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HAIIOHAJILHUAM BCTYII

Lleit crammapt € ToTokHUM mepekiaagom EN 1993-1-6:2007 Eurocode 3: Design of steel
structures — Part 1-6: Strength and Stability of Shell Structures (€Bpokon 3: IIpoekTyBaHHSs cTalieBUX
KOHCTpYKIii. YacTnuHa 1—6. MIIHICTh Ta CTIMKICTh 000JIOHOK).

EN 1993-1-6:2007 migrorosneno Texuiuaum xomiterom CEN/TC 250, cexperapiaToM SIKOTO
kepye BSI.

J1o HaIiOHAILHOTO CTaHIAPTY JOJTYYEHO aHTJIOMOBHHH TEKCT.

Ha tepuropii Ykpainu sk HarioHaJIbHHMHN cTaHmapT aie JiBa kojoHka Tekcty JJCTY-H b EN
1993-1-6:2011 Eurocode 3: Design of steel structures — Part 1-6: Strength and Stability of Shell
Structures (€spokoa 3: [IpoekTyBaHHS cTaleBUX KOHCTPYKIiA. Yactuaa 1-6: MiiHICTh Ta CTIHKICTh
000JI0OHOK), BUKJIa/IEHAa YKPATHCHKOIO MOBOIO.

Binnosigno go ABH A.1.1-1-2009 «Cucrema cranmaptusaiiii Ta HOpMyBaHHS B OyAiBHUIITBI.
OCHOBHI TIOJNIOKEHHS» 16l CTaHapT BiXHOCUTHCS N0 Komrwiekcy B.1.2 «Cucrema HapmiiiHOCTI Ta
Oe3neky B OYIIBHUIITBIY.

CraHgapT MICTUTh BUMOTH, K1 BiJIIOBIIal0OTh YMHHOMY 3aKOHOABCTBY.

HaykoBo-TexHiuHa oOprasizailisi, BiAmoBiganbHa 3a ueu craHaapt, — 1TOB «YkpaiHcbkuit
IHCTHTYT CTaJeBUX KOHCTPYKIiH iM. B.M. lllumaHOBCHKOTOY.

Jlo ctanmapTy BHECEHO TaKi peAakIliiiHi 3MiHU:

"  CIIOBA «II€W MIKHApOJHUI CTaHAAPT» 3aMIHEHO Ha «IIeH cTaHIapTy;

" CTPYKTYpHI el1eMeHTU cTanaapTy: «O0kinanunky», «llepenmoBy», «HarioHansHuit BeTym,
«Bu3nauenns moHsATH» Ta «bibmiorpadiuni maHi» oGOpMIIEHO 3TiIHO 3 BHMOTaMH
HalllOHAJIBHOT CTaH apTU3aIlil YKpaiHu;

» 3 «llepeqmoBn mo EN 1993-1-6» y meill «HamioHaJbHUI BCTym» B3STE TE, MIO
0e3mocepeIHbO CTOCYEThCS [IHOTO CTAaHIAPTY;

"  HaiOHAJBHUH JOBIJKOBUH J0JaTOK HABEJECHO SIK HACTAHOBY /JIl KOPUCTYBAauiB.

[Tepenik HamioHanpHUX cTraHAapTiB Ykpainu (JACTYVY), inentuunux MC, mocuiaHHs Ha sKi € B
EN 1993-1-6:2005.

Komii MC, HenpuiHATHX SIK HalllOHANbHI CTaHAApPTH, Ha iKi € mocuianasg B EN 1993-1-6:2007,
MoskHa oTpuMaTH B ['ooBHOMY poHa1 HOpMaTuBHUX A0KYMeHTIB JIT « YkpHJIHL».
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SMICT

BCTYII
OcHoBu nporpamu €BpOKOAY
Cratyc Ta rainy3b 3acTOCyBaHHs €BPOKOIB

HamionaneHi cTannapTu, 110 BIPOBAKYIOTh
€Bpoxoau

3B’s3KM MK €BPOKO/IaMH Ta TApPMOHI30BaHUMHU
texHiyauMu crienndikamisymu (ENs ta ETAs) ns
BUPOOIB

Honatkosa iHpopMmarris moao EN 1993-1-6

Hamionanenuii nogatox 1o EN 1993-1-6
1 3arajbHi N0JI0KeHHS

1.1  Tany3s 3acTocyBaHHs
1.2  HopwmaruBHI OCHIaHHS
1.3  TepwmiHu Ta BUBHAUCHHS

1.3.1 ¢dopmu Ta reomeTpiss KOHCTPYKITIH
1.3.1.1 o6on0HKa

1.3.1.2 060710HKa TTOBOPOTY

1.3.1.3 3amKHyTa BicecuMeTpru4Ha 000JIOHKA
1.3.1.4 cermeHT 000JIOHKH

1.3.1.5 manenb 000JIOHKH

1.3.1.6 cepennHHa MOBEPXHS

1.3.1.7 3’equanns

1.3.1.8 crpunrep

1.3.1.9 pebpo

1.3.1.10 KimbIIe >KOPCTKOCTI

1.3.1.11 omopHe KimbIie

1.3.1.12 xinpreBa 6anka abo kinbpleBa dpepma
1.3.2 rpaHnyHi cTaHU

1.3.2.1 mexa mIacTUYHOCTI

1.3.2.2 po3puB mipu po3TATY

1.3.2.3 nuKIiIiyHa MIaCTUYHICTE

1.3.2.4 BrpaTa 3arajapHOi CTIHKOCTI

1.3.2.5 BTOMa

1.3.3 Brumsu (1ii)

1.3.3.1 ocbOBe HaBaHTaKEHHS

1.3.3.2 pamianibHe HAaBaHTAKEHHS

1.3.3.3 BHyTpilIHIHi THCK

1.3.3.4 30BHIIIHII THCK

1.3.3.5 rigpocTaTuuHuii THCK

1.3.3.6 HaBaHTa)kKeHHS BiJ TEPTS 00 CTIHKY
1.3.3.7 MicLieBE HaBaHTAXKEHHS

1.3.3.8 HaBaHTa)XeHHS HA JUISTHKY

1.3.3.9 po3pixenns

1.3.3.10 yacTkOBU#l BaKyyM

1.3.3.11 TemnnoBuUii BILIUB

1.3.4 piBHOAIOUI HANIPYKCHHS 1 HATIPY)KCHHS B
000J10HII1

FOREWORD

Background of the Eurocode programme
Status and field of application of
eurocodes

National Standards implementing
Eurocodes

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

products

Additional information specific for EN
1993-1-6

National annex for EN 1993-1-6

1 General

1.1  Scope
1.2 Normative references
1.3 Terms and definitions

1.3.1 structural forms and geometry
1.3.1.1shell

1.3.1.2 shell of revolution

1.3.1.3 complete axisymmetric shell
1.3.1.4 shell segment

1.3.1.5 shell panel

1.3.1.6 middle surface

1.3.1.7 junction

1.3.1.8 stringer stiffener

1.3.1.9rib

1.3.1.10 ring stiffener

1.3.1.11 base ring

1.3.1.12 ring beam or ring girder
1.3.2  limit states

1.3.2.1 plastic limit

1.3.2.2 tensile rupture
1.3.2.3 cyclic plasticity
1.3.2.4 buckling

1.3.2.5 fatigue

1.3.3 Actions

1.3.3.1 axial load

1.3.3.2 radial load
1.3.3.3internal pressure
1.3.3.4 external pressure
1.3.3.5 hydrostatic pressure
1.3.3.6 wall friction load
1.3.3.7 local load

1.3.3.8 patch load

1.3.3.9 suction

1.3.3.10 partial vacuum
1.3.3.11 thermal action
1.3.4 Stress resultants and stresses in a
shell

X0



1.3.4.1 piBHOAIIOYl MEMOPAHHOTO HATIPYKEHHS
1.3.4.2 piBHOI10Y1 3TrMHANBHUX HAPY>KEHb
1.3.4.3 piBHOAIIOY] TOTIEPEYHOTO JOTUYHOTO
HATIPYKCHHS

1.3.4.4 meMOpaHHE HaNIPYKEHHS

1.3.4.5 3ruHanbHe HaNpyKEHHS

1.3.5 Bwuau po3paxyHkiB

1.3.5.1 3aranpHuil po3paxyHOK

1.3.5.2 po3paxyHOK 32 MEMOpPaHHOIO TEOPIEI0
1.3.5.3 niHilHO-NIPY>KHUIT pO3paxyHOK 00OJIOHKH
(LA)

1.3.5.4 ninifitHo-nipy>xHUi OidypKari iHMA
po3paxyHOK (BiaacHoro 3HaucHHs) (LBA)
1.3.5.5 reomeTpuyHO HENMiHIAHMIA TPYKHUI
po3paxyHok (GNA)

1.3.5.6 ¢disuuno HeniHiitHU po3paxyHok (MNA)

1.3.5.7 reomeTpuyHO Ta (Hi3MUHO HENIHIHHUHA
pospaxynok (GMNA)

1.3.5.8 reomeTpUYHO HENMiHIHHMIA TPYKHUIH
pO3paxyHoK i3 ypaxyBanusaMm nedektis (GNIA)

1.3.5.9 reomerpuuHuii Ta GI3MIHO HETIHIHHUAN
po3paxyHoOK i3 ypaxyBaHHsM aedektis (GMNIA)

1.3.6 Kareropii HanpyXeHb,

10 BUKOPUCTOBYIOTHCS TIPU PO3PAXYHKY

3a HaNpyXEHHIMHU

1.3.6.1 nepBuHHI Hanpy>KEHHS

1.3.6.2 BTOpHMHHI HanpyXeHHs

1.3.7 CnenianpHi BU3HAYSHHS TSI PO3PAXyHKY
BTpPATH 3arajbHOI CTIHKOCTI

1.3.7.1 xpuTHYHHUH OTIip BTPATI 3arajJbHOI
CTiMKOCTI

1.3.7.2 xpuTH4HI HaNpy>XEHHS IPU BTPATi
3arajibHOi CTIHKOCTI

1.3.7.3 HOMiHAJIBHUH OMip TUIACTHYHUM
negopmanism

1.3.7.4 xapakTeprCTUYHHUH OMip BTPATI 3arajbHOi
CTiMKOCTI

1.3.7.5 xapakTeprcTUYHE HANPYKCHHS TIPU
BTpATi 3arajbHOI CTIHKOCTI

1.3.7.6 po3paxyHKOBHI1 OMip BTpaTi 3araibHOT
CTiIMKOCTI

1.3.7.7 po3paxyHKOBE HaIPy>KEHHs TIPU BTpaTi
3arajibHOi CTIHKOCTI

1.3.7.8 ocHOBHE 3HAYEHHS HAIIPYKEHHS
1.3.7.9 xnac nonycky sSKOCTI Ha BUTOTOBJICHHS
1.4  Tlo3HaueHHsS

1.5  IlpaBuia 3HaKiB

2 Buxinni naHi 1,1 npoekTyBaHHs i
MO/1eJIIOBAHHA
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1.3.4.1 membrane stress resultants
1.3.4.2 bending stress resultants
1.3.4.3 transverse shear stress resultants

1.3.4.4 membrane stress

1.3.4.5 bending stress

1.3.5 Types of analysis

1.3.5.1 global analysis

1.3.5.2 membrane theory analysis
1.3.5.3 linear elastic shell analysis (LA)

1.3.5.4 linear elastic bifurcation
(eigenvalue) analysis (LBA)
1.3.5.5 geometrically nonlinear
analysis (GNA)

1.3.5.6 materially nonlinear analysis
(MNA)

1.3.5.7 geometrically and materially
nonlinear analysis (GMNA)

1.3.5.8 geometrically nonlinear elastic
analysis with imperfections included
(GNIA)

1.3.5.9 geometrically and materially
nonlinear analysis with imperfections
included (GMNIA)

1.3.6 Stress categories used in stress
design

1.3.6.1 primary stresses

1.3.6.2 secondary stresses

1.3.7 Special definitions for buckling
calculations

1.3.7.1 critical buckling resistance
1.3.7.2 critical buckling stress

1.3.7.3 plastic reference resistance
1.3.7.4 characteristic buckling resistance
1.3.7.5 characteristic buckling stress
1.3.7.6 design buckling resistance

1.3.7.7 design buckling stress

1.3.7.8 key value of the stress
1.3.7.9 fabrication tolerance quality class

1.4 Symbols
1.5  Sign conventions
2 Basis of design and modelling

elastic
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2.1
2.2
2.2.1
2.2.2
2.2.3
2.2.4
(LA)
2.2.5 JliHIHHO-TIPY>KHUH pPO3PaXyHOK
6idypkamii (LBA)

2.2.6 T'eomeTpuyHO HENIHIAHUIA TPYKHUI
pospaxynok (GNA)

2.2.7 ®i3zuuHo HemiHiliHUI po3paxyHok (MNA)

3araJibH1 MOJ0XKEHHS

Bunu po3paxyHKy

3aranbHi MOJI0XKEHHS

3aranbHUI po3paxyHOK

Po3paxyHok 3a MEMOPaHHOIO TEOPI€IO
JIiHIHO-TIPY>)KHUI PO3PaXyHOK 0O0JIOHKH

2.2.8 T'eomeTpuyHO i (i3UUHO HEMIHIHHUI
pospaxynok (GMNA)

2.2.9 T'eomeTpuyHO HENIHIHHWUIA TPYKHUI
po3paxyHoK i3 BpaxyBanHsaM aedekrtis (GNIA)

2.2.10 T'eometrpuyHO 1 Gi3MYHO HEMHINHUT
po3paxyHoOK i3 BpaxyBaHHsM JnedektiB (GMNIA)

2.3  I'parnuni yMOBU 00OJIOHKH

3 Marepiauau i reomeTtpin

3.1  BmactuBocti MaTepiaiiB

3.2 Po3paxyHKOBi 3HAUE€HHS T€OMETPUYHUX
XapaKTePUCTHK

3.3  T'eomeTpuyHi TOMYCKH 1 TEOMETPUYHI
nedexTn
4 I'pannyHi cTann Hecy4oi 31aTHOCTI

B CTaJIeBUX 000JI0HKAX

4.1 I'panuyHi cTaHu HECy4Oi 3/1aTHOCTI,
110 TIOBUHHI PO3TIISIIATHCS

4.1.1 LS1: Mexa Teky4ocTi

4.1.2 LS2: [{ukiiyHa MIaCTHYHICTh

4.1.3 LSS: Brpara 3araibHoi CTIHKOCTI
414 LAA4: Broma

4.2  IlpuHUOMOM MPOEKTYBaHHS 00O0JIOHOK 3a
IpaHUYHUMH CTAaHAMH HECYYOl 3JaTHOCTI
4.2.1 3aranbHi HOJOXKEHHS

4.2.2 TlpoexTyBaHHS 3a HANPYKEHHSIM
4.2.2.1 3aranbHi TOJ0XKEHHS

4.2.2.2 TlepBUHHI HANIPYKECHHS

4.2.2.3 BropuHH1 Hanpy>KeHHs

4.2.2.4 MicrieBi Hanpy>KeHHS

4.2.3 Tlpsime npoeKTyBaHHS

4.2.4 TlpoexTyBaHHS 3a JIOTIOMOTOIO 3arajIbHOTO
YHCIOBOTO PO3PaXyHKY

5 PiBHOaII0YI HANIpYKEHH S

Ta HANPY KeHHS B 000JI0HKAX

5.1  PiBHOAIIOUI HAIPYKEHHS B 000JIOHKAX
5.2 MopaemroBaHHg 000JIOHKH IS
PO3paxyHKyY

5.2.1 Teomerpis
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General

Types of analysis

General

Global analysis

Membrane theory analysis
Linear elastic shell analysis (LA)

2.1
2.2
2.2.1
2.2.2
2.2.3
2.2.4

2.2.5
(LBA)
2.2.6 Geometrically nonlinear elastic
analysis (GNA)

2.2.7 Materially nonlinear analysis
(MNA)

2.2.8 Geometrically and materially
nonlinear analysis (GMNA)

2.2.9 Geometrically nonlinear elastic
analysis with imperfections included
(GNIA)

2.2.10 Geometrically and materially
nonlinear analysis with imperfections
included (GMNIA)

2.3 Shell boundary conditions

3 Materials and geometry

Linear elastic bifurcation analysis

3.1  Material properties

3.2 Design values of geometrical data
3.3  Geometrical tolerances and
geometrical imperfections

4 Ultimate limit states in steel
shells

4.1  Ultimate limit states to be
considered

4.1.1 LS1: Plastic limit

4.1.2 LS2: Cyclic plasticity

4.1.3 LS3: Buckling

4.1.4 LS4: Fatigue

4.2 Design concepts for the limit states

design of shells

4.2.1 General

4.2.2 Stress design

4.2.2.1 General

4.2.2.2 Primary stresses

4.2.2.3 Secondary stresses

4.2.2.4 Local stresses

4.2.3 Direct design

4.2.4 Design by global numerical
analysis

5 Stress resultants and stresses in
shells
51
5.2

Stress resultants in the shell
Modelling of the shell for analysis

5.2.1 Geometry
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5.2.2 I'paan4Hi yMOBH

5.2.3 Jlii Ta BILTUBH HaBKOJIMIIIHHOT'O
cepeioBuUIlA

5.2.4 PiBHOAIIOYI HANIPYXEHb 1 HAPYKESHHS
5.3  Buam po3paxyHky

6 I'panuynmii cran miaacruanocti (LS1)
6.1  Po3paxyHKOBI BeIUYUHU il

6.2  IlpoexTyBaHHS 3a HANPYKEHHSIM

6.2.1 Po3paxyHKOBI BETMYMHU HAIIPYKEHb
6.2.2 Po3paxyHKOBI BEJIMYMHHU OTIOPY

6.2.3 OOMeKeHHS HaINpy>KeHb

6.3 IIpoekTyBaHHS IUIIXOM 3arajibHOTO
yucioBoro MNA a6o GMNA ananizy

6.4  IlpsiMe mpoeKTyBaHHA

7 I'panuyHMi cTaH NMKJITIYHOT
miaacruyHocTi (LS2)

7.1  Po3paxyHKOBI BeJIMYMHU BILJIUBIB

7.2 IIpoeKkTyBaHHs 3a HAIIPYKEHHAIM

7.2.1 Po3paxyHKOB1 BETMYMHHU J[1alla30HY
HaINpyKCHb

7.2.2 Po3paxyHKOBI BEJIMYUHU OTIOPY

7.2.3 OOMexeHHs Jliara3oHy HalPYKCHb

7.3 IlpoexkTyBaHHS LUIIXOM 3arajbHOro
grcioBoro MNA a6o GMNA po3paxyHky
7.3.1 Po3paxyHKOBi BETUYHHH 3araibHOI
HAKOMMWYEHOT IJIACTUYHOI 1eopmartii

7.3.2 ObMexeHHSs 3arajibHOT HAKOTUYEHOT
TUIaCTHYHOT Jedopmartii

7.4  IlpsMe npoeKTyBaHHSA

8 I'pannyHMi CTaH BTPATH MO310BKHbOI
criiikocri (LS3)

8.1  Po3paxyHKOBi BETHYMHU BILTUBIB

8.2 CreriaabHi BU3HAYEHHS 1 TO3HAYEHHS
8.3  I'parmuHi yMOBH, IO BiTHOCSATHCS 710
BTpPATH 3arajbHOI CTIHKOCTI

8.4  TI'eomeTpuuHi JOIYCKH, IO BiTHOCITHCS
JI0 BTpaTH 3arajgbHOi CTIHKOCTI

8.4.1 3aranbpH1 NOJIOKEHHS

8.4.2 Jlonyck HEKPYTIOCTI

8.4.3 Jlomyck BUTIQIKOBOTO €KCIIEHTPUCHUTETY
8.4.4 Jlonmycku Ha BM’SITUHU

8.4.5
8.5  IIpoexTyBaHHS 3a HANPYKECHHAMHU
8.5.1 Po3paxyHKOBI BETHYNHU HANIPYKEHb
8.5.2 Po3paxyHKoBHii omip (MIIHICTh Ha
TIOB3/IOBXKHI 3T'HH)

8.5.3 OOMexeHHs HanpyKeHb (IepeBipka
MIITHOCTI Ha TIOB3/I0B)KHIi 3T'HH)

8.6  IlpoexkTyBaHHS HUIIXOM 3arajbHUX
YHUCIIOBUX PO3PAXYHKIB 13 BUKOPUCTAHHIM
metoniB MNA i LBA ananizy

8.6.1 Po3paxyHKOBi BETUYNHU BILTUBIB
8.6.2 Po3paxyHKoBa BeJIMYUHA OTIOPY

JlomycK TUIOIIMHHOCTI MOBEPXHI KOHTAKTY
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5.2.2 Boundary conditions

5.2.3 Actions and environmental
influences

5.2.4 Stress resultants and stresses

5.3  Types of analysis

6 Plastic limit state (LS1)

6.1  Design values of actions

6.2  Stress design

6.2.1 Design values of stresses

6.2.2 Design values of resistance

6.2.3 Stress limitation

6.3  Design by global numerical MNA
or GMNA analysis

6.4  Direct design

7 Cyclic plasticity limit state (LS2)

7.1  Design values of actions
7.2 Stress design
7.2.1 Design values of stress range

7.2.2 Design values of resistance

7.2.3 Stress range limitation

7.3 Design by global numerical MNA
or GMNA analysis

7.3.1 Design values of total accumulated
plastic strain

7.3.2 Total accumulated plastic strain
limitation

7.4 Direct design

8 Buckling limit state (LS3)

8.1  Design values of actions

8.2  Special definitions and symbols
8.3  Buckling relevant boundary
conditions

8.4  Buckling-relevant geometrical
tolerances

8.4.1 General

8.4.2 Out-of-roundness tolerance
8.4.3 Accidental eccentricity tolerance
8.4.4 Dimple tolerances

8.4.5 Interface flatness tolerance

8.5  Stress design

8.5.1 Design values of stresses

8.5.2 Design resistance (buckling
strength)

8.5.3 Stress limitation (buckling strength
verification)

8.6  Design by global numerical
analysis using MNA and LBA analyses

8.6.1 Design value of actions
8.6.2 Design value of resistance
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8.6.3 IlepeBipka MIITHOCTI HA MMO3/I0BXKHINA 3THH
8.7  IIpoekTyBaHHSI IUISIXOM 3arajJbHUX
YHUCIIOBUX PO3PAXYHKIB 13 BUKOPUCTAHHIM
metoaiB GMNIA po3paxyHky

8.7.1 Po3paxyHKOBI 3HaUYCHHS BILUIMBIB

8.7.2 Po3paxyHKOBE 3HaYEHHS ONIOPY

8.7.3 IlepeBipka MIITHOCTI Ha MMO3/I0BXKHIN 3THH
9 I'pannunnii cran BTomu (LS4)

9.1  Po3paxyHKOBI BeJIMYWHU BILIUBIB

9.2  IIpoexTyBaHHS 3a HANPYKCHHAMU
9.2.1 3aranpHi NOJOKEHHS
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Beryn

Ile#t moxkyment EN 1993-1-6:2007 miaro-
toBiaennii Texniunum komitetoM CEN/TC
250 “byniBenbHi €Bpokoau”, cekperapiar
SKOTO miaTpumyeThes BSI.

[[romy €BpomneiicbkoMy cTaHAapTy Oyae Ha-
JIAaHUW CTaTyC HAI[lOHAIBHOTO 3 IMYyOJIiKaIli€lo
IICHTUYHOTO TEKCTy a00 CXBAJICHHSM HE
nizHime >xoBTHSA 2007 poky 1 mpu cKacyBaHHI
KOH(TIKTYIOUHUX HallIOHALHUX CTaHIAPTIB HE
nizHime 6epesns 2010 poky.

VY BIANOBIAHOCTI 3 BHYTPIIIHIMH TOCTAHOBAMU
CEN/CENELEC narmionansHi opranu 3i cTaH-
JapTu3allii Takux KpaiH 3000B’s13aHi 3/11HCHH-
TH IMIUIEMEHTAIlI0 [HhOro E€BPONEHCHKOrO
ctanaapty: Actpisi, benbris, Benuka bpura-
Hist, ['peuis, Janis, Ipnangis, Icnanmis, Icma-
His, Itanis, JlrokcemOypr, Manbta, Higepnan-
mu, Himeuunna, Hopgeris, [lopryramnis, ®in-
nsuais, Opanuis, Yecbka Pecrybnika, IBeii-
napist, LlIBerrist.

Januii €BponelcbKkuil CTaHIapT 3aMIHIOE
ENV 1993-1-6: 1999.

CEN/TC 250 e BimnoBigadbHUM 3a BCi
bynisensHi €Bpoxou.
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Foreword

This document EN 1993-1-6:2007 has been
prepared by Technical Committee CEN/TC
250 "Structural Eurocodes", the Secretariat for
which is held by BSI.

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

According to the CEN/CENELEC Internal
Regulations, the national standards organiza-
tions of the following countries are bound to
implement this European Standard: Austria,
Belgium, Cyprus, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands,
Norway, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden, Switzerland and United
Kingdom.

This European Standard supersedes ENV
1993-1-6: 1999.

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

€BPOKO/ 3: IIPOEKTYBAHH CTAJIEBUX KOHCTPYKIIIN
YACTHUHA 1-6: MILHICTb TA CTIMKICTbh OBOJIOHOK

EBPOKO/I 3: TIPOEKTUPOBAHUE CTAJIbHBIX KOHCTPYKIIUI
YACTB 1-6: [IPOYHOCTH Y YCTOMUYUBOCTH OBOJIOYEK

EUROCODE 3: DESIGN OF STEEL STRUCTURES
PART 1-6: STRENGTH AND STABILITY OF SHELL STRUCTURES

OcHoBu nporpamu €Bpoxoay

VY 1975 poui Kowmicis €Bponeticbkoi Crinb-
HOTHU BHpIIIMJIA PO3MOYATH Iporpamy Iiil y
raimy3i OyaiBHUITBA Ha MiACTaBi cTarti 95
HoroBopy.  Metoro  mporpamu  Oy’no
YCYHEHHS ~ TeXHIYHHX  TEPelIKoN st
TOPTiBJIl Ta Y3TOJKEHHS TEXHIYHUX YMOB.

VY pamkax uiei nporpamu aid Komicist B3sina
Ha cebe I1HILIaTUBY BCTAHOBUTH CHUCTEMY
Y3TO/DKEHUX TEXHIYHUX TPABWII JJIS MIPOEK-
TyBaHHs OyJIiBedb 1 CHOPYJ, K1 Ha MepIIii
CTajuli MaJd CIyryBaTH aJbTepHATHBOIO
YHHHAM HAalllOHAJHHUM TPaBUIaM JIEpKaB-
YJICHIB, @ 3PELITOI0 MaJld 3aMIHHUTH iX.

VYnponosx m’sitHaauaTH pokiB Kowicis 3a
normoMororo PoGouoro xomiTery, A0 CKIIaLy
SKOTO  BXOJWJIM TPEICTaBHUKH  JIepKaB-
YJICHIB, BeJia pO3pOOKY mporpamMu €BpOKOIIB,
fKa Tpu3Beda J0 MyOJiKamii KOMIUIEKTY
MEepPUIOro MOKOMIHHSA €BpONEHCchbKUX KOJIB Y
80-x poxkax.

VY 1989 poui Kowmicist ta nepxkasu-unenn EU
(E€sponeiicpkoi CrinbHotn) Ta EFTA (€Bpo-
nieiicbkoi Acormianii Binbnoi Toprismi) Ha oc-
HoBi yromm' wmikx Kowmicieto Ta CEN
(€BponeiickkuM KOMITETOM 31 CTaHAapTu-

YuuHuUil Bijg

Background of the Eurocode
programme

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

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

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

In 1989, the Commission and the Member
States of the EU and EFTA decided, on the
basis of an agreement’ between the
Commission and CEN, to transfer the
preparation and the publication of the
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3amii) BUPIMIMIM TIEpedaTH IMiArOTOBKY Ta
nyonikamiro €Bpokonie CEN 3a mpomomororo
cepii MaHJaTiB, M0 B pe3yJbTaTi Hagayio O
€BpokoamMm y MallOyTHpOMY crTaTycy €Bpo-
nelicekoro cranaapty (EN). Ile moB’s3ye
€Bpokoau 3 nonoxxeHHsMu Jlupextus Pamy i
Pimens Kowmicii momo €Bponeichbkux CTaH-
naptiB (tooto dupextusu Pagm 89/106/EEC
mono OyaiBenbHuX BHpoOiB — CPD — Ta
HupextuB Pagu 93/37/EEC, 92/50/EEC Ta
89/440/EEC BimHOCHO CYCHUIBHHX pPOOIT Ta
nociyr 1 exBiBalieHTHUX JupekTuB EFTA,
3all0YaTKOBAHUX 3  METOK  JIOIIOMOITH
3aCHYBaHHIO BHYTPIIIIHBOTO PUHKY).

CrpykTypHa mporpama €BpPOKOJIB BKIIOYAE
CTaHJapTH, IKi B OCHOBHOMY CKJIaJIal0ThCA 3
JeK1TBKOX YaCTHH:

EN 1990 €Bpokoa: OcCHOBH IpPOEKTyBaHHS
KOHCTPYKIIIN

EN 1991 €Bpokon 1: HaBaHnTaxkeHHsT Ha
KOHCTPYKIIii

EN 1992 €Bpokon 2: IIpoektyBaHHs
OETOHHUX KOHCTPYKLIH

EN 1993 €Bpokon 3: IIpoekryBaHHs
CTaJIeBUX KOHCTPYKI[IN

EN 1994 €Bpokon 4: IIpoekryBaHHs
CTaJIe3a11300€TOHHUX KOHCTPYKIIIH

EN 1995 €Bpokon 5: IlpoexkrtyBaHHA
JIepeB’ STHUX KOHCTPYKIIii

EN 1996 €Bpokon 6: IlpoexkTyBaHHA
KOHCTPYKIIIHA KaM’sTHOT KJIaJIK!
EN 1997 €Bpokon 7:
MIPOEKTYBaHHS

EN 1998 €spokon 8: IIpoekTyBaHHS KOHCT-
PYKLiH Ipu ceiiCMIYHOMY HaBaHTa)XEeHHI

EN 1999 €Bpokon 9: IlpoexkTtyBaHHA
AIIOMIHIEBUX KOHCTPYKIIIH.

T'eorexuiyne

Cranmaptu €BpOKOJIB BH3HAIOTH BIJIIOBI-
JMANBbHICTh PETYISTOPHUX OpPraHiB JeprKaB-
WICHIB Ta 3aXWIAlTh 1X TPaBO Ha
MPU3HAYCHHS BEJIWYWH, $KI TOB’s3aHi 3
pEeryJIIOBaHHSAM  NMHTaHb  OE3MEeKH  Ha
HAI[IOHATLHOMY  pIiBHI TaMm, J€ BOHHU
BIJIPI3HSIOTHCS.
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Eurocodes to the CEN through a series of
Mandates, in order to provide them with a
future status of European Standard (EN).
This links de facto the Eurocodes with the
provisions of all the Council’s Directives
and/or Commission’s Decisions dealing with
European standards (e.g. the Council
Directive 89/106/EEC on construction
products - CPD - and Council Directives
93/37/EEC, 92/50/EEC and 89/440/EEC on
public works and services and equivalent
EFTA Directives initiated in pursuit of
setting up the internal market).

The Structural Eurocode programme compri-
ses the following standards generally consis-
ting of a number of Parts:

EN 1990 Eurocode: Basis of Structural
Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete
structures

EN 1993 Eurocode 3: Design of steel
structures

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

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures
for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures.

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

Vrona mix Kowmiciero €Bponeiicpkoi CHiapHOTH Ta
€BponeiicbkuM komiTeToM 3i cranmaptusamii (CEN)
moxo pobotu Hax €BPOKOAAMH AJSI MPOEKTYBAaHHS
oynisens i ciopyn (BC/CEN/03/89).

tAgreement between the Commission of the European
Communities and the European Committee for
Standardisation (CEN) concerning the work on
EUROCODES for the design of building and civil
engineering works (BC/CEN/03/89).



CraTyc Ta rajy3b 3aCTOCyBaHHA
€Bpokoain

HepxaBu-unenn EU ta EFTA Bu3Harots, 110
€BpOKOAM IIIOTh SK ETAJOHHI JOKYMEHTH
JUISA TaKUX LIei:

— gK 3aci0 JOBENEHHS  BIAMOBIOHOCTI
OyaiBelb 1 CIOPYI OCHOBHHUM BHMOTaM
HupexktuBun Pamu  89/106/EEC, 30kpema
OCHOBHIM BuUMO3i N°I MexaHiyHa
CTIMKICTh Ta CTAOUIBHICT — 1 OCHOBHIH
BuMoO31 N°2 — [ToxkesxHa Oe3mneka;

— SIK OCHOBA JIJISl YKJIQJIaHHS KOHTPAKTIB IS
OyaIiBenb 1 CHOpy[ Ta IMOB’S3aHUX 13 HUMH
IH)KEHEPHHUX MTOCIYT;

— SK OCHOBa I CKIAQJAaHHS Y3TOIKCHUX
TEeXHIUYHUX crenuikamiii s OyaiBeTbHUX
Bupo6iB (ENs ta ETAs).

€BpOKOAM, OCKUIBKA BOHHU 0O€3MOCEpEeaHbO
BIJTHOCSITBCS 10 OyIIBENBHUX CIIOPY/, MAIOTh
MPSIMH 3B’ 30K 13 TIIYMa4yHUMH JOKYMEHTA-
Mu? pozainy 12 CPD, ne3Baxarouu Ta Te,
10 BOHH MAalOTh Pi3HY MPHPOAY 3 TapMOHI-
30BaHMMH CTaHIapTaMH Ha BHpoOH°. Takum
YUHOM, TEXHIYHI aCIEKTH, SKI BUILJIUBAIOTH 3
€BpokoaiB a1 OyniBenb 1 Cropysl, MOBUHHI
B NOBHIM Mipi OyTH po3riasiHyTuMu TexHiu-
Humu Komiteramu CEN Tta/um pobounmu
rpynamu  EOTA, ski po3poOiisitoTh CTaH-
JapTd Ha OyaiBeNbHI BUPOOM, 3 TO3HIIIH
JIOCSITHEHHSI TIOBHOT CYMICHOCTI TEXHIYHHUX
criendikariii 3 €Bpoxkogamu.
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Status and field of application of
Eurocodes

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

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

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

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

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship with the Interpretative 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 stan-
dards with a view to achieving a full compa-
tibility of these technical specifications with
the Eurocodes.

2Bimnosigao g0 cr. 3.3 nokymerra CPD ocHoBHI
Bumorun (ER) orpumatote KoHKpeTHY ¢(opmy vy
TIyMadyHUX JOKYMEHTaxX Ui CTBOPEHHS HEOOXiTHHX
3B’SA3KIB MIDK OCHOBHMMM BHMOI'aMH Ta MaHIaTaMu
Jutst rapmonizoBanux EN ta ETAG/ETA.

3Bimnosigno g0 cr. 12 CPD TIyMadHi JOKYMEHTH
MaOTh:

a) HaJaTH KOHKPETHOI (pOpMH OCHOBHHUM BHMOTaM,
Y3rOJIMBINTM  TEPMIHOJNOTIIO 1 TEeXHIYHI 3acaau i
BKa3aBIIH Kjacu abo PiBHI JJIs1 KOXKHOI BUMOTH, JIe TIe
HEOOXIIHO;

b) Bka3aTH MeTOAM BCTAHOBJCHHS CITIBBIIHOIICHHS
MK IIMMH KJIacaMH a0o0 PIBHAMHU BHUMOT i3 TEXHIY-
HUMH BHMOTaMH, HANPUKJIAJ, METOIN PO3PAXYHKY i
NepeBipKH, TEXHIYHI IIPaBHUiIa NPOEKTYBAHHS 1 T. iH.;
C) CIyryBaTH PEKOMEHIAIIEI JUIi BCTAHOBIICHHS
Y3rO/DKCHUX CTaHIAPTIB 1 HACTAHOB sl €BpoOICiich-
KOT'O TEXHIYHOT'O YXBaJICHHSI.

€Bpoxkoan (PaKTUYHO BIAIrparoTh MOMIOHY pOJIB Yy
ctepi ER 1 i gactuni ER 2.

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

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

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

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

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



Crangmaptu  €BpOKOZIB  PETJIaMEHTYIOTh
3arajbHi MpaBuiIa MPOCKTYBAHHS ISl TPaK-
TUYHOT'O BUKOPUCTAHHS BCIX KOHCTPYKIIH Ta
iX KOMIIOHEHTIB SK TpPaIUIIAHOTO, TaK i
IHHOBAIIIMHOTO XapakTepy. YHiKaabHI ¢op-
MU KOHCTPYKI[ii a00 YMOBH NPOCKTYBaHHS
CHEIlaJIbHO HE OXOIUIIIOTHCA, 1 B TaKuX
BUMNAJIKaX  TMPOEKTYBAJBbHUKY  HOTpiOeH
JIOJATKOBUM €KCIIEPTHUM PO3TJIS/IL.

HauionaabHi cTangapTH, o
BIIPOBA/KYIOTH €EBpOKOIH

HarmionanpHi cTaHAapTH, 110 BIPOBAKYIOThH
€BpOKOIM, 3aBXKAW BKIIOYAIOTH IOBHHMA
TeKCT €BPOKOAY (BKJIIOYAOYU BCl JOJIATKH),
Buganuii CEN, sikomy MOXyTb mepeayBaTu
Hamionanenuii TuTynbHuil nuct ta Hario-
HaJIbHA TIEPEIMOBA, a TAKOXK MOXYTh CYIPO-
BO/KyBaTHCs HallioHaIbHUM JTOJIaTKOM.

HamionasibHUM /1071aTOK MOXKE BKJIFOYATH
iH(pOpMaIliI0 BIIHOCHO THUX HapaMeTpiB, sKi
3aJIMIIWINCS BIAKPUTHMU B €BpOKOJAX IS
HAI[IOHAIEHOTO BHOOpPY, BiOMi SK HAIlio-
HQJIbHO BH3HAYeHl MapaMeTpu JUIsl BHKO-
pUCTaHHS TpU TPOEKTYBaHHI OyniBenb Ta
IH)KEHEPHHUX CIOpYJ, 10 OyAyTh 3BEACHI y
3aIliKaBJICHIN KpaiHi, a came:

— 3HAQYEHHS YaCTKOBUX KOe(illi€HTIB HaJli-
HOCTI Ta/abo kiacu@ikalio BUIMAIKIB, IS
SAKUX €BPOKOJ| PErilaMeHTye BHUKOPHCTAHHS
IbTEPHATHB;

— 3HAYEHHs, 5Kl CJIJI BUKOPUCTOBYBATH TaM,
nie B €BpOKO/I1 HaBEJICHO TIJIbKU CUMBOJT;

— cnenugivHi 1aH1 KpaiHu (reorpadiuHi, Kii-
MaTHYHI TOIO), HAIIPUKJIAJ, KapTa BITpY;

— KOHKPETHI METOAMKU JII TUX BHUIIAJIKIB,
KOJIn €BpPOKOJ PErJIaMEHTYe BUKOPUCTAHHS
QIbTEPHATHB.

BoHu MOXYTh TaK0X MiCTUTH:

— pexkoMeHpalii moa0 3aCTOCYBaHHS JIOBiM-
KOBHX JIOJaTKIB;

— TOCHWIJIaHHS Ha JOJATKOBY iHQopMmarliio,
sKa He CYIEepPEeYUTh HOPMATUBHUM BHMOTaM i
JoTIOMarae mpu KOPUCTYBaHHI €BPOKOIAMHU.
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The Eurocode standards provide common
structural design rules for everyday use for
the design of whole structures and
component products of both a traditional and
an innovative nature. Unusual forms of
construction or design conditions are not
specifically covered and additional expert
consideration will be required by the
designer in such cases.

National Standards implementing
Eurocodes

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

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

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

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

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

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

It may also contain

— decisions on the use of informative
annexes, and

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



3B’s13kM Mik €BpokoaamMu
TA TAPMOHI30BAHMMHU TEXHIYHUMM
cnenudikanissvmu (ENs ta ETASs)
JJIsi BUPOOIB

HeoOximHa y3rokeHicTb MiXK TapMOHI30-
BaHMMH TEXHIYHUMH CHEIUIKAIIIMHA IS
OyaiBenbHUX BUPOOIB Ta TEXHIYHUMHU MIPABU-
Jamu Jutst OyAiBens 1 criopys Ta Oy IiBeTbHUX
pobit. Kpim Toro, y moBHiil inpopmariii, sika
cynpoBopkye CE MapkyBaHHs OyaiBeIbHUX
BUPOOIB 1 Mae BITHOMICHHS 10 €BPOKOIIB,
Mae OyTH YiTKO 3a3Ha4Y€HO, sIKi HAI[IOHAJIIBHO
BU3HAYEHI TapaMeTpH OyJIH B3STi 10 yBaru.

JMonarkosa indopmaiis
moxo EN 1993-1-6

B EN 1993-1-6 wHagani BKa3iBKA 3
NPOEKTYBaHHS CTAJIEBUX KOHCTPYKIIHA Ta
pO3paxyHKy Ha MIOHICTH 1 CTIMKICTb
000JIOHOK TpH TPOEKTyBaHHI OyiBenb Ta
IH)KCHEPHHX CIIOpPY/I.

EN 1993-1-6 npusHaueHud IsI BUKOPHC-
TaHHS 3aMOBHUKAMH, MPOEKTYBAIbHHKAMH,
HiAPSIHUKAMHU 1 BIAMOBIIHUMHU JIeP>KaBHUMHU
OpTaHaAMH.

EN 1993-1-6 mnpusHaueHwid s  BHKO-
pucranag 3 EN 1990, iHmmmu vactuHamum
EN 1991 i EN 1992-1999 mnst mpoektyBaHHS

KOHCTPYKIIIH.

HauionanbHuii 1oaaTokK
no EN 1993-1-6

VY npoMy cTaHmapTi HaBeACHI albTEPHATHBHI
METOJY, OLIHKK 1 pekoMeHgamii 3
MPUMITKaMH, $Ki BKa3ylOTh, 1€ HEOOX1JTHO
3poOuTH HalioHaJIbHI BUOIp. TakuMm yuHOM,
HalllOHAJTBLHUN CTaHAAPT, SKUH IMIUIEMEHTYE
EN 1993-1-6, noBunen Maru HarionansHui
NOJaTOK, /IO  SIKOTO  BKIIOYEHO  YcCi
HAIllOHAIBHO BU3HAYEHI MapamMeTpu, sKi
BUKOPUCTOBYIOThCS ~ TIpM  TIPOEKTYBaHHI
CTaJIeBUX  KOHCTPYKIiM, 1mo  OyayTb
noOy10BaH1 y BIIMOBIAHIN KpaiHi.
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Links between Eurocodes
and harmonised technical
specifications (ENs and ETAS)
for products

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

Additional information specific
for EN 1993-1-6

EN 1993-1-6 gives pointing from planning
of steel constructions and calculation on
durability and firmness of shells at planning
of buildings and civil engineering works for
wind.

EN 1993-1-6 is intended for the use by
clients, designers, contractors and relevant
authorities.

EN 1993-1-6 is intended to be used with
EN 1990, the other Parts of EN 1991 and
EN 1992-1999 for the design of structures.

National annex
for EN 1993-1-6

This standard gives alternative procedures,
values and recommendations with notes
indicating where

national choices may have to be made.
Therefore the National Standard
implementing EN 1993-1-6

should have a National Annex containing all
Nationally Determined Parameters to be
used for the

design of steel structures to be constructed in
the relevant country.



EN H b 1993-1-6:2011

Hamionanpuuii  BHOIp  J03BOJCHO  JJIs National choice is allowed in EN 1993-1-6
EN 1993-1-6 3a qonmomoroxo: through:

~3.1.4) ~3.1.(4)

—4.1.4 (3) -4.1.4(3)
~524(1) ~524(1)

-6.3(5) -6.3(5

~73.1(1) ~73.1(1)
-73.2(1) -73.2(1)
~-8.42(3) ~8.4.2(3)
-84.3(2) -843(2)
~8.4.3(4) ~8.4.3(4)

—8.4.4 (4) —8.4.4(4)
~8.4.5(1) ~8.4.5(1)
-852(2) -852(Q)
~8.52(4) ~8.5.2(4)
-8.72(7) -8.7.2(7)
~8.7.2(16) ~8.7.2(16)

—8.7.2 (18) (2 pasm) —8.7.2 (18) (2 times)
—9.2.1(2)P ~9.2.1(2)P



1 3AT'AJIBHI ITIOJIOKEHHSA
1.1 TAJY3b3ACTOCYBAHHA

(1) ¥ EN 1993-1-6 HaBeneHi OCHOBHI IpaBujia
MPOSKTYBAHHS JINCTOBUX CTAJIEBUX KOHCTPYKIIIM,
10 MalTh (OpMY 0OOJIOHKH MTOBOPOTY.

(2) et crammapT mpU3HAYCHUI I 3aCTOCY-
BaHHs cymicHOo 3 EN 1993-1-1, EN 1993-1-3,
EN 1993-1-4, EN 1993-1-9 Ta BiAgIIOBIIHUMU
gactuaamu EN 1993, pirouaroun:

Yactuna 3.1 qys Oarur i mior;

Yactuna 3.2 s aumapis;

Yactuna 4.1 nns OyHKEpiB;

Yactuna 4.2 nist pe3epByapis;

UYactuna 4.3 mis TpyOOIIpOBOIIB.

(3) Lleit crangapT BU3HAYAE XapaKTEPUCTUYHI Ta
PO3PaxyHKOBI 3HAYEHHS OMOPY KOHCTPYKII1.

(4) Ieit crammapr BiAmOBiZae BHMOIraM [0
NPOEKTYBAaHHS BIAMOBIAHUX TPAHUYHUX CTaHIB 3a
HECYYOI0 3JaTHICTIO I0JI0:

— MEXI IUNIACTUYHOCTI;

— MUKJIIYHOI IIACTHYHOCTI,

— BTpaTH 3arajibHOI CTIHKOCTI;

— BTOMH.

(5) 3aranpHa piBHOBara KOHCTpPYKLIi (3CyB,
BEPTUKAJIIbHE IME€PEMIILEHHs, NEpEeKUJaHHsd) B
JAHOMY CTaHIAapTi HE pO3TJSAAEThCS, —aie
mictutbess y EN 1993-1-1. CreuianpHi moso-
JKEHHS B 0coOmuMBHUX cdepax 3acTOCyBaHHS
MICTSThCS Y BinnoBiiHux yactuHax EN 1993,

(6) TlomoskeHHS NaHOTO CTaHAAPTY 3aCTOCOBY-
IOThCS 10 BICECUMETPUYHHUX OOOJIOHOK Ta 3B’s3a-
HUX 3 HUMU KPYTOBHUX a00 KIJIbI[EBUX IUIACTUH, a
TaKOXX J0 KIJIbIIEBUX IHepepiziB Oanok i pebep
KOPCTKOCTi, SKIIO BOHM € YacTUHOK MiJIOi
KOHCTpYKLIi. Po3risgaroTbes 3araibHi Hpolecu
KOMIT IOTEpPHUX PO3paxyHKIB ycix ¢opM 0060110-
HOK. Y J0JaTKax HaBe/AEHI JOKJIAIHI BUPA3H IS
PO3paxyHKIB BpYy4YHY HEMIJKPIMJICHUX LUIIHAPIB
1 KOHYCIB.

(7) LuniaapudHi Ta KOHIYHI MaHeNi B JAHOMY
CTaHJapTiI JIeTaJbHO HE PO3MIsIAaroThesa. [Ipote
HaBeJIeH1 MOJI0KEHHS MOXYTh OyTH BUKOPUCTaHI,
SKIIO HAJIeKHUM 4YUHOM OyayTh BpaxoBaHi
BIJIMOB1/IHI TPAaHUYHI YMOBH.
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1 GENERAL
1.1  SCOPE

(1) EN 1993-1-6 gives basic design rules for
plated steel structures that have the form of a
shell of revolution.

(2) This Standard is intended for use in
conjunction with EN 1993-1-1, EN 1993-1-3,
EN 1993-1-4, EN 1993-1-9 and the relevant
application parts of EN 1993, which include:
Part 3.1 for towers and masts;

Part 3.2 for chimneys;

Part 4.1 for silos;

Part 4.2 for tanks;

Part 4.3 for pipelines.

(3) This Standard defines the characteristic
and design values of the resistance of the
structure.

(4) This Standard is concerned with the
requirements for design against the ultimate
limit states of:

plastic limit;

cyclic plasticity;

buckling;

fatigue.

(5) 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 are included in the relevant application
parts of EN 1993.

(6) The provisions in this Standard apply to
axisymmetric shells and associated circular or
annular plates and to beam section rings and
stringer stiffeners where they form part of the
complete structure. General procedures for
computer calculations of all shell forms are
covered. Detailed expressions for the hand
calculation of unstiffened cylinders and cones
are given in the Annexes.

(7) Cylindrical and conical panels are not
explicitly covered by this Standard. However,
the provisions can be applicable if the
appropriate boundary conditions are duly
taken into account.



(8) Leit cranmapT mpu3HAYEHHI U PO3PaXyHKY
CTAJIEBUX MYCTOTUIMX KOHCTPYKIiH. Skmo mis
MYCTOTUIMX KOHCTPYKI[H, BUTOTOBJIEHUX 3 IH-
X MaTepialliB, BIACYTHI CTaHIAPTH, IMOJOXKEH-
HS JAHOTO CTaHJApTy MOXYTh BHKOPHUCTOBY-
BaTHUCS 32 YMOBH HAJI)KHHUM YHHOM BPaXxOBAHHX
BIJIMOBIIHUX BJIACTUBOCTEH MaTepiaiy.

(9) BukopucrtanHs I1BOTO CTaHIAPTy NEpel-
0aueHO B MeXax [iama3oHy TeMIeparyp,
BU3HAUEHUX Y  BIANOBIAHUX  NPUKIAJAHUX
yactuHax EN 1993. MakcumanbsHa Temmneparypa
oOMexkeHa, 1100 BIUIMBOM MOB3Y4YOCTI MOKHA
OyJ0 3HEXTYBaTH, SKIIO BIAMOBITHOK MPHUK-
JaJHOI0 YaCTUHOIO HE PO3MUIANAIOThCA ePeKTH
MOB3YUYOCTI 32 BUCOKHX TeMIIepaTyp.

(10) TlonmoxeHHS LBOTO CTAaHAAPTY 3aCTOCO-
BYIOTBCS JI0 KOHCTPYKIiH, IIO 3aJ0BOJIbHSIOTH
YMOBH TIOTEPEDKEHHS KPUXKOTO pyHHYBaHHS,
HaBeneHi y EN 1993-1-10.

(11) TlonoxeHHs WBOTO CTaHIAPTY 3acTOCO-
BYIOTBCSl JIJISl TIPOCKTYBAaHHS KOHCTPYKIIiM, IIIO
3HAXOOAThCA I JI€H0 BIUIMBIB, fAKi MOJKHA
PO3IIISIIATHCS SIK KBA31CTaTHYHI.

(12) V upomy cranmapti nependadaeTbes, IO
BITPOBE HAaBAaHTAXCHHS 1 MOTIK CHIIKHX TBEPIUX
pPEUOBHMH, B IUIOMY, MOXHA pO3TJISIATH SIK
KBa31CTaTUYHI BILUIUBH.

(13) Aunamiuyni epexTd MaroTh OyTH BpaxoBaHi
3T1IHO 3 BIJIMOBIJIHOIO MPUKIAJHOI0 YAaCTHUHOIO
EN 1993, Bkmoyaroud HaCIIAKKA BIJ BTOMH.
[Tpote, piBHOAIIOYI HANPYKEHHS, 1110 BUHUKAIOTh
yepe3 JUHAMIYHY IOBEAIHKY, PO3IIISIAOTHCS B
il 4acTHUHI SIK KBa31CTAaTHYHI.

(14) IlonoxeHHS LBOTO CTaHAAPTY 3aCTOCOBY-
IOTBCSl 1O KOHCTPYKIiH, SKI 3BEJIeH1 BiJOBIJHO
no sumor EN 1090-2.

(15) MManuit craHgapT He BpAXOBYE aCHEKTH
BHUTOKIB.

(16) Ileit crammapT  NpU3HAYCHUH  JJIs
PO3paxyHKIB TeMmIepaTypud MeTajly B Jiana3oHi
Bi —50 °C mo +300 °C; BigHOIIEHHS pajiyca J0
TOBIIMHHU B aiama3oHi Bix 20 mo 5000.

MPUMITKA. Cnig 3a3HauuTH, IO TpaBHIAa PO3PaXyHKY
Halpy)XeHHS 32 MM CTaHJapTOM MOXXYTb OYTH IOCHUTH
KOHCEPBaTHBHUMHU CTOCOBHO JIESIKMX I'€OMETPUYHUX (OpM
1 YMOB HaBaHTaXEHHS ISl BIiTHOCHO TOBCTOCTIHHUX
000JIOHOK.
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(8) This Standard is intended for application to
steel shell structures. Where no standard exists
for shell structures made of other metals, the
provisions of this standards may be applied
provided that the appropriate material
properties are duly taken into account.

(9) The provisions of this Standard are
intended to be applied within the temperature
range defined in the relevant EN 1993
application parts. The maximum temperature
is restricted so that the influence of creep can
be neglected if high temperature creep effects
are not covered by the relevant application
part.

(10) The provisions in this Standard apply to
structures that satisfy the brittle fracture
provisions given in EN 1993-1-10.

(11) The provisions of this Standard apply to
structural design under actions that can be
treated as quasi-static in nature.

(12) In this Standard, it is assumed that both
wind loading and bulk solids flow can, in
general, be treated as quasi-static actions.

(13) Dynamic effects should be taken into
account according to the relevant application
part of EN 1993, including the consequences
for fatigue. However, the stress resultants
arising from dynamic behaviour are treated in
this part as quasi-static.

(14) The provisions in this Standard apply to
structures that are constructed in accordance
with EN 1090-2.

(15) This Standard does not cover the aspects
of leakage.

(16) This Standard is intended for application
to structures within the following limits:
design metal temperatures within the range
[150°C to +300 °C; radius to thickness ratios
within the range 20 to 5000.

NOTE: It should be noted that the stress design rules of
this standard may be rather conservative if applied to
some geometries and loading conditions for relatively
thick-walled shells.



1.2 HOPMATUBHI HOCUJIAHHSA

(1) Le#i €BpomelchbKii CTaHAAPT MICTUTH
MOJIOKEHHST 1HIMX MyOdiKamii y  BHIJISIL
JaTOBaHUX a00 HeJAaTOBaHUX mocwianb. Li
HOPMATHBHI IMOCUJIaHHS 3HAXOATHCS Y BIAMOBIJI-
HUX MiICHAX TEKCTy, a TMepenik myosikarii
NPUBOIUTHCS HIKYe. JlJI1 AaTOBaHUX MOCHIIAHb
NOJAJIBII TONPaBKU a00 pemakiii Oyab-sSKHX
TaKUX TMyOIiKamiii 3aCTOCOBYIOTHCS JI0 IIHOTO
€BpONEICHKOr0 CTAaHAAPTY JIMIIE 32 YMOBH, IO
BOHM BKJIIOYEHI JO HBOTO TOIpaBKolw abo
penakiiero. s HegaToBaHWUX TOCUJIAHB 3aCTO-
COBYETHCSI OCTAHHE BUIAHHS MyOJiKaiii, Ha SKY
JAETHCS TIOCHIIAHHS.

EN 1090-2 BupoOHMITBO  CTaJieBUX 1
QIIOMiHI€BUX KOHCTPYKIii. Yactuna 2: TexHiuni
BHUMOTH JI0 CTAJIEBUX KOHCTPYKIIii;

EN 1990 OcHoBU npoeKTyBaHHS KOHCTPYKIIIH;
EN 1991 €pokog 1: HaBanTa)xeHHs Ha CIOPYAH;
EN 1993 €spoxon 3: IIpoekTyBaHHS CTajleBUX
KOHCTPYKITIH:

Yactuna 1.1: 3aranbHi mpaBuia 1 mpaBwia Juis
OyziBenb;

UYactuna 1.3: XonogHopopMoOBaHi TOHKI elleMeH-
TH 1 JTUCTH;

Yacruna 1.4: Heipkasiroui crani,

Yactuna 1.5: EnemMeHTH IIIaCTUHYACTUX KOHCTPYKIIIH;
Yactuna 1.9:0 BroMHa MIIHICTh CTaJIeBUX
KOHCTPYKIIIH;

Yactuna 1.10: Bubip cram 3 BpaxyBaHHSM
B’SI3KOTO pYHHYBaHHS 1 BIACTHUBOCTEH cTami
10JI0 TOBIIIWHU JIMCTA;

Yactuna 1.12: JlomaTkoBi mpaBuiia AJis PO3IIU-
perns oosacti EN 1993 o Brmovenns craii S 700;
Yactuna 2: CtaneBi MOCTH;

Yactuna 3.1: Barrty i moriu;

Yacruna 3.2: Jlumapi,

Yactuna 4.1: bynkepu;

Yactuna 4.2: PezepByapu;

Yactuna 4.3: TpybonpoBoy;

Yactuna 5: [TanboBi ciopyau.

1.3 TEPMIHM TA BUSHAYEHHS

Tepminu, BuzHaueni B EN 1990 nns 3aransHOro
BUKOPHUCTAaHHA B OyniBenbHUX EBpokoaax, Takox
3aCTOCOBYIOTBCS Y LIbOMY CTaHAapTi. SIkmo He
BKa3aHO IHINE, BHU3HAYCHHS, TNPHUBEACHI B
ISO 8930, TakoX 3aCTOCOBYIOIOTHCS Yy I[bOMY
craugapti. Ha momatrox mo EN 1993-1-1 nmns
miled  IbOro  CTaHJApTy  3aCTOCOBYIOTHCS
HACTYITHI BU3SHAUEHHS:
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1.2 NORMATIVE REFERENCES

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

EN 1090-2 Execution of steel structures and
aluminium structures — Part 2: Technical
requirements for steel structures;

EN 1990 Basis of structural design;

EN 1991 Eurocode 1: Actions on structures ;
EN 1993 Eurocode 3: Design of steel
structures:

Part 1.1: General rules and rules for buildings;

Part 1.3: Cold formed thin gauged members
and sheeting;

Part 1.4: Stainless steels;

Part 1.5: Plated structural elements;

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 S 700

Part 2: Steel bridges;

Part 3.1: Towers and masts;

Part 3.2: Chimneys;

Part 4.1: Silos;

Part 4.2:Tanks;

Part 4.3:Pipelines;

Part 5: Piling.

1.3 TERMS AND DEFINITIONS

The terms that are defined in EN 1990 for
common use in the Structural Eurocodes apply
to this Standard. Unless otherwise stated, the
definitions given in ISO 8930 also apply in
this Standard. Supplementary to EN 1993-1-1,
for the purposes of this Standard, the
following definitions apply:



1.3.1 ¢opmu Ta reomeTpisi KOHCTPYKIiH
1.3.1.1 o60s10HKA

Koncrpykuiss  abo  eleMeHT  KOHCTPYKIIi,
YTBOPEHUH 3ITHYTUM TOHKUM JIHCTOM.

1.3.1.2 060J10HKA MOBOPOTY

O0oronka, reoMmerpudHa (opMa sKOi BH3HAUa-
€TBCSI CEPEAMHHOIO IIOBEPXHEIO, YTBOPEHOIO
HOBOPOTOM MEPHIIOHAJIBHOI TBIPHOI HABKOJIO
onHi€el oci Ha KyT 27 paxian. OOOJOHKa MOXe
MaTH Oy/ib-SIKY JOBXHUHY.

1.3.1.3 3amMkHyTa BicecuMeTpHYHA 000J10HKA

O00JI0HKA, SIKa CKIIAJIA€ThCA 3 JEKIJIBKOX YaCTHH,
KO’KHA 3 SIKOT € 000JIOHKOKO TIOBOPOTY.

1.3.1.4 cermeHT 000 I0HKH

O06on0HKa MOBOPOTY MEBHOI r€éOMETPUUHOI Hop-
MH 3 TIOCTIHHOIO TOBIIWHOIO CTIHKH: IFUTIHJID,
3pi3aHuil KOHYC, 3pi3aHa cepa, KiiblieBa Iuiac-
THHA, TOPOiJaJIbHa CUCTeMa a0o iHIIa Gopma.

1.3.1.5 nanesnb 000JJ0HKHU

Heszamkxnyra oOosioHka moBopoTy:  (dopma
O00OJIOHKM BHM3HAYAa€THCS MOBOPOTOM TBIPHOI
HABKOJIO OC1 Ha KyT, MEHUINI HIXK 27 pajiaH.

1.3.1.6 cepeaunHa noBepxHs

[ToBepxHs, ska B KOXHIM TOYIll pO3TalIOBaHA
MOCEPEIMHI MK BHYTPIIIHBOIO 1 30BHILIHBOIO
MOBEPXHSAMHU OOONOHKHU. SKIo0 000JOHKA mij-
KpiIJieHa 3 OJTHOTO abo 3 000X OOKIB, K 0Oa3oBa
CepeliMHHA TOBEPXHS MNPHUMMAETbCS CepeUHHA
MOBEPXHS 3ITHYTOr0 Jincta 00omoHKU. CepenuH-
Ha MOBEpPXHS € 0a30BOIO0 MOBEPXHEIO JJIs po3pa-
XYHKY 1 MOK€ MaTH PO3PHBH MPH 3MiHI TOBLIIMHU
abo B MiclgXx 3’€JHaHHA OOOJIOHOK, BHACIIJIOK
YOro BUHHUKA€E EKCLIEHTPUCHUTET, SIKUH MOXE CYTTEBO
BILJIMBATH HA IPOCTOPOBY MOBEAIHKY OOOJIOHKH.

1.3.1.7 3’ennanus

Jlinist, Ha sKIf NEepeTHHAIOThCS JBa a0o Oinblie
CETMEHTIB. MOXK€ BKJIIOUATH €JIEMEHT JKOPCTKOC-
Ti. KonoBa miHis, o AKifi €lIeMeHT KOPCTKOCTI
KpIMMUTHCS 70 OOOJOHKH, MOXXHA BBaXKaTH
3’ € JHAHHSIM.

EN H B 1993-1-6:2011
1.3.1 structural forms and geometry

1.3.1.1 shell

A structure or a structural component formed
from a curved thin plate.

1.3.1.2 shell of revolution

A shell whose geometric form is defined by a
middle surface that is formed by rotating a
meridional generator line around a single axis
through 2= radians. The shell can be of any
length.

1.3.1.3 complete axisymmetric shell

A shell composed of a number of parts, each
of which is a shell of revolution.

1.3.1.4 shell segment

A shell of revolution in the form of a defined
shell geometry with a constant wall thickness:
a cylinder, conical frustum, spherical frustum,
annular plate, toroidal knuckle or other form.

1.3.1.5 shell panel

An incomplete shell of revolution: the shell
form is defined by a rotation of the generator
about the axis through less than 2z radians.

1.3.1.6 middle surface

The surface that lies midway between the
inside and outside surfaces of the shell at
every point. Where the shell is stiffened on
either one or both surfaces, the reference
middle surface is still taken as the middle
surface of the curved shell plate. The middle
surface is the reference surface for analysis,
and can be discontinuous at changes of
thickness or at shell junctions, leading to
eccentricities that may be important to the
shell structural behaviour.

1.3.1.7 junction

The line at which two or more shell segments
meet: it can include a stiffener. The
circumferential line of attachment of a ring
stiffener to the shell may be treated as a
junction.
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1.3.1.8 ctpunrep

MicreBuii eIeMEHT >KOPCTKOCTI, IO MPOXOIUTh
10 MEpH/IiaHy O0OOJOHKH, 1 € TBIPHOIO 000JIOHKH
MOBOPOTY. 3aCTOCOBYETBCS Il 30LIBIICHHS
CTIiKOCTI a00 B AKOCTI ITOIOMDKHOTO €JIEMEHTa
NPy TPHUKJIAJaHH] MICIEBUX HABaHTAKCHb. BiH
HE TIpU3HAYCHUH i1 3a0e3MeUeHHs] IEPBHHHOTO
OMOpYy 3THHAIOYMM e(EeKTaM BiJl IOMEPEUHOTO
HaBaHTaXKCHHSI.

1.3.1.9 pedpo

MicueBwuii eneMeHT, TBipHa 000JIOHKU ITOBOPOTY,
110 3abe3mneuye [ICPBUHHE CHPHUUHATTS
3THHAIOUMX HAaBAaHTAXCHb B3JIOBX MepejiaHa
o0osioHku. BukopucroByeTbes ams nepeaadi abo
PO3MOILTY IOTIEPEYHUX HABAaHTAKEHb MIPH 3THHI.

1.3.1.10 kinbue xkopcTKOCTI

MicrieBuii €JIeMEHT KOPCTKOCTI, IO MPOXOJUTH
HABKOJO OOOJIOHKM TOBOPOTY Yepe3 3aJaHy
TOYKY Ha MepuaiaHi. 3a3BU4ail mepeadadaeTbes,
0 BiH HE Ma€ OPCTKOCTI mpu Jedopmariisax
TUTOIIMHY (MEPHUII0OHATBHI 3CYBH 00O0JIOHKH), aie
€ OKOPCTKUM TpH JAedopmailisx y MJIOUUHI
KUIbIsl. BiH 3acTOCOBY€ThCA ISt 30LIBIIICHHS
cTifikocTi abo mns  mepedadl  MICHEBUX
HaBaHTa)XEHb, 110 A1IOTh Y TUIOMIMHI KUIbLIS.

1.3.1.11 onopHe Kinbie

EnemeHT KOHCTpPYKIIii, SKUH MTPOXOAUTH HABKOJIO
000JIOHKM TOBOPOTY B OCHOBI Ta 3abe3rneuye
KpilUIeHHs! OO0OJOHKM 0 (yHAAMEHTY abo
IHIIIOTO eJIeMEeHTa KOHCTpyKuii. BoHo mpusna-
YyeHe JUIsl MPAaKTUYHOIo 3a0e3MeYeHHs POTHO30-
BaHUX I'PAaHUYHUX YMOB.

1.3.1.12 kinbueBa 0aaka a6o kiibueBa ¢gepma

KpyroBuii enemMeHT >KOPCTKOCTI, >KOPCTKHH 1
MIIIHMA Ha 3TUH SK B IUIONIMHI KPYroBOTO
nepepizy 0OOJOHKH, TaK 1 MEPIEHIUKYISIPHO 10
i€l iomuHy. e mepBUHHMI HeCyqHil eJIeMeHT
KOHCTPYKIIii, TpU3HAYCHUH AN  PO3MOILTY
MICLIEBUX HaBaHTaXEHb B 00OJIOHIII.

EN H b 1993-1-6:2011

1.3.1.8 stringer stiffener

A local stiffening member that follows the
meridian of the shell, representing a generator
of the shell of revolution. It is provided to
increase the stability, or to assist with the
introduction of local loads. It is not intended to
provide a primary resistance to bending effects
caused by transverse loads.

1.3.1.9rib

A local member that provides a primary load
carrying path for bending down the meridian
of the shell, representing a generator of the
shell of revolution. It is used to transfer or
distribute transverse loads by bending.

1.3.1.10 ring stiffener

A local stiffening member that passes around
the circumference of the shell of revolution at
a given point on the meridian. It is normally
assumed to have no stiffness for deformations
out of its own plane (meridional displacements
of the shell) but is stiff for deformations in the
plane of the ring. It is provided to increase the
stability or to introduce local loads acting in
the plane of the ring.

1.3.1.11 base ring

A structural member that passes around the
circumference of the shell of revolution at the
base and provides a means of attachment of
the shell to a foundation or other structural
member. It is needed to ensure that the
assumed boundary conditions are achieved in
practice.

1.3.1.12 ring beam or ring girder

A circumferential stiffener that has bending
stiffness and strength both in the plane of the
shell circular section and normal to that plane.
It is a primary load -carrying structural
member, provided for the distribution of local
loads into the shell.
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1.3.2 rpanuyHi cTaHu
1.3.2.1 me:xa miIacTHYHOCTI

['pannuHMii CTaH 3a HECY4YOIO 3JATHICTIO, MpHU
SKOMY B  KOHCTPYKIii BHUHUKAIOTh 30HHU
macTU4HoOi nedopmartii, depe3 ski 000JOHKA
BTpada€e 3JaTHICTb MPOTUCTOATU 3POCTAIOUUM
HAaBaHTAKCHHSIM. BiH CcyTTeBO mOB’s3aHUi 13
IPaHUYHUM HABAaHTAXKCHHSM 32 TUIACTUYHICTIO 32
Teopiero Manux nedopmariiii abo 3 MexaHi3MOM
TUTACTUYHOTO PyHHYBaHHS.

1.3.2.2 po3puB npu po3rary

['pannyHMii CcTaH 32 HECY4YOI0 3IATHICTIO, TpPHU
AKOMYy Tepepi3 OpyTTo JmucTa  0O0OJOHKH
PYHHYETBCSI BHACIIOK PO3TSTY.

1.3.2.3 quKJIiYHA IVIACTHYHICTH

['pannyHMii CTaH 32 HECY4YOK 3IaTHICTIO, TpPHU
sKoMy OaraTopa3oBe IutacTU4dHe jaeGopMyBaHHS,
BUKJIMKAHE [IMKJIAMH TPUKIQJaHHS 1 3HITTA
HABAaHTA)XCHHS, MPHU3BOAHUTH 10 MAJOIMKIOBOTO
BTOMHOTO  pYHHYBaHHSI  TICIs  BHYEPIIAHHS
3/IaTHOCTI MaTepiairy 10 MOTJIMHAHHS SHepril.

1.3.2.4 BTpara 3arajibHOI CTiliKOCTI

['paHnuHMi CTaH 3a HECY4YOI 3JATHICTIO, MpU
SKOMY KOHCTPYKIIisl Pi3KO BTpayae CTIHKICTh IpU
MeMOpaHHOMY CTHUCKaHH1 1/abo 3cyBsi. lle
OPU3BOJUTH 1O BEIUKUX 3MilleHb abo 0
HECIPOMOKHOCTI KOHCTPYKIIIT HECTH IMPUKIIAJCH1
HaBaHTAXECHH.

1.3.2.5BTOMA

['pannuHMii CTaH 3a HECY4YOI 3AaTHICTIO, MpPHU
SKOMY BEJIMKa KUIbKICTh ITMKJIIB HaBaHTaKEHHS
OPU3BOAUTH 1O PO3BUTKY TPIUH Yy JUCTI
000JIOHKH, 10 TpPH MOAAIBIIAX  IHUKJIAX
HAaBAHTAKEHHSI MOYKE€ BUKJIMKATH PO3PUB.

1.3.3 BnuuBu (aii)
1.3.3.1 ocbOBEe HABAHTAKEHHSA

30BHIIIHE TPUKIAJCHE HABAHTAXKEHHS, 110 /€ B
OCbOBOMY HaIIPSIMKY.

EN H b 1993-1-6:2011

1.3.2 limit states
1.3.2.1 plastic limit

The ultimate limit state where the structure
develops zones of yielding in a pattern such
that its ability to resist increased loading is
deemed to be exhausted. It is closely related to
a small deflection theory plastic limit load or
plastic collapse mechanism.

1.3.2.2 tensile rupture

The ultimate limit state where the shell plate
experiences gross section failure due to
tension.

1.3.2.3 cyclic plasticity

The ultimate limit state where repeated
yielding is caused by cycles of loading and
unloading, leading to a low cycle fatigue
failure where the energy absorption capacity
of the material is exhausted.

1.3.2.4 buckling

The ultimate limit state where the structure
suddenly loses its stability under membrane
compression and/or shear. It leads either to
large displacements or to the structure being
unable to carry the applied loads.

1.3.2.5 fatigue

The ultimate limit state where many cycles of
loading cause cracks to develop in the shell
plate that by further load cycles may lead to
rupture.

1.3.3 Actions
1.3.3.1 axial load

Externally applied loading acting in the axial
direction.
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1.3.3.2 panianbHe HABAHTAKEHHS

30BHIIIHE TMPHUKIAZACHE HABAHTAXKEHHS, IO JIi€
HNEePHECHANKYISIPHO [0 IMOBEPXHI HWIIHAPUYHOI
00OJIOHKH.

1.3.3.3 BHyTpilHiii THCK

CkI1ajjoBa IOBEPXHEBOT'O HABAHTAXXKCHHS, IO JIi€
NEPIEHANKYIISIPHO 10 OOOJIOHKHM B HANPSMKY
Ha30BHi. [i BenmMuMHA MOXe 3MiHIOBATHCA AK Y
MEpUIIOHAILHOMY, TaK 1 B KOJIOBOMY HaIlpsiMax
(HampuKIaa, M i€ HABAHTAXCHHS CHITKUX
PEYOBHH y OyHKeEPI).

1.3.3.4 30BHilIHIN THCK

CkitajoBa MOBEPXHEBOT'O HABAHTAXXKEHHS, L0 JIi€
NEPICHIUKYIIIPHO JI0 OOOJIOHKH B HAMPSMKY
BecepenuHy. li BelMunHa MOKe 3MiHIOBATHCS SK Y
MEpPHIIOHAILHOMY, TaK 1 B KOJIOBOMY HampsMax
(HampuKIaa, mif i€0 BITPY).

1.3.3.5 rizpocTaTuuHuii THCK

Tuck, 110 3MIHIOETHCS JIHIHHO BITHOCHO OCHOBOI
KOOpJAUHATH 00OJIOHKH ITOBOPOTY.

1.3.3.6 HaBaHTa:KeHHS BiJ TepTs 00 CTIHKY

MepuaionansHa CKJIaJI0Ba MIOBEPXHEBOTO
HAaBaHTa)XEHHSA, IO JI€ Ha CTIHKY OOOJIOHKH
BHACIIZIOK TEepTs, IOB’SI3aHOTO 3 BHYTPIMIHIM
TUCKOM (HAMPUKIIAJI, SAKIIO BCEPEIUHI 00OJIOHKU
3HAXOJATHCS CUIKI PEYOBUHU)

1.3.3.7 micueBe HAaBaHTAKEHHS

3ocepemkeHa cuina abo PpO3MOJiIEHE HaBaH-
TaXEHHsS, 0 Jl€ Ha OOMEXEeHY YacTHHY
00OJIOHKH IO BUCOTI Ta B KUJIBLIEBOMY HAIPSAMKY.

1.3.3.8 HaBaHTa:KeHHS HA TUISTHKY

MiciieBe po3mojijieHe HaBaHTAXKEHHS, IO i€
MEePIEHANKYIISIPHO 10 00OJIOHKH.

1.3.3.9 po3pimkenns

PiBHOMipHUI pO3MOAiNIEHNI 30BHIMIHIA THCK,
KUl BUHUKAa€ BHACIIJIOK 3HUKEHOTO BHYTPIII-
HBOTO THCKY B OOONOHIII 3 oTBOpamu abo
JTYIITHAKAMU 1T €0 BITPOBOTO HAaBAaHTAKECHHS.

EN H b 1993-1-6:2011
1.3.3.2 radial load

Externally applied loading acting normal to
the surface of a cylindrical shell.

1.3.3.3internal pressure

Component of the surface loading acting
normal to the shell in the outward direction. Its
magnitude can vary in both the meridional and
circumferential directions (e.g. under solids
loading in a silo).

1.3.3.4 external pressure

Component of the surface loading acting
normal to the shell in the inward direction. Its
magnitude can vary in both the meridional and
circumferential directions (e.g. under wind).

1.3.3.5 hydrostatic pressure

Pressure varying linearly with the axial
coordinate of the shell of revolution.

1.3.3.6 wall friction load

Meridional component of the surface loading
acting on the shell wall due to friction
connected with internal pressure (e.g. when
solids are contained within the shell).

1.3.3.7 local load

Point applied force or distributed load acting
on a limited part of the circumference of the
shell and over a limited height.

1.3.3.8 patch load

Local distributed load acting normal to the
shell.

1.3.3.9 suction

Uniform net external pressure due to the
reduced internal pressure in a shell with
openings or vents under wind action.
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1.3.3.10 yacTkoBHI1 BAKyyM

PiBHOMIpHMIT pO3MOMiIJIEHUH 30BHIIIHIA THUCK,
KU BUHHUKAE BHACTIZOK TEPEMIIICHHS PiAWH
a00 CHUIKHX PEYOBMH 13 pe3epByapa 3
HEIOCTATHHOIO BEHTUIALIIEIO.

1.3.3.11 TemyioBUii BILIUB

3MiHa TemIeparypu y3A0BXK MepuiiaHa abo 1o
KOJTy, a00 IO TOBIIMHI 000JIOHKH.

1.3.4 piBHOI0Yi HANIPYKEHHHA i HANPYKEHHSA
B 000J10H1Ii

1.3.4.1 piBHOaII04Yi MEMOPAHHOT0 HATIPY KEHHS

piBHOMIIOYI MEMOpaHHHMX HampyXeHb — 1€
3YyCHJUIL HAa OJWHHIIO IIMPUHU OOOJOHKH, SIKi
3HaXOMASATh SK 1HTErpal PO3MOJLTY HOPMAaIbHOTO
1 JOTUIHOTO HAIPYXKCHb, IO JIFOTh 110 TOBIIUHI
000JIOHKM TapajielbHO CepeANHHIA TOBEPXHI
000JIOHKK. Y TPYKHOMY CTaHlI KOXKHE 3 IIHX
PIBHOJIIOYMX HANPYKCHb BUKJIMKAE HAIPYXCHUN
CTaH, OJHOPIAHMNA IO TOBHIMHI OOOJOHKH. Y
OyIb-sIKil TOYIIl € TPU PIBHOAII0YI MEMOPAHHOTO
HanpyXeHHs (OuB. pucyHok 1.1(e)).

1.3.4.2 piBHOAI0Yi 3rHHATBHUX HATIPYKEHb

PiBHOAitOUl 3THHAIBHUX HANpPyXeHb — II€
3THHaJbHI 1 KPYTHI MOMEHTH Ha OJMHUIIO
IIUPUHU OOOJIOHKH, SIKI 3HAXOIATH SIK CTaTUYHI
MOMEHTH PO3MOJIUIIB HOPMAJIBHOIO 1 JTOTUYHOTO
HalpyXeHb, L0 JIIOTh MapajelbHO CepeIuHHIN
MOBEPXHI 000JIOHKH M0 i1 TOBIIUHI. Y MPYKHOMY
CTaHl KOXXHE 3 IUX PIBHOJIIOYUX HANpPYXKEHb
BUKJIMKA€ HANpyKeHWH CTaH, M0 JiHIHHO
3MIHIOETHCS 110 TOBILKHI O00JIOHKH, 3 HYJbOBUM
3HAYEeHHSM y CepeIMHHIN noBepXxHi. Y Oynb-saKii
TOYIl [Oi€ aBa 3THHAJIBPHUX MOMEHTH 1 OIUH
KPYTHUH MOMEHT.

1.3.4.3 piBHOiI0Yi NONMEPEYHOro JOTHYHOIO
HANPY/KeHHA

PiBHOMIfOYI TOMEpEeYHOTr0 AOTUYHOTO Hampy-
KEHHS — L€ 3yCWUIsI Ha OJMHULIO IIUPHUHU
000JIOHKHM, $KI 3HAXOAATH SK I1HTErpajd BiX
pO3MOAITY JOTUYHOTO HANpy>KEHHs, ILI0 Jii€
NEPIEeHIUKYISIPHO 10 CEPETUHHOI MTOBEPXHI 000-
JIOHKH 110 ii TOBIIMHI. Y MPY>KHOMY CTaHi KO>XKHE

EN H b 1993-1-6:2011

1.3.3.10 partial vacuum

Uniform net external pressure due to the
removal of stored liquids or solids from within
a container that is inadequately vented.

1.3.3.11 thermal action

Temperature variation either down the shell
meridian, or around the shell circumference or
through the shell thickness.

1.3.4 Stress resultants and stresses in a
shell

1.3.4.1 membrane stress resultants

The membrane stress resultants are the forces
per unit width of shell that arise as the integral
of the distribution of direct and shear stresses
acting parallel to the shell middle surface
through the thickness of the shell. Under
elastic conditions, each of these stress
resultants induces a stress state that is uniform
through the shell thickness. There are three
membrane stress resultants at any point (see
figure 1.1(e)).

1.3.4.2 bending stress resultants

The bending stress resultants are the bending
and twisting moments per unit width of shell
that arise as the integral of the first moment of
the distribution of direct and shear stresses
acting parallel to the shell middle surface
through the thickness of the shell. Under
elastic conditions, each of these stress
resultants induces a stress state that varies
linearly through the shell thickness, with value
zero and the middle surface. There are two
bending moments and one twisting moment at
any point.

1.3.4.3 transverse shear stress resultants

The transverse stress resultants are the forces
per unit width of shell that arise as the integral
of the distribution of shear stresses acting
normal to the shell middle surface through the
thickness of the shell. Under elastic conditions,
each of these stress resultants induces a stress
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3 WX PAaBHOMIIOYMX HANpPYKEHb BHUKIHUKAE
Hanpy>KEeHUH CTaH, 110 3MIHIOETbCS MapaboIiyHO
110 TOBIIHUHI 000JIOHKH. Y OyIb-sKid TOUIll € JBI
PIBHOJIIOYI MOMEPEeYHOro JOTHYHOTO Hampy-
skeHHs (muB. pucyHok 1.1(f)).

1.3.4.4 memOpaHHe HATIPY KEHHS

MemMmOpaHHe HamnpyXCHHS BU3HAYAETHCS K BiJ-
HOIICHHS PIBHOJIIF0Y0T MEMOPAHHOTO HaIPy>KEH-
HS1 JI0 TOBIIMHU CTiHKH (IUB. pucyHOK 1.1(¢)).

1.3.4.5 3ruHajibHe HANPY:KEHHA

3ruHanbHE  HANPY)KCHHS  BH3HAYAETBCS  SIK
BiJTHOIIIEHHSI PIBHOJIIIOYOTO 3TMHAIBHOTO HAIPy-
JKEHHS JI0 KBajpaTa TOBIIMHU CTIHKH, ITOMHO-
eHe Ha 6. BOHO Mae CeHe Juile Juis cTaHy, Ipu
SKOMY 00OJIOHKA € TIPYKHOIO.

1.3.5 Buau po3paxyHkiB
1.3.5.1 3aranbHuii po3paxyHoK

Po3paxyHok, B SIKOMY  pO3IJISJAIOTHCS
KOHCTPYKIIiS B IIIOMY, @ HE OKpPeMi ii YaCTHHH.

1.3.5.2 po3paxyHok 3a MeMOpPaHHOIO TeOpicl0

Po3paxyHOK, 1110 BH3Ha4ae MOBEAIHKY TOHKO-
CTIHHOTI OOOJIOHKOBOi KOHCTPYKIIi TMiJa €0
PO3MOAIICHUX HABAaHTAXKEHb 32 YMOBH, 10 JIUIIIE
MeMOpaHHl 3yCHWJUIA 3aJI0BOJIBHSIIOTH  YMOBH
PIBHOBAru i3 30BHIIIHIMU HABAHTa)KEHHSIMH.

1.3.5.3 niHiliHO-IPY:KHUI PO3PaAXyHOK
odosionku (LA)

Po3paxyHok, 1m0 BU3HAYa€ TOBEIAIHKY TOHKO-
CTIHHOT O0OOJIOHKOBOI KOHCTPYKIii Ha OCHOBI
Teopli JIHIKHO-TIPYKHOTO 3TUHY OOOJOHKH IpU
nedopMartisix, ki € MTUMHU O BIIHOIICHHIO 10
17leaibHOT ~ reoMeTpii  CepellMHHOI  MOBEpXHi
00OJIOHKH.

1.3.5.4 ninilino-npy:xuuii 0ipyprauiinmii
po3paxyHok (BjacHoro 3nauyennsi) (LBA)

Po3paxyHok, sikuii OLiHIOE JiHIMHE O1pypKarliii-
HE BJIACHE 3HAYEHHS JJs TOHKOCTIHHOI 000-
JIOHKOBO1 KOHCTPYKIIIT Ha OCHOBI Teopii JiHIHHO-
HPY)KHOTO 3TMHY OOOJOHKM Hpu jaedopMariisx,
MajJuX IO BIHOMICHHIO JI0 1/1€aJIbHOI TeoMeTpii
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state that varies parabolically through the shell
thickness. There are two transverse shear
stress resultants at any point (see figure

1.1(f)).

1.3.4.4 membrane stress

The membrane stress is defined as the
membrane stress resultant divided by the shell
thickness (see figure 1.1(e)).

1.3.4.5 bending stress

The bending stress is defined as the bending
stress resultant multiplied by 6 and divided by
the square of the shell thickness. It is only
meaningful for conditions in which the shell is
elastic.

1.3.5 Types of analysis
1.3.5.1 global analysis

An analysis that includes the complete
structure, rather than individual structural
parts treated separately.

1.3.5.2 membrane theory analysis

An analysis that predicts the behaviour of a
thin-walled shell structure under distributed
loads by assuming that only membrane forces
satisfy equilibrium with the external loads.

1.3.5.3 linear elastic shell analysis (LA)

An analysis that predicts the behaviour of a
thin-walled shell structure on the basis of the
small deflection linear elastic shell bending
theory, related to the perfect geometry of the
middle surface of the shell.

1.3.5.4 linear elastic bifurcation (eigenvalue)
analysis (LBA)

An analysis that evaluates the linear
bifurcation eigenvalue for a thin-walled shell
structure on the basis of the small deflection
linear elastic shell bending theory, related to
the perfect geometry of the middle surface of
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cepennHHOl TOBepXHI oOomoHku. Cring 3a3Ha-
YHTH, [0 3rajiaHe JiHeitHe OigypKalliiiHe BIacHe
3HAYCHHS HE BIAHOCUTBHCA 10 (OPM BJIACHHX
KOJINBAHb.

1.3.5.5reomeTpyHO HediHIHHUA NPYKHUI
po3paxynok (GNA)

Po3paxyHok Ha OCHOBI Teopii 3rHuHY OOOJOHKH
JUIA  iIeaibHOi  KOHCTPYKIIi 3  ypaxyBaHHSM
JTIHIHHO-TIPY’)KHUX XapaKTePUCTUK Marepiaily Ta
HEeJTIHIHHOI Teopii BenuKux Achopmariii as
nepeMillieHb, sika TMOBHICTIO BPaxoBYye OyIb-sKy
3MiHY TeoMeTpil BHACIIJOK BIUIMBIB  Ha
o0onoHky. Ha koXHOMY eTami HaBaHTa)KEHHS
MIPOBOAMTHCA MepeBipKa NiHIKHOTO OidypKariiii-
HOTO BJIACHOTO 3HAYECHHS

1.3.5.6 pizuuno  HemiHiHMIT
(MNA)

PO3paxyHoOK

Po3paxyHok Ha OCHOBiI Teopii 3rUHY OOOJIOHKHU
JUIA  11ealbHOT KOHCTPYKLIi 3 BHUKOPHUCTaHHSAM
NpUITyIIeHb Tpo Mani aedopmarii, sk B 1.3.4.3,
ale 13 ypaxyBaHHSAM HENIHIMHUX TIPYKHO-
IUTACTUYHUX XapaKTEPUCTUK MaTepiaiy.

1.3.5.7 reomerpuuno Ta ¢i3U4YHO HediHiHHMIA
po3paxynok (GMNA)

Po3paxyHok Ha OCHOBI Teopii 3TMHY OOOJIOHKH
JUI  11eaJIbHOT KOHCTPYKLIi 3 BHUKOPUCTaHHSAM
NPUITYIIEHb HENIHIHHOI Teopii BEMUKUX Jedop-
Malliif JUIs mepeMillieHb 13 ypaXyBaHHSIM HEiHiH-
HUX TPYKHO-TUTACTUYHUX XapaKTEPUCTHK MaTe-
piamy. Ha KkoXHOMY piBHI HaBaHTa)XEHHs
BUKOHY€ETbCS TEpeBipKa JiHIAHOrO OidypKariii-
HOT'O BJIACHOTO 3HAYEHHS

1.3.5.8 reomeTpyHO HediHIHHWA NPYXHUH
po3paxyHok i3 ypaxyBanusm aedexriB (GNIA)

Po3paxyHok 13 ypaxyBaHHSAM J1e()eKTiB MOA10HUI
no po3paxynky GNA srigo 3 1.3.4.5, ane i3
BUKOPUCTAHHAM MOJIEN TeoMeTpii KOHCTPYKIIii,
M0 BKJIIOYaE HeigeanbHy (opmy  (TOOTO
TEOMETPIsl CEPEIMHHOI MOBEPXHI Mae Hernepes-
OauyBaHl BIOXWJIEHHS BIJ iAeanbHOI (opMH).
Jlepext Takok MOXKe BpaxoByBaTH eQeKTH
BIIXWIEHb Yy TPAaHUYHUX YMOBaxX 1 eqQeKT
3aJIMIIKOBOrO HampykeHHs. Ha kokHOMY piBHI
HaBaHTAXXCHHS BUKOHYETHbCS IE€peBipKa JIiHIN-
HOTO 01 ypKaIifHOTO BIIACHOTO 3HAYCHHSI
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the shell. It should be noted that, where an
eigenvalue is mentioned, this does not relate to
vibration modes.

1.3.5.5geometrically  nonlinear  elastic

analysis (GNA)

An analysis based on the principles of shell
bending theory applied to the perfect structure,
using a linear elastic material law but
including nonlinear large deflection theory for
the displacements that accounts full for any
change in geometry due to the actions on the
shell. A bifurcation eigenvalue check is
included at each load level.

1.3.5.6 materially nonlinear analysis (MNA)

An analysis based on shell bending theory
applied to the perfect structure, using the
assumption of small deflections, as in 1.3.4.3,
but adopting a nonlinear elasto-plastic material
law.

1.3.5.7 geometrically and
nonlinear analysis (GMNA)

materially

An analysis based on shell bending theory
applied to the perfect structure, using the
assumptions of nonlinear large deflection
theory for the displacements and a nonlinear
elasto-plastic material law. A bifurcation
eigenvalue check is included at each load
level.

1.3.5.8 geometrically = nonlinear  elastic
analysis with imperfections included (GNIA)

An analysis with imperfections explicitly
included, similar to a GNA analysis as defined
in 1.3.4.5, but adopting a model for the
geometry of the structure that includes the
imperfect shape (i.e. the geometry of the
middle surface includes unintended deviations
from the ideal shape). The imperfection may
also cover the effects of deviations in
boundary conditions and / or the effects of
residual stresses. A bifurcation eigenvalue
check is included at each load level.
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1.3.5.9 reomerpuunuii Ta PpizuuHo HeMiHiHHMIA
PO3PAaXyHOK i3 ypaxyBaHHsM JedeKTiB
(GMNIA)

Po3paxyHok 13 ypaxyBaHHAM Je(eKTiB, IO
0a3yeTbcsi HA  NPUHIMIAX  TEOpii  3THHY
00OJIOHKH, y BHIAJKY HeiJeanbHOT KOHCTPYKIIT
(ToOTO TeomeTpis CEepeIMHHOI IOBEpPXHI Mae
HenepenOauyBaHi  BIAXWJICHHS BiJ 1€abHOI
dbopmH), BKITIOUYAIOUN HEJIIHIHHY TEOPit0 BEIMKUX
nedopMariii Jyisg MepeMillleHb, sSKa IOBHICTIO
BpaxoBy€e OyIb-sKy 3MiHY T€OMETpii BHACIIIOK
BIUTMBIB Ha OOOJIOHKY, 1 HEJIHIIHI XapakTepuc-
TUKHU MPYKHO-TJIACTUYHOTO Matepiany. Jledekrn
TaK0X MOXXYTh BKJIIOYATH ACPEKTU B TPAHUIHHUX
YMOBax 1 3aJIMIIKOBUX HalpyXeHHsX. Ha koxHO-
My eTalli HaBaHTa)XCHHs BUKOHYETHCS MEpEeBipKa
JiHiHOTO O1ypKaIliifHOrO BIACHOTO 3HAYEHHS.

1.3.6 Kareropii Hanpy:KeHb, 110 BUKOPHCTO-
BYIOThCSI IPU PO3PAXYHKY 32 HANIPYKEHHSIMH

1.3.6.1 nepBUHHI HANPYKEHHS

Hanpysxenuii cran, HeoOXiTHUI At pIBHOBArH 3
IPUKJIAJIEHUM HaBaHTaXeHHsAM. BiH ckiagaerscs
NEPEeBAXKHO 3 MEMOpPaHHHMX HAlpyXEHb, aje 3a
JeSIKUX YMOB JUIsSl IOCATHEHHSI PIBHOBAar MOXYTh
TaK0X 3HaJI00UTHCS 3TUHAIbHI HAIIPYKEHHS.

1.3.6.2 BTOpUHHI HATIPYKEHHS

HanpykeHHs, BUKJIMKaHI BHYTPIIIHBOIO CyMic-
HICTIO 200 CYMICHICTIO 3 TPAHUYHUMHU YMOBaMH,
NOB’s3aHI 3 NPUKIAJAECHUMH HaBaHTAXECHHAMHU
ab0 3MIIIEHHAMH (TEeMIEpaTyporo, MOMepeaHIM
HaNpy>KeHHsSM, MpOCiAaHHAM, ycaakorw). Lli
Halpy>KeHHsI HE TOTPIOHI I JIOCATHEHHS
pIBHOBarm MIDK  BHYTPIIIHIM  HalpyKEHUM
CTaHOM 1 30BHIIIHIMU HaBaHTa)>KEHHSAMH.

1.3.7 CrheniajbHi BU3HAYEHHS
JJIS PO3PAXyHKY BTPAaTH 3arajibHoOI CTIHKOCTI

1.3.7.1 kpurnunmii omip BTpaTi 3araJibHoON
CTiHKOCTI

Haiimenma Oidypkanis abo rpaHuyHE HaBaH-
Ta)XEHHS, BHM3HAYCHE I 17€ali30BaHUX YMOB
NpYyXHOi poOOTH MaTepiaiy, 1/1ealbHOI reoMeT-
pii, igeaqbHOrO TPUKIAJAHHS HABAHTAKCHHS,
17lealibHOT  OIOpH, 130TPOIHOCTI MaTepiany 1
BIJICYTHOCTI 3AIUIIKOBUX HaIpyXeHb
(po3paxyHok LBA).
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1.3.5.9 geometrically and materially
nonlinear analysis with imperfections
included (GMNIA)

An analysis with imperfections explicitly
included, based on the principles of shell
bending theory applied to the imperfect
structure (i.e. the geometry of the middle
surface includes unintended deviations from
the ideal shape), including nonlinear large
deflection theory for the displacements that
accounts full for any change in geometry due
to the actions on the shell and a nonlinear
elasto-plastic material law. The imperfections
may also include imperfections in boundary
conditions and residual stresses. A bifurcation
eigenvalue check is included at each load
level.

1.3.6 Stress categories used in stress
design

1.3.6.1 primary stresses

The stress system required for equilibrium
with the imposed loading. This consists
primarily of membrane stresses, but in some
conditions, bending stresses may also be
required to achieve equilibrium.

1.3.6.2 secondary stresses

Stresses induced by internal compatibility or
by compatibility with the boundary conditions,
associated with imposed loading or imposed
displacements  (temperature,  prestressing,
settlement, shrinkage). These stresses are not
required to achieve equilibrium between an
internal stress state and the external loading.

1.3.7 Special definitions for buckling
calculations

1.3.7.1 critical buckling resistance

The smallest bifurcation or limit load
determined assuming the idealised conditions
of elastic ~material behaviour, perfect
geometry, perfect load application, perfect
support, material isotropy and absence of
residual stresses (LBA analysis).
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1.3.7.2 kxpuTHYHI HATIPYKEHHSI IPH BTPATi
3arajibHol CTiliKoCTi

MeMOpaHHe  HampyXeHHs,  IOB’S3aHE 3
KPUTUYHHUM OIIOPOM BTpPATI 3arajibHOi CTIMKOCTI.

1.3.7.3 HomiHATbHUI ONip NJIACTHYHUM
nedgopmanisam

['pannyHE TUTACTHYHE HABAaHTAXKCHHS, BU3HAYCHE
JUTSL 1I€NTbHUX YMOB JKOPCTKOIUTACTUYHOI TTOBE-
JIIHKK MaTepiaiy, ieanbHOI TreoMeTpii, iaeanb-
HOTO TPHUKJIAJICHOTO HABAaHTAXKEHHS, 1CAIbHOI
OTIOpY Ta 130TPOIMHOCTI Marepiany (3MOIenbo-
BaHa 3a JIONOMOTror0 po3paxyHky MNA).

1.3.7.4 xapakTepucTHYHUIi onip BTpaTi
3araJbHOI CTIHKOCTI

HaBaHTakeHHs1, TIOB’s13aHE 3 BTPATOIO 3arajbHOT
CTIMKOCTI TpW HENpYyXHii poOoTi Marepiaiy,
FEOMETPUYHUMU 1 KOHCTPYKIIHHUMU AedeKTami,
AKi HEMUHYYl Ha TpaKkTUli, 1 ed]eKTamu
CJIIIKYBAJIbHOT'O HABAHTA)KCHHSI.

1.3.7.5 xapakTepuCTUYHE HATIPYKEHHS
NP BTPATi 3arajibHOI CTIKOCTI

MemOpanHe HaTpyKEHHSI, OB’ s13aHE 3
XapaKTePUCTHYHUM OIIOPOM BTpATi 3arajbHOI
CTIMKOCTI.

1.3.7.6 po3paxyHkoBHii onip BTpati 3arajbHoi
criiikocTi

Po3paxyHkoBe 3Ha4YeHHS  KPUTUYHOI  CHIIH,
OTpUMAaHE HUIIXOM JAUIEHHS XapaKTePUCTHUYHOTO
OTIOpY BTpATi 3arajibHOi CTIMKOCTI HAa YaCTKOBUM
KOoeQIlie€HT AT OTopYy.

1.3.7.7 po3paxyHKoBe HANPy KeHHS
NpH BTPATI 3arajbHOI CTIHKOCTI

MemOpanHe Hampy>KeHHs, TOB’f3aHe 3 po3pa-
XYHKOBHUM OIOPOM BTpaTi 3arajibHOi CTIHKOCTI.

1.3.7.8 ocHOBHe 3HAYeHHS HANPY KEHHSA

3Ha4yeHHsl HaNnpyXeHHS B HEOAHOPITHOMY MOJIi
HaNpyXXeHb, 1[0  BUKOPUCTOBYETHCS IS
XapakTepU3yBaHHA BEJIWYMH HANpyXeHHS Npu
OIIIHI[I TPAHUYHOTO CTaHY 32 HECYUYOIO 3/IaTHICTIO
0 BTPATi 3arajbHOi CTIHKOCTI.
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1.3.7.2 critical buckling stress

The membrane stress associated with the
critical buckling resistance.

1.3.7.3 plastic reference resistance

The plastic limit load, determined assuming
the idealised conditions of rigid-plastic
material behaviour, perfect geometry, perfect
load application, perfect support and material
isotropy (modelled using MNA analysis).

1.3.7.4 characteristic buckling resistance

The load associated with buckling in the
presence of inelastic material behaviour, the
geometrical and structural imperfections that
are inevitable in practical construction, and
follower load effects.

1.3.7.5 characteristic buckling stress

The membrane stress associated with the
characteristic buckling resistance.

1.3.7.6 design buckling resistance

The design value of the buckling load,
obtained by dividing the characteristic
buckling resistance by the partial factor for
resistance.

1.3.7.7 design buckling stress

The membrane stress associated with the
design buckling resistance.

1.3.7.8 key value of the stress

The value of stress in a non-uniform stress
field that is used to characterise the stress
magnitudes in a buckling limit state
assessment.
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1.3.7.9 knac nonycky siKOCTi HA BUTOTOBJIEHHSI

Kareropiss BUMOr JOMYCKy Ha BUTOTOBJICHHS,
nepeadayeHa mpyu MpOeKTYBaHHI, UB. 1. 8.4.

1.4  TIO3HAYEHHS

(1) Ha nmomatox 10 TO3HAY€Hb, MPUBCACHUX Y
cragmaprax EN 1990 1 EN 1993-1-1,
BUKOPUCTOBYIOTBCSI HACTYITHI TO3HAYCHHS:

(2) Cucrema koopAMHAT, TUB. PUCYHOK 1.1:

I — pagiagbHa KOOpAMHATA, MEPICHINKYIISPHA 10
0C1 TIOBOPOTY;,

X — MepuAiOHaJIbHA KOOPMHATA;

Z — 0CbOBa KOOP/IMHATA;

0 — kiIbIIeBa KOOPIUHATA,

( — MEpUIIOHATBPHUN yXWJI: KYT MDK BICCIO
MOBOPOTY 1 MEPHEeHAMKYISIPOM OO0 MepHaiaHa
000JIOHKH.

(3) Tuck:

Pn — NEPIEHIUKYJISIPHUIN 10 00OJIOHKH;

Px — MEpUIIOHATIBHE TTOBEPXHEBE HABAHTAXKCHHS,
napajebHe 000IOHIII;

Po— KUIBIIEBE IOBEPXHEBE
napasnebHe 000JIOHII.

HaBaHTaXCHHA,

(4) Jliniiini cunu:

Pn — HaBaHTa)keHHsS Ha OAMHUIIO KOJa, MEpIeH-
TUKYJISIPHE 10 O00JIOHKH;

Px — HaBaHTa)K€HHs Ha OJMHUIIIO KOJa, IO Ji€ B
MEpUII0HAIBHOMY HalpsiMi;

Po — HaBaHTa)XeHHS Ha OJMHUIIIO KOJIa, IO Ji€ Ha
000JIOHKY B KUJIbIIEBOMY HalpsMI.

(5) PiBHOAIIOUI MEMOPAHHOTO HANPYKEHHS:
Nx — pIBHOAIIOYA MEPUIIOHAIBHOTO MeMOpaH-
HOTO HaNpy>XeHHS,

Ne — pIBHOZIIOYA KITBIIEBOTO MEMOpPAHHOTO
HaANPY>KCHHS;
Nxe — piBHOJIIOYA MEMOPAHHOTO JOTHYHOTO
HaATPYKCHHSI.

(6) PiBHOXIIOUI 3rMHAILHOTO HANpPY>KEHHS:

My — MEpUIIOHATBHUN 3TUHAIBHUI MOMEHT Ha
OJIMHUIIIO UIUPUHU;

Mg — KUTBIIEBUI 3THHAIBHIN MOMEHT Ha OJMHUIIIO

MIAPUHM;
Mx¢g — KPYTHUM MOMEHT 3CyBY Ha OIMHMIIIO
MIPUHU;

Oxn — TIONEpeYHa MepepidyBajibHA  CHIIA,

MOB’s13aHa 3 MEPUIIOHATIBHUM 3THHOM;
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1.3.7.9 fabrication tolerance quality class

The category of fabrication tolerance requi-
rements that is assumed in design, see 8.4.

1.4  SYMBOLS

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

(2)  Coordinate system, see figure 1.1:

r radial coordinate, normal to the axis of
revolution;

X meridional coordinate;

z axial coordinate;

0 circumferential coordinate;

[0) meridional slope: angle between axis

of revolution and normal to the meridian of
the shell;

3) Pressures:

Pn normal to the shell;

Px meridional surface loading parallel to
the shell;

Po circumferential surface loading parallel
to the shell;

()] Line forces:

Pn load per unit circumference normal to
the shell;

Px load per unit circumference acting in
the meridional direction;

Po load per unit circumference acting
circumferentially on the shell;

5) Membrane stress resultants:

Ny meridional membrane stress resultant;
No circumferential membrane stress
resultant;

Nyg membrane shear stress resultant;

(6) Bending stress resultants:

Mx meridional bending moment per unit
width;

Me circumferential bending moment per
unit width;

My  twisting shear moment per unit width;

Oxn transverse shear force associated with
meridional bending;
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Jon — TIOEpPEYHA TIepepi3yBajbHa CHJIA, OB’ s3aHa
3 KUIBLIEBUM 3THHOM.

(7) Hanpy>xeHHs:

Ox — MEpHJIIOHATIbHE HATIPY>KESHHS,

o)) — KiJIbLIEBE HANIPYKECHHS,

Ceq — eKBIBaJIGHTHE HampyxeHHs Mizeca

(Tako>k MOke HaOyBaTH BiJI’€MHUX 3HA4YEHb Y
MIPOIIEC] MUKIIYHOTO BAaHTAXKCHHS );

T, Txo — JOTHYHE HAMPY>KEHHS B TUIOMIHHI,

Txn, Ton — MEpHJIIOHATIBHE, KUIBIIEBE IOMEPEUHE
JOTUYHE HAMPYXKEHHS, TIOB’I3aHE 31 3THHOM.

(8) IMepemieHus:

u — MEPHIIOHATIbHE MTePEMIIIICHHS;

v — KIJIBIICBE MEPEMIIIICHHS;

w — MEPEMIIICHHS, TEPIEHAUKYISIPHE 10
MOBEPXHI 00OJIOHKH;

Bo — MEPHUIIOHAILHUMA ITOBOPOT, TUB. 5.2.2.

(9) Po3mipu 000JI0HKH:

d — BHYTPIIIHINA JiaMeTp 000JIOHKH;

L — 3arajibHa JIOB)XKMHA 000JIOHKHY;

I — JIOB)KHMHA CETMEHTA 000JIOHKHU;

Iy — JOBXHMHA 1abJoHy [JIs BUMIPY
neQeKTiB;

lgo — JOBXHMHa MmAalJIOHy — Ui BHUMIPY
neeKTiB y KOJIOBOMY HalpsiMi,

lgw — JIOBXHMHA INabJIOHy [uId  BHUMIPY
nedeKTiB y HanpsiMi ONepeK 3BapHOTO I1IBA;

lgx — JIOBXMHA INAabJMOHy [uId  BUMIPY
neeKTiB y MEpUAIOHATIbHOMY HalpsiMi;

IR — OOMEXeHHs JOBXHHM OOOJIOHKM IJist

OLIIHKM HANpYy>XEHHS TMpU BTpaTl 3arajabHOI
CTIHAKOCTI;

r —  pamlyc  CEpeIMHHOI  TIOBEpPXHI,
NEPICHIUKYISIPHUN 10 0Ci TIOBOPOTY;

t — TOBIIHA CTIHKH OOOJIOHKH;

tmax —  MakcHMMajJbHa  TOBIIMHA  CTIHKH
000JIOHKH B 3’€THAHHI,

tmin — MiIHIMaJIbHA TOBINWHA CTIHKH OOOJIOHKH
B 3’€IHAHHI,

tave — CcepeIHs TOBIIMHA CTIHKA OOOJOHKU B
3’€IHaHHI;

B — TMOJIOBHHA KyTa MPHU BEPIINHI KOHYCA.
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Qon  transverse shear force associated with
circumferential bending;

(7) Stresses:

Ox meridional stress;

o) circumferential stress;

Oeq von Mises equivalent stress (can also
take negative values during cyclic loading);

T, x0  In-plane shear stress;
Txn, Ton Meridional, circumferential transverse
shear stresses associated with bending;

(8) Displacements:

u meridional displacement;

v circumferential displacement;

w  displacement normal to the shell surface;
B meridional rotation, see 5.2.2;

(9)  Shell dimensions:

d internal diameter of shell;

L total length of the shell;

I length of shell segment;

Iy gauge length for measurement of
imperfections;

lgo gauge length in circumferential
direction for measurement of imperfections;
lgw gauge length across welds for
measurement of imperfections;

lgx gauge length in meridional direction
for measurement of imperfections;

Ir limited length of shell for buckling
strength assessment;

r radius of the middle surface, normal
to the axis of revolution;

t thickness of shell wall;

tmax maximum thickness of shell wall at
a joint;

tmin minimum thickness of shell wall at a
joint;

tave average thickness of shell wall at a
joint;

B apex half angle of cone;
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circumferential 2l "
KiJIbIIeBHI
normal n W
HOpMaJbHUI
meridional X i
MEpPUIIOHATBEHUMA
Directions Coordinates Displacements
Hanpsamku Koopaunaru Iepemimenns
0y

Ox

0y

Surface pressures
IloBepxHeBMii THCK

Pucynoxk 1.1
Figure 1.1

(10) Homyckwu, nuB. 8.4:

€ — eKCUEHTPUCHTET MK CEepeIMHHUMHU
MOBEPXHSIMHU IUIACTHH, IO 3’ €THYIOThCS;

Ue — mapamerp JONYCKY  BHIIQJIKOBOTO
EKCIICHTPUCUTETY;

Ur — mapameTp AOIMYCKY BIAXUJIEHHS BiJ KOJa;

Un — BUXIJHUNA TapaMeTp BEIUYUHHU BM SATUH IS
YHCEJIbHUX PO3PaxyHKIiB;

Uo — BUXiJIHUI apaMeTp AONYCKY Ha BM SITUHU,
Awo — nonyck, NepneHIuKyISIpHUN 710 MOBEPXHI
00O0JIOHKH.

(11) BnactuBoCTi MaTepialiB:

E — Mmoayns FOHra;

feq — eKBiBaJICHTHA MIIHICTh 32 Mi3zecowm;
fy — MeXa TEeKy4OCTi;

fu — Méea MIIIHOCTI,

v — xoeciuient [lyaccona.

(12) ITapameTrpu MiITHOCTI:

C — Koe(iIllieHT MIIIHOCTI Ha TMOB3J0BXKHIii
3THH,

D — KOe(]IIIEHT HAKOMMYEHUX MOIIKOKESHb
P BTOMI,

F — y3araJbHEHa Jis;

Fes  — mis Ha BCIO KOHCTPYKIIIIO BiAMOBIIHO 10
PO3pPaxyHKOBOI cUTyarii (po3paxyHKOBI
3HAYECHHS);

Membrane stresses
MemOpaHHi HANIPY KeHHS

\4 B
[
/(\ Tn
(e

Transverse shear stresses
ITonepeyHi AOTHYHI HANIPY KEHHS

ITo3HavyeHHsI B 000JI0HKAX MOBOPOTY
Symbols in shells of revolution

(10) Tolerances, see 8.4:

e eccentricity between the middle
surfaces of joined plates;

Ue accidental  eccentricity  tolerance
parameter;

Ur out-of-roundness tolerance parameter;
Un initial dimple imperfection amplitude
parameter for numerical calculations;

Uo initial dimple tolerance parameter;

Awg  tolerance normal to the shell surface;

(11) Properties of materials:

E Young’s modulus of elasticity;
feq von Mises equivalent strength;
fy yield strength;

fu ultimate strength;

% Poisson’s ratio;

(12) Parameters in strength assessment:

C coefficient in  buckling strength
assessment;

D cumulative  damage in  fatigue
assessment;

F generalised action;

Feqs  action set on a complete structure

corresponding to a design situation (design
values);
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Fre¢ — oOumcneni 3HaYeHHs Al 3a yMOBH
MaKCHMaJIbHOTO OIMOpPY KOHCTPYKIIi (po3paxyH-
KOBI1 3HAYCHHS);

IRk - XapaKTepUCTUYHUI BiTHOCHHIA
koedimieHT  omopy = (BUKOPHCTOBYEThCA 3
HIOKHIMH 1HACKCAMH [UUIsl BU3HA4YCHHS Oa3ucy):
BU3Ha4yaeThes K BimHomenus (Fri/Fed);

IRpl — BIJHOCHUH TUIACTUYHUN KOEQIIIEHT
onopy (BHU3HAYAETHCA SIK KOEQIIIEHT 3amacy 10
PO3paxyHKOBHX HABAHTAXKEHB 13 3aCTOCYBAaHHSIM
pospaxyuky MNA);

lRer  — KPUTHUYHHNA KOE(]IIIEHT Omopy BTparTi
3arajbHOl CTIMKOCTI (BH3HAYaeThCs SIK Koedi-
IIEHT 3aracy J0 pO3pPaxXyHKOBUX HABAHTAKEHb 13
3aCTOCYBaHHAM po3paxyHKy LBA).

I[MPUMITKA. 3 MeTor0 BiAMOBIAHOCTI MO3HAYCHb Y TEKCTI
craugapty EN 1993 sk cuMBOJ BiHOCHOTO KoedillieHTa
OIIOpY BUKOPHCTOBYETHCS IRj 3aMiCTh cuMBoIly Rgi. [Ipote,
100 YHUKHYTH HENpPaBWIIBHOTO TIyMadeHHs, HEOOXiIHO
BIZI3HAYHTH, 10 CUMBOJ Rgj HIMPOKO BUKOPHUCTOBYETHCS Y
cdepi IpoeKTyBaHHS 000JIOHKOBUX KOHCTPYKIIIH.

k —  KamOpyBaJbHUN  Koe(ilieHT  JuIs
HENIHIHHUX PO3PaXyHKIB;

k — CTYHiHb B3a€MOJIi y BHpa3ax B3aeMOii
MIIIHOCT] Ha OB3I0BXXHIN 3TUH;

n — KIJIBKICTB IIMKIJIIB HABAHTAKEHHS,

a — KoeQimieHT ocialleHHsI TMPYXKHOTO

OMoOpy TpHU  OIIHIOBaHHI  MIIHOCTI  Ha

MMOB3I0BKHIH 3TMH,

B — Koe(ilieHT BIUIUBY IUIACTUYHOCTI MpPHU
BTpaTi 3arajibHoi CTIHKOCTI;

Y — YaCTKOBUH KOe(]illi€eHT;

A — Jllama3oH [apaMerpa 3a HasBHOCTI

3MIHHUX 200 [UKIIIYHAX Oii;

€p — IJTACTHYHA AepopMariis;

N — MOKa3HUK CTYNEHs y pIBHSIHHI B3aeMoOJii
3arajibHoI CTIHKOCTI,;

A — BIIHOCHA THYYKiCTh 000JIOHKH;

Aov — 3arajbHa BIJHOCHA THYYKICTH yci€i
000JIOHKH (JIeK1TbKa CETMEHTIB);

Ao — BIJIHOCHA THYYKICTH 32 MEXCI0 3MHHAHHS
(3HaueHHs A, BHUIIE SKOTO BiJI0yBa€ThHCS
ocnalJIeHHs1 OMOpYy BHACTIJIOK HECTiHKOCTI abo
3MIHHM F€OMeTpii);

Ap — BIZHOCHa THYYKICTH 32  MEXEIO
MJIACTUYHOCTI (3HAYEHHS A, HIDKYE SKOTO
IUTACTUYHICTH MOYMHAE BIUIMBATH Ha CTIHKICTB);

O — nmapamMeTp BiI[HOCHOI JOBXXHWHHU O6OHOHKI/I;
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Frae  calculated values of the action set at
the maximum resistance condition of the
structure (design values);

I'Rk characteristic reference resistance ratio
(used with subscripts to identify the basis):
defined as the ratio (Fri/Fed);

rrpt plastic  reference  resistance  ratio
(defined as a load factor on design loads using
MNA analysis);

rrer  cCritical  buckling  resistance ratio
(defined as a load factor on design loads using
LBA analysis);

NOTE: For consistency of symbols throughout the
EN 1993 the symbol for the reference resistance ratio
rri is used instead of the symbol Rgi. However, in order
to avoid misunderstanding, it needs to be noted here
that the symbol Rg; is widely used in the expert field of
shell structure design.

k calibration  factor for  nonlinear
analyses;

k power of interaction expressions in
buckling strength interaction expressions;

n number of cycles of loading;

a elastic imperfection reduction factor in
buckling strength assessment;

B plastic range factor in buckling
interaction;

Y partial factor;

A range of parameter when alternating or
cyclic actions are involved;

& plastic strain;

n interaction exponent for buckling;

A relative slenderness of shell;

Mov  overall relative slenderness for the
complete shell (multiple segments);

Ao squash limit relative slenderness (value
of . above which resistance reductions due to
instability or change of geometry occur);

Ao plastic limit relative slenderness (value
of . below which plasticity affects the
stability);

) relative length parameter for shell,
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¥ — Koe(irmieHT ocnabiaeHHs 3arajbHOl CTIHKOCTI
JUI TIPY’KHO-TIJIACTUYHHUX €(EKTIB MpU OIHIO-
BaHHI MIITHOCTI Ha ITOB3/IOBKHIM 3THH;

Yov — 3arajJbHUN KOEQIIiEHT OCIa0JIeHHS OMOpy
3arajibHOI CTIMKOCTI IS BCIE] OOOJIOHKH.

(13) Hwxni inaexcu:
E — 3HAYCHHS HaINpyXeHHsS abo TmepeMi-

HICHHS (B 3aJISKHOCTI BiJl pO3paXyHKOBHUX YMOB);
F — BILIUB, i,

M — Marepiai;

R — orip;

Cr — KPUTUYHE 3HAYCHHS, IO BUKJIHKAE
BTpaTy CTIMKOCTI;

d — pO3paxyHKOBE 3HAYCHHS;

Int — BHYTPIIIHIH;

k — XapaKTEePUCTUYIHE 3HAUCHHS,
max — MakcUMallbHE 3HAYCHHSI;
min  — MiHIMaJIbHE 3HAYEHHS,

NOM — HOMiHaJbHE 3HAYCHHS,

pi — IJIAaCTUYHC 3HAYCHHS,

u — Meya MILIHOCTI;

y — MeXa TEeKy4JOCTi.

(14) JonatkoBi mo3HAYEHHS MOSCHIOIOTHCS TaM,
Jie 3raJlyI0ThCsI BIEPIIIE.

1.5 TIPABWJIA 3HAKIB

(1) Hanpsim Ha30BHI ToJaTHIi: BHYTPIIIHIA THCK
JOAATHIM, 3MIIICHHS HAa30BHI JOJaTHE, 3a
BUHSITKOM BUTIAJIKIB, 3a3HaYCHUX Y (4)

(2) PosztaryBanbHl Hampy>KeHHS JIOJaTHI, 3a
BUHSTKOM BUIIAJIKIB, 3a3HaYCHUX Y (4).

IMPUMITKA.
B EN 1993-1-1.

CTI/ICKyBaHHﬂ BBAXXAETHCA ,I[O,Z[aTHiM

(3) Hopmathiii HampsM JIOTHYHHX HAIPYKEHb
nokaszaHo Ha pucyHky 1.11D.1.

(4) Hns copomensst B po3aini 8 1 Jomatky D,
CTUCKAJIbHI HaIPYKCHHS BBa)KAIOTHCS
JIOJAaTHIMHU. Y IIUX BHUIIJKaX 30BHIIIHIN THCK 1
BHYTPIIIHIN THCK BBaXKalOThCSI AOJATHIMH IpHU X
BUHUKHCHHI.
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X buckling reduction factor for elastic-
plastic effects in buckling strength assessment;

Xov overall buckling resistance reduction
factor for complete shell

(13) Subscripts:

E value of stress or displacement (arising
from design actions);

F actions;

M material;

R resistance;

Cr critical buckling value;

d design value;
int internal;
k characteristic value;

max maximum value;
min  minimum value;
nom nominal value;

8] plastic value;
u ultimate;
y yield.

(14) Further symbols are defined where they
first occur.

1.5 SIGN CONVENTIONS

(1)  Outward direction positive: internal
pressure positive, outward displacement
positive, except as noted in (4).

(2)  Tensile stresses positive, except as
noted in (4).

NOTE: Compression is treated as
in EN 1993-1-1.

positive

(3)  Shear stresses positive as shown in
figures 1.1 and D.1.

4) For simplicity, in section 8 and Annex
D, compressive stresses are treated as positive.
For these cases, both external pressures and
internal pressures are treated as positive where
they occur.
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2 BUXIJIHI TAHI JUISI
MMPOEKTYBAHHSI I MOJIEJTIOBAHHSI

2.1 3ATAJIbHI HOJIOKEHHS

(DHIT Buxigai maHi IS TPOSKTYyBaHHS TOBUHHI
BigmoBimatu EN 1990 1 wmictutu HactymnHi
JIOTIOBHEHHS.

(2) 3okpema, 000I0HKA Ma€e OYTH 3alPOEKTOBaHA
Tak, mo0 BOHAa BUTPUMYyBaja BCi BIUIUBH 1
BIJIMIOBi1aJla HACTYITHUM BUMOTaM:

— 3arajibHa PiBHOBAra;

— piBHOBara MiXK BIUIMBAMH 1 BHYTPIIIHIMH
3YCHILJISIMU 1 MOMEHTaMHU, TUB. PO3LIH 6 1 &;

— OOMEXEeHHS TpIIUH YHACTIIOK IUKIIYHOTO
HApOCTaHHS  IUIACTHYHOI  jaedopmariii, JauB.
po3ain 7,

— OOMEXEHHS TPIINIUH YHACTiJOK BTOMH, JIMB.
po3aii 9.

(3)  IlpoextyBanHs  OOOJOHKM  TOBUHHE
BIJIIIOBIAATH BUMOIraM eKCIUTyaTaIiitHo1
NPUIATHOCTI, BCTAHOBJIEHUM Yy BiJIIMOBiIHOMY
npukinagHomy cranaapti (EN 1993 vactunm 3.1,
3.2,4.1,4.2,4.3).

(4) Ilpomopruii OOOJOHKM MOKHAa BHU3HAUUTH,
NPOEKTYIOYM Ha OCHOBI BHUIIpOOyBaHb. Komm 1e
JIOIITPHO, BUMOTH BCTAHOBIIIOIOTHCA Yy BIJIO-
BiHOMY mnpukiagHoMmy cragaapti (EN 1993
yactunu 3.1, 3.2, 4.1,4.2, 4.3).

(5) Bci BMBM TNOBHHHI BpaxoBYBaTHCS 3
BUKODUCTAHHAM 1X pO3PaxyHKOBUX 3HAa4Y€Hb
BiamosigHo g0 EN 1991 1 EN 1993 yactunu 3.1,
3.2,4.1,4.2,4.3, 3a5eXHO BiJ CUTYyaIlii.

2.2 BHUJIU PO3PAXYHKY

2.2.1 3araJjbHi M0J0KEHHSA

(1) 3anexHO Bil TPAHUYHOTO CTAHY 32 HECYYOIO
3/IaTHICTIO Ta I1HIIMX YHHHUKIB CIiJi BUKOPHC-
TOBYBaTH OJWH a00 JCKIJbKa HACTYITHUX BHUJIIB
PO3paxyHKy, OMUCAHUX B pO3.imi 4:

— 3arajbHUM PO3PaxyHOK, TUB. 2.2.2;

— pO3paxyHOK 3a MeMOpaHHOIO TEOpi€l, TUB.
2.2.3;

— MHIAHO-TIPYXHUH
auB. 2.2.4;

pPO3paxyHOK  OOOJIOHKH,

EN H b 1993-1-6:2011

2 BASIS OF DESIGN AND
MODELLING

21 GENERAL

(1)P The basis of design shall be in
accordance with EN 1990, as supplemented by
the following.

2 In particular, the shell should be
designed in such a way that it will sustain all
actions and satisfy the following requirements:
— overall equilibrium;

—equilibrium Dbetween actions and internal
forces and moments, see sections 6 and 8;

— limitation of cracks due to cyclic
plastification, see section 7,

— limitation of cracks due to fatigue, see
section 9.

(3)  The design of the shell should satisfy
the serviceability requirements set out in the
appropriate application standard (EN 1993
Parts 3.1, 3.2, 4.1, 4.2, 4.3).

(4)  The shell may be proportioned using
design assisted by testing. Where appropriate,
the requirements are set out in the appropriate
application standard (EN 1993 Parts 3.1, 3.2,
4.1,4.2,43).

(5)  All actions should be introduced using
their design values according to EN 1991 and
EN 1993 Parts 3.1, 3.2, 4.1, 4.2, 4.3 as
appropriate.

2.2  TYPES OF ANALYSIS

2.2.1 General

(1)  One or more of the following types of
analysis should be used as detailed in section
4, depending on the limit state and other
considerations:

Global analysis, see 2.2.2;

Membrane theory analysis, see 2.2.3,;

Linear elastic shell analysis, see 2.2.4;
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— MHIAHO-TIPY)KHUN  po3paxyHOK Oidypxkaiii,
ImB. 2.2.5;

— T€OMETPUYHO HEeJHIHHHHA
pO3paxyHOK, AuB. 2.2.6;

— (hi3UYHO HENIHIMHUKA pO3paxyHOK, IUB. 2.2.7;

— reoOMeTpUYHO 1 (i3WYHO HEeNiHIWHUE po3pa-
XYHOK, TuB. 2.2.8;

— FeOMETPUYHO HENIHIWHUN TpyXHUH po3pa-
XYHOK 13 BpaxyBaHHsM Je(eKTiB, 1uB. 2.2.9;

— reOMeTpUYHO 1 (i3WYHO HEeNiHIWHUN po3pa-
XYHOK 13 BpaxyBaHHsM AedekTiB, auB. 2.2.10.

NPYKHUH

2.2.2 3arajabHHMii po3paxyHOK

(1) BukoHyroouu 3arajJbHUE pPO3PAXYHOK, IS
JeSIKHX YaCTHH KOHCTPYKIIii MOYKHa
BHUKOPHCTOBYBATH CHPOIIEHI CXEMH.

2.2.3 Po3paxyHOK 3a MeMOpPaHHOIO Teopi€cio

(1) Po3paxyHnok 3a MeMOpaHHOIO TEOPIE€IO CIIiJ
BUKOHYBATH 3 IOTPUMAHHSIM HACTYITHUX YMOB:

—rpaHWYHI  yYMOBH €  TPUIATHUMH  JUIA
MIEPETBOPCHHS HANPYXKEHb B OOOJIOHII B peakilil
orop, 6€3 MOSBY 3HAYHUX 3TUHATIBHUX €PEKTIB;

—TreoMeTpis OOOJIOHKHU IUIaBHO 3MIHIOE (QopMmy
(6e3 po3puBiB);

— HaBaHT@)XEHHS  pPO3MOJUIeHI IIaBHO (0e3
HABAHTAXKEHb, 30CEPE/KEHUX B OJHOMY MICIIl
a0o Touii).

(2) PozpaxyHok 3a MeMOpaHHOIO TEOpi€l0 HE
00OB’SI3KOBO ~ Ma€  3a/IOBOJIBHATH  YMOBH
CyMicHOCTI JjaedopMalliii Ha TpaHHMLIAX MK
cerMeHTamMu OOOJOHKH pi3HOi  dopmu  abo
CerMeHTaMu OOOJIOHKHM, Ha fAKI MJII0Th pi3Hi
HaBaHTaXEHHs. [Ipore  pe3yibTyroue TOJe
MeMOpaHHUX 3yCUIb  BIANOBIZAa€  BUMOTaM
nepBUHHOTO HanpyxeHHs (LS1).

2.2.4 JliniiiHO-IPYKHUI1 PO3pPaxyHOK
ooosionkm (LA)

(1) JlineapizoBana Teopis 0a3yeTbcs  Ha
MPUIYIIEHHAX 10/10 JHIAHO-TIPYXHUX
XapakTEepUCTUK MaTepiasly 1 JiHIHHOI Teopii
Manux jaedopmariii, 3rigHO 3 KO 30epiraerbcs
nepeabauyBaHa TeoMmeTpiss  HexedopMoBaHOT
KOHCTPYKIIIi.
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Linear elastic bifurcation analysis, see 2.2.5;

Geometrically nonlinear elastic analysis, see
2.2.6;

Materially nonlinear analysis, see 2.2.7;
Geometrically and materially nonlinear
analysis, see 2.2.8;

Geometrically nonlinear elastic analysis with
imperfections included, see 2.2.9;
Geometrically and materially nonlinear ana-
lysis with imperfections included, see 2.2.10.

2.2.2 Global analysis

Q) In a global analysis simplified
treatments may be used for certain parts of the
structure.

2.2.3 Membrane theory analysis

(1) A membrane theory analysis should
only be used provided that the following
conditions are met:

the boundary conditions are appropriate for
transfer of the stresses in the shell into support
reactions without causing significant bending
effects;

the shell geometry varies smoothly in shape
(without discontinuities);

the loads have a smooth distribution (without
locally concentrated or point loads).

(2) A membrane theory analysis does not
necessarily  fulfil the compatibility of
deformations at boundaries or between shell
segments of different shape or between shell
segments subjected to different loading.
However, the resulting field of membrane
forces satisfies the requirements of primary
stresses (LS1).

2.2.4 Linear elastic shell analysis (LA)

(@8] The linearity of the theory results from
the assumptions of a linear elastic material law
and the linear small deflection theory. Small
deflection theory implies that the assumed
geometry remains that of the undeformed
structure.
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(2) Po3paxynok LA 3a10BOJIbHSIE YMOBH CyMic-
HOCTI B nedopmartisx i piBHoBazi. Pe3ynbryroue
MoJie MEMOpPAaHHOTO 1 3THHAIBHOTO HAIPYXKEHBb
BIJIMIOBiIa€  BHUMOTaM CyYMH TIEPBHHHOTO 1
BTOpHHHOTO Hanpyxenb (LS2 i LS4).

2.2.5 JliniiiHO-IPYKHUIi pO3paxyHOK
oipypkanii (LBA)

(1) HoTpumyrorscst ymoBH 2.2.4, 110 CTOCYIOTHCS
MPUITYIIEHb BIJHOCHO MaTepially Ta T'€OMETpii.
[Ipote, meil mniHilHWIA po3paxyHOK Oidypxrarii
Ja€ HaliMEHIIE BJACHE 3HAYEHHS, MPH SKOMY
MOJKJIMBA BTpaTa 3arajbHOi CTIHKOCTI 0OOJIOHKH
npu pizHux opmax nedopmarii, mpuImycKkarouu
BIJICYTHICTh 3MiHH T'€OMETpii, BiICYTHICTh 3MiHU
HampsiMy Jii  HaBaHTaXXeHb 1  BIJACYTHICTh
HOTIpIIeHHS BiacTUBOCTEH Marepiany. KomHi
nedekTd He BpaxoBYIOThCs. Pesynbrarom 1boro
PO3paxyHKy € NMPY)XKHUH KPUTHYHHIA OMip BTpaTi
3araJbHOI CTIHKOCTI IRer, AUB. 8.6 1 8.7 (LS3).

2.2.6 T'eomeTpu4yHO HeJiHiIHHUH NPYKHUI
po3paxyHok (GNA)

(1) Pospaxynok GNA 3a10BONBHSE yMOBH
piBHOBaru i cyMmicHOCTI JedopmMarliiii i BpaxoBye
3MIHY TeOoMeTpli KOHCTPYKLIi, CHpPUYUHEHY
HaBaHTaXXEHHsAM. Pe3ynbTyroue mose HanpyKeHb
30ira€TbCcsi 3 BU3HAYEHHSIM CYMU NEpPBUHHUX 1
BTOPUHHUX HanpyxeHb (LS2).

(2) Sxmo B Oynp-sKil yacTUHI O0OOJOHKM Tepe-
Ba)Ka€e CTUCKalbHEe ab0 OOTWYHE HAINpPYKEHH,
po3paxyHok GNA Bu3Hayae HaBaHTaXEHHs, IO
BUKJIMKAa€ TMPYXHY BTPaTy CTIMKOCTI iAeanbHOT
KOHCTPYKIIi, BKJIIOYAalO4d 3MIHU T€OMETpIi, 1110
MoXe OyTH KOPUCHUM IpU MepeBipli IpaHUY-
HOTO CTaHy 3a Hecy4oro 3aatHicTio LS3, nmus. 8.7.

(3) Sxmo 1el po3paxyHOK BUKOPHUCTOBYETHCS
JUIS OIIHKM HaBaHTaKEHHs, M0 CIPUYHHIE
BTpaTy 3arajibHOI CTIMKOCTI, TO HEOOXI1AHO
NEepeBIpUTH BJACHI 3HAYEHHS CHCTEMH, 100
MEPEeKOHATHUCS, MO0 YHCIOBUM METOJOM IIiJl Jac
HaBaHTAXXECHHS HE BJIACThCS BUSIBUTH
Oidypkartito.
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(2)  An LA analysis satisfies compatibility
in the deformations as well as equilibrium.
The resulting field of membrane and bending
stresses satisfy the requirements of primary
plus secondary stresses (LS2 and LS4).

2.2.5 Linear elastic bifurcation analysis
(LBA)

Q) The conditions of 2.2.4 concerning the
material and geometric assumptions are met.
However, this linear bifurcation analysis
obtains the lowest eigenvalue at which the
shell may buckle into a different deformation
mode, assuming no change of geometry, no
change in the direction of action of the loads,
and no material degradation. Imperfections of
all kinds are ignored. This analysis provides
the elastic critical buckling resistance rrer, see
8.6 and 8.7 (LS3).

2.2.6 Geometrically nonlinear elastic

analysis (GNA)

(1) A GNA analysis satisfies both
equilibrium and compatibility of the
deflections under conditions in which the
change in the geometry of the structure caused
by loading is included. The resulting field of
stresses matches the definition of primary plus
secondary stresses (LS2).

(2)  Where compression or shear stresses
are predominant in some part of the shell, a
GNA analysis delivers the elastic buckling
load of the perfect structure, including changes
in geometry, that may be of assistance in
checking the limit state LS3, see 8.7.

(3)  Where this analysis is used for a
buckling load evaluation, the eigenvalues of
the system must be checked to ensure that the
numerical process does not fail to detect a
bifurcation in the load path.
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2.2.7 ®DizuuHO
(MNA)

HeJiHIiHUH  PO3paxyHOK

(1) Pesynbrarom pospaxynky MNA € rpanuune
IUTACTHYHE HABAaHTAXCHHS, [0 MOXE MaTu
BUTJISAJT TiABUIIYBAIBHOTO KoedilieHTa IRrpl, 10
PO3paxXyHKOBOTO 3HAYCHHS HaBaHTaXEHb Fed.
[leii  po3paxyHOK  BH3Haya€e  IUJIACTUYHHI
HOMIHAJILHUN ~ KOe(]illieHT omopy [IRpl, IO
BUKOPUCTOBYETHCS B 8.6 1 8.7.

(2) Po3paxynok MNA MmokHa BUKOPUCTOBYBaTH
JUI TIEpEeBIPKM I'PAaHUYHOTO CTAaHY 33 HECY4Olo
3natHicTiO LS1.

(3) Po3zpaxynok MNA mokHa BUKOPUCTOBYBATH
JUIS  3HAXO/DKEHHS  NIPUPOCTY  IIACTUYHOT
nedopMmariii  Ag TPOTATOM  OJHOTO  ITUKITY
HABaHTAXXCHHS, SIKE MOXe OyTH BUKOPUCTAHE JIJIs
MEPEeBIPKK TPAHUYHOTO CTaHy 3a HECY4YOr
snartHicTio LS2.

2.2.8 T'eomerpuuHo i ¢izuuHo HeTiHIHHMIA
po3paxynok (GMNA)

(1) Pesympratom pospaxynky GMNA, sk i B
2277, € TeOMETpUYHO HEeNiHIHHE TIpaHUYHE
IUTACTHYHE  HABaHTAXEHHS UL 17ea]bHOl
KOHCTPYKLIi 1 IpUpICT IUIacTHUHOI Aedopmarii,
Kl MOXHa BUKOPHCTOBYBAaTH Ul IIEPEBIPKU
IpPaHUYHUX CTaHIB 3a Hecyuoro 3aatHicTio LS1 1
LS2.

(2) Mxmo B Oynp-Akid YacTUHI O0OOJOHKHU
nepeBakae CTUCKalbHE ab0 JOTUYHE Hampy-
xeHHs, po3paxyHok GMNA nae HaBaHTa)KCHHS,
npu  SKOMYy BiZOyBaeThCs BTpaTa MPYKHO-
IUIACTUYHOI  3arajbHOl  CTIMKOCTI  1IeajbHOI
KOHCTPYKIIii, 10 MOXe OyTH KOPUCHUM TpH
nepeBipll TPaHUYHOIO CTaHy 3a HECY4YOoro
3patHicTio LS3, nuB. 8.7.

(3) Sxmo el po3paxyHOK BHUKOPUCTOBYETHCS
JUIS  OIIHKKM  KPUTHYHOTO  TTOB3JIOBKHBOTO
HaBaHTAXXECHHs, TO HEOOX1IHO MEePEeBIpPUTH BIACHI
3HAQYEHHS CHUCTEMH, W00 TMEepeKOHATHCS, IO
YHUCEIbHUM METO/J0OM HE BJACTbCS BUSBUTH
Oidypkartito MPOTATOM 301TbIIICHHS
HaBaHTaXCHH.
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2.2.7 Materially nonlinear analysis (MNA)

(1) The result of an MNA analysis gives
the plastic limit load, which can be
interpreted as a load amplification factor rgrpi
on the design value of the loads Feq. This
analysis provides the plastic reference
resistance ratio rrp used in 8.6 and 8.7.

(2) An MNA analysis may be used to
verify limit state LS1.

(3)  An MNA analysis may be used to give
the plastic strain increment Aeg during one
cycle of cyclic loading that may be used to
verify limit state LS2.

2.2.8 Geometrically and
nonlinear analysis (GMNA)

materially

(1) The result of a GMNA analysis,
analogously to 2.2.7, gives the geometrically
nonlinear plastic limit load of the perfect
structure and the plastic strain increment, that
may be used for checking the limit states LS1
and LS2.

(2)  Where compression or shear stresses
are predominant in some part of the shell, a
GMNA analysis gives the elasto-plastic
buckling load of the perfect structure, that may
be of assistance in checking the limit state
LS3, see 8.7.

(3)  Where this analysis is used for a
buckling load evaluation, the eigenvalues of
the system should be checked to ensure that
the numerical process does not fail to detect a
bifurcation in the load path.

27



2.2.9 T'eoMeTpU4YHO HediHIHUNA NPYKHUI
PO3paxyHOK i3 BpaxyBaHHIM Je(eKTiB
(GNIA)

(1) Pospaxynok GNIA BUKOPUCTOBYETHCS y pasi,
SKIIO B OOOJIOHII NEepeBaXKalTh CTUCKAJIbHI abo
JOTUYHI HampyxkeHHs. BiH BH3Hauaae HaBaHTa-
JKEHHS, [0 NPU3BOJUTH JIO TPYKHOI BTpaTH
3arajbHOl CTIMKOCTI HElJAealbHOI KOHCTPYKIIii,
AKI MOXYTb OyTHM BUKOPHCTaHI INpH TEpeBipIi
TPAaHUYHOTO CTaHy 3a HECydolo 31aTHicTio LS3,
nuB. 8.7.

(2) Sxmo unedl po3paxyHOK BHUKOPUCTOBYETHCS
JUIs  OLIHKM  KPUTHYHOIO  IOB3JIOBKHBOTO
HaBaHTaxeHHs (LS3), To ciig mepeBipuTH BiacHi
3HAYEHHS CHUCTEMH, 00 MepeKoHaTHcs, IO
YHCJIOBUM METOJIOM IIiJi 4ac HaBaHTA)XCHHS HE
BJIAcThCcsl BUSBUTH  Oidypkamito. HeoOxigHo
NEepeBipUTH, YW MICIEBI HANpyXeHHsS He
MEPEBUILYIOTh 3HAYECHb, MPH SKUX HENIHIHHICTH
Marepiary MOKe BIUIMHYTH HA MOBEIHKY.

2.2.10 I'eomerpuuHo i ¢izuuHo HediHilHMI
PO3paxyHOK i3 BpaxyBaHHAM Je(eKTiB
(GMNIA)

(1) Pospaxynok GMNIA BUKOpUCTOBYETBHCS Y
pasi, SKII0 B OOOJIOHIII MEpeBa)ka€ CTUCKAIbHE
abo JOoTHYHE HampyXeHHsA. BiH BH3Ha4ae
HaBaHTAXEHHs, 10 TPU3BOAATH JO BTpaTu
NPYXKHO-TUIACTUYHOI ~ CTIMKOCTI  «peajbHOi»
Hel/leanbHOT KOHCTPYKILIi, sIKI MOKHA BHKOpPHC-
TOBYBATH ISl MEPEBIPKM T'PaHUYHOTO CTaHy 3a
Hecy4oro 3aatHicTio LS3, nuB. 8.7.

(2) Sxmo nel po3paxyHOK BHUKOPUCTOBYETHCS
JUIS  OIIHKA  KPUTHYHOTO  TIOB3JIOBKHBOTO
HaBaHTAXEHHs, TO CJIiJ TEpeBIpUTH BIIACHI
3HAYeHHS CHUCTeMH, MI00 TIEPEeKOHATHCS, IO
YHUCIOBUM METOJIOM IiJi Yac HaBaHTa)KEHHS He
BJIACThCS BUSIBUTH O1ypKallito.

(3) Sxmo 1el po3paxyHOK BUKOPHUCTOBYETHCS
JUISL KPUTHYHOTO TOB3/I0BKHBOT'O HaBaHTAKEHHS,
TO  3aBXKIM  CIiJ  JOJATKOBO  BHUKOHATH
po3paxynok GMNA ineanbHOi 00OJOHKH, 3
METOI0 BH3HAUEHHS YYTIUBOCTI 10 Je(deKTiB
KOHCTPYKTUBHOI CUCTEMHU.
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elastic
included

2.2.9 Geometrically nonlinear
analysis  with  imperfections
(GNIA)

(1) A GNIA analysis is used in cases
where compression or shear stresses dominate
in the shell. It delivers elastic buckling loads
of the imperfect structure, that may be of
assistance in checking the limit state LS3, see
8.7.

(2)  Where this analysis is used for a
buckling load evaluation (LS3), the
eigenvalues of the system should be checked
to ensure that the numerical process does not
fail to detect a bifurcation in the load path.
Care must be taken to ensure that the local
stresses do not exceed values at which
material  nonlinearity may affect the
behaviour.

2.2.10 Geometrically and
nonlinear analysis with
included (GMNIA)

materially
imperfections

(1) A GMNIA analysis is used in cases
where compression or shear stresses are
dominant in the shell. It delivers elasto-plastic
buckling loads for the "real" imperfect
structure, that may be used for checking the
limit state LS3, see 8.7.

(2)  Where this analysis is used for a
buckling load evaluation, the eigenvalues of
the system should be checked to ensure that
the numerical process does not fail to detect a
bifurcation in the load path.

(3)  Where this analysis is used for a
buckling load evaluation, an additional
GMNA analysis of the perfect shell should
always be conducted to ensure that the degree
of imperfection sensitivity of the structural
system is identified.
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2.3 T'PAHMUYHI YMOBH OBOJIOHKH

(1) I'panu4Hi yMOBH, sIKi BUKOPHUCTOBYIOTHCS Y
MPOCKTHOMY PO3PaxyHKY, MOBHHHI TapaHTyBaTH
OTPUMAaHHS PEATICTUYHOI a00 KOHCEPBATUBHOI
Mozen KOHCTPYKIii. OcoOnmBy yBary CIif
OPUIUTAUTH SIK OOMEXEHHIO 3MillleHb, MEpPIICH-
JTUKYJISIPHUX JI0 CTIHKM OOOJIOHKHM (IPOTHHIB),
Tak 1 OOMEXKEHHIO 3CYBIB y IUIOUIMHI CTIHKA
000JOHKM  (MEPUIIOHATBHUX 1  KOJOBHX),
OCKITBKY BOHH CYTTEBO BILTUBAIOTH HA MIIHICTb 1
OTIip BTPATI 3arajibHOi CTIHKOCTI 0OOJIOHKH.

(2) TIlpm po3paxyHKax BTpaTd 3arajbHOI
CTIKOCTI  (BMacHUX  3HA4YeHb)  OOOJIOHKHU
(rpaHMYHMI CTaH 3a Hecydor 3aatHicTio LS3)
BU3HAUCHHS  IPAaHWYHUX  YMOB  ITOBHHHE
BITHOCUTUCA JI0 TMPHUPOCTIB MEpeMillleHb Y
mpolieci BTpaTH 3arajbHOl CTiMKOCTi, a HE 10
3araJlbHUX TMepeMillleHb, CIPUYUHEHUX MpPUKIIa-
JEHUMH HABAaHTAKCHHSMHU JI0 BTPATH 3arajibHOI
CTIHKOCTI.

(3) I'panuuHi yMOBHM MAJii TMOCTIHO ONEPTOrO
HUKHBOTO Kparo 0OOJIOHKY MOBUHHI TpUHMaTUCS
3 ypaxyBaHHSAM  MOXJIUBOTO  MICILEBOIO
IMIHIMAaHHSA 000JIOHKH.

(4) IToBopot kparo 00010HKH [, cai 0cOOIUBO
BpPaxoByBaTM B KOPOTKHX OOOJOHKax 1 TpHU
pPO3paxyHKy BTOPHMHHOTO HAaINpYy>XKEHHS Yy OLIbII
JIOBrUX O0O0JIOHKAaX (BIAMOBIIHO 1O TPAaHUYHUX
CTaHiB 3a Hecyuoro 31aTHIicTIO LS2 i LS4).

(5) I'panuuni ymoBHM, BCTaHOBJEHI 5.2.2, ciifj
BUKOPUCTOBYBATH TPH KOMII IOTEPHUX pO3pa-
XYHKax 1 mpu Bu6opi Bupasis i3 Jonatkis A — D.

(6) KoHctpykiiisi 3’€HaHHS MK CErMEHTaMH
00OJIOHKM TOBMHHA TapaHTyBaTH BHUKOHAHHS
NPUITYIIEHb  CTOCOBHO  TPaHUYHUX  yMOB,
NPUAHATAX ~ TPU  TPOSKTYBaHHI  OKpPEeMHX
CErMEHTIB 000IOHKH.
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2.3 SHELL BOUNDARY
CONDITIONS

(1) The boundary conditions assumed in
the design calculation should be chosen in
such a way as to ensure that they achieve a
realistic or conservative model of the real
construction. Special attention should be given
not only to the constraint of displacements
normal to the shell wall (deflections), but also
to the constraint of the displacements in the
plane of the shell wall (meridional and
circumferential) because of the significant
effect these have on shell strength and
buckling resistance.

(2 In  shell buckling (eigenvalue)
calculations (limit state LS3), the definition of
the boundary conditions should refer to the
incremental displacements during the buckling
process, and not to total displacements
induced by the applied actions before
buckling.

(3) The boundary conditions at a
continuously supported lower edge of a shell
should take into account whether local
uplifting of the shell is prevented or not.

(4)  The shell edge rotation B, should be
particularly considered in short shells and in
the calculation of secondary stresses in longer
shells (according to the limit states LS2 and
LS4).

(5)  The boundary conditions set out in
5.2.2 should be used in computer analyses and
in selecting expressions from Annexes A to D.

(6) The structural connections between
shell segments at a junction should be such as
to ensure that the boundary condition
assumptions used in the design of the
individual shell segments are satisfied.
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3 MATEPIAJIM I TEOMETPIA
3.1 BJIACTUBOCTI MATEPIAJIIB

(1) BaacTuBocCTi cTayied MPUKUMAKOTBCS 3TITHO 3
BiJIOBITHUM MPUKJIATHAM CTaHIAPTOM.

(2) SIKmo BHKOPHCTOBYIOTHCS MaTepiaim 3
HENIHIMHIMHA ~ XapaKTepUCTHKAMU  3aJIeKHOCTI
«HampyXeHHsA-Aedopmariiss» 1 B pamMKax
MPOSKTYBAaHHS 32 HANPY>KEHHSIMU BUKOHYETHCS
pPO3paxyHOK BTpaTH 3arajibHOi CTIMKOCTI (JIMB.
8.5), BUXIJHE TaHTCHIlIaTbHE 3HAYCHHS MOJIYJIS
IOura E cimig 3aMiHUTHA IMOHWXEHUM 3HAYECHHSIM.
3a  BIACYTHOCTI  Kpamoro METOAy  CIif
BUKOPUCTOBYBATH CIYHUH MOIYJb 3a YMOBHOI
0,2 %-i Mexi TEeKy4oCTi MpH OLIHII MPYKHOTO
KPUTUYHOTO HAaBaHTAKEHHs a00 MPYXKHOTO
KPUTHYHOTO HAIPYKECHHS.

(3) [pu 3araabHOMY YMCEITBHOMY PO3PAXYHKY 3
BUKOPUCTAHHAM HENIHIHHOCTI MaTepialy CIifg
BUKOpUCTOBYBaTd yMOBHY 0,2 %-By MeXy TeKy-
4oCcTi JUIi MMOJAHHSA MEkKi Tekydocti fy vy
BCIX BIAMOBIMHUX  BHpa3zax. XapaKTePUCTHKA
«HamnpyxXeHHs-neopmarllis» npuiiMaeThcs  3a
EN 1993-1-5 Jlonatok C mist ByIJIeIeBUX CTaICH
13a EN 1993-1-4 Jlogatox C st Heip>KaBIrOUHX
cTajiei.

(4) BnactuBocTi Marepiany € TOCTIMHUMH st
TEMIIEPATYP, 1110 He nepeBulyoTs 150 °C.

I[MTPUMITKA. B HauioHansHOMY JI0AaTKy MOXE MICTUTHCS
iHpopMamis  Mpo  BIACTUBOCTI  MaTepialiB  IpH
TeMIleparypax, o nepesuiryots 150 °C.

3.2  Po3paxyHkoBi 3HaYeHHSs
reOMeTPUYHHUX XaPAKTEePUCTHK

(1) ToBuHy 00070HKH t cig mpuMaTH 3TiTHO
3 BIJIMOBIIHUM TPHUKJIAAHUM CTaHIApTOM. SIKII0
TaKWi CTaHAapT BiACYTHIH, CHil BHKOPHCTO-
BYBAaTH HOMIHAJIBHY TOBIIWHY CTiHKH, 3MEHIIICHY
Ha 3aJlaHy BEJIMYMHY BTPATH BiJ KOPO3ii.

(2) Hiana3oHu TOBIIMHH, B MEXKaX SIKOT MOXKITUBE
JNOTPUMaHHS  TpaBHJ  JaHOTO  CTaHIAPTY,
BU3HAYEHI y BIAMOBIAHUX yacTuHax EN 1993.

(3) Cepenunny mOBEpXHIO OOOJIOHKH CIIiJ| TPUIA-
MaTH sIK 6a3013y IMMOBEPXHIO JJIsI HABAHTAXKCHB.
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3 MATERIALS AND GEOMETRY
3.1 MATERIAL PROPERTIES

(1)  The material properties of steels should
be obtained from the relevant application
standard.

(2)  Where materials with nonlinear stress-
strain curves are involved and a buckling
analysis is carried out under stress design (see
8.5), the initial tangent value of Young's
modulus E should be replaced by a reduced
value. If no better method is available, the
secant modulus at the 0,2% proof stress should
be used when assessing the elastic critical load
or elastic critical stress.

3) In a global numerical analysis using
material nonlinearity, the 0,2% proof stress
should be used to represent the yield stress f,
in all relevant expressions. The stress-strain
curve should be obtained from EN 1993-1-5
Annex C for carbon steels and EN 1993-1-4
Annex C for stainless steels.

(4) The material properties apply to
temperatures not exceeding 150 °C.

NOTE: The national annex may give information about
material properties at temperatures exceeding 150°C.

3.2  Design values of geometrical data

(@8] The thickness t of the shell should be
taken as defined in the relevant application
standard. If no application standard is relevant,
the nominal thickness of the wall, reduced by
the prescribed value of the corrosion loss,
should be used.

(2 The thickness ranges within which the
rules of this Standard may be applied are
defined in the relevant EN 1993 application
parts.

3 The middle surface of the shell should
be taken as the reference surface for loads.
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(4) Pamiyc r oOONOHKH CIiJI TPUHAMATH SIK
HOMIHAJBHUN  paJllyC CEpeIUHHOI TMOBEpPXHI
00O0JIOHKH, BUMIPSHUIN MEPIEHIUKYISAPHO 10 OCi
TIOBOPOTY.

(5) IlpaBuna mNpOEKTYBaHHS ILIOJO BTpPaTU
3arajgpbHOl CTIMKOCTI, TPHUBEICHI B JaHOMY
CTaHJapTi, HE CJIiJ 3aCTOCOBYBATH Yy BHIIAIKY,
KOJM BiJHOIIEHHS I/t BUXOIATH 3a MeXi, W10
BCTaHOBJIEHI B po3aini 8, abo 3a Jlogatkom D,
a60 y BinnmoBigHNX yactuHax EN 1993.

3.3 T'EOMETPHUYHI JOIIYCKH
ITEOMETPUYHI JE®PEKTH

(1) BenuunHum JOMYCKIB HA  BiAXWJICHHS
reoMeTpii MoBEpXHiI 0OO0JIOHKH BiJi HOMIHAIBHUX
3HaUeHb BU3HAYCHI y BHUKOHABUMX CTaHAapTax
3riJIH0 3 BUMOTaMH €KCIUTyaTalliifHOT Tpuaat-
HOCTi. CYyTTEBUMH MMOKa3HUKAMH €:

— HEKPYTIIICTh (BIAXHUIICHHS BiJl KPYTriioi popMHu);
— eKCIICHTPUCUTETH (BIIXHJICHHS CEPEAMHHOT
MOBEPXHI B HANPsAMI, TEPIECHIUKYIIPHOMY JI0
MOBEPXHI OOOJIOHKH BHACITIIOK HEIOCKOHAJIOTO
3’€THAaHHS MK IIJTACTHUHAMHU );

— MicleBl BM’STHHHM (MICIICBI BIIXWUJICHHS Bij
HOMIHAJIHOT CepeMHHOI MOBEPXHI Y Hampsimi ii
HOpMaUIi).

[TPUMITKA. Bumoru [0 BHUKOHAaHHS BCTAHOBJIEHI B
EN 1090, ame Oimplnl MOBHHHA ONHC IIMX JOIYCKIB
NPUBEJICHUH TYT uepe3 KPUTHYHY 3aJeXKHICTh MK
(hopMoOrO OITyCKY, HWOTO0 BEIHMYUHOIO 1 OLIHIOBATEHUM
OTIOPOM KOHCTPYKIIii 00OJIOHKH.

(2) Sxmo rpaHMYHMI CcTaH BTpaTH 3arajabHOI
critikocti (LS3, sx omucano B 4.1.3) € Hecy4oro
3/IaTHICTIO, TO MalOTh OyTH BpaxoBaHi /0 yBaru
JOJJAaTKOBI TE€OMETPUYHI JIOMYCKH, SKI BiJHO-
CATbCS JO BTpaTH 3arajbHOi CTIMKOCTI, 1100
reoMeTpuyHi Je(eKTH 3alullaiuci B 3aJaHuX
Mexax. ['eoMeTpuuH1 TOMYCKH, IO BIAHOCSATHCS
JI0 BTpaTH 3arajbHOl CTIMKOCTI, KUIBKICHO
BHU3HAUAIOTHCA B PO3Iiiai 8 abo y BIAMOBIAHUX
yactuHax EN 1993.

(3) Po3paxyHkoBi 3Ha4eHHs JJs BiIXWIEHb
reoMeTpii MOBEepXHI OOOJOHKU BiJ HOMIHAJIBHOI
reoMeTpii, SK BHUMAra€TbCsl [UIsl JOMYCTHMHX
reoMeTpUuHuX AeeKTiB (3araibHi aedexTu adbo
MicleBl JeQeKTH) Mpu NPOEKTyBaHHI 1100
BTpATH 3arajibHOi CTIHKOCTI IIJISTXOM 3araJbHOTO
pospaxyaky GMNIA (auB. 8.7), oTpuMyroTh i3
3a/laHuX TEOMETPUYHUX JIOMYCKiB. BiamosinHi
nmpaBuia mpuBeneHi B 8.7 abo y BIANMOBIIHHUX
yactuHax EN 1993.
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(4)  The radius r of the shell should be
taken as the nominal radius of the middle
surface of the shell, measured normal to the
axis of revolution.

(5)  The buckling design rules of this
Standard should not be applied outside the
ranges of the r/t ratio set out in section 8 or
Annex D or in the relevant EN 1993
application parts.

3.3 GEOMETRICAL TOLERANCES
AND GEOMETRICAL IMPERFECTIONS

(1)  Tolerance values for the deviations of
the geometry of the shell surface from the
nominal values are defined in the execution
standards due to the requirements of
serviceability. Relevant items are:
out-of-roundness (deviation from circularity),
eccentricities (deviations from a continuous
middle surface in the direction normal to the
shell across the junctions between plates),

local dimples (local normal deviations from
the nominal middle surface).

NOTE: The requirements for execution are set out in
EN 1090, but a fuller description of these tolerances is
given here because of the critical relationship between
the form of the tolerance measure, its amplitude and the
evaluated resistance of the shell structure.

2 If the limit state of buckling (LS3, as
described in 4.1.3) is one of the ultimate limit
states to be considered, additional buckling-
relevant geometrical tolerances have to be
observed in order to keep the geometrical
imperfections within specified limits. These
buckling-relevant geometrical tolerances are
quantified in section 8 or in the relevant EN
1993 application parts.

3 Calculation values for the deviations of
the shell surface geometry from the nominal
geometry, as required for geometrical
imperfection assumptions (overall
imperfections or local imperfections) for the
buckling design by global GMNIA analysis
(see 8.7), should be derived from the specified
geometrical tolerances. Relevant rules are
given in 87 or in relevant EN 1993
application parts.
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4 T'PAHUYHI CTAHM HECYYOI
3JATHOCTI B CTAJIEBUX OBOJIOHKAX

CTAHU HECYYOi
11(6) MMOBUHHI

41 T'PAHUYHI
3JATHOCTI,
PO3I'JIAJATUCA

4.1.1 LS1: Me:xka Teky4ocTi

(1) Sk rpaHMYHUE CTaH HECyd4ol 3[aTHOCTI Ha
MEXI TUIACTUYHOCTI MPHUMAEThCA CTaH, IPH
SKOMY 3/IaTHICTh KOHCTPYKIII TPOTHUCTOSATH
BIUIMBAaM Ha HEi BHYEpIlaHa IUIACTHYHICTIO
Marepiary. Orip, SIKUH CTBOPIOETHCS
KOHCTPYKLII€I0O B TPAaHMYHOMY CTaHi IIOJO
IUTACTUYHOCTI, MOXXHA BH3HAUUTH Yy BHUIIISII
HAaBaHTAXCHHS  IUIACTHYHOTO  PYHHYBaHHS,
OTPUMAHOTO  HAa  OCHOBI  Teopii  Mamx
nepeMillieHb.

(2) 'paHnyHMIA cTaH HECYYOi 31aTHOCTI PO3PUBY
IpU PO3TATY NPUUMAETHCS K CTaH, MPU SKOMY
nepepiz OpyTTO CTIHKM OOOJOHKH TiJINa€ThCS
PYHHYBaHHIO BHACIIJIOK PO3TATY, IO MPHU3BO-
JUTH JIO TIOILTY OOOJIOHKY Ha JIBI YACTHUHHU.

(3) 3a BiCYTHOCTI KPIMWIBHUX OTBOPIB MOXXHA
BBaXATH, IO TepeBipKa TPAaHUYHOTO CTaHY
HECydoi 3JaTHOCTI pPO3pUBY TMPH  PO3TATY
OXOIUTIOETBCSL TIEPEBIPKOI0 TPAHUYHOTO CTaHY
100 IUIACTUYHOCTI. Y pasi, KOO 3ycTpiya-
I0TbCS OTBOPHM TMiJl KpPINWIbHI BUPOOH, CHiA
JI0JJaTKOBO BUKOHATHU MEPEBIPKY Y BIJNOBITHOCTI
3 6.2 craumapty EN 1993-1-1.

(4) Ilpn mepeBipui IpaHUYHOTO CTaHy HECYYOi
3M1aTHOCTI OO  IJIACTUYHOCTI  MOJXKHA
nependadyuTd  IUIAaCTUYHY  ab0  4YacTKOBO
IUIACTUYHY TOBEAIHKY KOHCTpYKLIi (TOOTO
MOJIO)KEHHSAMHU NP0 MPYXKHY CYMICHICTH MOXHA
3HEXTYBAaTH).

ITPUMITKA. OCHOBHOIO  XapakTepHUCTHUKOI  IHOTO
TPaHUYHOTO CTaHy € Te, 0 CIPUHHATE HABaHTaXKEHHS a00
nii (omip) He MOXyTh OyTH 30inbIIeHI 6€3 3HAYHOI 3MiHM
reoMeTpii KOHCTPYKIlii abo nedopManiiHOro 3MiITHEHHS
Marepiainy.

(5) Hpu mnepesipui LSlchmix BpaxoByBaTH Bci
BIJIIIOBITHI KOMOIHAaIl1 HABAHTAKEHb.
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4 ULTIMATE LIMIT STATES IN
STEEL SHELLS

41 ULTIMATE LIMIT STATES TO
BE CONSIDERED

4.1.1 LS1: Plastic limit

(1) The limit state of the plastic limit
should be taken as the condition in which the
capacity of the structure to resist the actions
on it is exhausted by yielding of the material.
The resistance offered by the structure at the
plastic limit state may be derived as the plastic
collapse load obtained from a mechanism
based on small displacement theory.

(2)  The limit state of tensile rupture should
be taken as the condition in which the shell
wall experiences gross section tensile failure,
leading to separation of the two parts of the
shell.

3) In the absence of fastener holes,
verification at the limit state of tensile rupture
may be assumed to be covered by the check
for the plastic limit state. However, where
holes for fasteners occur, a supplementary
check in accordance with 6.2 of EN 1993-1-1
should be carried out.

4) In verifying the plastic limit state,
plastic or partially plastic behaviour of the
structure may be assumed (i.e. elastic
compatibility ~ considerations may  be
neglected).

NOTE: The basic characteristic of this limit state is
that the load or actions sustained (resistance) cannot be
increased without exploiting a significant change in
the geometry of the structure or strain-hardening of the
material.

(5)  All relevant load combinations should
be accounted for when checking LS1.
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(6) dus mepesipku LS1 npu oburciaeHHI po3pa-
XYHKOBOT'O HAamlpy>XEHHs 1 pIBHOJIIOYOTO Harpy-
JKEHHS CJIiJ] BAKOPUCTOBYBATH OJUH a00 JEKiJIb-
Ka HACTYITHUX METOJIB pO3paxyHKy (auB. 2.2):

— MeMOpaHHa Teopis;

—Bupasu B Jlogatkax A Tta B;

— MHIAHO-TIPYKHHH po3paxyHOK (LA);

— (piznuno HeniHiHKUN po3paxyHok (MNA);

— T€OMETPUYHO i Gb13U9IHO HEeJTHIHHUAN
pospaxynok (GMNA).

4.1.2 LS2: llukjaivyHa MJIACTHYHICTH

(1) Sk rpaHMYHUI CTaH HECydyOi 3AaTHOCTI MPH
OUKIIYHIA  [IACTUYHOCTI TIPUWMAETHCS  CTaH,
IpU SIKOMY TIOBTOPIOBaHI IUKJIM MPUKIAJAHHS 1
3HATTS HABAHTAKEHHS BUKIMKAIOTH TUIACTUYHY
nedopmartito po3TATYBaHHS 1 CTUCHEHHS B OJHIN
1 T Ke TOYI, MMIJAI0YH KOHCTPYKIIIFO
MOBTOPHOMY TUIACTHYHOMY Je(QOPMYBaHHIO, IO
B pe3ylbTaTi MNPHU3BOAWTH JIO yTBOPCHHS
MICIIEBUX TPIIIUH Yepe3 BUYEPIIAHHS 3aTHOCTI
Marepiany 0 IOTJIMHAHHS €Heprii.

MMPUMITKA. HanpysxeHHs, TIOB’s3aHi 3 UM TpaHHYHUM
CTaHOM, BHHUKAIOTh IIPH KOMOiHaMii BCiX BIUIMBIB i YMOB
CYMICHOCTI JUTSI KOHCTPYKIIii.

(2) Mpu meperipui LS2 cmig BpaxoByBaTu BCi
3MiHHI  BIUTUBU (Taki K  THMYacoBi
HABaHTA)XCHHS 1 KOJIMBaHHS TEMIEPATyp), 31aTHI
BUKIIMKATH  TUIACTUYHI  JedopmMarii, K,
MOJKJIMBO, OyIyTh MOBTOPIOBATHUCS OlIbINIE TPHOX
IIUKJTIB 32 TEPMiH CITy>KOM KOHCTPYKIIIi.

(3) Ilpu mnepeBipui IOr0 TI'PAaHUYHOTO CTaHY
HEeCY4oi 3/TaTHOCTI CJIiJl BpaXOBYBaTH CYMICHICTb
nepopmaniif  3a  mpyxkHHX a00  MpPYKHO-
TUTACTHYHUX YMOB.

(4) Hns mepeBipku LS2 mpu  oOumciacHHI
PO3paxXyHKOBOTO 1 PIBHOMAIIOUOTO HAIPY>KEHHS
CIiI BHKOPHCTOBYBAaTH OJMH abo0 JeKiJIbKa
HACTYIHUX METOJIIB PO3pPAXyHKY (IUB. 2.2):

— Bupasu 3rigHo 3 Jomatkom C;

— npyxHuit pozpaxyHok (LA a6o GNA);

— MNA a6o GMNA s BU3HaYeHHS Jiana3oHy
IUTACTUYHUX Aedopmartiil.

(5) MoskHa BBaxaTH, 110 MAJOIMUKIIYHE BTOMHE
pYHHYBaHHSI HEMOXJIMBE, SKIIO BUKOHYHOTBCS
MpOLEAYPH, BCTAHOBIIEHI B JAHOMY CTaHJapTI.
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(6)  One or more of the following methods
of analysis (see 2.2) should be used for the
calculation of the design stresses and stress
resultants when checking LS1:

— membrane theory;

— expressions in Annexes A and B;

— linear elastic analysis (LA);

— materially nonlinear analysis (MNA);
—geometrically and materially nonlinear
analysis (GMNA).

4.1.2 LS2: Cyclic plasticity

(1) The limit state of cyclic plasticity
should be taken as the condition in which
repeated cycles of loading and unloading
produce vyielding in tension and in
compression at the same point, thus causing
plastic work to be repeatedly done on the
structure, eventually leading to local cracking
by exhaustion of the energy absorption
capacity of the material.

NOTE: The stresses that are associated with this limit
state develop under a combination of all actions and the
compatibility conditions for the structure.

(2)  All variable actions (such as imposed
loads and temperature variations) that can lead
to yielding, and which might be applied with
more than three cycles in the life of the
structure, should be accounted for when
checking LS2.

3) In the verification of this limit state,
compatibility of the deformations under elastic
or elastic-plastic conditions should be
considered.

(4)  One or more of the following methods
of analysis (see 2.2) should be used for the
calculation of the design stresses and stress
resultants when checking LS2:

expressions in Annex C;

elastic analysis (LA or GNA);

MNA or GMNA to determine the plastic strain
range.

5) Low cycle fatigue failure may be
assumed to be prevented if the procedures set
out in this standard are adopted.
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4.1.3 LS3: Brpara 3arajbHoi cTiliKoCTi

(1) sk rpaHWMYHUII cTaH HECy4yoi 3AaTHOCTI MPH
BTpaTi 3arajJibHOi CTIMKOCTI NMPUHAMAETHCSA CTaH,
npu SKOMY Yy BCili KOHCTpyKuii abo ii wacTuHi
BiZIOYBAIOTHCS Pi3Ki 3MIILCHHS, TEPICHAUKYIIIPHI
JI0 TIOBEpPXHI OOOJIOHKH, CHPUYMHEHI BTPATOIO
CTIAKOCTI MMiJ BIUIMBOM CTHUCKAJIbHUX MeMOpaH-
HUX a00 JOTHYHUX MEMOpaHHHX HaNpyXEHHb Y
CTiHIII OOOJIOHKH, IO TMPHU3BOAMWTH IO HECIPO-
MOYKHOCTI BUTPUMATH 30UIBIIEHHS PiBHOJIIOYOTO
HANPYXKEHHS Ta MOXIIMBOTO TTOBHOTO PYHHYBaH-
HSl KOHCTPYKIIi.

(2) Ons LS3 mpu oOuuCIeHHI pO3paxyHKOBOTO
HANpPYKEHHS 1 PIBHOAIIOYOTO HANPY)KEHHS CIiJ
BUKOPUCTOBYBATH OJWH a00 AEKUIbKAa HACTYI-
HHUX METOIB PO3paxyHKy (muB. 2.2):

— MeMOpaHHa Teopis JHIIE IS OCECHMETPUYHHIX
YMOB (BHHSTOK JMB. Yy BIJMOBIAHMX YacTHHAX
cranaapty EN 1993);

— BUpa3u 3rigHo 3 Jlogatkom A;

— MHIAHO-TIPYXHUH po3paxyHOK (LA), skwii €
MIHIMaJIbHOI  BHMOTOIO /I PO3PaxyHKY
HANpY>KEHHS 32 3arajlbHIX YMOB HaBaHTAKCHHS
(32 BHUHATKOM BHUMAJKIB, KOJH 3 €IHAHHA
HaBaHTa)XCHb HaBeNeHO 3TiAHO 3 JlomaTkom A);

— NHIHHO-TIPY>)KHUH  po3paxyHOK  Oidypkarii
(LBA), skuit moTpiOHWit uis 00OJOHOK 3a
3aralbHUX YMOB HABaHTAXKEHHS, SKIIO BUKOpPHUC-
TOBYETBbCS KPUTHYHHMA OIp BTPaTH 3arajibHOI
CTifikocTi; (I3MYHO HENIHIHHUM pO3paxyHOK
(MNA), skuii TOTpiOHUI aisi 00OJOHOK 3a
3aralbHUX YMOB HABAaHTAXKEHHS, AKIIO BUKOPHUC-
TOBY€THCS HOMIHAJIbHUM TJIACTUYHUN OTIp;

— GMNIA y noemnanni 3 MNA, LBA i GMNA 3
ypaxyBaHHSIM BIITOBIAHUX nedeKTiB i
o0umciieHnX KaniOpyBaIbHUX KOE(III€HTIB.

(3) MHpum meperipmi LS3 cmig BpaxyBaTu Bci
3HAYYIII KoMmOiHaIl HaBaHTAaKEHb, 10
BUKIIMKAIOTh  CTUCKaJbHE MeMOpaHHe abo
JTOTUYHE MeMOpaHHE HaIlPYXEHHs B 00OJIOHII].

(4) OckinbKU MIIHICTh IPU TPAHUYHOMY CTaHI 3a
Hecydoro 3matHicTio LS3  mocuth  cHiibHO
3aJICKUTh B SKOCTI KOHCTPYKLIi, MpU OLIHII
MIITHOCTI CJIiJ] BPaXOBYBAaTH BIJAMOBITHI BHMOTH
710 IONYCKiB HA BUTOTOBJICHHSI.

[MPUMITKA. V¥ po3npimi 8 mNpuUBOIATECS TpH KIach
TCOMETPUYHUX JONYCKiB, TaK 3BaHI «KIAcH SKOCTI
BUT'OTOBJIEHHS.
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4.1.3 LS3: Buckling

(1)  The limit state of buckling should be
taken as the condition in which all or part of
the structure suddenly develops large
displacements normal to the shell surface,
caused by loss of stability under compressive
membrane or shear membrane stresses in the
shell wall, leading to inability to sustain any
increase in the stress resultants, possibly
causing total collapse of the structure.

(2)  One or more of the following methods
of analysis (see 2.2) should be used for the
calculation of the design stresses and stress
resultants when checking LS3:

membrane theory for axisymmetric conditions
only (for exceptions, see relevant application
parts of EN 1993)

expressions in Annex A;

linear elastic analysis (LA), which is a
minimum requirement for stress analysis
under general loading conditions (unless the
load case is given in Annex A);

linear elastic bifurcation analysis (LBA),
which is required for shells under general
loading conditions if the critical buckling
resistance is to be used;

materially nonlinear analysis (MNA), which is
required for shells under general loading
conditions if the reference plastic resistance is
to be used;

GMNIA, coupled with MNA, LBA and
GMNA, using appropriate imperfections and
calculated calibration factors.

(3)  All relevant load combinations causing
compressive membrane or shear membrane
stresses in the shell should be accounted for
when checking LS3.

4) Because the strength under limit state
LS3 depends strongly on the quality of
construction, the strength assessment should
take account of the associated requirements
for execution tolerances.

NOTE: For this purpose, three classes of geometrical
tolerances, termed “fabrication quality classes” are
given in section 8.
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41.4 LAA4: Broma

(1) Sk rpaHWMYHUII cTaH HECydyoi 3AaTHOCTI IPH
BTOMI NPUHMAETHCS CTaH, MPH SIKOMY ITOBTOPIO-
BaHI [MKJIA 30UTBIICHHS 1 3MEHIICHHS Hampy-
YKCHHS TIPU3BOJISATH JI0 PO3BUTKY BTOMHHUX TPIll[HH.

(2) Hdns mepeBipku LS4 mpu  obOumciacHHI
PO3paxXyHKOBOTO HAINPYXEHHSA 1 PiBHOIIIOYOTO
HANPYXXCHHS CIIiJi BUKOPUCTOBYBATH HACTYIIHI
METOJU PO3paxyHKy (IuB. 2.2):

—Bupasu 3rigHo 3 [Jlomarkom C mpu BUKOpHC-
TaHHI KOe(iIiEHTIB KOHIIEHTpALlii HAPYXCHHS;
—npyxHuii pospaxyHok (LA a6o GNA) npu
BUKOPHUCTaHHI Koe(illieHTIB KOHIEHTpAIlii
HaIPYKCHHS.

(3) IIpu mepeBipui LS4 cnin BpaxoByBaTH Bci
3MiHHI Jii, sIKi OyIyTh NUpPUKIAAEHI MPOTATOM
Outbmie HiXK Nf [IHMKIIB 3a pPO3PaxXyHKOBHIA
TEPMIH CITY’KOM KOHCTPYKIII{ 3TiHO 13 3HAYYIIUM
criektpoM nii B ctangapti EN 1991 BinnosigHo

no mpukiagHoi wactuHu EN  1993-3  abo
EN 1993-4.

[NPUMITKA. Y HamioHadpHOMY HOJATKy MOXeE OYTH
nepenbadenuii  BuOip 3HadeHHs Ni IlpomoHyeTbes
3naveHHs Nt = 10000.

4.2 NPUHOUIIN TPOEKTYBAHHSA
OBOJIOHOK 3A TPAHUYHUMUA
CTAHAMM HECYYOI 3JIATHOCTI

4.2.1 3arajbHi M0J0XKEHHS

(1) TIlepeBipky TrpaHMYHOTO CTaHy HeCy4Oi
3/IaTHOCTI CJIi/1 BUKOHYBATH 3 BUKOPUCTaHHSIM:

— IPOEKTYBaHHs 3a HANPY>KEHHSM,;

— TMpsIMOTO MpPOEKTYBAaHHS 13 3aCTOCYBaHHSAM
CTaH/IapTHUX BHUpPa3iB;

— IPOEKTYBaHHSA 3a [JONOMOIOK 3arajbHOr0O
YHCEIbHOIO PO3PaxyHKy (HaNpHKIaj, 3a AOIO-
MOT'OK KOMII'FOTEpPHUX MPOrpaM, 3aCHOBAaHUX Ha
METO/Il CKIHYEHHUX €JIEMEHTIB).

(2) Cnig BpaxoByBaTH TOW (akT, L0 MPYKHO-
IUTAaCTHUYHA TIOBEAIHKAa MaTtepialy, CHpUYMHEHA
PI3HUMH CKJIaJIOBUMHU HaIpYXXEHHS B OOOJIOHII,
Ma€ pI3HHUH BIUIMB Ha pPEXUMH pPYHHYBaHHS
Hecyd4oi 31aTHOCTi. ToMy CKiIa/l0oBl Halpy>KEHHS
MaroTh OYTH BiJJHECEHI JJO KaTeropiil Hanpy>KeHb
13 pi3HUMH  MexamMu. HampyxkeHHs, 110
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4.1.4 LSA4: Fatigue

(1)  The limit state of fatigue should be
taken as the condition in which repeated
cycles of increasing and decreasing stress lead
to the development of a fatigue crack.

(2)  The following methods of analysis (see
2.2) should be used for the calculation of the
design stresses and stress resultants when
checking LS4:

expressions in Annex C, using stress
concentration factors;

elastic analysis (LA or GNA), using stress
concentration factors.

(3)  All variable actions that will be applied
with more than Nf cycles in the design life
time of the structure according to the relevant
action spectrum in EN 1991 in accordance
with the appropriate application part of EN
1993-3 or EN 1993-4, should be accounted for
when checking LS4.

NOTE: The National Annex may choose the value of
Nt. The value N¢ = 10000 is recommended.

4.2 DESIGN CONCEPTS FOR THE
LIMIT STATES DESIGN OF SHELLS

4.2.1 General

(1)  The limit state verification should be
carried out using one of the following:

stress design;

direct design by application of standard
expressions;

design by global numerical analysis (for
example, by means of computer programs
such as those based on the finite element
method).

(2)  Account should be taken of the fact
that elasto-plastic material responses induced
by different stress components in the shell
have different effects on the failure modes and
the ultimate limit states. The stress
components should therefore be placed in
stress categories with different limits. Stresses
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BUHUKAIOTH JJIs 3aJI0BOJICHHS BMMOT PiBHOBAarw,
CIiI BBOXATH BAXKIUBINIUMHU B MOPIBHSHHI 3
HAIPY)XCHHSMHM,  BHKJIMKAHHMH  CYMICHICTIO
nedopMartiif, MepneHAUKYISIPHUX 10 OOOJIOHKH.
MokHa BBaXaTH, IO MICIEBl HAMpyXCHHS,
BUKJIMKaHI e(peKTaMu HaIpi3iB y OyIiBeIbHUX
JeTallAX, MalTh HE3HAYHWH BIUIMB Ha OIIp
CTAaTMYHUM HAaBaHTA)KCHHSIM.

(3) Ilpu mpoekTyBaHHI 3a HANPYXEHHAM CIij
PO3PI3HATH KaTeropii MEepBUHHUX, BTOPUHHUX 1
MICIIeBUX HampykeHb. llepBuHHI 1 BTOpPWHHI
Halpy>KeHI CTaHM MOXYTh OyTH 3aMiHEHI
PIBHOJIIOYMMH  HAmpyXEHHSAMH, KOIH  Le
OLIBHO.

(4) Ilpu 3aranpbHOMY pO3paxyHKy MEpBUHHI 1
BTOPUHHI HAaNpy)KEHI CTaHW CIiJ 3aMiHUTH
IPaHUYHUM  HAaBaHTAXKEHHSIM 1  Jlialla30HOM
nedopMartiii A MUKIIYHOTO HaBaHTaKCHHS.

(5) B ninomy, MOKHa TIPUITYCTUTH, 10 KOHTPOJIb
MOYaTKOBUX HampyxkeHux craniB LS1, LS3
CTPOTO 3aJICKUTh BiJl TICPBHHHUX HAMPYKESHUX
CTaHiB, aje MOXe MiJJaBaTUCs  BIUIUBY
BTOPUHHUX HANpPYKEHHX CTaHiB, LS2 3anexuTs
Bl KOMOiHaIli TNEpBUHHUX 1 BTOPHUHHHUX
Halpy)KeHUX CTaHIB, a MICLEBl HalpyXEHHA
BH3Ha4aoThL LS4,

4.2.2 TIpoekTyBaHHSI 32 HANPYKEHHAM
4.2.2.1 3arajibHi 0J10KEeHHA

(1) Sxmo BUKOPUCTOBYETHCS MPOEKTYBAHHS 3a
Halpy>KeHHsSM, TPaHUYHI CTAaHU HECydoi 3/ar-
HOCTI CIIiJI OLIHIOBaTH 3a TPbOMa KaTETrOpisIMU
Halpy>KeHb: NEPBUHHUM, BTOPUHHUM 1 Micle-
BUM. Po3nineHHs Ha KaTeropii BUKOHYETHCH,
TOJIOBHUM YHMHOM, 3a €KBIBAJIEHTHOIO HAIPYTOIO
Mizeca B Toulll, aje OIIHKA HaMpy>XeHb MpHU
BTpATi 3arajibHOi CTIMKOCTI HE MOX€ BHUKOHYBa-
THUCS 3 BAKOPUCTAHHSM I[LOTO 3HAYCHHSI.

4.2.2.2 TlepBUHHI HATIPY KEHHS

(1) IlepBuHHI HampyXeHHsI NPUNAMAIOTHCS SK
HaNpy>KeHUH CTaH, HeoOXiIHUI Ui piBHOBAry 3
NPUKIAJEHIMH HABAHTA)XKEHHAMH. IX MOKHA
00YMCHANTH 32 Oy/Ib-SKOI0 PealiCTUYHOIO CTaTHY-
HO JIONYCTHMOIO JIETEPMiHOBAHOIO CHCTEMOIO.
['panuyHMii CcTaH HeCy4oi 37aTHOCTI ILOJO
wiactiuanocti (LS1) ciig BBaKaTH JOCATHEHUM,
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that develop to meet equilibrium requirements
should be treated as more significant than
stresses that are induced by the compatibility
of deformations normal to the shell. Local
stresses caused by notch effects in
construction details may be assumed to have a
negligibly small influence on the resistance to
static loading.

(€)) The categories distinguished in the
stress design should be primary, secondary
and local stresses. Primary and secondary
stress states may be replaced by stress
resultants where appropriate.

4 In a global analysis, the primary and
secondary stress states should be replaced by
the limit load and the strain range for cyclic
loading.

5) In general, it may be assumed that
primary stress states control LS1, LS3 depends
strongly on primary stress states but may be
affected by secondary stress states, LS2
depends on the combination of primary and
secondary stress states, and local stresses
govern LS4.

4.2.2 Stress design
4.2.2.1 General

(1)  Where the stress design approach is
used, the limit states should be assessed in
terms of three categories of stress: primary,
secondary and local. The categorisation is
performed, in general, on the von Mises
equivalent stress at a point, but buckling
stresses cannot be assessed using this value.

4.2.2.2 Primary stresses

(1)  The primary stresses should be taken
as the stress system required for equilibrium
with the imposed loading. They may be
calculated from any realistic statically
admissible determinate system. The plastic
limit state (LS1) should be deemed to be
reached when the primary stress reaches the
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SAKIIO TIEPBUHHE HAMNPYXCHHS MINIII0 MEeXI
TEKYYOCTI TIO0 BCili TOBINMHI CTIHKH B JOCTaTHii
KUIBKOCT1 TOYOK, TOMY JIMIEe pe3epB aedopma-
MIHHOTO 3MIIHEHHS a00 3MiHa TeoMeTpii
BHUKJIMKAIOTh 301IBIIICHHS OMOPY KOHCTPYKITIi.

(2) OGuucieHHs TIEPBUHHOTO HANPYKCHHS Mae
OyTu 3acHOBaHe Ha OyJb-sKii CHCTEMi pPiBHO-
JUIOYHX HANpYXEeHb, 0 33]J0OBOJIBHSIOTh BUMOTH
piBHOBaru KOHCTpyKmii. Ilpu 1mpoMy MOXYTbH
BPaxOBYBATHCS IEpeBaru TEOpii IUIACTHYHOCTI.
SIK anbTepHATUBY, OCKIIBKU JIHIMHO-TIPYKHUN
PO3paxyHOK 3a/IOBOJIbHSIE BHUMOTH piBHOBArw,
HOT0 OIIIHKY TaK0X MOXXHAa BUKOPUCTOBYBATHU K
HaJlilHE TPEJCTaBJICHHS TI'PaHUYHOTO CTaHy 3a
HECYYO0I0 3[IaTHICTIO mo/0 miactuarocTti (LS1).
MoskHa 3acTOCOBYBaTH OyAb-SIKUH 13 METOJIB
pO3paxyHKy, HaBEJIEHOTO B 5.3.

(3) OckUIbKM TMPOEKTYBAaHHS 3a TPaHUIHHM
CTaHOM I10J10 Hecy4oi 3paTHocTi LS1 momyckae
MOBHY TUIACTU(IKAIIO IMONEPEYHOro Iepepisy,
NIEPBUHHI HAIMPY)XCHHS BHACIIJIOK 3THHAJIBHHUX
MOMEHTIB MOXYTh OyTH BpaxoBaHI Ha IIiJICTaBi
TUIACTUYHOTO MOMEHTY OMopy Iepepizy, uB. 6.2.1.
Sxmro mMae Miciie B3aEMOJIiE MK PIBHOIFOYUMHU
HANpYXXEHb Yy TMONEPEYHOMY Iepepisi, MOXKHA
3aCTOCOBYBATH ITpaBHJIa B3a€MO/Ii1, 3aCHOBaHI Ha
KpuTepii Tekydocti Mizeca.

4) [TepBuHHI Hanpy>KEHHs MOBHMHHI
00MEXyBaTHCS pO3PAXyHKOBUM 3HAUCHHIM MEXi
TEKy4OCTi, TuB. po3in 6 (LS1).

4.2.2.3 BropuHHi Hanpy:KeHHsA

(1) V cratnyHO HEBHU3HAYEHHUX KOHCTPYKLIAX
CII BPaxOBYBATH BTOPUHHI  HaINpYXEHHS,
BUKJIMKAHI ~ BHYTPIIIHBOIO  CYMICHICTIO 1
CYMICHICTIO 3 TpaHUYHUMH yMOBaMH, SKi
00OyMOBJIEHI TNPUKIAJAEHUMH HABAHTAXKEHHSAMHU
a00 3MilIEeHHSAMHU (TeMIIepaTypolo, MOMEPEeaHIM
HaNpy>KEeHHSIM, OCIJJTaHHSAM, YCaJIKOIO).

[MPUMITKA. TIlpn HaOmWKEHHI 1O YMOBH TEKydOCTi
Mizeca  3MimIeHHS ~ KOHCTPYKLii  3pocTaloTh  0e3
MOAAJIBIIOTO 30UIBIICHHS HAIIPY>KEHOTO CTaHYy.

(2) SAxmo nMKIIYHI HAaBaHTAKCHHS BHKJIMKAIOThH
MJIACTUYHICTh, 1 TMPOXOAUTH JEKUIbKA IHKITIB
HABAaHTA)XCHHS, CIiJ] PO3TISAATH MOXKIHBICTh
3MEHIIICHHS ONOpPY, BHKJIMKAHOTO BTOPUHHHM
HANPY)KCHHSM. SIKIIO HUKIIYHI HaBaHTAKCHHS
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yield strength throughout the full thickness of
the wall at a sufficient number of points, such
that only the strain hardening reserve or a
change of geometry would lead to an increase
in the resistance of the structure.

(2)  The calculation of primary stresses
should be based on any system of stress
resultants, consistent with the requirements of
equilibrium of the structure. It may also take
into account the benefits of plasticity theory.
Alternatively, since linear elastic analysis
satisfies  equilibrium  requirements, its
predictions may also be used as a safe
representation of the plastic limit state (LS1).
Any of the analysis methods given in 5.3 may
be applied.

3) Because limit state design for LS1
allows for full plastification of the cross-
section, the primary stresses due to bending
moments may be calculated on the basis of the
plastic section modulus, see 6.2.1. Where
there is interaction between stress resultants in
the cross-section, interaction rules based on
the von Mises yield criterion may be applied.

(4)  The primary stresses should be limited
to the design value of the yield strength, see
section 6 (LS1).

4.2.2.3 Secondary stresses

@ In statically indeterminate structures,
account should be taken of the secondary
stresses, induced by internal compatibility and
compatibility with the boundary conditions
that are caused by imposed loading or imposed
displacements  (temperature,  prestressing,
settlement, shrinkage).

NOTE: As the von Mises yield condition is
approached, the displacements of the structure increase
without further increase in the stress state.

(2)  Where cyclic loading causes plasticity,
and several loading cycles  occur,
consideration should be given to the possible
reduction of resistance caused by the
secondary stresses. Where the cyclic loading is
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MalOTh  TaKy BEIWYUHY, MO0  IUIACTHUYHI
neopmanii BUHUKAIOTh TNPH MaKCHMAIbHOMY
HABAaHTa)XCHHI TIOBTOPHO IPH 3HATTI HaBaHTa-
JKEHHS, CIiJ] BpaxyBaTH MOXIIMBE PYHHYBaHHS
BHACJIIIOK IMKJIIYHOI IIJJACTHYHOCTI, MOB’I3aHOI
3 BTOPUHHHUM HaIPYKCHHSIM.

(3) Sxmo oOuuciIeHHS HANPYXEHb BUKOHYETHCS
3 BUKOPHCTaHHSM JIiHITHO-TIPY>KHOTO PO3paxyH-
Ky, SIKHH BpaxoBye BCl CYTTEBI yMOBH BiAIO-
BiHOCTI (edeKTH B MiCUSIX 3’€IHaHb, 3MIHU
TOBIIMHHU CTIHKH TOIIO), TO HANpYyXeHHS, SKi
JIHIMHO 3MIHIOETHCS IO TOBIIMHI, MOXYTh OyTH
OPUKAHATI Y BUIIAI CYMU TIEPBUHHHX 1 BTOPUH-
HUX HaIpyXeHb 1 BHUKOPHUCTAHI MPH OIlIHIN 3a
ydacTi KpuTepis TeKkydocTi Miseca, nuB. 6.2.

MMPUMITKA. BropuHHI HanpyXeHHS PO3TIIAIOTH JIHIIC
pas3oM i3 IEpBUHHUMH HAIPYy>KCHHAMH.

(4) Ha BTOpuHHI Hampy>KeHHs CIiJl HaKIacTu
HACTYITHI OOMEKCHHSI:

Cyma TEpBHHHUX 1 BTOPUHHUX HAlpYyKCHb
(y T.4. 3ruHaNBHI) Mae OyTH OOMEKeHa BEIHYH-
HOWO 2fyg IS cTaHy MHMKIIYHOI TUIACTUYHOCTI
(LS2: nuB. pozmin 7).

MemOpanHa CKjIagoBa CyMH TEPBUHHUX 1
BTOPUHHHUX HANpyXeHb Mae OyTH oOMexeHa
PO3paxyHKOBHM  OIOPOM  BTpaTi  3arajibHOl
crivikocti (LS3: auB. posmin 8).

Cyma TEpBHHHUX 1 BTOPHHHUX HAalpyKCHb
(y T.4. 3ruHaNBHI) Mae OyTH OOMEXEHa OIMOpOM
Bromu (LS4: nuB. po3ain 9).

4.2.2.4 MicueBi HanpyKeHHS

(1) Ipu ouinmi Bromu (LS4) ciix BpaxoByBaTH
JIOKaJbHI HAMpPYXCHHS, TOB’s3aHl 3 KOHIICHT-
patopaMu HanpyXeHb Y CTiHII OOOJOHKM B
pe3ynbTaTi MicueBuX eekTiB (HaapiziB, OTBOPIB,
3BapHHUX IIBIB, CTYMHYACTUX CTIHOK, KPIIJIEHb 1
3’€THaHb).

(2) Ons OymiBeNbHUX JeTajieid, MPUBEICHUX Y
crangapti EN 1993-1-9, mnpoekTtyBaHHS 3a
BTOMOIO MO)X€ OYTH 3aCHOBaHE Ha HOMiHaJIbHHX
JTHIMHO-TIPYKHUX Hanpy>KeHHsIX (cyma
NepBUHHUX 1 BTOPMHHHMX HANpPYXKEHb) Yy
BIAMOBIAHIA Touri. J[mg Bcix 1HmMMX aeTanei
MICIIEB] HaNpyXeHHS MOXXYTb OyTH OOUYHMCIIeH] 13
3aCTOCYBAaHHSAM  KOE(QIUIEHTIB  KOHIIEHTpalii
HanpyXeHb (KoedilieHTIB BIUIMBY Hajapizy) 10
HanpyeHb, OOYMCIEHHUX TIPH BHUKOPHCTAHHI
JHIAHO-TIPYKHOT'O PO3paxyHKY HalpyKeHb.
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of such a magnitude that yielding occurs both
at the maximum load and again on unloading,
account should be taken of a possible failure
by cyclic plasticity associated with the
secondary stresses.

(€)) If the stress calculation is carried out
using a linear elastic analysis that allows for
all relevant compatibility conditions (effects at
boundaries, junctions, variations in wall
thickness etc.), the stresses that vary linearly
through the thickness may be taken as the sum
of the primary and secondary stresses and used
in an assessment involving the von Mises
yield criterion, see 6.2.

NOTE: The secondary stresses are never needed
separately from the primary stresses.

(4) The secondary stresses should be
limited as follows:

The sum of the primary and secondary stresses
(including bending stresses) should be limited
to 2 fyg for the condition of cyclic plasticity
(LS2: see section 7);

The membrane component of the sum of the
primary and secondary stresses should be
limited by the design buckling resistance
(LS3: see section 8).

The sum of the primary and secondary stresses
(including bending stresses) should be limited
to the fatigue resistance (LS4: see section 9).

4.2.2.4 Local stresses

(1)  The highly localised stresses associated
with stress raisers in the shell wall due to
notch effects (holes, welds, stepped walls,
attachments, and joints) should be taken into
account in a fatigue assessment (LS4).

2 For construction details given in EN
1993-1-9, the fatigue design may be based on
the nominal linear elastic stresses (sum of the
primary and secondary stresses) at the relevant
point. For all other details, the local stresses
may be calculated by applying stress
concentration factors (notch factors) to the
stresses calculated using a linear elastic stress
analysis.
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(3) MicueBi Hanpy>XeHHSI MalOTh OyTH 0OMEKEH1
BIAMOBIAHO 10 BHMOr 1mog0 Bromu (LS4),
BCTAHOBJICHUX y po3aim 9.

4.2.3 TlpsamMe npoeKTyBaHHS

(1) IIpn BUKOpHCTAaHHI TPAMOTO NMPOEKTYBaHHA
TPaHUYHI CTAaHU HECYYOl 31aTHOCTI MOXKYTh OyTH
MPEJICTABJICHI CTAaHAAPTHUMHU BHUpPA3aMH, OTPH-
MaHUMH 32 MEMOpPaHHOKI TEOPI€r0, TEOPIErD
IUTACTUYHOI  TUIMHHOCTI 200  BUKOHAHHIM
JTIHIHHO-TIPYKHOTO PO3PAXyHKY.

(2) Bupazu 3 meMOpaHHOI Teopii, mpuUBEACH] Y
Honatky A, MOXXHa BHMKOPHCTOBYBAaTH ISt
BU3HAYCHHS TICPBUHHHUX HANpYyXeHb, HEOOXiN-
HuX npu ouinmi LS1 i LS3.

(3) Bupasu nns mpoekTyBaHHS 3 BpaxyBaHHSAM
IUTaCTHYHOCTI, puBeeHi y Jomatky B, moxxHa
BUKOPUCTOBYBAaTU JJIsi BU3HAYEHHS T'PAHUYHUX
TUTACTUYHUX HAaBaHTa)XKCHb IpH oriHI LS.

(4) Bupasu [uist JiHIHHO-TIPYKHOTO PO3pPaxyHKY,
npuBeneHi y Jlomatky 3, MOXHa BUKOPHCTO-
BYBATH Il BU3HAUCHHS HANIPY)KCHb IIEPBUHHOTO
1 BTOPUHHOTO THITY, HEOOX1THUX ISl OliHKK LS2
i LS4. Ominka LS3 wMoxe 0a3yBaruch Ha
MeMOpaHHI{ YacTHHI ITUX BUPA3iB.

4.2.4 TlpoekTyBaHHS 3a AOIIOMOI 010
3arajbHOr0 YHCJI0BOI0 PO3PAXYHKY

(1) Ilpu BuKOpHCTaHHI 3arajgbHOTO YHUCIOBOTO
pPO3paxyHKy OIIHKY TPaHHUYHUX CTaHIB HECY4Oi
3IaTHOCT1 Ui BCi€i KOHCTPYKILIi CIiJ BUKOHY-
BaTH 3 3aCTOCYBaHHSM OJIHOTO 3 aJIbTepHa-
TUBHUX BHJIB DPO3pPaxyHKy, 3a3Hau€HUX B 2.2
(OKpiM pO3paxyHKy 3a MEMOPaHHOIO TEOPIETO).

(2) JliniitHO-nIpy>XHUH po3paxyHOK (LA) moxHa
BUKOPUCTOBYBAaTH JUI BHU3HAYECHHS HaNpy>KEHb
ab0 pIBHOJIIOYMX HAaNpy>KeHb MPHU OLIHIOBAHHI
LS2 i LS4. MemOpaHHi YacTHHH HAaNpyKeHb,
OTpHMaHi 3 po3paxyHKy LA, MOXHa BUKOPUCTO-
ByBath Tpu omiHoBaHHI LS3. Omiaky LS1
MOYKHa BHKOHATH 3a JOIOMOTOI0 PO3PaXyHKY
LA, ane po3paxyHok LA nae nuie HaOmKeHy
OLIIHKY 1 HWOro pe3yapTaTH CIiJ HOpuiiMaTy,
3TiTHO 3 PO3/LIOM 6.

(3) JliHiliHO-Ipy>XKHUN pO3paxyHOK Oidypkarii
(LBA) M0oXHa BUKOPHCTOBYBATH JUISI BU3HAUCH-
HS KPUTHYHOTO ONOPY BTpaTi 3arajbHOI
CTIMKOCTI KOHCTPYKIIIT pH o1jiHoBaHHI LS3.
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(3)  The local stresses should be limited
according to the requirements for fatigue
(LS4) set out in section 9.

4.2.3 Direct design

(1)  Where direct design is used, the limit
states may be represented by standard
expressions that have been derived from either
membrane theory, plastic mechanism theory
or linear elastic analysis.

(2) The membrane theory expressions
given in Annex A may be used to determine
the primary stresses needed for assessing LS1
and LS3.

(3)  The expressions for plastic design
given in Annex B may be used to determine
the plastic limit loads needed for assessing
LS1.

(4)  The expressions for linear elastic
analysis given in Annex C may be used to
determine stresses of the primary plus secon-
dary stress type needed for assessing LS2 and
LS4. An LS3 assessment may be based on the
membrane part of these expressions.

4.2.4 Design by global numerical analysis

(1)  Where a global numerical analysis is
used, the assessment of the limit states should
be carried out using one of the alternative
types of analysis specified in 2.2 (but not
membrane theory analysis) applied to the
complete structure.

2 Linear elastic analysis (LA) may be
used to determine stresses or stress
resultants, for use in assessing LS2 and LS4.
The membrane parts of the stresses found by
LA may be used in assessing LS3. LS1 may
be assessed using LA, but LA only gives an
approximate estimate and its results should
be interpreted as set out in section 6.

3) Linear elastic bifurcation analysis
(LBA) may be used to determine the critical
buckling resistance of the structure, for use in
assessing LS3.
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(4) ®izuuyno weminiiiHui po3paxyHok (MNA)
MOXKHAa BUKOPHCTOBYBaTH [UIsl BU3HAYCHHS
IUTACTUYHOTO ~ HOMIHAJIBHOTO  OMOpPY,  IpH
omirroBanHi LS1. SIkmo manmo wmicie HUKIIYHE
HaBaHTOXEHHs  po3paxyHok MNA  MoxHa
BUKOPUCTOBYBATH [UIsl BHU3HAYCHHS MPHPOCTIB
MJIaCTUYHUX JedopMaliiid mpu ormiHoBaHHI LS2.
[lnacTiyHWii ~ HOMIHANBHHWIA  OMIp  TaKOXK
noTpiOHMiA aia ouiHoBaHHS LS3, fioro MoxHa
3HaiiTu 3 po3paxyHky MNA.

(5) I'eomerpuuno HeminiitHl po3paxyHku (GNA
i GNIA) BpaxoBywoTh aedopmaliii KOHCTPYKII.
[Ipote XoaHa METONOJIOTI MPOEKTYBaHHS 3
po3airy 8 HE JOIMyCKae 3acTOCYBAaHHS IIMX
po3paxyHkiB 6e3 po3paxynky GMNIA. Po3paxy-
Hok GNA MOXHa BHUKOPHUCTOBYBATH  JUIS
BU3HAUYECHHS HABAaHTAXKEHHs, 10  BHKIIUKAE
NpY)XKHY BTpaTy 3arajibHOi CTIHKOCTI imeanbHOT
koHCTpyKIii. Po3paxynok GNIA moxkHa BuUKO-
PUCTOBYBAaTH Ui BU3HAUCHHS HABAaHTAXCHHS,
10 BHUKJIMKAE NPYKHY BTpary 3arajibHOl
CTIMKOCTI HeieaTbHOI KOHCTPYKIIi.

(6) I'eomerpuuyHO 1 MarepiaJbHO HEIIHIKHUMA
po3paxynok (GMNA 1 GMNIA) wmoxHa
BUKOPUCTOBYBATH Il BU3HAUYEHHS PYHHIBHUX
HaBaHTaxeHb i imeanmbHoi  (GMNA) i
HeigeansHoi KoHCTpYKIii (GMNIA). PozpaxyHok
GMNA  MoxHa  BUKOPUCTOBYBATH  JUIS
ominroBanHs LS1, sik omucano B 6.3. PyiiHiBHe
HaBaHTaxeHHs 3 po3paxyHKy GMNIA wmoxe
BUKOPUCTOBYBATUCS MPU JOJAATKOBOMY PO3IJISAL
PYHHYIOUOTO HAaBaHTAXEHHS 3  PO3PaxXyHKY
GMNA, nns ouinku LS3, six ommcano B 8.7. IIpu
HONEpPEeTHOMY  LMKJIIYHOMY  HaBaHTaKEHHI
IPUPOCTH TUIACTUYHUX JedopMaliiii, ki B3ATI 3
po3paxynky GMNA, Mo)kHa BHKOPHCTOBYBaTH
JUIs oliHroBaHHA LS2.
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(4 A materially nonlinear analysis
(MNA) may be used to determine the
plastic reference resistance, and this may be
used for assessing LS1. Under a cyclic
loading history, an MNA analysis may be
used to determine plastic strain incremental
changes, for use in assessing LS2. The plastic
reference resistance is also required as part of
the assessment of LS3, and this may be found
from an MNA analysis.

(5) Geometrically nonlinear elastic
analyses (GNA and GNIA) include
consideration of the deformations of the
structure, but none of the design
methodologies of section 8 permit these to
be used without a GMNIA analysis. A GNA
analysis may be used to determine the elastic
buckling load of the perfect structure. A
GNIA analysis may be used to determine the
elastic buckling load of the imperfect
structure.

(6) Geometrically and materially nonlinear
analysis (GMNA and GMNIA) may be used
to determine collapse loads for the perfect
(GMNA) and the imperfect structure
(GMNIA). The GMNA analysis may be used
in assessing LS1, as detailed in 6.3. The
GMNIA collapse load may be used, with
additional consideration of the GMNA
collapse load, for assessing LS3 as detailed in
8.7. Under a cyclic loading history, the plastic
strain incremental changes taken from a
GMNA analysis may be used for assessing
LS2.
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S) PIBHOAIIOYI HAIIPYKEHHA
TA HAIIPYKEHHSA B OBOJIOHKAX

5.1  PIBHOAIIOYI HAIIPY>KEHHS
B OBOJIOHKAX

(1) Sx npaBwio, B Oyab-sKiii TOYI CTIHKH
000JIOHKH CIIif O0YHCITIOBATH BiciM
PIBHOIIIOUMX HamNpykeHb. Bci BOHM MaroTh
OyTH BpaxoBaHI TMpU OLIHII  OOOJOHKH
BiTHOCHO KOXXHOTO T'PAaHHYHOTO CTaHy HECy4oi
3natHocTi. [IpoTe, TOTHYHI HATIPYKEHHS Txn, Ton
BiJl TIONEPEYHHUX JOTHYHHX 3YCHIb Oxn, Jon
HE3HAYHl TMOPIBHSIHO 3 IHIIMMH CKJIaJOBUMHU
HaTNpy)KEHHsI Maibke Yy BCIX TMPaKTUYHUX
BHUIIAJKAaX, TOMY HHMH 3a3BHYaii MOXKHA
HEXTYBATH TPHU MPOCKTYBaHHI.

(2) BigmoimHo, A OUIBIIOCTI  IIUJICH
MPOCKTYBAaHHS OI[IHKAa TPAaHUYHHUX CTaHIB
HECy4yoi 3JIaTHOCTI MOX€ BUKOHYBATHCS 3
BUKOPHUCTAaHHAM JIMIIE INECTH pPIBHOMIFOYNX
HampyXeHb y CTiHILI OOOJIIOHKHU Ny, Ng, Nxs, My,
My, Myp. SIKIIO KOHCTPYKIISE € OCECUMET-
PUYHOIO, Ma€ OCEeCHMETpUYHI Oomopu 1
HAaBaHTAXXEHa  OCECHUMETPUYHO,  HEOOXiJTHO
BUKOPHUCTOBYBATH JIALIE Ny, Ng, My 1 M.

(3) IIpu BUHUKHEHH] Oy1b-51KOT HEBU3HAYEHOCTI
1I0JI0 HAMPYKCHHS, SIK€ HEOOX1THO BUKOPHUCTO-
ByBaTU Npu Oyab-sKif NepeBiplli IPaHUYHOTO
CTaHy HeCyd4oi 3JaTHOCTI, CIIiJi BUKOPHUCTO-
BYBaTH €KBIBAIEHTHY HampykeHHs Mi3eca Ha
MOBEPXHI 000JIOHKH.

5.2 MOJIEJIOBAHHSA OBOJIOHKHA
JJIs PO3PAXYHKY

5.21 TEOMETPIA

(1) OGomonka Mae OyTd mpeACTaBIcHA
CEpPEIMHHOIO TOBEPXHEIO.

(2) Sk panmiyc KpHBHM3HM CIiJ TpUAMATH i
HOMIHaNBbHUHU paxiyc. Jlepekramu ciif HEXTy-
BaTH, 32 BUHSATKOM BHIIQJIKiB, 3a3HAYCHUX Y
po3niii 8 (rpaHMYHMI CTaH 3a HECydoro 3/aT-
HICTIO II0JI0 BTPATH 3arajbHOI cTiiikocTi LS3).

(3) CykymHicTh cerMeHTIB OOOJOHKH HE CIiJ
pPO3AUIATH HAa OKpeMl CerMeHTU Hjsi po3pa-
XYHKY, 3@ BUHSATKOM BHIIAJKiB, KOJHM T'PaHUYHI
YMOBH JUIsl KOXKHOTO CErMEHTa BHOpaHi TaKuM
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5 STRESS RESULTANTS
AND STRESSES IN SHELLS

5.1  STRESS RESULTANTS
IN THE SHELL

@ In principle, the eight stress resultants
in the shell wall at any point should be
calculated and the assessment of the shell
with respect to each limit state should take all
of them into account. However, the shear
stresses txn, Ton due to the transverse shear
forces Qw, Qon are insignificant compared
with the other components of stress in almost
all practical cases, so they may usually be
neglected in design.

(2)  Accordingly, for most design
purposes, the evaluation of the limit states
may be made using only the six stress
resultants in the shell nx, ne, Nxe, Mx, Mo, Mxe.
Where the structure is axisymmetric and
subject only to axisymmetric loading and
support, only nx, ne, mx and me need be used.

3) If any uncertainty arises concerning
the stress to be used in any of the limit state
verifications, the von Mises equivalent stress
on the shell surface should be used.

5.2 MODELLING OF THE SHELL
FOR ANALYSIS

5.21 GEOMETRY

(1)  The shell should be represented by its
middle surface.

(2)  The radius of curvature should be
taken as the nominal radius of curvature.
Imperfections should be neglected, except as
set out in section 8 (LS3 buckling limit state).

(3)  Anassembly of shell segments should
not be subdivided into separate segments for
analysis unless the boundary conditions for
each segment are chosen in such a way as to
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YUHOM, IO JIAIOTh KOHCEPBATHUBHE YSBIICHHS
B3a€MOBIUIMBIB MiK HUMHU.

(4) Onopue kinblie, MPU3HAYCHE IS Mepeaadi
MICIIeBHX 3YCHJIb 3 OOOJIOHKM Ha OIOpH, HE
CIiJT BiIOKPEMIIIOBATH BiJ OOOJOHKH, sIKa Ha
HBOTO CITUPAETHCS, MPHU OIHII TPAHUYHOTO
CTaHy 3a Hecy4oro 3aarHicTio LS3.

(5) ExcueHTpuCHTETH 1 YCTYIU B CEpeIuHHIN
MOBEpXHI OOOJIOHKM CIiJT BKJIIOYATH  JO
PO3paxyHKOBOI MOJIEIi, SIKIIIO BOHH MPU3BOISATH
710 3HAYHUX 3TUHAIBHUX €(EKTiB, B pe3yJbTaTi
BIUIMBY PIBHOJMIIOYOTO HAMPYKCHHS, IO i€
EKCIICHTPHYHO.

(6) V 3’emHaHHSAX MK CErMEHTaMH OOOJIOHKH
OyIb-sIKUH E€KCLIEHTPUCHUTET MK CepelIUHHUMU
MOBEPXHSAMH  CETMEHTIB  OOOJIOHKH  CIiJ
BpPaxoOBYBaTH MPU MOJICIIOBAHHI.

(7) Kinbue >OpPCTKOCTI CiJl PO3IJSLIATH 5K
OKpEMHI €JIEMEHT KOHCTPYKII OOOJIOHKH, 32
BHHATKOM BHIIaJKIB, KOJHM BIACTaHb MIXK

KUIBISIMH MeHIe Hixk 1,5+/rt .

(8) OOomoHKy 3 TPHUKPIJICHUMU OO0 Hei
JUCKPETHUMHU CTPUHTEPAMH MOKHA PO3TIISAATU
SIK OPTOTPOITHY OJTHOPITHY 0O0JIOHKY 32 YMOBH,
110 BIJICTaHb MK CTPUHTEpAMU HE MEPEBUIILYE

51t .

(9) Ob6ononky, mo mae rodppyBaHHS (BEpTHU-
KaJlbHE a00 TOPHU30HTAIbHE), MOXXHA PO3IJIs-
JaTh SIK OPTOTPOIIHY OJHOPITHY OOOJIOHKY 3a
YMOBH, L0 BIJICTaHb MK ropaMu MeHIle Hixk

0,54/rt .

(10) OtBip B 000JIOHIII MOXKHA HE BpPaxOBYBaTH
IpU MOJENIOBaHHI 3a YMOBHM, IO HOro

HalGinbImmi po3Mip menme Hixk 0,5/t .

(11) 3arasibHy CTIHKICTb BCI€T KOHCTPYKIIT CIIiJT
NEepeBIpUTH, K onucaHo B ctangapti EN 1993
gactunu 3.1, 3.2, 4.1, 4.2 a60 4.3 BiANOBIIHO.

5.2.2 'panu4Hi yMOBH

(1) BigmoBigHi rpaHWYHI  YMOBH  CIIJ
BUKOPHCTOBYBaTH TPH  pPO3paxyHKax  JUIs
OLIHKM T'PaHUYHUX CTaHIB HECydol 3JaTHOCTI
3T1JIHO 3 YMOBaMH, BU3HAYEHUMHU B Tabmuii 5.1.
CrenianbHi yMOBH, HEOOXiIHI A7l 00YMCIECHb
BTPATH 3arajbHOI CTIHKOCTI, IUB. B 8.3.
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represent interactions between them in a
conservative manner.

(4) A base ring intended to transfer local
support forces into the shell should not be
separated from the shell it supports in an
assessment of limit state LS3.

(5) Eccentricities and steps in the shell
middle surface should be included in the
analysis model if they induce significant
bending effects as a result of the membrane
stress resultants following an eccentric path.

(6) At junctions between shell segments,
any eccentricity between the middle surfaces
of the shell segments should be considered in
the modelling.

(7)  Arring stiffener should be treated as a
separate structural component of the shell,
except where the spacing of the rings is

closer than 1,5+/rt .

(80 A shell that has discrete stringer
stiffeners attached to it may be treated as
an orthotropic uniform shell, provided that
the stringer stiffeners are no further apart

than 5\/ﬁ .

(9) A shell that is corrugated (vertically
or horizontally) may be treated as an
orthotropic uniform shell provided that the

corrugation wavelength is less than 0,5+/rt .

(10) A hole in the shell may be neglected
in the modelling provided its largest

dimension is smaller than 0,5+/rt .

(11) The overall stability of the complete
structure should be verified as detailed in
EN 1993 Parts 3.1, 3.2, 4.1, 4.2 or 4.3 as
appropriate.

5.2.2 Boundary conditions

(1)  The appropriate boundary conditions
should be wused in analyses for the
assessment of limit states according to the
conditions shown in table 5.1. For the special
conditions needed for buckling calculations,
reference should be made to 8.3.

42



(2) TloBopoTHi OOMEKeHHS Ol KOPAOHIB
OOOJIOHKM MOXKHA HE BpPaxOBYBaTH NpHU
MOJICJIFOBaHHI ~ I'PaHUYHOTO CTaHy HEeCydYoi
sgatHOCTI LS1, ane cimig BKIIOYHTH IO MOZENI
rpanndHux ctaHiB LS2 1 LS4. Jlna xopoTkux
obomoHok (muB. Jomatok D) moOBOpOTHI
OOMEKEHHS CJIiJi BKIIOYUTH JJISI TPAHHYHOTO
CTaHy Hecydoi 3maTtHocTi LS3.

(3) I'pannyHi yMOBH B OIOpax Ciija MepeBipATH
3 METOI0 YHUKHEHHS HaJMIpHOi HEpiBHOMIp-
HOCTI 3yCWJIb, III0 CTBOPIOIOTHCS abo0 mepena-
IOTBCSl eKCIIGHTPUYHO CEpPEIMHHINA TMOBEpXHi
o0onoHku. JleranpHi AaHI TpO 3acCTOCYBaHHS
BOr0 TpaBuUia 10 OyHKepiB 1 pe3epByapiB
MOXKHa 3HAaWTH y BIJIOBIJHUX YaCTHHAX
EN 1993.

(4) Ilpu BUKOpHUCTaHHI 3arajIbHOTO YHCEIBHOIO
PO3paxyHKy TIpaHUYHY YMOBY JJsi HOpMaib-
HOTO 3MileHHS W TaKOX CIijJ] BUKOPHC-
TOBYBaTH JJIsi KOJIOBOTO 3MIIEHHS V, 3a
BUHATKOM BWITQJIKiB, KOJIM 4Yepe3 OCOOIUBI
00CTaBUHM LI€ € HEAOLIIILHUM.

Taoauusa 5.1 I'paHn4dHi yMOBH /151 000JI0HOK
Table 5.1 Boundary conditions for shells
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2) Rotational  restraints at  shell
boundaries may be neglected in modelling
for limit state LS1, but should be included in
modelling for limit states LS2 and LS4. For
short shells (see Annex D), the rotational
restraint should be included for limit state
LS3.

3) Support boundary conditions should
be checked to ensure that they do not
cause excessive non-uniformity of transmit-
ted forces or introduced forces that are
eccentric to the shell middle surface.
Reference should be made to the relevant
EN 1993 application parts for the detailed
application of this rule to silos and tanks.

(4)  When a global numerical analysis is
used, the boundary condition for the normal
displacement w should also be used for the
circumferential displacement v, except where
special circumstances make this
inappropriate.

Tlo3nauenns
rpanngHuX | [Ipocra
YMOB Ha3Ba Omnuc
Boundary Simple Description
condition term

code

Hopmanesue
3MIIIEHHSA
Normal
displacement

MepupionansHe | MepuaioHaTbHUH
3MiH.I€HH$I IIOBOPOT
Meridional Meridional

displacements rotation

panianbHO 3aKpilIeHHU
MepHIialIbHO 3aKPIIICHHU
3aTuCHEeHHS MOBOPOTHO 3aKPiIICHUIT
BC1r Clamped radially restrained
meridionally restrained rotation
restrained

panianbHO 3aKpilUICHUH
MepHIiaTbHO 3aKPiIICHUH
MOBOPOTHO 3aKPilUICHUH
BC1f radially restrained
meridionally restrained
rotation free

w=0 u=0 B0

pazianbHO 3aKpilUIeHUH
MEPUIialIbHO BiTbHUN
MTOBOPOTHO 3aKpPilIeHUiH
BC2r radially restrained
meridionally free
rotation restrained

w=0 u#0 Bp=0

paianbHO 3aKpiIIeHUH
MEpHIIabHO BUTBHUH
lapnip TIOBOPOTHO BUIHHUI
BC2f Pinned radially restrained
meridionally free
rotation free

w=0 uz0 Bo#0
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BaxinuenHs Tadaumi 5.1

End table 5.1
[To3nauenns
Hopmanbsue . . .
TpaHUYHUX HpOCTa 3MiH1€HH51 MepI/II[IOHaJ'ILHe MepI/IL[IOHaIIbHI/II/I
YMOB Ha3Ba Omuc 3MiHIeHHH TIOBOPOT
. e Normal L -
Boundary Simple Description . Meridional Meridional
- displacement ; .
condition term s displacements rotation
code
panianbHO BUTHHHHA
. . MepHIiaTbHO BUTBHUH
Bibrii ITOBOPOTHO BiTbHUIT
Kpai ; w#0 uz0 0
BC3 P radially free # 7 B
Free edge -
meridionally free
rotation free

U1 3MILLIEHHS V.

adopted for displacement v.

TMPUMITKA. KinsiieBe 3MimeHHs V TiCHO TTOB’A3aHE 3i 3MIIIEHHIM W, HOpMAJTBHIM J0 TIOBEPXHi, TOMY JUIS ITFX
ITBOX ITapaMeTpiB OKpeMi I'paHU4HI YMOBH HE BPaxoBYIOThCS (1UB. (4)), a 3HAUCHHS Y CTOBITYMKY 4 CIIiJ| IpUiiMaTH

NOTE: The circumferential displacement v is closely linked to the displacement w normal to the surface, so separate
boundary conditions are not identified for these two parameters (see (4)) but the values in column 4 should be

523 ii Ta BIVIMBH HABKOJHMIIHbHOIO
cepeoBHINA

(1) Ilepenbauaerbes, mo BCi mil mpUKIageHi
10  CEepenIuHHOI  TIOBEpXHI  OOOJIOHKH.
ExcrieHTprCHTETH HABaHTaKEHHS MalOTh OyTH
MPEJICTABICHI  CTATHYHO  EKBIBAJICHTHUMU
3yCWJUISMA 1 MOMEHTaMH Ha CEepeJIMHHIN
MTOBEPXHI O0OJIOHKH.

(2) Micuesi aii 1 MiCIIeBl AUISHKHU A1 HE CIIiJ
NPEJCTABIATH EKBIBAJIEHTHUMU PIBHOMIPHO
PO3TOTITICHUMH HaBaHTa)KCHHSMH, 3a
BUHATKOM BUIMAJKIB, OMHCAHUX Y PO3MAiTi 8
JUTS BTPATH MOB3JI0BXKHBOI cTitikocTi (LS3).

(3) IIpu ™MopenroBaHHI IOBUHHI BpaxoBY-
BaTHUCS HACTYIIHI YNHHUKH, 3a 1X HasIBHOCTI:

- MiCLIEBE  OCIJaHHS MiI  CTIHKaMH
000JIOHKH;

- MICIIeBE€ OCIJaHHS il OKPEeMHUMH
OTIopamu;

— OJIHOPIIHICTh / HEOJHOPIIHICTh OMOPH
KOHCTPYKLIT;

— mepenag TeMIepaTyp BiJl OJHOTO
KalHIs KOHCTPYKITIT /10 1HIIIOTO;
— nepenajg  TeMIeparyp
KOHCTPYKITii Ha30BHI;

— BITPOBi €(PEeKTH HA OTBOPH 1 MPOPI3H;

— B3a€MOJIs BITPOBHUX €(eKTIB y rpymax
KOHCTPYKLIIH;

— 3’€THAHHSA 3 IHIIUMH KOHCTPYKIIISIMU;
— YMOBH B IPOLIECI MOHTAXY.

3CcepeIuHH

5.2.3 Actions and environmental

influences

(1)  Actions should all be assumed to act at
the shell middle surface. Eccentricities of load
should be represented by static equivalent
forces and moments at the shell middle
surface.

(2 Local actions and local patches of
action should not be represented by equivalent
uniform loads except as detailed in section 8
for buckling (LS3).

(3)  The modelling should account for
whichever of the following are relevant:
local settlement under shell walls;

local settlement under discrete supports;

uniformity / non-uniformity of support of
structure;

thermal differentials from one side of the
structure to the other;

thermal differentials from inside to outside the
structure;

wind effects on openings and penetrations;
interaction of wind effects on groups of
structures;

connections to other structures;

conditions during erection.
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5.2.4 PiBHOai10Yi HATIPY:KEHDb | HATIPYKEHHA

(1) IMpu po3paxyHKy piBHOIIIOYMX HAPYKECHb
B CTiHIII 00OJIOHKH, 32 YMOBH, IIIO BiTHOIIICHHS
pamiyca 10 TOBIMHH € OULIbIUM 3a (F/t)min,
KPUBH3HOIO 000JIOHKH MOYKHA 3HEXTYBaTH

[NPUMITKA. ¥V HamionanmsHOMY IOIATKy MOXe OyTH
nepenbadenuii Bubip 3HaYeHHS (I/t)min. PekomeHmy-
eTbes 3HaueHHs (I/t)min = 25.

5.3 BHUIU PO3PAXYHKY

(1) ITpoektyBaHHs Mae OyTH 3acHOBaHE Ha
OJHOMY ab0 JEKUIBKOX BHJaX PO3PaxyHKY,
HaBeJeHNMX Yy Tabmuui 5.2. YMoBu, 110
BHU3HAYAIOTh BUKOPUCTAHHS KOXKHOTO BHUIY
PO3paxyHKy, HaBe/eHi B 2.2.

Tadanus 5.2 Buau po3paxyHKy 00010HKH

EN H b 1993-1-6:2011
5.2.4 Stress resultants and stresses

1) Provided that the radius to thickness
ratio is greater than (r/t)min, the curvature of
the shell may be ignored when calculating the
stress resultants from the stresses in the shell
wall.

NOTE: The National Annex may choose the value of
(rit),..- The value (rft) . =25 is recommended.

5.3  TYPES OF ANALYSIS

(1)  The design should be based on one or
more of the types of analysis given in table
5.2. Reference should be made to 2.2 for the
conditions governing the use of each type of
analysis.

Table 5.2 Types of shell analysis

. [MoBeninka I'eomerpis
Bun po3paxysky Teopist 060s10HOK .
Type of analysis Shell theory Mareplaty 00onoHKn
Material law Shell geometry
MewMmbpanHa Teopist 000JIOHOK MeMOpaHHa piBHOBara |He BPaXOBYEThCS ineansHa
Membrane theory of shells membrane equilibrium not applicable perfect
JliHiHHO-TIpY)XKHUH pO3paxyHOK 00OJOHOK | JHIHHMH 3TUH 1 pO3TAT N .
(LA) linear bending and HII.HMHa mean“’Ha
Linear elastic shell analysis (LA) stretching inear perfect
JliHiifHO-TIpYKHUH pO3paxyHOK OipypKariif JUHIAHMH 3THH 1 PO3TAT imiitaa ineanbHa
(LBA) linear bending linear perfect
Linear elastic bifurcation analysis (LBA) and stretching
I'eomeTpuyHO HENMiHIMHUN TPYKHIHA
po3paxyHok (GNA) HeNiHiHA TiHilHA imeanpHa
Geometrically non-linear elastic analysis non-linear linear perfect
(GNA)
®iznuHo HemiHiiHui po3paxyHok (MNA) JIHIHA HeJliHilHa ineanpHa
Materially non-linear analysis (MNA) linear non-linear perfect
I'eomeTpruHo 1 (i3UUHO HETIHIHHUN
pospaxyHok (GMNA) HelliHIfHA HeJTiHIHHA ileanbHa
Geometrically and materially non-linear non-linear non-linear perfect
analysis (GMNA)
I'eoMeTpryHO HeNiHIIHUI PO3paxyHOK
i3 ypaxyBauusm gedexris (GNIA) HeiHIHA TiHilHA HeijeanbHa
Geometrically non-linear elastic analysis non-linear linear imperfect
with imperfections (GNIA)
I'eomeTpruHo 1 (i3uUHO HENTIHIHHNI
PO3PAXYHOK3 (}g) la\‘/lx KII?Z})IHSIM Aeexin HeniH_iﬁHa HeniH_iﬁHa H_ei,ueanLHa
. . . non-linear non-linear imperfect
Geometrically and materially non-linear
analysis with imperfections (GMNIA)
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6 TPAHUYHUUN CTAH
IJIACTUYHOCTI (LS1)

6.1 PO3PAXYHKOBI BEJIUUWHMU 1A

(1)P Po3paxyHKOBi BeTUYHHH 1l MalOTh OyTH
3aCHOBAaHI Ha HAHOUIBII  HECHPUATIUBIN
KOMOIHAIIl CYTT€BHX HABaHTAXKEHb (BKIIIO-
Yal0uu 3HAUYI KOe(ilieHTH YF 1 ).

(2) HeoOXxigHO  BKJIIOYUTH  JIAINE  Ti
HABaHTAXXCHHS, 1110 BIUIMBAIOTh HA 3arajbHy
pIBHOBary KOHCTPYKIIi.

6.2 IPOEKTYBAHHAA
3A HAIIPY KEHHAM

6.2.1 Po3paxyHKoOBi BeJIMUNHM HANIPYKeHb

(1) He nuBnsiuuce Ha Te, 110 MPOEKTYBAHHSA 3a
HalpyXEHHSIM  3aCHOBAHE Ha MPYXKHOMY
pO3paxyHKy, a, OTKe, HEe MOXE TOYHO
nependavyaTé TPAaHWUYHHUNA CTaH IJIACTUYHOCTI,
HOro MOXHa BHUKOPHCTaTH, BHUXOASYU 3
TEOpeMH  WIOAO  HIDKHBOI ~ Mexi, s
3HAXO/KEHHSI KOHCEPBATUBHOI OILIHKH OMOPY
IUTACTUYHOMY pPYHHYBaHHIO, $KE 3acTOCO-
BYETbCSl I TPEJCTABIECHHS TI'PAaHUYHOIO
CTaHy IUIaCTUYHOCTI, 1uB. 4.1.1.

(2) MoxxHa BUKOPHCTOBYBaTH  KpUTepiil
MJIaCTUYHOCTI LmbrommuHa, sk omucaHo B (6),
SAKUN Ounbll OJM3BKUIA [0 MIHCHOTO CTaHy
IUIACTUYHOTO ~ PYWHYBaHHS  IOPIBHSHO 3
OLIIHKOIO MPY>KHUX MMOBEPXHEBUX HAMPY>KEHb.

(3) VYV koxHIM TOYIl KOHCTPYKLIi 3a
PO3paxyHKOBY BEJIMUYUHY HAIPYKEHHS OGeq,Ed
MIPUHAMAETBCA HAWBHILE NEPBUHHE HAIPYXKEH-
Hsl, BU3HAYCHE TPU PO3PaxyHKy KOHCTPYKIIii,
[0 BpPaxOBY€ 3aKOHM PIBHOBArM  Mix
MPUKIAJCHUM PO3PaXyHKOBHM HaBaHTAKCH-
HSIM 1 BHYTPIIIHIMU 3yCHJUIIMU 1 MOMEHTaMH.

(4) 3a mepBHUHHE HAIPYXXEHHS MOKHA TNpHii-
HATH MAaKCUMaJlbHE 3HA4YEeHHS HalpyXeHb,
HEOOXITHUX JIsl PIBHOBArd 3 MPUKIAJICHUMH
HaBaHTAXXCHHSMHU B TOYIN a00 Y3/I0BX OCECH-
METPUYHO] JIiHIT B yCTOTUIIH KOHCTPYKII.

(5) Ilpu BHUKOpPHCTAaHHI pO3paxyHKy 3a
MeMOPaHHOIO TEOPi€l0 OTPUMAaHE B Pe3yibTarTi
JIBOBUMIpDHE TI0Jie¢ PIBHOJIIOUMX HaIPYXEHb
Nx, Ed, No, Ea 1 nNxe, Ea  Moxke Oyru
MPEJICTaBIICHO EKBIBAICHTHHM PO3PaXyHKOBUM
HANPY)KEHHSIM ~ Ceq, Ed, OTpUMaHUM  3a
hopmyoro:
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6 PLASTIC LIMIT STATE (LS1)

6.1 DESIGN VALUES OF ACTIONS

(1)P  The design values of the actions shall
be based on the most adverse relevant load
combination (including the relevant yg and
factors).

(2)  Only those actions that represent
loads affecting the equilibrium of the
structure need be included.

6.2 STRESS DESIGN

6.2.1 Design values of stresses

(1)  Although stress design is based on an
elastic analysis and therefore cannot
accurately predict the plastic limit state, it
may be used, on the basis of the lower bound
theorem, to provide a conservative assessment
of the plastic collapse resistance which is used
to represent the plastic limit state, see 4.1.1.

(2)  The llyushin yield criterion may be
used, as detailed in (6), that comes closer to
the true plastic collapse state than a simple
elastic surface stress evaluation.

(3) At each point in the structure the
design value of the stress ceqed Should be
taken as the highest primary stress determined
in a structural analysis that considers the laws
of equilibrium between imposed design load
and internal forces and moments.

(4)  The primary stress may be taken as the
maximum value of the stresses required for
equilibrium with the applied loads at a point
or along an axisymmetric line in the shell
structure.

5) Where a membrane theory analysis is
used, the resulting two-dimensional field of
stress resultants ny, Eq, ng, Eq and nyg, Eq may
be represented by the equivalent design stress
Oeq, Ed Obtained from:
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13 2 2
Ocqed = {\/nx,Ed +Ngeq —Neea Mo +3Mo e

(6) Ilpu Bukopucranui po3paxyHky LA abo
GNA otpumane JBOBHMIpHE T0JIe TIEPBUHHUX
Hanpy>KeHb MOKe OyTH MpEACTaBICHE €KBiBa-
JICHTHUM PO3PaxXyHKOBHUM HarpykeHHsIM Mizeca:

(6.1)

(6) Where an LA or GNA analysis is used,
the resulting two dimensional field of primary
stresses may be represented by the von Mises
equivalent design stress:

_ [ 2 2 2 2

Oeq d —\/Ux,Ed +0yeq —Oyea " Opea +3(Toea + Tunea + Tonea) (6.2)
ne: in which:
_ Mea |, Mie _Moed | Myeq
Oyed = T A Oped =, *02
t t°/4 t t°/4 (6.3)
r — nxa,Ed + mxa,Ed r — qxn,Ed r — qen,Ed
x6,Ed t - (tz /4) ! xn,Ed ! on,Ed t

IMPUMITKA 1. HaBexeni BuIe BUpPa3u [IarOTh
CIPOIICHE KOHCEPBATHBHE CKBIBAJICHTHE HAIPYKCHHS
JUTSL IPOCKTYBaHHS.

MMPUMITKA 2. 3Ha4eHHS Tyn,Ed 1 Ten,Ed 3a3BHYAN TyXKe
Maii i BIUIMBAIOTh HA IUIACTHYHHUH OIip, TOMY HUMH
MOYKHA 3HEXTYBATH.

6.2.2 Po3paxyHKoOBi BeJIHYUHHU ONIOPY

(1) PospaxynkoBa MinHicTh 3a Mizecom
BH3HAYAETHCS 32 HOPMYIOIO:

(6.4)

NOTE 1: The above expressions give a simplified
conservative equivalent stress for design purposes.

NOTE2: The values of Tyn,eq and Ton,eq are usually
very small and do not affect the plastic resistance, so
they may generally be ignored.

6.2.2 Design values of resistance

(1)  The von Mises design strength should
be taken from:

feq,Rd = fyd = fyk /7/M0. (6.5)

(2) YactkoBuii koedimieHT s OMOPY YMo
MPUHAMAETHCA 32 BIAMOBIIHUM TPHUKIATHUM
CTaH/IapTOM.

(3) Sxmo s gaHoi GoOpMHU  KOHCTPYKIIT
BIICYTHIM  cTaHaapT a0o cTaHgapT He
BHU3HAuUa€ BIANOBIAHI 3HAYEHHS Ym0, TOMIl
3HAQYEHHS Ym0 NPUHAMAEThCA 3TIAHO 13

crangaprom EN 1993-1-1.

(4) Sxkmo  marepian  Mae€  HENiHIMHY
XapaKTEPUCTHKY «HAIMPYXEHHS-Ae(hopMaItis»,
SK  BEIIMYMHY  XapaKTePUCTUYHOI  MEXi
tekydocti fy cmin mpuitaata ymoBHy 0,2 %
MEXY TeKy4OCTi.

(5) Edexr oTBOpiB mia KpiNuiIbHI BUPOOH CIIiJ
BpaxyBaTH y BIAMOBIAHOCTI 3 6.2.3 cTanmaprty
EN 1993-1-1 mns postary i 6.2.4 crannmapry
EN 1993-1-1 s crucky. nsi mepeBipku
po3rary  omip  Mae  Oa3yBatucs ~— Ha
PO3paxyHKOBIH BETMYHHI MEKi MIITHOCTI fug.

(2) The partial factor for resistance ymo
should be taken from the relevant application
standard.

(3)  Where no application standard exists
for the form of construction involved, or the
application standard does not define the
relevant values of ymo, the value of ymo
should be taken from EN1993-1-1.

(4)  Where the material has a nonlinear
stress strain curve, the value of the
characteristic yield strength f, should be

taken as the 0,2 % proof stress.

5) The effect of fastener holes should be
taken into account in accordance with 6.2.3 of
EN 1993-1-1 for tension and 6.2.4 of
EN1993-1-1 for compression. For the tension
check, the resistance should be based on the
design value of the ultimate strength f,.
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6.2.3 O0MexeHHSI HATIPYKEHb

(1)IT Mpu xoXHIK TEpeBipii IBOrO T'PaHUY-
HOTO CTaHy HeCy4oi 3JIaTHOCTI PO3paxyHKOBE
HaIpY>XCHHsI TIOBUHHO 3aJI0BOJILHSTH YMOBY:

EN H b 1993-1-6:2011
6.2.3 Stress limitation

()P In every verification of this limit state,
the design stresses shall satisfy the condition:

O-eq,Rd < feq,Rd . (66)

6.3 IIpoekTyBaHHfl HLISIXOM 3arajbHOro
ynciaoBoro MNA ago GMNA ananizy

(1)IT Po3paxyHKOBHi1 OIip MEXi MJIACTUYHOCTI
BU3HAYA€ThCS dYepe3 KoedillieHT 3amacy IR,
SIKHi{ BUKOPHCTOBYETBCS JUISI PO3PAaXyHKOBHX
3HayeHb Fgg xoMmOiHamii  BIUIMBIB  JUIS
BiJITIOBITHOTO 3’€THAHHS HABAaHTAXKCHb.

(2) Po3paxynkoBi 3HaueHHs BIUTUBIB Feqg ciif
BU3HAyatd 3rigHo 3 6.1.  Bimmosigai
CIOJYYCHHSI HAaBaHTAXECHb MAmTh  OYyTH
YTBOpPEHI Yy BIAMOBITHOCTI 3 HEOOXiTHUMHU
KOMOIHAIIIMA HABAHTAXKEHb.

(3) IIpu MNA abo GMNA pospaxyHKy,
3aCHOBAHOMY HAa  PO3PaxyHKOBIH  Mexi
TeKy4ocTi fyd, Ha 0OOJOHKY MAalOTh BILTMBATH
PO3paxyHKOBI BEIMYMHU 3’€JJHAHb HABaHTa-
KeHb, omucaHux y (2), i3 TOCTYmOBUM
30IBIIEHHSAM Ha KOeQIieHT 3amacy IR 10
JOCSITHEHHS TPAHUYHOTO CTaHy IUTACTHYHOCTI.

(4) TIpu BukopucranHi pozpaxyHky MNA sk
KoeQilieHT 3amacy IrR,MNA MOXe OyTH
MpUIHATE HaANOUIbIIE 3HAYEHHS, OTPUMAaHe
IpU pO3paxyHKy, Oe3 BpaxyBaHHA e(eKTy
nedopmariiiinoro 3mirHeHHs. Llei koedirieHT
3armacy — BU3HAYA€TbCd  AK  IJIACTUYHUHN
HOMIHAJILHUN KOe(IIieHT oropy I'rpl B 8.7.

(5) Ipu Bukopucranni poszpaxyHky GMNA,
SKIIIO BiH MPOTHO3YE MaKCUMaJlbHe
HaBaHTAXXCHHS, a TIOTIM HOTO 3MEHIICHHS, JUIS
BU3HAUCHHA KoedilmieHTa 3amacy Iy gvna
BUKOPHUCTOBYETHCS MaKCHUMallbHE 3HAYCHHS.
SAxmo pospaxynok GMNA He mnepenbauae
MaKCUMAaJIbHOTO HABaHTAKEHHS, ajie IMOKa3ye
MOCTYIIOBO  3pOCTAlO4y  3aJeKHICTh  «Tisi—
3MinIeHHs» 0e3 nedopMariiiHOro 3MIITHEHHS
Marepiany, KoeQilieHT 3amacy Igguna CHiJ
OPUAHATH He OUIBIIMM HIK BEJIWYMHA, HpPU
SKIH MaKCHMMallbHa €KBIBaJE€HTHA IUIACTUYHA
nedopmariss Mizeca B KOHCTpyKuii HaOyBae
3HAYCHHA Emps = nmps (fyd / E)

6.3  Design by global numerical MNA or
GMNA analysis

(1)P The design plastic limit resistance shall
be determined as a load factor ry applied to
the design values Feq of the combination of
actions for the relevant load case.

(2)  The design values of the actions Fgq
should be determined as detailed in 6.1. The
relevant load cases should be formed
according to the required load combinations.

(3) In an MNA or GMNA analysis based
on the design yield strength fyg, the shell
should be subject to the design values of the
load cases detailed in (2), progressively
increased by the load ratio rr until the plastic
limit condition is reached.

(4)  Where an MNA analysis is used, the
load ratio rr,mna may be taken as the largest
value attained in the analysis, ignoring the
effect of strain hardening. This load ratio is
identified as the plastic reference resistance
ratio rgpi in 8.7.

(5)  Where a GMNA analysis is used, if
the analysis predicts a maximum load
followed by a descending path, the maximum
value should be used to determine the load
ratio rg gmuna. Where a GMNA analysis does
not predict a maximum load, but produces a
progressively rising action- displacement
relationship without strain hardening of the
material, the load ratio rpguna Should be
taken as no larger than the value at which the
maximum von Mises equivalent plastic strain
in the structure attains the value

€mps = Nmps (fya / E).
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[MPUMITKA. V¥V HanioHansHOMy 10JaTKy MOXe OyTH
nepenOayeHuii BUOIp 3HAUCHHS Nmps. PekoMeHayeThes
3HAYEHHS Nmps = 50.

(6) Sk  xapakTepUCTUYHHMI Omip  MEXKi
IJIACTUYHOCTI IRk CIIIJT TPUAHATH IRMNA 200
FRGMNA  BIAMOBITHO /O  BHKOPUCTAHOTO

PO3PaXyHKY.

(7)IT Po3paxyHKOBHii OIip MEXi MJIACTUYHOCTI
Frd oTpumyroTh 32 OpMYIIOF0:

1€ Ym0 — YACTKOBUU KOCPIIIEHT ISl OMOpYy
wiacTuyHii nedopmanii y BIIHOBIAHOCTI 3
6.2.2

(8)II [ToTpiOHO mEpEBIPUTH YMOBY:

Fey < Foy =gy - Fey abo0/0r

6.4  IIpsimMe npoeKTyBaHHS

(1) Jns KOXHOTO cerMeHTa OOOJOHKH B
KOHCTPYKIIii,  TpEeACTaBIeHOr0o  0a30BUM
3’€¢JHAHHSIM HaBaHTaKEHb, MPHUBEACHUM Y
Honatky A, Haiibinblie MeMOpaHHE Hampy-
xKeHHsT Mi3eca CeqEd, BU3HAUCHE NPHU PO3pPa-
XYHKOBUX 3HAYCHHSX BIUIMBIB Fgd, TOBUHHO
O0OMEXKYyBaTUCS OMOPOM HANPYKEHHIM Yy
BiaAMOBiAHOCTI 3 6.2.2.

(2) Jns KOXKHOrO cerMeHTra OOOJOHKH alo
IUIACTUHM B KOHCTPYKLIi, MpPEICTaBICHOIO
0a30BUM 3’€IHAaHHSIM HAaBaHTA)XECHb, NPUBEIC-
HuM y Jlomatky B, po3paxyHKOBI 3Ha4eHHs
BIUIUBIB FEd HE MOBHMHHI MEpPEBUIIYBATU OIIp
Frd, 3acHOBaHMIl Ha pPO3paxyHKOBIH Mexi
TEKy4oCTi fyg.

(3) Sxwmo pyiiHyBaHHS TIiepepi3y HETTO B
00JITOBOMY 3’€THAHHI € KPUTEPIEM IMPOEKTY-
BaHHS, PO3pPaxXyHKOBE 3HAUYEHHS BIUIMBIB Feqg
Mae OyTH BU3HAYEHE Ul KOKHOTO 3’ €THAHHS.
SIk1o HanpyXeHHS MoKe OyTH MpeCcTaBlIeHe
0a30BUM 3’€JJHAHHSM HaBaHTa)XE€Hb, IpPHUBE-
neHuM y Jlonatky A, 1 BUHUKIIUI y pe3ysbTaTi
Halpy)KEHUM CTaH CKJIAQJa€TbCs JMIIE 3
MeMOpaHHUX HaNpyXeHb, Feq He MOBUHHE
nepeBullyBaTH omip Frg, 3acHoOBaHUI Ha
PO3PaxyHKOBIM MexXi MIITHOCTI fud,
auB. 6.2.2(5).

-F
Fra :FRk/VMOZu
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NOTE: The National Annex may choose the value of
Nmps. The value nmps =50 is recommended.

(6) The  characteristic  plastic  limit
resistance rrk should be taken as either rgmna
or rremna according to the analysis that has
been used.

(7)P  The design plastic limit resistance Fgq
shall be obtained from:

=g Feqs (6.7)
MO0

where yup is the partial factor for resistance to
plasticity according to 6.2.2.

(8)P It shall be verified that:
Mg >1. (6.8)

6.4  Direct design

1) For each shell segment in the
structure represented by a basic loading case
as given by Annex A, the highest von Mises
membrane stress oeqed determined under the
design values of the actions Feq should be
limited to the stress resistance according to
6.2.2.

(2)  For each shell or plate segment in the
structure represented by a basic load case as
given in Annex B, the design value of the
actions Feq should not exceed the resistance
Fra based on the design yield strength fyq.

(3)  Where net section failure at a bolted
joint is a design criterion, the design value of
the actions Feq should be determined for each
joint. Where the stress can be represented by
a basic load case as given in Annex A, and
where the resulting stress state involves only
membrane stresses, Feq should not exceed the
resistance Frq based on the design ultimate
strength fug, see 6.2.2(5).
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7 rPAH;quHHP”I CTAH
HUKJIYHOI IJIACTUYHOCTI (LS2)

7.1  PO3PAXYHKOBI
BIIJIUBIB

BEJIMYNHHA

(1) Skumo He BHUKOPHUCTOBYETbCS YTOUYHEHE
BHU3HA4YEHHS, PO3PAXYHKOBI BEJIMUYMHU BIUIMBIB
JUIE KOXKHOTO 3’€IHAHHS HABAaHTAXEHb CIiJl
BUOMpATH SIK XapaKTEPUCTUYHI 3HAUEHHS THX
YaCTUH 3arajbHUX BIUIMBIB, $Ki 1MOBIpHO
OyIyTh TPHUKIAACHI 1 3HATI OLIBINE TPHOX
pasiB IpOTATOM TEPMiHY CITY>KOM KOHCTPYKIIii.

(2) SIxmo  BHUKOPUCTOBYETHCS  IPYXKHHM
po3paxyHok abo Bupasu i3 Jonatka C, To ciin
BpaxoOBYBaTH JIMIIE 3MIHHY YacTUHY BIUIMBIB
MDK  KpallHIMM ~ BEpXHIM 1  HIDKHIM
3HAYCHHSMHU.

(3) Ilpu BukopucTaHHi (HI3UYHO HENIHIHHOTO
KOMIT'FOTEPHOTO PO3PaxyHKY CIiJl BBaXKaTH,
0 3MiHHa YacTHHA BIUIMBIB MDK KpalHIM
BEpPXHIM 1 HIDKHIM 3HAueHHsIM Jli€ 3a
HAsBHOCTI  CYNYTHIX TOCTIHHUX  YaCTUH
HaBaHTaXCHHSI.

7.2 IPOEKTYBAHHSA
3A HATIPYKEHHAM

7.2.1 Po3paxyHKOBi BeJHYMHH Jiana3oHy
HANIPY’KeHb

(1) Po3paxyHOK 00OJIOHKH CIliJi BUKOHYBATH 3
BukopuctanHsM Metoxy LA abo GNA
pPO3paxyHKy KOHCTPYKLIi, IO MiJANajae Mixa
IiI0  JTBOX EKCTPEMAbHUX PO3PaXyHKOBHX
BenMuuH  BIUMBIB  Feq. [ xoxHOTO
EKCTPEMAIIHOTO PEXUMY HABaHTA)KEHHS TPH
UKIIYHOMY TpOIleci CIifi BUKOHATH OI[IHKY
CKJIAJIOBUX  HAmNpyXeHb. 3a  CYCIIHIMH
eKCTpEeMyMaMH y IUKJITYHOMY TPOIEC] MAIOTh
OyTM BHM3HAuY€HI PO3PAaXYHKOBI 3HAUYEHHS
3MIHHM KOKHOI CKJIaJJOBOi Hampy>KeHHs Aoy Ed,i,
AcoEdi, ATxeed, | Ha KOXHIH TOBEpXHI
00010HKH (TIpuitHATO | = 1,2 11 BHYTPIIIHBOT
1 30BHILIHBOI TOBEPXOHb O0OJIOHKH) 1 B Oy/ib-
SKIA TOYIl KOHCTPYKLIi. 3a LIMMH 3MiHaMu
Hamnpy>KeHHs MOXHa 3HAWTH pPO3paxyHKOBE
3HAYEHHS 3MIHU €KBIBAJIEHTHOTO HAIPYXEHHS
Mizeca Ha  BHYTpIIIHIA 1  30BHIIIHIN
MTOBEPXHSX:
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7 CYCLIC PLASTICITY LIMIT
STATE (LS2)

7.1  DESIGN VALUES OF ACTIONS

1) Unless an improved definition is used,
the design values of the actions for each load
case should be chosen as the characteristic
values of those parts of the total actions that
are expected to be applied and removed more
than three times in the design life of the
structure.

(2)  Where an elastic analysis or the
expressions from Annex C are used, only the
varying part of the actions between the
extreme upper and lower values should be
taken into account.

(3)  Where a materially nonlinear computer
analysis is used, the varying part of the actions
between the extreme upper and lower values
should be considered to act in the presence of
coexistent permanent parts of the load.

7.2  STRESS DESIGN

7.2.1 Design values of stress range

(1)  The shell should be analysed using an
LA or GNA analysis of the structure subject to
the two extreme design values of the actions
Feq For each extreme load condition in the
cyclic process, the stress components should
be evaluated. From adjacent extremes in the
cyclic process, the design values of the change
in each stress component Aoxgedi, 406Edi,
Atvoeq, 1 ON each shell surface (represented as
i = 1,2 for the inner and outer surfaces of the
shell) and at any point in the structure should
be determined. From these changes in stress,
the design value of the von Mises equivalent
stress change on the inner and outer surfaces
should be found from:

AO_eq,Ed,i = \/Ao-f,Ed,i —AC, g4 A0y e +A092,Ed +3AT§H,Ed,i (7.2)
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(2) Sk po3paxyHKOBY BEIMYHMHY Jialia3oHy
HaMpyXEHHS AGeq,Ed ciia MIPUAHSTH
HaOIIbIIY 13 3MiH €KBIBaJICHTHUX HAIPYKEHb
Mizeca  AGCeqEdi, PO3IJISAAIOUA  KOXKHY
MOBEPXHIO 000JI0HKH 110 4ep3i (=1 Ta i =2
PO3IIISLIAIOTHCS. OKPEMO).

(3) Y cruky Mik cerMeHTaMu 000JIOHKH, SIKIIO
PO3paxyHOK MOJEIIOE TEPETHH CEepeAUHHUX
MOBEPXOHb 1 HE BPAaXOBY€E KIHIIEBHH PO3MIp
3’€IHAaHHS, Jiala30H HAaNpYXEHHS MOXKHA
NpUHAHATA B mepmid  (i3uyHid  Todlmi B
CerMeHTi 000JIOHKH (Ha BiJIMIHY BiJl 3HAYEHHS,
00YHCIICHOTO Ha Tepepi3l ABOX CEPEeIUHHUX
IIOBEPXOHb).

I[TPUMITKA. Ile nomyuieHHA Mae 3HA4YCHHA, SKIIO
3MIHA HANpPYXCHHSA INBHIOKO 3MIHIOTBCS TOOIU3Y
3’ € THAHHS.

7.2.2 Po3paxyHKOBi BeJIHYUHHU ONIOPY

(1) Ormip JianasoHy €KBIBaJICHTHUX
HanpyxeHb Mizeca Afeqrd BH3HAYa€eThCs 3a
hopmyoro:

Af

7.2.3 OOMe:xkeHHS Tiana3oHy HANIPYKeHb

(1)II TIlimg 9ac KOXHOI TEPEeBIPKH I[OTO

T'paHU4YHOI'O CTany Hecyqoi' 3,ILaTHOCTi,
p03anYHKOBHﬁ z[ianasoﬂ HAIpYy>XCHHA
IIOBUHCH 3a10BOJIBHATH YMOBy:

eq,Ed

o <f

7.3 MNPOEKTYBAHHS LIJISIXOM
3ATAJIBHOI'O YA CJIOBOI'O MNA
ABO GMNA PO3PAXYHKY

7.3.1 Po3paxyHKOBi BeJHYMHH 3arajbHOi
HAKONUYEeHOI IVIACTUYHOI Aedopmanii

(1) Ilpu BuxopuctanHi ¢i3MYHO HETIHIHHOTO
3arajJbHOro 4uciaoBoro pospaxyHky (MNA
a0o GMNA) o6ononka Mae OyTH HaBaHTa-
KEHa PO3PaXyHKOBMMHU BETMYMHAMH 3MIHHUX
1 IOCTIMHUX BIUIMBIB, OMUCAHUX Y 7.1.

[MPUMITKA 1. Sk mnpaBWwIO BHKOPHCTOBYETHCS
po3paxyrnok MNA.

[MPUMITKA 2. ¥V HarmioHansHOMY J0JaTKy MOXYTh
MICTHTHCS peKOMEHJamii MoA0 OiIbIl  TOYHOTO

PO3paxyHKY.

eq,Rd
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(2)  The design value of the stress range
Aceq,ed Should be taken as the largest change
in the von Mises equivalent stress changes
Aceq,edii, considering each shell surface in
turn (i=1 and i =2 considered separately).

(3) At a junction between shell segments,
where the analysis models the intersection of
the middle surfaces and ignores the finite size
of the junction, the stress range may be taken
at the first physical point in the shell segment
(as opposed to the value calculated at the
intersection of the two middle surfaces).

NOTE: This allowance is relevant where the stress
changes very rapidly close to the junction.

7.2.2 Design values of resistance

(1)  The von Mises equivalent stress range
resistance Afeqrda Should be determined from:

7.2.3 Stress range limitation

(1)P  In every verification of this limit state,
the design stress range shall satisfy:

eqRd - (7.3)

7.3 DESIGN BY GLOBAL
NUMERICAL MNA OR GMNA
ANALYSIS

7.3.1 Design values of total accumulated
plastic strain

(1)  Where a materially nonlinear global
numerical analysis (MNA or GMNA) is
used, the shell should be subject to the design
values of the varying and permanent actions
detailed in 7.1.

NOTE 1: It is usual to use an MNA analysis for this
purpose.

NOTE 2: The National Annex may give
recommendations for a more refined analysis.
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(2) Cnig omiHUTH 3arajbHy HAKOMHYEHY
eKBIBAJICHTHY IUIaCTHUHY Aedopmanito Mizeca
€p,eqEd HAMPHUKIHII PO3PAXYHKOBOI'O TEPMIHY
CITYXKOMH.

(3) 3aranpHy HaKONMHWYEHY CKBIBAJICHTHY
miacTuyHy  nedopmariro  Mizeca  MoOKHA
BU3HAYUTU 32 JIOTIOMOTOI0 PO3PaXyHKY, IO
MOJICTIIOE BCl IIUKJIM HABAHTAXEHHS TMPOTITOM
PO3paxyHKOBOT'O TEPMIHY CITYXKOH.

(4) SIkmo HE BUKOHYETHCS OUTBII TOYHHUI
pPO3PaxyHOK, 3arajilbHy HAaKOMHYEHY eKBiBa-
JEHTHY IUiacTuuHy nedopmarito  Miseca
€p,eq,Ed MO)KHA BU3HAYUTH 32 (DOPMYJIOIO:

gp,eq,Ed
JeN — KUIBKICTh IMKJIIB HaBaHTaXCHHS
MPOTSITOM PO3PAaXyHKOBOTO TEPMiHY CIIYKOU
KOHCTPYKIIii;

Agp eq,Ed — HAMOITBIINI TPUPICT €KBIBATIEHTHOL
miactuyHoi  nmedopmanii Mizeca 3a  oguH
MOBHUIM LUK y OyJb-sKii TOYIl KOHCTPYKIII,
10 BUHHUKAE TICIISL TPETHOTO IHKITY.

(5) MosHa BBaxkatu, 10 «B OyIb-SKii TOYII
KOHCTPYKII(» O3HaYae B OyIb-sAKii TOMIIL,
po3TalloBaHiil Ha BiAcTaHI Bix Haapizy abdo
MICIIEBOI HEOHOPITHOCTI HE MEHIIIE TOBIIIMHHU
HANTOBIIOI CYCiIHBOT IJIACTUHH.

7.3.2 O0Me:KeHHSI 3araJibHOI HAKONMHNYEeHOI
IJIACTHYHOI AedopMmanii

(1) Sxmo He BUKOHYeTbCA OLIBII CKIIaJHA
OIlIHKa MAaJIOIIMKJIOBOI BTOMH, pPO3paxyHKOBa
BEIMYMHA 3arajibHOi HAKOMHMYEHOi eKBiBa-
JeHTHO1 T1iacTuyHoi  gedopmariii  Mizeca
€p,eq,Ed TOBUHHA 33JIOBOJIBHATH YMOBY:

gp,eq,Ed < np,eq

IMPUMITKA. ¥V HarioHaibHOMY J0JaTKy MOXE OyTH
nepenbadeHuid BUOIp 3HA4YEHHSA Npeq PexoMeHIyeThCA
3HAYEHHS Npeq = 25.

74  NPAME IPOEKTYBAHHS

(1) Hnst  KOXHOTO CEerMeHTa OOOJIOHKH
KOHCTPYKIIii, MPEACTABICHOTO 0a30BUM
3’€THAaHHSIM HABAaHTAKEHb, TPUBEACHUM Y
Honmatky C, HalOIMbmIMK  eKBiBAJIGHTHUI
Jiama3oH  HampyxeHb Mizeca AGeqed 3
ypaxyBaHHSIM 000X TOBEPXOHb OOOJOHKH MPH
pPO3PaxyHKOBHX 3HAUEHHSX BIUMMBIB  Fgqg
MMOBUHEH OYTH BU3HAUYEHUN 13 BUKOPUCTAHHIM
BiAMOBIIHUX BupasiB 3rigHo 3 Jlomatkom C.
[Iporexypa moaanbIIoi OIIHKK ONKUCcaHa B 7.2.

=NA¢
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(2) The total accumulated von Mises
equivalent plastic strain epeqed at the end of
the design life of the structure should be
assessed.

3 The total accumulated von Mises
equivalent plastic strain may be determined
using an analysis that models all cycles of
loading during the design life.

4) Unless a more refined analysis is
carried out, the total accumulated von
Mises equivalent plastic strain gpeqed May be
determined from:

p.eq,Ed » (74)

where: n is the number of cycles of loading in
the design life of the structure;

Agpeqed IS the largest increment in the von
Mises equivalent plastic strain during one
complete load cycle at any point in the
structure, occurring after the third cycle.

(5) It may be assumed that “at any point
in the structure” means at any point not
closer to a notch or local discontinuity than
the thickest adjacent plate thickness

7.3.2 Total accumulated plastic strain
limitation

(1)  Unless a more sophisticated low cycle
fatigue assessment is undertaken, the design
value of the total accumulated von Mises
equivalent plastic strain epeqed Should satisfy
the condition:

(f/E) (7.5)

NOTE: The National Annex may choose the value of
Npeq- The value npeq = 25 is recommended.

7.4  DIRECT DESIGN

(1) For each shell segment in the
structure, represented by a basic loading case
as given by Annex C, the highest von Mises
equivalent stress range Aceqed considering
both shell surfaces under the design values of
the actions Feq should be determined using
the relevant expressions given in Annex C.
The further assessment procedure should be as
detailed in 7.2.
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8 TPAHUYHUI CTAH BTPATH
MO310BKHbOI CTIMKOCTI (LS3)

8.1 PO3PAXYHKOBI
BIIJIUBIB

BEJIMYNHHA

(1IT Marote OyTH BpaxoBaHi BCi 3HAYyII
KOMOiHamil BIUIMBIB, WI0 MPHU3BOAATH 10
CTUCKAIBHIX MEMOpPaHHUX HaIpyXKeHb a0o
JOTHYHUX MEMOpaHHHMX HANpY)XeHb Yy CTIHII
000JIOHKH.

8.2 CHEUIAJIbHI BUBHAYEHHS
I HO3HAYEHHA

(1) Crain BHKOpPHCTOBYBAaTH CHEIialibHI BH3-
Ha4yeHHs TEepMiHiB 3rigHo 3 1.3.6, mo BigHO-
CSITBCS JIO BTPATH MO3I0BKHBOT CTIHKOCTI.

(2) 3Brigmo 3 JlomaTkoM 0 TO3HAYEHb,
BU3HaueHUX y 1.4, B 1pOMy pO3ILIL CIHif
BUKOPHCTOBYBATH MO3HAYCHHS, TPUHHATI B (3)

1(4).

(3) IlpuiimMatoTbecs  HACTYIHI
HaIpPYXCHb Ta iX PIBHOIIMHUX:
Nx,Ed, OxEd — PO3PAXYHKOBI 3HAUEHHS IIIOYUX
MepUIIOHATBHUX MEMOpPaHHHUX HAIPYKEHb 1 1X
PIBHOJIMHUX, IO BIAHOCATBCS 1O BTpaTH
3arajpHOI CTIMKOCTI (I0oJaTHI MPH CTHCHEHHI ),
No,Ed, Go,Ed — PO3PAXYHKOBI 3HAUEHHS IIOYUX
KUIBLIEBUX HANpPYKEHb 1 IX PIBHOAIMHUX, 11O
BIJTHOCSITHCSI IO BTpPATH 3arajibHOi CTIHKOCTI
(momatHi mpH CTUCHEHHI);

Nxo,Ed, Tx0,Ed — PO3PAXYHKOBI 3HAYCHHSI JIIFOUUX
JOTUYHUX MEMOpaHHUX HaIlpyXkeHb 1 iX
PIBHOAIMHUX, IO BIAHOCATBCS 1O BTpATU
3arajbHO1 CTIHKOCTI.

BCINMYHNHU

(4) Ilapamerpu omopy BTpaTi 3arajbHOi
CTIMKOCTI Ui BUKOPUCTaHHs B MPOEKTYBaHHI
3a HallpyXEHHIMHU:

OxRer — MEpHIOHAIbHE TMPYXHE KpPUTHYHE
Hanpy»KeHHsI IPU BTPaTI 3arajibHO1 CTIMKOCTI;
OgRer — KUIbIIEBE MPYXKHE KPUTHYHE Harpy-
YKEHHSI IPU BTPATI 3arajibHOI CTIMKOCTI;

Txo,Rer — JOTHYHE IIPYKHE KPUTHUYHE HaIpy-
YKEHHSI IPU BTPATI 3arajibHOI CTIHKOCTI;

OxRk — MEpUJIIOHAIBHE XapaKTEePUCTHUHE
HaInpyKeHHsI IPU BTPaTI 3arajibHO1 CTIMKOCTI;
OpRk — KUIBLIEBE XapaKTEPUCTHYHE Harpy-
YKEHHsI IPU BTPATI 3arajibHOI CTIMKOCTI;

Txo,Rk — JOTHYHE XapaKTEPUCTHYHE HaIpy-
YKEHHSI IPU BTPATI 3arajibHOI CTIMKOCTI;
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8 BUCKLING LIMIT STATE (LS3)

8.1 DESIGN VALUES OF ACTIONS

(1)P All relevant combinations of actions
causing compressive membrane stresses or
shear membrane stresses in the shell wall shall
be taken into account.

8.2 SPECIAL DEFINITIONS
AND SYMBOLS

Q) Reference should be made to the
special definitions of terms concerning
buckling in 1.3.6.

(@) In addition to the symbols defined in
1.4, additional symbols should be used in this
section 8 as set out in (3) and (4).

(3) The stress resultant and stress
quantities should be taken as follows:

Nx,Ed, Ox,Ed are the design values of the
acting buckling-relevant meridional
membrane stress resultant and stress (positive
when compression);

No,Ed, G6,Ed are the design values of the
acting  buckling-relevant  circumferential
membrane (hoop) stress resultant and stress
(positive when compression);

Nxoed, Txo.ed  are the design values of the
acting buckling-relevant shear membrane
stress resultant and stress.

(4)  Buckling resistance parameters for use
in stress design:

oxrer 1S the meridional elastic critical
buckling stress;

corer 1S the circumferential elastic critical
buckling stress;

orer 1S the shear elastic critical buckling
stress;

oxrk IS the
buckling stress;
ocork IS the circumferential characteristic
buckling stress;

woRrk 1S the shear characteristic buckling
stress;

meridional  characteristic
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OxRd — MEpHIIOHAIBHE PO3PAaXyHKOBE HANpy-
’KEHHS IIPU BTPATi 3arajibHOI CTIHKOCTI;

OpRd — KIJIBLIEBE PO3PAXYHKOBE HAIPYKCHHS
IIPU BTPATI 3arajbHOI CTIHKOCTI,

TxoRd — JOTHYHE DPO3PaxXyHKOBE HaIIPYKEHHs
IIPU BTPATI 3arajibHOI CTIHKOCTI.

[MPUMITKA. Ile cnemianbHi YMOBHI MO3HAYCHHS IS
MPOEKTYBaHHSA OO0OJOHOK, IO BiAPI3HAIOTECS BiA
MMO3HA4YeHb, ONMucannX y cragaapti EN 1993-1-1.

(5) IlpuitmMaeTbcs HACTYIHE MPABWIO 3HAKIB
g BukopuctanHs npu I['C3: crucHeHHs
BBAXXA€ETHCS J10JATHUM Ul MEPUIIOHAIBHUX 1
KOJIOBUX HANpYXeHb 1 iX piBHOIINHHX.

8.3 TI'PAHUYHI YMOBHN,
IO BZTHOCSITHCSI IO BTPATH
3ATAJIBHOI CTIMKOCTI

(1) Anga rpaHUMYHOrO CTaHy ILOAO BTpPaTH
3arajbHOi CTIMKOCTI OCOONMBY YyBary CIij
OPUIUIATH ~ TPaHWYHHM  yMOBaM,  sKi
BITHOCATBCSL 70 IPUPOCTY IEPEMILIEHb MpU
BTpaTi 3arajpHOi CTiliKOoCTi (Ha BiIMIHY Bif
nepeMilleHb 10 BTPAaTH 3arajibHOi CTIMKOCTI).
[lpuknany BIANOBIAHMX TPAaHUYHUX YMOB
MoKazaHi Ha puCyHKY 8.1, 1e BuKopuc-
TOBYIOTBCS TIO3HAYEHHS 3 a0 5.1.

84 TEOMETPHUYHI JOIIYCKH,
11O BUTHOCSITBCS IO BTPATH
3ATAJIBHOI CTIMKOCTI

8.4.1 3arajanHi HoJ10KeHHA

(1) 3a BUHATKOM BUMNAJAKIB, KOIU Yy
BIMOBIAHMX YacTHHaX craHmapty EN 1993
MPUBEJCHI OCOOJIMBI T'€OMETPUYHI JOMYCKH,
0 BIJHOCATHCS 10 BTpaTH  3arajbHOI
CTIMKOCTI, I MeXi JONYyCKIB TOBHUHHI
BpaxoByBaTHcsa, skmo LS3 e omaum 3
PO3IIISyBaHUX TPAHUYHUX CTaHIB.

[MPUMITKA 1. XapakTepuUCTH4HI HANpyXXEHHSI IpH
BTpaTi  3arajbHOi  CTIMKOCTi, BHW3HAYeHI  Jalli,
BpPaxoBYIOTh Je(eKTH, Mo 0a3yloThcs Ha BEIMYMHAX i
(hopMax TeOMETPUIHHX JOIMYCKIB, SIKi MependadaroThes
B IIpOIIeCi BUKOHAHHS.

[MPUMITKA 2. Tyt npuBe/ieHi T€OMETPHUYHI TOITYCKH,
SIKi CYyTTEBO BITUBAIOTH Ha 0€3MEKy KOHCTPYKIIii.
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oxrd IS the meridional design buckling
stress;

oord IS the circumferential design buckling
stress;

Txord 1S the shear design buckling stress.

NOTE: This is a special convention for shell design
that differs from that detailed in EN1993-1-1.

(5)  The sign convention for use with LS3
should be taken as compression positive for
meridional and circumferential stresses and
stress resultants.

8.3 BUCKLING RELEVANT
BOUNDARY CONDITIONS

(1)  For the buckling limit state, special
attention should be paid to the boundary
conditions which are relevant to the
incremental displacements of buckling (as
opposed to pre-buckling displacements).
Examples of relevant boundary conditions are
shown in figure 8.1, in which the codes of
table 5.1 are used.

8.4  BUCKLING-RELEVANT
GEOMETRICAL TOLERANCES

8.4.1 General

1) Unless  specific  buckling-relevant
geometrical tolerances are given in the
relevant EN 1993 application parts, the
following tolerance limits should be observed
if LS3 is one of the ultimate limit states to be
considered.

NOTE 1. The characteristic buckling stresses
determined hereafter include imperfections that are
based on the amplitudes and forms of geometric
tolerances that are expected to be met during
execution.

NOTE 2: The geometric tolerances given here are those
that are known to have a large impact on the safety of
the structure.
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HeMa€ aHKepyBaHHA
no anchoring

\\ 01H3bK0 po3ramonaﬂi71

aHKepH
closely spaced anchors

HeMa€ aHKepyBaHHS
no anchoring

6) cunoc Ge3 aHKepiB
b) silo without anchors

a) pesepByap 6e3 aHKepiB
a) tank without anchors

HeMa€e KiTbIA JKOPCTKOCTI
no stiffening ring

B) pe3epByap 3 aHKepaMH
c) tank with anchors

BiZKpHTO e e R
openm |_____j._——_|
BC BC2f 1
TOpLEeBa KPHIIKA 3 I
BHCOKOIO
MIIHICTIO Ha 3THH I
end(f)lates with high
bending stiffness BC2f I
N | BClr |___'___|______|
OIH3BKO PO3TAIIOBAHI "'———'l__— -

B

closely spaced anchors

A

aHKepH

T) BIAKPDHUTHI pe3epByap 3
aHKepaMH
d) open tank with anchors

8.1
8.1

PucyHnox
Figure

(2) HeoOximHo BUOpaTH KIlac SIKOCTI JOIYCKY
Ha BurortoBieHHs A, B adbo C BiAmoBiIHO 10
BU3Ha4YeHb Jonycky B 8.4.2, 8.4.3, 844 i
8.4.5. Onmuc KOXHOrO KJacy BIJHOCHUTBHCS
JIUIIIE JI0 OI[IHKU MIITHOCTI.

[NPUMITKA. Bu3nayeHi TyT OOIyCKH 30iraroThCs 3
JIOITyCKaMH, BKa3aHUMH B BHKOHaBYOMY ctaHaapti EN
1090, anme TyT BOHHM BHKJAQJAIOTHCS OLIBII MOBHO IS
JICTAILHOTO OITMCY B3aEMO3B’SI3KYy MIDK BEJIMYHMHAMHM
ne(eKTiB i OIIHIOBAaHUM OTIOPOM.

(3) Koxen i3 BumiB gedekTiB MOBHHEH
KIacu(iKyBaTUCS OKPEMO: HaWMEHIIHUN KIlac
JOTTYCKy Ha BHUTOTOBJICHHS, BIJAMOBITHUI
JomycKy — kiacy B,  Bu3Hauae  Bce
MIPOCKTYBaHHS.

(4) Pi3HI BuaM AOIMYCKIB MOXHa PO3IIISIIATH
HE3aJIe)KHO; BPAaXyBaHHsS B3a€EMHHX BIUIUBIB
3a3BMYal HE BUMAaracThes.

3aBapeHO 3 060X GOKiB
welded from both sides

1) 1a0opaTOpHH eKCIEePHMEHT
e) laboratory experiment

€) CeKIlisi JOBIoro,
3aKpINIeHOro KLIbIeM,
MUITIHIPA

f) section of long ring-
stiffened cyllinder

CxeMaTHYHi NPUKJIAJAH TPAHUYHUX YMOB JUISI TPAHUYHOrO cTany LS3
Schematic examples of boundary conditions for limit state LS3

(2) The fabrication tolerance quality
class should be chosen as Class A, Class
B or Class C according to the tolerance
definitions in 8.4.2, 8.4.3, 8.4.4 and 8.4.5.
The description of each class relates only to
the strength evaluation.

NOTE: The tolerances defined here match those
specified in the execution standard EN 1090, but are set
out more fully here to give the detail of the relationship
between the imperfection amplitudes and the evaluated
resistance.

(3) Each of the imperfection types should
be classified separately: the lowest fabrication
tolerance quality class obtained corresponding
to a high tolerance, should then govern the
entire design.

(4)  The different tolerance types may
each be treated independently, and no
interactions need normally be considered.
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(5) MHns kiHYCHHOI KOHCTPYKIIi IIIAXOM
nepeBipku  BHOIPKOBUX 3pa3KiB  HEOOXiTHO
BCTAaHOBUTH, WIO0 PO3MIpH T€OMETPHYHHUX
nedeKTiB 3HaXOSATHCS B Mexax
TE€OMETPUYHUX JIOMYCKiB, BCTAHOBJICHHHX Y
8.4.2-8.4.5.

(6) Bumipu nedexTiB 3pa3KiB  MMOBHHHI
BUKOHYBATHCSI Ha HCHABAHTAXEHIN KOHCT-
pykuii (3a BHHATKOM BJIACHOI Baru) 1, 3a
MOJKITUBOCTI, 3@ €KCIUTyaTalliiHUX TPAaHUIHUX

YMOB.

(7) Sxio po3Mipy reOMETpUYHUX JAePEKTIB HE
BIJIMOBIJAIOTh ~ FEOMETPUYHHUM  JIOIYCKaM,
BcraHoBieHuM y 8.4.2-8.4.4, posrmag i
VXBJIIEHHS  PINICHHS  IMOA0  OyIb-sSKHX
KOPEr'YIOUHMX 3aXOJliB, TAKUX SK PUXTYBaHHS,
pPO3POOIIAIOTECST  OKpEeMO  JUISL  KOXKHOTO
KOHKPETHOTO BUTIAJIKY.

[MPUMITKA. [Ilepen yxBajieHHSIM pIlIEHHS TpO
PUXTYBaHHS Ul 3MEHIICHHS T€OMETPUYHUX JIe(EKTiB
CJIiJT MaTH Ha yBa3i, IO 116 MOYKE BUKJIMKATU TOJJATKOBI
3aJIMIIKOBI HanpyxeHHs. Takox cii BpaxoByBaTu Te, B
SKii Mipi pO3paXyHKOBHH OIlip BTpaTi 3arajibHOI
CTIKOCTI BUKOPHCTOBYIOTHCS TIPH MPOCKTYBaHHI.

8.4.2 Jlomyck HeKpyr10cTi

(1) Homyck HEKpYIJIOCTI IMOBUHEH OIIHIO-
Barucst mapamerpoM Uy (auB. pucyHok 8.2),
10 OOYHCIIOETHCS 32 (POPMYITOIO:

d
_ max
U, =
d
ne Omax — MaKCHUMaJbHUN  BHUMIPSHUIA

BHYTpILIHIN 1iaMeTp;

dmin — MiHIMAJIbHUN BUMIPSHUE BHYTPIIIHIA
JiaMeTp;

dnom — HOMiHAITBHUIT BHYTPIIIHIN JiamMeTp.

(2) Sk BuMmipsHMI BHYTpINIHIA aiaMeTp Bif
3alaHO0i TOYKM CIiJ TPUMHATH HAWOLIbIILY
BiJICTaHb TOMIEPEK OOOJIOHKH BiJ Ii€1 TOUKH 10
OyIb-sAKOi 1HIIOT TOYKHA 3 TIEK X OCHOBOIO
KoopauHaTor. I BU3HAYEHHS MaKCHUMAllb-
HOI'O 1 MIHIMAJIbHOTO 3HA4YEHL HEOOXIITHO
BUKOHATH BIAMOBIAHY KIJBKICTh BUMIpPIB
JiaMeTpiB.
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(5) It should be established by
representative sample checks on the completed
structure that the measurements of the
geometrical imperfections are within the
geometrical tolerances stipulated in 8.4.2 to
8.4.5.

(6) Sample imperfection measurements
should be undertaken on the unloaded
structure (except for self weight) and, where
possible, with the operational boundary
conditions.

(7) If the measurements of geometrical
imperfections do not satisfy the geometrical
tolerances stated in 8.4.2 to 8.4.4, any
correction steps, such as straightening, should
be investigated and decided individually.

NOTE: Before a decision is made in favour of
straightening to reduce geometric imperfections, it
should be noted that this can cause additional residual
stresses. The degree to which the design buckling
resistances are utilised in the design should also be
considered.

8.4.2 Out-of-roundness tolerance

(1) The out-of-roundness should be
assessed in terms of the parameter U; (see
figure 8.2) given by:

(8.1)

where: dmax IS the maximum measured internal
diameter,

dmin 1S the minimum measured internal
diameter,

dnom is the nominal internal diameter.

2 The measured internal diameter from
a given point should be taken as the largest
distance across the shell from the point to any
other internal point at the same axial
coordinate. An appropriate number of
diameters should be measured to identify the
maximum and minimum values.
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a) CIJIIOLEHHS
a) flattening
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b) HecumerpuuHicTh
b) unsymmetrical

Pucynoxk 8.2 BumipoBaHHs giaMeTpiB 1J1s1 OMiHKH HEKPYTJIOCTi
Figure 8.2 Measurement of diameters for assessment of out-of-roundness
(3) Ilapamerp wHekpyriocti Uy TOBUHEH (3)  The out-of-roundness parameter Uy
3aJI0BOJIHSTH YMOBY: should satisfy the condition
Ur SUr,max (82)
ne Urmax — mapaMeTp IOIYCKY HEKPYIJIOCTi where:  Urmax is the out-of-roundness
JUISL BIJTOBIAHOTO KJIAcy SIKOCTI JOMYCKy Ha tolerance  parameter for the relevant

BUI'OTOBJICHHS.

ITPUMITKA. 3HaveHHA rnapamMmerpa JIOITYCKY
HeKpyraocTi Urmax MOXHaA 3HaiiTh B HamioHampHOMY
J0AaTKy. 3HAYCHHS, 0 PEKOMEHIYIOThCS, IIPHBEJICHI B
Tabmmmi 8.1.

fabrication tolerance quality class.

NOTE: Values for the out-of-roundness tolerance
parameter Urmax may be obtained from theNational
Annex. The recommended values are given in
Table 8.1.

Ta6muns 8.1 PexoMeHI0BaHi 3HAYEHHA MApaMeTpPa A0NMYCKY HeKPyraocTi Urmax
Table 8.1 Recommended values for out-of-roundness tolerance parameter Ur max

Jlianason miamerpa | 10050y | 0,50 m<d[M]<125m | 125m<d[m]
Diameter range
Knac sikocTi nomycky Ha
BHUT'OTOBJICHHSA OHI/IcaHHH PGKOMGH,Z[OB&HC 3HAYCHHA Ur,max
Fabrication Description Recommended value of Ur,max
tolerance quality

Knace A BinuirHuit 0,014 0,007 + 0,0093(1,25-d) 0,007
Class A Excellent ! ' ’ ! '
gﬁ;‘;g Bpﬁi‘;‘;““ 0,020 0,010 + 0,0133(1,25-d) 0,010
Kaac C Hopmarbinii 0,030 0,015 + 0,0200(1,25-d) 0,015
Class C Normal

8.4.3 Jlomyck BHIIaKOBOI0
eKCUHEeHTPHUCUTETY

(1) Ilpu 3’egHaHHsAX y CTIHKax OOOJOHKH,

MIEPIICHIUKYIISIPHUAX bi o) MeMOpaHHUX
CTUCKAJIbHUX 3yCHUITb, BUIAIKOBUI
€KCIICHTPUCUTET CITIT OILIIHIOBATH 3a

BUMIPIOBAHUM 3arajlbHUM EKCIIEHTPUCUTETOM
€tot 1 TPOTHO30BAHUM 3MIIIICHHSM Eint.

€, =€

tot — Sine ’

a

8.4.3 Accidental eccentricity tolerance

1)

At joints in shell walls perpendicular to
membrane compressive forces, the accidental
eccentricity should be evaluated from the
measurable total eccentricity e, and the

intended offset g;,, from:

(8.3)
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1€ €tot — EKCLEHTPUCUTET MK CEepeIUHHUMU

MOBEPXHSAMHU IUIACTHH, IO 3 €IHYIOThCH,
JIUB. PUCYHOK 8.3C;
€int —  TPOTHO30BaHE  3MIMICHHA  MiXK

CEepEeIMHHUMH TOBEPXHSMHU IUIACTUH, IO
3’€IHYIOThCS, IUB. pucyHOK 8.3b;

€a — BHIIAJKOBUH EKCIEHTPHCHTET MiX
CepEMHHUMH  IMOBEPXHSAMH IUTACTHH, IO
3’€THYIOTHCA.

(2) BunaakoBuii €KCIIEHTPUCUTET €a Ma€ OyTH
MEHIIIE MaKCHUMaJIbHOTO JIOITYCTHMOTO
BUMAJIKOBOTO EKCUEHTPUCHTETY Eamax JUIS
BIJIMOBIAHOTO KJIACy SIKOCTI JIOMMYCKY Ha
BUTOTOBJICHHSI.

[MPUMITKA. 3HaueHHS MaKCHMalbHOTO JOMYCTUMOTO
BUITAJIKOBOTO CKCIICHTPUCHUTETY €amax MOXKHA 3HANTH B
HamionanmeHOMy momatky. PexoMeHmoBaHI 3HaueHHS
mpuBeeHi B Tabmmi 8.2.
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where: ewt IS the eccentricity between the
middle surfaces of the joined plates, see
figure 8.3c;

eint IS the intended offset between the
middle surfaces of the joined plates, see
figure 8.3b;

€a is the accidental eccentricity between
the middle surfaces of the joined plates.

(2)  The accidental eccentricity ea should
be less than the maximum permitted
accidental eccentricity eamax for the relevant
fabrication tolerance quality class.

NOTE: Values for the maximum permitted accidental
eccentricity eamax May be obtained from the National
Annex. The recommended values are given in
Table 8.2.

Tadoauusa 8.2 PexoMeHT0BaHi 3HAYEHHA MAKCUMAJIBLHUX TOMYCTHMHUX BUNIAJKOBUX €KCIIEHTPHCUTETIB
Table 8.2 Recommended values for maximum permitted accidental eccentricities

Ki1ac SKocTi JIOTIYCKY Ha BHTOTORJICHEA PexoMmeHnoBaHi 3HaUEHHS MaKCI/IMaJ'IbH‘I/IX JOIyCTUMHUX
Fabrication tolerance quality Orue BIII4/IKOBHX EKCLEHTPHCHTETIE €amax
class Description Recommended values for maximum permitted
accidental eccentricity €amax

Kmacc A Binminanit 2 Mvt (mm)
Class A Excellent
Knac B Bucoxwnii 3 wm (Mm)
Class B High
Kiac C Hopmanbauii 4 vy (mm)
Class C Normal

(3) BumangkoBuii EKCIEHTPUCHTET €a TaKOXK (3)  The accidental eccentricity ea should

MOBUHEH OIliHIoBaTHCs mapameTpoM Ue, 110
00YHCITIOETHCS 32 POPMYIIOHO:

ea
e
av

ne tay — cepeaHi TOBHIMHU TOHKOI i TOBCTOT
MJIACTUH y 3’ €/THAHHI.

also be assessed in terms of the accidental
eccentricity parameter Ue given by:

U, =22 agofor U, =et—a, (8.4)

where tay is the mean thickness of the thinner
and thicker plates at the joint.
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4

min

perfect joint
geometry

€a

I
| I | —306pakeHHs
]
|
4

171eaIbHOTO
1
!
Al

3’ eTHAHHSA
t

max

a) BHIAKOBHUIl eKCIEHTPUCUTET 0) mepenbaueHHH 3CyB
IIPH 3MiHI TOBIIHHH
IUIACTHHH 0e3 BHIIaJIKOBOTO
eKCIIEHTPHCHTETY

b) intended offset at a
change of plate thickness

0e3 3MIHH TOBIIHHH [LIACTHH
accidental ecgentricity

a) when there is no change of
plate thickness
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min

300paxkeHHs €a = Cot ~ Cint
11eanpHOTO
3’€JHAHHA
perfect joint
geometry

300paxkeHHA
1eanpHOrO0
3’€HaHHA
perfect joint
geometry

max

B) MOBHHUIi €KCIIEHTPUCHUTET
(BumajxoBuHii + mependaueHuit)
IIPH 3MiHI TOBUIHHH INIaCTHHA

¢) total eccentricity
(accidental plus intended)
at change of plate thickness

without accidental
eccentricity

Pucynox 8.3

Figure

(4) IlapameTp BUNAJIKOBOI'O E€KCLIEHTPUCHUTETY
Ue OBUHEH 3310BOJIBHATH YMOBY:

BunaakoBuii eKCIIEHTPUCUTET i MPOrHO30BaHe 3MillleHHSA 3’ € THAHHS
8.3  Accidental eccentricity and intended offset at a joint

(4)  The accidental eccentricity parameter
Ue should satisfy the condition:

U, <U, 1o (8.9)
ne Uemax — mapamerp IOMYCKY BHITaIKOBOTO where: Uemax iS the accidental eccentricity
CKCIIGHTPUCUTETY JJIsl BiJIOBIHOTO KJacy tolerance  parameter for the relevant

SIKOCTI AOIIYCKY Ha BUTOTOBJICHHA.

IMPUMITKA 1. 3HadyeHHs mapamerpa JOMYCKY
BHITAJIKOBOTO €KCHEHTPUCUTETY Uemax MOXKHA 3HAUTH B
HarionasbHOMY 70AaTKy. 3HAYEHHS, M0 PEKOMEH-
IYyIOThCsI, TPUBEICHI B TabuuIli 8.3.

fabrication tolerance quality class.

NOTE 1: Values for the accidental eccentricity
tolerance parameter Uemax , may be obtained from the
National Annex. The recommended values are given in
Table 8.3.

Tabmuus 8.3 PexkomennoBaHi 3HaYeHHS AOMYCKiB BUIATKOBOI0 YKCHEHTPHCUTETY
Table 8.3 Recommended values for accidental eccentricity tolerances

Knac sikocTi 10ommycKy Ha BUTOTOBJICHHS Omnuc PexomennoBane 3HaueHHS Ue max
Fabrication tolerance quality class Description Recommended value of Ue max

Kiacc A Bigminaumii 014

Class A Excellent ’

Knac B Bucoxwuii

Class B High 0,20

Kiac C Hopmansawuii 030

Class C Normal ’

MMPUMITKA 2. [IporHo3oBaHi 3MillleHHsI CTUKIB PO3T-
nspatoteest B D.2.1.2, 3’e¢qHaHHA BHANyCK po3risijaa-
otecs B D.3. Li nBa BUMAagku HE PO3TISAAIOTHCS 5K
nedexT B 1TaHOMY CTaHJapTi.

8.4.4 Jlonycku Ha BM’SITHHH

(1) Kanibp anga Bumipy BM SITHH HEOOXIJHO
BUKOPHUCTOBYBaTH B KOXXHOMY IIOJIO’KEHHI
(muB. pucyHok 8.4) K B MEpHIIOHAILHOMY,
TaKk 1 B KUIBI[EBOMY Hampsmax. Mepumuio-

NOTE 2: Intended offsets are treated within D.2.1.2 and
lapped joints are treated within D.3. These two cases are
not treated as imperfections within this standard.

8.4.4 Dimple tolerances

(1) A dimple measurement gauge should
be used in every position (see figure 8.4) in
both the meridional and circumferential
directions. The meridional gauge should be
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HaJgbHUN KamiOp Mae OyTH TpsSMUM, a JUist
BUMIpPIB y KOJIOBOMY HaIlpsiMi NTOBHHEH MaTH
KPHBH3HY, DIBHY IIPOrHO30BAaHOMY pajiycy
KPUBU3HU I' CEpEIUHHOI TTOBEPXHI 0O0IOHKH.

(2) 'mubuna AWo BUXITHMX BM SITUH Y CTIHIII
OOOJIOHKM  TOBMHHAa  BHUMIpIOBaTHCA  3a
JIOTIOMOTOK0  KamiOpiB  3aBIOBXKKH lg, sKa
MIPUHAMAETHCA SK:

a) 3a HasSBHOCTI CTHUCKaJbHHUX HANpPYXEHb, y
TOMY YHUCII 4epe3 3BapHI IIBH, BUMIPH CIiJ
BUKOHYBaTH SK B MEPHAIOHAIBHOMY, TaK 1 B
KOJIOBOMY HaIpsMax 3a JOMOMOrol0 Kaliopy
3aBIOBXKKH lgx, 1[I0 OOYHMCHIOETBCS 32
dbopmyoro:

gx

0) Ilpy BHHHMKHEHHI KOJIOBHX CTHCKaJbHUX
HampykeHb a00 JOTHYHUX CIiJi BUKOHATH
BUMIpH B KOJIOBOMY HAmpsiMi 3a JJOIOMOTOIO
Kamiopy 3aBIOBKKH lgo, 10 OOUMCITIOETHCS 32
dbopmyIoro:
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straight, but the gauge for measurements in the
circumferential direction should have a
curvature equal to the intended radius of
curvature r of the middle surface of the shell.

(2)  The depth Awp of initial dimples in the
shell wall should be measured using gauges of
length lg, which should be taken as follows:

a) Wherever meridional compressive stresses
are present, including across  welds,
measurements should be made in both the
meridional and circumferential directions,
using the gauge of length lgx given by:

art (8.6)

b) Where circumferential compressive stresses
or shear stresses occur, circumferential
direction measurements should be made using
the gauge of length lge given by:

|, =2,3(1°rt)** (8.7)

ane/but |y, <1

ne | — MepumioHanbHa JOBKHHA CErMEHTA
00O0JIOHKH.

B) JlomaTkoBo, B3/0BXK 3BapHUX IIBIB 5K Y
KOJOBOMY, Tak 1 B MEpHAIOHATbHOMY
HampsMax ClliJi BUKOPUCTOBYBaTH JOBXKHHY
Kamiopy lgw:

l,, =25t abo |, =25t

ane npu |

ne tmin — TOBIIMHA HAWTOHIIOI IJIACTUHH B
3BapHOMY IIIBI.

(3) I'mnOuHa BUXiTHUX BM SITHH TIOBUHHA
oriHtoBaTcs mapamerpamu BM SITHH Uox, Uoe,
Uow, 1110 00YHCTIOIOTHCS 32 (hOpMYyTIaMu:

gw —

where: | is the meridional length of the shell
segment.

c) Additionally, across welds, in both the
circumferential and meridional directions, the
gauge length lqw should be used:

(8.8)

min !

500 mm ,

where: tmin is the thickness of the thinnest
plate at the weld.

(3) The depth of initial dimples should be
assessed in terms of the dimple parameters
UOX, UOG, UOW, given by

U,, ZAWOX/|9X_

Uy, :Awogllge_

Uow :AWOW/Iglw

(8.9)
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(4) 3nauenns mapametpiB BM stuH Uox, Uoe, (4)  The value of the dimple parameters
Uow MOBHHHE 33JI0BOJILHATH YMOBHU: Uox, Uos, Uow should satisfy the conditions:
UOX < UO,max .
Ugp SUg max . (8.10)
UOW < UO,max
ne Uomax — mapaMeTp IOMYCKY Ha BM SITHHH where: Uomax IS the  dimple  tolerance
IUISL BIJIIOBIIHOTO KJIACy SIKOCTI JIOMYCKY Ha parameter for the relevant fabrication
BHUTOTOBJICHHSL. tolerance quality class.
IMPUMITKA 1. 3naueHHs mapamerpa IOIYCKy Ha NOTE 1: Values for the dimple tolerance parameter
BM’sTHHU Uomax MOXHa 3Haiith B HamioHambHOMY Uomax Mmay be obtained from the National Annex.
JIOAaTKy. PeKOMEHIOBaHI 3HAUEHHsS NPUBEICHI B The recommended values are given in Table 8.4.
Tabnumi 8.4.

Taonauusa 8.4 PexoMeHa0BaHi 3HAYEHHA MapaMeTpa 10MycKy Ha BM ATHHU Uo max
Table 8.4 Recommended values for dimple tolerance parameter Uomax

Kitac sxocTi 101ycKy Ha BUTOTOBJICHHS Omnuc Pexomennosane 3HaueHHS Uo max
Fabrication tolerance quality class Description Recommended value of Ug max
Class A excelont 0,006
S
St M

: >
BHYTpIlIHiit
i inward

AH'.OX
>

©0) [Tepme BEMipHOBaHHA Y KOJOBOMY HAIPAMKY
(mmB. 8.4.4(2)a)

b) First measurement on a circumferential circle
(see 8.4.4(2)a)

a) Bumiproranns no Mepuniany (nue. 8.4.4(2)a)
a) Measurement on meredian (see ) 8.4.4(2)a)
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1

1
BHYTP1LIH1H
inward

I

i

Awox

i

L > 1

i

i :

i Lox
apdproBaHHs

! weld v

B) Ilepime BHUMIPIOBAHHA II0 MEPHIlaHy Yepes
3BapHe 3’ €THAHHA

c) First measurementon a meredianacross a weld
(see 8.4.4(2)a)

Low

Aw ow

3BapIOBAHHS
weld

1) JIpyre BUMIpIOBAaHHS Yepe3 3BapIOBaHHS
cremianbHAM Kamibpowm (auB 8.4.4(2)c)

e) Second measurement across a weld with special
gauge (see 8.4.4(2)c)

Pucynox

Figure 8.4
8.45 Jlonyck NJIOIIMHHOCTI MOBEpPXHi
KOHTaKTYy

(1) Skmo iHmIA KOHCTPYKIlS Oe3mepepBHO
OiATpUMYE OOOJIOHKY (Hampukian, QyHaa-
MEHT), 11 BIOXWICHHS BiJ TIUIONIMHU Ha
MOBEPXHI KOHTAKTY HE NMOBHHHE BPaXOBYBATH
YXHJI Y KOJIOBOMY HampsiMi, 10 TIEPEBUIITYE [o.

TTIPUMITKA. vy HanionansHOMY JIOAaTKy
NporHo30BaHui BUOIp Po. PexomeHmyeTbcs 3HaUEHHS
Be = 0,1 % = 0,001 panian.
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r) /Ipyre BHMIPIOBAHHA Y KOJIOBOMY HAIPAMKY
(mue. 8.4.4(2)6)

d) Second measurement on circumferential circle
(see 8.4.4(2)b)

3BaprOBaHHA

Aw,y O
weld \1/ %
Awg Or

AH‘o\v

/. or /L /

Lox Lo or £ ow

¢) BuMipIOBaHHS y KOJIOBOMY HAIPSIMKY depe3
3BaproBaHHA (1uB. 8.4.4(2)B)

f) Measurements on circumferential circle across
weld (see 8.4.4(2)c)

8.4 BumiproBaHHs rauduHE Awo BUXiTHUX BM SITHH
Measurement of depths Awo of initial dimples

8.4.5 Interface flatness tolerance

(1)  Where another structure continuously
supports a shell (such as a foundation), its
deviation from flatness at the interface
should not include a local slope in the
circumferential direction greater than .

NOTE: The National Annex may choose the value of

Bo. The wvalue B = 0,1% = 0,001 radians is
recommended.
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8.5 INPOEKTYBAHHA
3A HAIIPY KEHHAM

8.5.1 Po3paxyHkoBi BeJJHUMHH HATIPYKEHb

(1) Sx po3paxyHKOBI BEIHUYHMHH HAMpPy>KCHb
Ox,Ed, O0Ed 1 Txo,Ed CJIJl TPUAMATH OCHOBHI
3HA4YCHHSI CTUCKAJIBHUX 1 JOTUYHUX MeMOpaH-
HUX  HampyXeHb, OTPUMAHUX  JIiHIHHO-
IPY)KHUM po3paxyHkoMm obononku (LA). B
YMOBaX YHCTOTO OCECHMETPUYHOTO HaBaHTa-
JKEHHs 1 ONUpaHHSA, a TaKOX IPH IHIIUX
MPOCTUX 3’€THAHHSIX HABAHTAXCHb, 3a3BHUYAI
MOJKHA BUKOPHCTOBYBAaTH MEMOpaHHY TEOPI0.

(2) Sk ocHOBHI 3HAYeHHS MEMOPaHHHUX
HalpyXeHb CIiJ] TpUAMATH MaKCUMaJbHi
3HAYCHHST KOXKHOTO HAINPY)KCHHS Ha JaHid
OCBOBIi KOOpJAWHATI B KOHCTPYKIIi, 3a
BUHITKOM BHIIAJIKIB, KOJIU 0c00IUB1
nonoxxeHHs mnpuBeneHi y Homatrky D mo
JaHOTO  CTaHmapty abo y  BiANOBIAHIN
pUKIaaHINA qacTuHi ctanaapty EN 1993,

[NPUMITKA. B pmeskux Bumagkax (HampHKIAL,
CTYIIHYACTI CTIHKH TIPH KOJIOBOMY CTHCKaHHi, IWB.
Honatox D.2.3) ocHOBHI 3Ha4eHHS MeMOPaHHOTO
HaTIpy>KEeHHSI € TIOMIJIKOBHMH 1 TIEPEBHUIIYIOTh PeajbHi
MaKCHMaJlbHI 3HAaYCHHS.

(3) Hdns ocHOBHHUX 3’€HaHb HaBaHTAXCHBb
MeMOpaHHI HamNpyKeHHS MOXKHA TMPUNHHATH
3rigHo 3 onatkom A a6o Jlogatkom C.

8.5.2 Po3paxynkoBuii omip (MimHicTb Ha
MOB3/10BKHiii 3r1H)

(1) Omip BTpaTi 3arajJbHOI CTIHKOCTI CIIiJ
NPEJCTAaBIATH HANpPYKEHHSAMM MpU BTpaTi
3arajbHOI CTIMKOCTI, K BH3HA4YeHO B 1.3.6.
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8.5 STRESS DESIGN

8.5.1 Design values of stresses

(1)  The design values of stresses oxed, 6o,ed
and txe,ed Should be taken as the key values of
compressive and shear membrane stresses
obtained from linear shell analysis (LA).
Under purely axisymmetric conditions of
loading and support, and in other simple load
cases, membrane theory may generally be
used.

(2)  The key values of membrane stresses
should be taken as the maximum value of each
stress at that axial coordinate in the structure,
unless specific provisions are given in Annex
D of this Standard or the relevant application
part of EN 1993.

NOTE: In some cases (e.g. stepped walls under
circumferential compression, see Annex D.2.3), the key
values of membrane stresses are fictitious and larger
than the real maximum values.

3) For basic loading cases the membrane
stresses may be taken from Annex A or
Annex C.

8.5.2 Design resistance (buckling strength)

(1) The buckling resistance should be
represented by the buckling stresses as defined
in 1.3.6. The design buckling stresses should

Po3paxyHKoBI  HampyXeHHs Tpu  BTpari be obtained from:
3arajapHOl CTIIKOCTI 3HaXOJATh 3a
bopmynamu:
Oyrd = Oxrc ! Yuir Oora = Ooric! Ymnr Trora = Tuorri /7/M1. (8.11)

(2) YactkoBuii koediLieHT sl ONOPY BTpaTi
3arajibHOI CTIKOCTI Ym1 CHII PUHHATH 3T1THO
3 BIATMIOBITHUM MPUKIIAQTHUM CTaHAAPTOM.

[MPUMITKA. 3HaueHHS 9acTKOBOro Koe(illieHTa ywm1
MoOke OyTH Bu3HaueHO B HarioHampHOMY JOJATKY.
Sxkmo s gaHoi  QOpMH  KOHCTPYKII —CTaHAApT
BiJICYTHIiif 200 He BU3HAYAE BiAMOBIIHI 3HAYEHHS YMm1, TO
PEKOMEHAYEThCSA HE TPUHAMATH 3HAYCHHS ym1 MCHIIE
HiK ym1 = 1,1,

(2)  The partial factor for resistance to
buckling ym1 should be taken from the
relevant application standard.

NOTE: The value of the partial factor ym1 may be
defined in the National Annex. Where no application
standard exists for the form of construction involved, or
the application standard does not define the relevant
values of ywms, it is recommended that the value of ywm:
should not be taken as smaller than ym: = 1,1.
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(3) XapaktepucTuuHi HapyKEHHS IPU BTPATI

3arajibHOI  CTIMKOCTI IIOBHHHI BHU3HAYATHUCS
MHOXXEHHAM XapaKTePUCTHYHOT MeXi
TEKy4yoCTi Ha Koe]ilieHTH mociaalbieHHs

BTpATH 3arajbHOi CTIHKOCTI :
Oy re = Xx fyk’ Oy rk

(4) Koedimientn mocmabneHHss  BTpaTH
3arajbHO1 CTIHKOCTI yx, o 1 yr CJiJ BH3HAYaTH

K (DYHKI[IFO BIZTHOCHOI THYYKOCTI 000JIOHKH A
3a popmymnamu:

= Z@ fyk' TX@,Rk = Zr fyk /'\/g
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(3)  The characteristic buckling stresses
should be obtained by multiplying the
characteristic yield strength by the buckling
reduction factors y:

(8.12)

(4)  The buckling reduction factors yx, ye
and y: should be determined as a function of

the relative slenderness of the shell 7 from:

z=1 pH/whe A< (8.13)
y=1-p % /13 HpI/I/WhCn - - - (8.14)
Ay =4 Ay <AZA
o
x= /T_ npu/when Z <1 (8.15)

e o — Koe(ilieHT MOCIabIeHHS MPYXKHOTO
nedeKTy;

B — KoedilieHT iHTEpBaATY ITACTUYHOCTI;

T — MOKa3HMK CTYIEHS B3aEMOIIT;

Ao — BITHOCHA THYYKICTh Ha MEX1 MIITHOCTI

[NPUMITKA 1. 3HaueHHS IMX MapaMeTPiB CIiX
npuiiMaTa 3rigHO 3 Homatkom D. Sxmo y Hdomatky D
3HAYCHHS [WX TapaMeTpiB He BHU3HAUYCHI, X MOXHA
3HaliTh B HarioHaieHOMY TOZIATKY.

[MPUMITKA 2. Bupa3s (8.15) omucye HanpyXeHHS MpH
MpYXHIA BTpaTi 3arajpHOi CTIHKOCTI 3 YypaxyBaHHIM
reoMeTpuuHux AedexTiB. Y LbOMY BHIAJKY, SKIIO
MOBE/IiIHKA € TIOBHICTIO IPYXHOIO, XapaKTepUCTHYHE
Hanpy)XeHHS NpPU BTPATi 3arajbHOi CTIHKOCTI MOXKHA
TaKOXX BH3HAYUTH OE3MOCEPEIHBO 3 BHPA3iB: OxRk =

= OxOx,Rer; O0,Rk = 0oG0,Rer 1 Txo,Rk = OleTxo,Rer-

(5) 3HaueHHS BITHOCHOT THYYKOCTI 32 MEXEI0

IIACTUYHOCTI  Ap  CNiJ  BH3HAYAaTH 34
dhopmyroro:

p =
(6) Ilapamerpu  BiTHOCHOi  THYYKOCTI

00O0JIOHKHU ISl PI3HUX CKJIAJ0BUX HAIpPYKEHb
BU3HAYaIOTHCA 32 GOPMYIIaMu:

\’ fyk /O-x Rer

\’ fyklo-eRcr’ ﬂ’ \/fyk/\/_ /TxeRcr

where o is the elastic imperfection reduction

factor;

B is the plastic range factor

n is the interaction exponent

Ao is the squash limit relative slenderness

NOTE 1: The values of these parameters should be
taken from Annex D. Where Annex D does not define
the values of these parameters, they may be given by the
National Annex.

NOTE 2: Expression (8.15) describes the elastic
buckling stress, accounting for geometric imperfections.
In this case, where the behaviour is entirely elastic, the
characteristic buckling stresses may alternatively be
determined directly from Oxrk = OxOxRer, OoRk =

= 0lgGo,Rer 1 Txo,Rk = Ol7Txo,Rer

(5)

slenderness 7, should be determined from:

The value of the plastic limit relative

(8.16)

(6) The relative  shell  slenderness
parameters for different stress components
should be determined from:

(8.17)
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(7) llpy>xH1 KpUTHYHI HAIPY>KEHHS TIPHU BTPATI
3arajlbHOI CTIMKOCTI OxRer, OGoRer 1 TxoRer CILI
OTpUMATH 32  JIOMIOMOTOK  BiATIOBIIHHUX
BupasiB y onatky D.

(8) Sxmo y Homarky D He mnpuBomarbcs
BIANOBIMHI  BUpa3W, TPYXKHI  KPUTHUHI
HaIpy>KCHHsI TIPH BTPATi 3arajibHOi CTIMKOCTI
MOKHAa BHUBECTH 3 YHCEIBHOTO PO3PaXyHKY
LBA 0060y10HKH TTpr KOMOIHAI[iSIX BILTUBIB, 1110
BIJIHOCSITBCSI O BTPATH 3arajibHOI CTIMKOCTI,
Bu3HaueHuXx y 8.1. YMoBH, sKi TIOBHHEH
3a/I0BOJIBHATH LIEW pO3paxyHOK, TUB. B 8.6.2

(5) i (6).

8.5.3 OOmMexeHHsI Hamnpy:KeHb (IepeBipka
MIIIHOCTi Ha MO3/I0BKHiii 3rHH)

(1) He3Baxkaroun Ha Te, 1110 BTpaTa 3arajbHoi
CTiliKOCTI He OOyMOBIIEHA JIHILE HAaIPYXKEH-
HSIMU, TPAaHUYHUA CTaH BTPATH IO3]0BXKHBOI
CTIKOCTI B JaHOMY pO3IiJi MOBUHEH OyTH
MPEACTABICHUHN IIIIXOM OOMEXKEHHS po3pa-
XYHKOBUX BEJTUYMH MEMOpaHHHX HaIPYXKEHb.
BrmmuBoMm 3ruHanbHUX €(QEKTiB Ha MIIHICTh
IIPH TO3/I0BKHHOMY 3THHI MOXKHA 3HEXTYBaTH
3a YMOBH, III0 BOHU BHHHKAIOTh Y PE3yJIbTaTi
BIJIMOBIAHOCTI BUMOTaM CYMICHOCTI TpaHHY-

HUX YMOB. 3rHHaJIbHI HaIlpYXEHHS BIJ
MICIIEBMX  HaBaHTaXeHb a00  TEIUIOBHX
IpaJieHTIB NOTPIOHO  po3MiIAgaTH  3a

CHeL[iaJ'ILHOIO MCETOAHKOIO.

(2) 3amexHO BiA pPEKUMY HaABAHTAKEHHS 1
HampyXeHb CJIiJl BAKOHATU OJHY a00 JeKilbKa
HACTYITHUX TIEPEBIPOK I OCHOBHHX 3HAYCHB
OKPEeMHUX CKJIaIOBUX MEMOpPaHHOTO
HaANPYKCHHS:

Gx,Ed < Gx,Rd

(3) Skmio mpu JaHUX BIUIMBAaX BUHUKAE OJHA 3
TPHOX CKJIQJJOBUX MEMOpPAaHHHX HaNpPYKEHb,

Oped < Ogrd
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(7)  The elastic critical buckling stresses
Ox,Rer, O0,Rer aNd Txo,rer Should be obtained by
means of the relevant expressions in Annex D.

(8)  Where no appropriate expressions are
given in Annex D, the elastic critical
buckling stresses may be extracted from a
numerical LBA analysis of the shell under the
buckling-relevant combinations of actions
defined in 8.1. For the conditions that this
analysis must satisfy, see 8.6.2 (5) and (6).

8.5.3 Stress limitation (buckling strength
verification)

(1)  Although buckling is not a purely
stress-initiated  failure  phenomenon, the
buckling limit state, within this section, should
be represented by limiting the design values of
membrane stresses. The influence of bending
effects on the buckling strength may be
neglected provided they arise as a result of
meeting boundary compatibility requirements.
In the case of bending stresses from local

loads or from thermal gradients, special
consideration should be given.

(2) Depending on the loading and
stressing situation, one or more of the

following checks for the key values of single

membrane stress components should be
carried out:
Txa,Ed < z-><9,Rd . (818)

3 If more than one of the three buckling-
relevant membrane stress components are

IO BIJHOCUTBbCA JIO BTpPAaTH  3arajbHOi present under the actions under consideration,
CTIHKOCTI, CJTiJl BAKOHATH HACTYITHY MEPEBIPKY the following interaction check for the
B3a€EMOIl i1  CKJIIATHOTO  HAMPY>KEHOTO combined membrane stress state should be
CTaHy: carried out:
K, ko k,
O\ Ed Oxkd || 9o.Ed Oy,ed Tx0,Ed
X, E ki X, E A= E x0,E Sl (819)
Ox,Rrd Oxrd J\ Oo,rd Oy ,rd Txo.rd
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e OxEd, O0Ed 1 Txoed — BITHOCATBCA IO
B3aEMOJIi  IpynmM  3HAUYNIUX  BEIUYUH
CTHUCKAJIBHMX 1 JIOTHYHUX  MEMOpaHHUX
Hanpy>kKeHb B 00OJIOHIII, 3HAYEHHS MTapaMeTpiB
B3a€EMO/Iii IIPH MMO30BKHBOMY 3THHI Kx, Ko, Kz 1
ki mpuBeneHi 3rigHo 3 JJomatkom D.

(4) Skmo oxed ab0 Cped € PO3TATAIBHUMH
HaNpy>KeHHsIMH, iX 3HaueHHs y Bupasi (8.19)
CJII/T MPUUAHATH PIBHUMH HYITIO.

MPUMITKA. /1515 MO3M0BXKHBO CTUCHYTHX IMTIHIPIB 13
BHYTPILIHIM THCKOM (1[0 BHKJIHMKA€E KiJBLEBUIN PO3TSIT)
ocoOnuBi monoxeHHs mnpuBeneHi y [omatky D.
PesynbTyroue 3HaUE€HHS Oy Rd BPAXOBYE SK 3MiITHIOIOTHIA
BIUIMB BHYTPIOTHHOTO THUCKY Ha OMip TPYXHIA BTparti
CTIMKOCTI, TaK i MOCIa0II0I0YNii BIUIUB SBUIIA MIPYKHO-
IUIACTUYHOCTI «CIIOHOBOT HOrM» (Bupa3 D.43). Skmio y
Bupasi (8.19) npuiHATH Ge Ed PIBHUM HYIIO, TO OTpHMA-
€MO TOYHUH OIIC MIITHOCTI IIPH MO3I0BXHEOMY 3THHI.

(5) Micus 1 BenWYMHU KOXHOTO 3 MeMOpaH-
HUX HamNpy>KeHb, II0 BIAHOCATHCSA O BTpPATU
3arajibHOi CTIMKOCTI, SIKi BAKOPHCTOBYIOTHCS B
koMOiHamii y Bupasi (8.19), Bu3HaueHi Yy
Honatky D.

(6) SAxmo ymoBa BTpaTH 3arajibHOi CTIHKOCTI
o0oJioHKH He posrsaaerbes B Jonarky D, To
nmapaMeTpy B3aEMOJIi TMPU  TO3JI0BXKHHOMY
3TMHI MOXHa KOHCEPBATHBHO OOYMCIHUTH 3a
JOTIOMOT010 (hOPMYIT:
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where oxed, 60,4 and Txo,eq are the interaction-
relevant groups of the significant values of
compressive and shear membrane stresses in
the shell and the values of the buckling
interaction parameters kx, ko, k. and ki are
given in Annex D.

(4)  Where oxEed Or cokd IS tensile, its value
should be taken as zero in expression (8.19).

NOTE: For axially compressed cylinders with internal
pressure (leading to circumferential tension) special
provisions are made in Annex D. The resulting value of
oxrd accounts for both the strengthening effect of
internal pressure on the elastic buckling resistance and
the weakening effect of the elastic-plastic elephant’s
foot phenomenon (expression D.43). If the tensile ceed
is then taken as zero in expression (8.19), the buckling
strength is accurately represented.

(5)  The locations and values of each of the
buckling-relevant membrane stresses to be
used together in combination in expression
(8.19) are defined in Annex D.

(6)  Where the shell buckling condition is
not included in Annex D, the buckling
interaction parameters may be conservatively
estimated using:

k =10+ (8.20)
ky=10+72 (8.21)
k.=15+0,547; (8.22)
ki =(z2) (8.23)

IPUMITKA. 1li npaBuia MOXYTh IHKOJIH OYyTH IyXKe
KOHCEPBAaTHBHUMH, ajieé BOHH BPaXOBYIOTh J[Ba KpalHiX
BUIAAKHU, SKi, SK BIAOMO, € HAIHHUMHU JJIS BEJIUKOL
KIJIBKOCTI BHUITAAKIB:

a) y IyXe TOHKHX OOOJIOHKaX B3a€MOIiS MK Ox 1 Gp €
IpUOIIM3HO JiHIHHOIO;

b) y ayxe ToBcTMX 000JOHKaX B3aeMofis HalOyBae
XapakTepy B3aemozii Mizeca.

8.6 MPOEKTYBAHHS LIJISIXOM
3ATAJIBHUX YU CJIOBUX
PO3PAXYHKIB I3 BUKOPUCTAHHAM
METOJAIB MNA 1T LBA AHAJII3Y

8.6.1 Po3paxyHkoBi BeJINYMHM BILTUBIB

(1) Po3paxyHKOBI BEJWYMHHM BIUIMBIB CI1]
npuiiMaTh 3rigHo 8.1 (1).

NOTE: These rules may sometimes be very
conservative, but they include the two limiting cases
which are well established as safe for a wide range of
cases:

a) in very thin shells, the interaction between ox and o
is approximately linear;

b) in very thick shells, the interaction becomes that of
von Mises.

8.6 DESIGN BY GLOBAL
NUMERICAL ANALYSIS USING MNA
AND LBA ANALYSES

8.6.1 Design value of actions

(1)  The design values of actions should be
taken asin 8.1 (1).
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8.6.2 Po3paxyHkoBa BeJHYMHA ONOPY

(1) PospaxynkoBuii omip BTpaTi 3arajibHOI
CTIAKOCTI CIIi BU3HA4YaTU [UIIXOM
3aCTOCYBaHHS IiIBULIYBAJIBHOTO KoeillieHTa
FRd 7O  PO3PaXyHKOBUX  3HA4YeHb  Fegg
KOMOiHarii  BIUIMBIB  JUIL  BIAIIOBIJIHOIO
3’€IHAHHS HaBAaHTAKEHb.

(2) PospaxyHkoBuii oOIip BTpaTi 3arajabHOL

criikocti Frg=Trrd-Fed BusHauvaereca 3

IUIACTUYHOTO HOMIHAJILHOTO OIopy
Frpl = rrpl -FEd 1 TPY’XKHOTO KPUTUYHOTO OTIOPY

BTpaTi 3arajbHOi CTiMKOCTI Fer = IRer -FEd,
o0’emHaBIIM 11  BEIWYHMHHM, 3HAXOIATH
XapaKTepUCTHYHUN Omip BTpaTi 3araiabHOi

CTIMKOCTI Frk = rrk -Feq. [Torim IS

OTPUMAHHS PO3PAXYHKOBOTO OMOPY  CIiJ
3aCTOCYBATH YaCTKOBUI KOS(DILI€HT YMm1.

(3) IlmactnyHuii HOMIHAJIBHMM KOe(DIiliEHT
ormopy Irpl (muB. pucyHOK 8.5) mae Oytm
OTPUMAaHMK 32  JOIOMOTOIO (b13U9IHO
HeniHiHoTo po3paxyHky (MNA) sik rpanudHe
IUTACTUYHE HABAHTAXXCHHS TPU MPUKIIAJACHIN
KoMOiHarii BrumBIiB. Sk KoedilieHT 3amacy
lRpl MOXKHA TPUHHSATH HANOLIbIIE 3HAYCHHS,
OTpHMaHe TPH PO3PaxyHKy, 0e3 BpaxyBaHHS
nedopMaIitHoro 3MIiITHEHHS.
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8.6.2 Design value of resistance

(1)  The design buckling resistance should
be determined from the amplification factor
rrd applied to the design values Feq of the
combination of actions for the relevant load
case.

(2) The design buckling resistance
Frda= rrd-Fea should be obtained from the

plastic reference resistance Frpi = rrpl -Fed and
the elastic critical buckling resistance
Fer = rrer -Fed, combining these to find the
characteristic buckling resistance
Frk= rrc-Fed. The partial factor ym: should
then be used to obtain the design resistance.

(3) The plastic reference resistance ratio rrpi
(see figure 8.5) should be obtained by
materially nonlinear analysis (MNA) as the
plastic limit load wunder the applied
combination of actions. This load ratio rrpi
may be taken as the largest value attained in
the analysis, ignoring the effect of strain
hardening.

HABAHTAKEHHS MeXi ITACTHIHOCTI
y Teopii Manux 3MilIeHb
Iz small displacwment theory

, Rpl
HaBanTtaxeHHS B1J

DO3DaXyHKOBHX o

plastic limit load

N

BIIIHBIB

Load factor on
design actions

r

wo dHP

MNA

omiuka 3 JIP

r .
Rpl estimate from LA

JIP LA

kJIBP
LBA

k 3 miHiitHO1 enacTHurii 6idypkamii
I'rer  from linear elastic
bifurcation

~

[ .
Hedopmanis
Deformation

Pucynox 8.5 Bu3HaueHHs IUIaCTHYHOIO0 HOMiHAJILHOTO KoedilieHTa onopy rrpl i
KPHUTHYHOT0 KoedinieHTa onopy BTpaTi 3arajbHoi cTiiikocTi Ircr,
OTPUMAHHMX i3 3aranbHux po3paxyukis MNA i LBA
Figure 8.5 Definition of plastic reference resistance ratio rrp  and critical
buckling resistance ratio rrer  derived from global MNA and LBA

analyses
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(4) SIkmo HEMOXJIMBO BUKOHATH (Pi3MUHO
HeniHidHui po3paxyHok (MNA), miactuyHuit
HOMIHAJIILHUN KOe(ILIEHT OMopy Irpl MOXHA
KOHCEPBATHBHO OOYHCIUTH ILISXOM JIiHIN-
HOro pospaxyHky o6Oononku (LA), BukoHa-
HOTO 3 BUKOPHUCTAHHSM PO3PaXyHKOBUX BEIU-
YUH TPHUKJIAJACHOI KOMOIHAIi BIUIMBIB BiAIMO-
BIIHO 10 HACTYMHOI mpouexaypu. OOumcieHi
PIBHOJIIHI MEMOpPaHHOTO HAIpYy>KEHHS Ny Ed,
Ngea 1 Nwgrea y Oyab-sKii ToULll OOOJIOHKH
BUKOPUCTOBYIOTBCS ISl OILIHKU TUIACTHYHOTO
HOMIHAJILHOTO OTOpY 32 GOPMYJIIOH0:
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(4)  Where it is not possible to undertake a
materially non-linear analysis (MNA), the
plastic reference resistance ratio rrpr may be
conservatively estimated from linear shell
analysis (LA) conducted using the design
values of the applied combination of actions
using the following procedure. The evaluated
membrane stress resultants nxed, Noed and
Nxo,ed at any point in the shell should be used
to estimate the plastic reference resistance
from:

_ ) fyk
ool = T 2 2
\/nx,Ed ~Nyed Ny ea TNy ea Mo (8.24)
OOuuciieHy  TakKuM  YMHOM  HalMEHIIY The lowest value of plastic resistance ratio so

BEJIMYMHY IUTACTUYHOTO KoeillieHTa omopy
CIIi] TPUHHATH SK OLIHKY IUIACTUYHOTO
BiJIHOCHOTO KoedilieHTa onopy Irpl.

[MPUMITKA. HaniiiHy OWiHKY Irpl 3a3BHYail MOXXHA
oTpUMarHu, 3acTocoByroud Bupa3 (8.24) mo uyeps3i B
TPBOX TOYKax OOOJOHKH, B SKHX KOXHE 3 TpPBHOX
PIBHOZIOYHMX MEeMOpaHHHX HANpPYKEeHb, [0 BUHUKAIOTh
BHACNIIJIOK BTPaTH 3arajbHOi CTIMKOCTi, HaOyBae
HaOUIPIIOTO 3HAYCHHA. SIK BINMOBiTHE 3HAYCHHS IRl
NPUAMAETHCS HAWMEHIIE 3 HUX TPHOX 3HAYCHb.

(5) IpyxHuit KpUTHYHHI KOEQILIEHT OMOpY
BTpPATi 3arajbHOI CTIMKOCTI IRer BU3HAUAETHCS
3 pO3paxyHKy BiacHuxX 3HaueHb (LBA) Buko-
pUCTaHOTO JUIsl JIiHIMHO-TIpYHOTro o04Hcie-
HOTO HANpPYXEHOTO CTaHy B TEOMETPUYHO
ineanbHii o6osoHl (LA) mpu po3paxyHKOBHUX
BeJIMYMHAX KoMOiHalii HaBaHTakxeHb. Haii-
MEHIIIe BJIacHe 3HaueHHs (KoedillieHT 3amacy
Oipypkarwii) cmify nOpuiiMaTH AK HOPYKHUI
KPUTUYHUA  KOe(QillieHT  omopy  BTpaTi
3arajbHO1 CTIMKOCTI IRer, TUB. PUCYHOK 8.5.

(6) HeoOximHO TepeBIpUTH  HATINHICTH
BUKOPHUCTAaHOTO  ITOPUTMY  OOYHCIICHHS
BJIACHUX 3HAa4e€Hb MpPU IMOLIYKY BIIACHOTO
BEKTOpA, IKUH BeJle 10 HAMEHIIOr0 BJIACHOTO
3HayeHHsA. [Ipy  BUHHUKHEHHI  CYMHIBIB
HEOOXIHO  OOYMCIMTH  CYCiIHI  BJIACHI
3HA4YeHHs 1 X BEKTOPH Ul OTPUMAaHHS OLIbII
MOBHOI KapTUHU XapaKTepUCTHK Oidypkarii
000s0HKH. Po3paxyHOK Mae BUKOHYBAaTHCA 3
BUKOPHUCTaHHSM TIPOTPAMHOTO 3a0€3TCUCHHS,
MEPEeBIPEHOT0 Ha KOHTPOJBbHUX IMPHKIAZax i3
G13MYHO  TOMIOHMMHM  XapaKTepUCTUKaMH
BTPATH 3arajbHOI CTIHKOCTI.

calculated should be taken as the estimate of
the plastic reference resistance ratio rrpl.

NOTE: A safe estimate of rrp can usually be obtained
by applying expression (8.24) in turn at the three points
in the shell where each of the three buckling-relevant
membrane stress resultants attains its highest value, and
using the lowest of these three estimates as the relevant
value of rgp.

(5)  The elastic critical buckling resistance
ratio rrer Should be determined from an
eigenvalue analysis (LBA) applied to the
linear elastic calculated stress state in the
geometrically perfect shell (LA) under the
design values of the load combination. The
lowest eigenvalue (bifurcation load factor)
should be taken as the elastic critical buckling
resistance ratio rrer, See figure 8.5.

(6) It should be verified that the
eigenvalue algorithm that is used is reliable at
finding the eigenmode that leads to the lowest
eigenvalue. In cases of doubt, neighbouring
eigenvalues and their eigenmodes should be
calculated to obtain a fuller insight into the
bifurcation behaviour of the shell. The
analysis should be carried out using software
that has been authenticated against benchmark
cases with physically similar buckling
characteristics.
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(7) 3aranpHa BiIHOCHA THYYKICTh Aoy JJIS BCi€l
000JIOHKH BU3HAYAETHCS 3a (HOPMYJIOIO:
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(7)  The overall relative slenderness Aoy for
the complete shell should be determined from:

ﬂ_“ov = '\/FRpI /FRcr = '\/erI /chr . (825)

(8) 3aranbHuii koeimieHT OCa0JICHHS BTpaTH
3arajibHOi  CTIMKOCTI Yoy BHM3HAYAETHCSA 3a
dhopmyIoIO:

Aov = f (ﬂ_’ov’

3 BUKOpUCTaHHIM 8.5.2(4), ne

Oov — 3araJlbHUM KOEQILIEHT MPYKHOTO
nedexry

OV — koedilieHT IHTEpBaTY IJIACTUYHOCTI |
Nov — MOKA3YUK CTYIICHS;

Aov,0 — BITHOCHA THYYKICTb.

(9) Ilpu oGuucnerni xKoedimieHTIB Aovo, 'Rov,
Bov 1 TMov CIiI BpaxoBYBaTH YYTIUBICTH [0
nedeKTiB, reOMeTpUYHY HENiHIHHICTh Ta iHIII
acleKTH KOHKPETHOIO BHIIAQJKy BTpaTH 3a-
rajpHOi CTiiiKocTi oO6ononku. KoHcepBaTuBHI
3HaYeHHs LUX [apaMeTpiB MawTh OyTH
BU3HAYEHI MUISXOM MOPIBHSAHHS 3 BI1IOMUMH
BHUIIAJKAMHA  BTPAaTH  3arajibHOI  CTIHKOCTI
obononku (muB. J[omarok D), ski maroTh
CXOXI PEKMMH BTPaTH 3arajbHOi CTIHKOCTI,
CXOKY YYTIHUBICTh 10 He(EKTiB, CXOXKY reo-
METPUYHY HETHIHHICTh, CX0KY YYTJIUBICTD JI0
IJIACTUYHUX JepopMaliiil 1 CX0XKYy MOBEIIHKY
IicNs BTpAaTH 3arajibHOi CTIMKOCTI. 3HAa4YeHHs
lRov TaKOXX TOBMHHE BpaxOBYBaTH BiANOBiA-
HUH KJIac SIKOCTI IOMYCKY Ha BUTOTOBJICHHSI.

MPUMITKA. Cnix yBakHO TimifiTei 10 BHOOPY BiAIoO-
BITHOTO 3HAYEHHS [Roy NPH BHKOPHCTAHHI [HOTO
MiAX0My OO TeoMeTpii OOOJOHOK i 3’€JIHAHH HaBaH-
Ta)XXEHb, KOJU MOXKIHBA MHUTTEBA BTparta CTifkocTi. J[o
TaKAX BUIIAJKIB BIIHOCATHCS KOHIYHI 1 cdepuydHi
KOBIIAKH 1 KYIOJH TiJT Ji€F0 30BHIITHBOTO TUCKY 200 Ha
oropax, sIKi 3/1aTHi 3MIllyBaTHCs PajlialibHO.
BinmoBigHe 3HaueHHS [IRoy CIIJ TAKOXK YBa)XKHO BHOH-
paru, SIKIIO reoMeTpisi 00OJOHKH 1 3’€IHAHHS HaBaHTa-
JKCHb CTBOPIOIOTH YMOBH, BHCOKOYYTJIHMBI JO 3MiH
reoMeTpii, HampuKiIaa, HEMiAKpIIieH] 3’€IHaHHS MIX
MWTHIPUYHAMHA 1 KOHIYHUMH CETMEHTaMH OOOJIOHKH
M7 Ji€l0 MEpUIIOHATBPHUX CTHUCKYBaJbHUX HaBaHTa-
JKCHb (HAIIPHUKIIAM, Y AUMAPSIX).

3a3Buuail peecTpoBaHI HABAHTAXKEHHS MPH TNPYKHIHA
BTpaTi 3arajbHOi CTIMKOCTI OOOJIOHKH JJIsI TaKuX
0COONMMBUX BHWIAJKIB 3aCHOBaHI Ha T'€OMETPUYHO
HENHIHHOMY pO3paxyHKy, BXKHBAaHOMY JIO iAeaibHOI
a0o HeimeanmpHOI TeoMeTpii, sKWi mepembadae
HAaBaHTAXXCHHS, [0 BUKJIWKAE MHTTEBY  BTpATy
3aranpHOi CTiMKOCTi. HaBmakw, BHKOpPHCTOBYBaHa TYT
METOJIOJNIOTisST ~ MpHWMae  HABaHTAXKEHHS  JIIHIHHOI
6idypxamii sIK HOMiHANBHUH NPYKHUH KPUTHIHUH OTIip
BTpPATi 3arajbHOi CTIMKOCTI, sIKa 4acTO Ha0araTo BHIIE
HaBaHTAXXCHHS P MUTTEBIH BTPATi CTIHKOCTI

(8) The overall buckling reduction factor

xov Should be determined as:

v,0!? aov ’ ﬂov’ 770\/)

using 8.5.2 (4), in which

aov IS the overall elastic imperfection
reduction factor;

Bov s the plastic range factor;

nov IS the interaction exponent;

Aovo  limit relative slenderness.

(9)  The evaluation of the factors Aov0, rrov,
Bov and mov should take account of the
imperfection sensitivity, geometric nonlinea-
rity and other aspects of the particular shell
buckling case. Conservative values for these
parameters should be determined by
comparison with known shell buckling cases
(see Annex D) that have similar buckling
modes, similar imperfection  sensitivity,
similar  geometric  nonlinearity,  similar
yielding sensitivity and similar postbuckling
behaviour. The value of rrev Should also take
account of the appropriate fabrication
tolerance quality class.

NOTE: Care should be taken in choosing an
appropriate value of rrey When this approach is used on
shell geometries and loading cases where snap-through
buckling may occur. Such cases include conical and
spherical caps and domes under external pressure or on
supports that can displace radially.

The appropriate value of rrey should also be chosen with
care when the shell geometry and load case produce
conditions that are highly sensitive to changes of
geometry, such as at unstiffened junctions between
cylindrical and conical shell segments under meridional
compressive loads (e.g. in chimneys).

The commonly reported elastic shell buckling loads for
these special cases are normally based on geometrically
nonlinear analysis applied to a perfect or imperfect
geometry, which predicts the snap-through buckling
load. By contrast, the methodology used here adopts the
linear bifurcation load as the reference elastic critical
buckling resistance, and this is often much higher than
the snap-through load.
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[IpoekTHHUI pO3paxyHOK IMOBUHEH BPAaxOBYBATHU IIi JIBa
JpKepella  3HW)KEHOTO OIopY LUISIXOM  BiJIIOBIZHOTO
BHOOPY  3aralpHOr0  KoedillieHTa  MOCIaOJICHHS
NpYy>KHOTO  AedeKTy Irov. Lleii BuOip mMOBHHEH
BpaxoBYBaTH SK €(EeKT T€OMETPUYHOI HEeNiHIHHOCTI
(SIKMIT MOKE TIPU3BECTH IO MUTTEBOI BTPATH CTIHKOCTI),
Tak 1 [JOJATKOBE 3MEHIIEHHS MIMHOCTI, BHK/IMKAaHE
reOMETPUYHUMHU JIeeKTaMH.

(10) Sxmo momokenHst (9) He MOXYTh OyTH
JOCATHYTI 3  BIAMOBITHOK  BIEBHEHICTIO,
HEOOXiTHO TTPOBECTH BiJIIOBITHI BUMPOOYBAaHHS,
muB. ctangapt EN 1990, loxarok D.

(11) Skmo ocobnuBi 3HAYEHHS IRov, Pov, Mov 1

Aovo BimcyrHi B (9) a6o (10), moxHa
BUKOPUCTATH 3HAYCHHS IS IOB3J0BXXKHBO

CTHCHYTOIO  HEMIJIKPIIJICHOro  LWJIIHApA,
muB. D.1.2.2.  fxmo icHye  MOXIJIHBICTh
«XJIOMKa», CIi PO3MVISHYTH  BIiJMOBiIHE

MoJaJblle 3MCHILICHHS I'Rov.

(12) Xapaxrepuctuunuii Koe]imieHT oOmoOpy
BTpaTi 3arajibHO1 CTIHKOCTI Frk OTPUMYIOTH 32
dhopmyIIoIO:

ek = Xov Vet s

ne  Ffrpl —  TUIACTUYHUA ~ HOMIHANBHUUN

KOe(ILIEHT OIOopY.

(13) Po3paxyHkoBHii KoedillieHT OMOpy BTpaTi
3arajbHOi  CTIMKOCTI IRd OTPUMYIOTH 3a
bopmyoro:
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The design calculation must account for these two
sources of reduced resistance by an appropriate choice
of the overall elastic imperfection reduction factor rgoy.
This choice must include the effect of both the
geometric nonlinearity (that can lead to snap-through)
and the additional strength reduction caused by
geometric imperfections.

(10) If the provisions of (9) cannot be achieved
beyond reasonable doubt, appropriate tests
should be carried out, see EN 1990, Annex D.

(11) If specific values of rrov, Pov, Nov and Zovo
are not available according to (9) or (10), the
values for an axially compressed unstiffened
cylinder may be adopted, see D.1.2.2. Where
snapthrough is known to be a possibility,
appropriate further reductions in rrey should be
considered.

(12)  The characteristic buckling resistance
ratio rg, should be obtained from:

(8.26)

where: rgrpi is the plastic reference resistance
ratio.

(13)  The design buckling resistance ratio rgq
should be obtained from:

leg = Tac ! Vuns (8.27)

7€ YM1 — YaCTKOBUHN KOe(DIIIEHT Mg OMopy
BTpPATi 3arajibHOi CTIHKOCTI Yy BIJMOBIJHOCTI 3
8.5.2 (2).

8.6.3 IlepeBipka MminmHOCTIi HA MO3XOBKHIM
3rUH

(1) Heob6xinHO mepeBipuTH, 1110:

where: ywm1 is the partial factor for resistance to
buckling according to 8.5.2 (2).

8.6.3 Buckling strength verification

(1) It should be verified that:

Feg < Frg =y - Fryg a00/0r Iy >1 (8.28)
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8.7 HNPOEKTYBAHHS HIJIAXOM
3ATAJIBHUX YU CJIOBUX
PO3PAXYHKIB I3 BUKOPUCTAHHAM
METOJAIB GMNIA PO3PAXYHKY

8.7.1 Po3paxyHKoBi 3Ha4YeHHs BILUIUBIB

(1) Po3paxyHKOBI BeJIMYHH BIUIMBIB MOTPIOHO
npuiiMaTe BianosigHo a0 8.1 (1).

8.7.2 Po3paxyHKkoBe 3HAUCHHS OIOPY

(1) PospaxyHkoBuii ormip BTpaTi 3arajabHOL
CTIMKOCTI  clifg BU3HAYATH y  BUIJISAL
koedimienTa 3amacy IR, SKAWA 3aCTOCOBYETHCS
70 PO3paxyHKOBUX 3HaueHb Fed KoMOiHamil
BIUIMBIB i1  BIANOBIZHOrO 3’ €QHAHHSA
HABaHTAXCHb.

(2) XapakrepucTHuHUI KOE]IliEHT oOmopy
BTpaTi 3arajibHOi CTIHKOCTI IRk Mae OyTH
OTpUMaHUil 13 HeimeanpHOro Koedilienra
NPY>KHO-TIJIACTHYHOTO OIOPY BTPaTi 3araibHOi
CTIHKOCTI  RGMNIA, ~ CKOPEKTOBAaHOIO  Ha
KamiopyBagbHuil  koedimieHT Kemnia.  Toi
PO3paxyHKOBHH KOEQIIIEHT OMOpy BTpaTi
3arajgbHOl  CTIMKOCTI IRy 3HAXOOATH 13
BUKOPHUCTaHHSAM YaCTKOBOT'O Koe]imieHTa ym1.

(3) 1llo6 Bu3HAUMTH HEigcaTbHHUI KOeDIieHT
MPY>KHO-TUTACTUYHOTO OIMOpY BTPaTi 3arajibHOl
CTIMKOCTI I'RGMNIA, HEOOXITHO BHKOHATH
po3paxyHok GMNIA reomerpuuHo Heifeanb-
HO1 OOOJIOHKM TpH TPHUKJIAACHIN KOMOIHaIii
BIUIMBIB y MO€HAHHI 3 PO3PAaXyHKOM BJIACHUX
3Hau€Hb JUI1 BUSBJICHHS MOXJIMBHX Oidyp-
Kalliil Ha TPaeKTOpii 3MIHM HaBaHTaKEHHSL.

MMPUMITKA. Skuio riacTUYHICTh CYTTEBO BIUIMBA€E Ha
omip BTpari 3arajbHOl CTIMKOCTI, CIii YBaXHO
MEepeBIpUTH YM TIPOTHO3YE TPUHHSATHH  Xapakrep
nedexry mesiki nedopmaliii 3cyBy 0 BTpaTu 3arajibHOi
CTIMKOCTI, OCKIIbKA MOAYJIb 3CYBY IIyXK€ YYTJIMBHH 0
MaJMX IDIacTHYHMX — aedopmaniit. Ilpum  geskux
npoOiemMax BTpaTH 3arajJbHOi CTIMKOCTI O0OOJOHKH
(HampuKIilag, BTpaTa CTIMKOCTI NpH 3CYBI KOJOBHUX
IUIACTUH), SKIIO LeH eQpeKT He BpaxOBYEThCH,
pO3paxyHOK BIIACHMX 3Ha4e€Hb MOXeE JaTH 3HAYHO
3aBUILEHY OLIHKY NPYXXHO-IUIACTUYHOTO OIOpY BTparti
3arajbHOi CTIHKOCTI.

(4) Cnouarky HEOOX1aHO BUKOHATH
po3paxyHok LBA ineanbHOi KOHCTpPYKIIii, 100
BU3HAUUTHU TNPYXKHUN KPUTUIHUM KOEQIIEHT
OTOpYy BTpaTi 3arajdbHOi  CTIAKOCTI  IRer
imeanpHOi 0OosoHKM. [lOoTiM cCilii BUKOHATH
po3paxyHok MNA igeanbHOT KOHCTpPYKIIi,
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8.7 DESIGN BY GLOBAL
NUMERICAL ANALYSIS USING GMNIA
ANALYSIS

8.7.1 Design values of actions

(1)  The design values of actions should be
taken as in 8.1 (1).

8.7.2 Design value of resistance

(1)  The design buckling resistance should
be determined as a load factor rr applied to the
design values Feq of the combination of
actions for the relevant load case.

(2)  The characteristic buckling resistance
ratio rrx should be found from the imperfect
elastic-plastic ~ buckling  resistance ratio
rremnia, adjusted by the calibration factor
kemnia. The design buckling resistance ratio
rra should then be found using the partial
factor ym1.

(3) To determine the imperfect elastic-
plastic buckling resistance ratio rrcmnia, a
GMNIA analysis of the geometrically
imperfect shell under the applied combination
of actions should be carried out, accompanied
by an eigenvalue analysis to detect possible
bifurcations in the load path.

NOTE: Where plasticity has a significant effect on the
buckling resistance, care should be taken to ensure that
the adopted imperfection mode induces some pre-
buckling shear strains, because the shear modulus is
very sensitive to small plastic shear strains. In certain
shell buckling problems (e.g. shear buckling of annular
plates), if this effect is omitted, the eigenvalue analysis
may give a considerable overestimate of the elastic-
plastic buckling resistance.

(4) An LBA analysis should first be
performed on the perfect structure to
determine the elastic critical buckling
resistance ratio rrer Of the perfect shell. An
MNA should next be performed on the perfect
structure to determine the perfect plastic
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mo0 BHU3HAYUTH I1ACUIBHUAN  IUIACTUYHUI
HOMIHaNBHUN KoedimieHT omopy Frpl. Lli 1Ba
Koe(iIieHTH Ormopy MOTIM CJiJI BHKOPUCTO-
BYBaTH ]ISl BU3HAYCHHS 3arajbHOI BiTHOCHOT

THY4KoCTi Aoy BCi€i OOOJIOHKH 3TiHO 3
BHUpa3oMm &.25.

(5) Horim cain Bukonatu pozpaxynok GMNA
iIeapbHOl  KOHCTPYKINi, 100 BHU3HAYHUTH
imeanpbHUi KOeQIIIEHT MPYKHO-TIACTUYHOTO
OTOpy BTpaTi 3arajabHOI CTIHKOCTI IR GMNA.
Leit  xoediumienT  omopy Mae  Oytu
BUKOPHUCTAHHMK Ii3HIIIE 100 TEPEeBIpUTH, YU
epekT BHOpPaHHUX TEOMETPUYHUX JEPEKTIB
MPOTHO3y€ 3HAYHUN HETAaTHBHHUU BIUIMB, IO
3a0e3neuye OTPUMAaHHS HAWMEHIIOTO OIOpY.
Pozpaxynok GMNA mnoBHHEH BHKOHYBATHCS
NpU TPUKIAJCHIH KOMOiHamii HaBaHTaXXeHb Y
MOEJHAHHI 3 PO3PaxXyHKOM BJIACHUX 3HAYCHBb
JUIS  BUSIBJICHHS MOXUTMBHX Oidypkamiii Ha
TPA€EKTOPIi 3MIHM HAaBAaHTAKCHHSI.

(6) HeigeanpHuii  koeillieHT  MPYKHO-
IUTACTUYHOTO  OMOpY  BTpaTi  3arajibHOi
CTIMKOCTI IRGMNIA CHIiJ BH3HAYUTH SIK
HaliMeHIMid Koe(ilieHT 3amacy IR, OTpUMa-
HUN 3a TppOMa HacTynmHuUMH Kputepismu Cl,
C2 1 C3, nuB. pucyHok 8.6:

Kpurepiit Cl: MakcumanbHuil  KoegilieHT
3amacy Ha KpHBIM «HaBaHTa)XeHHs-Iedop-
Mailis» (TpaHUYHE HaBaHTaXKEHHS);

Kpurepiit C2: Koediuient 3anacy Oidypxarii,
SKII0O BOHA MA€ Miclle BIPOJIOBXK TPAEKTOPIi
HABaHTAXEHHA JI0 JOCSTHEHHS TPaHUYHOI
TOYKU KPUBOI «HaBaHTaXEHHs-AedopMarisny;
Kpurepiit  C3: Haii0inpma  gomyctuma
nedopmartisi, KO BOHA MA€ MICIE BIIPOJIOBXK
TPAaeKTOpii HABAaHTAXKEHHA [0 JOCATHEHHS
HaBaHTaXeHHA Oiypkauii abo TpaHUYHOTO
HaBaHTaXCHHSI.

(7) Haitbinpma momyctuma nedopmaitis mae
OyTH OIliHEHa TO BIJHONIICHHIO /O YMOB
KOHKpETHOI KOHCTPYKIIii. fIKII0 BiACYTHI 1HIII
3HA4YeHHs, MOKHA BBaXKaTW IO HaiOiIbIIa
nomyctuMma nedopmariiss  Oyna  AOCATHYTA,
KOJMM  HAWOIMbIIMIT ~ MICHEBUH  TOBOPOT
MOBEPXH1 000JIOHKH (yXUJI MOBEPXHI BITHOCHO
il BUXinHOi reomeTpii) HaOyB 3HaUEHHS f3.

[NPUMITKA. V HamioHansHOMY IOIATKy Tepe.-
6aueHnii BUOip 3HaueHHS 3. PekoMeHayeThCS 3HAYCHHS
B =0,1 pamian.
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reference resistance ratio rrp. These two
resistance ratios should then be used to

establish the overall relative slenderness Aoy
for the complete shell according to expression
8.25.

(5 A GMNA analysis should then be
performed on the perfect structure to
determine the perfect elastic-plastic buckling
resistance ratio rremna. This resistance ratio
should be used later to verify that the effect of
the chosen geometric imperfections has a
sufficiently  deleterious effect to give
confidence that the lowest resistance has been
obtained. The GMNA analysis should be
carried out under the applied combination of
actions, accompanied by an eigenvalue
analysis to detect possible bifurcations in the
load path.

(6)  The imperfect elastic-plastic buckling
resistance ratio rr,cmnia should be found as the
lowest load factor rr obtained from the three
following criteria C1, C2 and C3, see figure
8.6:

Criterion C1: The maximum load factor on
the load-deformation-curve (limit load);

Criterion C2:  The bifurcation load factor,
where this occurs during the loading path
before reaching the limit point of the load-
deformation-curve;

Criterion C3: The largest tolerable
deformation, where this occurs during the
loading path before reaching a bifurcation load
or a limit load.

(7)  The largest tolerable deformation
should be assessed relative to the conditions of
the individual structure. If no other value is
available, the largest tolerable deformation
may be deemed to have been reached when the
greatest local rotation of the shell surface
(slope of the surface relative to its original
geometry) attains the value .

NOTE: The National Annex may choose the value of
B. The value § = 0,1 radians is recommended.
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1R, rMapBg HalMEHIIe 3 MOXKIHBHX BHMIDIOBaHb

PO3paxyHKOBHX A\
BILTHBIB

Load factor on
design actions

r

rr. gmnia 1s the lowest of these alternative
meéasures

[Tepma Ge3meuna BiAMITKa TPaHHUIN TEKYJOCTI
First yield safe estimate

T >

MosxmBa JomycTHMa fedopmanis
largest tolerable deformation

> Hedopmanis
Deformation

Pucynoxk 8.6 BusHauyeHHs omopy BTpaTi 3arajbHOi CTiliKOCTi i3 3arajbHoro0

po3paxynky GMNIA

Figure 8.6 Definition of buckling resistance from global GMNIA analysis

(8) KoHcepBaTHBHY OIIIHKY HEiJIeaTbHOTO
Koe(illieHTa MPYXHO-IJIACTUYHOTO  OMOPY
BTpaTi 3arajbHOI CTIHKOCTI IRGMNIA MOXKHA
oTpuMaTH 3a gornomorow pospaxyHky GNIA
rE€OMETPUYHO HeileanbHOI O00OJIOHKH TpHU
MpUKIaeHid KOoMOiHAIll BIUTUBIB. Y IIbOMY
BUMAJAKY JJIsl BH3HAYCHHS HANMEHIIOTrO
KoedillieHTa 3amnacy r He0O0XiJHO BUKOPHCTO-
BYBAaTH HACTYIHI KPUTEPIi:

Kpurepiit C4: Koeoiuient 3anacy, npu sikomy
€KBIBAJICHTHE HANpYXXEHHs y HalOUIbII
HanpyKeHii Touli Ha MOBEpPXHI OOOJIOHKHU
JIOCSITa€  PO3PAXyHKOBOTO 3HAYEHHS MEXI1
teky4docTi fyg = fyk / Ymo, AuB. prucyHOK 8.6.

[PUMITKA. Cunig 3a3HauuTH, mo po3paxyHku GMNA,
GMNIA i GNIA moBHHHI 3aBXI1 BUKOHYBATHUCS NPHU
peryjispHAX NepeBipKkax BIIACHUX 3HA4YeHb, MI00
rapaHTyBaTl BHSBJICHHS MOXJIMBOI Oidypkanii Ha
TPAEKTOPIi 3MIHH HABAHTAYKCHHSL.

(9) lIpu popmymroBanHi pozpaxynky GMNIA
(a60 GNIA) HeoOXiaHO BHECTH BiJIITOBIIHI 1TO-
NpaBKH JJs1 BpaxyBaHHS BIUIMBY Je(EKTiB,
SKOTO HE MOXXHA YHHKHYTH Ha TIPaKTHII,
BKJIIOYAIOYH:

a) reOMEeTPHUYHI IePEeKTH, TaKi fK:

BIIXHJIEHHSI BiJi HOMIHAJIBHOI TE€OMETPHUYHOT
dbopMu cepenlMHHOI TMOBEpXHI (IomepeaHi
nedopmMartii, HEKPYTIiCTh);

HEOJIHOPITHOCTI B 3BApHUX IIBaX ab0 MobIu3y
HUX (HEBENUKI EKCLEHTPUCHTETH, YCaJKa,
HETOYHOCTI KPUBU3HHU MTPOKATKH);

(8) A conservative assessment of the
imperfect elastic-plastic buckling resistance
ratio rr,cmnia may be obtained using a GNIA
analysis of the geometrically imperfect shell
under the applied combination of actions. In
this case, the following criterion should be
used to determine the lowest load factor rg:

Criterion C4: The load factor at which the
equivalent stress at the most highly stressed
point on the shell surface reaches the design
value of the vyield stress fys = fyk / ymo, see
figure 8.6.

NOTE: It should be noted that GMNA, GMNIA and
GNIA analyses must always be undertaken with
regular eigenvalue checks to ensure that any possible
bifurcation on the load path is detected.

9) In formulating the GMNIA (or GNIA)
analysis, appropriate allowances should be
incorporated to cover the effects of
imperfections that cannot be avoided in
practice, including:

a) geometric imperfections, such as:

deviations from the nominal geometric shape
of the middle surface (pre-deformations, out-
of- roundness);

irregularities at and near welds (minor
eccentricities, shrinkage depressions, rolling
curvature errors);
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BIIXWJICHHS B1J HOMiHAJBbHOI TOBIIVHU;
HE/IOCTaTHS PIBHICTH OMOD;

b) nedexTn matepiany, Taki AK:

3aJIMIIKOBI HANpPY)KEHHS, BUKJIMKaHI MpPOKaT-
KO0, TIPECYBaHHSIM, 3BapPIOBAHHSAM, PUXTYBaH-
HSIM TOIIIO;

HEOIHOPITHOCTI Ta aHI30TPOITis.

ITPUMITKA. [JomaTkoBI MOKJIMBI HETaTHUBHI BILIUBU
Ha HeiJeadbHUIl KOE(IIIEHT NPYKHO-IUTACTHYHOTO
omopy BTpaTi 3arajbpHOi CTIHKOCTI FrGMmNIA, TaKi SIK
OCiJiaHHs TPYHTY a00 THY4YKICTh 3’€JJHAaHb YH OIOp, HE
KIacU(iKyIOThCs K IePEeKTH B paMKax IIUX MOJIOKEHb.

(10) Hedextn wmaroTh OyTH BpaxoBaHi B
po3paxynky GMNIA nusixoMm BKIIOYEHHS
BIINOBITHUX  JIOJATKOBHX  BEIHYUH Y
PO3paXyHKOBY MOJEIb Ui  YUCEIHLHOTO

PO3paxyHKYy.

(11) [edextn, 3aramom, MamTh OyTH
IPE/ICTaBICHI 32 JIOTIOMOTOI0 EKBIBaJIEHTHUX
TCOMETPUYHUX JEPEKTIB y BUTIISAII BUXITHUX
BIIXWICHb (OPMH, MEPHCHIUKYIIPHUX JIO
CepeIMHHOI TTOBEPXHI 1/IeaTbHOT 00OJIOHKH, 32
BUHITKOM BHUIAJKiB, KOJH BHKOPHCTOBYETHCS
Kpamuii  cmoci6.  CepeauHHa — TOBEPXHS
reOMETPUYHO HeigeaabHOI OOOJOHKH Mae
OyTM  OTpHUMaHa IUIIXOM  CYINEpPIO3UIil
€KBIBAJEHTHUX T'€OMETPUYHUX Je(PEeKTiB Ta
reoMeTpii i/1eaqTbHOT 000JIOHKH.

(12) TloennaHHS EKBIBAJICHTHUX TI'€OMETPUY-
HUX JedekTiB Mae OyTh TakuM, 11100
BpaxyBaTH HaWOUIbII HECTIPUATIWBHMA BIUIHB
Ha KOe(]ilieHT HeilealbHOCTI MpPY)KHO-TIac-
TUYHOTO OIOpY BTpaTi 3arajabHOi CTIMKOCTI
I'RGMNIA O0OJIOHKH. SKIO HalcpusTINBIIIE
3’€¢IHaHHS HE MOXXHA IIBUAKO BHU3HAYUTH 3
JOCTaTHbOIO TOYHICTIO, PO3PAaXyHOK MOBHHEH
BUKOHYBATHCS IS JIOCTaTHBOI  KUIBKOCTI
pI3HUX TMO€JHAHb Je(eKTiB, 1 HeoO0XiTHO
BU3HAUUTU HAWTipmIMi BUNAAOK (HaiiMeHIe
3HAYEHHS 'R GMNIA)-

(13) HeoOxigHO BUKOPUCTOBYBATH IO€THAH-
HSI, CXOX€ 3 BJIACHUM BEKTOPOM, 332 BUHITKOM
BUMAJIKIB, KOJU MOXKHa OOTpPYHTYBaTH iHILE
HECTIPUATIIUBE TTOETHAHHS.

[MPUMITKA. [ToenHaHHs, CXOXKeE 3 BIACHUM BEKTOPOM,
L€ KPUTHYHUHA PEXHUM BTpPATH 3arajibHOI CTIHKOCTI 3
NPY>KHUM KPUTHYHUM KOe(il[iEeHTOM BTPAaTH 3arajbHOi
CTIMKOCTI IRer, 3aCHOBaHMM Ha po3paxyHKy LBA
11eaJIbHOT 00OJIOHKH.
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deviations from nominal thickness;

lack of evenness of supports.

b) material imperfections, such as:

residual stresses caused by rolling, pressing,
welding, straightening etc.;

inhomogeneities and anisotropies.

NOTE: Further possible negative influences on the
imperfect elastic-plastic buckling resistance ratio
rremnia, SUCh as ground settlements or flexibilities of
connections or supports, are not classed as
imperfections in the sense of these provisions.

(10) Imperfections should be allowed for in
the GMNIA analysis by including appropriate
additional quantities in the analytical model
for the numerical computation.

(11) The imperfections should generally
be introduced by means of equivalent
geometric imperfections in the form of initial
shape deviations perpendicular to the middle
surface of the perfect shell, unless a better
technique is used. The middle surface of the
geometrically imperfect shell should be
obtained by superposition of the equivalent
geometric imperfections on the perfect shell
geometry.

(12) The pattern of the equivalent geometric
imperfections should be chosen in such a form
that it has the most unfavourable effect on the
imperfect elastic-plastic buckling resistance
ratio rremnia Of the shell. If the most
unfavourable pattern cannot be readily
identified beyond reasonable doubt, the
analysis should be carried out for a sufficient
number of different imperfection patterns, and
the worst case (lowest value of rrcmnia)
should be identified.

(13) The eigenmode-affine pattern should be
used unless a different unfavourable pattern
can be justified.

NOTE: The eigenmode affine pattern is the critical
buckling mode associated with the elastic critical
buckling resistance ratio rp,, based on an LBA analysis

of the perfect shell.
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(14) Mopenp eKBiBaICHTHHX TE€OMETPUYHHX
neQeKTiB MMOBUHHA, 32 MOMKIUBOCTI,
HECTIPUSTINBUM YHHOM BiZJOOpakaTu
€JIEMEHTH KOHCTPYKLIi Ta TPaHU4HI YMOBH.

(15) Beymepeu (13) i (14) momem MoXHa He
pO3IIISIIaTH, SKIIO BOHM  HEPEaTiCTUYHI,
BUXOAAYM i3  Cmoco0y  BHUTOTOBIJICHHS,
BUPOOHMIITBA 00 MOHTAXKY.

(16) Cnig BUBUMTH KOPEKTYBAaHHSI IPUHHITOTO
PSKUMY TEOMETPUYHHX JE(PEKTIiB 3 METOI0
BKJTFOUCHHS €JIEMEHTIB KOHCTPYKIi (TakKuX sIK
OCECUMETPHUYHI TOTTHOJICHHS 3BAPHHUX IIIBIB).

TTPUMITKA. Hamionansauit JIOOATOK MOJXKe
BCTAHOBJIIOBAaTH  JOJATKOBI BHMOI'H JO  OLIHKH
BiNOBiTHUX MoAeJeH ae]eKTiB.

(17) 3Hak exBIBaJIGHTHUX TI'E€OMETPHUYHUX
nedextiB Mae Oytu BuOpaHMl Tak, 0100
MaKCHMaJbHI BHXITHI BIIXWICHHS (QopMu
Oy/M HECTPUSTIUBO OPIEHTOBAHI y HANPSIMKY
710 LIEHTPY KPUBU3HHU OOOJIOHKH.

(18) Benuuwmny mnpuiiHsITOl (GOpMHU €KBiBa-
JEHTHOTO TeOMeTpUYHOro aedekry ciin
NpUAMAaTH 3aJIeKHO BiJ KJIaCy SIKOCTi AOIYCKY
Ha BUTOTOBIICHHS. MakcHMasbHE BiIXWICHHS
reoMeTpii  eKBiBaJIEHTHOrO jae(deKTy  BiJ
i1eanbHOl opMH AWoeq Mae JIOpIBHIOBATH
O1bIIOMY 13 3HaYeHDb AW0 eq,1 1 AWo,eq,2, 1€

EN H b 1993-1-6:2011

(14) The pattern of the equivalent geometric
imperfections should, if practicable, reflect
the constructional detailing and the boundary
conditions in an unfavourable manner.

(15) Notwithstanding (13) and (14), patterns
may be excluded from the investigation if
they can be eliminated as unrealistic because
of the method of fabrication, manufacture or
erection.

(16) Modification of the adopted mode of
geometric imperfections to include realistic
structural details (such as axisymmetric weld
depressions) should be explored.

NOTE: The National Annex may define additional
requirements for the assessment of appropriate patterns
of imperfections.

(17) The sign of the equivalent geometric
imperfections should be chosen in such a
manner that the maximum initial shape
deviations are unfavourably oriented towards
the centre of the shell curvature.

(18) The amplitude of the adopted equivalent
geometric imperfection form should be taken
as dependent on the fabrication tolerance
quality class. The maximum deviation of the
geometry of the equivalent imperfection from
the perfect shape Awoeq should be the larger of
AW eq,1 and AWoeq,2, Where:

AWO,eq,l = I nl» (829)
AWO,eq,Z =n -1 'Unz 1 (830)

ne lg — BCl 3HaAuymli JOBXKHHU Kamiopy y
BiamoBigHOCTI 3 8.4.4 (2);

t — MicIieBa TOBIIMHA CTIHKH O0OJIOHKH;

Ni — MHOXHHK A7 3100yTTS BiAMOBITHOTO
PiBHS JOITYCKY;

Un1 1 Un2 — mapaMeTpu BeTMYMHU BM SITHH JUIS
BIIMIOBITHOTO  KJAacy SIKOCTI JOMYCKy Ha
BUTOTOBJICHHSI.

[MPUMITKA 1. B HamionansHOMY 0aTKy MOXe OyTH
nepenbadeHnii BUOIp 3HauYeHHS Ni. PekoMeHmyeThCs
3Ha4yeHHs N; = 25.

IMPUMITKA 2. 3HayeHHs s MapaMmerpa IOMYCKY
BM’atiH Upp 1 Up, MokHa y3aTH 3 HamioHaibsHOTO
JoJlaTKa. 3HAYCHHs, 10 PEKOMEHIYIOThCsI, IPUBEIEH] B
Tabmii 8.5.

where: Iy is all relevant gauge lengths

according to 8.4.4 (2);
t is the local shell wall thickness;

ni is a multiplier to achieve an appropriate
tolerance level;

Un: and Un2 are the dimple imperfection
amplitude parameters for the relevant
fabrication tolerance quality class.

NOTE 1: The National Annex may choose the value of
ni. The value n; = 25 is recommended.

NOTE 2: Values for the dimple tolerance parameter Un;
and Un, may be obtained from the National Annex. The
recommended values are given in Table 8.5.
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Tadanusa 8.5 PexomenaoBani 3HaueHHsI mapaMeTpiB BeaunduHH BM SITHH Un1 i Unz
Table 8.5 Recommended values for dimple imperfection amplitude parameters Un: and Un2

PexomennoBane PexomennoBane
Kiac axocTi 1ommycKy Ha BUTOTOBJICHHS Omnmc 3ra9eHHSA Unt 3Ha4eHHSA Un?
Fabrication tolerance quality class Description Recommended Recommended
value of Uny value of Upy
Kmac A BingMinuuii
Class A Excellent 0,010 0,010
Knac B Bucoxunii
Class B High 0,016 0,016
Knac C Hopmanbauii
Class C Normal 0,025 0,025
(19) BenuunmHa TreOMETPUYHOTO JCPCKTY B (19) The amplitude of the geometric

NPUHAHATIA MOJENI EKBIBAJIGHTHOTO TE€OMET-
pudHOro JnaedexkTy TOBHHHA BiJNOBIAATH
JOBXKMHI Kaniopy, BctaHoBleHOMY B 8.4.4 (2),
SIKMM BOHA BU3HAYA€THCS.

(20) Kpim TOro, HEOOXITHO TEPEBIPUTH, YU
pPO3paxyHOK, TIpH SKOMY BpaXxOBYIOThHCS
nedektu 3 BenuumHO Ha 10 % wMeHme
3Ha4YeHHS AWoeq, 3HaineHoro B (18), He mae
MEHIIIOTO 3HAYCHHS JJIA KoedillieHTa I'R,GMNIA.
SIkio OTPUMAHO MEHIIIE 3HAYCHHS,
MPOLEYPY CIiJ MOCIiJOBHO MOBTOPUTH, 100
3HAWTH HAaWMEHIIE 3HAYCHHsS KoedilieHTa
I'R,GMNIA Y MIpY 3MiHU BEIHUYUHHU.

(21) Sxmo MOXIUBI CyNyTHI e(eKkTu BiJ
HaBaHTa)XXEHHsI, TO CIiJ a00 BKIIOYUTH iX Y
PO3paxyHOK, abo MmepeBipuTH, 100 X BILTUB
OyB HE3HAYHUM.

(22) Jns KOXKHOTO OOYHMCIICHOTO 3HAYCHHS
HelJlealIbHOTO Koe(illieHTa NpYy>KHO-TIaCTHY-
HOTO OMOpY BTpaTi 3arajbHOi CTIHKOCTI
lRGMNIA HEOOXIJHO BH3HAYWUTHU BiJHOIICHHS
HelJealbHOTO onopy 10 171eabHOTO
(rr,GMNIA/TR.GMNA) 1 TIOPIBHSATH 13 3HAYEHHSIMHU
R, 3HaWIEHMMHM 3a JOIOMOror 8.5 i
HNonatka D, mo6 mnepeBipuTH, 4u BUOpaHUI
reoMeTpUYHUN JedeKT BIUIMBAE HETaTHBHO,
MOPIBHSIHO 3  BIUIMBOM, OTPUMaHUM  BiJ
HIDKHBOT MEXI1 pe3yJIbTaTiB BUIIPOOYBaHb.

[MPUMITKA. Sxmo omip BU3HAYa€ThCAd e(pEeKTaMH
[UIACTUYHOCTI, BigHOWmICHHS (Fremnia/TRGMNA) — Oyie
3HayHO Oinbime KoedimieHTa MmociaabiIeHHS MPYKHOTO
nedexTy a, i He ouiKyeTbCsl OB OMKYE MOPIBHIHHS.
IIpote, sKIIO OMiIp BHU3HAYAETHCS SIBUIEM BTPaTH
3arajbHOi CTIMKOCTI, sIKE € B 3HA4YHIA Mipi NPYXHUM,
BigHOmEHHS (rRGMNIA/TRGMNA) Ma€ OYTH JIMIIE TPOXH
OinpIIMM 3a 3HAYEHHS, BHM3HAUEHE 32 JIONIOMOTOIO
PYYHHX pPO3paxyHKiB, 1 CIIiJ] BpaxyBaTH UHMHHHKH, IO
MIPU3BOJIATH /10 OUIBII BUCOKOTO 3HAUYEHHS.

imperfection in the adopted pattern of the
equivalent geometric imperfection should be
interpreted in a manner which is consistent
with the gauge length method, set out in
8.4.4 (2), by which it is defined.

(20) Additionally, it should be verified that an
analysis that adopts an imperfection whose
amplitude is 10% smaller than the value Awoeq
found in (18) does not yield a lower value for
the ratio rremnia. If a lower value is obtained,
the procedure should be iterated to find the
lowest value of the ratio rrewmnia as the
amplitude is varied.

(21) If follower load effects are possible,
either they should be incorporated in the
analysis, or it should be verified that their
influence is negligible.

(22) For each calculated value of the imperfect
elastic-plastic buckling resistance rr.cewmnia, the
ratio of the imperfect to perfect resistance
(rremnia/Tromna) should be determined and
compared with values of rr found using the
procedures of 8.5 and Annex D, to verify that
the chosen geometric imperfection has a
deleterious effect that is comparable with that
obtained from a lower bound to test results.

NOTE: Where the resistance is dominated by plasticity
effects, the ratio (rrcemnia/fremna) Will be much larger
than the elastic imperfection reduction factor a, and no
close comparison can be expected. However, where the
resistance is controlled by buckling phenomena that are
substantially elastic, the ratio (rscemnia/rremna) should
be only a little higher than the value determined by
hand calculation, and the factors leading to the higher
value should be considered.
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(23) HapniiHICTP YHUCITOBOTO BU3HAYCHHS
HelJIeaIbHOTO KoedilieHTa MPY>KHO-
IUIACTUYHOTO ~ OMOpY  BTpaTi  3arajbHOi
CTIMKOCTI FRGMNIA CIIiJI TIEPEBIPUTH OJHUM i3
HACTYITHUX aJIbTEPHATUBHUX METO/IB:

a) BUKOPHCTOBYIOYHM OJIHY MpOTpaMmy JUIs
PO3PaxXyHKY 3HAYEHb I'RGMNIAcheck IS 1HIIMX
BUIIAJKIB  BTpaTH  3arajbHOi  CTIHKOCTI
OOOJIOHKM, [IJI1 SKHAX BIiZOMI 3HAYEHHS
XapaKTepUCTHYHOTO  KoedimieHTa  omopy
BTpaTi 3arajbHOi  CTIMKOCTI  FRkknown,check-
[lepeBipHi BUMAaAKW TOBHHHI BHKOPHCTO-
BYBaTH IO CYyTI CXOXI MPUIYIIEHHS 100
nedekTiB 1 MaTH TOMIOHI mapaMerpH, IIIo
KOHTPOJIOIOTh BTpaTy 3arajbHOi CTIHKOCTI
(Taki sK BIOJHOCHa THYYKICTb OOOJIOHKH,
MOBE/IHKA ITiCIIs BTPATH 3arajibHOi CTIHKOCTI,
YyTIUBICTh 10  Je(eKTiB, TeoMeTpHUYHa
HETIHIMHICTD 1 XapaKTePUCTUKHU MaTepiany);

D) nuIsXOM MOpPIBHSHHS OOYKMCICHUX 3HAYCHBb
(rrR,GMNIAcheck) 3 pe3y/IbTaTaMH BHITPOOYBaHb
(rRtestknown,check). TlepeBipHi BHIIAQJAKH MOBHUHHI
3a/I0BOJIBHATH KpUTEpii momiOHOCTI, HaBeACHI

B (a).

MNPUMITKA 1. Igmi Bumamkd BTPaTH 3arajbHOL
CTIKOCTI OOOJOHKM, [ SKHX BIZOMI 3HAYEHHS
XapaKTepUCTHIHOTO  Koe(illieHTa  Oomopy  BTpari
3arajibHOi CTIMKOCTI IRkknowncheck, MOKHA 3HAWUTH B
cremianizoBanid  miteparypi. Ciig 3a3HAYMTH, IO
pe3ynmpTaTH pydHOTO po3paxyHKy 8.5 iy Homatky D —
Lie 3araJibHi HHXKHI MEeXI pe3yJbTaTiB BULIPOOYBaHb, sIKi
IHKOJIM TIPHU3BOJSATH /IO HHU3bKMX OLIHOK 3HA4YEHb
XapaKTEePUCTUYHOTO OIOpPY BTpAaTi 3arajibHOi CTIHKOCTI,
SIKMH CKJIaJTHO OTPHMATH YUCEJIbHUMH METOJaMHU.

I[MPUMITKA 2. [Ipu BUKOPHUCTaHHI pe3yJIbTaTiB BUIIPO-
OyBaHb HEOOXIZIHO BCTAHOBHTH, 1110 TEOMETPUYHI JieheKTH,
HasIBHI ITiJ1 Yac BUNPOOYBaHb, MOXYTh BBKATHCS Xapak-
TEPHUMHU JUIsl 1e(EKTiB, sIKi 3 SBIATHCS Ha MPAKTHII.

(24) 3anexxHo BiA pe3yabTATIB IEPEBIPOK
HAIIAHOCTI BIAIOBIAHO OOYMCIIIOETHCS KaliO-
pyBanbHHI KoedinieHT Kemnia 3a Gpopmymnamu:

f

k __ "Rk,known,check

CMNIA —
r

Je IRkknowncheck — BITOME XapaKTEPUCTUUHE
3HAYEHHS,

I'R test known,check — BIIIOMHI pe3yJIbTaT BUIPOOYBAHb,
I'R,GMNIAcheck — PE3YIBTAT OOYHCIEHB JUIS Tie-
PEBIPKHM BHMAJAKY BTpPaTH 3arajibHOi CTIHKOCTI
abo BumpoOyBaHHS Ha BTpaTy 3arajibHOI
CTIHKOCTI, B 3aJIC)KHOCTI BiJl CUTYaIIii.

R,GMNIA,check
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(23) The reliability of the numerically
determined imperfect elastic-plastic buckling
resistance ratio rremnia should be checked by
one of the following alternative methods:

a) by using the same program to calculate
values rremnia, check for other shell buckling
cases for which characteristic buckling
resistance ratio values rrk known check are known.
The check cases should use basically similar
imperfection assumptions and be similar in
their buckling controlling parameters (such as
relative  shell slenderness, postbuckling
behaviour, imperfection-sensitivity, geometric
nonlinearity and material behaviour);

b) by comparison of calculated values
(rR.GMNIA check) against test results
(rRtestknowncheck). The check cases should
satisfy the same similarity conditions given in

@).

NOTE 1: Other shell buckling cases for which the
characteristic  buckling resistance ratio  values
IRk known,check areé known may be found from the scientific
literature on shell buckling. It should be noted that the
hand calculations of 8.5 and Annex D are derived as
general lower bounds on test results, and these
sometimes lead to such low assessed values for the
characteristic buckling resistance that they cannot be
easily obtained numerically.

NOTE 2: Where test results are used, it should be
established that the geometric imperfections present in
the test may be expected to be representative of those
that will occur in practical construction.

(24) Depending on the results of the
reliability checks, the calibration factor kemnia
should be evaluated, as appropriate, from:

rR Jtest,known,check
a60/01‘ kCMNlA =, (831)

R,GMNIA,check

where: rrkknowncheck IS the known characteristic
value;

rRytest,known,check iS the known teSt I‘esult;
rrR.GMNIAcheck 1S the calculation outcome for the
check buckling case or the test buckling case,
as appropriate.
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(25) SMxmo  pe3yapTaTd  BUNPOOYBaHb
BUKOPUCTOBYIOThCS 11 BU3HAYCHHS Komnia, a
obunciene 3HadeHHS Komnia mepesuinye 1,0,
TO CInij npuitHsITH 3HaueHHs Kemnia=1,0.

(26) Skmo  gas BU3HAYEHHSA  KoMmnIA
BUKOPUCTOBYETHCSI BIJIOME XapaKTEPUCTHUHE
3HaYeHHd, 1 oOYHMCleHe 3HaueHHS KowmniA
nexuTh mmosa aianasonom 0,8<kemnia<l,2, To
1[I0 TPOLEAYPY BHKOPHUCTOBYBATH HE CIIiI.
Pesynbrar pozpaxyaky GMNIA ciix BBaxkaTu
HEOIMCHUM, 1 HeOOXIJHO BUKOHATH MOJANIBIII
OOYMCIIEHHS JUIsi BCTAHOBJICHHS  TIPUYUH
PO301KHOCTI.

(27) XapakTepucTUYHHN KOEQILIEHT Omopy
BTpaTi 3arajgbHOI CTIKKOCTI CIiJ 3HAWTH 3a
hopmyioro:
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(25) Where test results are used to determine
kemnia, and the calculated value of kemnia
exceeds 1,0, the adopted value should be
kemnia=1,0.

(26) Where a known characteristic value based
on existing established theory is used to
determine kemnia, and the calculated value of
kemnia lies outside the range 0,8<kemnia<l,2,
this procedure should not be used. The
GMNIA result should be deemed invalid and
further calculations undertaken to establish the
causes of the discrepancy.

(27) The characteristic buckling resistance
ratio should be obtained from:

Mk = kGMNIA T2 omnia (8-32)

Ie [IRGMNIA — OOYHCIECHHMI HelgeaabHUN
KOEQIIIEHT  MPYXHO-TUIACTUYHOTO  OHOPY
BTpATH 3arajibHOI CTIHKOCTI;

KeMNIA — KamiOpyBanbHUM KOe(ilieHT.

8.7.3 IlepeBipka MiHOCTI HAa MO310BKHil
3rUH

(1) Po3paxynkoBuii koedilieHT onopy BTpari
3aranbHOi  CTIHKOCTI IRd OTPUMYIOTH 3a
hopmyroro:

Feg = T/ Y

1€ YM1 — YaCTKOBHMH KOE(]IL€HT s Omopy
BTpaTl 3arajibHOi CTIMKOCTI BIAMOBIAHO 10
8.5.2(2).

(2) HeobOxigHo mepeBipuTH, 1MIO:

where: rpeunia 1S the calculated imperfect
elastic-plastic buckling resistance ratio;

Kemnia 1S the calibration factor.

8.7.3 Buckling strength verification

(1) The design buckling resistance ratio rrq
should be obtained from:

(8.33)

where: ywm1 is the partial factor for resistance to
buckling according to 8.5.2 (2).

(2) It should be verified that:

Fey < Fry =gy - Fey @00/0r 1y 21 (8.34)
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9 TPAHUYHUIT CTAH BTOMH (LS4)

9.1 PO3PAXYHKOBI BEJIMYUHU
BIIJIUBIB

(1) 3a po3paxyHKOBI BETMYMHHU BIUIMBIB IS
KOJKHOTO 3’€THaHHS HAaBaHTAXEHb CIIiJ MpUK-
HSTH 3MiHHI YaCTHHM 3arajbHOTO BIUIMBY, IIO
€ TIPOTHO30BAHMM CIEKTPOM il MpOTIroM
YCbOTO TEPMIHY MPHUAATHOCTI KOHCTPYKIIIi.

(2) BignoBigHUl CIEKTpP BIUIUBIB CIIiJ Y3SITH 13
craagapty EN 1991 3rinHO 3 BU3HAYCHHSIMH,
NPUBEJCHUMU Yy BIANOBIAHMX  YacTHHAX
crangapty EN 1993.

9.2 NPOEKTYBAHHA
3A HAIIPY KEHHAMUAU

9.2.1 3arajbHi MOJ0KeHHSHA

(1) Cnim BHKOPUCTOBYBAaTH OILIIHKY BTOMH,
npencrasieny B crangapti EN 1993-1-9, 3a
BUHSTKOM BHWIIAJIKiB, HABEICHHX Yy I[bOMY
CTaHIApTI.

(2)IT YactkoBuit koedillieHT st ONIOPY BTOMI
YMf  CHI  TPHHHATA 3  BiJIOBIJIHOTO
MPUKJIAHOTO CTaHIAPTY.

IMPUMITKA. 3HaueHHS 4aCTKOBOro Koe(dimieHTa Ymt
MOXe OyTH Bu3HaueHO B HarfioHaJbHOMY J0HaTKY.
Skmo s gaHoi  GopMH  KOHCTPYKIHT — CTaHAApT
BiCYTHI a00 BiH He BH3HAYa€ BIAMOBIIHI 3HAYCHHS
Y™, TO HOTO CJiJ HPUUHSITH 3TiHO 3 CTaHIAPTOM
EN 1993-1-9. PexkoMeHIOBaHO TPUIMATH 3HAYCHHS YMmf
He MeHIe HiX yvr = 1,1.

9.2.2 Po3paxyHKOBi BeJIMYMHM [Jiana3oHy
HATNIPYKEHHS

(1) HampyxeHHst ciil BH3HAa4aTU MLUISIXOM
JHIMHO-TIPY’KHOTO PO3paxyHKy KOHCTPYKIIT
TI1JT JII€F0 pO3PAXyHKOBUX BEIMYMH BTOMHUX JIii.

(2) Tlpu KoXkHI# MepeBipili TPAHUYHOTO CTAHY
PO3paxyHKOBa BEJIMYHMHA Jiana3oHy BTOMHOTO
HanpyxkeHHss Ac Mae OyTH npuiHATa SK
Oulplla 13 3HA4Y€Hb Ha [JBOX IOBEPXHAX
000JIOHKM 1 Mae OyTH 3acHOBaHa Ha CyMi
MIEPBUHHUX | BTOPHHHUX HANPYKEHb.

(3) 3anexxHO BiJ OLIIHKK BTOMH, I[0 BHKOHY-
eTbest BinosinHO 10 EN 1993-1-9, matots 6yt
o0YHClIeHI HOMIH&JIbHI ab0 TeOMEeTpUYHI
Jiara3oHu HalPyKEHb.
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9 FATIGUE LIMIT STATE (LS4)
9.1 DESIGN VALUES OF ACTIONS

(1)  The design values of the actions for
each load case should be taken as the varying
parts of the total action representing the
anticipated action spectrum throughout the
design life of the structure.

(2)  The relevant action spectra should be
obtained from EN 1991 in accordance with the
definitions given in the appropriate application
parts of EN1993.

9.2 STRESS DESIGN

9.2.1 General

(1) The fatigue assessment presented in
EN 1993-1-9 should be used, except as
provided here.

(2P The partial factor for resistance to
fatigue ymr shall be taken from the relevant
application standard.

NOTE: The value of the partial factor ym¢ may be
defined in the National Annex. Where no application
standard exists for the form of construction involved, or
the application standard does not define the relevant
values of ywr, the value of ywr should be taken from
EN1993-1-9. It is recommended that the value of ywms
should not be taken as smaller than yms = 1,1.

9.2.2 Design values of stress range

(1)  Stresses should be determined by a
linear elastic analysis of the structure subject
to the design values of the fatigue actions.

(2) In each verification of the limit state,
the design value of the fatigue stress should be
taken as the larger stress range Ac of the
values on the two surfaces of the shell, and
based on the sum of the primary and the
secondary stresses.

3 Depending upon the fatigue assessment
carried out according to EN 1993-1-9, either
nominal stress ranges or geometric stress
ranges should be evaluated.
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(4) HominanpHi Jiarma3oHu HaNpy>KEeHb MOJKHA
BUKOPHUCTOBYBATH y pa3i npuitHarTs 9.2.3 (2).

(5) I'eomerpuuHi miara3oHM HAMPYKEHb CIiL
BUKOPUCTOBYBATH JUIS €JIEMEHTIB KOHCTPYKIIii,
110 BiAPI3HAIOTHCS Bijg enemenTiB y 9.2.3 (2).

(6) T'eomeTpuuHuii miama3oH HaIMpPYKEHb
BpaxoBy€  JIMIIE  3arajbHy  T'€OMETPilo
3’€IHaHHS, BHKJIIOYAIOYM MICIEBI Hampy-
KEHHST BHACHIJIOK TeoMeTpii 1 BHYTpIIIHIX
eeKkTiB 3BapHOrO mBa. LoOro MoXHa
BU3HAYUTU 32 JIOMIOMOTOI0 BUKOPUCTAHHS
TCOMETPUYHUX KOCQIIIEHTIB KOHIICHTpAIIil
Hanpy>KeHb, 110 O0YHCITIOETHCS 3a
dbopmynamu.

(7) Hanpy>xeHHs1, 110 BUKOPUCTOBYIOTBHCS JIJIS
PO3paxyHKy Ha BTOMY €JIEMEHTIB KOHCTPYKIIii
3 JIIHIHHOI T€OMETPUYHOIO OPIEHTAIIIE0, CIIif
PO3KJIACTH Ha TMOMEPEYHi 1 MmapajenbHi OCAM
eJIEMEHTA CKJIa0BI.

9.2.3 Po3paxyHKOBi BeJMYHHH OINIOPY
(BTOMHA MilIHICTD)

(1) Po3paxyHKOBi BETUYHHH OMOPY, OTPUMaH1
7T, MO’KHA 3aCTOCOBYBAaTH 10 OyHiBEIbHUX
cTanel y aianma3oni remmeparyp 1o 150 °C.

(2) Omip BTOMI €JIE€MEHTIB KOHCTPYKIIi, IO
3a3BUYail 3yCTPiUalOThCAd B MYCTOTLIMX KOH-
CTPYKIIUSIX, CJIJI MPUUMATH 3TiTHO 3 KJIaCaMH
EN 1993-3-2 i po3paxoByBaTH B epepaxyHKy
Ha Jiana3oH HanmpyXeHHS AGE, BIAMOBITHO 110
KUTBKOCTI IUKJIIB, 3a SKUMHU 3HAYCHHS
JI0JTIATKOBO KJIACU(IKYIOTHCS y BIATIOBIAHOCTI 3
SKICTIO 3BapHUX IIBiB.

(3) Omip BTOMI KIaciB €JIEMEHTIB CIiJ
npuiinsata 3 EN 1993-1-9.

9.2.4 O0MexeHHs AiaNla30Hy HANPY’KeHb

(1) Ipu xoxHil mepeBipli IILOTO TPAHUYHOTO
CTaHy PO3PaxXyHKOBHH Jialla30H HaNpyKEHHS
Aok Mae 3a10BOJIBHATH YMOBY:
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4) Nominal stress ranges may be used if
9.2.3 (2) is adopted.

(5) Geometric stress ranges should be used
for construction details that differ from those
0f 9.2.3 (2).

(6)  The geometric stress range takes into
account only the overall geometry of the joint,
excluding local stresses due to the weld
geometry and internal weld effects. It may be
determined by use of geometrical stress
concentration factors given by expressions.

(7)  Stresses used for the fatigue design of
construction details with linear geometric
orientation  should be resolved into
components transverse to and parallel to the
axis of the detail.

9.2.3 Design values of resistance (fatigue
strength)

(1) The design values of resistance
obtained from the following may be applied to
structural steels in the temperature range up to
150° C.

(2)  The fatigue resistance of construction
details commonly found in shell structures
should be obtained from EN 1993-3-2 in
classes and evaluated in terms of the stress
range Aocg, appropriate to the number of
cycles, in which the values are additionally
classified according to the quality of the
welds.

(3)  The fatigue resistance of the detail
classes should be obtained from EN 1993-1-9.

9.2.4 Stress range limitation

@ In every verification of this limit state,
the design stress range Aor should satisfy the
condition:

YeAoe Aoy, (9.1)
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7€ YFf — YaCTKOBHM KOE(DIIIEHT ISl BTOMHOTO
HaBaHTAKECHHS,
YMf — YaCTKOBHM KOE(DIIIEHT AJIT BTOMHOTO

Omopy;
Acg — plama3oH HaNpPYyKEeHb EKBIBaJIEHTHOL
MOCTIHHOT BEJIMYMHU PO3PaxyHKOBOIO

CIIEKTpa HAIPY)KCHb;

Aor  fdiama3oH HaNmpyrn BTOMHOI MIITHOCTI
JUIsL  BIAMOBIZHOT Kareropii eileMeHra 1
KUTBKOCTI IIUKJIIB CIICKTPA HATIPYKCHb.

(2) Sx anprepHatuBy mnyHKTY (1) MOXHa
BUKOHATHU OIIHKY HAKOIMMYEHUX TMOIIKOKEHb
JUTSL py 3 M pi3HHUX Jlana3oHIB HANpPYKCHb
Aci (i = 1,m) 3 BUKOPUCTAHHSIM IpaBHIIA
ITansmrpena-MaitHepa:
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where: yrris  the partial factor for the fatigue
loading

yme is the partial factor for the fatigue
resistance

Acg 1s the equivalent constant amplitude stress
range of the design stress spectrum

Aor is the fatigue strength stress range for the
relevant detail category and the number of
cycles of the stress spectrum

(2)  As an alternative to (1), a cumulative
damage assessment may be made for a set of
m different stress ranges Aci (i = 1,m) using
the Palmgren-Miner rule:

D, <1 9.2)
ne in which:
Dy = Zni IN, (9.3)
i=1
Ae Ni — KIUIBKICTh IHKIIB  Jiana3oHy where: n; is the number of cycles of the stress

HaIpyXeHb Aci;

Ni — KUIBKICTh IMKJIIB Jiana3oHy HANpy>KeHb
Yrt YMf Aci, sIKi HEoOXiJHI mo0 BUKIWKATH
pyWHYBaHHS U1 BIANOBIAHOI  Kareropii
eJIeMeHTA.

(3 VY pasi  komOiHamii  jiama3oHiB
HOPMaJIbHOTO 1 JOTUYHOTO HAMPYKEHb CIiJ
BpaxyBaTH KOMOiIHOBaHI €(EeKTH BIiJIMOBIIHO
1m0 EN 1993-1-9.

9.3 NPOEKTYBAHHA HJIAXOM
3ATAJIBHOI'O YHUCJIOBOI'O LA ABO
GNA AHAJII3Y

(1) BromHe npoekTyBaHHs Ha 0a3i MPYXKHOTO
po3paxyaky (LA abo GNA) mnoBuHHE
BIJIMOBIAATH MOJOKEHHSIM, MPUBEACHUM Y 9.2
JUTS. TIPOSKTYBaHHS 3a HanpyxeHHsMU. [Ipore,
Jianma3oHW HAMNpPYKEeHb YHACTIIOK BTOMHHUX

HAaBaHTA)XCHb  IMOBWHHI  BU3HAYaTHCS  3a
JI0TTIOMOT 010 3TUHAJIBHOTO PO3PaXyHKY
000JIOHKH, BKITIOYAI0UH TeOMETPHYHI
HEOJHOPITHOCTI  3’€lHaHb B  E€JIEMEHTax
KOHCTPYKLII.

(2) SIkmo BHUKOPHUCTOBYETbCS TPUBHUMIPHUI
PO3PaxyHOK METOJIOM KiHIIEBUX EJIEMEHTIB,
BIUIUBM  HAJPI3IB  YHACIIOK  MICIEBOI
reoMeTpii 3BapHUX IIBIB CJIiJ BUKJIIOUHUTH.

range Aoi

Ni is the number of cycles of the stress range
vre ymf Aoi to cause failure for the relevant
detail category.

(3) In the case of combination of normal
and shear stress ranges the combined effects
should be considered in accordance with
EN1993-1-9.

9.3 DESIGN BY GLOBAL
NUMERICAL LA OR GNA ANALYSIS

(1)  The fatigue design on the basis of an
elastic analysis (LA or GNA analysis) should
follow the provisions given in 9.2 for stress
design. However, the stress ranges due to the
fatigue loading should be determined by
means of a shell bending analysis, including
the geometric discontinuities of joints in
constructional details.

(2) If a three dimensional finite element
analysis is used, the notch effects due to the
local weld geometry should be eliminated.
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TOJATOK A  (OBOB’SI3KOBHIN)
MEMBPAHHA TEOPISI HAITIPYKEHD B
OBOJIOHKAX

A.1  3ATAJIBHI HOJOXEHHSA
A.1.1 Pe3yabTaTu BIJIMBIB Ta ONOPY

MoxHa TpOTHO3YBaTH, IO  pe3yabTaTh
BILIUBIB 1 oTIopYy, po3paxoBaHi 3
3aCTOCYBaHHSAM pIBHSHb, 1[0 MPHUBOAATHCS B
JaHOMY JIONAaTKy, € XapaKTepUCTHYHHUMHU
3HAYeHHSMHU HaCHiJKiB nii abo omopy mmus
NPUAHATHX  XapaKTePHUCTUYHUX  3HAYCHb
BIUIMBIB, TE€OMETPUYHHMX  HapameTpiB i
BJIACTUBOCTEH MaTepiais.

A.1.2 CucTeMa nmo3HaYeHb

Buxopucrani B JaHOMY J0JaTKy IMO3HAYCHHS
TCOMETPUYHUX PO3MipiB, MEXaHIYHUX
HanpyXeHb 1 HABaHTAXCHb AHAJIOTIYHI THUM,
110 TPUBOJATHCS B 1.4.

Benuki natuHCHKI OYKBH:

Fx — ochoBe HaBaHTa)XKCHHS, TMPUKIAICHE IO
HUAJIHIPA;

F; — ocboBe HaBaHTaXEHHs, MPUKIAJACHE IO
KOHYCa;

M — saranpHMi  3TUHAJBHUH  MOMEHT,
MpUKIaIEHUH 70 BChOTO HUIiHApa (HE
IUTyTaTH 3 MOMEHTOM Ha OJIMHUII0 IIHPUHU
000JI0HKH M);

Mt 3arajlbHAN KpYTWIBHUI MOMEHT
MPUKIIAJEHUH 10 BCbOTO LMITIHIPA,
V 3arajibHe 3pi3yBaJIbHE 3YCHILIS,

MIPHUKJIa/IeHe 10 BCHOTO IUIIHIPA.

Mauti 1aTUHCBKI OyKBH:

g — muTOMa Maca mMaTepiary 000JIOHKH;

Pn — pO3NOIIEHUI HOPMAIBHUH THUCK;

Px — pO3MO/lJIEHA OChOBA CHJIA TEPTS Ha CTIHKY
LUTIHApPA.

Mauti rpenbki OyKBH:

(0] MEpHIIOHAIBHHUI KyT HAXIITY;

Ox 0CbOBE abo MepuaioHAIbHE
MeMOpaHHe HarpyXeHHs (= Ny/t);

(o nepudepuyHa MeMOpaHHa Hampyra
(= nalt);

T MeMOpaHHE JOTHYHE  HaNpyXECHHS
(= nyalt).
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ANNEX A (NORMATIVE)
MEMBRANE THEORY STRESSES IN
SHELLS

A.l GENERAL
A.1.1 Action effects and resistances

The action effects or resistances calculated
using the expressions in this annex may be
assumed to provide characteristic values of the
action effect or resistance when characteristic
values of the actions, geometric parameters
and material properties are adopted.

A.1.2 Notation

The notation used in this annex for the
geometrical dimensions, stresses and loads
follows 1.4. In addition, the following notation
is used.

Roman upper case letters
Fx axial load applied to the cylinder;

F. axial load applied to a cone;

M global bending moment applied to the
complete cylinder (not to be confused with the
moment per unit width in the shell wall m)

Mt global torque applied to the complete
cylinder

\Y global transverse shear applied to the
complete cylinder

Roman lower case letters

g unit weight of the material of the shell
Pn distributed normal pressure

Px distributed axial traction on cylinder
wall

Greek lower case letters

0] meridional slope angle

Ox axial or meridional membrane stress
(= ny/t)

oo circumferential membrane  stress
(= nalt)

1 membrane shear stress (=nyalt)
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A.1.3 T'panuuni yMoBH

(1) Ilo3HavyeHHs TpaHUYHUX YMOB TIOBHMHHI
Opatucsi 32.315.2.2.

(2) dnst TOYHOTO BUKOPUCTAHHS BUPA3iB MO0
HWIIHAPIB, TPaHWYHI YMOBU TPUHAMAIOTHCA
TakKUMH: Ha 000X KIHIIX BUIBHUMH €
pamianbHI MEepeMileHHsI Ta TTIOBOPOT, a TaKOX
ICHY€ 0ChOBa OTIOpa HA OJTHOMY 3 KiHIIIB

(3) dnst TOUHOTO BUKOPUCTAHHS BUPA3iB MO0
KOHYCIB, IIPUKJIa/ICHE HABAHTAXCHHS MIOBUHHE
BI/IMOBIIATH CTaHy MEMOPAHHOTO HaIPYXKEH-
Hs1 00O0JIOHKH, a TPAaHUYHI YMOBHU IpUAMAaTUCs
TaKMMH. BIJIbHI TEPEeMIlIEHHS B HANpPIMKY,
TIEPIICHTUKYJIIPHOMY JI0 CTiHKH Ha 000X KIHIISX 1
ICHy€e MepHIIOHAJIbHA OTI0pa Ha OIHOMY KiHIIi.

(4) HOns 3pi3aHMX KOHYCIB I'paHHYHI YMOBH
MOBUHHI OYTH MOTOJKEHI TaKUM YMHOM, 100
CIIpUAMAaI KOMIIOHCHTH HABAHTAXKCHHS, IOIIe-
PEuHi 10 30BHIIIHBOI CTIHKH, Ta 00 MiACyM-
KOBe 00’€/IHAHE HaBaHTAXCHHS, MPHUKIIAICHE
10 OOOJIOHKH, OyJIO CHPHHHATE BHKJIHOYHO
B3JIOBXK MepHIiaHa 00OJOHKH.

A.1.4 [IpaBuJo 3HaKIB

[IpaBuiio 3HaKIB /Ui MEXaHIYHUX HAMPYKCHb!
PO3TATHEHHS CKpI3h BBAXAETHCSA JOJIATHIM,
X04a Ha JeSKUX PUCYHKaX MOKa3aHi BHUIAJKH,
B SIKMX 30BHIIIHE HABAHTAXXECHHS MPHUKJIAICHE
y IPOTUJIE)KHOMY HAPSIMKY.

A.2 Heniakpinuexi uuiinapuyHi 000J10HKH

A.2.1 PiBHOMipHe 0ChOBEe HABAHTAKEHHS

A.2.2 OcboBe HAaBAHTA)KE€HHHA BiJg 3arajJbHOIO
3rHHY

A.2.3 Cunarteprsa

Px.ﬂliﬂ

Px.ﬂliﬂ
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A.1.3 Boundary conditions

(1) The boundary condition notations
should be taken as detailed in 2.3 and 5.2.2.

(2) For these expressions to be strictly
valid, the boundary conditions for cylinders
should be taken as radially free at both ends,
axially supported at one end, and rotationally
free at both ends.

(3) For these expressions to be strictly
valid for cones, the applied loading should
match a membrane stress state in the shell and
the boundary conditions should be taken as
free to displace normal to the shell at both
ends and meridionally supported at one end.

4) For truncated cones, the boundary
conditions should be understood to include
components of loading transverse to the shell
wall, so that the combined stress resultant
introduced into the shell is solely in the
direction of the shell meridian.

A.1.4 Sign convention

(1) The sign convention for stresses [
should be taken everywhere as tension
positive, though some of the figures illustrate
cases in which the external load is applied in
the opposite sense.

A.2  Unstiffened cylindrical shells

A.2.1 Uniform axial load
A.2.2 Axial load from global bending
A.2.3 Friction load

5
‘_\ﬂ’f = 1" Py max

tpx(-’;') J
b
L

gy =——[py-dx

ok - o
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A.2.4 PiBHomipHHUi BHYTPilIHili THCK A.2.4 Uniform internal pressure
A.2.5 3wminnuii BHyTpilIHii THCK A.2.5 Variable internal pressure
— | - !
—] 2 | -
bl | Pn e PnlX)
—] | = I
=] | i I
r r
C';ﬁ:fj“'? dﬁ(.‘-)=}')ﬂf.\_)'?
A.2.7 CunycoizaibHe  3yCWJJISl  3CyBY  BiA A.2.6  Uniform shear from torsion
NonepevyHoi cuIn A.2.7  Sinusoidal shear from transverse force

A.2.6 PiBHOMIipHe 3cyBHe 3yCHJLISI KPY4YeHHS

$M1 = 21 Pg Vo 1tr B max
-

Py

\ Ps(O)

M, _ _LV
o 2ar 2:‘ MaxX =
A.3 Heniakpinnenus koHiuHi 060J10HKH A.3 Unstiffened conical shells
A3.1 PiBHOMipHEe 0CHLOBe HABAHTAKEHHS A.3.1 Uniform axial load
A.3.2 OchoBe HaBaHTaxeHHsI Bij 3araiabHoro 3runy  A.3.2  Axial load from global bending
A.3.3 Cuna reprs A.3.3 Friction load
. 9
¢FZ = 27["-2 PZ-.E M = s Pz.,E.,m:m
L s
1
Pz._E Pz._2._max

B

Pz 1, max
‘PZ-.] 1y
-

T . M=mlP x, =— =02
Fz = 2]’[!‘] Pz._l 1 £z,1,max X1 =6 B X2 =50 B
L o _+ M 12

x Efz‘rf-cosﬁ X, Max _,’z‘rzr-cosﬁ (o) __'_lr'l p_r.\-d\

1
O-H = () Cyd — U (% _ (]
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A.3.4 PiBHomipHHUii BHYTpilIHii THCK A.3.4 Uniform internal Pressure
A.3.5 BuyrpimHiii THCK, 0 3MiHIOETbCS 32 A.3.5 Linearly varying internal pressure
JiHIHUM 32aKOHOM

I2s — pajiiyc Ha TIOBEPXHi PiJJHHA r2s is the radius at the fluid surface
2 i 2
r ()" yr | el r,) r
Oy ==Pn _I Op=—""7 = I = | =3|+7r
2t-cos |\ r ) r-sm[ﬂ 6 |\ r ) 3‘
r /T
o,=p,—— Op=t——_(ng-1)
r-cos f3 t-sin
A.3.6 PiBHOMipHe 3cyBHe 3yCHJIIISI KpPYYeHHS A.3.6  Uniform shear from torsion
A3.7 CunycoinaibHe  3ycWJis  3CyBYy  Bia A.3.7 Sinusoidal shear from transverse force

NonepevYHoi CHUJIU

* Mt = 2"‘% PH.J V Ty PH._Z._m:tx

V jl-':’rl PH._]._m:tx

M t = — l'
5 “max — —
2ar-t Tt
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A4 Heniakpinueni chpepuuni 06010HKH A4 Unstiffened spherical shells
A4.1 PisHoMipHU# BHYTPIIIHIA THCK A.4.1 Uniform internal pressure
A.4.2 PiBHOMipHe HABAHTa}KeHHS Bi/l BJIACHOI Baru A.4.2  Uniform self-weight load

_Par ar 1 \
o -t -t L)
2t t \1+cos¢ |
Pt ri
Cy=-—"— O'H=—g—[ cosP— ‘
2t t 1+cos¢
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Jlonatox B (000B’s13K0BHI1)
JonarkoBi BHpa3W oONMOPIiB NJIACTHYHOMY
PYHHYBAHHIO

B.1 3arajbHi HOJI0KEeHHH
B.1.1 Omip

MosxHa mnepenbavard, Mo OIip, O0YHCICHUN
i3 BUKOPUCTAHHSIM DPIBHIHb, 110 MPUBOIATHCS
B JIAaHOMY JOJAATKY, SIBJISIE XapaKTePUCTUYHI
3HAYCHHs  OIOpPIB, SKIIO  MPUHAMAIOTHCS
XapaKTePUCTHYHI 3HAYEHHS T'COMETPHUYHUX
rapameTpiB 1 BIaCTUBOCTEH MaTepialliB.

B.1.2 Cucrema no3HadeHb

Buxopucrani B JaHOMY TOJaTKy IMO3HAYCHHS
T€OMETPUYHUX pO3MipiB, MEXaHIYHUX
HalpyXeHb 1 HAaBaHTAXCHb AHAIOTIUHI THM,
mo npuBogsateess B 1.4, JlomatkoBo
BUKOPHUCTOBYIOTHCSI HACTYITHI TIO3HAYCHHSI.
Benuki natuHCHKI OYKBH:

Ar — TIJI0IIIa MOTIEPEYHOTO Mepepi3y KiIbII;

Pr — XapakTepucTU4HE 3HAYEHHSI TIACTUYHOTO
MEXaHi3My OIOpY 3a TEOpIi€l0  MalluX
BIIXWJIEHD.

Mani naTUHCBKI OYKBH:

b — ToBIIMHA KiJbIIS;

| — edexkTuBHA NOBKUHA OOOJIOHKH, SIKa
B3a€EMOJIIE 3 KIIBLIEM;

I — paaiyc HWIIHIpA;

Se — 0€3p0O3MipHMIA MapaMeTp €KBiBaJIEHTHOI'O
HarpykeHHs 3a Mizecowm;

Sm — 0e3po3MipHUH TapaMeTp CKJIAJHOIO
HaIpyXeHOro CTaHy;
Sx — 0e3po3MipHUH MapaMeTp OChOBOTO

HaTpPYy>KEHOTO CTaHy;

Se — 0€3p0O3MipHUIl MapaMeTp TaHTeHI1aJIbHOTO
HaTpPYy>KEHOTO CTaHy.

[TigpsinkoBi iHIEKCH:

I — 1[0 BITHOCUTHCSA JIO KiJbII;

R — omip

B.1.3 TI'panuyHi ymoBH

(1) ITo3HaueHHA IPaHUYHHX YMOB
IIPUIMAarOThCS, K BKa3aHo B 5.2.2.

(2) Tepmin <«3aTHCHYTHIl» BITHOCHTHCS [0
BC1r, a TepMiH «3aKpilUiCHHID» BiIHOCHTHCS
1o BC2f.

EN H b 1993-1-6:2011

ANNEX B (normative)
Additional expressions for plastic collapse
resistances

B.1  General
B.1.1 Resistances

The resistances calculated using the
expressions in this annex may be assumed
to  provide characteristic values of the
resistance when characteristic values of the
geometric parameters and material properties
are adopted.

B.1.2 Notation

The notation used in this annex for the
geometrical dimensions, stresses and loads
follows 1.4. In addition, the following
notation is used.

Roman upper case letters:

Ar cross-sectional area of a ring

Pr characteristic value of small deflection
theory plastic mechanism resistance

Roman lower case letters:

b thickness of a ring

| effective length of shell which acts
with a ring

r radius of the cylinder

Se dimensionless von Mises equivalent
stress parameter

Sm dimensionless combined stress

parameter

Sx dimensionless axial stress parameter

So dimensionless circumferential stress
parameter

Subscripts:

r relating to a ring

R resistance

B.1.3 Boundary conditions

(1)  The boundary condition notations
should be taken as detailed in 5.2.2.

@) The term “clamped” should be taken to

refer to BC1r and the term “pinned” to refer to
BC2f.
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B.2  Henigkpimieni uuainapuani B.2  Unstiffened cylindrical shells
000/10HKH
B.2.1 I{uininap: HABaHTAaMKEHHsI MO paaiycy B.2.1 Cylinder: Radial line load
I
P]]R
'
KonrtponbHa BenmnumnHa: Reference quantities:
|, =0,975\/rt
[Tnactuunuii omip Ppr (CWila Ha OIMHHUILO The plastic resistance Pnr  (force per unit
KOJIa) BU3HAYAETHCA: circumference) is given by:
PnR — f £
2, r
B.2.2 I{uiinap: HaBaHTa)KeHHsI MO pajiycy B.2.2 Cylinder: Radial line load and axial
i 0CbOBe HABAHTAKEHHSI load
pr
—

N
<>
Yo
=)

KoHTposibHa BeNn4nHa: Reference quantities:
P
S= l, =0,975/rt .
y
Jliara3oH 3aCTOCYBaHHS: Range of applicability:
-1<s,<+1
3anexHi napameTpHu: Dependent parameters:
Skmo P, > 0 (HanpsiMOK Ha30BHI), TOJII: If P, >0 (outward) then:
A=+s,-150
Skmo P, <0 (HampsMOK BcepeuHy), TOI: If P, <0 (inward) then:
A=-s -150.
S, = A+ A’ +4(1-5?)
Sxmo s, #0, Toat: If s, #0, then:
I, =S,
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[Tnactuyamit omip Pnhr (cuia HA OIWHUIIIO
KOJIa) BUBHAYAETHCA:

EN H b 1993-1-6:2011

The plastic resistance Pnr (force per unit
circumference) is given by:

Pr_gt

2. r
B.2.3 Huningp: HaBaHTaXEHHS IO paiiycy, B.2.3 Cylinder: Radial line load, constant
MOCTIAHUIA  BHYTPIIIHIA THCK 1  OChOBE internal pressure and axial load
HABaHTAKCHHS

T PxR

KOHTpOHLHa BCJIMYHMHA:

Reference guantities:
Pn ¥

— S =-—N._
ft Y f ot

y y .
|, =0,975(It S, =[S +52-5,8,

Range of applicability:
-1<s <+1 -1<s,<+1

Jliama3oH 3aCTOCYBaHHS:

3anexHi napameTpHu:

Dependent parameters:

KonoBe HaBaHTa)KeHHS, HanpasiieHe Ha30BHI Pn > 0 | KonoBe HaBaHTa)KeHHsI, HampaBiieHe Bcepeauny Pn < 0
Outward directed ring load P, >0 Inward directed ring load P, <0
YmoBa Bupaszu YMmoBa Bupaszu
Condition Expressions Condition Expressions
A=+s,—-2s,-150 A=-s +2s,-150
5, <1,00 s = A+JA+4(1—5%) 5, <1,00 s = A+ A +4(1—5%)
i/and i/and
s, <0,975 | =] S s, =—0,975 | =] S
m~— "0 m~— "0
1-s, 1+s,
s, =1,00 s, =1,00
abo/or l,,=0,0 abo/or l,=0,0
s, >0,975 s, <—0,975

[Tnactuunuil omip BU3HAYAETHCS (3HaYEHHS Ph
1 Pn 3aBXIH T0JaTHI HA30BHI):
P

2

m

R —
n +p“_fyF

The plastic resistance is given by (Pn and pn
always positive outwards):
t
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B.3 KinbueBi :kopcTki  nmaiHApu4Hi B.3  Ring stiffened cylindrical shells
000/10HKH
B.3.1 KinbueBuii KOPCTKHMii IHIIHAP: B.3.1 Ring stiffened Cylinder: Radial line
HABAHTA:KEHHS MO pajiycy load
”
-+ |- ¢
fm ii PnR
b >
4, Ar
A
[Tnactuunuii omip Ppr (CHiIa Ha OIMHHILO The plastic resistance Pnr (force per unit
KOJIa) BU3HAYAETHCS: circumference) is given by:
A+(b+2l )t
PnR = fy[
r
|_=1,=0,975Jrt
B.3.2  KigbleBuii  KOPCTKHUH  IWIIHAP: B.3.2 Ring stiffened Cylinder: Radial line
HAaBaHTAKEHHS 1O  pajiycy 1  OChOBE load and axial load
HAaBaHTaKCHHS
‘ Pir
E—
b | |- f
!m PnR
b =3
4
4 Ar
lP.tR
KonTponpHa BennunHa: Reference quantities:
C_P
toft 1,=0,975rt
Jliara3oH 3aCTOCYBaHHS: Range of applicability:
-1<s,<+1
3anexHi mapameTpu: Dependent parameters:
Sxmo P, >0 Tomi: If P, >0 then:
A=+s -150
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Sxmo P, <0 Toxi: If P, <0 then:

A=-s —-150

S, = A+ A’ +4(1-5?)
Skmo s, # 0,Toxi: If s, =0, then:
Im = SmIO

[Tnactuunuii omip Ppr (CWila Ha OIMHHUILO The plastic resistance Pnr (force per unit
JOBXXHHHM KOJIa) BU3HAYAETHCS: circumference) is given by:

f A +((b+2l )t

y r .

B.3.3  KinmbneBuili = KOpCTKMH  LWITIHAD: B.3.3 Ring stiffened cylinder: Radial line
HaBaHTWKEHHS 10  pajaiycy, MOCTIHHUM load, constant internal pressure and axial load

BHYTPIIIHIN THCK 1 0CbOBE HaBAaHTAKCHHS

.i. P.T.R
,
Hl=;
=
fn == P
b | -
-ﬁ'n Pn - AFR
.
—=
vh
KonTponpHa BennunHa: Reference quantities:
P P, r
SX = = = = Sg = p— —
f.t f.t f, t
l, =0,975/rt s, =+/S; +5;
Jliama3oH 3aCTOCYBaHHS Range of applicability:

-1<s, <+1-1<s,<+1
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3anexxHi mapameTpHu:
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Dependent parameters:

KooBe HaBaHTa)XCHHSI, HAaIIpaBicHe Ha30BHI Py > 0 KooBe HaBaHTaXXCHHS, HaIlpaBlicHe Becepeanny Pn < 0
Outward directed ring load P, > 0 Inward directed ring load P, <0
YMoBa Bupasu YMoBa Bupasu
Condition Expressions Condition Expressions
A=+s,—-2s,-150 A=-s +2s,-150
5 <1 s = A+ A2 +4(1—s?) 5. <1 s = A+ A2 +4(1— %)
i/and i/and
s, <0,975 I =] S s, >—0,975 | =] S
" P 1-s, " 1+s,
Se = 1 Se — l
a6<(’)/°é75 |_=0,0 aGo/or | =0,0
S0 > s, <—0,975

[TnacTuuHuii omip BU3HAYAETHCS HABaHTA-
KEHHSIMH Pn 1 Pn, JOAATHI 3HAYCHHS SKUX
CIpsIMOBaH1 HAa30BHi.

Pr+p,(b+2l )= fy(

B4 3 €JHAHHA MI’K OBOJIOHKAMHU

B.4.1 3’eanaHHs TUILKHU M MepUIAiOHAIb-
HMM HABAHTA’KeHHSIM (CIpolIeHe)

The plastic resistance is given by (Pn and pn
always positive outwards):

A +(b+2lm)tj
r
B.4 JUNCTIONS BETWEEN SHELLS

B.4.1 Junction under meridional loading
only (simplified)

JliarazoH 3aCTOCYBaHHS:

Pl.!i

Range of applicability:

t2 <2 +17 |Py| <<t f,, |Po| <<t f,,|Pe|<<t.f, _

3anexHi mapameTpu:

t

Dependent parameters:

ts2 +t§ v, =Y, :0,7+0,6772—0,3773_
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Jlnst mtieapa:

J11g 3aXHUCHOT OrOpoXKi:
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For the cylinder
l,. =0,975/rt,

For the skirt

l,, =0,975y,rt,

HJ’I?I KOHIYHOI'O CETMEHTA:
Ioc

[TnacTuunuil Oonip BUHAYAETHCA

P, rsin g

B.4.2 3’eananHsa mig BHYTPilIHIM THCKOM

i 0CLOBHMM HABAHTAKEHHAM

For the conical segment

rt,

0s '
The plastic resistance is given by:
= £, (A + 1.t + 1t +15t) .

=0,975p,

B.4.2 Junction under internal

and axial loading

! Pl.[’
,
:E ﬂ—rc
—
pI'LL'—ID
A
—
Prh X
i
< h —t= |1
Px.h
rPl.ﬂ
KonTpospHa BennunHa: Reference quantities:
S _ch S _sz S _th
xc xs xh ™
f.t. f.t f.t,
S = p"C L S —h.—r
oc oh —
f, t S,s =0 f, t,-cosp

st 1=, S, hno uep3i:

Sci

JliarazoH 3aCTOCYBaHHS:

O11iHKa €KBIBAJIEHTHOI TOBII[MHU:

fori=c,s,h inturn

/ 2 2
=/Sp tSxi —S,iSi )

Range of applicability:

Equivalent thickness evaluation:

pressure

Lower plats group thicker LSty Upper plate group thigker & > 6+
_ |t te+ty
S T
w, =10 v, =0,7+0,61°-0,3,°
w, =y, =0,7+0,67°-0,3,° v, =y, =1,0
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3aJie’kHI MapaMeTpu. Dependent parameters:

JUis UUTHAPUYIHAX CETMEHTIB! For the cylindrical segments
I, =0,975y, /rt,
JIJIsi KOHIYHOT'O CErMEHTAa: For the conical segment

| =0,975y, c::iﬂ

J71s KO’)KHOTO cerMeHTa 000JIOHKH OKPEMO
For each shell segment i separately
YMoBa Bupas
Condition Expressions

A =-s, +25, —150

s, <1,00 s, = A+ A +41-5s%)

i/ and

s, >~0,975 Lo [ Sui J
mi — "0i
1+s,
Sy =1,00 I, =0,0
S, <—0,975 ;=00
[TnacTiuaHuil Omip 00YHCITIOETHCS SK: Plastic resistance is given by:

P.slrsin g = fy(A +1 Lt )+ (Pl + Pl COS )

B.5 KPYIJIA IIVIACTUHA B.5 CIRCULARPLATESWITH
3 OCECUMETPUYHUMHU AXISYMMETRIC BOUNDARY
IT'PAHUYHUMU YMOBAMMN CONDITIONS
B.5.1 PiBHOMipHe HaBaHTa)KeHHsl, BiLJILHO B.5.1 Uniform load, simply supported
odmepTuii Kpaii boundary
Pn
BZERERENN S
r
Tt
t 2
Por=1 625(;) f,
B.5.2 MicueBo po3nojaijieHe HABaHTAKEHHS, B.5.2 Local distributed load, simply
BiJILHO o0mepTHii Kpaii supported boundary
F

PiBHOMipHUII THCK Pn Ha Kpyriay IUIOILY 3 Uniform pressure p, on circular patch of b
paxiycom b radius
F = p,zb’
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with

N|§

1 b

K=—.2
j abo/or \/§ t
whichever is the lesser

1|O‘

K=10+1, 10 +1, 15(

B 3aJIC)KHOCTI Bij] TOT0, 110 MEHIIIE
B.5.3 Uniform load, clamped boundary

B.5.3 PiBHOMipHe HAaBaHTaKeHHS
3aTUCHEHMH Kpail

t 2
pn,R =3,125£Fj fy

B.5.4 MicueBe po3nojgijieHe HABAHTAKEHHS, B.5.4 Local distributed load, clamped
boundary

3aTHCHEHUH Kpau

PiBHOMIpHHUII THCK Pn Ha KPYriay IUIONIY 3 Uniform pressure p, on circular patch of
paaiycom b
F = p,zb?
T2
FR = K Et fy

3 radius b

4
K=1,40+2,859+2,0(9j K- L1.b
r r'/) a6o ‘/§ t

whichever is the lesser

B 3aJIEKHOCTI BiJl TOTO, 1[0 MEHIIIE



JTIOJATOK C (OBOB’SI3KOBMIN)

BUPA3A [JI1 JIHIHHO-IIPYKHUX
MEMBPAHHUX I 3I'NHAJIBHUX
HAIIPY’KEHDb

C.1 3AT AJIBHI TIOJIOKEHHSA
C.1.1 PE3YJIbTATH JIi

Pesynmpratu nii, oTpuMaHi 3a JOMOMOTOIO
¢dbopmMyn HaHOrO J0AaTKa, MOXKHA PO3TIISLAATH
SK  XapaKTepUCTHUYHI,  SAKIIO  IPUHHATI
XapaKTePUCTHYHI 3HAYEHHS BILJIMBIB,
TE€OMETPUYHUX XaPAKTEPUCTHK 1 BIACTUBOCTEH
Marepiany.

C.1.2 CUCTEMA ITIO3HAYEHb

[To3nauenHs re€OMETPUYHUX PO3MipiB,
Hanpy>keHb 1 HaBaHTaXEHb, BUKOPUCTaHI B
JAHOMY JOJIaTKy, AHAJOTIYHI NPUBEICHUM Y
1.4. JIonaTKOBO BMKOPHCTOBYIOTHCSI HACTYIHI
[TO3HAYEHHS.

JIaTUHCBHKI JiTepu:

b — paniyc, npu SKOMy 3aKiH4y€TbCS JIOKAIBHE
HaBaHTAXCHHS HA IUIACTUHY;

I' — 30BHILIHIN paailyc KPYIJIol MIaCTUHHY;

X — OocbOBa KOOpAMHATa Ha LWIIHApPI abo
panianbHa KOOpJIMHATa Ha KPYIJIil TUIACTHHI.

I'penbki JiTepu:

Oeqm — CKBIBWIGHTHE HampyxeHHs Miseca,
NOB’sA3aH€  TUIBKM 3  KOMIIOHEHTaMHU
MEMOpPaHHOTO HANIPY>KEHHS;

Oeqs — CKBIBAJEHTHE HampyxkeHHS Miseca,
OTpUMaHe B1Jl HallpYyKeHb Ha TOBEPXHI,

OMT — OIIOpHE HaNpyXeHHs, OTpUMaHe 3a
MeMOpaHHOIO TEOPI€L0;

Obx — MEPHIIOHATIbHE HATIPY>KEHHSI 3TUHY;

Obp — KOJIOBE 3STHHAJILHE HANIPY)KEHHS,

Osx — MepuIioHaNbHE MIOBEPXHEBE
HaTIpy>KeHHS,

Osp — KOJIOBE ITOBEPXHEBE HANPYKEHHS;

Txn — TIONEpeYHe JOTHYHE HampyXeHHS,
MIOB’s13aHE 3 MEPUA10HAILHUM 3THHOM.

Hwmxui inaexcu:

N — HOPMaJILHUN;

I — KOJIOBHH,

Y — MeKa TeKy4OCTi.
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ANNEX C (NORMATIVE)

EXPRESSIONS FOR LINEAR ELASTIC
MEMBRANE AND BENDING STRESSES

C.1 GENERAL
C.1.1 ACTION EFFECTS

The action effects calculated using the
expressions in this annex may be assumed to
provide characteristic values of the action
effect when characteristic values of the
actions, geometric parameters and material
properties are adopted.

C.1.2 NOTATION

The notation used in this annex for the
geometrical dimensions, stresses and loads
follows 1.4. In addition, the following
notation is used.

Roman characters

b radius at which local load on plate
terminates

r outside radius of circular plate

X axial coordinate on cylinder or radial

coordinate on circular plate

Greek symbols

oeqm vOn Mises equivalent stress associated
with only membrane stress components

oeqs VOn Mises equivalent stress derived
from surface stresses

ovwr  reference  stress
membrane theory

Obx meridional bending stress

Obo circumferential bending stress
Osx meridional surface stress

derived from

Oso circumferential surface stress
Txn transverse shear stress associated with
meridional bending

Subscripts
n —normal
r —relating to a ring
y — first yield value
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C.1.3 T'PAHUYHI YMOBHU

1) [To3HaueHHs IrpaHUYHUX
MPUHAMAIOTHCS K BU3HAYEHO B 5.2.2.

yMOB

(2) TepmiH «3aTUCHYTHH» BITHOCHUTBCSA [0
BClr, a TepmiH «3akpirjeHuii» BiAHOCHTHCS
o BC2f.

C.2 HENIICHUJIEHI OUJIIHAPUYHI
OBOJIOHKH 3 " KOPCTKUM
3’€EAHAHHAM CTIHKH I JTHHUIIA

C.2.1 Imninap 3aTHCHYTHI: piBHOMIpHHIA
BHYTPillIHIi THCK

EN H b 1993-1-6:2011
C.1.3 BOUNDARY CONDITIONS

(1) The boundary condition notations

should be taken as detailed in 5.2.2.

(2)  The term “clamped” should be taken to
refer to BCl1r and the term “pinned” to refer to
BC2f.

C.2 CLAMPED BASE UNSTIFFENED
CYLINDRICAL SHELLS

C.2.1 Cylinder, clamped: uniform internal
pressure

_ r
| i < Omrg = Pn T
| =
| P
T
I E
r —=
i.r -
BC1r
MakcumainnHae MaxkcumainnHae MakcumainbHe MaxkcumaiabHe Makcumainnae
o o lo o
i . 0 . . eq,s . eq,m
Maximum Maximum ° Maximum Maximum Maximum
11,8160, +1,0800, 1,169+ /t /r Oviro 1,6140,,, 1,0430,1,

C.2.2 ImaiHap 3aTUCHYTHIi: 0OCbOBe

C.2.2 Cylinder, clamped: axial loading

HABaHTAKEeHHS
P _
* f Omrx =
I =+
|
I
g
-
il’
BC1r
MaxkcuMaiabHe MakcuMaiabHe MakcuMaibHe MakcuMainHe MakcuMabHe
Maximum s Maximum s Maximum “xn Maximum Ces  [Maximum Zeam
15450, 40,4550, 1, 0,35LJt/T oy, 1,373 oy, 1,000 oy,
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C.2.3 HmaiHap 3aTHCHYTHIA: piBHOMIpHUIi
BHYTPIillIHIil TUCK i 0CbOBE HABAHTAKEHHSI

P, f
| b | s
| -
| P“ —=
==
roo=
i_r -

EN H b 1993-1-6:2011

C.2.3 Cylinder, clamped: uniform internal
pressure with axial loading

r
Ovrg = Py f
PX
Owmrx = T
BC1r

2
_ Owr Owr.
Maxcumanvne G, = Oy l—[ . ]J{ X
Owmre Owmre
Maxkcumanvhe Oy =Koy,
O mx
Owro 2,0 0 0 2,0
KoHTpo:p 30BHIIIHROT TOBEPXHI KonTpons BHYTpIIIHEO{ TOBEPXHI
Outer surface controls Inner surface controls
k 4,360 1,614 k ‘ 4,360
JlinidHy THTEPIIOJISAIIIFO MOYKHA Linear interpolation may be used between

3aCTOCOBYBAaTH MIX 3HAYEHHSAMH, SKI MalOTh
OJTHAKOBH KOHTPOJIb ITOBEPXHI.

C.2.4 Imainap 3aTUCHYTHI:
TiAPOCTATHYHUI BHYTPIIIHIN THCK

values where the same surface controls

C.2.4 Cylinder, clamped: hydrostatic
internal pressure

%
r
— Owvre = Pno ?
BC1r
MakcuManbHe MakcuManbHe MaxkcumManbHe MakcruManbHe MakcruManbHe
Maximum s Maximum Os Maximum 2% Maximum Ceqs Maximum Zean
KyOwro KyOwiro K \Jt/T oy KeqsOuro KeqmOwro
Jrt
I_ kx k& kr keq,s keq,m
p
0 1,816 1,080 1,169 1,614 1,043
0,2 1,533 0,733 1,076 1,363 0,647
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C.25 Imainap 3aTHCHYTHI:
3MillleHHSI HA30BHI

paniaabHe

EN H b 1993-1-6:2011

C.2.5 Cylinder, clamped: radial outward
displacement

! >+ wE
[ r Omre = —
I
]
X i BCIr
MakcumaiiLHe MakcumaiiLHe MakcuMajbHe MakcuMaibHe MakcuMaibHe
Maximum s Maximum Fse Maximum Zxn Maximum Ceas  [Maximum Cem
08163, 15450y, 1,169,/t/r oyy7, 2,0810y, 1,000 o7,
C.2.6 Iuainap 3aTucHyTHii: piBHOMipHe C.2.6 Cylinder, clamped: uniform
3POCTAaHHS TeMIepaTypu temperature rise
l omte = CET
| [ -
I
R BClr
X i
MakcumManbHe MaxkcumMmanbHe MaxkcumMmaiabHe MakcumaibHe MaxkcumairHe
Maximum s Maximum ©s  [Maximum % Maximum Peas  [Maximum Zean
1816 oy, 15450,, 1,169t/ 0,7, 2,0810y, 1,000 o,
C.3 HENIICHUJIEHI HWJIIHAPWUYHI C.3 PINNED BASE UNSTIFFENED

OBOJIOHKHA
OCHOBOIO

C.3.1 Huuinap 3akpinjieHuii: piBHOMipHUi

BHYTPIillIHIi THCK

3AKPIIIVIEHOIO

CYLINDRICAL SHELLS

pressure

.
Cymre = Pn 7

BCIf

C.3.1 Cylinder, pinned: uniform internal
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Makcumannae MakcumannHae MakcumainbHe MakcumaibHe Makcumannae
. (o} O . O, . O,
Maximum Maximum % | Maximum Maximum °° | Maximum "
10,585 oy, +1125 6, 0,583\/t/r o, 1126 oy, 1,067 oy
C.3.2 Iumuinap 3akpinjeHuii: ocboBe C.3.2 Cylinder, pinned: axial loading
HABAHTAKeHHSA
O Mt = —
i X f
BCIi1f
Makcumainnae Makcumainnae MaxkcumaiabHe MaxkcumaiabHe Makcumannae
. o} o . O, . O,
Maximum ~* Maximum > | Maximum Maximum °° | Maximum "
+1,176 oy, +0,300 o, 0,175t/ 1 oy, 1118 oy, 1,010 oy,

C.3.3 Huainap 3akpinienuii: piBHoMipHuUii
BHYTPIIIHIA THCK i 0CbOBE HABAHTAKEHHS

r
OMTe = Pa 7

C.3.3 Cylinder, pinned: uniform internal
pressure with axial loading

oo P
MTx =~
BCIi1f
Makcumansie  Maximum o, ,, = JMT.\,\/ - [ O | +- Tmrx |
’ ' \OmTe ) | TmTe )
Makcumaneae Maximum oyqs = k Ovte
O virx
[—] -2,0 -1,0 -0,5 0,0 0,25 0,50 1,00 2,0
Omro
k 3,146 3,075 1,568 1,126 0,971 0,991 1,240 1,943

100



C.3.4 Iuuinap 3akpinuieHnii: BHYTPilIHIN
TiAPOCTATUYHMI TUCK

EN H b 1993-1-6:2011

C.3.4 Cylinder,
internal pressure

pinned: hydrostatic

.
O M6 = P o 7

X BCI1f
MaxkcumanbpHe MaxkcumanpHe MaxkcumaiabHe MaxkcumaiabHe Makcumannae
- Gsx N (o) 5O Txn . O-eq,s . O-eq,m
Maximum Maximum Maximum Maximum Maximum
kaMTH kHO-MTH kr t/ r O-MTF} keq,sO-MTH I(eq,mO-MTE'
[\/ﬁj kX k& kr keq,s
Ip
0 0,585 1,125 0,583 1,126
0,2 0,585 0,873 0,583 0,919

JliHifiHY 1HTEpHONALII0 B ( P ] MOYKHA
BUKOPHUCTOBYBATH IS Pi3HHUX 3Ha4YeHb lp

Jrt

. . .. |
Linear interpolation in [

different values of Ip.

Jrt

] may be used for

C.3.5 Iuainap 3akpinjeHuii: panianbHe C.3.5 Cylinder, pinned: radial outward
3MilleHHSA HA30BHI displacement
wkE
OpMre =
X BCI1f
MakcuManbHe MakcuManbHe MaxkcuManbHe MaxkcuManbHe MaxkcnmaabHe
) o o ) O ) O
Maximum Maximum Maximum Maximum °° | Maximum "
+0,585 7,7, 1,000 o,y 0,583t/r o1y | 1000 Gy, 1,000 o,
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C.3.6 Huainap 3akpinyeHuii: piBHOMipHe C.3.6 Cylinder, pinned: uniform
MiIBUILEHHA TeMIlepaTypu temperature rise
| ovme = ¢FET
: w=wrT
|
x A
ii BCI1f
MakcumainnHe Makcumainnae MaxkcumaiabHe MaxkcuMaiabHe Makcumannae
] o o ) O ) Cegm
Maximum Maximum 2 | Maximum Maximum ~° | Maximum "
10,585 o1, 1,000 oy, 0,583\/t/r Gy, 1,000 oy, 1,000 o\,
C.3.7 Hmainap 3akpinjieHuii: MNOBOPOT C.3.7 Cylinder, pinned: rotation of
CTHKA boundary
t
Oure =E 7 P
BCI1f
MakcumanbHe MakcumanbHe MakcumanbHe MakcumanbHe Makcumanrnae
. O & . O . Oeqss . Ocqm
Maximum Maximum Maximum Maximum Maximum
i]-; 413 O-MT,g O! 470 O-MTH 0, 454 t/ r O-MTH 1’ 255 O-MTQ 0’ 251 GMTH

C.4 BHYTPIIIHI YMOBH B
HEMNIACWIEHUX HNUJIIHAPUYHUX
OBOJIOHKAX

C4.1 Iumuinap: crymiHyacta 3MiHa
30BHIIIHBOI'0 THCKY
‘%’—‘r
-x > ]
=
X -
| =
=
| Pn ]
| .

C4 INTERNAL  CONDITIONS IN
UNSTIFFENED CYLINDRICAL SHELLS

C.4.1 Cylinder: step change of internal
pressure

Opmre = Pn—
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MaxkcumanbHe MaxkcumanpHe MaxkcumaiabHe MaxkcumaiabHe MaxkcumannHe
] o o ) Oy ) Cegm
Maximum ° Maximum % Maximum Maximum °° | Maximum
10,293 o1 1,062 oy, 0,467./t/t o\, 1,056 oy, 1,033 0y
C4.2 Huainap: 3aKiHYeHHSs C.4.2 Cylinder: hydrostatic internal

riZIPOCTATHYHOI0 BHYTPILIHBOI'0 THCKY pressure termination

- =T

| MRRE

| X
| P M= Pt 7

Pn1 — THCK Ha TJIHOUHI Jrt i1 TOBEPXHEIO pn1 is the pressure at a depth of Jrt below the
surface
MakcumanbHe MakcumanbHe MakcumainbHe MakcumainbHe Makcumannae
. Gsx . 059 . O-eq S - O-eq ,m
Maximum Maximum Maximum Maximum Maximum
kxO-MTH kQGMTH kz_ t/r GMTH keq,sO-MTE’ keq,mGMTﬂ
kx k& kr keq,s keq,m
-1,060 0,510 0,160 1,005 0,275

C.4.3 luainap: cryniHyacra 3mMiHa

C.4.3 Cylinder: step change of thickness

TOBIMHUA
| =
) N——.r=
—
| = o
— (TM'TH =Pn—
-X 3 .r] r
—
X Pn =
I —{===
—==
I -
| ke
MaxkcumanbHe MaxkcumanbHe MaxkcumaiabHe MaxkcuMmaiabHe MaxkcumannHe
- Gsx o) . O-eq,s . O-eq,m
Maximum Maximum ¢ Maximum Maximum Maximum
KyOuro KoOniro K AJU/T Oy Keq.sOniro Keq.mOwiro
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(ﬁ} kx k& kr keq,s keq,m

P
1,0 0,0 1,0 0,0 1,0 1,0
0,8 0,0256 1,010 0,179 1,009 0,895
0,667 0,0862 1,019 0,349 1,015 0,815
0,571 0,168 1,023 0,514 1,019 0,750
0,5 0,260 1,027 0,673 1,023 0,694

C.5 KUIBLEBUH EJEMEHT C.5 RING STIFFENER ON

"KOPCTKOCTI HA IIWJIIHAPAYHIN
OBOJIOHIII

C.5.1 HMuuinap i3 KiJIBIEBUM ej1eMEHTOM
JKOPCTKOCTI: pajiajibHA CHJIA HA KiJIbLIe

Hanpyxennss B o0onoHui  moTpiOHO
BH3HAYaTH BHKOPUCTOBYIOUM 3HAYCHHS W,
o0YKclieHe B JaHOMY IYHKTI 1 BBEJCHE B
Bupa3, HaBenmenmit y C.2.5. fxmo 3miHa
TOBIIMHU OOOJIOHKH BiTOYBa€ThCS B MICIIi
PO3MIIIEHHS KUTbLA, HEOOXiTHO BHKOPHCTO-
BYBAaTHU METOJ, HaBeAeHUH y 8.2.2 cranmapty
EN 1993-4-1.

CYLINDRICAL SHELL

C.5.1 Ring stiffened cylinder: radial force
on ring

The stresses in the shell should be determined
using the calculated value of w from this clause
introduced into the expressions given in C.2.5.
Where there is a change in the shell thickness at
the ring, the method set out in 8.2.2 of
EN 1993-4-1 should be used.

- W = W; ‘ wkE 1 P-r
$——Ppl L) A, +(b+2b,)
b 1~ -t bm = 0,778 \[rt
m
P-r
b |+ P Wr A £ (b+2b,)t

b ] ||

nedopmartii

C.5.2 Huainap i3 KiIbLEBHUM e1eMeHTOM
JKOPCTKOCTi: 0CbOBE HABAHTAKEHHS

Hanpyxennss B o00oioHIi  HOTpiOHO
BU3HAYaTU 3 BUKOPUCTAHHSAM 3HA4YeHHS W,
00YHCIIEHOT0 B JAHOMY ITYHKTI 1 BBEZICHOTO B
BUpa3, HaBeaeHuil y C.2.5 ta C.2.2.

deformations

C.5.2 Ring stiffened cylinder: axial loading

The stresses in the shell should be determined
using the calculated value of w from this clause
introduced into the expressions given in C.2.5
and C.2.2.
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T i n, (b+2b, )t
OMTx = Wp=Wo
r , t A, +(b+2b )t
g Wo
N -, W = W — Wy ‘ ‘ A,
] W= — 1:0 - 2
bm I Wo = VO pype A, +(b+2b,)t
b | Wr E oW,
n bm = 0,778 [t Tor=E—"
bl'l'l '
Rx
nedopmarrii deformations
C.5.3 Huuainap i3 KiJIbHEBUM ejJ1eMeHTOM C.5.3 Ring stiffened cylinder: uniform
JKOPCTKOCTi: piBHOMipHMii BHYTpimHii internal pressure
THCK
Hampyxenuss B 00OJIOHIII  TOTPiOHO The stresses in the shell should be determined

BU3HAYAaTH 3 BHUKOPHCTAaHHAM OOYHCICHOTO
3HAQYEHHS W B JIaHOMY IYHKTi 1 BBEJICHOTO B
Bupas, HaBeaenuii y C.2.5 ta C.2.1.

using the calculated value of w from this clause
introduced into the expressions given in C.2.5
and C.2.1.

‘ P Wwr = Wo (1-K)
"_ Wo Omre = W = —Wo K
- [ A,
W = Wr — W -
me = ' rG § A, +(b+2b,)t
b ﬁ W Wo =0 yre z o, = oV
b [pn[ﬁ’ Ar bm = 0,778 \[rt r
- m il
ndopmartii deformations
MaxkcumanabHe MaxkcumanbHe MaxkcumaiabHe MakcumaiabHe MakcumannHe
. O« . Oy Ton . Oeqs . Oeqm
Maximum Maximum Maximum Maximum Maximum
KyOuro KoOniro K AJU/T Oy Keq.sOwro Keq.mOwiro
K kx kH kr keq,s keq,m
1,0 1,816 1,080 1,169 1,614 1,043
0,75 1,312 1,060 0,877 1,290 1,032
0,50 0,908 1,040 0,585 1,014 1,021
0,0 0,0 1,000 0,0 1,000 1,000
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C.6 KPYIJI IIVIACTUHH
3 OCECUMETPUYHUMU
I'PAHUYHUMU YMOBAMU

C.6.1 BiibHO 0o0mepTa mMTa: piBHOMIpHE
HABAHTAKEHHA

nedopMoBaHUil cTaH

C.6.2 BinbHo o0mepra mjaMTa. JIOKAJIbHO
po3nojijieHe HABAHTAKEHHS

PiBHOMipHUI THCK Pn Ha KPYTIii AUISHII
3 pazgiycom b

nedopMoOBaHMil cTaH

C.6.3 IlmacTuHa 3 3aTHCHEHMM KpPaeM:
PiBHOMipHe HAaBAHTAKeHHS

nedhopMoBaHUH CTaH

EN H b 1993-1-6:2011

C.6 CIRCULAR PLATES WITH
AXISYMMETRIC BOUNDARY
CONDITIONS

C.6.1 Plate with
boundary: uniform load

simply  supported

4
w=0,696L1"_
Et’

~ G F.2
max. o,, = 1,238,0”(?)“

e B r.2
max. og, =1, 238p”{?)

Py =0808(0)2F,
; s

deflected shape

C.6.2 Plate with local distributed load:
simply supported boundary

Uniform pressure pn on circular patch of
radius b

F =pynb’ b<02r
2
w=0.606"" :
Et-

max. oxp = max. ogp = 0,621 i,_(lng—[},?b'g)
t- r
I2 .
Fy=1,611——m—f,

(In—+0,769) -
r

deflected shape

C.6.3 Plate with fixed boundary: uniform
load

A
w=ﬂ,|?1%
Et-
F.2
(j‘D=p“{?}
R S I
! (Ha xparo)

(et edge)

deflected shape

106



EN H b 1993-1-6:2011

Maxkcumanbue

P y HEHTpi

MakcumanbHe

Obo y LEHTpi

MakcumanbHe

o .
® y neHTpl1

MakcumanbHe

O-bx
Ha Kpasax

MakcumanbHe

o]
b9 Ha Kpasx

MakcumanbHe

o
® Ha Kpasx

0,488 o,

0,488 o,

0,488 o,

0,750,

0,225,

0,667 o,

C.6.4 IlmacTHHa 3 3aTHCHEHMM KpPaeM:
JIOKAJIbHO PO3MO/ijTeHe HABAHTAKEHHS

PiBHOMIpHHMIT THCK Pn HAa KPYIJIH AUISHIN 3

paxiycom b

C.6.4 Plate with fixed boundary:

distributed load

local

Uniform pressure pn on circular patch of radius

b
F = pynb? b<02r
w=0,2175
Et-
S F,=1611———f,

nedopMoBaHMil cTaH

r B IICHTPI
(et centre)

deflected shape
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NOJATOKD _
(OBOB’SI3KOBHIN)

BUPA3HU JJI51 PO3PAXYHKY
HA CTIMKICTH

D.1 HENIACHWJIEHI IAJIIHAPAYHI
OBOJIOHKH 3 MOCTIMHOIO
TOBIIMHOIO CTIHKHA

D.1.1 CUCTEMA IIO3HAYEHb
ITPAHUYHUX YMOB

(1) F'eoMeTpuvHi BETHYUHH

| — moBKMHA HUTIHIPA MK 3aKPITUICHHSIMH,

I — pajiyc cepeIMHHOT MOBEPXHI LUJIIHAPA,

{ — ToBIIMHA O0OJIOHKH,

AWk — XapakTepUCTUYHE MaKCHUMaJIbHE
BIIXMJICHHS.

b

-~

\
/

&
<
-

|
|
=\
S
/

-
-
-
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ANNEX D
(NORMATIVE)

EXPRESSIONS FOR BUCKLING STRESS
DESIGN

D.1 UNSTIFFENED CYLINDRICAL
SHELLS OF CONSTANT WALL
THICKNESS

D.1.1 NOTATION AND BOUNDARY
CONDITIONS

(1)  Geometrical quantities

I cylinder length between defined boundaries
r radius of cylinder middle surface

t thickness of shell

Awg characteristic imperfection amplitude

X, U
AQ_‘,
I,w
np= s
L 6=0p

ngx=1

i

HK@:TF

Pucynoxk D.1 Teomerpis uuiainapa, MeMOpaHHi HanpyskeHHs i TOJIOBHi BEKTOpPH

HAMNpY:KeHb

Figure D.1 Cylinder geometry, membrane stresses and stress resultants

(2) BignoBiaHi rpaHUYHI YMOBU MPUBOAATHCS
B2.3,52218.3.

D.1.2 MEPUJIIOHAJIbBHUHN
(OCBOBMI) CTUCK

D.1.2.1 Kpuru4Hi MepuaioHaJIbHI
HAMNPY’KeHHS NPH MO310BKHBOMY 3THHI

(1) HactynHi ¢opmynu crnpaBeasiuBi TUIBKU
111 000JIOHOK 13 rpaHMYHUME yMoBamu BC 1
a6o BC 2 na 060x rpassix.

(2) The relevant boundary conditions are set
outin2.3,5.2.2 and 8.3.

D.1.2 MERIDIONAL (AXIAL)
COMPRESSION

D.1.2.1 Critical meridional buckling stresses

(1) The following expressions may only be
used for shells with boundary conditions BC 1
or BC 2 at both edges.
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(2) JoBxuHa CerMeHTa 000JIOHKH 2 The length of the shell segment is
XapaKTEPU3YETHCS apaMeTpoM 0e3p0o3MipHOT characterised in terms of the dimensionless
JOBXKUHU O: length parameter ®

I r 1

== - =— . D.1

ryt \/ﬁ (-1
(3) [IlpyxHe KpuUTHYHE MEpHUIAIOHAIbHE (3)  The elastic critical meridional buckling
HAIpPY)KECHHS TPU IO3J0BKHBOMY 3THHI 3 stress, using a value of Cy from (4), (5) or (6),
BUKOopucTaHHsM 3HadeHHS Cyx i3 (4), (5) abo should be obtained from:

(6) moTpiOHO BU3HAYATH SIK:

o, . =0,605EC,
' r

. (D.2)
(4) Jnst munieapiB cepeiHbOl JOBXKUHH, SKi 4) For medium-length cylinders, which
BHU3HAYAIOTHCS SIK: are defined by:
r
17<w<0,5—-
t 1 (D'3)
koedinieHT Cx OTPIOHO MPUAMATH SIK: the factor C, should be taken as:
C.=10 (D.4)
(5) MHdma  KOpOTKMX  MWIHAPIB,  sKi (5) For short cylinders, which are defined
BU3HAYAIOTHCS SIK: by:
koedimienT Cx MOKHA IPUAMATH SIK: the factor Cx may be taken as:
c,=136-1252,2%
o o (D.6)
(6) [y mOBrUX IIITIHAPIB, SIKI BA3HAYAIOTHCS (6) For long cylinders, which are defined
SIK: by:
©>05"
t, (D.7)
koedinienT Cx MOke OyTH BCTAaHOBJICHUH SIK: the factor Cx should be found as:
Cx :CX,N , (D8)
ne CyN Oliblie Hixk: in which Cy is the greater of:
C, :1+£[1—2a)£}
Coo r (D.9)
i and
Con =060 (D.10)
ne Cyp — mapamerp, SIKHHl 3alle)KHTh Bif where Cyx is a parameter depending on the
TpaHUYHUX yMOB 1 TOpUAMaeTbes 32 boundary conditions and being taken from table
Tabimnero D.1. D.1.
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Tadamua D.1 Tlapamerp Cxb AJ1s BpaxXyBaHHS BIUIMBY TPAHHYHUX YMOB HA NPY:KHe KPUTHIHE
MepHIioHA/bLHE HANPYKEHHS NMPH MO310BKHbOMY 3THHi JJI5l JOBIMX HUWJIIHAPIB
Table D.1 Parameter Cx for the effect of boundary conditions on the elastic critical

meridional buckling stress in long cylinders

Bapiant Kpaii muninapa I'panmyni ymoBH C
Case Cylinder end Boundary condition xb

1 end 1 BC1
end 2 BC1 6

2 end 1 BC1
end 2 BC2 3

3 end 1 BC2
end 2 BC2 1

(7) st moBrux UMTIHAPIB, BU3HaYCHHX Y (6)
1 IK1 BIIMTOBIAAFOTH YMOBaM:

T <150 wsf{[j
t t

koedinieHT Cx Moxke OyT 0OYUCIICHUH SIK:

O

Cx = CX,N [

ne:

OxE — NMPOEKTHE 3HAYCHHS MEPHUIIOHATBHOTO
HaIpy>XEHHS Ox Ed,

OxEN — KOMIIOHEHTA OxEd, K& BH3HAYA€THCS
13 OCBOBOT'O CTHUCKY (KOMIIOHEHTa PiBHOMIipHA
0 KOy);

OXEM — KOMIIOHEHTA OxEd, KA BH3HAYACTHCS
13 3arajJpbHOro 3TUHY (MIKOBE 3HAYEHHS
3MIHHOT IO KOJIy KOMIIOHEHTH).

Hactynuuii Ounbll mpocTHi BHpa3 MOKHA
TaKOX BUKOPHCTOBYBaTH 3aMICTh BHpasy

(D.12):

C, =0,60+0, 40(MJ

D.1.2.2 MepuaionajabHi napamMeTpu
M03/10B’KHbOT'0 3THHY
(1) Koeoiuient 3MEHIIECHHS

MEpPUIIOHAIBHOTO TMPYXKHOTO Ae(PeKTy oy
MOTP1IOHO BU3HAYATH SIK:

XE,N

e

GXE

@) For long cylinders as defined in (6) that
satisfy the additional conditions:

500< £ <1000

fy , (D.11)
the factor Cx may alternatively be obtained
from:

, (D.12)

where:

oxe — IS the design value of the meridional
stress ox,ed

oxeN — IS the component of oxeq that derives
from axial compression (circumferentially
uniform component)

oxem — IS the component of oxeq that derives
from tubular global bending (peak value of the
circumferentially varying component)

The following simpler expression may also be
used in place of expression (D.12):

O-XE

(D.13)

D.1.2.2 Meridional buckling parameters

(1)  The meridional elastic imperfection
reduction factor o, should be obtained from:

0,62

ST TrLo1Aw, 1)
9L(Aw, , (D.14)
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ne AWk — HaWOUIbIIe XapaKTePUCTHYHE
3Ha4YeHHs AedeKTy

ne Q — mapamerp SKOCTI BUTOTOBJIICHHS TIO
MEpPHIIOHATEHOMY CTHCKY.

(2) Ilapamerp sikocti BuroroBieHHS Q
noTpiobno Opatu 13 Tabmmmi D.2 1o
00yMOBIIEHOMY KJIaCcy SIKOCTI 3 JIOMyCKaMH Ha
BUTOTOBJICHHSL.
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where Awg is the characteristic imperfection
amplitude:

, (D.15)
where Q is the meridional compression

fabrication quality parameter.

(2)  The fabrication quality parameter Q
should be taken from table D.2 for the
specified fabrication tolerance quality class.

Tadanua D.2 3nadvenHns napamerpa sIKOCTi BUTOTOBJIeHHs Q
Table D.2  Values of fabrication quality parameter Q
Knac sxocri 3 JAOITyCKaMH Ha BUT'OTOBJICHHS Omnmuc Q
Fabrication tolerance quality class Description
Class A Haiikpamiuii 40
Kirac A Excellent
Class B Bucokuit 25
Knac B High
Class C HopmanbHuii 16
Knac C Normal
(3) KoeoimieHT MepuIaiOHATBHOT THYYKOCTI (3)  The meridional squash limit slenderness
CTUCHYTOTO  €JIeMEHTa A,,, KOe]ilieHT L., the plastic range factor B, and the
IUIACTUYHOCTI 3 1 TOKa3HHUK  CTYIeHi interaction exponent 1 should be taken as:
B3aeMOIii n noTpioHO npuiMatu
HaCTY[THUMHU:

%0=020 5=0,60 5=10

(4) Jnst moBrux UMIIHAPIB, K1 BiAMOBIIAIOTH
ocobmuBuM ymoBam D.1.2.1 (7), xoedirieHT
MEpHUIIOHAIIBHOI ~ THYYKOCTI ~ CTHUCHYTOTO
eNeMEHTa ), MOXKHA BUSHAUMTH i3:

Jie Oxe — IPOEKTHE 3HAYEHHS MEpPUIOHAIIb-
HOT'O HaIPYKEHHS OxEd;

OXEM — KOMIIOHEHTA Ox,Ed, IKQ BU3HAYA€THCS
13 3aragpHOro 3rUHY (IIKOBE 3HAYEHHS
3MIHHOI 110 KOJIy KOMITOHEHTH)

(5) Luninapu MoKHA HE TMEPEBIpATH Ha
MEepHIiIOHATHHUI O3I0BXKHINI 3TUH
00OJIOHKH SIKIII0 BUKOHYETHCS YMOBA:

7, =0, 20+0,1o[0xﬂ]

(D.16)
4) For long cylinders that satisfy the
special conditions of D.1.21 (7), the

meridional squash limit slenderness A, may
be obtained from:

GXE

, (D.17)
where: oxe is the design value of the meridional
stress ox,ed

oxgM IS the component of oxeq that derives from
tubular global bending (peak value of the
circumferentially varying component)

(5) Cylinders need not be checked against
meridional shell buckling if they satisfy:

. (D.18)
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D.1.3 KOJJOBHAM CTUCK (OBPYY)

D.1.3.1 Kputu4Hi KO0JOBI HANpPyKeHHHA
NPH MO0310B:KHbOMY 3rMHi

(1) Hacrynni ¢opmynn MOXKHa 3aCTOCOBY-
BaTH U1 OOOJOHOK 3 yCiMa TPaHUYHUMH
YMOBaMHU.

(2) JoBxuHy cerMeHTa OOOJIOHKH MOTPIOHO
XapaKTEepU3yBaTH 3aJIEKHO Biax Oe3po3mip-
HOTO MMapameTpa JOBKUHU .
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D.1.3 CIRCUMFERENTIAL (HOOP)
COMPRESSION

D.1.3.1 Critical circumferential buckling
stresses

(1) The following expressions may be applied
to shells with all boundary conditions.

(2) The length of the shell segment should be
characterised in terms of the dimensionless
length parameter :

e b
w_f\ﬁ Jrt (D.19)

(3) Jns mwtiHIpiB cepeaHbOi TOBXKHHH, SKi
BU3HAYAIOTHCS SIK:

20<2 <1
CH

[IpyxHe  KpUTHUYHE  HANPYKEHHS  MPHU
MO37I0B)KHBOMY 3THHI MOTPIOHO BU3HAYATH
TaK:

Cyeer =0, 92E(

(4) Koediuient Cp mnotpiOHO Opatu i3
Tabmumi D.3 31 3HaUeHHAM, SKE 3aJIEKUTH Bl
IpaHUYHUX YMOB, UB. 5.2.2 Ta 8.3.

(5) [Hns  KOpOTKHX
BH3HAYAIOTHCS SIK:

WTHIPIB,  SKi

631
t

(3) For medium-length cylinders, which
are defined by:

(D.20)

the elastic critical circumferential buckling
stress should be obtained from:

<l oz

The factor Cg should be taken from table D.3,
with a value that depends on the boundary
conditions, see 5.2.2 and 8.3.

(5) For short cylinders, which are defined by:

£ <20

IIPY’KHE KPUTUYHE KOJIOBE HAIPYXKECHHS NPU
MO3/I0B)KHbOMY 3TMHI MOTPIOHO BH3HAYaTH
SK:

Cyeer =0, 92E(

(6) Koedimiear Cgps moTpiOHO Opatn i3
tabmuiti D.4 31 3HaUYeHHAM, SIKE 3aJI€KUTh Bl
TpaHUYHUX YMOB, THB. 5.2.2 Ta 8.3.

, (D.22)

the elastic critical circumferential buckling
stress should be obtained instead from:

B0 oz

(6)  The factor Cgs should be taken from
table D.4, with a value that depends on the
boundary conditions, see 5.2.2 and 8.3:
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Tabmuua D.3 KoedimieHTn Hanpy:KeHHsI Npu Mo310BKHbOMY 3riuHi Co mpu Aii 30BHIIHBOT0 THCKY
JJIs1 HUJTiHAPIB cepeHbOoi JOBKIMHU
Table D.3 External pressure buckling factors for medium-length cylinders Ce
Bunanok| Kpaii nmningpa I'pannani ymosu | 3nauenns Co
Case Cylinder end Boundary condition | \/ajye of Cg
end 1 BC1
1 end 2 BC1 15
end 1 BC1
2 end 2 BC 2 1,25
end 1 BC2
3 end 2 BC2 10
end 1 BC1
4 end 2 BC3 0.6
end 1 BC2
° end 2 BC3 0
end 1 BC3
6 end 2 BC3 0
Tadbmuusa D.4 KoedinieHTH Hanpy:KeHHS NPH M0310B:KHbOMY 3ruHi Cos mpu Ail 30BHIIIHBOT0 THCKY
JJIS KOPOTKHUX HUJTiHAPIB
Table D.4  External pressure buckling factors for short cylinders Ces
Bumnanox Kpaii nuninapa I'paHnuHi yMOBH C
Case Cylinder end Boundary condition Os
end 1 BC1 10 5
L end 2 BC 1 Lo+ -7
end 1 BC1 8 4
2 end 2 BC 2 L2d+—5——%
end 1 BC2 3
3 end 2 BC 2 L0+
end 1 BC1 1 03
4 end 2 BC3 0.6+———%
o= I
nel/where \/E
(7) Ans noBrux muITiHAPIB, SIKi BU3HAYAIOTHCS (7) For long cylinders, which are defined
SIK: by:
2 163"
C t

4

MPYXXHE KPUTUIHE KPYroBe HANPYKCHHSI TTPH
MO3/I0B’)KHBOMY 3THHI OTPIOHO BU3HAUATH 3a
hopmyroro:

t

GH,Rcr = E (

D.1.3.2 KoJioBi mapameTpn mo3A0BKHBOIO
3rMHY

(1) KoedimienTn 3MEHIIEHHS KOJIOBOTO
npyXXHOro Jnedexty mnoTpibHo Opatu i3
Tabmui D.5 mo BiAmoBigHOMY KiIacy sIKOCTI 3
JIOMTyCKaMU Ha BUTOTOBJICHHS.

2
] {0, 275+
r

, (D.24)
the elastic critical circumferential buckling

stress should be obtained from:

2,03(

D.1.3.2 Circumferential buckling
parameters

r

2]

Z0 . _

(0]

(D.25)

(1) The circumferential elastic imperfection
reduction factor should be taken from table
D.5 for the specified fabrication tolerance
quality class.
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Tadaunus D.5 3HauHHS 0 32JI€5KHO Bi/l IKOCTi BUTOTOBJIEHHS
Table D.5 Values of ae based on fabrication quality
Krac sxocTi 3 mormyckaMu Ha BUTOTOBIICHHS Omnc
Fabrication tolerance quality class Description 0o
Kimac A Haiikparmuii 075
Class A Excellent ‘
Knac B Bucoxkuii
Class B High 0,65
Knac C HopmanbsHuii 050
Class C Normal ‘
(2)  KoedimieHT  KOIOBOi  THYYKOCTI (2) The circumferential  squash  limit

CTHUCHYTOTO €lEMEHTA )\ ,, Koe(ilieHT muac-

TUYHOCTI [} 1 MOKAa3HUK CTEHEHs B3a€EMOJIII 1
NnoTpiOHO MpUWMATH HACTYITHUMHU:

o =0,20

(3) Huninapu MoXHA HE TMEPEBIpATH Ha
KOJIOBHH TO3/I0BXHIH 3TMH OOOJIOHKH SIKILO
BUKOHYETHCS yMOBA:

B =0,60

slenderness 1,,, the plastic range factor B, and
the interaction exponent n should be taken as:

n=10 (D.26)

(3) Cylinders need not be checked against
circumferential shell buckling if they satisfy:

(D.27)

a) po3nojij BiTpoBOro THCKY HABKOJIO 000JIOHKH

b) po3noaisi ekBiBa/IeHTHOr0 0CECUMETPUYHOTO THCKY

a) wind pressure distribution around shell circumference
b) equivalent axisymmetric pressure distribution

Pucynok D.2 TleperBopeHHsI THIIOBOTO PO3MOAiTY 30BHIIIHHOTO BITPOBOT0 THCKY
Figure D.2 Transformation of typical wind external pressure load distribution

(4) HepiBHOMIpHUIT pO3MIOILT THCKY Cw, KU
BUHUKA€E BiJ 30BHIIIHBOTO BITPOBOTO HABaH-
TQXCHHS Ha WWIHAPH (IUB. pucyHOK D.2)
MOXKHa, JJI1 PO3paxyHKy BTpaTH CTIHKOCTI
OpU  TO3J0BXHBOMY  3THMHI,  3aMiHUTH
€KBIBAJICHTHUM  PIBHOMIPHUM  30BHIIIHIM
THUCKOM:

qeq =

1€ Ow,max — MaKCUMaJIbHUN BITPOBHM THUCK, a
Kw BU3HAYa€ThCSI HACTYITHUM YHHOM:

(4) The non-uniform distribution of pressure gqw
resulting from external wind loading on
cylinders (see figure D.2) may, for the purpose
of shell buckling design, be substituted by an
equivalent uniform external pressure:

qu,max (D28)

where Qqwmax 1S the maximum wind pressure,
and ky should be found as follows:
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kW=0,46[1+O,1 /&'EJ
o t

13 3HaueHHAM Ky, SIKE 3HAXOAMTHCA B MEXKax
0,65<kw<1, 3nauennus Cy morpibHO Opatu 3
tabnuii D.3 BiMOBIAHO 10 TPAaHUYHUX YMOB.

(5) IlpoexkTHE KOJIOBE HaNpYy>KEHHS, BBEICHE
B 8.5, BU3HAYAETHCA 3:

Oy Ed

BHITPILIIHE ~ BiJICMOKTYBaHH,
JI€I0  TIOBITPS, BHYTPIIIHIM
pPO3pLIKEHHSIM  a00  1HIIUM

e Qs
CIIPUINHCHEC
YaCTKOBUM
SIBUTIIEM.

D.14 3CYB

D.1.4.1 Kpurtn4yHe HANpy >KeHHS
NPH M0310B:KHbOMY 3I'HHi 3i 3cyBOM

(1) Hactymni BHUpa3H noTpiOHO
3aCTOCOBYBAaTH TIIBKM JUIS OOOJIOHOK 13
rpannyaumu ymoBamu BC1 a6o BC2 na 060x
Kpasx.

(2) JoBxuHa CerMeHTa 000JIOHKH
XapaKTEePU3YEThCS  3aIEKHO BiJ 0e3po3-
MIPHOTO [TapaMeTpa JI0BKUHH '

w_'_\ﬁ_'_
rVt  Jrt

(3) IlpyxHe KpUTHYHE HANPYKEHHS MpH
MO3/I0B)KHBOMY 3TMHI BIJl 3CyBY MOXHa
BU3HAYMTH 13:

Tora =0 75ECT\/g(%j
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(D.29)
with the value of kw not outside the range
0,65< kw <1, and with Cs taken from table D.3
according to the boundary conditions.

(5) The circumferential design stress to be
introduced into 8.5 follows from:

~@a+0)(})
(t , (D.30)

where Qs is the internal suction caused by
venting, internal partial vacuum or other
phenomena.

D.14 SHEAR

D.1.4.1 Critical shear buckling stresses

(1) The following expressions should be
applied only to shells with boundary conditions
BC1 or BC2 at both edges.

(2) The length of the shell segment should be
characterised in terms of the dimensionless
length parameter o:

(D.31)
(3) The elastic critical shear buckling stress
should be obtained from:

(D.32)
(4) s mwtiHApiB CepeHbOT JOBXKHUHH, SIKI (4) For medium-length cylinders, which are
BU3HAYAIOTHCS SIK: defined by:
r
10<w<8,7—
t, (D.33)
koedimienT C; MOXKHA IPUIHATH SIK: the factor C; may be found as:
C =10 (D.34)
(5) HAng  KOpOTKMX  WHJIHAPIB,  fKi (5) For short cylinders, which are defined by:

BU3HA4YArOTHCA SAK:

koedimieHT C; MOXXHA BU3HAYHTH 13:

C. = /1+4—§
a) .

®<10,
the factor C:[1[J may be obtained from:

(D.35)

(D.36)
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(6) Ay1st TOBrux MITIHAPIB, IKi BU3HAYAIOTHCS
SK:

EN H B 1993-1-6:2011
(6) For long cylinders, which are defined by:

w>8,7 r
t, (D.37)
koedirrienT C; MOKHA BU3HAUUTH 13: the factor C;[]1[Jmay be obtained from:
c -1
3 (D.38)

D.1.4.2 [TapameTpH MO310BKHBOI0 3THHY B
BHIIAJIKY 3CYBY

(1) KoedimieHT 3MEHIIEHHS MPYXHOTO
nedeKTy 'y BHNAAKy 3CyBYy MOTPIOHO
npuiiMatn  3a  Tabmumero D.6  mo
BI/IMOBITHOMY KJIacy SIKOCTI 3 JIOIyCKaMHu Ha
BUTOTOBJICHHSI.

D.1.4.2 Shear buckling parameters

(1) The shear elastic imperfection reduction
factor should be taken from table D.6 for the
specified fabrication tolerance quality class.

Taomuua D.6 3HaveHHS 0 32JI€KHO BiJl AKOCTI BUTOTOBJICHHS

Table D.6  Values of A: based on fabrication quality
Kitac saxocri 3 JOIyCKaMU Ha BUT'OTOBJICHHA Omuc
Fabrication tolerance quality class Description ot

Kimac A Haiikparumii 075
Class A Excellent '
Krnac B Bucokuii

Class B High 0,65
Knac C Hopmansauii 050
Class C Normal ’

(2) KoedimieHT THYYKOCTI  CTHCHYTOTO
eeMEHTa Ipu 3CyBi A,, KoedilieHT muiac-

TUYHOCTI [} 1 MOKAa3HUK CTYIMEHs B3a€MOJII 1)
MOTP1IOHO MPUMHITH HACTYITHUMHU:

7, =0,40

(3) Luninapu MoKHA HE TMEPEeBIpATH Ha
KOJIOBMM TIO3J0BXKHIA 3TMH OOOJIOHKU IpH
3CYBI, AKILO0 BUKOHYETHCS YMOBA!

r

—<0,16
t

D.15 MEPMAIOHAJIbHUI
(OCHOBHMI) CTHUCK I3 BHYTPIIIIHIM
TUCKOM

D.1.5.1 KpuruyHe HANpyKeHHA TpH
M0310B:KHbOMY 3TMHi i/l Ai€10 THCKY

(1) TlpyxHe KpUTHYHE HANpPYKEHHS TPH
103/10B)KHBOMY 3T'MHI Gx,Rer MO’KHA BU3HAYaTH
06e3 ypaxyBaHHS BHYTpPIIIHBOTO THUCKY 1
orpumaru 3 D.1.2.1.

5 =0,60

The shear squash limit slenderness %, the

plastic range factor B, and the interaction
exponent 1 should be taken as:

n=10" (D.39)
3) Cylinders need not be checked against
shear shell buckling if they satisfy:

0,67
fyk} | (D.40)

D.1.5 MERIDIONAL (AXIAL)
COMPRESSION WITH COEXISTENT
INTERNAL PRESSURE

D.1.5.1 Pressurised critical meridional

buckling stress

Q) The elastic critical meridional buckling
stress ox,rer may be assumed to be unaffected
by the presence of internal pressure and may
be obtained as specified in D.1.2.1.

116



D.1.5.2 Ilapamerpu
MO03/10B’KHbOI'0 3TUHY

MepPHIi0HAJIbHOT0

(1) Hampy>xeHnnst MEpHII0OHAITBHOTO
M03/I0BKHBOT'O 3TMHY BiA Jii BHYTPIIIHHOTO
THCKY TOTPIOHO TEPEBIPATH aHAIOTIYHO [0
710 TAKOTO K Mapamerpa, ajne 6e3 i TUCKY, K
BKazano y 8.51D.1.2.2.

[Ipote KkoeQilieHT 3MEHIICHHS MPYXHOI
nedopmariii o, 6€3 THCKY OTPIOHO 3aMIHUTH
UM K€ Koe(ilieHTOM, ajie 3 ypaxyBaHHSIM
THUCKY Olxp.

(2) KoedimienT  3MEHIICHHS  MPYKHOI
nedopMartii ma THCKOM Oy, MOTPiOHO OpaTh
MEHIIIUM 13 JIBOX 3HAYCHb:

Oxpe — KOCQIIIEHT, IO BPaXOBYE MPYKHY
cTabinizaliio, CIPUUYNHEHY TUCKOM;

Oxpp — KOC(QIIIEHT, IO BPaXOBY€E IUIACTUYHY
necTalini3aluio, CIPUYUHEHY THCKOM.

(3) KoeditieHT oxpe MOTPIOHO BU3HAUATH 13:

EN H b 1993-1-6:2011

D.1.5.2 Pressurised meridional buckling
parameters

(1) The pressurised meridional buckling
stress should be verified analogously to the
unpressurised meridional buckling stress as
specified in 8.5and D.1.2.2.

However, the unpressurised elastic imperfec-
tion reduction factor a. should be replaced by
the pressurised elastic imperfection reduction
factor ouxp.

(2)  The pressurised elastic imperfection
reduction factor o, should be taken as the
smaller of the two following values:

axpe 1S @ factor covering pressure-induced
elastic stabilisation;

axpp IS @ factor covering pressure-induced
plastic destabilisation

The factor axpe Should be obtained from:

P }
= 0,5
P +0.3/a,” | (D.41)

_( O j( j (D.42)

e Ps — HalMeHbIlIe MPOEKTHE 3HAYEHHS
JIOKQJIbHOTO BHYTPIIIHBOIO THCKY B TOYII,
10 PO3MVISJIAEThCSA, SKUH JIl€e CYMICHO 13
MEpHII0HAIBHUM CTUCKOM;

0Ox — KOe(ili€EHT 3MEHIIEHHS MEPUIIOHAIBHOT
npy>kHoi nedopmartii 6e3 ypaxyBaHHS THUCKY
BignosigHo g0 D.1.2.2;

OxRer — TIPYXKHE KPUTHYHE MEpHUAiOHAIbHE
Hamnpy>XeHHs TpU TO3JA0BXKHBOMY 3THHI
BiamosiaHo 10 D.1.2.1 (3).

(4) KoedimieHT oxpe HE MOTPIOHO 3acTo-
COBYBaTH /IO JIOBTHIX IMUIIHAPIB BiAMOBITHO
no D.1.2.1 (6).

Kpim Toro, iforo He moTpiOHO 3aCTOCOBYBATH,
SIKIIIO BUKOHYETHCS OJTHA 3 YMOB:

— IWIHIP CEepPEeAHbOI JTOBXKHWHU BiMOBIAHO
o D.1.2.1 (4);

— KOpOTKHUH nuimiHap BiamosigHo o D.1.2.1
(5)iBD.1.2.1 (3) 6yno npuiinsto Cx=1

where: ps is the smallest design value of local
internal pressure at the location of the point
being assessed, guaranteed to coexist with the
meridional compression,

ax IS the unpressurised meridional elastic
imperfection reduction factor according to
D.1.2.2,

oxRrer 1S the elastic critical meridional buckling
stress according to D.1.2.1 (3).

(4)  The factor axpe Should not be applied to
cylinders that are long according to D.1.2.1 (6).

In addition, it should not be applied unless one
of the following two conditions are met:

the cylinder is medium-length according to
D.1.2.1 (4);

the cylinder is short according to D.1.2.1 (5)
and Cx = 1 has been adopted in D.1.2.1 (3).
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(5) KoeditieHT oxpp MOTPiOHO BU3HAYATH SIK:

EN H b 1993-1-6:2011
(5)  The factor axpp should be obtained from:

B
X 112+s ss+D) ] (D.43)
r
][tj : (D.44)
’ (D.45)
where:

ne Pg — HaWOUIbIIE TPOEKTHE 3HAYCHHS
JIOKaJbHOTO  BHYTPIIIHBOIO  THCKY B
pPO3PaxyHKOBIM  TO4YIi, 3  OJHOYACHUM
MEpPUIIOHATBHUM CTHCKOM;

Ay — 0e3po3MipHUN TapaMeTp THYYKOCTI
CTHCHYTOI 000JIOHKH BiAMOBiAHO A0 8.5.2 (6);
OxRer — TPYKHE KPUTHUYHE MEPHUIIOHATBHE
HATPY)KEHHsI TPU  MO3J0BXHBOMY  3THHI
BixmoBigHo 10 D.1.2.1 (3).

D.1.6 Cymicha fais MepHIiOHAJIBLHOIO
(0CHOBOI0) CTHCKY, KOJOBOro (00py4)
CTHCKY i 3CyBY

(1) TITapamerpu B3aeMonii MO3T0BKHBOTO
3runy ans BukopuctanHs B 8.5.3 (3) moxHa
OTpHUMATH 13:

Py IS he largest design value of local internal
pressure at the location of the point being
assessed that can coexist with the meridional
compression;

A, 1s the dimensionless shell slenderness
parameter according to 8.5.2 (6);

oxrer 1S the elastic critical meridional buckling
stress according to D.1.2.1 (3).

D.1.6 Combinations of meridional (axial)
compression, circumferential (hoop)
compression and shear

(1)  The buckling interaction parameters to
be used in 8.5.3 (3) may be obtained from:

K, =1,25+0,75, | (0.46)
k,=1,25+0,75y, ; (D.47)
k. =175+0,757, . (D.48)

ki=Coo)” | (D.49)

o€ Yx, X0, Y« — KOeOIIEHTH 3MEHIIEHHS
MO3/IOBXXKHBOTO 3THWHY, BHM3Ha4eHi B 8.5.2, 3
BUKOPUCTAHHSM TapaMeTpiB MO3J0BKHBOTO
3ruHy, HaBeaennx y D.1.2 — D.1.4.

(2) BBaxaerbcs, 00O TpPU KOMIIOHEHTH
MEMOpPaHHOTO HANpPYKEHHS B3aEMOJIIOTH Y
BCIX TOYKax OOOJIOHKM 32 BHHITKOM TOYOK,
SK1 MPUIISITAIOTh J10 TpaHulls. [lepeBipkoro Ha
CYMICHY [0 MOJXXHa 3HEXTYBaTH JJII BCIX
TOYOK, II0 3HAXOAATHCS B MEXKaX JIOBXKHUHU
rpanuuHoi 30HU IR, sika mpusrae 10 Oyb-

where: xx, o, ¥ are the buckling reduction
factors defined in 8.5.2, using the buckling
parameters given in D.1.2 to D.1.4.

(2)  The three membrane stress components
should be deemed to interact in combination at
any point in the shell, except those adjacent to
the boundaries. The buckling interaction check
may be omitted for all points that lie within the
boundary zone length Ir adjacent to either end
of the cylindrical segment. The value of Ir is

AKOi ~ IpaHl UWIHAPUYHOTO  CErMEHTA. the smaller of:
3HaveHHs |r € MeHITUM i3:
l,=01L . (D.50)
I, <0,16r/r/t (D.51)
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(3) Skmo ckmagHO BHUKOHATH IEPEBIPKY
CYMICHOTO TMO3JIOBXKHBOTO 3THHY B YCiX
TOYKaX, TO MOYKHa KOPUCTYBATHUCS IPOCTi-
IIMM KOHCEPBATUBHUM METOJOM, HAaBEJICHUM
y HacTynmHux moyioxkeHHsAX (4) 1 (5). Sxmio
MaKCUMaJbHE 3HAYE€HHsS OYIb-SKOTr0 MeMO-
pPaHHOTO HAINpPYXXEHHS BUHUKAE Yy MeEXKax
rpaHuuHOi 30HU IR, sika mpusirae 10 Oyjb-
SIKOT TpaHi MUWJIIHJpa, TepeBipKa cyMmicHOT mil
BimoBiAHO A0 8.5.3 (3) Moxke OyTH BUKOHAHA
3 BUKOPUCTAHHSM 3HAYCHb, BU3HAYCHUX Y (4).

(4) SIKmO BUKOHYIOTHCS YMOBH ITOJIOYKEHHS
(3), MakcuMmaibHE 3HAYEHHS  KOXKHOIO
MeMOpDaHHOTO HANpYyXEHHsI, 3B’S3aHOTO 3
MO3/I0BXXKHIM 3TMHOM, SKE€ BHHUKAE HE B
MeKax BimbHOI moBXHMHH |t (32 Mexamu
IPaHUYHUX 30H, JUB. pUcyHOK D.3a), MoxHa
BUKOPUCTOBYBATH Ha MEPEBIPKY CyMICHOI il
3a 8.5.3 (3), ne:

|, =L-2l,

(5) dns moBrux UMIIHAPIB, BU3HAYCHHUX Y
D.1.2.1 (6), rpynu, mo MarOTh BIAHOIIECHHS
70 CYMICHOT 1ii 1 BBOJSATHCS Y MEPEBIpKY Ha
CYMICHY [Iif0, MOXYTh OOMEXyBaTHCs OlbIe
nopiBHsHO 3 maparpadamm  (3) 1 (4).
[IpumyckaeTscsi, 1O  HANpPYKEHHS,  SIKi
BXOJATh JO TIpylm CyMicHOi [ii, MOXXHa
OOMEXUTH OYyIb-KHM BIJPI3KOM 3aBIOBXKKHU
lint, po3mimenum y mexax lf s nepeBipku
cyMicHoi aii(auB. pucynok D.3b), ne:

EN H b 1993-1-6:2011

(3) Where checks of the buckling
interaction at all points is found to be onerous,
the following provisions of (4) and (5) permit a
simpler conservative assessment. If the
maximum value of any of the buckling-relevant
membrane stresses in a cylindrical shell occurs
in a boundary zone of length Ir adjacent to
either end of the cylinder, the interaction check
of 8.5.3 (3) may be undertaken using the values
defined in (4).

(4)  Where the conditions of (3) are met, the
maximum value of each of the buckling-
relevant membrane stresses occurring within
the free length Is (that is, outside the boundary
zones, see figure D.3a) may be used in the
interaction check of 8.5.3 (3), where:

. (D.52)
(5) For long cylinders as defined in D.1.2.1
(6), the interaction-relevant groups introduced
into the interaction check may be restricted
further than the provisions of paragraphs (3)
and (4). The stresses deemed to be in
interaction-relevant groups may then be
restricted to any section of length lin: falling
within the free remaining length It for the
interaction check (see figure D.3b), where:

iy =1,3r3r/t (D.53)
Vv &
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a) Y KOPOTKOMY IMIiHAPi
a) in a short cylinder

Pucynox
Figure D.3

0

b) y noBromy mmuinapi
b) in a long cylinder

Examples of interaction-relevant groups of membrane stress components
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(6) Sxmo B maparpadax (3)—(5) He
HABOJSTHCS OCOONMBI  TIOJIOKEHHS  IOJIO
BH3HAYCHHS BIJHOCHOTO PO3MIIICHHS a0o0
po3Ally Tpymn KOMIIOHEHTIB MEMOpPaHHOTO
HaIpy>KeHHsI CYMICHOI [Iii 1 BCe IIe MOoTpiOeH
NPOCTUH 1 KOHCEPBATUBHUM MiaXiJ, MaKCH-
MaJIbHE 3HAUCHHS KOXHOTO MEMOpaHHOTO
HaNpy>KEeHHsI, HE3aJIC)KHO BiJl pO3MIILIEHHS Ha
000JIOHII, MOXE€ OyTH BHUKOPHUCTAaHUM Yy

dopmyi (8.19).

D.2 HENIACUJIEHI HUJIHAPUYHI
OBOJIOHKHN 31 CTYHIHYACTOIO
SMIHHOIO TOBIIMHOIO CTIHKHA

D.2.1 3AT'AJIBHI NOJIOKEHHS

D.2.1.1 Cucrema no3HayeHb i IpaHW4Hi
YMOBH

(1) Y nmaHomy po3fii BUKOPHCTOBYIOTHCS
HACTYITHI TTO3HAYCHHS:

L — 3aranpHa JOBXXKHMHA IHJIIH]IPA;

I — paziiyc cepeIMHHOT TIOBEPXHI MUATIHAPA;

] — UiIHi MOKa3HUK, KU BKa3ye Ha OKpeMmi
CEeKIil HWIHIpa 3 TOCTIHHOI TOBIIWHOO
criaku (Big j =1 g0 j = n);

tj — mocTiiiHa TOBIIMHA CTIHKU CEKIIil | TaHOTO
HWITIHPA;

lj — moBkMHA ceKIiT HMITiHpA.

(2) HactynHi Bupa3u cripaBeIuBI TIIBKU IS
000J10HOK 13 rpaHnyHrMH ymMoBamu BC 1 a6o
BC 2 na o6ox kinmsax (auB. 5.2.2 i 8.3), Oe3
ypaxyBaHHsI PI3HULII MK HUMH.

D.2.1.2 I'eomeTpis i 3MillIeHHSI CTHKIB

(1) Sxkmo TOBIIMHA CTIHKM IIWJIIHIpA
30UIBIIYETHCSI  TOCTYHNOBO 1  CTYMIHYAcTO
3BEpXy 10 HU3Y (AuB. pUCyHOK D.5a), MmoxkHa
3aCTOCOBYBAaTH METOAMKY, HaBE/IEHY B LIbOMY
po3aini D.2.

(2) Hamiveni 3MimeHHs] €p MIX TUIACTUHAMH
CYMDKHUX CeKIid (auB. pucyHok D.4) MoxHa
pO3TIIAIATH SK TIPOTHO30BaHI HACTYITHUMH
dopMynamMd 3a yYMOBH, IO HaMideHe
3HAYEHHS €9 MEHIIE JOMYCTHMOIO 3HAYCHUS
€0,p, IKE IPUUMAETHCS SIK MEHIIIE 13:

eO,p = O’ 5(tmax _tmin )
€op = 0,5t
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(6) If (3)-(5) above do not provide specific
provisions for defining the relative locations or
separations of interaction-relevant groups of
membrane stress components, and a simple
conservative treatment is still required, the
maximum value of each membrane stress,
irrespective of location in the shell, may be
adopted into expression (8.19).

D.2  UNSTIFFENED CYLINDRICAL
SHELLS OF STEPWISE VARIABLE
WALL THICKNESS

D.2.1 GENERAL

D.2.1.1 Notation and boundary conditions

(@) In this clause the following notation is
used:

L overall cylinder length
r radius of cylinder middle surface
j an integer index denoting the individual

cylinder sections with constant wall thickness
(fromj=1toj=n)

tj the constant wall thickness of section j
of the cylinder

lj the length of section j of the cylinder

(2)  The following expressions may only be
used for shells with boundary conditions BC 1
or BC 2 at both edges (see 5.2.2 and 8.3), with
no distinction made between them.

D.2.1.2 Geometry and joint offsets

(1)  Provided that the wall thickness of
the cylinder increases progressively stepwise
from top to bottom (see figure D.5a), the
procedures given in this clause D.2 may be
used.

(2)  Intended offsets eo between plates of
adjacent sections (see figure D.4) may be
treated as covered by the following expressions
provided that the intended value eg is less than
the permissible value eqp which should be
taken as the smaller of:

: (D.54)
, (D.54)
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ne tmax — TOBIIMHA TOBCTIMIOI CTIHKHA
3’ € JHAHHS,

tmin — TOBILIMHA TOHIIIOI CTIHKY 3’ €IHAHH.

(3) Hnsa wmimiHApiB 13 TPOTHO30BAaHUMH
3MIMIEHHSAMA MDK CYMDKHUMH  CEKI[ISIMHU
BIAMOBIIHO 10 (2), pamiyc I' Mo)KHa OpaTu sK
CepeHE 3HAUYCHHS BCIX CEKITiH.

(4) Jnst uumisaapiB 31 3’€IHAHHSMU BHAIYCK

NOTPIOHO  BUKOPUCTOBYBATH  TOJIOXCHHH,
HaBesieH1 B maparpadi D.3.
Imin
A
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where: tmax isthe thickness of the thicker plate
at the joint;

tmin  isthe thickness of the thinner plate at
the joint.
3) For cylinders with permissible intended

offsets between plates of adjacent sections
according to (2), the radius r may be taken as
the mean value of all sections.

4) For cylinders with overlapping joints
(lap joints), the provisions for lap-jointed
construction given in D.3 below should be
used.

7

Z,
NN

‘)
=0
Tmax
Pucynoxk D.4 IIporHo3oBane 3MillleHHsI €0 B 000JIOHII, AKa 3’€/IHAHA BIIPUTY.JT
Figure D.4 Intended offset eo in a butt-jointed shell

D.2.2 MEPUJIOHAJIbBHUN
(OCBOBMI1) CTUCK

(1) KoxHy cekiito muIiHApa | 3aBIOBKKH ;

MOTPIOHO PO3TMAAATH SK EKBIBAJIGHTHUM
IWTIHAP 13 3arajbHO0 JoBkuHOK | =L i 3
MOCTIHHOIO  TOBIIMHOIK  CTIHKM [ =1j

BiamosigHo mo D.1.2.

(2) Ana noBrux eKBiBaJIEHTHUX IHIIIHIPIB,
BusHadeHux y D.1.2.1 (6), mapamerp Cxp
notpibHo mpuiiMaTth K Cxp= 1, AKIO Kpare
3HAUCHHS HE BHM3HAUCHE OUIBII JCTaIbHUM
aHaTI30M.

D.2.3 KOJIOBUI CTUCK (OBPYY)

D.2.3.1 Kpuruyni KoJI0OBi
NPH N0310BKHbOMY 3I'MHI

HaNpY:KeHHsA

(1) Sxmo UWTIHAP CKIAgA€ThCs 13 TPHOX
CEeKIid 3 PI3HUMHU TOBIIMHAMHU CTiHOK, TO
MeToauky, omucany B (4)—(7), moTpiOHO
3aCTOCOBYBATH JUIsl peasIbHUX CeKIIii a, b i c,
(nuB. pucyHok D.5b).

D.2.2 MERIDIONAL (AXIAL)
COMPRESSION

(1)  Each cylinder section j of length I;
should be treated as an equivalent cylinder of
overall length I=L and of uniform wall
thickness t = tj according to D.1.2.

2 For long equivalent cylinders, as
governed by D.1.2.1 (6), the parameter Cy
should be conservatively taken as Cx = 1,
unless a better value is justified by more
rigorous analysis.

D.2.3 CIRCUMFERENTIAL (HOOP)
COMPRESSION

D.2.3.1 Ciritical
stresses

circumferential buckling

(1) If the cylinder consists of three sections
with different wall thickness, the procedure of
(4) to (7) should be applied to the real sections
a, b and c, see figure D.5b.
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(2) Sxmo mMIIHAP CKIAAAETHCA TUTBKU 13
onHi€l cekiii (ToOTO Ma€e MOCTIHHY TOBIIUHY
CTIHKH), notpioHo 3aCTOCOBYBATH
nojoxxeHHs D.1.

(3) Skmo mWIHAP CKIAZAEThCS 13 ABOX
CeKIii 3 pI3HOI TOBIIMHOK  CTIHOK,
MeToauKy, omucany B (4) — (7), motpiOHO
3aCTOCOBYBAaTH HACTYITHUM YWHOM: MBI 13
TppOX  (IKTUBHUX  CeKIii, a Ta b,
PO3TIISAIAIOTRCS K TaKi, [0 MAIOTh OJTHAKOBY
TOBIIHMHY.

(4) Sxmo mWTHAP CKIAAAEThCS OLIBINE HIXK
13 TPbOX CEKIIii i3 Pi3HOIO TOBIIMHOI CTIHOK
(muB. pucynok D.5a), To cmouaTky ioro
MOTPIOHO 3aMIHUTH CKBIBAJCHTHHM IWJIIH]I-
pOM, JIO0 SKOTO BXOJATH TPH CeKuii a, b 1 ¢
(muB. pucynHok D.Sb). JloBxkuHa BEpXHBOI
cekmii la MOBMHHA TPOIOBXKYBATHUCSA JIO
BEPXHBOTO Kpalo MepIIoi CeKIii, TOBIIWHA
gkoi B 1,5 paza Oinplla HK HalMeHIa
TOBIIMHA CTiHKH 11, ajie He OLIbIIe MOJIOBHHU
3aranbHOi MOBXMHU uuiiHapa L. [loexuny
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(2) If the cylinder consists of only one section
(i.e. constant wall thickness), D.1 should be
applied.

(3) If the cylinder consists of two sections of
different wall thickness, the procedure of (4)
to (7) should be applied, treating two of the
three fictitious sections, a and b, as being of
the same thickness.

()] If the cylinder consists of more than
three sections with different wall thicknesses
(see figure D.5a), it should first be replaced by
an equivalent cylinder comprising three
sections a, b and c (see figure D.5b). The length
of its upper section, la, should extend to the
upper edge of the first section that has a wall
thickness greater than 1,5 times the smallest
wall thickness t1, but should not comprise more
than half the total length L of the cylinder. The
length of the two other sections I, and Ic should

aBox iHmmx cekmi Iy 1 lc morpioHO be obtained as follows:
BU3HAYATH HACTYITHUM YHHOM:
b=k jand =L-2a gemosif W =L/3, (D.56)
11}
:
;\fl a: I ta
4 : t < Ia V4 —> |«
2 v X
N e | N > E/Ef‘f‘
L I ’ fb ]|
a r'
A & x [
i
.S < f(; IE: II
]|
, —> "'rr“ W Ll

a) NUJIiHAP 3i cTyNmiHYacTOo 3MiHHOIO TOBIIUHOIO CTIHKHU

0) ekBiBaJIeHTHUH IMJIIHAP, AKUI CKJIAIAEThCA i3 TPHOX ceKuiii
B) eKBIiBAJICHTHHI1 NPOCTHIi HUJIIHAP i3 0ANHAKOBOIO TOBIIMHOIO CTIHOK

(a) cylinder of stepwise variable wall thickness
(b) equivalent cylinder comprising three sections

(c) equivalent single cylinder with uniform wall thickness

PucyHnox
Figure

D.5 TIleperBopeHHs CTYNiHYACTOr0 UJIHAPA B eKBiBaJeHTHUH WUJIIHIP
D.5 Transformation of stepped cylinder into equivalent cylinder
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(5) ®iKTHUBHI TOBIIMHH CTIHOK ta, th 1 tc TpHOX
CeKIIIH notpibHo BHU3HAYaTU SIK
CPeIHBO3BAKECHE 3HAYCHHS TOBIIMHH CTiHOK
10 KOXKHIN 13 TPhOX (PIKTUBHUX CEKIIH:

1
tazl—zalljtj
tbzlzhtj

l, 5

1

tC:TZc:Ijtj

(6) TpucekuiiHU  MITIHIP (ToOTO
€KBIBAJIGHTHUN a00 peanpbHUN IWIHIP)
MOTPIOHO 3aMIHATH €KBIBAJICHTHUM IPOCTHM
[ATIHAPOM 13 €(PEKTHBHOIO JTOBXKUHOIO leff 1 3
OJIHAKOBOIO TOBIIMMHOK CTiHOK t=1ta, (IuB.
pucynok D.5c¢).
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(5)  The fictitious wall thicknesses ta, t, and
tc of the three sections should be determined as
the weighted average of the wall thickness over
each of the three fictitious sections:

: (D.58)
: (D.59)

(D.60)

(6) The three-section-cylinder (i.e. the
equivalent one or the real one respectively)
should be replaced by an equivalent single
cylinder of effective length less and of uniform
wall thickness t = ta, see figure D.5c.

EdextuBHa JIOBXKHHA BU3HAYAETHCS The effective length should be determined
HACTYITHUM YHHOM: from:
e =L/, (D.61)

ne k — 0e3po3MipHUN Koe]illieHT, OTpUMAaHUM
3 pucyHka D.6.

(7) Ans cexuii numiHapa cepeaHbol TOBKUHA
a00 KOPOTKUX KPUTHYHE KOJIOBE HANPY>KEHHS
IpU MO3J0BKHBOMY 3TMHI KOXHOI CeKii
UIHAPA |  BHXIZHOTO  IMWIiHIpa 13
CTYMHYACTO 3MIHHOK TOBIIMHOK CTIHKU
MOTPiIOHO BU3HAYATH 32 HACTYITHUM BHPa30M:

O-6),Rcr,j

JIe GoRereff — MPY>KHE KPUTUYHE HAMIPYKESHHS
Py TO3JIOBKHBOMY  3THHI, OTpUMaHE
BigmoBigHo 3 D.1.3.1 (3), D.1.3.1 (5) ab6o
D.1.3.1 (7), ekBiBaJIEHTHOTO OJWHHYHOTO
IWIIHApPA 3aBJOBXKKHU leff BIAMOBITHO 110
naparpada (6). Koedimient Co B iux Bupazax
notpibno mpuiiMat Ce = 1,0.

[MPUMITKA. Bupa3z D.62 moxe 3maTHCS ITUBHUM
yepe3 Te, W0 OIip BHABISETHCS BHUIMM Yy OLIbII
TOHKHX IuTacTHHax. [IpnunHOIO € Te, 10 Bech LMITIHAD
PO3MIISIAETHCST TIPH OAHOMY KPUTHYHOMY 30BHIIIHBO-
My THCKY, a Bupa3 D.62 nae memMOpaHHe Harpy>KeHHS
B KOXXHOMY MIapi Takoro BUMaAKy. B 3B’s3Ky 3 Tum,
IO 30BHIIIHIH THCK € pIBHOMIPHMM B OCHOBOMY
HaTpsAMKY, IIi 3HAYEHHS HANpyXeHb MEHII B OLIbII

in which % is a dimensionless factor obtained
from figure D.6.

(7) For cylinder sections of moderate or
short length, the elastic critical circumferential
buckling stress of each cylinder section j of the
original cylinder of stepwise variable wall
thickness should be determined from:

JUQ,Rcr,eff
, (D.62)

where  oorcret IS the elastic  critical
circumferential buckling stress derived from
D.1.3.1 (3), D.1.3.1 (5) or D.1.3.1 (7), as
appropriate, of the equivalent single cylinder of
length less according to paragraph (6). The factor
Co in these expressions should be given the
value Cy=1,0.

NOTE: Expression D.62 may seem strange in that the
resistance appears to be higher in thinner plates. The
reason is that the whole cylinder bifurcates at a single
critical external pressure, and expression D.62 gives the
membrane stress in each course at that instant. Since
the external pressure is axially uniform, these stress
values are smaller in the thicker courses. It should be
noted that the design membrane circumferential stress,
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TOBCTHX psifax. HeoOXigHO 3a3HAa4MTH, IO MPOEKTHE
MeMOpaHHE KOJIOBE HAIIPY>KCHHS, IPU SIKOMY OYZyTb
TIOPIBHIOBATHCS HANPY)KEHHS 1 OIIp, TAKOX MEHIIE B
TOBCTIIIMX  psipax (ouB. pucyHok D.7).  Skmio
CTYNIHYAaCTHH IWJIHApP €JACTUYHUHA 1 HA HBOTO JIi€
pIBHOMIpHHH 30BHIIIHIA THCK, TO CIiBBITHOIICHHSI
MIPOEKTHOTO MEMOpPaHHOTO KOJIOBOTO HANpPYXEHHS i
MIPOEKTHOTO OMOPY € MOCTIHHIM y BCIX psiiax.

(8) HomxuHa cerMeHTa 0OOJIOHKH Ha OCHOBI
napamerpa 0e3po3MipHOi BETMYUHU )

L[
AU

(9) SIkmro cekiist MUIIHAPA | JOBra, MOTPiOHO
MIPOBECTH JPYTY JOJATKOBY OILIHKY KPUTHY-
HOTO HAIPY)XEHHS TIO3[IOBKHBOTO 3THHY.
Menme i3 1BOX 3Ha4YeHb, OTpuMaHuX i3 (7) i
(10), moTpiOHO  BUKOPHCTOBYBATH IS
MEPEBIPKU MPOCKTHOIO KPUTUYHOIO HArpy-
KCHHS TpPH TIO3JI0BKHBOMY 3THHI CeKIil
LATIHIPA |.
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with which the resistance stresses will be compared in
a design check, is also smaller in the thicker courses
(see figure D.7). If a stepped cylinder is elastic and
under uniform external pressure, the ratio of the design
membrane circumferential stress to the design resistance
stress is constant throughout all courses.

(8) The length of the shell segment is
characterised in terms of the dimensionless
length parameter wj:

(D.63)

(90  Where the cylinder section j is long, a
second additional assessment of the buckling
stress should be made. The smaller of the two
values derived from (7) and (10) should be
used for the buckling design check of the
cylinder section j.

1.25 1.25 1.25
010 =— [ E— 0.40
4 _asm= | ks |4 Cwea | by L _ == o
L =" = 1F275 - N L~ 2,25 3
1.00 P AZETH, o 2= | 0 20 -
: R 175 | s 1.75 : L LTS
e 1.50— / T L St
0.75 n 4 0.75 . B RS I R P S 21
A S e T L1 -
IR 1.21 -’ /’(-r"""" 1.25 |- ";_’__.--':“_, ’-:2> l.lltl
fﬁ"i // ..-"’"-:_ "'___—‘-""" a
0.50 RV o 4—0.50 1% - .50 == o=
47 =" LA e 050 =1 I
% on| 477 : 0.40 ]
025|247 (R %
- 2
é”{-] p 0.25 0.25
g =4 b=4 b=4
0 [T 1 0 [T 1 0 [ ]
1 2 f 3 1 2 4 3 2 t, 3
ty t ta
Pucynok D.6 Koediuienr x st Bu3sHaYeHHsI e(PeKTUBHOT TOBKUHU leff
Figure D.6 Factor x for determination of the effective length |

(10) Cekuiro mmiiHapa j MOTPiOHO BBa)KaTH
JOBTOI0, SIKIIO:

0, >1, esti

Yy TaKOMY BUIAJKY IIPY’KHE KPUTUYHE KOJIOBE
Hanpy>KeHHs TO3/I0BKHBOTO 3TUHY MOTPIOHO
BU3HAYaTH SIK:

(10) The cylinder section j should be treated
as long if:

I, (D.64)
in  which case the elastic critical
circumferential buckling stress should be
determined from:
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2 4
t.
Cper s = E(—‘j 0, 275+2,03(ii}
o r . .

D.2.3.2 TlepeBipka MIIIHOCTI TO3I0BKHBOTO
3TUHY TPU KOJIOBOMY CTHCKY

(1) Jmst KoXHOI CeKIiii IMIiHApa | MOBUHHI
BUKOHYBAaTHCSI YMOBH 8.5 1 MpPOBOJUTHCS
HACTYITHA TIepeBipKa;
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] J

: (D.65)
D.23.2 Buckling strength verification
for circumferential compression

(1) For each cylinder section j, the conditions
of 8.5 should be met, and the following check
should be carried out:

Opkd.j < Oppror (D.66)
1€ OpEdj —  BHU3HAYQJIbHE  3HAYCHHS where: oeedj IS the key value of the
MEMOPaHHOTO  KOJOBOI'O  CTHCKaJIbHOI'O circumferential compressive membrane stress,

HampyXeHHs, SK ONUCAaHO B HACTYIHUX
naparpadax;

Of,Rerj — MIPOEKTHE KOJIOBE HANPYKCHHS TPH
M03/I0B)KHbOMY 3T'HHI, OTPUMAHE 13 MPYXKHOTO
KPUTUYHOTO KOJIOBOTO HANpPYKCHHS IPHU
MO3I0B’)KHBOMY 3THHI1 BiAMOBiIHO 10 D.1.3.2.

(2) 3a ymoOBH, II0 MPOCKTHE 3HAYCHHS
CyMapHOTO KOJIOBOTO HAIIPYXCHHS NpEd €
MOCTIHHUM IT0 BCiA HOBXUHI L, BU3HaYaibpHE
3HAUEHHS  CTUCKAJILHOTO  MEMOpPaHHOTO
KOJIOBOTO HAIPYKEHHS B CEKIlii j MOTpiOHO
OpaTH SIK IPOCTE 3HAYCHHS:

Oy Ed,j

(3) Skmo nNpoekTHE 3HAYEHHS CYMapHOTro
KOJIOBOTO HAIpY>KEHHSI NoEd 3MIHIOETHCS Ha
JIOBXKUHI L, BHU3HAYAJILHE 3HA4YCHHA
MEMOpPaHHOTO  CTUCKaJIbHOTO  KOJIOBOTO
HampyXeHHs MOTpIOHO OpaTu K (DIKTUBHE
3HAUEHHS G6,Ed,j,mod, BHU3HAUECHE 13
MaKCHUMaJIbHOTO 3HaYEHHS CYMapHOro
KOJIOBOTO HAamNpyXeHHs Noed y Oyab-skoMy
MicIli JIOBXKMHHM L, mojnineHe Ha JOKaIbHY
TOBILMHY tj (1uB. pucyHok D.7):

as detailed in the following clauses;

oorerj IS the design circumferential buckling
stress, as derived from the elastic critical
circumferential buckling stress according to
D.1.3.2.

(2 Provided that the design value of the
circumferential stress resultant ng gq is constant
throughout the length L, the key value of the
circumferential compressive membrane stress
in the section j, should be taken as the simple
value:

=M /Yy, (D.67)

3) If the design wvalue of the
circumferential stress resultant negq varies

within the length L, the key value of the

circumferential compressive membrane stress
should be taken as a fictitious value 6o,ed,jmod
determined from the maximum value of the
circumferential stress resultant neeq anywhere

within the length L divided by the local

thickness tj (see figure D.7), determined as:

T . jmod = MaX(Ny ) /1 . (D.68)
L”BEd.de :
A T
| |
. T
r_ | . -___'—-|_.__ 1.
L L \/’"Blvd }\ ™ Cordj

!
\ — Oukdj,mod
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Pl/lcyHOK D.7 BusHauajbHi 3HAYEHHS KOJIOBOI'0 MeMﬁpaHHOl"O CTUCKAJBHOT0 HANPY’KCHHSHA

NPpH NeEd , SMIHHOMY 1O 10BKMHI L

Figure D.7 Key values of the circumferential compressive membrane stress in cases where neeq

varies within the length L
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D.24 3CYB

D.2.4.1 KpuTu4He HANpyKeHHS
M03/10BKHbOT0 3TMHY IPH il 3CyBYy

(1) Skmo Hemae cneriaJbHOTO MpaBHIA AJIS
OLIIHKHU €KBIBaJIEHTHOT'O OJTUHUYHOT'O
IUJIIHIPA 3 PIBHOMIPHOIO TOBIIMHOIO CTiHKH,
MOKHa BHUKOpHUCTOBYBaTM Bupaszu D.2.3.1

(1)-(6).

(2) Hacrymne BH3HAYeHHS  IPYKHOTO
KPUTUYHOTO  HAIMpPYXCHHS  MO3J0BXKHBOTO
3TMHY TIpM 3CYBI MOJXKHa 3JICHIOBATH,
BUKopucToByroun Bupasu D.2.3.1 (7) — (10),
mpu 1boMy 3aMiHouM Bupaz D.1.3.1
KOJIOBOTO CTHUCKY BIJIMOBITHUM BHPa30OM
3cyBy D.1.4.1.

D.2.4.2 IlepeBipka MiLlHOCTI Ha
NO3/10B:KHiii 3TUH NPH 3CYBI

(1) IlpaBuna, naBeneni B D.2.3.2, moxHa
BUKOPUCTOBYBATH, ajieé HEOOXITHO 3aMiHATH
BHpa3  KOJIOBOTO  CTHUCKY  BIJIIOBITHUM
BHUPa30M 3CYBY.

D.3 HENIACWJIEHI HIHUJIIHAPUYHI
OBOJIOHKH, 3°’°€JHAHI BHAITIYCK

D.3.1 3ATAJIBHI ITOJIOKEHHS
D.3.1.1 Buzuauenuns

D.3.1.1.1 kisibueBe 3’€AHAHHA BHAIYCK

3’e¢HaHHS BHAMYCK Y KOJIOBOMY HAIpPSIMKY
HABKOJIO 0C1 00OJIOHKH.

D.3.1.1.2 MepHUIioHAJIbHE 3’cMHAHHA
BHAIYCK
3’elHaHHS ~ BHAMYCK  MapajenpHO  OCi

000JI0HKU (MEepUIIOHATBbHUIN HAMIPSMOK).

D.3.1.2 T'eomerpis i rosoBHi BeKTOpH
HAINIPY’KeHb

(1) SIxio WTIHAPUYHA 000JI0HKA
3alpOEKTOBaHA 3 BHKOPHCTAaHHAM 3’ €IHaHB
BHanyck (nuB. pucyHok D.§), MoxHa
BUKOPHUCTOBYBaTH  HACTYITHI  ITOJIOKEHHS
3aMICTh MOJIOKEHB, BU3HaUeHux y D.2.
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D.24 SHEAR

D.2.4.1 Critical shear buckling stresses

1) If no specific rule for evaluating an
equivalent single cylinder of uniform wall
thickness is available, the expressions of
D.2.3.1 (1) to (6) may be applied.

(2)  The further determination of the elastic
critical shear buckling stresses may on
principle be performed as in D.2.3.1 (7) to
(10), but replacing the circumferential
compression expressions from D.1.3.1 by the
relevant shear expressions from D.1.4.1.

D.2.4.2 Buckling strength verification for
shear

(1) The rules of D.2.3.2 may be applied,
but replacing the circumferential compression
expressions by the relevant shear expressions.

D.3 UNSTIFFENED LAP
CYLINDRICAL SHELLS

JOINTED

D.3.1 GENERAL
D.3.1.1 Definitions

D.3.1.1.1 circumferential lap joint

A lap joint that runs in the circumferential
direction around the shell axis.

D.3.1.1.2 meridional lap joint

A lap joint that runs parallel to the shell axis
(meridional direction).

D.3.1.2 Geometry and stress resultants

Q) Where a cylindrical  shell is
constructed using lap joints (see figure D.8),
the following provisions may be used in place
of those set out in D.2.
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(2) HacTymHi OJI0KEHHS 3aCTOCOBYIOTHCS SIK
10 3’€IHAHb BHANYCK, SKi 30UIBLIYIOTH
paziyc CepeIMHHOI MOBEpXHI 000JOHKH, TaK 1
710 TUX, SIK1 HOTO 3MEHIITYIOTh.

(3) Sxmo 3’eqHaHHS BHAIYCK IPOXOAUTH Yy
KOJIOBOMY HamlpsSMKy HaBKOJO OCI OOOJIOHKHU
(KiJpLIeBE 3’ e qHAHHA BHAITYCK), 1A
BU3HAUEHHS  MEpPUIIOHAJIBHOTO  CTHUCKY
MOTPIOHO  BUKOPUCTOBYBATHU  IOJIOXKCHHS
D.3.2.

(4) Sxmo Oarato 3’€qHaHb  BHAITYCK
MPOXOJISATh Y KOJIOBOMY HAIPSMKY HaBKOJIIO
oci 000JI0HKH (KUTBIICBI 3’€IHAHHS BHAITYCK)
31 3MIHOIO TOBIIMHU TUIACTUHU BHU3 IIO0
OOOJIOHIII, JUISI BU3HAYCHHS KOJIOBOT'O CTHCKY
MOTPIOHO  BUKOPHUCTOBYBATH  ITOJIOKCHHS

D.3.3

(5) Sxmo 3’enHaHHSA BHAMYCK HPOXOIATh
napajenbHo oci 00O0JIOHKH (HecTymiH4acTe
MEpUIOHANbHE 3’€HAHHSA BHANYCK), MAJIS
BU3HAYEHHSI KOJIOBOTO CTHCKY MOTPIOHO
BKOPUCTOBYBATHU MoyoxeHHa D.3.3.

(6) B iHmMx Bumagkax oCOOJMBHUIN MIXia 110
BU3HAYCHHS BIUIMBY 3 €JHAHHS BHAITYCK Ha
OIIip MO370BXHbOMY 3rMHY HE OTPiOHUI.

|
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(2)  The following provisions apply to lap
joints that increase, and those that decrease
the radius of the middle surface of the shell.

(3) Where the lap joint runs in a
circumferential direction around the shell
axis (circumferential lap joint), the provisions

of D.3.2 should be used for meridional
compression.
(49) Where many lap joints run in a

circumferential direction around the shell axis
(circumferential lap joints) with changes of
plate thickness down the shell, the provisions
of D.3.3 should be used for circumferential
compression.

(5) Where a continuous lap joint runs
parallel to the shell axis (unstaggered
meridional lap joint), the provisions of D.3.3

should be used for circumferential
compression.
(6) In other cases, no special consideration

need be given for the influence of lap joints on
the buckling resistance.

rITIHK

DI

N "ﬁv -

Jf-]Z'I:'.I.II'I

PucyHnox
Figure

D.8 O6oJioHka, 3’€1HAHA BHANYCK
D.8 Lap jointed shell
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D.3.2 MEPMAIOHAJIbHUI
(OCBbOBMI1) CTUCK

(1) Sxmo Ha mUIIHAP, 3’ €IHAHUNA BHAITYCK, Y
MEPHUIIOHATIPHOMY HAINPSMKY i€ MEpHUIio-
HATBHUA CTHCK, TO OIp TO30BXHBOMY
3TUHY MOKHa OOYHCIUTH SIK JJI PIBHO-
MipHOTO a00  CTYMIHYacTOro IWJIIHIpA
BI/IMOBIIHO, aj€ MPOCKTHUH Omip MOTPIOHO
3MEHIIUTHA MHOKeHHIM Ha 0,70.

(2) Sxmo B wMicIl CTHKY BHAIyCK
BiI0OyBaeThCSA 3MiHA TOBIIMHH IUIACTUHH,
3HAYEHHS MPOEKTHOTO OIMOPY MO3/I0BKHHOMY
3rUHY MOKHa OpaTu SIK AJjii OUIbLI TOHILOT
IJIACTUHH, SIK BU3Ha4eHO B (1).

D.3.3 KOJIOBUHM CTUCK (OBPYY)

(1) Sxmo Ha mWIiHAP, 3’€THAHWN BHAIYCK,
Ji€ KOJIOBUH CTHCK YIOMEPEK MEpUIIOHAIb-
HUX KUTBIICBUX 3’€JHAHb, MPOCKTHHUHA OIIIp
MO37I0B)KHBOMY 3TMHY MOKHA OOYMCIUTH K
Ui piBHOMIpHOTO  a00  CTYHIHYacTOro
UWIIHAPA BIAMOBITHO, allé BUKOPHUCTOBYIOUH
NOHXKYBanbHUN KoedimieHT 0,90.

(2) Skumo Ha UMIIHAP, 3’€AHAHUNA BHAITYCK y
KOJIOBOMY HAmpsIMKY 31 3MIHOIO TOBIIWHHU
IUTUTH J10 HU3Y, A€ KOJIOBUM CTUCK, HOTPIOHO
BUKOPUCTOBYBaTH MeToauky D.2, 6e3 reo-
METPUYHUX OOMEXEHb 3a HasBHOCTI €KC-
LEHTPUCHUTETY 3 €JHAaHHS, a MPOEKTHUH OMip
MO3/I0B)KHbOMY 3TMHY NMOTPIOHO MHOXKHMTH Ha
NOHMXYBanbHUN KoediuieHT 0,90.

(3) Skmo BUKOPUCTOBYETHCS 3’ €JIHAHHS
BHAITyCK B 000X HampsMKax 31 CTYMIHYaCTUM
PO3MILLIEHHSIM ~ MEPUIIOHANBHUX  3’€JHATh
BHAIlyCK y IOYEPrOBHX CMyTax abo psjax,
INPOEKTHUH  OMip MO3I0BXHBOMY  3THHY
MOXHa 00uncnuTh K B (2), ame 0e3 BHKO-
pHUCTaHHS MOHIKYBAJIBLHOTO KoedilieHTa.

D.3.4 3CYB

(1) Sxmo Ha mUIiHAp, 3’€THAHUN BHAIYCK,
nie MeMOpaHHHUI 3CyB, OMIp MO30BXHbOMY
3TUHY MO>KHA 00YHCINTH 1 JUIS
PIBHOMIPHOTO, 1 JJIs1 CTYMIHYACTOTO LUJIIHApA
BIJIMOBIAHO, 0€3 OCOOTMBUX MPUITYIIEHb NI
3’€IHAaHb BHAIyCK.
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D.3.2 MERIDIONAL
COMPRESSION

(AXIAL)

(1) Where a lap jointed cylinder is subject
to meridional compression, with circumferen-
tial lap joints, the buckling resistance may be
evaluated as for a uniform or stepped-wall
cylinder, as appropriate, but with the design
resistance reduced by the factor 0,70.

(2) Where a change of plate thickness
occurs at the lap joint, the design buckling
resistance may be taken as the same value as
for that of the thinner plate as determined in (1).

D.3.3 CIRCUMFERENTIAL
COMPRESSION

(HOOP)

(1)  Where a lap jointed cylinder is subject
to  circumferential  compression  across
continuous meridional lap joints, the design
buckling resistance may be evaluated as for a
uniform or stepped-wall  cylinder, as
appropriate, but with a reduction factor of
0,90.

(2)  Where a lap jointed cylinder is subject
to circumferential compression, with many
circumferential lap joints and a changing plate
thickness down the shell, the procedure of D.2
should be wused without the geometric
restrictions on joint eccentricity, and with the
design buckling resistance reduced by the
factor 0,90.

(3) Where the lap joints are used in both
directions, with staggered placement of the
meridional lap joints in alternate strakes or
courses, the design buckling resistance should
be evaluated as in (2), but no further resistance
reduction need be applied.

D.3.4 SHEAR

(1)  Where a lap jointed cylinder is subject
to membrane shear, the buckling resistance
may be evaluated as for a uniform or stepped-
wall cylinder, as appropriate, without any
special allowance for the lap joints.
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D.4 HENIAKPIIJIEHI IIOBHI
1 3PI3AHI KOHIYHI OBOJIOHKH

D.4.1 3AT'AJIBHI NIOJIOKEHHSA

D.4.1.1 Cucrema no3HaveHnb

Y  mpoMy  po3Aili  BHKOPHCTOBYIOTBHCS
HACTYIIHI TO3HAYCHHS:

h — ocboBa moBkMHa (BHUCOTA) 3pi3aHOTO
KOHYCa;

L — wmepuaioHasbHA JOBXXMHA 3pi3aHOTO

konyca (= h/cos B);

I — paziyc cepeauHHOi TOBEpPXHI KOHYCA,
NEPICHAUKYIISIPHUNA JI0 OCi TIOBOPOTY, SIKUH
3MIHIOETHCS JIIHIMHO BHU3 110 JOBXKHHI;

I'1 — pajiyc 3pi3aHoro KiHIsg KOHYca;

I, — paziyc OCHOBU KOHYCA;

[} — mosioBMHA KyTa BEPIIMHUA KOHYCA.
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D.4 UNSTIFFENED COMPLETE
AND TRUNCATED CONICAL SHELLS

D.4.1 GENERAL
D.4.1.1 Notation

In this clause the following notation is used:

h is the axial length (height) of the truncated
cone;

L the meridional length of the truncated cone
(= h/cos B);

r is the radius of the cone middle surface,
perpendicular to axis of rotation, that varies
linearly down the length;

r1 is the radius at the small end of the cone;

ro is the radius at the large end of the cone;

B is the apex half angle of cone.

Pucynok D.9 TI'eomerpisi konyca, MeMOpaHHi HaNpy:KeHHs i FOJIOBHI BEKTOPH HaNpyKeHb
Figure D.9 Cone geometry, membrane stresses and stress resultants

D.4.1.2 I'panuy4Hi ymoBH

1) Hacrymni BUpa3u HOTPiOHO
3aCTOCOBYBAaTH TUIBKH JUIsi OOOJIOHOK 13
rpannuHuME ymoBamu BC1 a6o BC2 Ha 060x
KiHISX (auB. 5.2.2, 8.3), 6e3 pi3HMII MIX
HumH. Lli BUpa3u He ciiJl 3aCTOCOBYBATH /IS
000JIOHKH, B sKIi € Oyap-fika TpaHUYHA
ymoBa tunty BC 3.

(2) IlpaBuna posmity D.4  morpibHO
3aCTOCOBYBAaTH TUIBKU Ul HACTYIMHHMX JBOX
00OMeXYyBaJbHUX TPAaHUYHUX YMOB pajiaib-
HOTO 3MIILIIEHHS OY/Ib-SKOTO KiHIISI KOHYCa!

D.4.1.2 Boundary conditions

(1) The following expressions should be
used only for shells with boundary conditions
BC 1 or BC 2 at both edges (see 5.2.2 and
8.3), with no distinction made between them.
They should not be used for a shell in which
any boundary condition is BC 3.

(2)  The rules in this clause D.4 should be
used only for the following two radial
displacement restraint boundary conditions, at
either end of the cone:
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«YMOBa MIITIHIPAY:

«YMOBa KIUJIbIIS»:

EN H B 1993-1-6:2011
“cylinder condition”:

w=0

“ring condition”:

usin g+wcos =0

D.4.1.3 I'eomeTpisn

(1) Hactrynmui mpaBwia crnpaBemjuBi TUIbKA
Ui 3pi3aHUX ~ KOHYCIB 13  IOCTIHHOIO
TOBIMHOIO CTiHKM 1 TIOJIOBMHOIO KyTa TNpHU
BepinHi KoHyca 3 < 65° (nuB. pucyHok D.9)

D.4.2 IIpoekTHi KPUTH4YHI HANPYKEHHS
NPH MO0310B:KHbOMY 3TMHI

D.4.2.1 ExBiBajileHTHUH HUJITiHAP

(1) Bci npoekTHI KpUTUYHI HAMpYy>KEHHS TIpU
MO37I0B)KHBOMY 3THHI, sIKI HEOOXITHI IS
MEePEBIPKK MIIHOCTI Ha IIO3/I0BXKHIA 3THH
BIAMOBIAHO 10 8.5, MO’KHA 3HAWTH IIIIXOM
aHayizy KOHIYHOi OOOJIOHKM SIK eKBiBa-
JICHTHOTO IMWIIHApPAa 3aBIOBXKKH le 1 3
pamiycoM re, ne le i re 3amexarh Bim THITY
pO3MONiTy MEMOpPAaHHOTO HAaNpPYKCHHS B
KOHIYHIN 000JIOHLI.

D.4.2.2 MepuaioHaJIbHUH CTHCK

(1) st KoHYCIB i €0 MEPUIIOHATBHOTO
CTUCKY JIOBXKUHY €KBIBAICHTHOTO IIMIIIHIPA le
NoTpiOHO BU3HAYATH SIK:

(2) Panmiyc re exBIBaJIGHTHOTO LMJIIHApPa B
Oy/ab-IKOMY Micli Jii MO3J0BKHBOTO 3TMHY
MOTPIOHO MPUIMATH SIK:

D.4.1.3 Geometry

1) Only truncated cones of uniform wall
thickness and with apex half angle B < 65° (see
figure D.9) are covered by the following rules.

D.4.2 Design buckling stresses

D.4.2.1Equivalent cylinder

(1)  The design buckling stresses that are
needed for the buckling strength verification
according to 8.5 may all be found by treating
the conical shell as an equivalent cylinder of
length le and of radius re in which le and re
depend on the type of membrane stress
distribution in the conical shell.

D.4.2.2Meridional compression

@ For cones under meridional compres-
sion, the equivalent cylinder length le should be
taken as:

(D.69)

(2)  The equivalent cylinder radius at any

buckling relevant location re should be taken
as:

r=——

e

D.4.2.3 KosnoBuii cTuck (00py4)

(1) Ansa xoHYCIB, Ha Kl Jll€ KOJOBUHA CTHUCK,
eKBIBAJICHTHY JIOBXHUHY le IMITiHapa MOTPiOHO
BU3HAYATH SIK:

(2) Pagiyc re ekBIBAJIGHTHOTO IIWJIIHJIpa
MOTPIOHO MpUIMATH PIBHUM:

cosp (D.70)

D.4.2.3 Circumferential (hoop) compression

(@) For cones under circumferential
compression, the equivalent cylinder length e
should be taken as:

(D.71)

2 The equivalent cylinder radius re
should be taken as:

_(h+n)

e

2c0s 5 (D.72)
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D.4.2.4 PiBHOMipHMIi 30BHILIHII THCK

(1) dns xoHyciB, Ha sKi Ji€ pPIBHOMIpHUI
30BHINIHIN THUCK (], sIKI MalOTh a00 T'paHUYHI
ymoBu BC1l, a6o BC2 na 000X KiHISX,
HACTYITHAa METOJIMKA MOXKe OyTH BUKOPUCTaHA
Ui pO3pOOJICHHS OUIBII  €KOHOMIYHOTO
KOHCTPYKTUBHOTO PillICHHS.

(2) JoBxkuHy eKkBiBaJIcHTHOro ImuiiHapa le
noTpiOHO OpaTH SIK MEHIIIE 3HAYECHHS 3

|, =| =
° \sinp

Je TOJOBMHA KyTa BEpIIMHH KOHyca f3
BUMIPIOETHCS B pajiiaHax.

=L

e

(3) dnst OLIbII KOPOTKUX KOHYCIB, IUIS SIKHX
eKBiBaJicHTHa JOBXKHA le 00YMCITIOETBCS 32
(D.73), pamiyc re €KBIBJIGHTHOTO IWITIHJIIpA
MOTPiIOHO MpUITMATH PIBHUM:

0,551, +0,45r,
=|—2_ "2
¢ cos 3

(4) Hdnsg OiabIn JOBIHX KOHYCIB, IS SIKUX
eKBiBaJIeHTHa JIOBXHUHA le 00UMCITIOETHCS 110
(D.74), re  exBIBaJIGHTHOTO  IMJIIHIpA
NOTPiOHO MPUIMATH PIBHUM:

r,=0, 71r{

(5) IlepeBipka MIITHOCTI Ha MO3/JI0BXKHIN 3TUH
MOBUHHA BUKOHYBAaTUCh HA OCHOBI YMOBHOTO
KOJIOBOT'O MEMOpPaHHOTO HAIIPYKCHHS:

Oped = Q(

7e ( — 30BHILIHIM THCK, a MepUIiOHAIbHUE
MeMOpaHHe HaNpy>KeHHS, BUKITKaHE
30BHIIIHIM THCKOM, HE BPaXOBY€ETHCSI.

D.4.2.5 3cyB

(1) HAna xoHycCiB, B SIKUX JAi€ MeMOpaHHE
HaTpy>KEHHsI  CTUCKY, JIOBKHHY €KBiBa-
JEHTHOTO HmiiHApa le moTpiOHO BH3HAYaTH
SK:

e

](o, 53+0,1254)

IlL=h
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D.4.24 Uniform external pressure

1) For cones under uniform external
pressure ¢, that have either the boundary
conditions BC1 at both ends or the boundary
conditions BC2 at both ends, the following
procedure may be used to produce a more
economic design.

(2)  The equivalent cylinder length le should
be taken as the lesser of:

, (D.73)
and

, (D.74)
where the cone apex half angle g is measured
in radians.

3) For shorter cones, where the
equivalent length le is given by expression
(D.73), the equivalent cylinder radius re
should be taken as:

(D.75)

4) For longer cones, where the
equivalent length le is given by expression

(D.74), the equivalent cylinder radius re
should be taken as:

1—0,1ﬂ}

cosfp | (D.76)
(5) The buckling strength verification
should be based on the notional
circumferential membrane stress:

‘
t) (D.77)

in which g is the external pressure, and no
account is taken of the meridional membrane
stress induced by the external pressure.

D.4.2.5 Shear

Q) For cones under membrane shear stress,
the equivalent cylinder length le should be
taken as:

(D.78)
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(2) Pamiyc re eKBIBaJIGHTHOTO ITWJIIHApA

NOTPiOHO MPHUIMATH PiBHUM:

r, ={l+pg -

Aac

"’1“’2
Py =5
9 2'..1 .

D.4.2.6 PiBHomipHa nedopmaniss KpyueHHS

(1) Inst kOHYCIB, B IKMX BUHUKA€ MEMOpaHHE
HampyXeHHs  3CyBY  Bil  piBHOMipHOL
nedopmartii KpydeHHs (10 BUKIIMKAE JIHIIHO
3MIHHMM MepHIiaJbHUI 3CyB), HAcTylHa
METOAMKa MOXe OyTH BHKOpHCTaHA s
PO3pPOOKH E€KOHOMIYHIIIIOTO KOHCTPYKTHBHOTO
pimeHHs 3a ymoBH, mo py < 0,8, a rpaHuyHi
yMOBH Ha 000X KiHisix — BC2.

(2) HdomxuHYy eKBiBaJIEHTHOrO IHIiHIpa le
noTpiOHO BU3HAYATH SIK:

=L
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(2)  The equivalent cylinder radius re
should be taken as:
i:l r,-cosf
P , (D.79)
in which
(D.80)

D.4.2.6 Uniform torsion

1) For cones under membrane shear
stress, where this is produced by uniform
torsion (inducing a shear that varies linearly
down the meridian), the following procedure
may be used to produce a more economic
design, provided py < 0,8 and the boundary
conditions are BC2 at both ends.

(2)  The equivalent cylinder length le should
be taken as:

¢ : (D.81)
(3) Pamiyc re eKBIBaJEHTHOTO IMIIIHAPA (3) The equivalent cylinder radius re
NOTPiOHO MPUUMATH PIBHUM: should be taken as:
04
re:(%](l_p“&s) | (D.82)
ne in which
S (D.83)

D.4.3 NMEPEBIPKA MIITHOCTI
HA MMO3JIOBKHIM 3r'1H

D.4.3.1 MepuaioHaJbHUH CTHCK

(1) IepeBipky MIIIHOCTI Ha MO3/IOBKHIN 3TUH
MOTPIOHO TMPOBOJUTH B TOUIl KOHYyca 3
HaO1LIbII KPUTHYHOIO KOMOiHaIli€r0
MIPOEKTHOT'O MEPHII0HAIIbHOTO MEMOPaHHOTO
Hanpy>KeHH Ox Ed i MPOEKTHOTO
MEpPHUIIOHATEHOTO HaNPYyKCHHS npu
MO37I0B)KHBOMY 3THHI OxRd, BIATOBIIHO JO
D.4.2.2.

D.4.3 BUCKLING STRENGTH
VERIFICATION

D.4.3.1 Meridional compression

Q) The buckling design check should be
carried out at that point of the cone where the
combination of design meridional membrane
stress oxes and design meridional buckling
stress oxrd, according to D.4.2.2 is most
critical.
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(2) Sxmo MepuAlOHAIBHHA CTHUCK BUHHUKAE
BiJl TIOCTIHHOI OCHOBOi CWJIM Ha 3pi3aHuil
KOHYC, TO MaJuii paaiyc 1 1 BETUKHHA pajiyc
r € MicueM pO3MIIICHHS  HAWOLIBII
KPUTHYHHX TOYOK.

(3) Sxmo MepuIiOHANILHUKA CTUCK BIJ
MOCTIHHOTO 3TMHAJIBHOTO MOMEHTY [i€ Ha
yCiYeHHI KOHYC, MalUi pajiyc r1 MOTpiOHO
MpUHAMATH K HAOUTBIII KPUTHYHUH.

(4) IlpoekTHe MepuIiOHATBHE HANPYKEHHS
IpU TO3J0BXHBOMY 3THHI OxRrd IMOTPIOHO
BU3HAYaTH IS EKBIBAJCHTHOTO UWIIIHIpA
BIAMOBIAHO 10 monoxeHHs D.1.2.

D.4.3.2 KoJsoBuii ctuck i piBHOMipHUI
30BHILIHIA THCK

(1) Sxmo KoOJOBHWA CTHUCK BUHHUKAE BIJ
PIBHOMIPHOTO 30BHIIIIHBOTO THUCKY,
MEPEeBIPKYy CTIHKOCTI MOTPIOHO MPOBOTUTH
BUKOPUCTOBYIOUH KOJIOBE MeMOpaHHe
HaIpy>KEeHHS Go,Ed, BU3HAUYCHE 32 (POPMYIIOIO
D.77 i npoekTHE KPUTHYHE HAMIPYKEHHS GoRd
sriqHo 3 D.4.2.11D.4.2.3 abo D.4.2.4.

(2) SIKmo KOJIOBUM CTUCK BUKJIMKAHWA HE

PIBHOMIpHUM 30BHILIHIM THCKOM,
PO3paxXyHKOBUH  pO3MOAUI  HANpPYKEHHS
O0Edxx) TOTPIOHO 3amMiHUTH  (IKTUBHUM

HalpYXXEHHSIM GoEd(x), AK€ B KOXKHIM Touli
NepeBUlIye  OOYHMCICHE  3HAuUeHHs,  ajie
BUHUKA€E BiJ (IKTUBHOIO PIBHOMIPHOTO
30BHIIIHBOTO THUCKY. IlepeBipky cTiiikocCTi
MOTPiOHO MPOBOAMTH 3TiAHO 3 TMyHKTOM (1),
aJie BAKOPUCTOBYIOUHU G Ed,env 3aMICTh G Ed.

(3) IIpoexTHe KpUTHUYHE HAINPYXEHHS IpU
MO3JI0B)KHBOMY  3THHI  Gprd  HOTPIOHO
BU3HAYaTH JUIsl E€KBIBAJICHTHOTO IMJIHIpA
srigno 3 D.1.3.

D.4.3.3 3cys i piBHOMipHE KpYyUYeHHSs

(1) V Bumagky, KO 3CyB BHHHKAaE BIiJ
MOCTIHOTO 3arajbHOr0 KPYYEHHSM KOHYcCa,
MEPEBIPKY CTIMKOCTI TOTPIOHO TPOBOJUTH
BUKOPHUCTOBYIOUM  IPOEKTHE  MeMOpaHHe
3CYyBHE HAIPY)XEHHS Txged B TOYIl 3
KOOPJIUHATOIO I' = le COSP 1 MPOEKTHE 3CYBHE
HaTPYy>KEHHsI TIPH TT03]JOBXXHBOMY 3THHI Txo,Rd
BianoBigHO 10 D.4.2.11D.4.2.5 abo D.4.2.6.
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2 In the case of meridional compression
caused by a constant axial force on a truncated
cone, both the small radius r1, and the large
radius r. should be considered as possible
locations for the most critical position.

(€)) In the case of meridional compression
caused by a constant global bending moment
on the cone, the small radius r1 should be taken
as the most critical.

(4)  The design meridional buckling stress
oxrd Should be determined for the equivalent
cylinder according to D.1.2.

D.4.3.2 Circumferential (hoop) compression
and uniform external pressure

(1)  Where the circumferential compression
is caused by uniform external pressure, the
buckling design check should be carried out
using the design circumferential membrane
stress oped determined using expression D.77
and the design circumferential buckling stress
oord according to D.4.2.1 and D.4.23 or
D.4.2.4.

(2)  Where the circumferential compression
is caused by actions other than uniform external
pressure, the calculated stress distribution
ooedx Should be replaced by a fictitious
enveloping stress distribution oeEdx) that
everywhere exceeds the calculated value, but
which would arise from a fictitious uniform
external pressure. The buckling design check
should then be carried out as in paragraph (1),
but using ceedenv instead of e ea.

(3) The design buckling stress cord
should be determined for the equivalent
cylinder according to D.1.3.

D.4.3.3 Shear and uniform torsion

(1) In the case of shear caused by a constant
global torque on the cone, the buckling design
check should be carried out using the design
membrane shear stress txoeq at the point with
r = recosp and the design buckling shear stress
Txord according to D.4.2.1 and D.4.25 or
D.4.2.6.
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(2) Sxmo 3cyB BUHHMKA€ HE BiJ 3arajbHOTO
MOCTIHHOTO Kpy4eHHs (a, HampHKIaj, Bif
3arajibHOTO0 HABAaHTAXKCHHS 3CYBY Ha KOHYC)
PO3PaxXyHKOBHIA PO3MOJILIT HAMPYKEHB Txo,Ed(x)
MOTPIOHO 3aMIHUTH (PIKTUBHUM PO3IOIIOM
HATPY>KEHHSI Txo,Ed,env(x), AK€ B KOXHIM TOUII
MEPEeBUIIYE PO3PaXyHKOBE 3HAUCHHS, alie
BUHUKAE Big  (PIKTHBHOTO  3arajbHOTO
kpydyeHHs.  IlepeBipky  CTidKOCTI  TpH
M03/I0B)XKHBOMY 3THHI TMOTPIOHO NPOBOAUTH
3rimHo 3 (1), ajme BUKOPUCTOBYHOYH Txo,Ed,env
3aMICTD Txg,Ed.

(3) IIpoekTHe Hampy>KEHHs 3CyBy IpH
MO3/I0B)KHBOMY ~ 3THHI  TxgRd  IOTPIOHO
BU3HAYAaTH IS CKBIBAJICHTHOIO IWIIIHZIpA
BiamoBigHo 10 D.1.4.
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(2)  Where the shear is caused by actions
other than a constant global torque (such as a
global shear force on the cone), the calculated
stress distribution xe,ed(x) should be replaced by
a fictitious enveloping stress distribution
TxoEdenvx) that everywhere exceeds the
calculated value, but which would arise from a
fictitious global torque. The buckling design
check should then be carried out as in
paragraph (1), but using txoEden INStead of
Tx0,Ed-

(3)  The design shear buckling stress txord
should be determined for the equivalent
cylinder according to D.1.4.
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