€TIi MOBHHHI Bi/AIOBI-
JaTu poOOTI KOHCTPYKIIi, 1o mnependaya-
€ThCS, 1 TPAHUYHUM CTAaHaM, IO PO3TJIsIa-
FOTBCS.

(2) SIxkmo rpaHWYHI YMOBH MOXYTh OYyTH
KOHCEpPBaTHBHO BH3HAUEHI, a caMe fK 3aKpi-
TieHi abo0 He3akpimieHi, IIoCKa JHCTOBA
KOHCTPYKIIi MOX€ po30MBaTHCA Ha OKpeMi
CEeTMEHTH TUIACTHH, $KI PO3PaxOBYIOTHCS
HE3aJIEKHO OJMH BiJ] OHOTO.

(3)P 3aranpHa CTIWKICTh YCi€l KOHCTPYKIIil
MOBUHHA OyTH MepeBipEHOI0 3TiTHO 10 Bif-
noBigHuXx yactTud EN 1993.

5.2 Hanpy:keHuii CTaH B IUVIACTUHHI

5.2.1 3arajabHi H0J0KeHHHA

(1) Po3paxyHkoBa Mozenb 1 OCHOBHI MPUITY-
IICHHS Ui BU3HAYCHHS BHYTPIIIHIX HArmpy-
JKeHb a00 3yCWJb MOBMHHI BIAMOBIJATH MO-
BEIHIII KOHCTPYKIi IiJ] BIUIABOM HaBaHTa-
YKCHHSI, 110 BUKJIMKA€ TPAHUYHUHA CTaH.

(2) Po3paxyHkoBi Mopeni KOHCTPYKIi Mo-
KYTh OYTH CHpOILNEHI TaKuM YHHOM, II00
CHPOILEHHS, Kl BUKOPHUCTOBYIOThCS, Hajaa-
BAIM 3aBHUINEHOTO epeKTy (KOHCEPBAaTUBHY
OIIIHKY e(eKTy) BiJl BILUIUBIB.

(3) Ay miocKuX JIMCTOBUX KOHCTPYKIIH
MEPEBAKHO BUKOPUCTOBYETHCSA 3arajlbHUM
IPY)KHUM pO3paxyHOK. B Tux Bumankax,
KOJIM IMOBIpHA TOsIBA PYWHYBaHHS BiJ] BTO-
MU, 3arajJlbHUil po3paxyHOK 3 ypaxyBaHHSIM
PO3BHUTKY IUIACTUYHUX nedopmariiii He To-
BUHEH 3aCTOCOBYBATHUCS.

(4) IloBuHHI OyTH ypaxOBaHMMH MOYJIHBI
BiJIXWJICHHS BiJl HANPSMIB Ta MiCIlb MPHUKJIa-
JIaHHS BIUIMBIB, 10 TTepea0avatoThCsl.

(5) Po3paxyHOK 3a YTBOpEHHSIM JiHIHYacTUX
IJIACTUYHUX MIAPHIPIB MOXKe OyTH 3aCTOCO-
BaHU MMpH OIiHIII TPAaHUYHOTO CTaHy 3a He-
CY4yOl0 3JaTHICTIO B TOMY BMINAJIKy, KOJHU
Hanpy>KeHHsI BiJl CTHCKY a0o0 3CyBY CKJaja-
10Th MeHII Hix 10% BiAIOBIAHOTO 3HAYEHHS
HECy4YOi 31aTHOCTI. [ paHnYHUN pO3paxyHKO-
BUM 3THHAJLHUNA MOMEHT B JIMHIHYaCTOMY
IUTACTUYHOMY IApHipi BU3HAYAETHCS 3a (o-
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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

17
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PMYJIOHO:
0257,

Y mo

My,

5.2.2 TI'paHuyHi yMOBH J1JIfl INIACTUHU

(1) I'pannyHi yMOBH, IO NPUHAMAIOTBCA Yy
po3paxyHKax, MaiOTh BIANOBIJAaTH TpPaHUY-
HHUM CTaHaM, 10 PO3TIIIAIOTHCS.

(2)P flkmo mimocka JHMCTOBA KOHCTPYKITiS
pO30MBA€ETHCSI HA OKPEMi CETMEHTH ITIJIACTHH,
TpaHUYHI YMOBH, 10 MPUHAMAIOTECS Y PO3pa-
XYHKaX I €JIEMEHTIB JKOPCTKOCTI B OKpe-
MHUX CETMEHTaX IUIACTHH, HEOOXIJIHO BKa3y-
BaTH y KPECIICHHSX 1 MPOEKTHIN JOKyMeHTa-
1.

5.2.3 Po3paxyHkoBi mMojenai ISl IIOCKHX
JIMCTOBUX KOHCTPYKIil

5.2.3.1 3araabHi BUMOTH

(1) BuyTpimHi Hampy»XeHHsI CETMEHTY IIac-
TUHH HEOOXITHO BH3HAYAaTH HACTYITHUM YH-
HOM:

— cTaHgapTHUMH hopmynamu, auB. 5.2.3.2;
— 3arajlbHUM pO3paxyHKOM, IuB. 5.2.3.3;
— 3 BUKOPUCTAHHSM CIIPOILIEHUX PO3paxyH-
KOBHUX MojejeH, nuB. 5.2.3.4.

(2) Po3paxynkoBi Mmertonu, HaBeneHni B (1),
MOBUHHI YpaxoBYyBaTH JIiHiiHY a00 HemiHii-
HY TEOpIil0 3TWHY IUIACTHH Yy BIiJOBITHHUX
BUITAJIKaX.

(3) JliniifHa Teopish 3TUHY OCHOBaHa Ha TEO-
pii Manux mepemilieHs 1 JiHIHHIT 3anexHoC-
Ti HaBaHTaxeHHs-nedopmaris. Ile momo-
KCHHSI Ma€ 3aCTOCOBYBATHCS, KOJHM Harpy-
JKCHHS BiJ] CTUCKaHHs a00 3CyBY B IUIOIIMHI
CKJIQJAal0Th B IUIOMIMHI IJJACTUHN MEHIIE HiXK
10% ix BiZMOBIAHOTO 3HAYEHHS HECYUOi 371a-
THOCTI.

(4) HeminiliHa Teopiss 3rMHY OCHOBaHa Ha
Teopli BENMKHX MEpPEMIIIeHb 1 ypaxyBaHHI
BIUTMBY J1e()OPMOBAHOI CXEMH Ha PiBHOBary
KOHCTPYKIIII.

(5) PozpaxynkoBi monem, HaBeneHi B (1),
MOBHMHHI 3aCHOBYBATHCSl Ha TUIAX PO3paxy-
HKIB, 3a3Ha4YCHUX Yy Tabmuii S.1.
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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



Tabauust 5.1 — Tunu po3paxyHKiB

Table 5.1 — Types of analysis
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Tun po3paxyHky Teopist 3runy 3axon L[eq)opMyBaH— I'eomerpia
Hsl MaTepiay TUTACTHHH
Type of analysis Bending Material law Plate geometry
theory
JliniiHui npy>xHUM po3paxyHok (LA) JliniiiHa JliHifiHu’ IneanpHa
Linear elastic plate analysis (LA) linear linear perfect
I'eomerpruHo HemiHIWHUN mnpyxHU | Hemniniita JliniiiHu’ IneanpHa
po3paxyHok (GNA)
Geometrically non-linear elastic anal- | non-linear linear perfect
ysis (GNA)
Po3paxyHok 3 ypaxyBaHHSIM (Hi3UUHOT Jlinitina Hemniniitna Ineanbna
HeniHiiaoCcTI (MNA)
Materially non-linear analysis (MNA) linear non-linear perfect
Po3paxyHok 3 ypaxyBaHHSM reomer- | Hemniniitna Hemniniiina IneanpHa
puyHOi 1 (Pi3MuHOT  HENIHIMHOCTI
(GMNA)
Geometrically and materially non- | non-linear non-linear perfect
linear analysis (GMNA)
['eomerpuuno HemiHiHUNA npyxHUM | HemnixiliHa JliniitHa 3 MOYaTKOBUMH
PO3paxyHOK 3 ypaxyBaHHSM HOYaTKO- HE/I0CKOHAJIOC-
BHuX HegockoHanocTel (GNIA) TSAMH
Geometrically non-linear elastic anal- | non-linear linear imperfect
ysis with imperfections (GNIA)
I'eomerpuuno 1 ¢izuyHo HemiHiiHMK | HeniniitHa Hemniniitna 3 MOYaTKOBUMH
PO3paxyHOK 3 ypaxyBaHHSIM ITOYaTKO- HEJIOCKOHAJIOC-
BUX HenockoHanoctel (GMNIA) TAMHU
Geometrically and materially non- | non-linear non-linear imperfect
linear analysis with imperfections
(GMNIA)

Ipumitka 1. BusHaueHHS pi3HUX THUIIIB
PO3paxyHKiB HABEAEHO B JOAATKY A.

Ipnmitka 2. Tun PO3paxyHKy,
3aCTOCOBaHUI 10 KOHKPETHOI CHTYyallii,
Mae OyTH 3a3HauYeHUM B MPOCKTHIN
JIOKYMEHTAIIi1.

IpumiTka 3. BuxkopucranHs po3paxyH-

KOBHX Mojeneit 3 i71eaTbHOIO
TEOMETPIEI0 nepenbadgae, 110
reoMeTpHYHI HEI0CKO-

HAJIOCTiI a00 € HECYTTEBUMH, a00 Bpaxo-
BaHi B IHIIUX PO3paXyHKOBHX yMOBaX.

MpumiTka 4. AMIUTITYAM BIAXWICHD IS
KOHCTPYKUIHl 3 MOYaTKOBHUMHU TE€OMETPH
HUMH  HEIOCKOHAJOCTSIMH  OOHPAIOTh
TaKUM  YUHOM, 100  pe3ylpTaTu
pPO3paxyHKIB MOKa3yBald 3aJ0BUIbHY
BiJINIOBITHICTh Y TOPIBHSHHI 3 pe3yJbTa-

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
results from tests using test specimens
fabricated with tolerances according to
EN 1090-2 the calculative results are
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TaMd BUIPOOYBaHb 3 BHKOPHUCTAHHSIM
BUITPOOYBaJIbHOIO KOHTPOJIBHOI'O 3pa3Ka,
BUTOTOBJICHOTO 3  JIOMYCKaMH, IO
BigmosigaroTe EN 1090-2. BigmosigHo, I
aMIUTITY 1M, B LIJIOMY, BIAPI3HSAIOTHCS BiJ
JoryckiB, HaBeneHUX B EN 1090-2.

5.2.3.2 BukopuctanHsi cTaHIapTHUX (o-
pMya

(1) JImst okpeMHuX CEerMeHTIB IUIACTUH ILIOC-
KOI JIMCTOBOi KOHCTPYKIil BHYTpIIIHI Ha-
MPY>KEHHSI MOKYTh OyTH OOYHMCIICHI AJIs Tie-
BHOI KOMOiHaIil po3paxyHKOBHX BIUIUBIB, 3
BUKOPUCTAHHSM BIJMOBITHUX PO3pPaxyHKO-
BUX (OpPMYJI, 3aCHOBAaHUX Ha THIIAX PO3pa-
XYyHKIB, HaBeIeHuX B 5.2.3.1.

Ipumitka. Y nogatkax B i C HaBeneHi Tadmuii
IUIS PO3PaXyHKY MPSIMOKYTHHX IUIACTHH, HE TTiJIK-
PIMJICHUX eNEeMEHTaMH KOPCTKOCTI, Wil Mi€l0
HaBaHTAKCHHS 11032 MEKaMH TUionmHu. s xo-
JIOBHX IIJIACTHH PO3PAaXyHKOBI (POPMYITH HaBEICHI
B EN 1993-1-6. HaBemeHi mami po3paxyHKOBI
bopmyH MaroTh OYTH BUKOPHCTAHHUMH, SIKIIO iX

3aCTOCYBaHHS BIJTIOBITa€ BUMOTaM, IIIO BHKJIaJIe-
gi B EN 1991-1.

(2) V Bunmaaky IUIOCKOTO HANpy>KEHOTO CTa-
HYy, OTPUMAHOTO Ha MiAcTaBl 0€3MOMEHTHOL
Teopii pO3paxyHKy, €KBIBaJCHTHI PO3paxyH-
KOBI HAaNpPYyXeHHA O, ;, B IUIACTHHI (Ha-

npyxeHHs: Mizeca) MOXyTb OyTH BU3Haue-
HUMHU HACTYITHUM YHHOM:

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
523.1.

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 Von Mises stress may be de-
termined by

1
Geq,Ed _;' nx,Ed

(3) ¥V Bumanky miocKOro HaImpy»XeHOro CTa-
Hy, OTPUMAHOTO Ha MiJCTaBl MOMEHTHOI Te-
opii MpyXHUX TUIACTUH 1 00OJIOHOK, €KBiBa-
JICHTHI PO3PaxyHKOBI HANPYKEHHA O, ;, B

(<

macTuHi  (HampykeHHs Mi3eca) MOXYTh
6yTI/I BU3HAUYCHUMH HACTYITHUM YUHOM:

2 2
+ ny,Ed - nx,Edny,Ed + 3nxy,Ed :

(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
O-eq,Ed - \/O-X,Ed to JEd _O-X,Edo-y,Ed +3Txy,Ed ’ (52)
ne where
n m
Gx i — x,Ed i 2x,Ed
' t /4
LY " m, g

O,y = +2=
VR T4
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nx,Ed s ny,Ed H nxy,Ed s mx,Ed s my,Ed 1 mxy,Ed
Bu3HadeHi B 1.4 (1)1 (2).

Ipumitka. Haeenmeni Bume ¢opMynm
JTAIOTh crporneHe (Mo OOYHMCIIOETHCS B
3arac) eKBiBaJICHTHE 3HAYCHHS HAIPYKeHb
JUISL TIPOCKTYBAHHSL.

5.2.3.3 3acrocyBaHHsl 3arajibHOrO0 aHaJi-
3y: PO3PaXyHOK YHCEJbHUMH MEeTOJAMH

(1) Slxmo BHYTpIIIHI HANpy>KeHHS B TUIOCKIH
JIMCTOBIM KOHCTPYKIIii BU3HAYAIOTBCS PO3PAXy-
HKOM YHCEIbHUMU METO/IaMH, SIKI OCHOBYIOTb-
cs Ha (I3UYHO JIHIITHOMY PO3paxyHKY, MaKCH-
MaJbHE CKBIBAJICHTHE PO3PaxyHKOBE Harpy-
KEHHs O, ;, (HanpyxeHHs Mizeca) HeoOXi-

HO OOYMCIIIOBATH JUISA BIAIOBIIHOI KOMOIHAIUT
PO3paxyHKOBHX BILTHBIB.

(2) ExBiBasieHTHE PO3paxyHKOBE HAIpy>KEH-
Hl O, ;, (HampyxeHHs Miseca) Bu3Haya-
€TbCS KOMIIOHEHTaMH Halpy>KeHb, sIKI BUHU-

KaloTh B [JaHIM TOYlll IUIOCKOI JIMCTOBOI
KOHCTPYKIIIi:

xy,Ed =
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mxy,Ed

tr/4

and nx,Ed > ny,Ed’ nxy,Ed ’ mx,Ed ’ my,Ed and
m,, p, 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,

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

(2) The equivalent Von Mises stress o, ;, 18

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

[ 2
O-eq,Ed - \/Gx,Ed + Gy,Ed
e Ux,Ed , O-y,Ed € MO3WTHUBHHUMHU Y BUIIAAKY

pO3TATY.

(3) Skuo po3paxyHOK YMCETbHUMH METOAA-
MH 3aCTOCOBYETBCS ISl IEPEBIPKU CTIHKOC-
Ti, HEOOXITHO BpPaxOBYBaTH BIUIMB HACTYII-
HHUX HEJIOCKOHAJIOCTEH:

(a) reoMeTpUYHI HEJTOCKOHAIIOCTI:

— BIJIXWJIEHHS BiJl HOMIHAJILHOT T€OMETPUY-
HOi (popMU IUTACTUHU (IOYATKOBa Aepopma-
11isI, BUTHH 3 TUIOIIMHHM);

— HEPIBHICTh 3BAapPIOBAIBHUX IIBIB (Malli €K-
CIEHTPUCUTETH);

— BIAXWJIEHHS BiJ HOMIHAJIBLHOI TOBIINHHY;
(0) dizuuHI HETOCKOHAIIOCTI:

— 3aJMILIKOBI HaNpy>KEHHS, 110 BUKJIMKaHI
IUTIOIICHHSAM, [ITaMIyBaHHSM, 3BaplOBaH-
HSIM, PUXTYBaHHSIM;

— HEOJIHOPIIHICTh 1 aH130TPOITisl.

(4) 'eomerpuuHi 1 Gi3UYHI HETOCKOHAIOCTI
HEOOXIJTHO BpPaxOBYBaTH B PO3PAXYHKY SIK
MMOYATKOBI CKBIBAJICHTHI T€OMETPUYHI HEMO-

2
- Gx,Ede,Ed + 3Txy,Ed b (53)

where o, ;, and o, ,, 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;

— 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
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CKOHAQJIOCTI 1meanpHOi TutacTuHu. Dopma
MIOYAaTKOBHX EKBIBAJIEHTHUX T'€OMETPUYHHUX
HEIOCKOHAJIOCTE TIOBHHHA BHBOAMTHUCS 3
BIJIMOBIAHOT (JOPMU 3THUHY TPH BTpaATi CTiil-
KOCTI.

(5) AwmmiTyga MOYaTKOBOI €KBIBaJEHTHOI
TE€OMETPUYHOI HETOCKOHAIOCTI €9 MPSIMOKY-
THOTO CETMEHTY IUIACTHHH MOXe OyTH
OTpUMaHa CTaTUCTUYHOIO OOpOOKOI pe-
3yJbTaTiB BUIPOOYBaHb AOCTIAHUX 3pa3KiB,
SIKI MO’KHA PO3TJIS/IaTH SIK PENpe3eHTaTHBHI,
3 KpPHBOI BTpaTH CTIMKOCTI IUIACTHHHU 3a
EN 1993-1-5 HacTynnHUM YHHOM:

(1-p2;)-(1-p)

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 e, 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:

€0:

e

~ 6b* -(b2 +Va2)

, (5.4)

pS

where

ia<ﬁ,

4

Lo — BimHOCHA THYYKICTh IUIACTHHH, JIHB.
EN 1993-1-5;

£ — 3HWKAIOUMi Koe(illieHT mpu BTpaTi
CTIMKOCTI IIACTHHHU, BHU3HAYAETLCSA BIAIIOBII-
HO 110 4.4 EN 1993-1-5;

a,b — TeoMeTpuuHi pO3MIpU IUIACTHHH,
pUCYHOK 5.1;

! — TOBIIIMHA IUIACTUHU;

o — CHIBBIIHOIIEHHS CTOPIH MiuacTHHH (Oi-

JIbIIIA CTOPOHA 0 MeHIIa) a/b < J2.

t-(a2+b2)2

Lo is the relative slenderness of the plate, see
EN 1993-1-5.
p 1s 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

PucyHnok 5.1 — [TouaTkoBa €KBiBaJI€HTHA T€OMETPUYHA HEJOCKOHAJICTD €, Y BUIJISII BUTHHY

CCIMCHTY IIACTHHU.
Figure 5.1 — Initial equivalent geometric bow imperfection e, of a plate segment.

(6) B 3amac cTiiKOCTI aMILUIITy/1a MOXE PO3-
rsinaTuest sik e, = a/200, ne b<a.

(7) Xapakrep €KBIBaJCHTHHX T'€OMETPUIHHIX
HEJIOCKOHAJIOCTEW MOBHMHEH, SIKIIO II€ MOX-
JIMBO, BIATOBIAATH KOHCTPYKTHUBHIN JeTai-
3amii 1 qedekraM, sKi BUHUKAIOTh MPU BUTO-
TOBJICHHI 1 30MpaHHi.
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(6) As a conservative assumption the ampli-
tude may be taken as ¢, = a/200 where

b<a.

(7)  The pattern of the equivalent geomet-
ric imperfections should, if relevant, be
adapted to the constructional detailing and
to imperfections expected from fabricating
or manufacturing.



(8)P ¥ Bcix BUMaAKax TOYHICTh PO3PAXyHKY
YHUCEIbHUMHU METOJaMU IOBHHEH MiJITBEp-
JOKyBaTHCS pe3yJbTaTaMH BHIPOOYBaHb a00
HOPIBHSUIBHUM aHATITUYHUM PO3PaxXyHKOM.

5.2.3.4 3acTrocyBaHHsl CHPOLIEHHUX PO3pa-
XYHKOBHMX MeTO/IiB

5.2.3.4.1 3araabHi moJ10KeHHA

(1) Buytpimsi 3ycuis abo HampyKeHHS B
TUIOCKUX JIMCTOBMX KOHCTPYKIIiSIX, 3aBaHTa-
JKCHUX HABaHTA)XEHHSIM I103a MEXaMH 1 B
IUTOIIMHI TUTACTUHH, MO’KHA BU3HAYHUTH, BU-
KOPUCTOBYIOUM CIIPOIIEHY PO3PaxXyHKOBY
MOJIENb, sIKA HAJa€ KOHCEPBATHUBHY OLIHKY
(po3paxyHOK B 3armac).

(2) 3 mier0 METOIO, IWIOCKY JIUCTOBY KOHC-
TPYKIII0O MOKHa PO3AUTUTH Ha OKpEeMi cer-
MEHTH TUTACTUHU, MiAKpimieHoi abo Hemiak-
PITUIEHOT eIeMEHTaMU JKOPCTKOCTI.

5.2.3.4.2 CermeHTH IJIACTHH, He MiAKPin-
JIeHi eJleMEeHTaMH KOPCTKOCTI

(1) [IpsimokyTHa TacTWHA, HE MiTKpirieHA
eNIEMEHTaMHU YKOPCTKOCTI, MiJ] BIUTABOM Ha-
BAaHTKEHHSI 11032 MEKaMH IUIOUIMHA MOKE
MOJICTIIOBATUCS SIK CKBiBaJIeHTHa Oajka B
OCHOBHOMY HampsiMi IeperaBaHHs HaBaHTa-
JKCHHSI, SKIIO BUKOHYIOTHCS HACTYIHI yMO-
BU:

— CITIBBIJTHONIICHHS CTOPiH (BiAHOIICHHS Oi-
JIBIIOT CTOPOHU 710 MEHIIOT) a/b Oiblue Hixk
nBa;

— IUTACTHHA 3aBaHTA)XCHA PO3IOMIJICHUMHU
HABAaHTA)XCHHSIMH 11032 MEKaMHU IUJIOLIUHH,
Kl MOXYTh a00 OyTw piBHOMIpHHM, a0o
3MIHSTHUCS JIHINHO;

— MIIHICTh, CTIMKICTh 1 JKOPCTKICTh paMu
abo Oanky, sKa MATPUMYE CEIMEHT IIACTH-
HU, BIATNOBIAAIOTh TPAHUYHUM YMOBaM, IO
JIOITYCKAIOThCS JUIsl €KBIBAJICHTHO1T OAJTKH.

(2) BHyTpimHi 3ycuiuis B €KBIBAJICHTHIN Oai-
[l BU3HAYAIOTHCS HA MiACTaBl 3aCTOCYBaHHS
MPY)KHOTO PO3paxyHKy a0o pO3paxyHKy 3
ypaxyBaHHSIM PO3BHUTKY TUIACTHYHHX Jedop-
Martii y BignoBigHocTi 10 EN 1993-1-1.

(3) Sxumo NporuH NEpUIOro MOPSAKY, IO
BUHUKAE TPH Jii HABAHTAXXECHHS 11032 MEXa-
MU IUIONIMHY, OAIOHUHN Gopmi BTpaTH CTiHl-
KOCTI MpHW [ii CWJI CTHCKaHHS B TUIONIHMHI
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(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
dominant 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
distributed 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
conditions 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.

(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-
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IUTAaCTHHH, TO HEOOXiHO MPHUIMAaTH /0 yBa-
'Y B3a€MOJIII0 MK 000Ma SIBUII[aMU.

(4) Y Bunankax, KOJIH CUTYyaIlisi, [0 OTHCaHa
B (3), mae micue, hopMyna B3aeMOJii, HaBe-
neHa B 6.3.3 EN 1993-1-1, moxe 3acTocoBy-
BaTHCA 10 €KBIBAJIEHTHOI OaJIKH.

5.2.3.4.3 CermeHTH IUIACTHH, MiAKPiNJIeH]
eJleMeHTAMM KOPCTKOCTI

(1) Higkpimnena ruractiHa ado MmiIKpirUIe-
HHUI CETMEHT IUIAaCTUHH MOKE MOJIEIIOBATH-
Ccsl SIK POCTBEPK, SKIIO BOHA PIBHOMIPHO ITiJI-
KpillJIeHa B MONEPEYHOMY 1 TO3/I0BKHBOMY
HarnpsiMax.

(2) BusHavarouu mionty nonepevyHoro nepe-
pi3y A TUIaCTMHH 1 OKpPEMOro eJIeMEeHTYy

POCTBEPKY I, III0 B3aEMOJIIFOTh, BILTUB 3CYB-
HOTO 3ami3HEHHs HEOOXiTHO YypaxOBYBaTH
penyKuiiHuM KoedirieHToM [ y BIAMOBII-
Hocti 10 EN 1993-1-5.

(3) dns i-Toro enemMeHTy pOCTBEpKY, Mapa-
JICJIBHOI'O C1JlaM CTUCKAHHS B HJ'IOH_[I/IHi Iia-
CTHMHH, IUIOIIA IONEpPeYyHOro mepepizy A4,

MOBMHHA BHU3HAYATHUCS 3 YPaxXyBaHHIM IPH-
BeICHO1 (€()eKTUBHOI) IIMPUHU CyOIlaHeNeH,
10 MPUMHUKAIOTh, BHACIIJIOK BTPATHU CTIMKO-
cT1i wiactuau Bigmnosigao 1o EN 1993-1-5.

(4) Bzaemogmis Mix edexkramMu 3CyBHOTO 3arti3-
HEHHS 1 BTPATH CTIHKOCTI (IHMB. PUCYHOK 5.2)
MOBHHHA YPaXOBYBaTHCS €()EKTUBHOIO ILJIO-
IIEI0 MONEPEYHOro nepepizy A, BIANOBIIHO

HACTYyMHIN popmyIi
A7' = |:pc .(AL,eﬁ"

e A - e(i)eKTI/IBHa Ijiomia IornepeyHoro

Lyeff
nepepizy elIeMeHTa KOPCTKOCTI 3 ypaxXyBaH-
HsM €(EeKTy HOoro JOKaIbHOI BTpaTi CTIMKOC-
Ti;

p. — PpenyKuiiiHui koe(ilieHT a1 po3paxy-
HKY 3arajbHOi BTPATH CTIMKOCTI i IKPITIIICHO-
ro IJIACTHHYACTOTO CETMEHTY, SIK 3a3Hau€HO
y4.5.4 (1) EN 1993-1-5;

Poani ~ peAyKUiiHUNA KOeIIieHT AT po3-
pPaxyHKY JIOKaJIbHOi BTpaTH CTIMKOCTI i -TOi
cyOnanenmi, sk 3azHaueHo y 4.4 (1)
EN 1993-1-5;

b — mHUpUHA [-TO1 CcyOImmaHeni, K 3a3Ha-

pan,i
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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 4,

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 £ 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
A, 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 A4 ;
from the following equation:

(5.5)

where 4, . 1s the effective area of the stift-

ener considering to local plate buckling of the
stiffener;

p. 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;

Poan; 18 the reduction factor due to local

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

b

pan,i

is the width of the subpanel i, as de-



gyero B 4.5.1 (3) EN 1993-1-5;
t — TOBIIIMHA i -TOi cyOmaHeni;

pan,i
f —xoedimieHT npuBeneHOT (e(heKTHBHOT)
IIUPUHY T 3CYBHOTO 3ami3HeHHs, auB. 3.2.1
EN 1993-1-5;
k — chHiBBigHOINIEHHSA, BH3HaueHe B 3.3
EN 1993-1-5.
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fined in 4.5.1(3) of EN 1993-1-5;
b is the thickness of the subpanel i,

pan,i

p 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.

Monepe4YyHN enemMeHT KOPCTKOCTi

Transverse stiffener

A
= a
"‘\

PucyHnok 5.2 — BusHaueHHs 10111 TONIEPEYHOTO nepepizy 4.
Figure 5.2 — Definition of the cross-section A;.

(5) IlepeBipka i-ro eneMEHTy pOCTBEPKY
MOJKe OyTH BHKOHAHA MUIIXOM 3aCTOCYBaHHS
dbopmynu B3aemofii BiamomigHO g0 6.3.3
EN 1993-1-1 3 ypaxyBaHHSM HAaCTYIHUX
YMOB HaBaHTaXCHHS:

— e(heKTH MOoNepeyHOro HaBaHTAKCHHS,

— EeKBIBaJICHTHA ITO3JO0BXKHS CHJIA, IO Ji€ B
HONEPEUHOMY Mepepisi Iomer A, 1 ska
BUKIIMKaHa HOPMAJIbHUMHU HANPYy>KCHHIMH B
IJIACTHHI;

— eKCIICHTPUCHUTET ¢ €KBIBAJICHTHOI MO3/I0B-
’KHBOI CHIIM N, BITHOCHO LIEHTPY Bar" mHo-

HepEeYHOro Mepepizy IMIoMmeE 4, .

(6) SIKIO eeMeHTH >KOPCTKOCTI TUTACTHHH
a0o il cerMeHTy pO3TalloBaHi TIIBKH IMapa-
JETBHO HANpsSMy IUIOCKICHHX 3yCHJIb CTHC-
KaHHS, MiAKpIIUIeHa IJIaCTHHA MOXE MOje-
JIOBATHCA SK CKBIBaJCHTHA Oajika Ha TPYK-
HUX omnopax (npyxwuHax), 1uB. EN 1993-1-5.

(7) Sxmo pedpa KOPCTKOCTI CETMEHTY TiIK-
PITUICHOI TMJIACTUHYU PO3TAIIOBYIOTHCS B Ha-
npsMy, TEPIECHIUKYISIPHOMY IUIOCKICHUM
3yCHJUISIM CTHCKaHHS, B3aEMOJIis MK 3yCHJI-
JSIMU CTUCKAaHHA 1 3ritHaJIbHUMHU MOMCHTaMU

beam on elastic

(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 4,

due to normal stresses in the plate;

— eccentricity e of the equivalent axial force
N, with respect to the centre of gravity of

the cross-sectional area 4, .

(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
springs, see
EN 1993-1-5.

(7) If the stiffeners of a stiffened plate segment
are positioned in the transverse direction to the
compression forces, the interaction between
the compression forces and bending moments
in the unstiffened plate segments between the
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B HCIIJKPITUICHUX TUTACTUHYACTUX CETMECH-
Tax MDK peOpamMH KOPCTKOCTI MOBHUHHA TIe-
peBipsTHCS BiAMOBIIHO 110 5.2.3.4.2 (4).

(8) ITlo3momkHI €TEMEHTH OPCTKOCTI MO-
BHHHI BIJIOBIZaTH BHUMOTaM, HaBEICHUM B
po3aini 9 EN 1993-1-5.

(9) IlomepeuHi emeMEHTH >KOPCTKOCTI IIO-
BHHHI BIJNOBIZaTH BHUMOTraM, HaBEICHHM B
po3aim 9 EN 1993-1-5.

6 TPAHUYHI CTAHHU 3A HECYYOIO
3IATHICTIO

6.1 3arajbHi H0JI0KeHHA

(1)P Bci yacTvHM IIOCKOI JIMCTOBOI KOHCTPY-
KIIi1 TIOBUHHI MaTH TaKi MPOIOPIIii, moou 3a-
JOBOJILHSITU OCHOBHHM BHMOTAaM PO3PaXyHKY
3a TPaHUYHIMH CTAaHAMU 32 HECYYOI0 3JIaTHIC-
TIO, HABEJICHUX y PO3LTI 2.

(2) na BU3HAYEHHS YaCTKOBOTO KOEQiIlieH-
Ty HaAIMHOCTI y,, TJIOCKOI JIMCTOBOI KOHC-
TPYKITIi
EN 1993.

(3) st BU3HAYECHHS YaCTKOBOTO KoeirieH-
Ty HaAIHHOCTI y,, 3 €IHAaHb IUIOCKOI JIUCTO-

IIUB. BIJIITOBIIHI1 YaCTHHU

BO1 KOHCTpYKIii auB. EN 1993-1-8.

6.2 O0MeskeHHS IJIACTHYHUX Aedopmanii
6.2.1 3arajabHi MoJI0KEeHHSA

(1) B koxHIl TOYI TUIOCKOT JIMCTOBOI KOHC-
TPYKII pPO3PaxXyHKOBE HAMPYKEHHS O oy d

IIOBHHHO 3aJ0BOJIbHATHU yMOBi:
o-eq,Ed < O-eq,Rd

ne O, € MaKCUMalbHUM 3HAYCHHSAM CKBi-

BAJICHTHOTO HAIpYy>XeHHs (Harpy>kxeHHs Mize-
ca) 1 BU3HavaeThesa y 5.2.3.

(2) B npyxHOMY pO3paxyHKy MIIIHICTh CET-
MEHTY IUIACTHHH BiJl TUTACTUYHOTO PYyHHY-
BaHHs a00 pyHHYBaHHS BiJl PO3TArYy Mif Cy-
MICHOIO JI€I0 MO3JI0BXHIX CHJ 1 3rMHAJIBHUX
MOMEHTIB BH3HAYAE€THCS 32 EKBIBAJICHTHUM

HanpyxeHusam Miseca o, 4,

Oogrd = fyk/7Mo

pumitka. [l BHU3HAYECHHS 3HAYCHHS
Vo 2uB. 1.1 (2).
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2

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 y,, for resistance of

plated structures see the relevant application
parts of EN 1993.

(3) For partial factor y,, of connections of
plated 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 o, ;, should satisfy the condi-

tion:
(6.1)

where o, ;, 1s 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

O,yra 38

(<

(6.2)

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



6.2.2 lonaTkoBi npaBu/Ia 1JIisl 3arajJibHOIO
aHaJi3y mIpHu NPOeKTyBaHHI

(1) Sxmo po3paxyHOK YHCETBHUMH METOJaMU
BUKOHYETHCSI 0€3 ypaxyBaHHS (DI3UUHOI Hemi-
HIMHOCTI, TO MIIHICTh TPH TUIACTUYHOMY pPyWi-
HyBaHHI a00 pyHHYyBaHHI BiJ] pO3TATY MEpeEBi-
pSIETBCS Y BIATIOBIAHOCTI 0 BUMOT 6.2.1.

(2) Sxmo ¢i3uyHO HEMHIWHUKA pPO3paxyHOK
OCHOBAaHUI Ha PO3PaXyHKOBIH 3aJeKHOCTI
Hanpy)XeHb  Big  jgepopmaumii 3 f,
(=1, / Vo )» TO IIJIOCKA JINCTOBA KOHCTPYK-

I[is] TOBHHHA 3aBAHTAXXyBATHCS HABAHTAKCH-
HAM [, sKe NPUIMAETBhCS 3a PO3PAXYHKO-
BUMU 3HAYEHHSIMH BIUIMBIB, 1O TOTO, HaBaH-
Ta)XCHHsI TIOBUHHE 301IBIIIYBATUCS MTOCTYIIO-
BO JUII BH3HA4YEHHsS Koe(ilieHTy 301JIbIIICH-
Hsl HABAHTAXEHHS ¢, (AJI1 TPAHUYHOIO ILIa-

CTUYHOTIO CTaHy [y, ).

(3) PesynbTar po3paxyHKy YMCEILHUMH ME-
TOJIaMH TTIOBUHEH BIIMOBITATH YMOBI

FEdSFRd’

ne Fpy =apFy,
0, — KOe(]ILI€HT 30UIbIIEHHS HABAHTAXKEH-
HS U1 HaBaHTaXeHb F,,, 3a SKUX Jocsra-

€ThCS TPAHUYHUI CTaH 32 HECYUYOIO 3/1aTHiC-
TIO.

6.2.3 JlonaTkoBi npaBuIia 1Jis1 pO3paxyHKy
CHPOLIEHUMH PO3PAXYHKOBHMH MeTOAAMH

6.2.3.1 HenmiakpinuieHi nyiacTuHu

(1) Sxmo HemiAKpiryeHa IUIACTHHA pPO3pa-
XOBYETHCS SIK €KBIBaJICHTHA Oalika, MIlIHICTh
il monepevyHOro Mepepizy MOBHUHHA MEPEBips-
THCA Ha KOMOIHAIII0O HaBaHTa)X€Hb, IO i-
I0Th y TUIOIIMHI Ta 103a ii MeXxamu, 3a Tpa-
BWJIAMH  PO3paxyHKy, HaBEJICHUMH B
EN 1993-1-1.

6.2.3.2 Iligkpinieni njacTuHu

(1) SIxmo miAKpIIUIEHWH CEerMEHT IUIACTHHU
MOJICTIFOETBCSI  SIK POCTBEPK, ONHCAHUH B
5.2.3.4, MIIHICTD TONEPEYHOTO TMepepisy i
CTIHKICTh MPH MO30BKHBOMY 3THHI OKPEMO-
r0 -ro eJIeMEHTa POCTBEPKY MOBHHHI Iepe-
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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 f,,

(= f,/7uo) the plated structure should be

subject to a load arrangement F,, that is tak-

en from the design values of actions, and the
load may be incrementally increased to de-
termine the load amplification factor «, of

the plastic limit state F}, .

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

(6.3)

where Fy, = o, Fy,
o, 1s the load amplification factor for the
loads F}, 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-
sistance of the individual members i of the
grillage should be checked for the combina-
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BIpATHCS KOMOIHAIIEIO TUIOCKICHOTO 1 TIOTe-
pPEYHOTO HaBaHTAXXEHHs 3a (HOpMysoI0 B3ae-
Moii, HaBeaeHo y 6.3.3 EN 1993-1-1.

(2) Sxmo migKpirUIeHWH CEerMeHT TIACTUHU
MOJICTIOETECSL SIK €KBIBaJIeHTHa OaJika, SK
omucano y 5.2.3.4, MIIHICTh NONEPEYHOTO
nepepizy 1 CTIMKICTh TPU TO3T0BXKHBOMY
3THHI €KBIBAJIEHTHOI OANKU MOBUHHI NEpeBi-
pATHCS KOMOIHAIIEIO MIIOCKICHOTO 1 TIomepe-
YHOTO HABAaHTAXXCHHS 32 (POPMYJIOIO0 B3aEMO-
nii, HaBegeHow y 6.3.3 EN 1993-1-1.

(3) BuyTpimsi 3ycuis abo Hanpy>keHHst cyOra-
HeJl TIOBMHHI TIEPEBIPSITHCS HA MILHICTh TIPU

IJIACTUYHOMY pyHHYBaHHI abo pylHyBaHHI Bij
pO3TATY BiIMOBITHO 10 5.2.3.2-5.2.3.4.

6.3 MaJioliMKJI0BA BTOMA

6.3.1 3arajnHi MoJI0OKeHHSA

(1) B xoxHi# TOYIl TUTOCKOI JIMCTOBOI KOHC-
TPyKii HaiOUIbIIe 3HAYEHHS pO3Maxy Ha-
npyxeHb Ao, TOBUHHE BIANOBIIATH YMOBI

Ao, < Aoy,

ne Ao, — MakcHUMaJlbHE 3HaueHHE EKBiBa-
JIEHTHOTO HanpyskeHHs Mizeca

tion of inplane and out of plane loading ef-
fects using 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
in5.2.3.2,52330r5.2.3.4.

6.3  Cyclic plasticity

6.3.1 General

(1) At every point in a plated structure the
design stress range Ao, should satisfy the

condition:

(6.4)

where Aoy, is the largest value of the Von
Mises equivalent stress range

. 2 2 2
AO‘eq’Ed = \/AJX,Ed +A0'y,5d —AO‘X’EdA(Ty,Ed +3A7,, .

y BIJIMTOBITHIN TOYII CETMEHTA IJIACTUHU TIPH
BIIMOBIAHIM  KOMOIHAIli  PO3PaxyHKOBHX
BILJIUBIB.

(2) B ¢izuuno niHiliHOMY pO3paxyHKy Mill-
HICTh CETMEHTa IUIaCTUHH 38 MAJOLHMKIOBOIO
BTOMOIO MOXXE HEpEeBIPATUCA OOMEKEHHIM
pO3Maxy eKBiBaJEHTHOTO HAaNpPYXeHHS AGRg:

Aoy, = Z’Ofyk/7M0 .

IIpumirka. 3navenns y,,, aus. 1.1 (2).

6.3.2 /lonaTkoBi npaBujia sl 3arajibHOr0
aHamizy

(1) ¥ Bumazaky 3actocyBaHHs (i3UYHO HEi-
HIITHOrO aBTOMAaTHU30BaHOTO PO3PAaXYHKY [0
TUTACTUHU TTOBUHHI TIPHUKIAIATUCS PO3paxy-
HKOBI1 3HaUEHHS BIUIMBIB.

(2) 3aranpHa HaKOIICHAa EKBIBAaJICHTHA JIe-
dopmarisa (Mizeca) &,y £a EeqEd TICIS 3aKiH-
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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 Acgg.

(6.5)

NOTE. For the numerical value of y,,, 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.

(2) The total accumulated Von Mises equiva-
lent strain &, ., at the end of the design life



YEeHHS TMPOEKTHOTO TEPMiHY eKCIuTyaTaii
KOHCTPYKIIi MMOBMHHA OIIIHIOBAaTHCS pPO3pa-
XYHKOM, SIKHH MOJIEJIOE YCi IIMKJIM HaBaHTa-
JKCHHSL.

(3) Slkmo HE BUKOHYETHCS OUIBII TOYHUHN
pPO3paxyHOK, TO 3arajbHy HAKOIUICHY CKBi-
BaJICHTHY IDIacTHUHy aedopmarito (Mizeca)
&,y 54 MOYKHA PO3PAXOBYBATH 32 (HOPMYIIOHO

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

of the structure should be assessed using an
analysis that models all cycles of loading.

(3) Unless a more refined analysis is carried
out the total accumulated Von Mises equiva-
lent plastic strain ¢, ,, may be determined

from:

geq,Ed = mAgeq,Ed b (66)

Jie m — MPOEKTHA KUIbKICTh ITUKIIIB,;

Ag eq.Ed HaHOIBIINN NpUpICT IIIACTUIHUX

nedopmarriii (Mi3eca) IpoTATOM OFHOTO TIOB-
HOTO ITUKJTYy HAaBAaHTA)XCHHS B OyJIb-sIKii TOYII
KOHCTPYKIi, SKUH BiIOyBaeTbcs MicCHs Tpe-
THOTO IAKITY.

(4) Slkio He 3aCTOCOBYIOTHCS —CIeliaibHi
METOJIA OI[IHKA MAJIOIIMKJIOBOT BTOMH, PO3-
pPaxyHKOBE 3HAYCHHS HaKOIUICHOI CKBiBaJICH-

THOI TmacTuyuHoi nedopmanii (Miseca) &,, 4,

MMOBHWHHE 33/I0BOJILHSTH HACTYIHINA YMOBI
€ peq.pa S

IIpumitka 1. B HamioHaTbHOMY JOIATKY
Moxe Oyt oOpaHO 3Ha4eHHs 7, . 3Ha-

YEHHS, 10 PEKOMEHTY€eThes 71, = 25 .

Hpumitka 2. JIng BU3HAYSHHS 3HAYEHHS
Vo 1B, 1.1 (2).

6.4 Brpara criiikocTi
6.4.1 3arajnHi moJI0KeHHS

(1) SIxmo cerMeHT IIaCTHHM IUIOCKOI JIUC-
TOBO1 KOHCTPYKIIi 3HAXOJWTHCS TiJ BILIU-
BOM CTHKaHHS B Horo momuHi abo 3CyBy,
HOTO CTIMKICTh TIOBMHHA TEPEBIPATHUCS BiJl-
MOBIIHO 70 MIPABHII PO3PaXyHKY, HABEACHHUX
B EN 1993-1-5.

(2) 3runanpHa, O6iyHa KpyTHIIbHA 1 JeTIaHa-
IifHAa CTIHKICTh €JEMEHTIB >KOPCTKOCTI TO-
BUHHA  TEPEBIPATHCS  BIAMOBIIHO 10
EN 1993-1-5, Takox auB. 5.2.3.4 (8) 1 (9).

(3) IIpo ypaxyBaHHs B3a€MO/Iii HABAHTAXKEHb
y TUIOMIMHI IUJIACTHHUA Ta To3a ii MexaMmu
JIUB. PO31IiNT 5.

iy
4 EYi0

where: m is the number of cycles in the de-
sign life;

Aé&,, p; 18 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 ¢, ., should satisfy

the condition

(6.7)

NOTE 1. The National Annex may choose
the value of n,, . The value n,, =25 is rec-

ommended.

NOTE 2. For the numerical value of y,,,
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) For the interaction between the effects of
in-plane and out of plane loading, see section
5.
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6.4.2 /lonaTkoBi npaBujia sl 3arajibHOr0
PO3paxyHKy

(1) SIxmo cTifKiCTh MJIACTUHU MPH KOMOiHA-
mii HaBaHTa)KeHb B II IUIOIIMHI Ta mo3a il
MEXaMH TEePEBIPSIETECS PO3PAXYHKOM HHCE-
JBbHUMH METOJAMH, TO PO3PaXyHKOBHM
BIUIUB F),, TIOBUHEH 3a/I0BOJIbHATH YMOBI:

F,, <
(2) CrilikicTh MIOCKOT JTUCTOBOI KOHCTPYKIIii

IIpH TIO3/I0BXKHBOMY 3THHI F,, BU3HAYa€ThCA
dbopmynoro:

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 F,, should satisfy the condition:

(6.8)

(2) The plate buckling resistance F,, of a
plated structure is defined as:

FRd:kFRk/j/Mlﬂ (6.9)

ne [y, — XapakTepUCTUYHE 3HAYEHHS KpH-

TUYHOI CUIU I IIJIOCKOI JIMCTOBOI KOHC-

TPYKIIIT;

k — xoediuieHT kaniOpyBaHHs, AuB. (6).
Hpumitka. 19 BHU3HAYEHHS 3HAYEHHS
Y B, 1.1 (2).

(3) XapakrepucTUYHE 3HAUYEHHS KPUTHYHOI
cwin Fj,, NOBMHHO BH3HA4YaTHUCS 332 KPHBOIO

3aJIeKHOCTI Aedopmariiii Bii HaBaHTAXKCHb,
sIKa OOYHCIIIOETHCS JUISL BIAMOBIZHOI TOYKH
KOHCTPYKIli 3 ypaxyBaHHSM BiIIOBITHOT
KOMOiHaLil PpPO3paxyHKOBUX BIUIUBIB F, .

Po3paxyHKOM TakoX HMOBHMHHI ypaxOBYyBaTH-
Csl HEJTOCKOHAJIOCTI, SIK OnrcaHo y 5.2.3.2.

(4) XapKTepuCTUYHE 3HAYCHHS KPUTHIHOL
cum F Rk BHU3HAYA€THCA OAHUM i3 HACTYITHUX

KPHUTEPIiB:

— 32 MAaKCHMAaJIbHUM HABAHTAXXCHHSIM KPHUBOI
3aNeXKHOCTI  «Jedopmallisi-HaBaHTAKEHHSD
(rpaHMYHE HABAaHTAXKEHHS);

— 32 MAaKCUMAJIbHO MPHITYCTHMOIO jaedopma-
IIIEF0 KPHUBOI 3aJIGKHOCTI  «aedopMallis-
HABaHTAXXCHHS» BiJl HAaBAaHTAXXCHb, IO Bij-
MOBIJIAIOTh JTOCATHEHHIO TOYKHM Oidypkarii
a00 TPaHWYHOTO HABAHTAXKCHHS, SIKIIO IIC
MIPHITY CTHUMO.

(5) JocToBipHICTh 3HAYEHHS KPUTUYHOI CH-
7, BU3HAYEHOI PO3PAaXyHKOM UYHCEITbHUMH
METOJIaMH, TIOBHHHE MEPEBIPATUCS:

a) NUISIXOM PO3PaxyHKy CTIHKOCTI 1HIION
IUIACTUHH, Ui SKOI XapaKTepUCTHYHE 3Ha-
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where F,, 1is the characteristic buckling re-
sistance of the plated structure

k is the calibration factor, see (6).

NOTE. For the numerical value of y,,, see
1.1(2).
(3) The characteristic buckling resistance Fj,

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 F, .

In addition, the analysis should take into ac-
count the imperfections as described in
5.23.2.

(4) The characteristic buckling resistance F,

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:

(a) either by calculating other plate buckling
cases, for which characteristic buckling re-



YEHHSI KPUTUYHOI CWIn F| SIKE B1IOMO,

rk,known
3 TUMH K€ TPUITYIIEHHSIMH 1 BIIXUICHHIMHU.
VY pospaxyHkax, 1[0 MOPIBHIOIOTHCS, pO3pa-
XYHKOBI KOHTPOJIbHI TIapaMeTpH CTIMKOCTI
MaroTh OyTH MOJIOHMMHU (HANpHKIaa, THYY-
KICTh IUTACTHHH, (OPMHU BTpPaATH CTIMKOCTI,
YYTIUBICTh /0 MOYATKOBUX HEIOCKOHAJIOC-
TEH, BIACTUBOCTEH MaTepiany);

0) a00 MIITXOM MOPIBHSHHSA OTPUMAHUX 3Ha-
YeHb 13 pe3yJbTaramMH  BUNPOOyBaHb

F,

Rk ,known *

(6) B 3ayexxHOCTI Bl pe3ysbTaTiB MEPEBIPKU
JIOCTOBIPHOCTI KOEdIIi€HT KamiOpyBaHHS k
BU3HAYAETHCS 32 (HOPMYJIIOIO
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sistance values F are known, with the

rk,known
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 F, R known *

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

k = FRk,known,check /FRk,check (610)

ne Fy NPUUMAETBCS 32 JaHUMH

k known ,check
OTPUMAaHHWMHU BUIIC,
FRk,check PE3YIbTATH YUCEIIBHUX p03anyHKiB

6.4.3 JlonaTkoBi npaBuiIa VIS pO3PAXyHKY
CIPOILEHNMH PO3PAXyHKOBHMH MeTOAAMH

(1) Sxkmo miAKpiTUIeHH CerMeHT IUIACTHHU
pPO3IUISIEThCS HAa CcyOmaHedl 1 eKBiIBaJICHTHI
CIIEMEHTH KOPCTKOCTI, SIK onucaHo y 5.2.3.4,
CTIMKICTh MiAKPIIICHOTO CErMEHTY IUIACTHHU
MOXe OyTH TepeBipeHa pPO3paXyHKOBUMH
MeTogaMH, HaBeaeHMMHM B EN  1993-1-5.
CrilikicTh BITBHHX KpaiB MOSCIB pedep jxopc-
TKOCTI MOXe OyTH TepeBipeHa BiAMNOBIAHO 10
6.3.3 EN 1993-1-1.

(2) CriiikicTh eKBIBaIEHTHOTO («e()eKTUBHO-
ro») eJIeMEHTa YXOPCTKOCTI, SKWW BH3HAya-
€Thes y posnini 5.2.3.4, moxe OyTu mepesi-
peHa pO3paxyHKOBHMH METO/aMH, HaBeJe-
Humu B EN 1993-1-1.

7 BTOMA

(1) Anst MIOCKUX JIMCTOBUX KOHCTPYKIIIH
BHMOTH /IO BTOMHU MPUIMAIOTECS Y BiMOBI-
HUX JoaaTkax cranaapty EN 1993.

(2) Ominka BTOMHM TIOBHHHAa BHUKOHYBATHCS
BIIMOBITHO JI0 MPOIIEAYPH, MPEICTABICHOI B
EN 1993-1-9.

where  Fp oum e @S follows  from  prior

knowledge;
Frt.cneer @re 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.
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8 T'PAHUYHI CTAHHA 3A
EKCILTYATAIIMHOIO
IPUJATHICTIO

8.1 3arajJbHi M0OJ0KEeHHA

(1) IlpuHuunu BHU3HAUEHHS I'PaHUYHHUX CTa-
HIB 32 EKCIUTyaTalliifHOI0 MpPUIATHICTIO, 3a-
3HadeHi B posmaimi 7 EN 1993-1-1, takox
3aCTOCOBYIOTBCA JO IUIOCKUX JUCTOBHX
KOHCTPYKIIIH.

(2) lns mIOCKMX JIMCTOBUX KOHCTPYKIHN
0cOoOJMBO TOBHMHHI TEPEBIPATHCA KpUTepii
IpaHUYHHX CTaHIB, 3a3Ha4eHi B 8.2 1 8.3.

8.2 IIporunu 3 MICHIUHHA

(1) I'pannune 3HaYeHHS MPOTUHY W TTOBUHHO
BU3HAYATUCA SIK YMOBA, 34 SIKOIO HE BUKOHY-
I0TbCS YMOBHU HOPMAJIbHOI €KCIUTyaTallii ce-
TMEHTA IUIACTUHU.
Ipumirka. /{11 BU3HAYEHHS TPaHUIHUX
3HaUYCHb TPOTHHY W IIWB. BIiIIOBiAHI
HOpPMAaTHBH.

8.3 XucrtkicThb (HaAMipHi KOJTUBaHHS)

(1) HagMipHi xonMBaHHS TIOBHHHI BU3HAYaTH-
csl SIK TPaHWYHA YMOBa, 32 SIKOI0 abo BigOyBa-
€TbCA PYHHYBAaHHS IUIOCKOI JIMCTOBOI KOHC-
TPYKLii BHACTIJOK BTOMH, IO BHKJIHMKaHA
HAJIMIPHUMH KOJIMBAaHHSMH IUIACTHHHU, 200
BCTYIA€ B CUJIy OOMEXKEHHs 3a BTPATOI0 €Kc-
TUTyaTaIliifHOT 3/JaTHOCTI.
Hpumitka. {78 BU3HAUYEHHS T'pPaHUYHUX
3HAQYCHb THYYKOCTI 3 METOK YCYHCHHS
HaaMipHUX KOJMBaHb JWB. BIATIOBiIHI HO-
pMaTHBH.
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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.



JOJATOK A
(noBigKOBMIA)
THUIIN PO3PAXYHKIB IINTACTHUH

A.1 3arajabHi moJ0KeHHHA

(1) BuyTpimisi Hanpy>keHHs B TAKPIMIEHIH 1
HEMIAKPITUIeHIH TIaCTHHI MOXYTh BH3Haya-
THCS HACTYITHUMH TUIIAMU PO3PaxXyHKiB:

— LA: niniiiHA# TPy KHU,

— GNA: reoMeTpru4YHO HETIHIMHUH;

— MNA: $i3u4HO HEeNiHIHHUH;

— GMNA: reomeTpuyHO i Gi3UYHO HENiHIN-
HU;

— GNIA: reomerpuyHO HeNIHIHHUN NpyX-

HUWA 3 ypaxyBaHHSIM IOYATKOBUX HEIOCKO-
HaJOCTEMH;

— GMNIA: reomeTpuyHO 1 (i3UYHO HENIHIN-
HUHI 3 ypaxyBaHHSIM ITOYaTKOBHX HEIOCKO-
HaJ0CTEN.

A.2 JliHiiHU# NPYKHUH PO3PAXyHOK IJIa-
crunu (LA)

(1) JliniffHM# TPY>KHUH PO3PaxXyHOK MOJe-
JIFO€ TIOBEIIHKY TOHKOI IUTACTUHU Ha MiJICTaBl
Teopii 3rUHY TUIACTUH 3 iCATBHOI0 TeOMET-
pieto. JliHeapu3allisi € pe3yJabTaToM JAOMy-
HICHHSI JTIHIHHO-TIPYKHOTO 3aKOHY AedopMy-
BaHHS Martepially 1 JIHIHHOT Teopii Maimx
MIPOTHHIB.

(2) B oinHiitHOMYy TpYyXHOMY PpPO3paxyHKY
(LA) 3a7n0BONBHSAIOTH SIK YMOBHM DPIBHOBArH,
Tak 1 CyMiCHOCTI mporuHiB. HampyxeHHs i
nedopmariii 3MIHIOIOTBCS JiHIHHO 13 3poc-
TaHHSM TONEPEUYHOT0 HABAaHTAKEHHSI.

(3) IlpuknagoM JiHIHHOTO MPYKHOTO PO3pa-
XYHKY € HacTynHe audepeHIiiHe pPiBHIHHS
YETBEPTOTO0 MOPSAKY 3 YACTKOBUMHU TMOXIiA-
HUMH, HaBEJEHE VISl 130TPOITHOT TOHKOI1 T1J1a-
CTHHH, 3aBAaHTXKEHOI TUIHKU HaBaHTaKEH-
HSIM 11032 MEKaMU TUIOIIUHHU:
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ANNEX A

[informative]

TYPES OF ANALYSIS FOR THE
DESIGN OF PLATED STRUCTURES

A.1 General

(1) The internal stresses of stiffened and
unstiffened plates may be determined with the
following types of analysis:

— LA: Linear elastic analysis;
— GNA: Geometrically nonlinear analysis;
— MNA: Materially nonlinear analysis;

— GMNA: Geometrically and materially non-
linear analysis;

— GNIA: Geometrically nonlinear analysis
elastic with imperfections included;

— GMNIA: Geometrically and materially non-
linear analysis with imperfections included.

A.2 Linear elastic plate analysis (LA)

(1) The linear elastic analysis models the be-
haviour of thin plate structures on the basis of
the plate bending theory, related to the perfect
geometry of the plate. The linearity of the the-
ory results from the assumptions of the linear
elastic material law and the linear small de-
flection theory.

(2) The LA analysis satisfies the equilibrium
as well as the compatibility of the deflections.
The stresses and deformations vary linear with
the out of plane loading.

(3) As an example for the LA analysis the
following fourth-order partial differential
equation is given for an isotropic thin plate
that subject only to a out of plane load p(x,y):

o*w o*w X,
V9. 0w 0w _pu)) (A1)
ox ox“oy” Oy D
e Where
3
D=E—t2
12-(1-v?)
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A.3 TeomeTpu4HO HeJiHiHHHI Ppo3paxy-
HOK (GNA)

(1) T'eomerpu4Ho HeNMiHINHMIA PO3paxyHOK
3aCHOBY€THCS Ha TeOpii 3rMHY IUIACTUH 3
17IeaJIbHOI0 TEOMETPIEI0 3  3aCTOCYBAHHSIM
3aKOHY JIHIHHO-TIPY>KHOTO J1e(hOpMyBaHHs
MaTepianiB HeJiHIHHOI Teopii BENIUKUX Mpo-
T'MHIB.

(2) B reomeTpuuHO HETIHIHHOMY pO3paxyH-
Ky MalOTh 33JI0BOJIBHATHCS SK YMOBHU PiBHO-
Bar”, TaK i CyMICHOCTI NPOTHHIB MPH PO3T-
a1 neopMyBaHHS KOHCTPYKIII.

(3) B Teopii BenmuKUX MPOTHHIB BPaXOBYETh-
Csl B3a€MOJIisl MK 3rHHAbHUMH 1 MeMOpaH-
HUMHU BIUmBaMH. [lepemimeHHs 1 Harpy-
KEHHSI 3MIHIOIOTHCSI HENIHIKHO 3 3pOCTaHHSAM
MIOTIEPEYHOT0 HABAHTAKCHHSI.

(4) IlpuknagoM TeoMETpUYHO HENiHIHHOTO
pO3paxyHKy € HacTylHa cucTteMa nudepeH-
ifHUX PIBHSHB YETBEPTOrO MOPSIKY, HaBe-
JIeHa ISl 130TPOMHOI TOHKOI TUTACTHHH, 3a-
BAHTAXKEHOI TiNbKM HaBaHTaxeHHAM p(x,y)

I103a MEXKaMHU IINIOIIHWHUN

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 pressure.

(4) As an example for the GNA analysis the
following fourth-order partial differential
equation system is given for an isotropic
thin plate subjected only to a out of plane

load p(x,y).

4 4 4 2 2 2 2 2 2
8v4v+ _ 82w2+8v4v_i' 6]2’_8211_2. of ow +8]2"8v2v zp(x,y)’ (A.2a)
ox ox“0y~ oy D | oy oOx Ox0y 0OxOy ) Ox° Oy D
4 4 4 2. \2 2 2
0 9. 0 \OF _pl|ow) Owow) (A.2b)
ox oxoy” oy ox0y ox" oy
ne f — dyskuis Hanpyxenb Elipi; where f is the Airy's stress function
3
po B
12-(1-v7)

A.4 Po3paxyHok 3 ypaxyBaHHAM (i3H4HOL
HeJiHiiHocTi (MNA)

(1) PospaxyHok 3 ypaxyBaHHSIM (i3UdHOT
HEJIIHIHHOCTI OCHOBaHWM Ha Teopii 3TUHY
MJIACTUH 1/1€a]IbHOT TeOMETPii 3 MPHUITYIICH-
HSM MajuX NPOTUHIB, K B po3aim A.2, i
HEJIHIWHOT TOBEIHKHM MaTepiaiy.

A.5 Po3paxyHoK 3 ypaxyBaHHSIM reoMmeT-
pu4HOi i PpisnuHoil HeqdiniitHocTI (GMNA)

(1) Po3paxyHOK 3 ypaxyBaHHSIM I€OMETpHUY-
HO1 1 (Pi3UyHOT HENMIHIHHOCTI OCHOBaHHWH Ha
Teopii 3rMHY IJIACTUH 1/eanbHOI reoMeTpii 3
MPUITYIICHHSIMU HEJIIHIMHOI Teopii BETMKUX
NPOTHHIB 1 HENIHIHHOTO 3aKOHY IMPYXKHO-
MJIACTUYHOTO JIepopMyBaHHS MaTepiaiy.
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A.4 Materially nonlinear analysis (MNA)

(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.

A.5 Geometrically and materially nonlinear
analysis (GMNA)

(1) The geometrically and materially nonline-
ar analysis is based on the plate bending theo-
ry of the perfect structure with the assump-
tions of the nonlinear, large deflection theory
and the nonlinear, elasto-plastic material law.



A.6 T'eoMeTpUYHO HeJIHIMHMI NPYKHUMN
PO3PaxyHOK 3 YpaxyBaHHSIM NOYATKOBHX
Henockonagocreit (GNIA)

(1) 'eomeTpuyHO HENMiHIKHUN PO3PAXYHOK 3
ypaxyBaHHSIM ITOYaTKOBUX HEIOCKOHAJIOCTEH
BIJIMIOBI/1a€ TEOMETPUYHO HENIHIHHOMY pO3-
paxyHKy, BUKJIaJIECHOMY B po3aiii A.3, oqHak
B SIKOCTI TEOMETPUYHOI MOJENi BUKOPHCTO-
BYETHCSI KOHCTPYKIIiS 3 TEOMETPHYHUMH T10-
YaTKOBHMH HEIOCKOHAJIOCTSIMHU, HANpPHKIAN,
norepenHiM 1e)OpMyBaHHSM TUIACTHHH, IO
BinoBigae ¢hopMi BTpaTi CTIHKOCTI.

(2) F'eomeTpryHO HEMIHIMHUEN TIPYKHUAN PO3-
PaxyHOK 3aCTOCOBYETHCS B ACSKUX KOHCTPY-
KIiSX TUTACTHH Y BHIIAJKaX IEePEBaYKaHHS
Halpy»XeHb CTUCKY a00 3CYBY, 3yMOBIICHHX
BIUTMBOM €()eKTiB y IUIOUIMHI TIaCTUHU. Bin
3a0e3neuye CTIHKICTh MIACTMHU 3 (PaKTHY-
HUMH HEJOCKOHAJIOCTSIMH y TPY>KHUH cTamii
poboTH.

A.7 I'eomeTpu4HO i Pi3MYHO HeTiHITHUIA PO3-
PAXyYHOK 3 ypaxyBaHHSIM II0YATKOBHX HeI0C-
koHasnocreit (GMNIA)

(1) 'eomeTpuyno 1 (Hi3UUHO HENMIHIKHUN PO-
3paxyHOK 3 ypaxyBaHHSM ITOYAaTKOBHX HEIO-
CKOHAJIOCTEH BiJIOBia€ PO3PaxyHKy 3 ypa-
XyBaHHSIM T'€OMETPUYHOI 1 (i3MYHOI Hedmi-
HIMHOCTI, III0 ONTUCAHUH B po3iii A.S, omHaK
y SIKOCTI T€OMETPUYHOI MOJAE BUKOPUCTO-
BY€TBHCSI KOHCTPYKIIS 3 TECOMETPUYHUMH He-
JOCKOHAJIOCTSIMU, HANpUKIaA, Yy BUIISAAL
nonepeaHpo aehopMoBaHoi (y BiIMOBITHOCTI
3 (popMOIO BTpaTH CTIMKOCTI) TIIACTUHH.

2) I'eomerpuuno 1 GI3UYHO HETIHIMHUN
PO3PaxXyHOK 3 YypaxyBaHHSM TOYaTKOBHUX
HEIOCKOHAJIOCTEH 3aCTOCOBYETHCSI Y BHITAI-
KaxX TepeBaKaHHS HAMPYKEeHb CTHCKY abo
3CYBY, 3YMOBJICHMX BIUTUBOM €(eKTiB B
IUIOIIMHI TIacTUHHU. BiH 3a0e3neuye criid-
KICTh MJIACTUHU 3 (AKTUYHUMHU HEIOCKOHA-
JOCTSIMH Y TIPYXHO-TIACTUYHIN cTafii pobo-
TH.
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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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NOJATOK B
(noBigKOBMIA)

HANPYXEHUM CTAH
HEOIIEPIIUIEHUX IIJIACTUH 3A
TEOPIEIO MAJINX TIEPEMIIIEHD

B.1 3araiabHi HoJ10KeHHA

(1) B upoMy monaTky HaBeJeHI PO3paxyHKO-
Bi Qopmynn s 0OOYUCIEHb BHYTPILIHIX
HaIpy>XeHb B HEMIIKPIIJICHUX MPSIMOKYTHUX
IUTACTUHAX, SKi OCHOBaHI Ha Teopii Malux
MPOTHHIB TIACTUH. BiAmoBimHO, pe3yiabTaTh
BIUTMBIB MEMOpPAHHHUX CHUJI HE BPAaXOBYIOTHCS
y pO3paxyHKOBHX (opMynax, HaBEICHHX B
IbOMY JTOJIATKY.

(2) PospaxynkoBi hopmynu niepeadadeHi s
HACTYITHHUX BI/II[iB HaBaHTAa>XXCHb:

— PIBHOMIPHO PO3MOIJICHOT0 HaBaHTAKCHHS
1o BCidf muTi, AUB. po3ain B.3;

— PO3MOJIICHOT0 HaBaHTAXKEHHS, IO MPHK-
JaJieHe 10 UEHTPaIbHOI JUISSHKU TUIACTHHH,
uB. po3ain B.4.

(3) IIporun w cerMeHTa IUTACTHHM 1 3rHHA-
JIbH1 HaIpPY>KCHHA Ub,x 1 Jb,y Y CCIMCHTI

IUTACTUHU MOXKYTh OOYHUCITIOBATHCS HA TIiJIC-
TaBi KOEQIII€HTIB, 3a3HAYEHUX B TaOIMIIIX
posninie B.3 i B.4. Koedimientn BpaxoBy-
10T Koe(imienT [lyacona v =0,3.

B.2 l1lo3nauenus

(1) Ilo3HaueHHs1, 110 BUKOPUCTOBYIOThCS:
qr;, — PO3pPaxyHKOBE 3HAUEHHS PO3MOLJIe-

HOI'O HaBaHTa>XCHHS,
Prs — PO3PaxyHKOBE€ 3HAYCHHsS HaBaHTa-

’KEHHS Ha JIISHIU [UIACTUHM;

@ — MEHIIIa CTOpPOHA IJIaCTUHH;

b — Oinpla cTOpOHA MIACTHHY;

{ — TOBIIHWHA IJIACTUHMU,

E — Mozynb Ipy’KHOCTI;

k, — KoeQiieHT UIs BU3HAYEHHS TPOTHHY

w
IUTACTHHU, IO BIiIIOBIIa€ TPAHUYHUM YMO-
BaM, 3a3HAYEHUM B HABEJICHHMX HIKYE Ta0-
JIALIAX;

k_,. — xoe®illieHT A7 BU3HAYEHHS 3THHAIIb-

HOTI'O HAIIPY>XCHHA O, , IUIACTUHHU, IO BiI[l'IO-

Bi,I[a€ I'paHUYHUM YyMOBaM, 3a3HAYCHHUM B
HaBCACHHUX HUKYC Ta6J'II/IIl$IX;
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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 o, , and o, , 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:
qz, 1s the design value of the distributed load;

P 18 the design value of the patch loading;

a 1is 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;

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

k_,. 1s the coefficient for the bending stress
o, . of the plate appropriate to the boundary

conditions of the plate specified in the data
tables;



kab

y
HOTI'O HaIIpy>XCHHA O, ¥ I1aCTUHHU, 110 BiILHO-

— KoeIIieHT AJI1 BU3HAYCHHS 3THHAITb-

BiJa€ TPaHWYHHM YyMOBaM, 3a3HAYEHUM B
HaBEJICHUX HUKYE TAOIUIIIX.

B.3 PiBHoMipHO po3mnoxijieHe HaBaHTAa-
JKeHHA

B.3.1 IIporuH 3 miIOIMHA

(1) IIporur w pIBHOMIPHO 3aBaHTAXXEHOTO
CErMEHTy IUIAaCTUHHM MOXKHA pPO3paxyBaTH 3a
(hopmyIioro

w=k, -

Mpumirka. Dopmyna (b.1) niiicHa,
TIJBKHA KOJIM W MEHII HIXK [ .

B.3.2 BuyTpimHi HANpyKeHHS

(1) 3runanbHi HATPYKeHHs O, 1 0, , Y Cer-

MEHTI TUTACTUHN MOYKHA BH3HAYUTH 3 HACTYI-
HUX PiBHSHB:
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k., 1s the coefficient for the bending stress
o,,, 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:

4
Dea (B.1)

EF
NOTE. Expression (B.1) is only valid
where w is small compared with 7.

B.3.2 Internal stresses

(1) The bending stresses o, and o,, in a

plate segment may be determined with the
following equations:

2
a
Op v kd = Ky I (B.2)

OpyEd = ko‘by

(2) Jlns cerMeHTa IUIACTUHHU CKBIBaJCHTHE
Hampy»XeHHs MOKHA PO3paxyBaTd 3a JOIMO-
MOTOI0 3TMHAILHUX HaNpyKeHb, HAaBEIACHUX
B (1), HACTYTHUM YHUHOM:

X 2 >
t

2
a
Ara? Eldz , (B.3)
(2) For a plate segment the equivalent stress
may be calculated with the bending stresses
given in (1) as follows:

[ 2
O kd = \/Jb,x,Ed 10y, 6a T Obxd0b,y,Ed - (B.4)

I[Ipumirtka. Toukwn, IS SIKUX
HaIpy>XCHHS, BU3HAYCHI B HAaBEACHUX
HIDKYE TaONMIAX, 3HAXOAATHCS abo Ha
BicsiX cuMeTpii, abo Ha TpaHHIIX
IJIACTHHM, TaK, IO 3aBISKH CHMETpii a0o
cOpMyIJILOBAaHUM TPAHUYHUM YMOBaM,
JOTUYHI Hamnpy)KeHHs NpU 3THHI 7T,

JOPiBHIOIOTH HYJIIO.

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 7, are zero.
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B.3.3 Koedinientu 4 nas piBHOMipHO po-
3M0iJIEHNX HABAHTAKeHb

Ta6auua B.1 — Koediuientn k
Table B.1 — Coefficients k&

B.3.3 Coefficients 4 for uniformly distrib-
uted loadings

HaBanTameHHs:
PIBHOMIPHO pO3MO/iICHE
vt Loading:
Uniformly distributed loading
b 12 > I'pannyni ymoBu:
BCl Kpai 3aKpilJieHi mapHipHO HEPYXOMHUMH OIIO-
pamu
<> Boundary conditions:
All edges are rigidly supported and rotationally
free
bla K.y K g1 ko‘byl
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
Taboauust B.2 — Koedimientu k
Table B.2 — Coefficients &
HaBaHTaxeHHs:
Y4 PiBHOMIpHO PO3MOIiIEHE
Loading:
b Uniformly distributed loading
b > I'panmuni ymosu: '
BC1 Kpai )KOPCTKO 3aIIeMIICH]
Boundary conditions:
le@ 5| All edges are rigidly supported
and rotationally fixed.
bja k., K kabyl K gy
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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Taoauus B.3 — Koedinientn .
Table B.3 — Coefficients &

HaBanTaxeHnus:

PIBHOMIPHO pO3MOiIeHE

vt Loading:

Uniformly distributed loading

I'panuyni ymoBu:

¥ TPH Kpai 3aKpimieHi MIapHipHO HEPYXOMO i
OJIMH — YKOPCTKO 3aIeMIICHHUH

Boundary conditions:

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

b/a k., K i kobyl K poa
1,5 0,04894 0,330 0,177 -0,639
2,0 0,05650 0,368 0,146 —-0,705

Ta6anus B.4 — Koedinientu k
Table B.4 — Coefficients &

HaBanTaxeHHs:

PIBHOMIPHO pO3MOIiIeHE

va Loading:

Uniformly distributed loading

I'panuyni ymoBu:

7IBa Kpai 3aKkpiruieHi MapHipHO HEPYXOMO 1 J1Ba —
’KOPCTKO 3aIlieMJyIeHi

) Boundary condjtions: ‘
Two edges are rigidly supported and rotational-
ly free and two edges are rigidly supported and
rotationally fixed.

xv

bja k., Kb Koy K obea

1,0 0,02449 0,185 0,185 —-0,375
1,5 0,04411 0,302 0,180 —0,588
2,0 0,05421 0,355 0,152 —0,683
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Ta6auua B.5 — Koedimientn k
Table B.5 — Coefficients &

”n HaBanTakeHHs:
3 PIBHOMIPHO PO3MO/IIJICHE
; . Loading:
b X Uniformly distributed loading
I'panuyni ymoBu:
ca JIBa TPOTHJICKHHUX KOPOTKUX Kpai 3aImemiieHi,
JIBA 1HITHX — OMHPAIOTHCS MIAPHIPHO PYXOMO
Boundary conditions:
Two opposite short edges are clamped, the oth-
er two edges are simply supported.
b/ a k., K g1 kobyl ko‘by3
1,0 0,02089 0,145 0,197 -0,420
1,5 0,05803 0,348 0,274 -0,630
2,0 0,09222 0,519 0,284 -0,717
Ta6auus B.6 — Koediuientu k
Table B.6 — Coefficients &
HaBaHTamxeHHs:
ya PIBHOMIPHO pO3MOIiJIcHE
b .
Loading:
Uniformly distributed loading
b —f— I'panuyni ymoBn:
JIBa TPOTHJICKHUX JOBIUX Kpal 3alieMyIcHi
YKOPCTKO, 7B IHITUX — IIAPHIPHO PyXOMO
<d 5 Boundary conditions:
Two opposite long edges are clamped, the other
two edges are simply supported.
bja k. K i K 1 K s
1,5 0,02706 0,240 0,106 —-0,495
2,0 0,02852 0,250 0,0848 -0,507

B.4 HaBaHTa:keHHSI HA HEHTPAJbHIH 1i-
JSHII IIACTHHH

B.4.1 IIporuH 3 nJIOMIUHHA

(1) Ilporun w cermMeHra MJIacTUHU 3 HaBaH-
T@KEHHSIM Ha LEHTPaJbHIA AUISHII MOXKHA
po3paxyBaTH 3a GOpPMYJIO0

w=k_

B.4.2 BayTpiluHi HanpyKeHHsA

40

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

pEda
P B.5
EF (B-3)

B.4.2 Internal stresses



(1) 3runaneHi HAIPYXKEHHA O, 1 O, , B Cer-

MEHTI TUTACTUHU MOKHA BH3HAYWTHU 32 HACTYII-
HUMH (HOpPMYIIaMHU:

Obrrd = K

O,y ea =

(2) Hns cermMeHTa IUIACTHHH €KBIBAJICHTHI
Hanpy>KeHHs BiJ 3TMHY MOXYTh OyTH o0unc-
JIeH1 Ha mifacTaBl ckianoBux (1) HacTymHUM
YHHOM:

ko‘b
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(1) The bending stresses o, and o, , ina

plate segment may be determined by the fol-
lowing formulas:

p

; t—‘i" (B.6)
14

L (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& 151 HaBaHTaKeHHS
Ha HEeHTPAJbHINA IISHII MJIACTUHI

Ta6muus B.7 — Koedinientu k
Table B.7 — Coefficients &

[ 2
eq.Ed \/O-b,x,Ed +0y 50 ~Obx5dTb.y.Ed -

(B.8)

B.4.3 Coefficients & for patch loading

HaBaHTaxxeHHs1:

Ha ICHTPAJIbHINA JTUISHIII

Loading:

m T Central patch loading
I'panuyHi ymoBu:
b ‘jt X BCI Kpai 3aKpillIeH] MapHIpHO HEPYXOMO
A ' Boundary conditions:
* . All edges are rigidly supported and rotationally free.

IHapamerpu:

Parameters:

a=ula  pB=v/b

bla axf k,, k., K g1
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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3akinyennsa Tadauni B.7

End of Table B.7
HaBaHTaskeHHA:
Ha ICHTPAIBbHINA JTUTSHITI
Loading:
Central patch loading
y 3

I'pannyni ymoBu:
BCl Kpai 3aKpiIuieHi MapHipHO HEPYXOMO

Boundary conditions:
All edges are rigidly supported and rotationally

o
A _ free.
IHapamerpu:
Parameters:
a=ula  f=v/b
b/a axpf k,, k., K 1
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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NOJATOK C
(noBigKOBMIA)
HANPYXEHUM CTAH
HENLIKPIIJIEHUX MPSIMOKYTHHX
IJACTHH 3A TEOPIEIO BEJHUKHUX
MPOIr'VHIB

C.1 3aranbHi noJ0KeHHA

(1) B ubomy gonaTky HaBeIeHI pPO3paxyHKO-
Bi QopMynH ais BHYTPILIHIX HaIpyXEeHb
HEMIAKPIIUIEHUX  NPSIMOKYTHUX  IUIACTHUH,
OCHOBaHI Ha TEOpii BETMKUX MPOTUHIB IJIac-
THUH.

(2) PosrmsmaroThCcst HACTYIIHI YMOBH 3aBaH-
Ta)KEHHS:

— pPIBHOMIpPHO pO3MOAiJIEHE HaBaHTAKEHHS
M0 BCiii MOBEpXHI IUJIACTUHHU, AMUB. PO3JALI
C.3;

— PIBHOMIPHO pO3MOJiIEHE HaBaHTAKEHHS
Ha IICHTPAJIbHIA MINSHII TIJIACTHHU, [UB.
posain C.4.

(3) 3ruHanmpHi 1 MeMOpaHHI Hampy>KEHHS B
IUTACTUHI 1 TPOTMHM W IUIACTUHU MOXHA
pO3paxyBaTH 3a JOIOMOTOI0 KOE(]IIIEHTIB,
3a3HaueHux B Tabnuisix po3ainis C.3 1 C.A4.
Koedimientun orpumMani 3 ypaxyBaHHSIM Koe-
¢imienra Ilyacona v =0,3.

C.2 Ilo3HavyeHHs
(1) ITo3HaueHHs, 110 BUKOPUCTOBYIOTHCSI:

qr; — PO3PAXyHKOBE 3HAUEHHs PIBHOMIPHO

PO3MOJIIJICHOTO0 HAaBAaHTAXKEHHS MO BCii TO-
BEpXHi;

Prs — PO3pPaxyHKOBE 3HAUEHHs PIBHOMIpHO
PO3MOJIIJICHOTO HABAaHTA)XCHHS Ha JIUISHII
IJIACTUHY 3 PO3MIpaMu U X V;

@ — MEHIlIA CTOPOHA TJIACTUHM;

b — Oinpla cTOpoHa MIACTHHH,

{ — TOBIIVHA MJIACTHHH;

E — Monynbs pyKHOCTI;

FBC —rpaHn4yHl yMOBHW /I 3TMHAJIBHOTO
CTaHy,

MBC — rpaHWYHI YMOBH IS MEMOpPAaHHOTO
CTaHy;

k, — KoedimieHT I BU3HAYEHHS IPOTHUHY

w
IUTACTUHM, IO BIJAMOBIA€ TPAHUYHUM YMO-
BaM, 3a3HAYE€HMM B HaBEIEHUX HIKYE Ta0-
JIALSX;

k_,. — Koelii€HT Uil BU3HAYEHHS 3THHAIIb-
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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:

qr, 18 the design value of the load uniformly
distributed over the total surface;

Pz 1s the design value of the patch loading
uniformly distributed over the surface u x v;

a 1s the smaller side of the plate;

b 1is the longer side of the plate;

t 1s the thickness of the plate;

E is the Elastic modulus;

FBC flexural boundary conditions;

MBC membrane boundary conditions;

k, is the coefficient for the deflection of the

plate appropriate to the boundary conditions
specified in the data tables;

Ko

X

is the coefficient for the bending stress
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HOTO HampyXeHHS O, B IUIACTHHI, 10 Bij-

HOBiJa€ TPaHUYHUM yMOBaM, 3a3HAYCHUM B
HaBEJCHUX HIDKYE TAOJIUIIIX;
K, — KOSQIUIEHT [y BU3HAYEHHS 3TMHAIb-

HOTO HAIpPYXEHHA O, B [UIACTHHI, IO BiA-

MOBiZIa€ TPAaHMYHUM YMOBaM, 3a3HAYCHUM B
HAaBEIEHUX HIDKYE TaOIUIIIX;
k — Koe(ilieHT A7 BHU3HAYCHHS MEM-

omx

OpaHHOIO HaNpyXXeHHs O, . B IUIACTHHI, IO

X
BIJIMOBia€ TPAHUYHUM YMOBaM, 3a3HAYCHUM
B HaBEJICHMX HIKYE TAOIIHIIAX;

k —Koe(illieHT 71 BU3HAYEHHS MeEM-

omy
OpaHHOIO HAaNpPYXEHHS O, , B IUIACTHHI, 1O

BIJITIOBIJJa€ TPAHUYHUM YMOBAaM, 3a3HAUYCHUM
B HaBEJCHUX HIKYE TAOIHIISX.

C.3 PiBHOMIpHO po3mogijicHe HaBaHTa-
JKeHH$ 10 BCili MOBePXHi MJIACTHHH

C.3.1 IlporuH i3 mI0MIMHHA

(1) IIporun w cermeHTta IUIaCTUHM, fKa Ha-
BaHTa)K€Ha PIBHOMIPHO PO3MOIIEHUM HaBa-
HT2KEHHSIM, MOXKHA pO3paxyBatu 3a Gpopmy-
JI010

w=k

w

C.3.2 BHyTpilHi HAaNpy>KeHHS

(1) 3ruHanbHi HanpyxeHHs o, 1 o0, B

X
CeTMEHTI IUIACTUHU MOXKHA
HaCTyIHUMHU HOpMyJIaMHU:

BU3HA4YUTH 3a

o, . of the plate appropriate to the boundary

conditions specified in of the plate in the data
tables;

k4, 1s the coefficient for the bending stress
o, , of the plate appropriate to the boundary

conditions specified in the data tables;

k_ 1s the coefficient for the membrane stress

omx

o, of the plate appropriate to the boundary

conditions specified in the data tables;

k

omy

is the coefficient for the membrane stress
o,,, 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 load-
ing may be calculated as follows:

e (C.1)
Ef
C.3.2 Internal stresses

(1) The bending stresses o, , and o, in a

plate segment may be determined with the
following equations:

2
950
O-b,x,Ed :ko'hx : Etdz 9 (C.2)
=k qua2 C3
Opykd — Koby 2 (C.3)
(2) Membpanni Hanpyxenus o, . i o, , B (2) The membrane stresses o, , and o, , ina

CeTMEHTI IUIACTUHU MOXKHA
HAaCTyIHUMHU (HOpMyJIaMHU:

BU3HA4YUTH 3a

plate segment may be determined as follows:

2

O-m,x,Ed = ko‘mx ’ qEIdZa s (C4)
9’

O-m,y,Ed = ka'my : Edz N (CS)

(3) Ha nHaBaHTa)KeHI TOBEpPXHI IUIACTUHU
3arajibHi HaNpy>KEeHHS BH3HAYAIOTHCS 3THHA-
JbHUMU 1 MEMOpaHHUMH HaIpyXEeHHSMH,
HaBeneHuMH B (1) 1 (2), HACTYITHUM YHHOM:
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t
(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:



O-x,Ed

O-y,Ed

(4) Ha HeHaBaHTa)KeHIl MOBEPXHI TUIACTUHU
3arajibHi Hampy>KEHHS BH3HAYAIOTHCS 3THHA-
JBbHUMHU 1 MEMOpaHHMMHM HaIpyKCHHSIMHU,
HaBeneHuMH B (1) 1 (2), HACTYITHUM YHHOM:

Ux,Ed

O-y,Ed

(5) st mmacTUHU €KBiBaJICHTHE Hampy KeH-
Hi O, ;; MOXHA BU3HAYMTH 32 HANPYXKCH-

HSIMU, HaBEACHUMH Y (4), HACTYITHUM YHHOM:

= _Gb,y,Ed +0

= Gb,x,Ed + Um,x,Ed >
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(C.6)

_O-b,x,Ed + O-m,x,Ed o

(C.7)

m,y,Ed *

(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:

(C.8)
(C.9)

O-b,y,Ed + O-m,y,Ed ‘

(5) For a plate the equivalent stress o, ,, may

be calculated with the stresses given in (4) as
follows:

_ 2 2
O-eq,Ed - \/O-x,Ed + O-y,Ed - O-x,Edo-y,Ed . (C 10)

Hpumitka. Touku, Ans SKUX HanpyKeHUH
CTaH BU3HAUYAETHCS B HABEICHUX HWKYE
TaONUIIX, PO3TAIIOBaHi abo Ha BiCAX CH-
MeTpii, a00 Ha Kpasx Tak, IO 3aBISIKU CH-
MeTpii abo cHopMyNIbOBAaHUM TPaHUYHHM
yMOBaM, MeMOpaHHI JAOTHYHI HaIpy>KeHHS

7, , a TAKOXK JIOTHYHI HAIIPy>KEHHs BiJ| 3TU-
Hy 7, JOpIBHIOIOTH Hyo. AnreOpaiuna

CyMa BIOIOBIAHOTO 3THHAILHOTO 1 MEM-
OpaHHOr'O HAINPYXXCHb B TOYKAaX, 3a3Haye-
HUX B HaBeJEHUX HIDKYE TAOJHMIAX, HA€
3HAYE€HHS MAaKCUMAaJbHUX 1 MIHIMaJIbHUX
HaIlpy»XCHb Ha TOBEPXHI IUIACTHHU B IUX
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 7, 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 KoedinienTn 4 pas piBHOMipHO

C.3.3 Coefficients k& for uniformly distrib-

PO3MNOAI/IEHNX HABAHTAKEHb uted loadings
Ta6auusa C.1 — Koedimientu k
Table C.1 —Coefficients &
HaBaHTakeHHsI:
PIBHOMIPHO pO3MOIiIeHE
Loading:
Uniformly distributed loading
y4 I'panuyni ymoBu:
FBC : yci xpai mapHipHO pyXOMO MiIepTH
MBC : HopMasbHI 1 TOTWYHI HAIPYKEHHS J0-
1 > PIBHIOIOTH HYJIIO
X Boundary conditions:
FBC MBC .
FBC : All edges are simply supported.
le2 5 MBC : Zero direct stresses, zero shear stresses
IMapameTpu:
Parameters:
4
_ 9ga4
T
b/a Q kwl ko‘bxl kobyl ko‘mxl ko‘myl ko‘me
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 | 00658 | 00658 | 00372 | 00372 | —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
120 0,0332 0,1448 0,0807 0,0170 0,0789 | -0,1468
1,5
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
120 0,0462 0,2138 0,0959 0,0073 0,0992 | -0,1707
2,0
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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Tadmauua C.2 — Koedimientn &
Table C.2 — Coefficients &
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HaBanTameHHs:

PIBHOMIPHO pO3MOiIECHE
Loading:

Uniformly distributed loading:

I'pannyni ymoBu:
FBC : Bci kpai mapHipHO pPyXOMO MiAnepTi

yt MBC : Bci kpai 3anMmiaroTees npsmumu. Hopma-
JIbHI 1 IOTMYHI HANpy>KEHHs Ha CEpelUHHIN 1o-
b BEPXHIi IOPIBHIOIOTH HYIIIO
X Boundary conditions:
FBC MBC
FBC : All edges are simply supported.
< @ . .
MBC : All edges remain straight. Zero average
direct stresses, zero shear stresses
IMapamerpu:
Parameters:
T
Q=
Bt
b/ a Q kwl kabxl kabyl komxl komyl kome komyZ
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 | 03023 | 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
s 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 Taoauui C.2
End of Table C.2

HaBanTameHHs:

PIBHOMIPHO pO3MOIiIeHE
Loading:

Uniformly distributed loading:

I'panuyni ymoBu:
FBC : Bci kpai mapHipHO pyXxoMO HianepTi

yt MBC : Bci kpai 3anumaroThest npsimuMu. Hopma-
JIbHI 1 JOTWYHI HANPYXXCHHSI HA CePeIUHHIN T10-
R BEPXHI JIOPIBHIOIOTH HYJIIO
X Boundary conditions:
FBC MBC )
FBC : All edges are simply supported.
<2 MBC : All edges remain straight. Zero average
direct stresses, zero shear stresses
Mapamerpu:
Parameters:
Gpgd
_ 1Ed
Q £’
b/ a Q kwl k obx1 ko‘byl ko‘mxl ko‘myl ko‘me kamyZ
200 0,0172 0,0847 0,0247 0,0305 0,0075 0,0384 | —0,0067
2 300 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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Ta6muus C.3 — Koedimientu k
Table C.3 — Coefficients &

HaBaHnTameHHs:

PIBHOMIPHO pO3MO/iIECHE
Loading:

Uniformly distributed loading:

vt I'panuuni ymoBu:
J FBC : Bci kpai &KOPCTKO 3alleMIIeH1

MBC : HopMaITbHi 1 TOTHYHI HaNpy>KeHHs J0pi-
BHIOIOTh HYJTIO

MBGC Boundary conditions:

FBC : All edges are clamped.

<~ > MBC : Zero direct stresses, zero shear stresses

< v

ITapamerpu:
Parameters:
4
_ 4ga4

£’

b/a Q kwl kobxl kobyl komxl komyl kamxz komyZ

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
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 | 02117 | 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
120 0,0173 | 0,1406 | 0,0696 | 0,0124 | 0,0385 | —0,3591 | —0,0559

b 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 | 02418 | 0,0932 | 0,0010 | 0.,0108 | —0.4935 | —0.0150
40 0,0265 | 02330 | 0,0897 | 0,0017 | 00198 | —0.4816 | —0.0277
) 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 | 02492 | 0,0767 | —0.0015 | 0,0027 | —0.5065 | —0.0033
40 0,0290 | 02517 | 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 | 02096 | 0.0707 | 0,0002 | 0.0415 | —0.4520 | —0.0564
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Ta6auusa C.4 — Koedimientn k
Table C.4 — Coefficients &

HaBanTaxeHnHs:

PIBHOMIPHO pO3MOIiJICHE
Loading:

Uniformly distributed loading

I'panuyni ymoBu:

_y' “_ FBC : Bci Kpai )KOpCTKO 3alleMJIeH.
MBC :Bci pelpa 3aIMIIAIOTBCS MPSIMHMH,
HOpMaJIbHI 1  JOTMYHI  HamNpy>XCHHS  Ha
1 > CEpeIMHHIN TTOBEPXHI IOPIBHIOIOTH HYIIO
FBC MBC Boundary conditions:
FBC : All edges are clamped.
<2 > MBC : All edges remain straight. Zero average
direct stresses, zero shear stresses
ITapamerpu:
Parameters:
qu“4
O
b/a 0 k., K g1 ko‘byl K g1 kamyl K g K g ko‘myZ
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
Lo 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
s 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
0 120 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
1.0 120 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 Po3nonijieHe HaBaHTa:KeHHS Ha
HEeHTPAJbHIN JISHII IJIACTUHA

C.4.1 3araiabHi H0J0KEeHHHA

(1) IIporun w 1 Hampy>XeHHsS TOBHHHI BU-
3HavaTHCA 3a (opMynaMu s TUIACTHHH,
3aBaHTA)XEHOI PO3MOJUIEHUM IO TOBEpPXHI
HaBaHTAXECHHAM p,, Ha LIEHTPalbHIA ALIA-

HI[l JOBXKUHOKO # 1 IIUPHUHOIO V:

W=K_
w Et3

C.4.2 BHyTpilIHi HANPYKEeHHS

(1) 3ruHanbHi HanpyxeHus o, 1 o0, B

CerMEHTI IJIaCTMHM MOKHa BU3HAUUTH 32
HACTYNTHUMHU (POPMYIIaMHU:

4
Prs2
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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 p,,, distributed over an area of u long

and v wide:

(C.11)

C.4.2 Internal stresses

(1) The bending stresses o, and o,, in a

plate segment may be determined with the
following equations:

2
a
Opba = Kone pEt+ ) (C.12)
P’
Cyyia = Koy % : (C.13)
(2) MemOpanHi HanpyxeHust o, = 1 0, , B (2) The membrane stresses c,,and o, ,ina

CErMEHTI IIACTUHHA MOJKHA BU3HAYNUTH HaCTy-
ITHUMH YHUHOM!

m omx

o x,Ed :k

o

m,y,Ed — “omy

(3) Ha 3aBanTakeHili TOBEpXHI IUIACTHHHU
3arajbHi HAMPYXCHHS BU3HAYAIOTHCS 34 3TH-
HaJbHUMH 1 MEMOpAaHHUMH HANpPYKECHHSIMH,
HaBeqeHUMH B (1) 1 (2), HACTYTHUM YHHOM:

Gx,Ed = _Gb,x,Ed + Um,x,Ed >

Oyrd = OpypatO

(4) Ha He3aBaHTa)keHIN MOBEPXHI IUIACTUHU
3arajibHi Hanpy>XKeHHS! BU3HAYAIOThCS 32 3TH-
HAJILHUMHU 1 MEMOpPaHHUMU HaIPYKCHHSIMH,
HaBeneHnMH B (1) 1 (2), HACTYITHUM YHHOM:

O-x,Ed = O-Iz,x,Ed + O-m,x,Ed s

Gy,Ed = O-b,y,Ed + O-m,y,Ed'

(5) Ins miacTUHU €KBiBaJCHTHI Hampy>KeH-
HA O, ;; MOXHa pO3paxyBaTH 3a Hampy-

JKEHHSIMH, HaBeJIeHUMU Y (4), HACTyImHUM
YUHOM:

2
Pra9

k .pEda2 .

plate segment may be determined as follows:

— (C.14)

t

(C.15)

t2

(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 o, .,

may be calculated with the stresses given in
(4) as follows:
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_ 2 2
O-eq,Ed - \/O-x,Ed + O-y,Ed

IIpumirka. Toukwn, U1 SIKUX
HANpy>KCHUH CTaH BHU3HAYAETHCS B
HABEJCHUX HWXYE TaONHIAX, PO3TAIIO-
BaHi abo Ha BicsIx cuMerpii, abo Ha
TPaHUISIX TaK, 10 3aBASKH CUMETPii abo
BIITOBITHUM TPaHUYHUM yMOBaM,

MeMOpaHHI JOTHYHI HANpyXeHHA 7, , a

TAKOX JOTUYHI HAPY>KEHHS BiJ| 3THHY 7,

JIOPIBHIOIOTh HyIO. AnreOpaiuHa cyma
BIJIITOBITHOTO 3THHAJILHOTO 1 MeMOpaH-
HOT'0 HAIlPY>XCHb B TOYKAX, 3a3HAYCHUX B
HaBeNCHUX  HWKYe TaONUIX, Jae
3HaYeHHS MaKCHMaJbHUX 1 MiHIMaJIbHHUX
HaNpy>KeHb Ha TIOBEPXHI IIACTUHH B X
TOYKaX.

C.4.3 Koediuientu &k a1 HABAHTAKEHHSA
HA HEeHTPAJbHIN JiNAHII NIaCTUHA

Ta6auus C.5 — Koedimientn k
Table C.5 — Coefficients &

O, a0y i - (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 7, 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.

C.4.3 Coefficients k& for patch loading

HaBanTakeHHs:
Ha IICHTPAJIbHIN JTUISHII
Loading:

Central patch loading

I'panuyni ymoBu:

)% FBC : yci kpai 3akpirieHi IapHipHO HEPYXOMO
MBC : HopMasnbHI 1 JOTHYHI HAmpy>X€HHS JIOpPIBHIOIOTh
HYJTIO
b v ﬂ_j 2 > Boundary conditions:
<> FBC : All edges are rigidly supported and rotationally free.
FBC MBC MBC : Zero direct stresses, zero shear stresses
< @ > IHapamerpu:
Parameters:
a=ula  f=va
P’
e
bla=1
ax ﬂ p kwl ko‘bxl kobyl ko'mxl komyl
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
U 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
0.250.2 10 0,0998 1,0850 1,0850 0,1399 0,1399
T 20 0,0795 0,8593 0,8593 0,1729 0,1729
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3akinuennda Taoauni C.5
End of Table C.5

HaBanTaeHHs:
Ha ICHTPAIBHINA JTUTSHITI
Loading:
Central patch loading
I'panuyni ymoBu:
ys FBC : yci kpai 3aKpirieHi IapHipHO HEPYXOMO
MBC : HOpMambHI 1 JOTHYHI HANpYKEHHS OPIBHIOIOTHCS
HYJIIO
bl Vv ﬂ:a.lj1 ¢ I Boundary conditions:
LF?C NEC FBC : All edges are rigidly supported and rotationally free.
MBC : Zero direct stresses, zero shear stresses
<—E—>] ITapamerpu:
Parameters:
a=ula  f=va
PEd“4
T et
bla=1
axp P k. K K o1 K gt K gy
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
0.3%0.3 60 0,0459 0,3702 0,3702 0,1425 0,1425
T 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
0.9%0.3 60 0,0468 0,4596 0,4021 0,1488 0,1624
T 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
0.9%0.4 60 0,0457 0,4235 0,3355 0,1287 0,1516
T 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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Ta6auua C.6 — Koediumientu k
Table C.6 — Coefficients &

HaBanTaxeHHs:

Ha [EHTPaTbHINA AUISHIT
Loading:

Central patch loading

I'panuyni ymoBu:
FBC : yci kpai 3akpiIieHi mapHipHO HEpyXo-

vt MO
MBC : HopManbHI 1 JOTHYHI HAaNpyXEHHS
JOPIBHIOIOTH HYJIIO
b {E ¥ Boundary conditions:
FBC MBC FBC : All edges are rigidly supported and rota-
tionally free.
<8 5 MBC : Zero direct stresses, zero shear stresses
Mapamerpu:
Parameters:
a=ula  f=vla
pEda4
T
bla=1,5
axf p k, K g kabyl K g kamyl
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
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
0.3 x0.3 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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End of Table C.6

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

HapanTakeHHs:

Ha [CHTPATBHIN TTSHIT
Loading:

Central patch loading

I'pannyni ymoBu:
FBC : yci kpai 3akpilieHi MapHipHO HEPYXO-

vt MO
MBC : HOpMaibHI 1 JOTWYHI HANpy)KEHHS
JOPIBHIOIOTH HYJIIO
b v ﬂ_j : ¥ Boundary conditions:
Fk?C MEC FBC : All edges are rigidly supported and rota-
tionally free.
8 > MBC : Zero direct stresses, zero shear stresses
IMapamerpu:
Parameters:
a=ula  f=va
pEda4
T
bla=1,5
axf p k., K g1 kobyl K gt komyl
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
0.2x0.4 100 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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Ta6mauua C.7 — Koedimientn k
Table C.7 — Coefficients &

HaBanTameHnHns:

Ha I[IEHTPaNbHIN TUISHII
Loading:

Central patch loading

I'pannyni ymoBu:
FBC : yci kpai 3aKkpiIuieH] IapHipHO HEPYXOMO

di MBC : HopManbHI 1 JOTHYHI  Hampy>KCHHS
JIOPIBHIOIOTH HYJTIO
b ﬂj : Boundary conditions; ‘
B FBC : All edges are rigidly supported and rota-
FBC MBC tionally free.
a MBC : Zero direct stresses, zero shear stresses
IMapamerpu:
Parameters:
a=ula  f=via
PEd“4
T
bla=2
axp p k., K i ko‘byl K gt komyl
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
0.3x0.3 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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End of Table C.7
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HaBanTameHHs:

Ha HEHTPaTbHIN AUISHIT
Loading:

Central patch loading

I'panuyni ymoBu:
FBC : yci xkpai 3akpimieHi mapHipHO HEPYXOMO

g MBC : HopManbHI 1 JAOTHYHI  Hamlpy>KEHHS
JOPIBHIOIOTH HYITIO
ﬂj > Boundary conditions; .
B FBC : All edges are rigidly supported and rota-
FBC MBC tionally free.
a MBC : Zero direct stresses, zero shear stresses
ITapamerpu:
Parameters:
a=ula  f=vla
PEd“4
T Bt
bla=2
axp p k., K g1 Ky K K oy
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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Ta6auua C.8 — Koedimientu k
Table C.8 — Coefficients &

HaBanTaskeHHA:

Ha ICHTPAIBbHINA JTUTSHITI
Loading:

Central patch loading

I'pannyni ymoBu:
FBC : yci xpai 3akpimieHi IapHIpHO HepyXo-

M MO
MBC : HopMaJIbHI 1 TOTHUYHI HAMpyKEHHS J0-
1|, PIBHIOIOTH HYJIIO
b ﬂE&J ¥ Boundary conditions:
FBC MBC FBC : All edges are rigidly supported and rota-
tionally free.
<8 5] MBC : Zero direct stresses, zero shear stresses
IMapamerpu:
Parameters:
a=ula  B=v/a
pEda4
T
bla=25
axf p k. K a1 Ky K K oy
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
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JOJATOK HA
(noBigKoBMIA)

MEPEJIK HAIIIOHAJIBHUX CTAHJIAPTIB YKPATHHU (JICTY),
IJEHTUYHUX MIZKHAPOJHUM CTAHJAPTAM (MC), IOCHJIAHHA HA SIKI € B
EN 1993-1-7:2007

[To3HaueHHs Ta Ha3Ba €BpoNENchKo- | CTymiHb [To3HaueHHs Ta Ha3Ba HAI[IOHAIBHOTO CTAHAAP-
ro CTaHAAPTY BiANoBiA- | Ty Ykpainu (ACTY)
HOCTI

EN 1993 Eurocode 3: Design of steel | 12T JICTY-H B EN 1993 «Espokon 3. TIpoekty-
structures BaHHS CTAJIEBUX KOHCTPYKIiil», BCl YaCTUHU
EN 1993-1-1:2005 Eurocode 3. De- | 1PT JICTY-H B EN 1993-1-1:2010 «EBpokon 3.
sign of steel structures. General rules IIpoekTyBaHHs cTajgeBUX KOHCTpyKUid. YacTu-
and rules for buildings Ha 1-1. 3aranbHi mpaBwia i mpaBuiIa YIS CIIO-

pyn (EN 1993-1-1:2005, IDT)»
EN 1993-1-3:2006 Eurocode 3: De- | IPT JICTY-H B EN 1993-1-3:2012 «EBpokon 3.
sign of steel structures - Part 1-3: [IpoekTyBaHHs cTameBUX KOHCTPYyKIii. YacTu-
General rules - Supplementary rules Ha 1-3. 3aranpHi mpaBwia. JlogaTkoBi mpaBuia
for cold-formed members and sheet- JUTSL XOJIOAHO(OPMOBAaHHUX €JIEMEHTIB 1 mpodi-
ing npoBaHux JmcTiB (EN 1993-1-3:2006, IDT)»
EN 1993-1-4:2006 Eurocode 3: De- | [T JICTY-H B EN 1993-1-4:2012 «Espokox 3.
sign of steel structures — Part 1-4: [TpoekTyBaHHs CTajgeBUX KOHCTpyKUii. YacTu-
General rules — Supplementary rules Ha 1-4. 3aranbHi nonoxeHHs. JlogaTkoBi mpa-
for stainless steels BuiIa ans Hepxkasitoyoi crami (EN 1993-1-

4:2006, IDT)»
EN 1993-1-5:2005 Eurocode 3: De- | 1PT JICTY-H B EN 1993-1-5:2012 «Espokos 3.
sign of steel structures — Part 1-5: [TpoexTyBaHHS cTajgeBUX KOHCTpYyKIii. YacTu-
Plated structural elements Ha 1-5. [ImacTUHYACTI KOHCTPYKTHUBHI €JIE€MEH-

1 (EN 1993-1-5:2006, IDT)»
EN 1993-1-6 Eurocode 3: Design of | I°T JICTY-H B EN 1993-1-6:2011 «EBpokon 3.
steel structures: General rules: Part [IpoekTyBaHHs cTajgeBUX KOHCTpyKUii. YacTu-
1.6: Supplementary rules for the Ha 1-6. MinHicTh Ta CTiliKicTh 00070HOK (EN
strength and stability of shell structures 1993-1-6:2007, IDT)»

IDT

EN 1993-1-8:2005 Eurocode 3. De-
sign of steel structures. Design of
joints

JCTY-H b EN 1993-1-8:2011 «€EBpoxox 3.
IIpoekTyBaHHs cTajgeBUX KOHCTpyKUid. YacTu-
Ha 1-8. [IpoekryBanHus 3’enHanp (EN 1993-1-
8:2005, IDT)»
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EN 1993-1-9:2005 Eurocode 3: De- | 10T JICTY-H B EN 1993-1-9:2012 «Espokos 3.

sign of steel structures - Part 1-9: [IpoekTyBaHHS cTaneBUX KOHCTpyKuii. YacTu-

Fatigue Ha 1-9. Burpusamicte (EN 1993-1-9:2005,
IDT)»

EN 1993-1-10:2005 Eurocode 3: [ DT JICTY-H B EN 1993-1-10:2012 «€gpokox 3.

Design of steel structures — Part 1- [TpoekTyBaHHS CTaleBUX KOHCTpYyKUii. YacTu-

10: Material toughness and through- Ha 1-10. VYmapua B’s3kicth (EN 1993-1-

thickness properties 10:2005, IDT)»

EN 1993-1-12:2007 Eurocode 3: IDT JICTY-H B EN 1993-1-12:2012 «EBpoxox 3.

Design of steel structures — Part 1- [TpoekTyBaHHS cTajeBUX KOHCTpyKuUid. YacTu-

12: Additional rules for the extension Ha 1-12. JlomatkoBi mpaBmia g0 EN 1993 s

of EN 1993 up to steel grades S 700 crameii kmacie Bume S 700 (EN 1993-1-
12:2007, IDT)»

EN 1993-4-1 Eurocode 3: Design of IDT JACTY-H b EN 1993-4-1:20XX «€EBpokon 3.

steel structures: Part 4.1: Silos [TpoexTyBaHHS CTajeBUX KOHCTpYyKIii. YacTu-
Ha 4-1. Cunocu (EN 1993-4-1:2007, IDT)»

EN 1993-4-2 Eurocode 3: Design of | I°T JICTY-H B EN 1993-4-2:20XX «EBpokor 3.

steel structures: Part 4.2: Tanks [IpoexTyBaHHs cTaleBUX KOHCTPYKIii. YacTu-
Ha 4-2. PesepByapu (EN 1993-4-2:2007, IDT)»

IDT

EN 1991 Eurocode 1 — Action on
structures — All parts

JACTY-H b EN 1991 «€Bpoxkon 1. [lii Ha xoHC-
TPYKIIi1», BC1 YaCTUHU
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Kox YKH/: 91.010.30; 91.080.10

Kiro4uoBi ciioBa: mpoekTyBaHHS, OBIOBIYHICTh, TPAHWYHI CTaHU, MaTepiaju, MIIHICTh, IJIACTHHA,
CerMEHT IUIACTUHHM, CTIMKICTb, HANPYXKEeHO-1e(hOPMOBAaHUI1 CTaH.

PexTop JlonGackkoi HaIllOHAJIBHOT akaaeMil
OyIIBHMILITBA 1 apXiTEKTYpH, 1.T.H., TPO.
(HayKOBUH KEPIBHHUK) €. 'opoxos

[TpopekTop 3 HayKOBOi poOOTH,

J.T.H., 1poQ., BIAMOBIAAIbHUI BUKOHABEIb PO3- B. Myuianos
poOKu
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