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HAIIOHAJILHUM BCTYII

Lei#t cranmapt € totoxkuuMm nepekiaamom EN 1993-1-6:2007 Eurocode 3: Design of steel
structures — Part 1-6: Strength and Stability of Shell Structures (€spoxox 3: [IpoekryBaHHSs cTaleBHUX
KOHCTpyKIii. YacTnHa 1—6. MIIHICT Ta CTIHKICTh 000JIOHOK).

EN 1993-1-6:2007 migrorosneno Texniuaum komiretom CEN/TC 250, cekperapiaToM sKOTO
kepye BSI.

J1o HaIIOHATFHOTO CTAaHIAPTY JOJTYYCHO aHTJIOMOBHHH TEKCT.

Ha tepuropii Ykpainu sik HalloHaJIbHUN cTaHgapT Aie niBa kojioHka Tekety JJCTY-H b EN
1993-1-6:2011 Eurocode 3: Design of steel structures — Part 1-6: Strength and Stability of Shell
Structures (€spokon 3: [IpoekryBaHHs CTaieBUX KOHCTpYKIii. YactnHa 1-6: MilHICTh Ta CTIMKICTh
000JI0HOK), BUKJIaJIeHA YKPATHCHKOIO MOBOIO.

Biamosinno no JIBH A.1.1-1-2009 «Cuctema crangaptu3ailii Ta HOpMYBaHHS B OY/JIBHHUIITBI.
OCHOBHI TIOJIOKEHHS» el CTaHAApT BITHOCUTHCS 10 Komruiekcy B.1.2 «Cucrtema HamiitHOCTI Ta
Oe3reKku B OYIBHUIITBI.

CraHmapT MICTUTh BUMOTH, SIK1 BIIMTOB1IAI0Th YAHHOMY 3aKOHOJIaBCTBY.

HaykoBo-TexHiuHa oprasizailis, BIAMOBiAaJbHA 3a 1ek cranmapT, — TOB «Ykpaincekuit
IHCTUTYT cTajeBuX KOHCTpYKUiK iM. B.M. lllumaHOBCHKOTO».

Jlo cTanmapTy BHECEHO TaKl pelaKI[iitHi 3MI1HH:

" CIIOBA «IIe¥ MDKHAPOTHUHN CTAaHIAPT» 3aMIHEHO Ha «IIeW CTaHIapT,;

"  CTPYKTYpHI elIeMeHTH cTaHaapty: «O0kmanuakyy, «IlepenmoBy», «HarioHabHII BCTY,
«BusnaueHHss moHATH» Ta «bibmiorpadiuni gaH» 0QOPMIIGHO 3TiIHO 3 BHUMOTaMHU
HaIllOHAJILHOT CTaHAapTU3aIlii YKpaiHu;

= 3 «llepemmoBu g0 EN 1993-1-6» y mel «HamiOHAJIbHUNM BCTYI» B3SITE TE, IO
0e31ocepeTHhO CTOCYETHCS IIBOTO CTAHAAPTY;

®  HaIlOHAJBHHUH TOBIAKOBHH TOJATOK HABEJCHO SIK HACTAHOBY JUIsl KOPHUCTYBAYiB.

[Tepenix namionanbaux crannaptiB Ykpaiau (JACTY), ineatnuaux MC, nmocuiaHHs Ha 5Kl € B
EN 1993-1-6:2005.

Komii MC, HenpuiHIATHX SK HalllOHAIBHI CTaHIApTH, Ha K1 € mocwianHs B EN 1993-1-6:2007,
MoxHa oTpuMatu B ['onoBHOMY (hoH1 HOpMaTHUBHUX NToKyMeHTIB J{IT « YkpHIHIL».
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1.3.3.7 MicLIEBE HAaBaHTAXKEHHS

1.3.3.8 HaBaHTa)XeHHS HA UIIHKY

1.3.3.9 po3pimkenHs

1.3.3.10 yacTkoBHi1 BakyyMm

1.3.3.11 TemnoBuUii BIIUB

1.3.4 piBHOAIIOY] HANIPY)KEHHS 1 HAMIPYKEHHS B
000JIOHIII

1.3.4.1 piBHOAIIOY1 MEMOPAHHOTO HATIPYXEHHS

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

1.3.3.3 internal 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

1.3.4.1 membrane stress resultants



1.3.4.2 piBHOAiI0Y1 3THHAIEHUX HANPYXKECHb
1.3.4.3 piBHOAII0Y] TOTIEPEYHOTO JOTUYHOTO
HaNpyXCHHS

1.3.4.4 memOpanHe Hanpy>KEHHS

1.3.4.5 3ruHanbpHe HANPYKCHHS

1.3.5 Bwuau po3paxyHkiB

1.3.5.1 3aranpHuiA po3paxyHOK

1.3.5.2 po3paxyHOK 32 MEMOpPAHHOIO TEOPI€EIO
1.3.5.3 niHiitHO-IPYKHUI PO3paxyHOK 0OOJIOHKH
(LA)

1.3.5.4 niniitHO-NIpy>XHUH OipypKaIiitHuii
po3paxyHoK (BiacHoro 3HaueHHs) (LBA)
1.3.5.5 reomeTpryHO HENMHIMHUN TIPYKHUH
po3paxyHok (GNA)

1.3.5.6 ¢izuuno HenmiHilHUE po3paxyHOk (MNA)

1.3.5.7 reomerpuuHO Ta Hi3UIHO HENIHINHUT
po3paxyHok (GMNA)

1.3.5.8 reomeTpruHO HENMHIHHAN TPYKHUH
po3paxyHOK i3 ypaxyBanHsM gedekris (GNIA)

1.3.5.9 reomerpuuHMii Ta GI3UYHO HENIHIHHIIA
po3paxyHOK i3 ypaxyBauusM aedekris (GMNIA)

1.3.6 Kareropii Hanpy>keHb,

10 BUKOPUCTOBYIOTHCS IPU PO3PAXYHKY

3a HalpyXeHHSIMU

1.3.6.1 nepBUHHI HANIPy>KEHHS

1.3.6.2 BTOpUHHI HANIPYKEHHS

1.3.7 CuenianbHi BUBHAUYCHHS IS PO3PAXYHKY
BTPATH 3arajbHO1 CTIMKOCTI

1.3.7.1 xpuTHuHUH omip BTpaTi 3arajbHOi
CTIMKOCTI

1.3.7.2 xpuTHYHI HAaPYXEHHS MTPU BTPaTi
3arajabHOI CTIMKOCTI

1.3.7.3 HoMIHAIBHUH OTIp TIIIACTUYHUM
nedopmartisim

1.3.7.4 xapaKTepUCTUYHHUI OITIp BTPATi 3arabHOL
CTIMKOCTI

1.3.7.5 xapakTepucTHuHEe HAPYKEHHS NIPU
BTpAaTi 3arajbHO1 CTIHKOCTI

1.3.7.6 po3paxyHKOBHI1 omip BTpaTi 3arajbHO1
CTIMKOCTI

1.3.7.7 po3paxyHKOBE HAIIPY>KEHHS IPHU BTPaTi
3arajabHOI CTIMKOCTI

1.3.7.8 ocHOBHE 3HAUEHHS HANPY)KEHHS
1.3.7.9 xnac nomycKy SIKOCTI Ha BUTOTOBJICHHS
14  Tlo3naueHHs

1.5 IlpaBuna 3HaKiB

2 BuxinHi qaHi 1151 npoeKTyBaHHs i
MO/IeJTIOBAHHSA

2.1  3aranbHi HOJOKEHHS

2.2  Buau po3paxyHKy

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)
1.3.5.5geometrically  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
2.1  General

2.2 Types of analysis

elastic
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2.2.1
2.2.2
2.2.3
2.2.4
(LA)
2.2.5 JliHI{HO-TIPY>KHUH pPO3PaXyHOK
oidypxarii (LBA)

2.2.6 T'eomMeTpUYHO HENIHITHUNA TPYKHUN
po3paxyHok (GNA)

2.2.7 ®iduuHO HeniHiAHMIA po3paxyHok (MNA)

3araJibHi MOJI0KEHHS

3arajabHUI po3paxyHOK

Po3paxyHok 3a MEMOpaHHOIO TEOPIEIO
JIiHIAHO-TIPY’KHUH PO3PaXyHOK 0OO0JIOHKH

2.2.8 T'eomerpuuHO i Pi3UYHO HENIHIHHUIA
po3paxyHok (GMNA)

2.2.9 T'eomMeTpHYHO HENIHIMHUN TPYKHUH
po3paxyHoK i3 BpaxyBaHHsaM nedektiB (GNIA)

2.2.10 T'eomeTpuuHO i PI3UYHO HETIHIHAHUIHA
po3paxyHoK i3 BpaxyBaHHsaM nedektiB (GMNIA)

2.3  I'parnuHi yMOBH 00OJIOHKH

3 Marepiaau i reomerpis

3.1  BnacruBocti MarepiaiinB

3.2 Po3paxyHKOBi 3HAUEHHS T€OMETPHIHUX
XapaKTePUCTHK

3.3  T'eomerpuuHi JOITYCKH i TEOMETPUYHI
nedexTu

4 I'pann4Hi cTaHU HeCcy4oi 31aTHOCTI
B CTAJIEBUX 000/10HKaX

4.1 ['pannuHi cTaHW HECydO0i 31aTHOCTI,
110 TIOBUHHI PO3TIISIIATHCS

4.1.1 LS1: Mexa Teky4ocTi

4.1.2 LS2: llukiiyHa IIACTUYHICTD

4.1.3 LS3: Brpara 3arajibHO1 CTIHKOCTI
4.1.4 LA4: Broma

4.2  TlpuHOMIM OpoeKTyBaHHS 00O0JIOHOK 32
IPaHUYHUMH CTAHAMH HECY4YOT 31aTHOCTI
4.2.1 3aranbHi MOJIOXKEHHS

4.2.2 TlpoekTyBaHHS 3a HaIllPyXKEHHSIM
4.2.2.1 3aranbHi MOJIOXKEHHS

4.2.2.2 TlepBUHHI HATIPY>KCHHS

4.2.2.3 BropuHHI Hanpy>KeHHs

4.2.2.4 MicueBi Hanpy»XeHHS

4.2.3 Tlpsime npoeKTyBaHHS

4.2.4 TlpoekTyBaHHS 3a JIOMOMOTOIO 3arajibHOTO
YHCIIOBOTO PO3PAXYHKY

5 PiBHOIiI04i HANIPYKEHHA

Ta HANPYKEHHA B 000JI0HKAX

5.1  PiBHOAIIOY] HAIPY>KEHHS B 000JI0HKaX
5.2 MoemroBaHHg 000IOHKHU IS
PO3paxyHKy

5.2.1 T'eomerpis

5.2.2 'pannuHi yMOBHU

5.2.3 Jlii Ta BIULTMBH HaBKOJIMIIIHHOTO
cepeoBHINa

2.2.1
2.2.2
2.2.3
2.2.4

General

Global analysis

Membrane theory analysis
Linear elastic shell analysis (LA)

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

3.1  Material properties

3.2 Design values of geometrical data

Linear elastic bifurcation analysis

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 LSI: 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

5.1  Stress resultants in the shell

5.2 Modelling of the shell for analysis
5.2.1 Geometry

5.2.2 Boundary conditions

5.2.3 Actions and environmental
influences
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5.2.4 PiBHOAII0Y1 HANIPY)KEHB 1 HATIPY)KEHHS
5.3  Buau po3paxyHKy

6 I'panuynmii cran miaacruanocri (LS1)
6.1  Po3paxyHKOBi BETUUMHU i

6.2  IIpoekTyBaHHS 3a HANPYKEHHSIM
6.2.1 Po3paxyHKOBI BEJINYNHU HATIPYKEHb
6.2.2 Po3paxyHKOBI1 BEJINYMHHU OLIOPY

6.2.3 OOMexeHHs HaIlPY>KEHb

6.3 [IpoexTyBaHHS IUIIXOM 3arajibHOTO
grcioBoro MNA a6o GMNA ananizy

6.4  IIpsMe npoeKTyBaHHS

7 I'panuynMii cTaH HMKJITIYHOT
niaacruaHocTi (LS2)

7.1  Po3paxyHKOB1 BEIMYMHU BIUIUBIB
7.2 IlpoexTyBaHHS 3a HaNpPy>XEHHSAM

7.2.1 Po3paxyHKOB1 BEJINYMHU Jl1alla30HY
HaTpPYyKEeHb

7.2.2 Po3paxyHKOB1 BEJINYMHHU OLIOPY

7.2.3 OOMexeHHs Jiana3oHy HaIPYXEHb
7.3 IIpoexTyBaHHS NUISIXOM 3arajibHOTO
grciaoBoro MNA abo GMNA po3paxyHKy
7.3.1 Po3paxyHKOBi BEJTMUMHH 3arajibHOI
HAKOIMUYEHO1 MJIACTUYHO1 1edopmartii
7.3.2 O6MexeHHs 3aralbHOi HAKOTTMYEHOT
IIacTUYHOT AedopMmartii

7.4  IlpsiMme mpoeKTyBaHHS

8 I'pannyHMii CTAaH BTPATH MO310BKHbOI

criiikocti (LS3)

8.1  Po3paxyHKOBI BeTWYMHU BIUTMBIB

8.2 CreniajgpHl BU3HAYEHHS 1 I03HAYEHHS
8.3 ['pannyHI yMOBH, 110 BiTHOCATHCS JI0
BTPATH 3arajbHO1 CTIHKOCTI

8.4 ['eomeTpuuHi AOMYCKH, IO BIAHOCITHCS
JI0 BTPATH 3arajibHOi CTIHKOCTI

8.4.1 3arayibHi OJIOKEHHS

8.4.2 Jlomyck HEKpYIJIOCTi

8.4.3 Jlomyck BUIIAKOBOTO €KCIICHTPUCUTETY
8.4.4 Jlonmycku Ha BM SITHHH

8.4.5
8.5  IlpoekTyBaHHS 3a HANpyXEHHSAMU

8.5.1 Po3paxyHKOBi BETUYHHU HAMIPYKEHb
8.5.2 Po3paxyHkoBuii omip (MIlHICTh Ha
MOB3/IOBKHill 3T'HMH)

8.5.3 OOMerxkeHHs HanpyXeHb (TepeBipKa
MII[HOCTI Ha TIOB3I0BXKHIl 3T'HH)

8.6  IlpoekTyBaHHS LUIIXOM 3arajbHHUX
YHCIIOBUX PO3PAXYHKIB 13 BUKOPUCTAHHSIM
metoaiB MNA i LBA ananizy

8.6.1 Po3paxyHKOBi BEIMYUHH BILIUBIB

8.6.2 Po3paxyHKOBa BeJIMUMHA OTIOPY

8.6.3 IlepeBipka MIITHOCTI HA TTO3JJOBXKHII 3rUH
8.7  IlpoexkTyBaHHS LUIIXOM 3arajbHHUX
YHCIIOBUX PO3PAXYHKIB 13 BUKOPUCTAHHSIM
metoaiB GMNIA po3paxyHky

JloTycK MIIOMIMHHOCTI MOBEPXH1 KOHTAKTY

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
8.6.3 Buckling strength verification
8.7  Design by global numerical
analysis using GMNIA analysis
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8.7.1 Po3paxyHKOBI 3HaU€HHSI BILTUBIB

8.7.2 Po3paxyHKOBE 3HaUEHHS ONOPY

8.7.3 IlepeBipka MIITHOCTI HA TIO30BXKHIM 3rUH
9 I'panuunnii cran BTomu (LS4)

9.1  Po3paxyHKOBi BEeTHYMHH BIUIUBIB

9.2  IIpoekTyBaHHS 32 HANPYKEHHSIMHU
9.2.1 3aranpHi MOJOXKEHHS

9.2.2 Po3paxyHKOBI1 BEJIMYMHH Jialla30HY
HaTpPyXCHHS

9.2.3 Po3paxyHKOBI1 BEJINYMHHU ONIOPY (BTOMHA
MIIHICTB)

9.2.4 OOMerxeHHs Jiama3ony Hapy>KeHb

9.3  IIpoekTyBaHHS NUISIXOM 3arajbHOTO
gyrcenpHOTO LA 260 GNA ananizy

Honatok A (000B’s13koBuil) MeMmOpanna
Teopisi HANPY:KeHb B 000JI0HKAX

A.1  3aranbHi NOJIOXKEHHS

A.1.1 Pe3ynbraTu BIUIMBIB Ta ONOPY

A.1.2 Cucrema no3Ha4eHb

A.1.3 T'panmnuni ymOBH

A.1.4 [IpaBusio 3HaKiB

A.2  HeninkpirueHi uIiHAPAIHI 000JOHKA
Honaroxk B (000B’s13k0BHIH)

JoxaTkoBi BUpa3H ONOPiB MJIACTUHYHOMY
PYHHYBAHHIO

B.1  3aranbHi NOJOXEHHA

B.1.1 Omip

B.1.2 Cucrema no3Ha4yeHp

B.1.3 TI'panuuni yMOBHU

B.2  HenigkpimieHi MuIiHAPUYIHI 000JTOHKH
B.3 Kutb1ieBi ®OPCTKi MITIHIAPUIHI 000JTOHKH
B.4  3’emmaHHs MK 000JOHKaAMU

B.5 Kpyrna nnactuna 3 oceCUMETpUYHUMHU
rPaHUYHUMH YMOBaMHU

Jonarok C (000B’s13K0BHIT)

Bupa3su a1 JiHiHHO-IPYKHUX MeMOPAHHUX
i 3SrUHAJILHUX HATIPY:KEHb

C.1 3aranbpHi HOJI0KEHHS

C.1.1 PesynbraTtu aii

C.1.2 Cucrema no3HadeHb

C.1.3 TI'panuuHi yMOBHU

C.2  HemincuneHi muaiHAPUYHI 000JOHKH 3
YKOPCTKUM 3’ €THAHHSAM CTIHKH 1 JTHUIIA

C.3  HenincuneHi nuiaiHApUYHI 000TOHKH 3
3aKpIMJIEHOI0 OCHOBOIO

C.4  BuyrpilIHi YMOBH B HENJICHJIEHUX
WTIHIPUYHUX 000JTOHKAX

8.7.1 Design values of actions
8.7.2 Design value of resistance
8.7.3 Buckling strength verification
9 Fatigue limit state (LS4)

9.1  Design values of actions

9.2  Stress design
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C.5 KurbueBuil eneMeHT KOPCTKOCTI Ha
MWTIHIPUYHINA 000I0HII

C.6  Kpyrui rmiacTuHu 3 0CECUMETPUYHUMU
IPaHUYHUMH YMOBaMHU

HonaTtoxk D (000B’sA3K0BMIA)

Bupa3su aj1s1 po3paxyHKy Ha CTilKiCTh

D.1 Henixcuneni muniHApHUYHI 00OJIOHKH 3
MOCTIHOO TOBIUHOIO CTIHKU

D.1.1 Cucrema no3HaueHb 1 TpaHUYHUX YMOB
D.1.2 MepunionanbHuii (OCLOBUIN) CTUCK
D.1.2.1 KputnuHi Mepu1iOHaIbHI HAPYXSHHS
MIPH TI03/I0BKHBOMY 3THHI

D.1.2.2 MepunioHanabpHI mapaMeTpu
MO3/I0BXKHBOTO 3TUHY
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D.1.3.1 KpuTtnuHi K0J0B1 HapYKEHHS IPU
MO3/I0BKHBOMY 3THHI1
D.1.3.2 KonoBi napaMeTpu M03/10BKHBOTO 3TUHY

D.1.4 3cys

D.1.4.1 KputnuHe HanpyXeHHS IpU
MO3/I0B’)KHbOMY 3THHI 31 3CYBOM

D.1.4.2 ITapameTpu mM0310BKHBOTO 3THHY B
BUIIAJIKY 3CYBY
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Beryn

e#t moxkyment EN 1993-1-6:2007 minaro-
toBiacHuii TexHiunum komitetom CEN/TC
250 “byniBenbHi €BpokoaM”, cekperapiar
sKoro miaTpumyersest BSI.

Hpomy €BpomneiicbkoMy cTaHmapTy Oyne Ha-
JAHWA CTaTyC HAI[IOHAJILHOTO 3 IMyOJTIKAIliEr0
IZICHTUYHOTO TEKCTy a00 CXBAJICHHSM HE
nizHimre xoBTHA 2007 poky i mpu ckacyBaHHi
KOH(UTIKTYIOUHX HAI[IOHAIBHUX CTaHJAPTIB HE
nizHime o6epesnst 2010 poky.

VY BIANOBIIHOCTI 3 BHYTPILIHIMU [TOCTAaHOBAMU
CEN/CENELEC namnioHanbHi opranu 3i cTaH-
JapTu3allii TakuxX KpaiH 3000B’s13aH1 371iCHU-
TH IMIJIEMEHTAIlI0 [HOTO €BPOMEHCHKOTO
crannapry: Asctpis, benbris, Benuka bpura-
Hisg, ['pemist, Jania, Ipnanaisa, Icnangis, Iema-
Hig, [Tamis, JlrokcemOypr, Manbsra, Hinepian-
mu, Himeuunna, Hopgeris, [Hopryranis, ®in-
s, Opaniis, Yecbka Pecnybmika, 11IBeii-
napis, [Beris.

Jlanuii  €BpoNEHCHKHUI CTaHIAPT 3aMIHIOE
ENV 1993-1-6: 1999.

CEN/TC 250 € BigmoBigaJbHUM 3a BCi
byniBensHi1 €BpOKOAN.

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.



HALIOHAJILHUI CTAHJAPT YKPATHU

€BPOKO]I 3: TIPOEKTYBAHHS CTAJIEBMX KOHCTPYKIII
YACTHHA 1-6: MIITHICTh TA CTIMKICTb OBOJIOHOK

EBPOKO/I 3: TIPOEKTUPOBAHUE CTAJIbHBIX KOHCTPYKIINIA
YACTbD 1-6: [TIPOYHOCTH Y1 YCTOMUYNBOCTH OBOJIOUYEK

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

OcHoBu nporpamu €Bpokoay

VY 1975 poui Kowmicis €sponeiicbkoi Criuib-
HOTH BUpILIKJIA PO3MOYaTH mporpamy Jid y
ramxy3i OymiBHUIITBA Ha mimcraBi crarti 95
JloroBopy.  Meroto  mporpamu  Oyno
YCYHEHHSI  TEXHIYHUX  MEpemIKoa  JUis
TOPTIBIII TA Y3TOJKEHHS TEXHIYHHX YMOB.

VY pamkax 1iei nporpamu aiii Komicis B3sia
Ha ceOe IHIIAaTHBY BCTAHOBHTH CHCTEMY
Y3TO/DKEHUX TEXHIYHHX MPAaBHJI IS MPOEK-
TyBaHHS OyIiBENIb 1 CIIOPY/, SIKI HA MEpIIii
cTafmii Majlu CIyryBaTH aJIbTEPHATUBOIO
YMHHUM HAaIllOHAJTBHUM TIpaBUIIaM JICPiKaB-
YICHIB, a 3PEIITOI0 MAJIM 3aMIHUTH iX.

Yrponopx m’atHamATH pokiB Kowicis 3a
nonomMoroto PoGoyoro xomirtery, 10 CKiamgy
SKOTO BXOJHWJIM TMPEACTABHUKH JICPIKaB-
YJIeHIB, BeJia PO3pOOKy mporpamu €BPOKO/IIB,
gKa TpuU3BeNna [0 MyOJiKamii KOMIUIEKTY
MEPIIOr0 MOKOMIHHSA €BPOINEHCHKUX KOMIB Y
80-x pokax.

VY 1989 poui Kowmicis ta nepxkasu-uiean EU
(E€sporneiicbkoi CrninbHoTH) Ta EFTA (E€Bpo-
neiicekoi Acomianii BineHoi Toprisii) Ha oc-
HOBI yFO,[[I/Il mibk  Kowmiciecto ta CEN
(€BpomneiicbkiM KOMITETOM 31 CTaHAapTH-

YuaHUA Big

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



3amii) BUPILIWIMA TepeJaTd MiATOTOBKY Ta
nyonikainito €spokonie CEN 3a mgomomororo
cepii MaHIaTiB, M0 B Pe3yJabTaTi Hagaino O
€BpokosiaM y MailOyTHbOMy craTtycy €Bpo-
neiicekoro cranaapry (EN). Lle nos’s3ye
€Bpokoau 3 nosoxkeHHsMu upextuB Paau 1
Pimenp Kowmicii mono €Bporeichkux craH-
naptiB (to6to dupexruBu Pagm 89/106/EEC
mozao OyniBensHux BUpoOiB — CPD — Ta
HupextuB Pamu 93/37/EEC, 92/50/EEC Ta
89/440/EEC BimHOCHO CYCHUTBHHX pPOOIT Ta
nociayr i exBiBaieHTHUX JupekTuB EFTA,
3alO0YaTKOBAHUX 3  METOK  JONOMOTTH
3aCHYBAHHIO BHYTPILIHBOTO PUHKY).

CrpykrypHa mporpama €BpOKOJIB BKJIHOYAE
CTaHJIapTH, 5IK1 B OCHOBHOMY CKJIaJIalOThCS 3
JEKUTbKOX YaCTHUH:

EN 1990 €Bpoxoa: OCHOBH NpOEKTyBaHHS
KOHCTPYKIIIH

EN 1991 €Bpoxon 1: HaBaHTaxkeHHs Ha
KOHCTPYKIII{

EN 1992 C€Bpokox 2: IlpoexryBaHHsA
OETOHHUX KOHCTPYKIIIH

EN 1993 €Bpokox 3: IlpoexkryBaHH:A
CTaJICBUX KOHCTPYKIIIH

EN 1994 €Bpokon 4: IlIpoexkryBaHHs
cTane3ani300eTOHHUX KOHCTPYKITii

EN 1995 €Bpokon 5: [IIpoexryBaHHs
JIEpEB’ STHUX KOHCTPYKITIH

EN 1996 €Bpokon 6: IIpoexkryBaHHs
KOHCTPYKITI KaMm’sTHOT KJTaIKK
EN 1997 €Bpokon 7:
MIPOEKTYBaHHS

EN 1998 €Bpokoa 8: IIpoekTyBaHHS KOHCT-
PYKIIiH NIpU CEHCMIYHOMY HaBaHTaKEHHI1

EN 1999 €Bpokon 9: IlIpoekryBaHHs
AIFOMIH1€EBUX KOHCTPYKITiH.

I'eorexHiune

Crannmaptd €BPOKOAIB BHU3HAIOTH BIIIOBI-
JaNbHICT PErYJISITOPHUX OPraHiB JepikaB-
YJIeHIB Ta 3axXWIlalTh IX TMpaBO Ha
MPU3HAYCHHS BEJIWYMH, SKI IIOB’s3aHi 3
pEeryJqIOBaHHSAM  [NUTaHb  OE3MeKH  Ha
HaI[IOHAILHOMY pIiBHI TaM, J€ BOHHU
BIZIPI3HSIOTHCS.

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.

roma mix Kowmiciero €poreiicbkoi CHiTbHOTH Ta
€BporeiickkuM KomiTeroM 3i cranmaprusanii (CEN)
om0 poboTu Haj €BpPOKOAAMH ISl TPOEKTYBAaHHS
6ynisens i ciopyn (BC/CEN/03/89).

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



Crartyc Ta rajgy3b 3aCTOCYBAHHSA
€Bpoxkoais

Hepxapu-unienu EU ta EFTA Bu3Ha0Th, 1110
€BpOKOIM MAIIOTH SIK €TAJOHHI JOKYMEHTH
JUTA TaKAX L{LJIEH:

— 8K 3aci0 JOBEJEHHS  BIAIOBIIHOCTI
OymiBeNb 1 CHOPYI OCHOBHHM BHMOTaM
HupexktuBun Pamu  89/106/EEC, 30kpema
ocHoBHI BuMO3i N°l — MexaHiyna
CTIAKICTE Ta CTaOLIBHICTP — 1 OCHOBHIN
BuMo031 N°2 — ITokexHa Oe3reka;

— SIK OCHOBA JUTsl YKJIQJIaHHS KOHTPAKTIB IS
OyaiBenb 1 Copys Ta MOB’A3aHUX 13 HUMU
TH)KEHEPHUX MOCIIYT;

— SIK OCHOBA I CKJaJaHHS Y3TO/DKEHHX
TEeXHIUHUX crenudikamii g OyIiBeTbHUX
BUpoOiB (ENs ta ETAs).

€BpPOKOJIM, OCKUTPKA BOHH 0O€3MOCEpeTHbO
BITHOCSTHCS 10 OyIIBEIBbHUX CIIOPYA, MalOTh
MpSIMUH 3B’SI30K 13 TNIyMa4yHUMH JOKYMEHTa-
Mu?  poszminy 12 CPD, HesBaxaroum Ta Te,
10 BOHM MAalOTh Pi3HY MPHUPOIY 3 TapMOHI-
30BaHMMHM CTaHAApTaMH Ha BHpoOW°. Takum
YUHOM, TEXHIYH1 aCIEKTH, IK1 BUIIJIUBAIOTE 3
€BpoKkoIiB 1l OyMiBeNb 1 COPY, TTOBUHHI
B IMOBHIA Mipi OyTH PO3TIISHYTUMHU TexHIU-
Humu komitreramu CEN Ta/um pobounmu
rpynamu  EOTA, sxi po3poOnsitoTh CTaH-
naptd Ha OyzAiBenabHI BUPOOW, 3 TO3MIIIN
JOCSTHEHHSI TIOBHOT CYMICHOCTI TEXHIYHHUX
cnenudikaiii 3 €Bpokogamu.

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.

2Bignosizno mo cr. 3.3 moxymenrta CPD ocHoBHI
Bumorn (ER) oTpumaioth KoHKpeTHY ¢GopMmy y
TIYMaYHUX JOKYMEHTaX JJisl CTBOPSHHS! HEOOXiITHHX
3B’A3KIB MIK OCHOBHMMM BHMOTaMHM Ta MaHIaTaMH
1t rapmonizoBannx EN ta ETAG/ETA.

SBignosigao g0 cr. 12 CPD TIyMadHi AOKyMEHTH
MAloThb:

a) HaJgaTH KOHKpeTHOi (pOpMU OCHOBHHUM BHIMOTaM,
Y3TOAMBIIM TEPMIHONIOTII0O 1 TEXHiYHI 3acamd 1
BKa3aBIIX KJ1acu abo piBHI I KOXKHOI BUMOTH, € TIe
HEOOX1IHO;

b) BKazaTH MeTOOM BCTAHOBICHHS CITiBBiIHOIICHHS
MDK IUMH K1acaMd abo piBHAMH BHMOT i3 TEXHIY-
HUMU BUMOTaMH, HAMPUKIAJ, METOIH PO3PAXYHKY i
TIePEeBiPKY, TEXHIYHI MIPaBIa MPOSKTYBAHHA 1 T. iH.;
C) CIyryBaTH PEKOMEHMAINEI0 Ui BCTAHOBJIICHHS
Y3TODKEHUX CTaHIAPTIB 1 HACTAHOB Il €BpOIEiich-
KOT'O TEXHIYHOTO YXBAJICHHSI.

€Bpokoan (aKTHYHO BIIrparoTh MOAIOHY pPONb Yy
cdepi 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.



Crannmaptu  €BpOKOJIB  PEIIaMEHTYIOTh
3arajibHi MpaBHUjIa MPOEKTYBAHHS IS MpaK-
TUYHOTO BUKOPUCTAHHSI BCIX KOHCTPYKIIIH Ta
iX KOMIIOHEHTIB SK TpPaAWIIAHOTO, TaK 1
IHHOBAITIHHOTO XapakTepy. YHiKaibHI (op-
MU KOHCTPYKIIi a00 YMOBHU NpPOEKTYBAHHS
CIIEIIAJIBHO HE OXOIUIIOITHCS, 1 B TaKHX
BUIAJKAX  MPOCKTYBAJBHUKY  TOTpiOCH
JOJTATKOBUM €KCIIEPTHUN PO3TIIAL.

HaunionajabHi cTangapTu, 1mo
BIIPOBA/KYIOTH €EBpoKOaAN

HarmionanpeHi cranaapTH, 10 BIPOBAKYIOTh
€BpoKOAM, 3aBXKAM BKIIOYAIOTH IOBHHM
TeKCcT €BpOKOAY (BKIIOYAIOUU BC1 AOJATKH),
Bugannii CEN, sxoMy MOXyTh mepenyBaTh
Hamionanenuii tutyneHuil nuct ta Harrio-
HaJbHa NEPEeIMOBA, a TAKOXK MOXYTh CYIpO-
BOJDKYyBaTHCs HallloHanbHUM J10/1aTKOM.

HamioHaneHMIT I04ATOK MOXKE BKIIFOYATH
iHpOpMallil0 BITHOCHO THUX HapaMeTpiB, SKi
3QTUIIMIIACS BIAKPUTAMU B €BpOKOJAX IS
HaIllOHAJTFHOTO BHOOpPY, BIIOMi SIK HaIlio-
HaJIbHO BH3HAUEHI MapaMeTpu [UIsl BUKO-
pUCTaHHS TPH TPOCKTYBaHHI Oy/IiBENb Ta
THKEHEPHUX CIOPYH, 0 OyayTh 3BEIEHI Y
3aIlikaBJIeHIH KpaiHi, a came:

— 3HAYEHHS YaCTKOBUX Koe(ilieHTIB Hamii-
HOCTI Ta/abo kiacu@ikaIlilo BUTAIKIB, IS
SAKUX €BPOKOJI perjiaMeHTy€e BUKOPUCTaHHS
aIIbTePHATHUB;

— 3HAYEHHS, SK1 CJIiJ] BUKOPUCTOBYBATH TaM,
ne B €BPOKO/Ii HaBeJIEHO TUIbKU CUMBOJI,

— cnenudiuHi g1aHi kpaiau (reorpadivHi, Kii-
MaTHYHI TOIIIO), HAPUKIIAJI, KapTa BITPY;

— KOHKPETHI METOIMKHU JUIsl TUX BHIIAJKIB,
KOJM €BPOKOJI periaMeHTye BUKOPHCTAHHS
aIIbTePHATHB.

BoHM MOXXYTh TaKOK MICTUTH:

— PEKOMEH/IAIIli 1010 3aCTOCYBaHHS JIOBIJI-
KOBHUX JIOJIaTKIB;

— TIOCWJIaHHS Ha JOJAaTKOBY iH(dopMmallito,
sKa He CyNepeuynuTh HOPMAaTUBHUM BUMOTaM 1
JoTIoMarae mpu KOpUCTyBaHH1 €BPOKOIaMHU.

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’s13ku Mick €Bpokogamu
Ta TAPMOHI30BAHUMHM TEXHIYHUMHU
cnenudikanismu (ENs ta ETASs)
JJIs1 BUPOOiB

HeoOxigHa y3roKkeHicTh MDK TapMOHI30-
BaHUMH TEXHIYHUMHU CHeUUIKaisIMA IS
OyniBeTbHUX BUPOOIB Ta TEXHIYHUMHU TIPABH-
JaMH [yt OyAiBels 1 ciopya Ta OyniBeTbHUX
poGit. Kpim Toro, y moBHiii iHpopmarii, sika
cynpoBokye CE MapkyBaHHs OyAiBeJIbHUX
BUPOOIB 1 Mae BiIHONIEHHS 10 €BPOKOJIIB,
Mae OyTH YiTKO 3a3HA4Y€HO, sIKI HAI[IOHAJIBHO
BHU3HAUEHI NapaMeTpu OyiH B34TIi 10 yBaru.

[onatkosa indopmanis
moxo EN 1993-1-6

B EN 1993-1-6 wamani BKa3iBKHM 3
MPOEKTYBAHHS CTAJIEBUX KOHCTPYKIIA Ta
pO3paxyHKy Ha MIINHICTh 1 CTIHKICTB
00O0JIOHOK TpH NPOEKTYBaHHI OyAiBeNlb Ta
TH)KEHEPHUX CIIOPYI.

EN 1993-1-6 mpusHaueHuidd Isi BUKOPHC-
TaHHS 3aMOBHUKAMH, IPOCKTYBAIbHUKAMH,
MIPSIAHUKAMHA 1 BIIMOBITHUME JIEP>KaBHUMU
OpraHaMH.

EN 1993-1-6 npusnadeHuid sl BHUKO-
pucranns 3 EN 1990, iHmmMu yactuHaMHU
EN 1991 1 EN 1992-1999 nns npoekTyBaHHS

KOHCTPYKITIH.

HanioHaJbHHUH 101aTOK
1m0 EN 1993-1-6

VY upomy craHIapTi HaBelIeH1 aJbTepPHATUBHI
METOJ¥, OIIIHKK 1 peKoMeHjamii 3
MPUMITKaMH, SKi BKa3ylOTb, JI€¢ HEOOXITHO
3poOuTH HaIioHaabHI BUOiIp. TakuM duHOM,
HAI[IOHAIBHUHN CTAaHAAPT, SIKUH IMIUIEMEHTYE
EN 1993-1-6, noBunen Matu HarioHaapHUH
JIOJaTOK, JO0  SKOrO  BKJIIOYEHO  yci
HAI[lOHAIbHO BHU3HAYEHI MapaMeTpH, sKi
BUKOPUCTOBYIOTBCS ~ TIpU  MPOEKTYBaHHI
CTaJieBUX  KOHCTPYKWiH, 1o  Oyayrs
noOy/I0BaHi y BiIMOBIAHINA KpaiHi.

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.



HamionanpHuii  BUOIp  J03BOJICHO — JUIs National choice is allowed in EN 1993-1-6

EN 1993-1-6 3a nonomoroto: through:
-3.1.(4) -3.1.(4)
—4.1.4(3) -4.14(3)
~5.2.4(1) ~5.2.4(1)
-6.3(5) -6.3(5)
—7.3.1(1) -7.3.1(1)
—7.3.2(1) -7.3.2(1)
-8.4.2(3) -8.4.2(3)
-8.4.3(2) -8.4.3(2)
-8.4.3(4) -84314)
—8.4.4(4) —8.4.4(4)
—8.4.5(1) -8.4.5(1)
-8.5.2(2) -8.52(2)
-8.5.2(4) -8.52(4)
-8.7.2(7) -8.7.2(7)
—8.7.2 (16) —8.7.2 (16)
—8.7.2 (18) (2 pa3n) —8.7.2 (18) (2 times)

~9.2.1(2)P ~9.2.1(2)P



1 3AT'AJIBHI TOJIOKEHHSA
1.1 TAJIY3b 3ACTOCYBAHHA

(1) ¥ EN 1993-1-6 naBezneHi OCHOBHI IpaBHJa
MPOCKTYBAaHHSI JIMCTOBUX CTAJICBUX KOHCTPYKIIIH,
10 MarTh (HOPMY 0OOJIOHKH TIOBOPOTY.

(2) Ue#t crammapT mpu3HAYEHWH IS 3aCTOCY-
BaHHa cymicHo 3 EN 1993-1-1, EN 1993-1-3,
EN 1993-1-4, EN 1993-1-9 Ta BiOmoOBiZHUMH
gactuHamu EN 1993, Bkirouarouu:

Yactuna 3.1 m1s OamT 1 HIorJI;

Yactuna 3.2 15 AuMapis,;

Yactuna 4.1 nns OyHKepiB;

YactuHa 4.2 115 pe3epByapis;

YacTtuna 4.3 s TpyOOTIpOBO/IIB.

(3) Le#t cranmapT BU3HAYA€ XapaKTEPUCTUYHI Ta
PO3paxyHKOB1 3HAUEHHS OTIOPY KOHCTPYKITII.

(4) le#t cramgapT BiAMOBiZa€ BHMOTaM [0
MIPOEKTYBaHHS BIINOBIIHUX TPAaHUYHUX CTAHIB 3a
HECYUOI0 3JaTHICTIO 010"

— MEXI1 IUTAaCTUYHOCTI;

— IMUKIIYHOI IJIACTUYHOCTI,

— BTpaTH 3arajbHOi CTIHKOCTI;

— BTOMH.

(5) 3BaragpHa piBHOBara KOHCTPYKIii (3CyB,
BEpTUKAIIbHE TICPEMIIICHHs, TIEPEKUIaHHS) B
JAHOMY CTaHIApTi HE PpO3IVIIAETHCS, —ajie
mictutbest 'y EN 1993-1-1. CnemianeHi moJo-
KEHHS B 0cCoONMBHX cdepax 3acTOCyBaHHS
MICTATHCS y BinnmoBinHux yactuHax EN 1993,

(6) IlonoxeHHs NAHOTO CTaHAAPTY 3aCTOCOBY-
IOTBCS JIO BICECHMETPHYHUX 00OJIOHOK Ta 3B’s13a-
HUX 3 HUMH KPYrOBUX 200 KUIbIIEBUX ILJIACTHH, a
TaKOXX JI0 KUIBIIEBUX TepepiziB Oamok 1 pedep
KOPCTKOCTI, SKII0O BOHM € YaCTUHOK MLIOi
KOHCTPYKIii. Po3rismaroTbes 3arajibHi mporecu
KOMIT'IOTEPHHUX PO3pPaxyHKiB ycix ¢opMm 00oJ0-
HOK. Y J0JaTKax HaBeJeH1 JAOKJIaJH1 BUpa3u Ijs
PO3paxyHKIB BPYyYHY HEMIIKPIIUICHUX HUIIHIPIB
1 KOHYCIB.

(7) UmninapuyHi Ta KOHIYHI MaHedi B JaHOMY
CTaHJapTi JeTambHO He posrisaatoTbes. [Iporte
HaBe/IeH1 MOJI0KEHHS MOXYTh OyTH BUKOPUCTAHI,
SKIIO HaJeKHUM YWHOM OyAyTh BpaxoBaHi
BiJIOBIIHI TPAaHUYHI YMOBH.

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 npu3HAYCHHIA I PO3PAXYHKY
CTAJIEBUX TMYCTOTUTUX KOHCTPYKIH. SKio mis
MyCTOTUIMX KOHCTPYKIIif, BUTOTOBICHHX 3 iH-
IIMX MaTepiajiB, BIACYTHI CTAHIAPTH, MOJOKEH-
HSl JaHOTO CTaHAApPTy MOXYTh BHKOPHUCTOBY-
BaTHUCS 32 YMOBH HaJEKHHUM YHHOM BpPaXOBaHUX
BIJIOBIIHUX BJIIACTUBOCTEH Marepiaiy.

(9) BuxopuctaHHs UBOrO CTaHIAPTY MeEpel-
0adyeHO B MeXax Jiama3oHy —TeMIeparyp,
BU3HAYCHUX Y  BIANOBIIHUX  MPHUKIATHUAX
gactuHax EN 1993. MakcumanbHa TemiiepaTypa
oOMexeHa, 100 BIUIMBOM TMOB3YYOCTI MO’KHA
Oy70 3HEXTyBaTH, SKIIO BIAMOBITHOI TMPHUK-
JAHOK0 YaCTUHOIO HE PO3IIIIAOThCA ePeKTH
MOB3YYOCTi 32 BUCOKUX TEMIIEpATyp.

(10) TIlonoxkeHHs WIBOTO CTaHAAPTY 3aCTOCO-
BYIOTBCSl JI0 KOHCTPYKIIH, IO 3aJ0BOJIBHSIOTH
YMOBH TMONEPEPKEHHS KPUXKOTO pPYHHYBaHHS,
HaBezeHi y EN 1993-1-10.

(11) TlonmoxkeHHS WIBOTO CTaHAAPTY 3aCTOCO-
BYIOTBCSI JIJII TIPOCKTYBaHHS KOHCTPYKIIIH, IO
3HAXOJAThCA ITi JI€I0 BIUIMBIB, SAKI MOJXKHA
O3S AATHCS SIK KBA31CTaTUYHI.

(12) V upomy cranmapti nepeadaydaeThbes, IO
BITPOBE HABAHTAKCHHS 1 MOTIK CHUIIKUX TBEPAHNX
PEUOBMH, B MUIOMY, MOXHa pO3TJSAATH SIK
KBa3iCTaTUYHI BIUIMBH.

(13) JInnamiuHi edeKTH MarOTh OyTH BpaxoBaHi
3TIIHO 3 BIAMOBIAHOIO TMPHUKIATHOIO YACTHHOIO
EN 1993, Bxmroyaroyd HACIIAKH Bil BTOMH.
[IpoTe, piBHOAIIOYI HATIPY)KEHHS, 1110 BUHUKAIOTh
gyepe3 JWHAMIYHY TOBEHIHKY, PO3IJISIAOThCS B
i YacTHUHI K KBa3iCTaTUYHI.

(14) TlonmoxeHHsI IBOTO CTAaHIAPTY 3aCTOCOBY-
I0TbCSA 10 KOHCTPYKIIIHA, sIKi 3B€J€H1 BiIMOBIAHO
1o sumor EN 1090-2.

(15) Manuii crangapT HE BpaXOBYE AacleKTH
BUTOKIB.

(16) et crammapT  OpU3HAYEHHH IS
PO3paxyHKIB TeMIlepaTypy MeTally B Jiana3zoHi
Bix —50 °C mo +300 °C; BigHOILIEHHS pajiyca a0
TOBIIMHMU B miana3oHi Bix 20 mo 5000.

[NPUMITKA. Cnig 3a3Ha4dTH, MO TpaBHiIa PO3PAXYHKY
HAMPYXEHHS 3a [UM CTaHJApPTOM MOXYTh OyTH TOCHUTH
KOHCEPBAaTHBHUMHU CTOCOBHO JIESIKUX T€OMETPHYHUX (HOpM
i yMOB HaBaHTAXCHHSA I BIHOCHO TOBCTOCTIHHHIX
00O0JIOHOK.

(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) Leit €Bponeiicbkuii CTaHAAPT MICTUTH
MOJIOKEHHST  IHIIMX MYONiKamidi y BHIIAII
natoBaHux a00 HeJaToBaHUX MoOcwiaHb. Li
HOPMATHBHI MOCWJIAHHS 3HAXOASTHCS Y BIIMOBII-
HUX MICIAX TEKCTY, a TMepemiK ITyOiKaii
MIPUBOJUTHCS HWXK4YE. [ MaToBaHMX MOCHIIaHb
MOJANbBIII TOMPaBKU abo0 pemakmii Oyab-sKHX
TakuX MyOmiKamid 3aCTOCOBYIOTBCS /O I[OTO
€BpOIEHUCHKOT0 CTAaHAAPTY JIMILIE 32 YMOBH, IIO
BOHM BKJIIOYEHI JI0 HBOTO TOMPABKOK abo
penakuiero. [ HegaToOBaHMWX MOCHUJIAHb 3aCTO-
COBYETHCSI OCTAHHE BUAAHHA NyOJiKallii, Ha SIKY
JTAETHCS TTOCUITAHHSI.

EN 1090-2 BupoOHMmTBO  CTaleBUX 1
aIOMIHIEBUX KOHCTpYKIIH. YacTuHa 2. TexHIyH1
BUMOTH JI0 CTAJIEBUX KOHCTPYKIIIi;

EN 1990 OcHoBU mpoeKTyBaHHSI KOHCTPYKILIif;
EN 1991 €Bpoxon 1: HaBaHTa:XeHHS Ha CIOPY/IH;
EN 1993 €spokon 3: IIpoekTyBaHHs cTaneBHUX
KOHCTPYKITIH:

Yactuna 1.1: 3aranpHi mpaBujia 1 mMpaBWiIa s
OyniBenb;

Yactuna 1.3: XomogHodpopMoBaHi TOHKI eTeMEH-
TH 1 JTUCTH;

Yactuna 1.4: HeipkaBitoui cTani;

UYacruna 1.5: EneMeHTH Mm1acTHHYACTHX KOHCTPYKITIH;
Yacrura 1.9 BromHa MINHICTE CTaIeBUX
KOHCTPYKITIH;

Yactuna 1.10: Bubip crami 3 BpaxyBaHHSAM
B’A3KOr0 pyHHYBaHHS 1 BJIACTUBOCTEH cCTall
1010 TOBIIMHHU JIUCTA;

Yactuna 1.12: JlomaTkoBi mpaBwiia sl pO3IIH-
pennst oonacti EN 1993 no Bkmouenns crami S 700;
Yactuna 2. Cranesi MOCTH;

Yactuna 3.1: Bamrru i mornm;

Yactuna 3.2: lumapi,

Yacrtuna 4.1: bynkepu;

UYactuna 4.2: PesepByapu;

Yacrtuna 4.3: TpybonpoBoau;

Yacrtuna 5: [TanboBi ciopyau.

1.3 TEPMIHM TA BUSHAYEHHS

Tepminu, BuzHadeni B EN 1990 s 3aransHoro
BUKOPHUCTaHHS B OyaiBenbHUX EBpokogax, Takox
3aCTOCOBYIOTBCSL y I[bOMY CTaHAapTi. Skmo He
BKa3aHO IHINE, BHU3HAYEHHS, NpHUBEIEHI B
ISO 8930, TakoX 3aCTOCOBYIOIOTHCS Y ILIbOMY
cragnapti. Ha momatrox mo EN 1993-1-1 nmns
[UIe  IbOTO  CTaHIAPTy  3aCTOCOBYIOTHCS
HACTYITHI BUSHAUCHHS:

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 1SO 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 KOHCTPYKUiH
1.3.1.1 o6oJ10HKa

Koncrpykuiss  abo  eneMeHT  KOHCTPYKILi,
YTBOPEHUH 3IrHYTUM TOHKHM JIUCTOM.

1.3.1.2 060J10HKA TIOBOPOTY

Ob6onoHKa, reomMeTpuyHa Qopma gKOi BHU3Haua-
€TbCS  CEPEMHHOIO TIOBEPXHEI0, YTBOPEHOIO
MOBOPOTOM MEPHIIOHATIBHOI TBIPHOI HABKOJIO
oJHIi€T oci HA KyT 21 pamian. OO0JIOHKA MOXKe
MaTH OyIb-SKY TOBXHHY.

1.3.1.33amkHyTa BicecHMeTPpUYHA 000JI0HKA

OO0o0JI0HKA, KA CKIAJAETHC 3 NEKUIbKOX YaCTHH,
KOYXHa 3 K0T € 000JI0HKOIO TTIOBOPOTY.

1.3.1.4 cermeHT 000JI0HKH

O06050HKa MOBOPOTY MEBHOT reOMETPUYHOI op-
MH 3 TOCTIHHOIO TOBIIMHOK CTIHKH: IWJIHAD,
3pi3aHUN KOHYC, 3pi3aHa cdepa, KUIbleBa TuIac-
THHA, TOPOiJabHa cUcTeMa abo iHIma (Gopma.

1.3.1.5 nanear 000J0HKH

Hesamknyra o0OosoHka moBopoTy:  (opma
000JIOHKM BHW3HAYAETHCS TMOBOPOTOM TBIpHOT
HaBKOJIO OC1 Ha KyT, MEHIIIMA HDK 27 pajiaH.

1.3.1.6 cepequHHa MOBEPXHS

IToBepxHs, sika B KOXKHIA TOYI[l pO3TAIlIOBaHA
MOCEPEeIMHI MDK BHYTPIIIHBOIO 1 30BHIIIHBOIO
MOBEPXHIMHU OOOJOHKH. SIKIO 000JIOHKA ITif-
KpirjieHa 3 oJHOro abo 3 000x OOKIB, sIK Oa3oBa
CepeMHHA TOBEPXHS MPUIAMAEThCS CepeIuHHA
MOBEPXHs 3IrHYTOr0 Jrcra 00ojaoHku. CepenanH-
Ha MOBEPXHsS € 0a30BOI0 MOBEPXHEIO JIJIS PO3pa-
XYHKY 1 MOk€ MaTH pPO3PHUBH MPU 3MiH1 TOBIIUHU
abo B MicIIX 3’€gHaHHSA OOOJIOHOK, BHACIIIOK
YOro BUHUKAE EKCIICHTPHUCHTET, SIKHI MOXE CYTTEBO
BIUIMBATH HA MIPOCTOPOBY MOBEIHKY 00OJIOHKH.

1.3.1.7 3’cananusn

JIiHisA, Ha SKI MepeTHHAIOThCs JBa abo Oulblie
CETMEHTIB. MOXe€ BKJIIOYATH €JIEMEHT JKOPCTKOC-
Ti. KonoBa miHisA, MO K €JIeMEeHT »KOPCTKOCTI
KpIMUTBCA 10 OOOJIOHKHM, MOXHa BBa)XaTu
3’€IHaHHSAM.

1.3.1 structural forms and geometry
1.3.1.1shell

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 2x 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.



1.3.1.8 ctpunrep

MicueBuii eneMeHT >KOPCTKOCTI, 10 MPOXOAUTH
0 MepHiaHy 00OJIOHKH, 1 € TBIPHOIO 0O0IOHKH
MOBOPOTY. 3aCTOCOBYETbCS JUISI  30UIBIICHHS
CTIMKOCTI 200 B SKOCTI IOTIOMDKHOTO €JieMEHTa
MIpY TPUKJIAJaHHI MICIEBUX HaBaHTaXeHb. BiH
HE TPU3HAYCHUH JUIst 3a0e31eYeHHs] IePBUHHOTO
OTOpY 3TUHAIOYMM e(eKTaM BiJ TONEPEYHOTO
HaBaHTAKCHHSL.

1.3.1.9 pedpo

MicueBuil enemMeHT, TBipHa 000JIOHKH MTOBOPOTY,
110 3a0e3neyye  TEpBUHHE  CHOPUUHATTS
3TUHAIOUMX HABAaHTAXXECHb B3JIOBXK MepeaiaHa
000s10HKU. BukopucroByeThes [u1sl nepeaadi ado
PO3IOALTY TONIEPEYHUX HaBaHTAKEHb MPH 3THHI.

1.3.1.10 KinbLe KOPCTKOCTI

MicueBuii €1eMEHT >KOPCTKOCTI, IO MPOXOJUTH
HaBKOJIO OOOJIOHKH TIOBOPOTY Yepe3 3aJaHy
TOYKY Ha MepuJliaHi. 3a3BuUYail mepeadadaeThes,
0 BIH HE Mae€ >XOPCTKOCTI mpu aedopmariisax
IJIOMHMHA (MEPHUII0OHATBHI 3CYBH O0OJIOHKH), ajie
€ JKOPCTKUM TMpu jAeopMamisx y TUIONIHHI
Kimbisi. BiH 3acTOoCOByeThCs 11t 30UTBIIIEHHS
cTiikocTi abo Il mepemadi  MICIEBUX
HaBaHTa)XCHb, 110 JIIOTh Y IJIOIINHI KUTBIIA.

1.3.1.11 onopHe Kinbue

EneMeHT KOHCTpPYKILii, IKHH TPOXOAUTH HABKOJIO
000JIOHKH TIOBOPOTY B OCHOBI Ta 3a0e3mnedye
KpirieHHss 0O0O0JOHKKM 10 (GyHAaMeHTy abo
IHIIOTO eJeMeHTa KOHCTpYKIii. BoHo mpu3Ha-
YeHe JIUIsl PAKTHYHOTO 3a0€3IEeUSHHSI POTHO30-
BaHUX 'PAaHUYHUX YMOB.

1.3.1.12 kinbueBa 6aaka ado KisibueBa pepma

KpyroBuii enemMeHT MKOpPCTKOCTi, >KOPCTKUH 1
MI[HUA Ha 3TUH K B IUJIOLIMHI KPYTOBOTO
nepepizy 000JOHKH, TaK 1 MEPIEHIUKYISAPHO 0
i€l muomunu. e nepBUHHMI HECY4YUld €IeMEHT
KOHCTPYKIlii, TpU3HAYEHUH [  PO3MOJLTY
MICLIEBUX HaBaHTaXXE€Hb B 000JIOHII.

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.



1.3.2 rpanuyHi cTaHu
1.3.2.1 Meka MJIaCTHYHOCTI

I'pannuyHMil CTaH 3a HECY4YOIO 3JATHICTIO, IpPHU
AKOMYy B  KOHCTPYKIil BHHHKAIOTh 30HH
racTuaHoi aedopmartii, depe3 sKi 000JIOHKA
BTpaya€ 3IaTHICTh MPOTUCTOSTH 3pPOCTAIOYUM
HaBaHTXEHHSIM. BiH cyTrTeBO TOB’s3aHUi i3
IpaHUYHUM HABaHTAXXCHHSM 3a TUIACTHYHICTIO 32
Teopiero Manux jaedopmarliiii abo 3 MexaHi3MOM
IIJJACTUYHOTO PYMHYBaHHS.

1.3.2.2 po3puB npu po3Tary

I'pannyHMil cTaH 3a HECyyolO 3HATHICTIO, MpU
SKOMY Tepepis OpyTTo Jmcta  OOOJIOHKH
PYHHYETbCSI BHACIOK PO3TATY.

1.3.2.3 quKJIiYHA JIACTHYHICTD

I'pannyHMil cTaH 3a HECy4OlO 3JATHICTIO, MpU
SKOMY OaraTopa3oBe IIacCTHYHE AeQOpMyBaHHS,
BUKJIMKaHE IMKJIaMHM NPUKJIAJAaHHS 1 3HATTA
HaBaHTaXXEHHsI, PU3BOJUTH /10 MAJIOIMKIOBOTO
BTOMHOTO  pyWHYBaHHS TIClid  BUYEpHaHHS
3IaTHOCTI MaTepially A0 MOTJIMHAHHS S€HEPrii.

1.3.2.4 BTpaTa 3arajibHOi CTiHKOCTI

I'pannuHMii cTaH 3a HECYYOKO 3IATHICTIO, TPH
SIKOMY KOHCTPYKIIiSl pI3KO BTpada€e CTIMKICTh MPH
MeMOpaHHOMY CTHUCKaHHI 1/a6o 3cyBi. lLle
NPU3BOJIUTH JI0O BEIMKHAX 3MilleHb abo 10
HECIIPOMOKHOCTI KOHCTPYKIIii HECTH MPHUKIIAICH]
HaBaHTAXKCHHSL.

1.3.2.5 BTOMA

I'pannuHMil CTaH 3a HECY4OK 3JATHICTIO, TPHU
SKOMY BENMKa KUIbKICTh LIMKIIIB HaBAaHTa)KCHHS
NPU3BOJIUTh JIO PO3BHTKY TPINMH Y JIACTI
00O0JIOHKH, IO TMPH HOJANBIIMX  LHKIAX
HABAaHTAXXCHHS MOYKE BUKJIMKATH PO3PHB.

1.3.3 BnuuBm (7ii)
1.3.3.1 och0Be HABAHTAKEHHSA

30BHIIIIHE NMPUKIAJIEHE HaBaHTaKEHHS, 110 JII€ B
OCbOBOMY HaImpsIMKY.

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.



1.3.3.2 papiajbHe HABaHTaKeHHS

30BHIIIHE TPUKIAJACHE HABAHTAXKEHHS, MO i€
NEPIEHAUKYISIPHO 710 TMOBEPXHI HMIIHIAPUYHOT
00O0JIOHKH.

1.3.3.3 BHyTpilHiii THCK

CkiazioBa MOBEPXHEBOT'O HABAHTXKCHHSI, MO JIiE
NEPIEHANKYISIPHO /10 OOOJOHKHA B HAIPIMKY
Ha30BHI. [1 BelmMuMHA MOXe 3MIiHIOBATHCA AK Y
MEpHUIIOHATBHOMY, TaK i B KOJIOBOMY HarpsiMax
(HampuKIaa, MO €0 HaBAaHTAXEHHS CHUIKHX
pedoBHH y OyHKep1).

1.3.3.4 30BHilIHI TUCK

CkiazioBa MOBEPXHEBOIO HABAHTAXKEHHSI, L0 JIIE
NEPNEeHIUKYIAPHO J10 OOOJOHKU B HANpsSMKY
BeepeuHy. 11 BemMurHa MOKe 3MIHIOBATUCS K Y
MEpHII0HAIbHOMY, TaK 1 B KOJJOBOMY HampsMax
(HampuKIIa;, M Ji€10 BITPY).

1.3.3.5 rinpocTaTuuHui THCK

Tuck, 110 3MIHIOETHCA JTIHIHHO BIZHOCHO OCHOBOT
KOOPJAMHATH 00O0JIOHKH TTOBOPOTY.

1.3.3.6 HaBaHTaxKeHHS BiJ TepTs 00 CTiHKY

MepuaioHanbHa CKJIaJI0Ba MIOBEPXHEBOTO
HaBaHTAKCHHS, IO Ji€ HAa CTIHKY OOOJOHKH
BHACIIJIOK TEPTsS, IOB’S3aHOTO 3 BHYTPIIIHIM
THCKOM (HANpPHKIIAJ, SIKIIO BCEPEIUHI 000JIOHKH
3HAXOJATHCS CUIIKI PEYOBHUHH)

1.3.3.7 MmiceBe HABaHTAKEHHSA

3ocepemkeHa cwia abo poO3MOJUICHE HaBaH-
T@XCHHS, 10 Ji€ Ha OOMEKEHy 4YacTUHY
000JIOHKHU TI0 BUCOTI Ta B KUIBI[EBOMY HAPAMKY.

1.3.3.8 HaBaHTa:KeHHS HA TLIAHKY

MicueBe po3mnojiiecHe HaBaHTAXEHHS, IO JIi€
MEPIECHAUKYISIPHO 10 000JOHKH.

1.3.3.9 po3pimkenns

PiBHOMIipHHIT pO3MOAUICHUI 30BHIMIHIA THCK,
KUl BHUHHKAE BHACTINOK 3HUKEHOTO BHYTPIII-
HBOTO THUCKYy B O0OOJOHIII 3 OTBOpamMu abo
JTYITHUKAMU i €0 BITPOBOTO HaBaHTAKEHHS.

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.



1.3.3.10 yacTkoBmii BaKyym

PiBHOMIipHMIT pO3MOALICHUH 30BHIMIHIA THUCK,
SKUI BUHHUKAE BHACIIIOK IEPEMIIlEHHS PIiIUH
ab0 CHUIKMX pEYOBMH 13 pe3epByapa 3
HEJIOCTaTHLOIO BEHTUJIALIICIO.

1.3.3.11 TemsioBHMM BILIUB

3MiHa Temrmeparypu y3J0BXK MepuaiaHa ado 1o
Koy, 200 TI0 TOBIIMHI 000JIOHKH.

1.3.4 piBHOAIOYI HANPYKEHHS | HANIPY KEHHS
B 000/10HIi

1.3.4.1 piBHOai04i MeMOPAHHOI 0 HATIPYKEHHS

pPIBHOJIFOUI MEMOpaHHHMX HAaNpYyXeHb — IIe
3yCHJUISI Ha OJMHUIIIO IIUPUHU OOOJOHKH, SKI
3HAXOJATh SIK IHTETpaJ PO3MOJALTY HOPMAIBHOTO
1 JOTUYHOTO HAIMpPY>KEHb, 10 JIIOTh MO TOBIIUHI
000JIOHKH TMapayeabHO CEepeAUHHIM MOBEpXHi
000JIOHKK. Y TPY)KHOMY CTaHI KOXXHE 3 IHX
PIBHO/IIOUMX HANPYKE€Hb BUKIMKAE HAMPY>KEHUN
CTaH, OJHOPIAHUN IO TOBIIMHI OOOJIOHKH. Y
Oy/Ib-sKiil TOYIIl € TPU PIBHOJIIIOY1 MEMOPAHHOTO
HarnpyXeHHsl (1uB. pucyHoK 1.1(e)).

1.3.4.2 piBHOIi104i 3rMHAJLHUX HANIPY:KEHb

PiBHOmifOWl 3rUHANBHUX HANPYKEHb — 1
3TMHAJIBHI 1 KPYTHI MOMEHTH Ha OJUHUIIIO
IIUPUHU OOOJIOHKH, SIKI 3HAXOJATh SIK CTAaTHYHI
MOMEHTH PO3TOJILTIB HOPMAJIBHOTO 1 JOTHYHOTO
HaIpy>KeHb, 0 JIIOTh MapajeIbHO CEpeIUHHIN
MOBEPXH1 000JIOHKH 110 ii TOBIIMHI. Y MPYKHOMY
CTaHI KOXXHE 3 IMX pPIBHOJMIIOYHUX HANPYKECHb
BUKJIUKA€ HAMpYKeHWH CcTaH, 10 JIHIHHO
3MIHIOETBCA 10 TOBIIMHI OOOJIOHKH, 3 HYJIHOBUM
3HAYEHHSM Y CepeUHHIN moBepxHi. Y Oyab-aKiit
TOUI[l [Ol€ ABa 3TUHAJIBHUX MOMEHTHA 1 OJUH
KPYTHHUI MOMEHT.

1.3.4.3 piBHoil04i MNOMEpe4YHOro JAOTHYHOIO
HaNpY:KeHHsA

PiBHOAIIOYI TMONEPEYHOT0 JOTUYHOTO Hampy-
KEHHA — L€ 3YCWUI Ha OJUHULIO IIHPUHU
000JIOHKH, SKI 3HaXONATh SK IHTErpai; BifJ
pO3MOALTY JOTUYHOTO HANPYXKEHHs, IO i€
NEPIEeHANKYIISPHO 10 CEPEeIMHHOT TOBEPXHi 000-
JIOHKHM 10 1i TOBIIMHIL. Y NPY)KHOMY CTaHi KOKHE

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



3 [UX pPaBHOIIOYUX HANPYKEHb BUKIUKAE
HaNpPYKEHUH CTaH, IO 3MIHIOETHCS MapaboIIivHO
0 TOBIIUHI 000JOHKH. Y Oyab-sKiil TOYIl € ABi
PIBHOJIIOYI MOMEPEYHOro JOTHYHOTO HAmpy-
xeHHs (auB. pucyHok 1.1(f)).

1.3.4.4 memOpaHHe HANIPY KEHHS

MemOpaHHe HaNpyKeHHSI BU3HAYA€THCS SK Bij-
HOILIEHHS PIBHOJ1I0401 MEMOPaHHOTO HaIPYKEH-
Hs JI0 TOBILMHU CTIHKH (IUB. pucyHOK 1.1(e)).

1.3.4.53ruHajbHe HATIPYKEHHS

3ruHaJibHE  HANPYKEHHS  BU3HAYAETHCS  SIK
BIIHOIIEHHS PIBHOJIIFOYOTO 3rHHAIBHOTO HaIpy-
JKEHHS JO0 KBajJpaTa TOBIIMHU CTIHKH, MOMHO-
xeHe Ha 6. BoHO Mae ceHc nuiie ans craHy, pu
SIKOMY 000JIOHKA € TIPYKHOTO.

1.3.5 Buau po3paxyHKiB
1.3.5.1 3arajbHnii po3paxyHoK

Po3paxyHok, B SKOMY  pO3TJISIal0ThCA
KOHCTPYKIIS B LIUIOMY, a HE OKpeMi 1i YaCTHUHHU.

1.3.5.2 po3paxyHok 3a MeMOPaHHOIO TeOpi€lo

Po3paxyHOK, 10 BH3HAa4Ya€ TOBEIIHKY TOHKO-
CTIHHOT OO0OJIOHKOBOi KOHCTPYKIII T di€r0
PO3IMOAUICHUX HABAHTAXXCHb 32 YMOBH, IO JIAIIIE
MeMOpaHHI 3YCHIUISI  33JI0BOJIGHSIIOTH  YMOBHU
PIBHOBArd i3 30BHINTHIMU HaBaHTAKCHHSIMHU.

1.3.5.3 aiHiliHO-NIPY:KHUI PO3PaXyHOK
ooosionkm (LA)

Po3paxyHOK, 110 BH3HA4Ya€ TMOBEIIHKY TOHKO-
CTIHHOI OOOJIOHKOBOi KOHCTPYKIIii Ha OCHOBI
Teopii JMIHIHHO-TIPY>KHOTO 3TUHY OOOJIOHKHU MpPH
nedopmarisax, sKi € MaIUMH 110 BiTHOIICHHIO 0
iIeaIbHOT ~ TeOMeTpii  CepeaMHHOI  IMOBEpXHi
000JIOHKH.

1.3.5.4 niniiiHo-npy:xHuii OipypraniiHuii
po3paxyHok (BiacHoro 3HauyeHHsi) (LBA)

Po3paxyHok, siKuil oIiHIO€ JNiHIltHE Oi(ypKartii-
HE BJIACHE 3HAYEHHs s TOHKOCTIHHOI 000-
JIOHKOBOT KOHCTPYKIii Ha OCHOBI Teopii JiHilHO-
NPY)KHOTO 3TMHY OOOJIOHKM THpU Aedopmarlisix,
MaJuX MO BiTHOIIEHHIO A0 i7eanbHOI reoMerTpii

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



cepenuHHOi moBepxHi oOosonku. Crmim 3a3Ha-
YHUTH, [0 3rajiaHe JiHeiHe OiypkalliiiHe BIacHe
3HAYeHHST HE BITHOCHUTHCH 10 (OpPM BIIACHUX
KOJINBaHb.

1.3.5.5reomeTpuyno HediHiIiHUI NPYyKHUI
po3paxyHok (GNA)

Po3paxyHOK Ha OCHOBI Teopii 3rMHY OO0OJOHKHU
UL iea’dbHOi KOHCTPYKILIl 3 ypaxyBaHHSM
THIAHO-TIPY’)KHUX XapaKTePUCTUK Marepiaiay Ta
HeNiHIHOT Teopii Benmukux nedopmarii ams
NepeMillieHb, SKa MOBHICTIO BPaXOBY€E OYyIb-sKY
3MIHYy TreomeTpii BHACIIOK BIUIMBIB  Ha
00osioHKy. Ha koXHOMy erami HaBaHTaXCHHS
MIPOBOJUTHCS MEpeBIpKa JIHIHHOTO OlpypKariiii-
HOTO BJIACHOTO 3HAYEHHS

1.3.5.6 ¢pizuuno  HexdiHiliHUMIA
(MNA)

PO3PaxyHoOK

Po3paxyHok Ha OCHOBI Teopii 3rUHY OOOJOHKH
U 11€eabHOT KOHCTPYKIII 3 BHKOPUCTAaHHSIM
MpUITYIIeHb Tpo Maui aedopmarii, sk B 1.3.4.3,
ale 13 ypaxyBaHHSIM HENIHIMHUX HPYKHO-
IUTACTUYHUX XapaKTEPUCTUK MaTepiaiy.

1.3.5.7 reomeTrpruHo Ta ¢i3U4YHO HeTiHiHHMIA
po3paxynok (GMNA)

Po3paxyHOok Ha OCHOBI Teopii 3ruHYy OOOJIOHKH
JUTsL 171eaTbHOT KOHCTPYKIII 3 BUKOPHUCTAHHSIM
MPUITYIIEHb HETIHINHOT Teopil Benukux aedop-
Malliid JJ1s IepeMillieHb 13 ypaxyBaHHSIM HEJiHIN-
HUX TPYXHO-TUIACTUYHUX XapPAKTEPUCTHK MaTe-
piany. Ha xoxHOMY piBHI HaBaHTa)KCHHS
BUKOHYETHCS TIEpEeBipKa JIiHIHHOTO OidypKarii-
HOTO BJIACHOTO 3HAYCHHS

1.3.5.8reomerpuuHo HeqdiHiliHMHA TPYKHUH
po3paxyHok i3 ypaxyBauusm jaedekrtiB (GNIA)

PospaxyHok 13 ypaxyBaHHsM JedeKTiB moai0Hu
no pospaxynky GNA 3rigHo 3 1.3.4.5, ane 13
BUKOPUCTAHHSIM MOJEJ TeoMeTpii KOHCTPYKILII,
0 BKJIIOYae HeixeanbHy Qopmy (TOOTO
reoMeTpist cepelMHHOI MOBEpXHI Ma€ Hemepea-
OauyBaH1 BIOXWUJEHHS BiJ ifeanbHOT (dopMu).
Hedekr Takok MOXe BpaxoBYBaTH e(eKTH
BIIXWJIEHb Yy TpPaHUYHUX YMOBaX 1 eqQeKT
3aJIMIIKOBOrO HampyxXeHHs. Ha koxHOMy piBHI
HABAaHTAKCHHSI BHUKOHYETHbCS IEpeBipKa JiHIN-
HOTO Oi(hypKaIiifHOr0 BIACHOTO 3HAYEHHS

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.

1.3.5.8geometrically  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.



1.3.5.9 reomeTpuunmii Ta GpiznuHO HeMiHiHHMI
PO3pPaxyHOK i3 ypaxyBaHHSAM JedeKTiB
(GMNIA)

Po3paxyHok 13 ypaxyBaHHsAM JAe(]eKTiB, IO
0a3yeTbcss Ha  NPUHOMIAX  Teopil  3THHY
00OJIOHKH, y BUNAJKY HeilearbHOT KOHCTPYKIIiT
(ToOéTO0 TEeoMeTpis CepeaMHHOI IOBEPXHI Mae
HernependauyBaHi  BIAXWICHHS Bl  icalbHOT
(dhopMH), BKITFOUAIOYH HEIIHIHHY TEOPIF0 BETMKUX
nedopmariii s mepeMilieHb, SKa IMOBHICTIO
BpaxoBye Oyab-siKy 3MiHYy T'€OMeTpii BHACTIIOK
BILUIUBIB Ha OOOJIOHKY, 1 HEJNIHIIHI XapakTepuc-
THUKH MPYKHO-IJIaCTUYHOro Matepiany. [ledextu
TaK0’X MOXYTh BKIIOYAaTH Ne(PEKTH B TPAaHHYHUX
YMOBaxX 1 3aJIMIIKOBHUX HanpyxeHHsX. Ha xoxHo-
My €eTall HaBaHTa)XKCHHsI BUKOHYEThCSI IEepeBIpKa
NiHiAHOTO O1)ypKaIIifHOTO BIACHOTO 3HAYCHHS.

1.3.6 Kareropii HanpyxeHb, 1110 BUKOPUCTO-
BYKOTBHCS IIPH PO3PAXYHKY 32 HANPYKEHHSAMH

1.3.6.1 nepBUHHI HAPYKEHHS

Hanpyxenuii ctan, HeoOXiTHUM U1 pIBHOBAry 3
MPUKJIAJICHUM HaBaHTaXEHHSIM. BiH ckianaeTbes
MepeBaXKHO 3 MEMOpaHHUX HaIpyXeHb, ajie 3a
NeSIKUX YMOB JJIsl JOCATHEHHSI pIBHOBAaru MOXKYTh
TaKOX 3HAZOOUTHUCS 3TUHAIIbHI HATIPY)KEHHS.

1.3.6.2 BTOpUHHI HANIPY KEeHHSI

HamnpyxeHHs, BUKIMKaHI BHYTPIIIHBOIO CyMiC-
HICTIO 200 CYMICHICTIO 3 TPAaHUYHUMHU YMOBaMH,
MOB’s13aHI 3 NPUKIAJCHUMH HaBaHTaXCHHSIMU
a00 3MileHHAMH (TeMIIepaTyporo, IOIEpPEaHIM
Halpy>KeHHSIM, TMpOCiAaHHAM, Yycanakor). Lli
Halpy>KeHHsT HE TOTpiOHI JIs JTOCATHEHHS
pIBHOBaru MDK  BHYTPIIIHIM  HampyKEHUM
CTaHOM 1 30BHIIIHIMYA HaBaHTAXXECHHIMHU.

1.3.7 CheniajbHi BU3HAYEHHSA
AJISl PO3PAXYHKY BTPAaTH 3arajbHOI CTiHKOCTI

1.3.7.1 kpuTHYHHMH omip BTPAaTi 3arajbHoi
CTIKOCTI

Haiimenma 6idypkanis abo rpaHHMYHE HaBaH-
Ta)XEHHS, BHU3HAU€HE Ui 1eali30BaHUX YMOB
IPY)XHOT poOOTH Matepiany, ieanbHOi reoMeT-
pii, igeadbHOr0 NPUKIAJAHHS HaBAaHTAKEHHS,
i1eanbHOT  OMOpPH, 130TPOMHOCTI Marepiany i
BIZICYTHOCTI 3aJMIIKOBUX HanpyXeHb
(po3paxynok LBA).

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).



1.3.7.2 kxpuTHYHI HANIPYKEeHHS IPH BTPATIi
3arajbHOI CTIHKOCTI

MemOpanHe  HampyKeHHs,  IOB’s3aHe 3
KPUTHUYHHUM OTIOPOM BTpPATi 3arajibHOi CTIHKOCTI.

1.3.7.3 HomMiHATBbHUI ONip MJIACTHYHUM
nedopmanisam

['paHnvHE MIACTHYHE HABAHTAXXCHHS, BU3HAYCHE
ISl iIeaJIbHUX YMOB JKOPCTKOIIJIACTUYHOT MOBE-
IIHKM MaTepiany, ineaqpHOI reoMerpii, imeains-
HOTO TIPUKJIAJICHOTO HABaHTAXEHHS, 1IC€ANBHOT
OTMOpH Ta I130TPOMHOCTI Marepialy (3MOJENbO-
BaHa 3a J0TIOMOT00 po3paxyHKky MNA).

1.3.7.4 xapakTepucTHYHUIA onip BTpaTi
3arajbHOI CTIHKOCTI

HaBanTaxeHHs, OB s13aHe 3 BTPATOIO 3arajJbHOL
CTIMKOCTI TNpHU HENpyXkHiIA poOOTI Marepiaiy,
r€OMETPUYHUMU 1 KOHCTPYKIIIMHUMU edeKTaMHu,
AKI HEMHUHY4Yl Ha MpakTuli, 1 edexkramu
CITIIKYBaJIbHOTO HAaBAHTAXKCHHSI.

1.3.7.5 xapakTepucTHYHE HANIPYKEHHS
MPH BTPATI 3arajibHOI CTIHKOCTI

MeMOpanHe  Hampy>KEHHS, MOB’sI3aHe 3
XapaKTepUCTUYHUM OIOPOM BTpaTi 3arajbHOi
CTIMKOCTI.

1.3.7.6 po3paxyHkoBHii omip BTpaTi 3arajbHoi
cTifKOCTI

Po3paxyHkoBe 3HAYCHHS KPUTHYHOI  CHIIH,
OTPUMAaHE NUIAXOM JUICHHS XapaKTePUCTUYHOTO
OTIOpY BTpATi 3arajibHOi CTIMKOCTI Ha YaCTKOBUM
KOeIIIEHT I OTIOPY.

1.3.7.7 po3paxyHKoBe HANPYy:KeHHsI
NPH BTPATI 3arajbHOI CTIHKOCTI

MeMOpaHHe HampyKeHHs, IMOB’si3aHEe 3 po3pa-
XYHKOBHUM OTIOPOM BTpaTi 3arajibHoi CTIKOCTI.

1.3.7.8 ocHOBHe 3HaYeHHSI HANIPY KEHHS

3Ha4YeHHs HaNpyXEeHHS B HEOJHOPITHOMY MOJIi
HamnpyXeHb, 110  BUKOPUCTOBYETHCS IS
XapaKTepU3yBaHHS BEJIWYMH HANpyXeHHS NpU
OLIIHI[I TPAHUYHOT'O CTaHY 3a HECYUOIO 37aTHICTIO
10 BTpaTi 3arajibHOi CTIHKOCTI.

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.



1.3.7.9 kaac gonmycKy sIKOCTi Ha BUTOTOBJIEHHS

Kareropiss BUMOr [OMyCKYy Ha BUTOTOBJICHHS,
nepeadadeHa Npu MPOEKTyBaHH1, IUB. 1. 8.4.

14 TIO3HAYEHHA

(1) Ha momaTok 10 MO3HAYCHb, NMPUBEACHUX Y
craggaprax EN 1990 1 EN  1993-1-1,
BHKOPHCTOBYIOTHCSI HACTYITHI TIO3HAYEHHS:

(2) Cucrema KoOpAMHAT, 1UB. PUCYHOK 1.1:

I' — pajiaJibHa KOOp/AMHATA, NEPIEHANKYISIPHA 10
0Cl1 IIOBOPOTY;

X — MEpHUAI0HAJIbHAa KOOPANHATA;

Z — 0ChOBa KOOP/IMHATA;

0 — xUIBIIEBAa KOOPAMHATA;

(¢ — MEpUIIOHATBHUN yXWI: KyT MDK BICCIO
MOBOPOTY 1 MEPHEHAUKYISIPOM J0 MepHjiaHa
0OOJIOHKH.

(3) Tuck:

Pn — NEPIEHIUKYISAPHUI 10 000IOHKHY;

Px — MEpHIIOHATbHE TTOBEPXHEBE HABAHTAKCHHS,
napaJieJibHe 000JIOHIT];

Po— KUIBIIEBE TOBEPXHEBE
napayiesibHe 000JIOHIT.

HaBaHTaXXCHHA,

(4) JliniitH1 cvutH:

Pn — HaBaHTa)XEHHsI Ha OJMHUITIO KOJIa, TIEpIICH-
TUKYIJISIPHE 10 000JIOHKH;

Px — HaBaHTa)kKeHHSA Ha OJUHUINIO KOJa, 10 JI€ B
MEpHUIIOHATBHOMY HalPsIMI;

Po — HaBaHTa)KEHHs Ha OJIMHUIIIO KOJIa, 11O JIi€ Ha
000JIOHKY B KUTBIIEBOMY HAMPSIMI.

(5) PiBHOIrOY1 MeMOpaHHOTO HANPY>KECHHS
Nx — pIBHOIIOYA MEPHUIIOHAIBHOTO MeMOpaH-
HOTO HaIpYyXXCHHS,

Ng — pIiBHOJIOYA KUIBIIEBOTO MeMOpaHHOTO
HaTPY)KEHHS,
Ny — PpIBHOAIFOYA MEMOpPAHHOTO JAOTUYHOTO
HaTIPY)KEHHS.

(6) PiBHOAIIOUI 3rUHANBHOTO HATIPY)KECHHS:

My — MepUIIOHATbHUI 3THHAIBPHUI MOMEHT Ha
OJIMHUITIO IINPUHU;

Mg — KUTBLIEBUI 3rMHANBHIM MOMEHT Ha OJUHUIII0

HIMPUHH;
Mxy — KPYTHUH MOMEHT 3CyBY Ha OJIMHMIIIO
HIMPUHH;
OQwn — TIONEepevyHa Iepepi3yBajibHa  CHIIA,

IIOB’s13aHa 3 MepI/I,Z[iOHaJ'IBHI/IM 3Ir'mHOM;

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

(1) 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;

4) 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:

Nx meridional membrane stress resultant;
Ng circumferential membrane stress
resultant;

Nyo membrane shear stress resultant;

(6) Bending stress resultants:

My meridional bending moment per unit
width;

Me circumferential bending moment per
unit width;

mye  twisting shear moment per unit width;

Oxn transverse shear force associated with
meridional bending;



Jon — TIOEpEYHA TIepepi3yBabHA CHJIa, MOB’sI3aHa
3 KUIBLIEBUM 3TUHOM.

(7) Hampy>xeHHst:

Ox — MEpHUIIOHAIBHE HATIPYKCHHS;
Co — KUITbLIEBE HANPY>KECHHS,
Oeq — CKBIBaJIeHTHE HampyxeHHs Mizeca

(Takox Moxe HaOyBaTH Bia’ €MHUX 3HAY€Hb Y
MIPOILIeC IIUKITIYHOTO BAaHTAXKCHHS);

T, Txop — JIOTHYHE HANPYXXCHHS B TUIOIINHI;

Txn, Ton — MEPHUAIOHATIBHE, KUIbIIEBE IOMEPEYHE
JOTUYHE HAMPY>KEHHSI, TIOB’sI3aHE 31 3THHOM.

(8) IMepemirieHns:

u — MEpUIIOHATIbHE MEPEMIIIECHHS;

v — KUIbIIEBE MEPEMIILIEHHS;

W — IEpEeMIIIECHHS, TMEepPHeHAUKYIIpHE 0
MOBEPXH1 000JIOHKH;

B — MEpHUIIOHATBHUN TTOBOPOT, IHB. 5.2.2.

(9) Posmipu 060m0HKH:

d — BHYTPIMIHIA giaMeTp 000JIOHKH;

L — 3araJibHa JIOBXKWHA 000JIOHKH;

| — JIOB)KMHA CErMEHTa 000JIOHKH;

Iy — JIOBXHWHA MAa0JOHY [UIsl BHUMIpPY
nedeKTiB;

0 — JOBXHMHAa IAOJOHYy — Ui BHMI
l 0 a mabmo i
nedeKTiB y KOJIOBOMY HampsiMi,
lgw — JIOBXMHA 11a0JIOH UL BUMI
g
nedeKTiB y HampsMi TOTIEPEK 3BapHOTO I11BA;

X — JIOBXHHA IMa0JIOHy JUIS  BHMI
Iy 0
nedeKTiB y MEpUIIOHATTBHOMY HaIPsIMI,

Ir — OOMEXEHHS IOBXWHU OOOJIOHKHA JUIS

OI[IHKK HANpYXCEHHS TMpH BTPATi 3arajbHOI
CTIAKOCTI;

r —  paglyc  CEpeIMHHOI  IOBEpPXHI,
MEPIICHIUKYIIIPHUI 10 0C1 TOBOPOTY;

t — TOBIIMHA CTIHKHA 00OJIOHKH;

tmax ~—  MakcMMajabHa  TOBIIMHA  CTIHKH
000JIOHKH B 3’€JHAHHI;

tmin — MiHIMaJIbHA TOBIIWHA CTIHKA OOOJIOHKHA
B 3 €IHAHHI;

tae  — cepelmHs TOBIIMHA CTIHKH OOOJIOHKH B
3’€IHAHHI;

B — TIOJIOBUHA KyTa MPU BEPILINHI KOHYCA.

Qon transverse shear force associated with
circumferential bending;

(7) Stresses:

Ox meridional stress;

00 circumferential stress;

Oeq von Mises equivalent stress (can also

take negative values during cyclic loading);

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

(8) Displacements:
meridional displacement;

u
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;

g 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;

I 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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Figure 1.1

(10) Jomyckwu, nus. 8.4:

€ — CeKCHEHTPUCUTET MDK CEpEeIUHHUMHU
MMOBEPXHIMU TIJIACTHH, IO 3’ €THYIOTHCS;

Ue — mapamerp JIOMYCKYy  BHUIIaJKOBOTO
EKCIICHTPUCUTETY;

Ur — mapameTp IOMyCKy BIIXUJICHHS Bill KOJIa;

Un — BUXIITHUN TTapaMeTp BEIMYUHHA BM SITHH IS
YUCENBHUX PO3PaXyHKIB;

Uo — BUXITHHI TTapaMeTp JOMYCKY Ha BM SITHHH,
AWo — IOTyCK, IEpIECHANKYISIPHUAN JI0 TIOBEPXHI
000JIOHKH.

(11) BnactuBocTi MaTepiais:

E — moxaynb FOHra;

feq — eKBIBaJIEHTHA MIIIHICTH 32 Mi3zecoM;
fy — MeXa TeKy4OCTi;

fu — MEXa MIHOCTI;

% — xoedimient [lyaccona.

(12) IMapameTpu MIITHOCTI:

C — Koe(ilieHT MIHOCTI Ha TOB3I0BXKHIM
3THUH,

D — KOe]illieHT HAKOTIMYEHUX MOIIKO[KEHb
P BTOMI,

F — y3araJbHeHa Jis;

Feqs  — nig Ha BCIO KOHCTPYKIIIIO BiAMOBIAHO 10
PO3paxyHKOBOI cUTYyarii (po3paxyHKOBI

3HAYEHHS);

Membrane stresses
MemMOpaHHi HaANIpy KeHHS

\( i
T
/{\ Tn
o

Transverse shear stresses
ITonepeyHi NOTHYHI HATIPY:KEHHSA

Ilo3HayeHHS B 000/10HKAX 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;

Awo  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;

v Poisson’s ratio;

(12) Parameters in strength assessment:

C coefficient in  buckling strength
assessment;

D cumulative  damage in  fatigue
assessment;

F generalised action;

Fea  action set on a complete structure
corresponding to a design situation (design
values);



Fra — oOumcrneni 3HavyeHHs i 3a YMOBH
MaKCUMAaJIbHOTO OTNOPY KOHCTPYKLIi (po3paxyH-
KOBI 3HAUCHHS);

I'Rk — XapaKTepUCTUUHUI BITHOCHHIA
KoedimieHT  omopy  (BUKOPHCTOBYETHCA 3
HIOKHIMH 1HJIEKCaMU Ui BU3HAYCHHS O0a3ucy):
BU3HA4aeThes K BinHomeHHs (Fre/Fed);

I'Rpl — BIIHOCHUH TUIACTUYHHN KOCQIIIEHT
omnopy (BHU3HAYAETHCS SIK KOS(IIIEHT 3amacy o
PO3paxyHKOBHX HABAaHTAXKEHb 13 3aCTOCYBAHHSM
po3paxynky MNA);

lRer  — KPUTHYHUK KOe(illieHT omopy BTpaTi
3arajabHOi CTIMKOCTI (BU3HAYa€ThCs K Koedi-
IIEHT 3aracy J0 PO3paxXyHKOBHX HaBaHTaXEHb 13
3aCTOCYBaHHSM po3paxyHKy LBA).

[MPUMITKA. 3 MeToro BiINOBIHOCTI MO3HAYEHb Y TEKCTi
craagapty EN 1993 sk cumBoja BiHOCHOTO KoedirieHTa
OTOpY BUKOPHCTOBYETHCS IR 3aMicTh cuMmBoiy Rgi. Ilpore,
00 YHUKHYTH HENpPaBWIILHOTO TIIYMaueHHs, HEOoOXiITHO
BiZI3HAYHTH, 110 CUMBOJI Rgj IIMPOKO BUKOPUCTOBYETHCS Y
cdepi MpoeKkTyBaHHsI 00OJIOHKOBUX KOHCTPYKIIIH.

k —  KamiOpyBabHUM  KOeQIIieHT st
HETIHIHHUX PO3paxyHKIB;

k — CTYITiHB B3a€MOJIi1 y BHpa3ax B3ae€MOJIil
MILIHOCTI Ha ITOB3I0BKHIN 3TUH;

n — KUIBKICTh IIMKJIIB HABAHTA)KECHHS,

o — Koe(dimieHT OocIabJIeHHsT TPYXHOTO

OTIOpYy  TpHU  OIIHIOBaHHI  MIIHOCTI  Ha

IIOB3I0BYXHII 3TUH,

B — Koe(iIieHT BIUIMBY IUIACTHYHOCTI MPH
BTpAaTi 3arajbHO1 CTIMKOCTI;

Y — YaCTKOBUHN Koe(iIlieHT;

A — Jiama3oH TmapameTpa 3a HasBHOCTI

3MIHHUX a00 HMUKIIYHUX IH;

€p — IJTACTUYHA AepopMallisi;

N — MOKa3HWK CTYIEHs Yy pPIBHSIHHI B3aEMOJIl
3arajpHOI CTIHKOCTI;

A — BiJIHOCHA THYYKIiCTh OOOJIOHKH,

Aov — 3arajbHa BIJIHOCHA THYYKICTh ycCi€i
000JIOHKH (JIEKLUIbKA CETMEHTIB);

Ao — BIIHOCHA THYYKICTh 32 MEXCI 3MHHAHHS
(3HaYeHHs A, BHIIE SAKOTO BiIOYBa€ThCS
ocnalJeHHs1 ONOpy BHACHIIJIOK HeCTiiKocTi abo
3MIHU FeOMeTpii);

Ap — BigHOCHa rquKiETb 32 MEXEH
IJIACTUYHOCTI  (3HAYeHHS A, HIDKYE SKOTO
IJIACTUYHICTh MOYMHAE BIUTMBATH HA CTIHKICTH);

@® — [MapaMeTp BiI[HOCHOI JOBXHWHH OGOJIOHKI/I;

Fra  calculated values of the action set at
the maximum resistance condition of the
structure (design values);

IRk characteristic reference resistance ratio
(used with subscripts to identify the basis):
defined as the ratio (Fr/Fed);

rept 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 Rgri. 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;

X relative slenderness of shell;

Xov 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;



X — KOeiIieHT OCIAa0ICHHS 3arajibHOI CTIHKOCTI
UL TIPYKHO-TUIACTUYHUX €(EKTIB MpHU OIlIHIO-
BaHHI MIITHOCTI Ha IMOB3I0BKHIH 3THH;

Yov — 3arajlbHUi KOe]ilieHT OCIabIeHHS OMOpYy
3arajabHOi CTIMKOCTI AJisl BCi€T OOOJIOHKU.

(13) HwxHi iHgexcH:
E — 3HAUEHHS HAINpyXeHHS abo mepemi-

IIeHHS (B 3aJIC)KHOCTI BiJl pO3PaXyHKOBUX YMOB);
F — BIUIUB, Jis;

M — Marepia;

R — omip;

Cr — KPUTHUYHE 3HAYCHHS, M0 BUKIMKAE
BTpaTy CTIMKOCT,

d — pO3paxyHKOBE 3HAYCHHS;

Int — BHYTPIIIIHIN;

k — XapaKTePUCTUIHE 3HAUCHHS,
max — MakcHMaJlbHEe 3HAYCHHS,
min  — MiHiMaJIbHE 3HAYEHHS,

nom — HoMIHAJbHE 3HAYEHHS,

Pi — INTACTUYHE 3HAYCHHS,

u — MesKa MIIHOCTI,;

y — MeXa TeKy4OCTI.

(14) HonatkoBi Mo3HAYEHHS MOSICHIOIOTHCS TaM,
JIe 3rajyloThCs BIIEPIIIE.

1.5 IIPABUWJIA 3HAKIB

(1) Hampsim Ha30BHI H0JaTHINA: BHYTPIIIHIA THCK
JOJATHIN, 3MIIIEHHS HAa30BHI JOJATHE, 3a
BHUHSATKOM BHIIQJIKIB, 3a3HaucHUX Y (4)

(2) PosraryBanbHI HampyXeHHs JOJaTHI, 3a
BUHSTKOM BHIIQJIKIB, 3a3HaucHUX Yy (4).

ITPUMITKA.
B EN 1993-1-1.

CTHCKyBaHHS  BBQXKA€ThCS  JIOJIATHIM

(3) Hopatwiii HampsiM JOTHYHUX HAMPYKCHb
nokasaHno Ha pucynky 1.1 1 D.1.

(4) Ansa copomenHs B po3aini 8 1 Homatky D,
CTHCKaJIbHI HaTPY>KECHHS BBXKAIOTHCS
moJatHIMHA. Y IMX BHUIIAAKaX 30BHINIHIA THCK 1
BHYTPILIHII THCK BBAXXAIOThCS JOJATHIMU MPH iX
BUHHUKHEHHI.

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;

pi 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  positive
in EN 1993-1-1.

(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.



2 BUXIIHI TAHI JJIST
MMPOEKTYBAHHS I MOJIEJIOBAHHS

2.1  3ATAJIBHI HOJIOKEHHS

(DHIT Buxigni mani aias TpOEKTYBAaHHS TOBHHHI
BimnoBimarn EN 1990 1 wmictutu HacTymHi
JOTIOBHEHHSI.

(2) 3oxpema, 06010HKa Mae OyTH 3alPOEKTOBAHA
Tak, MO0 BOHAa BUTPUMYBaja BCi BIUTUBH 1
BIJIMTOB1/1aj1a HACTYITHUM BUMOTaM:

— 3arajipHa pIBHOBAra,

— piBHOBara MDK BIUIMBaMH 1 BHYTPIIIHIMU
3yCHJUISIMU 1 MOMEHTaMH, AUB. pO3aUTH 6 1 §;

— OOMEXEHHsSI TPIIMH YHACHIAOK IUKIIYHOTO
HapOCTaHHS TIUIACTUYHOI  nedopmarii, JIuUB.
po3znut 7;

— OOMEXXEeHHsSI TPIIIUH YHACTIJOK BTOMH, WB.
po3znin 9.

(3) IlpoektyBanHsS  OOOJIOHKM  TIOBHHHE
BIIIIOBIIATH BHMOIr'aM eKCIUTyaTaIifHo1
MPUIATHOCTI, BCTAHOBJICHHM Yy BIIMOBIIHOMY

npukiagHomy cranaapti (EN 1993 wactunm 3.1,
3.2,4.1,4.2,4.3).

(4) Tlpomopmii 000JOHKM MOXHAa BHU3HAYUTH,
MMPOEKTYIOYM Ha OCHOBI BUIpoOyBaHb. Koy 11e
JOIJIbHO, BUMOTH BCTaHOBIIOIOTHCS Y BIAIO-
BimHOMY mnpukiagHoMmy ctaagapti (EN 1993
gactunu 3.1, 3.2, 4.1, 4.2, 4.3).

(5) Bci BmMBM TOBHWHHI BpaxoOBYBaTUCA 3
BHKOPUCTAHHIM 1X PO3PaxXyHKOBHX 3HAYCHb
BigmoBigHo g0 EN 1991 1 EN 1993 yactunu 3.1,
3.2,4.1,4.2, 4.3, 3aj1e:)KHO Bij] CHTYaITi.

2.2 BUIU PO3PAXYHKY

2.2.1 3araJjbHi H0J0XKeHHHA

(1) 3anexHO BiI TPAHUYHOTO CTaHY 32 HECYUYOIO
3MaTHICTIO Ta I1HIIMX YMHHHUKIB CJIiJ] BUKOPHC-
TOBYBaTH OAMH a00 AEKUIbKa HACTYNMHUX BUJIB
PO3paxyHKy, OIUCAaHUX B po3ii 4:

— 3arajibHUM pO3paxyHoK, JuB. 2.2.2;

— pO3paxyHOK 3a MEMOpaHHOIO TeOpi€lo, IWB.
2.2.3;

— JHIMHO-TIPYXHHH
IuB. 2.2.4;

pO3paxyHOK  0OOJOHKH,

2 BASIS OF DESIGN AND
MODELLING

2.1 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 between 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,
4.1,4.2,4.3).

(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, 43 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;



— MHIMHO-TIPYXHUH  po3paxyHOK Oidypxkarii,
IuB. 2.2.5;

— T€OMETPUYHO HeTHIHHAN
pO3paxyHoOK, TuB. 2.2.6;

— (i3UYHO HENMHIAHUKA PO3paxyHOK, AuB. 2.2.7,

— reOMeTpUYHO 1 (i3UYHO HENHIHHWKA po3pa-
XYHOK, JTuB. 2.2.8;

— T€OMETPUYHO HENIHIMHUN TNpPYKHUH po3pa-
XYHOK 13 BpaxyBaHHsAM AedekTiB, aus. 2.2.9;

— reOMETpUYHO 1 (i3UYHO HENHIHHWKA po3pa-
XYHOK 13 BpaxyBaHHsAM Aedekri, aus. 2.2.10.

P YKHUI

2.2.2 3aranbHUii po3paxyHoK

(1) BukoHyrouM 3araJlbHU pO3paxyHOK, IS
TESKUX YaCTHH KOHCTPYKIIi{ MOYKHA
BUKOPHCTOBYBATH CIIPOIICHI CXEMH.

2.2.3 Po3paxyHoK 3a MeMOPaHHOIO TeOpi€lo

(1) Po3paxyHok 3a MEMOpaHHOIO TEOPIEIO CIIiJT
BHKOHYBATH 3 JOTPHMAaHHAM HACTYIIHUX YMOB!:

—TpaHWUYHI YMOBH €  TPHIATHUMH  JJIs
TIEPETBOPEHHS HAIMPYXEeHb B 00O0JIOHIII B peaKIlii
omop, 6€3 MOsIBY 3HAYHUX 3rUHATBHUX €(DEKTIB;

— TeoMeTpisi OOOJIOHKH IIJIAaBHO 3MIHIOE (GopMy
(6€3 po3puBIB);

— HAaBaHTAKEHHS  PO3MOAUICHI TuIaBHO  (0e3
HaBaHTAXCHb, 30CEPEHKEHUX B OJIHOMY MICIIi
abo TouIri).

(2) Po3paxyHOK 3a MEMOpaHHOK TEOPIE0 HE
O00OB’S3KOBO ~ Ma€  3a/IOBOJIBHITH  YMOBHU
CyMicHOCTI aedopMariii Ha TpaHUIX MDK
cerMeHTaMu OOOJIOHKM pi3HOT ¢opmu  abo
CerMeHTaMu OOOJIOHKHM, Ha fKI JiIOTh pi3HI
HaBaHTaXeHHs. [IpoTe pe3ynbTyroue — MoJie
MeMOpaHHUX 3YyCWJb  BIANOBIZa€  BUMOTaM
nepBUHHOTO HanpyxeHHs (LS1).

2.2.4 JliniiiHO-NpYKHUI1 PO3PaXyHOK
ooosionkm (LA)

(1) JlineapizoBana Teopis 0a3yeTbcs  Ha
MIPUITYIIEHHIX 1010 JHIHHO-TIPY>KHUX
XapakTepUCTUK Matepiany 1 JiHiiHOTI Teopii
Manux aedopmarii, 3rigHO 3 KOO 30epiraeThes
nepeadadyyBaHa reomerpis  HeaedopMoBaHOI
KOHCTPYKIIIi.

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

(1) 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)

(1)  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.



(2) PospaxyHok LA 3a10BOJIbHSIE YMOBH CyMicC-
HOCTI B AedopMalisx i piBHoBa3i. Pe3ynbryroue
noJjie MeMOpPaHHOTO 1 3TMHAIBHOTO HANpyXEeHb
BIIMIOBIZJa€ BUMOTaM CyMH TEPBHUHHOTO 1
BTOpHHHOTO HanpyxeHb (LS2 i LS4).

2.2.5 JliniiiHo-nIpy>KHUIi po3paxyHoOK
oipypxanii (LBA)

(1) Jotpumyrotscst ymMoBH 2.2.4, 110 CTOCYIOThCS
MPUITYIICHb BITHOCHO MaTepialy Ta T'eOMeTpii.
[Ipote, neil niHiHUNA po3paxyHOK Oidypkariii
Ja€ HallMEHIIE BJAcHE 3HAUEHHS, IPHU SIKOMY
MOXJIMBA BTpaTa 3arajbHOi1 CTIHKOCTI 00OJIOHKU
npu pizHuX ¢opmax nedopmailii, TpUITYCKAOUU
BIJICYTHICTh 3MIHM I€OMETpIi, BIICYTHICTb 3MIHU
HampsiMy J1ii HaBaHTAXEHb 1 BIJACYTHICTh
MOTIPILIEHHSI BJIaCTUBOCTEW Marepiany. KoaHi
neQeKTH He BPaXxOBYIOThbCs. Pe3ynbraToM 1bOTO
PO3paxyHKy € MPYXHUN KPUTUYHUH OIIp BTpaTi
3arajibHOT CTIHKOCTI FRer, AWB. 8.6 1 8.7 (LS3).

2.2.6 TeomeTpuuHO HeJiHIliHMI NPYKHMI
po3paxyHok (GNA)

(1) Pospaxynok GNA 3a70BOJIbHSIE YMOBH
pIBHOBaru i cymicHOCTI Aedopmariiii i BpaxoBye
3MIHYy TeoMeTpii KOHCTPYKIi, CHPUYMHECHY
HaBaHTAXEHHSM. Pe3yipTyloue 1mojie HalpyXeHb
30ira€ThCsi 3 BU3HAUCHHSIM CYMHU TEPBHHHHUX 1
BTOPUHHHMX HampyxeHb (LS2).

(2) Sxmo B Oynmb-sKiii 4acTHHI OOOJIOHKH TIEpe-
Baka€ CTHUCKaJbHE a00 JIOTHYHE HANPYXKCHHS,
po3paxyHok GNA Bu3Hauae HaBaHTaKCHHsI, IO
BHUKJIMKA€E TPYKHY BTPaTy CTIMKOCTI imeambHOi
KOHCTPYKIii, BKIIOYAIOUMd 3MIHHM TE€OMETpii, 110
MO)ke OyTH KOPHUCHUM IMpH TMepeBipili rpaHuy-
HOTO CTaHy 3a Hecy4oro 3aaTHicTio LS3, nuB. 8.7.

(3) Skmo meil po3paxyHOK BUKOPUCTOBYETHCS
JUIS OILIHKA HABaHTKEHHS, 10 CIPUYHHSIE
BTpaTy 3arajibHOi CTIMKOCTI, TO HEOOXIAHO
MEepeBipUTH BIACHI 3HAYEHHA CHUCTEMH, W00
MEePEeKOHATUCS, IO YHCIOBUM METOIOM IIi 4ac
HaBaHTAKEHHS HE BIACTLCS BUSBUTH
6idypxkartito.

(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)

(1)  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 rger, 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.



2.2.7 ®Dizu4Ho
(MNA)

HeJiHIiHMH ~ po3paxyHOK

(1) Pesynbrarom po3paxynky MNA € rpanuune
IUTACTUYHE HABAaHTAXEHHS, 10 MOXE MaTu
BHTJIST TIBHIYBAIBHOTO KoedirieHTa IRrpl, 10
PO3paxyHKOBOTO 3HA4YEHHsI HABAHTAXEHb FEg.
et  po3paxyHOK  BH3HAya€e  IJIACTUYHHIA
HOMIHAIBHUH  KOeQiieHT omopy [rpl, UIO
BHUKOPHUCTOBYETHCS B 8.6 18.7.

(2) Pozpaxynok MNA MoxHa BUKOPUCTOBYBATH
JUI TIEPEeBIPKM TPAHUYHOTO CTaHy 3a HECY4Oro
3matHicTio LS1.

(3) Pozpaxynok MNA mokHa BUKOPUCTOBYBATH
JUIS  3HAXO/DKEHHS  MPHUPOCTY  TUIACTUYHOI
nedopmariii  Ae TPOTATOM  OJHOTO  IHKITY
HaBaHTAXCHHS, SIKE MOXe OyTH BUKOPUCTAHE JIJIS
MEepPEeBIPKM TPAHUYHOTO CTaHy 3a HECY4Olo
3matHicTio LS2.

2.2.8 TeomerpuuHo i ¢izuuno HediHidHMI
po3paxynok (GMNA)

(1) PesynapraTom pospaxynky GMNA, sk 1 B
2.2.7, € TEOMETPUYHO HEJIHIIHE TpaHUYHE
IUTACTUYHE  HABAaHTAXKEHHS IS iealbHOi
KOHCTPYKITIi 1 MPpUPICT TIacTUYHOI nedopmaiii,
SKI MOXHa BHKOPHUCTOBYBAaTH Ui TIEPEBIPKH
TPaHUYHHUX CTaHIB 3a Hecy4oro 3matHicTio LS1 1
LS2.

(2) Sxmo B Oymp-AKid YacTHHI 0OOJOHKHU
nepeBaka€ CTUCKalbHE a00 JOTHYHE Hampy-
xeHHs, po3paxyHok GMNA nae HaBaHTa)KE€HHS,
npu  SKOMY BiJIOyBa€TbCcs BTpaTa MPYKHO-
IUIACTUYHOI  3arajbHOl CTIMKOCTI  1meanbHOT
KOHCTPYKIlii, 0 MOX€ OyTH KOPUCHHM NpHU
MEepeBipIi TPAaHUYHOTO CTaHy 3a HECY4Oro
s3patHicTio LS3, nus. 8.7.

(3) Slxkmo ueil po3paxyHOK BUKOPUCTOBYETHCS
IS OWIHKM  KPUTHYHOTO  TIOB3JOBXXHBOTO
HaBaHTAXXEHHsI, TO HEOOX1IHO MEePEBIPUTH BJIACHI
3HAYeHHs CUCTEMHM, I100 TepeKOHaTHCs, IIO0
YUCEIbHUM METOJOM HE BJACTbCS BHSIBHUTHU
Oidypxkartito IPOTITOM 30LTbIIIEHHS
HaBaHTAXEHHL.

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 rgpi
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 Ae 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.



2.2.9 TeoMeTpu4HO HeJiHIHHUI TNPYKHUIA
PO3paxyHoOK i3 BpaxyBaHHAM Je(eKTiB
(GNIA)

(1) Pozpaxynoxk GNIA BukopucToBy€eThCS y pasi,
SKIIO B OOOJIOHII MEPEeBaKaIOTh CTUCKAIbHI a00
JOTUYHI HampyXeHHs. BiH BH3Ha4Yaae HaBaHTa-
KEHHS, IO TPHU3BOIUTH [0 MPYKHOI BTpaTu
3arajibHOi CTIHKOCTI HeinealbHOT KOHCTPYKIIII,
AKi MOXYTh OyTH BUKOPUCTaHI INPH TEpeBipIli
TPaHUYHOTO CTaHy 3a Hecydoro 3xaTHicTio LS3,
mmB. 8.7.

(2) Sxmo el po3paxyHOK BUKOPUCTOBYETHCS
Ul OLIHKM  KPUTUYHOTO  TOB3JIOBXXHBHOTO
HaBaHTaxeHHs (LS3), To cmig mepeBipuTH BiacHi
3HAYEHHS CUCTEMH, 100 NEepeKoHaTHUcs, IIo
YHCJIOBUM METOJIOM IiJi 4ac HaBaHTaXXEHHsS He
BlIacThCcsl BUSBUTU Oidypkamiro. HeoOxigHo
MEpeBIpUTH, YU MICIEBI HAmpyXeHHS He
MEPEBUIIYIOTh 3HAYCHb, MPU SKUX HEIIHIMHICTH
MaTepiajay MOKe BIUIMHYTH Ha MOBEJIHKY.

2.2.10 T'eomerpuuHo i ¢izuuno HediHidHMI
po3paxyHoK i3 BpaxyBaHHfIM Je(eKTiB
(GMNIA)

(1) Pospaxynok GMNIA BHKOPUCTOBYETHCA Y
pasi, fAKmo B OOOJIOHIII MEpeBaka€ CTUCKAIbHE
ab0 gJoTHYHE HampykeHHs. BiH Bu3Hauae
HAaBaHTXXEHHS, IO NPU3BOIATH JO BTpaTH
MPYXHO-IJIACTUYHOT ~ CTIMKOCTI  «peabHOI»
HeieanbHO1 KOHCTPYKIIiI, SKI MOXHA BHKOPHC-
TOBYBaTH ISl TIEPEBIPKU T'PAHUYHOTO CTaHy 3a
Hecydoro 3aatHicTio LS3, muB. 8.7.

(2) Skmo mel po3paxyHOK BUKOPHUCTOBYETHCS
JUIS  OIIHKH  KPUTUYHOTO  MOB3JIOBXXHBOTO
HaBaHT)XCHHS, TO CJIiJ TMEpEeBIpUTH BIACHI
3HAYEHHS CHUCTEMH, W00 TMEepeKOHATHUCs, UIO0
YHCIOBUM METOJOM IIiJi 4ac HAaBaHTaXXCHHsS He
BJIACTHCS BUSIBUTH OihypKaIliro.

(3) Skmo mueil po3paxyHOK BUKOPUCTOBYETHCS
JUISL KPUTUYHOTO TIOB3/I0BKHBOTO HABAHTAKEHHS,
TO  3aBXJIM CIiJ  J0JAaTKOBO  BUKOHATH
po3paxyHok GMNA igeanbHOi 00ONTOHKH, 3
METOI0 BH3HAYEHHS YYTIUBOCTI A0 JAe(deKTiB
KOHCTPYKTHBHO1 CHCTEMHU.

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.



2.3 T'PAHMYHI YMOBH OBOJIOHKH

(1) I'pannyHi yMOBH, SIKi BUKOPHUCTOBYIOTHCS Y
MPOEKTHOMY pPO3paxyHKY, MOBUHHI TapaHTyBaTH
OTpPUMAaHHS peajdicTUYHOi ab0 KOHCEPBATHUBHOI
Mozem KOHCTpykuii. OcoOmuBYy yBary ciifg
MPUAUIATH K OOMEKEHHIO 3MIlleHb, MEPIICH-
TUKYJISIPHAX 1O CTIHKA OOOJOHKH (TIPOTHHIB),
Tak 1 OOMEXKEHHIO 3CYBIB y IUIOIIMHI CTIHKA
000JIOHKM  (MEpUIIOHAIBHUX 1  KOJIOBHX),
OCKUTHKH BOHH CYTT€BO BIUIMBAIOTh HA MILIHICTH 1
OMip BTPATI 3arajbHOi CTINKOCTI 0O0JIOHKH.

(2) Ilpu po3paxyHKax BTpaTH 3arajibHOi
CTIMKOCT1  (BJIaCHUX  3HA4€Hb)  OOOJIOHKHU
(rpaHWuHMI cTaH 3a Hecydor 37atHicTio LS3)
BU3HAYCHHS  TPaHUYHUX  YMOB  IIOBHHHE
BITHOCUTHUCA JI0 TMPHUPOCTIB MEpeMilleHb Y
Mporieci BTpaTH 3arajbHOi CTIAKOCTI, a HE 0
3arajlbHUX TepeMillleHb, CHPUYMHEHUX TpUKIIa-
JICHUMHU HaBaHTXEHHSMHU 0 BTPATH 3arajibHOi
CTIAKOCTI.

(3) TI'panmunai ymMoOBH yIsi TIOCTIHO OMEPTOTO
HIKHBOTO Kparo 00O0JIOHKU MOBUHHI TPUAMATHCS
3  ypaxyBaHHSM  MOXIIMBOTO  MICIICBOTO
MiTHIMaHHA 000JIOHKU.

(4) TToBopoT kpato 000JOHKH P, ciilx 0coOIMBO
BpaxoByBaTH B KOPOTKHUX OOOJIOHKax 1 IpHu
PO3paxyHKy BTOPHHHOTO HANPYXCHHS y OUIbII
JOBIMX OO0O0JIOHKAaX (BIAMOBITHO 10 TpaHUYHHUX
CTaHIB 3a Hecy4oro 3aatHicTio LS2 i LS4).

(5) I'panuuni ymoBHM, BcTaHOBJIEHI 5.2.2, chiA
BUKOPHUCTOBYBATH IPH KOMII FOTEPHHX pO3pa-
XyHKax 1 npu Bubopi Bupasis i3 lomatkis A — D.

(6) KoucTpykiiist 3’€qHaHHS MDK CErMEHTaMH
O0OOJIOHKM TIOBHHHA TapaHTyBaTH BUKOHAHHS
MPUMYIIEHb  CTOCOBHO  TPaHUYHUX  YMOB,
OPUMHATHX  TPU  MPOEKTYBaHHI  OKPEMHX
CErMEHTIB 000JIOHKH.

2.3 SHELL BOUNDARY
CONDITIONS

Q) 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.



3 MATEPIAJIM I TEOMETPIA
3.1 BJIACTUBOCTI MATEPIAJIIB

(1) BrnactuBocTi craneil mpuiMarOThCs 3TITHO 3
BiJIIOBITHAM MPUKJIAJHAM CTaHIaPTOM.

(2) Sxmo BUKOPUCTOBYIOTBCS Marepiaam 3
HENHITHUMH ~ XapaKTePUCTUKaMU  3aJeKHOCTI
«HaTpyXKeHHs-medopMmalis» 1 B paMKax
MPOEKTYBAaHHS 3a HANPYKEHHSIMH BUKOHYETHCS
pO3paxyHOK BTpATH 3arajbHOI CTIMKOCT1 (IIMB.
8.5), BUXIIHE TaHTEHIIAJIbHE 3HAYCHHS MOJYJIS
IOnra E cnij 3aMIHUTH NOHWKEHUM 3HAYEHHSIM.
3a  BIICYTHOCTI  Kpamoro METOAYy  CIIJ
BUKOPUCTOBYBaTH CIYHUH MOJY/lb 32 YMOBHOI
0,2 %-i Mexi TEeKydoCTi TpH OLIHII TPYKHOTO
KPUTHYHOTO HaBaHTaXKEHHsS abo TMPYKHOTO
KPUTHYHOTO HANPYKCHHS.

(3) Ipu 3aranbHOMY YHCETBHOMY PO3PAXYHKY 3
BUKOPUCTAHHSIM HENIHIHHOCTI MaTepiany CIif
BUKOpHcTOBYBatH YMOBHY 0,2 %-By MeXy TeKy-
4OCTi IS TOJaHHS Meki Tekydocti fy y
BCIX BIIMOBIIHUX  BHpa3zaX. XapaKTePHUCTHUKA
«HanpyXeHHSA-Aedopmarlisiy MpUHAMaeTbCT  3a
EN 1993-1-5 Monmarok C st ByrjieeBuX CTajiei
13a EN 1993-1-4 JlomaTox C ans Heip)kaBitOUUX
CTaJIeH.

(4) BrmactuBocTti Marepiany € MOCTIHHUMH s
TeMmIeparyp, 1o He nepeBunytoTs 150 °C.

[MPUMITKA. B HanioHaabHOMY JOAATKY MOXE MICTHTHCS
iHpopMallis  TpPO  BIACTUBOCTI  MaTepiajiB  Ipu
TemmepaTypax, mo nepesumyots 150 °C.

3.2  Po3paxyHkoBi 3HAYeHHH
reoMeTPUYHHNX XaPAKTEePUCTHK

(1) ToBuuHy 0OoJIOHKHU t Cinij MpUKMaTH 3TiAHO
3 BIAMOBIIHUM MPUKIAIHUM CTaHAAPTOM. SIKIIO
Takuii CTaHAApPT BIICYTHIM, CIII BUKOPHUCTO-
BYBAaTH HOMIHAJIbHY TOBIIHUHY CTiHKU, 3MCHIICHY
Ha 3aJ]aHy BEJIMYMHY BTPATH BiJl KOPO3ii.

(2) diama3oHu TOBIIMHH, B MEXaX SIKOT MOYKJIHBE
JOTPUMaHHS  NpaBMJI  JaHOTO  CTaHIApTYy,
BU3HAYeH1 y BiANOBIAHUX yacTuHax EN 1993.

(3) Cepenuuny oBepxHIO OOOJIOHKU CIiJ] MPUIA-
MaTH K 0a30BYy MOBEPXHIO JJIsi HABAHTAXKEHb.

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 fy
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

(1)  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.



(4) Pagiyc r oOONOHKHM CHiI TpUAMATH SIK
HOMIHQJIBHUH  pajiyc CepeIuHHOI TOBEpXHIi
000JIOHKH, BUMIPSHUI MEPIEHIUKYISIPHO 10 OCi
MIOBOPOTY.

(5) [IlpaBwia mnpoekTyBaHHS IIOJO BTpPATH
3arajibHOi  CTIMKOCTi, TpPHUBEIECHI B JaHOMY
CTaHIApTi, HE CIiJ 3aCTOCOBYBaTH Yy BHUIAJKY,
KOJIM BIJHOIICHHS I/t BUXOIATH 3a MeEXi, IO
BCTaHOBJICHI B po3niuri 8, abo 3a lomatkom D,
a0o y BianmoBimHuX yactuHax EN 1993.

3.3 TEOMETPHUYHI AO0ITYCKHA
ITEOMETPUYHI JE®EKTHU

(1) BenuuuHM JOMyCKIB Ha  BIAXWJICHHS
reoMeTpii MOBEpPXHiI 0OOJIOHKH BiJl HOMIHAJILHUX
3HaYeHb BHU3HAYEHI Y BUKOHABYMX CTaHJapTax
3TiIHO 3 BUMOTaMH €KCIUTyaTaliiHOl TpHaat-
HOCT1. CYyTTEBUMH NMOKAa3HUKAMHU €:

— HEKPYTJIICTh (BIIXUJIEHHS BiJ KpYTJioi popMu);
— eKCHEHTPUCUTETH (BIIXUJIEHHS CepeIUHHOL
MOBEPXHI B HAmpsMi, MNEPHEHAUKYIIPHOMY J0
MOBEPXHI O0OOJOHKHA BHACTIIOK HEJOCKOHAIOTO
3’€IHaHHS MDK IUTACTUHAMN);

— MICIIeBl BM’ATHHH (MICIIEBl BIAXWJICHHS Bia
HOMIHAIBHOT CEPEIMHHOI TOBEPXH1 Y Hampsmi ii
HOpMaJIi).

TIPUMITKA. BuMoru n0 BHUKOHAaHHSA BCTAaHOBJICHI B
EN 1090, ane Oinpll TOBHMH ONUC IMX JIOMYCKIB
NPUBEICHUH TYT uepe3 KPUTHYHY 3aJeKHICTh MIiXk
(opMOI0 JIOMYCKY, HOro BEIWYHMHOK 1 OLIHIOBAILHUM
OIIOPOM KOHCTPYKIIiT OOOJIOHKH.

(2) Sxmo rpaHWYHWN CTaH BTpaTH 3arajbHOi
critikocti (LS3, sk omucano B 4.1.3) € Hecydoro
3/IaTHICTIO, TO MarOTh OYTH BpaxoBaHi JIO0 yBaru
JOJTATKOBI T€OMETPHYHI JIOMYCKH, SKi BITHO-
CATBCA JIO BTPATH 3arajbHOi CTIMKOCTI, 1100
reOMETPpUYHI JePEKTH 3IUIIATUCA B 3aJaHUX
Mexax. ['eoMeTpuyHi TOMYyCKH, MIO BIAHOCATHCS
0 BTpaTH 3arajbHOi CTIAKOCTI, KUIBKICHO
BH3HAYaIOTHCSI B PO3JAUIl 8 abo y BIAMOBIIHUX
gactuHax EN 1993,

(3) Po3paxyHkoBi 3Ha4eHHsS IS BIIXWJICHb
reoMeTpii MoBepxHi 000JOHKH BiJl HOMIHAIBHOT
reoMeTpii, SK BHUMAaraerbcs Ui JOMYCTUMHUX
TeOMETPUYHUX JIeQeKTIB (3araibHi JedekTH ado
MiclieBi Je(eKTH) Npu MPOEKTyBaHHI MIOJ0
BTpaTH 3arajibHOi CTIKOCTI IIJISIXOM 3araJbHOTO
po3paxynky GMNIA (quB. 8.7), oTpuMyroTh i3
3aJlaHUX TEOMETPUYHUX JOMYCKiB. BimmoBigHi
mpaBwiIa TpuBelneHi B 8.7 a00 y BIAMOBIIHUX
yactuHax EN 1993.

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.



4 TPAHUYHI CTAHM HECYYOI
3JATHOCTI B CTAJIEBUX OBOJIOHKAX

CTAHU HECYYOIi
11(0) IOBUHHI

41 TPAHWUYHI
3IATHOCTI,
PO3IJISAIATUCSH

411 LS1: Mexa Teky4ocTi

(1) fx rpaHuuyHHMH CTaH HECyd4oi 37aTHOCTI Ha
MEX1 IUIAaCTHYHOCTI MPHUUMAETHCA CTaH, IPH
SAKOMY 3/IaTHICTb KOHCTPYKIiI TPOTHCTOSTH
BIUIMBAM Ha Hei BHYepnaHa IUIACTHYHICTIO
Marepiaiy. Onmip, AKUN CTBOPIOETHCS
KOHCTPYKLIEI0O B TPaHUYHOMY CTaHl MI0J0
MJTACTUYHOCTI, MOYXHA BH3HAYUTH Yy BHIJISII
HAaBaHTAXEHHS  IUIACTUYHOTO  pyHHYBaHHS,
OTPUMAHOTO  HAa  OCHOBI  Teopii  Maiux
MepeMillEHb.

(2) I'pannyHMil cTaH HECYy4O1 31aTHOCTI PO3PUBY
MIPU PO3TATY NMPUUMAETHCS SK CTaH, MPU SKOMY
nepepi3 OpyTTO CTIHKA OOOJOHKH MMiIAA€ThCS
pPYWHYBaHHIO BHACIIJOK PO3TATY, IO IMPHU3BO-
JUTH 710 TTOUTy 0O0JIOHKH Ha JIBl YaCTHHU.

(3) 3a BimCyTHOCTI KpINWJIBHUX OTBOPIB MOKHA
BBAKATH, IO TNEpeBipKa TPAHUYHOTO CTaHy
HECy4oi 3JaTHOCTI PO3PUBY TIPH  PO3TATY
OXOILTIOETBCSL TIEPEBIPKOI0 TPAHUYHOTO CTaHy
010 TIACTUYHOCTIL. Y pasi, AKI0 3ycTpiva-
IOTbCS OTBOPU IiJi KPIOWIBHI BUPOOH, CIIiA
JI0JIATKOBO BUKOHATH MEPEBIPKY Y BIAMOBITHOCTI
3 6.2 craumapty EN 1993-1-1.

(4) Ilpn mepeBipili TPaHUYHOTO CTAaHYy HECY4Oi
3MATHOCTI MO0  IJIACTUYHOCTI  MOJKHA
nepea0adYuTH  IUIACTUYHY  ab0  YacTKOBO
IUIACTUYHY TOBEAIHKY KOHCTPYKUii (TOOTO
MOJIOKEHHSIMUA TIPO TMPY)KHY CYMICHICTh MOJKHA
3HEXTYBAaTH).

[MPUMITKA. OcCHOBHOIO  XapaKTEPHUCTHKOIO  I[HOTO
TPaHUYHOTO CTaHy € Te, 10 CIPUITHATE HaBaHTAXXEHHA a00
nii (omip) He MOXYTh OyTH 30iibIIeHI 06€3 3HAYHOI 3MiHH
reoMeTpii KOHCTPYKIii abo aedopMamiifHOro 3MiIlHEHHS
Martepiaiy.

(5) IIpu mnepesipui LSlcnix BpaxoByBaTH BCi
BIAMOBIAHI KOMOIHALT HABAHTAXEHb.

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.



(6) dns mepesipku LS1 npu oGuucneHHi pospa-
XYHKOBOTO HAIpPYXEHHS 1 pIBHOJIIOYOTO Harmpy-
KEHHS CJIiJI BUKOPHCTOBYBAaTH OJWH a00 JEKiTb-
Ka HACTYITHUX METOJIB PO3paxyHKy (auB. 2.2):

— MeMOpaHHa Teopis;

— Bupasu B Jlogatkax A Ta B;

— MHIAHO-TIPYXHUH po3paxyHOK (LA);

— (Gi3UYHO HENMHIHHUIA PO3paXyHOK (MNA)
—reoMeTpuyHo 1 (QiBUYHO  HENMIHIMHUN
pospaxynok (GMNA).

4.1.2 LS2: IlukjaiyHA MIACTHYHICTH

(1) Sx rpaHMYHMI CTaH Hecydol 3JaTHOCTI MpH
HUKITIYHIA TUIACTUYHOCTI TPUIMAEThCSA  CTaH,
IIpU SIKOMY MOBTOPIOBaH1 LIMKIW MPUKIAJaHHSA 1
3HATTSI HABAHTAXXEHHS BUKIMKAIOTH IUIACTUYHY
nedopmariito po3TsIryBaHHS 1 CTUCHEHHS B OJTHII
1 T >Ke TOYIl, MiIJal0Yd KOHCTPYKIIIIO
MMOBTOPHOMY IJIACTUYHOMY Je(hOpPMYBaHHIO, 110
B pe3ynbTari MNPU3BOIUTH JO YTBOPEHHS
MICHEBUX TPIIHUH 4Yepe3 BUUYEpPHaHHS 3JaTHOCTI
Matepiaiay 0 MOTJIMHAHHS €Heprii.

[MTPUMITKA. HanpyxeHHs, TOB’s3aHi 3 UM TPaHHYHUAM
CTaHOM, BUHHKAaIOTh IPH KOMOIHAIIiT BCIX BIUIMBIB 1 YMOB
CYMICHOCTI JUIsi KOHCTPYKIIIi.

(2) IIpu mepesipui LS2 cnig BpaxoByBaTtH BCi
3MiHHI ~ BIIMBH  (Taki  SK  THUMYacoBI
HABAaHTAXXCHHS 1 KOJIMBaHHS TEMIIEPATyp), 3aTHI
BUKIIMKATH  TUIACTHYHI  nedopmarii, ki,
MO>KJIMBO, OyTyTh TOBTOPIOBATUCS OUIBIIIE TPHOX
IUKITIB 32 TEPMIH CIIY)KOM KOHCTPYKIIIi.

(3) Ilpm mepeBipili HBOTO TPAHUYHOTO CTaHY
HeCcydoi 3JJaTHOCTI CJIiJ] BpaXOBYBaTH CYMICHICTb
nedopmaliii - 3a NOpyKHHMX abo  MPYKHO-
TUTACTUYHUX YMOB.

(4) Hns mepeBipku LS2 mnpu  oGumciaeHHi
PO3PaxyHKOBOTO 1 PIBHOIIOYOTO HANpyKCHHS
Clli BUKOPUCTOBYBAaTH OJMH a00 JIEKLIbKA
HACTYITHUX METOMIB pO3paxyHKy (AuB. 2.2):

— Bupasu 3rimHo 3 Jlonatkom C;

— npyxHuit pozpaxyHok (LA ado GNA);

— MNA a6o GMNA 115 BU3HaueHHS JAiana3oHy
MIaCTUYHUX AeopMartiii.

(5) MoxHa BBaXaTH, 1110 MAJIOIUKIIYHE BTOMHE
pyHHYBaHHS HEMOXJIHBE, SIKIIO BHKOHYIOTHCS
MPOLIEypH, BCTAHOBJICHI B JAHOMY CTaHAAPTI.

(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.



4.1.3 LS3: Brpara 3arajibHoi cTilikocTi

(1) fx rpaHM4HUMI CTaH HECydol 3JaTHOCTI IpH
BTpAaTi 3arajJibHO1 CTIMKOCTI MPHUHMAEThCA CTaH,
IpU SIKOMY Yy BCili KOHCTpyKuii abo il wacTuHi
BIIOYBAIOTHCS PI3KI 3MILICHHS, NEPIEHIUKYIISAPHI
70 TIOBEpPXHI OOOJIOHKH, CHPUYMHEHI BTPATOIO
CTIMKOCTI TiJ] BIUIMBOM CTHUCKaJIbHUX MEMOpaH-
HUX a00 AOTUYHMX MEMOpPAHHUX HANPYXEHHb Y
CTIHIII OOOJIOHKH, IO MPHU3BOJHUTH 1O HECIPO-
MO>KHOCT1 BHUTpPUMATH 30UTBIICHHS PIBHOJIFOYOTO
HaNPYKEHHsI Ta MOKJIIMBOTO IMOBHOTO PYyHHYBaH-
HSl KOHCTPYKIIIi.

(2) dns LS3 mpu oGumciieHHi po3paxyHKOBOTO
Hanpy)XeHHsI 1 PIBHOAIIOUOTO HAIPYKEHHSI CIIiJ
BHKOPUCTOBYBaTH OJIMH a00 JEKUTbKa HACTYII-
HUX METOJIIB PO3paxyHKy (IuB. 2.2):

— MeMOpaHHa Teopis JUIIE TSI OCECUMETPHIHUX
YyMOB (BUHSTOK JIMB. Y BIAMOBIIHMX YacTHHAX
crannaptry EN 1993);

— BHUpasu 3rimHo 3 JJomatkom A;

— NHIAHO-TIpYKHUN po3paxyHoK (LA), skuii €
MIHIMaJIbHOIO  BHMOIOIO  JJIi  PO3paxyHKy
HaINPY)KCHHsI 32 3arajJbHUX YMOB HAaBaHTAKCHHS
(32 BHUHATKOM BHUNAJKIB, KOJU 3 €JIHAHHSI
HaBaHTa)XCHb HaBeJCHO 3rimHo 3 Jlomatkom A);

— THIMHO-TIPY)KHUH  pO3paxyHOK  Oidypkarrii
(LBA), skuit moTpiOHMiIA I OOOJOHOK 3a
3arajlbHUX YMOB HaBaHTaKEHHS, SIKIIIO BUKOPHUC-
TOBY€ThCS KPUTUYHHMM OIMIp BTPAaTH 3arajbHOi
CTIMKOCTI; (IBUYHO HENIHIMHUN PO3paxyHOK
(MNA), skuii moTpiOHHI 11 00O0JOHOK 3a
3arajbHUX YMOB HABaHTAXXEHHS, SKIIO BUKOPHUC-
TOBY€ETHCS HOMIHAJIBHUHN TUIACTUYHUM OMIp;

— GMNIA y noennanni 3 MNA, LBA i GMNA 3
ypaxyBaHHSIM BIIIOBITHUX nedeKTiB i
o0uncaeHuX KamiOopyBaIbHUX KOCQIITIEHTIB.

(3) Ilpu mepeBipui LS3 cmin BpaxyBatu Bci
3HAYYIII KoMOiHar1 HaBaHTaXKEHb, 110
BHKJIMKAIOTh  CTHUCKaJbHE MeMOpaHHe abo
JNOTUYHE MeMOpaHHE HaIPYKEHHsI B 0OOJIOHIII.

(4) OckinbKYU MIIHICTh IPU FPAHUYHOMY CTaHI1 3a
Hecy4yoro 3xaaTHicTio LS3  mocuth  CHIIBHO
3aJIeKUTh B SIKOCTI KOHCTPYKLIi, MPH OIIHII
MII[HOCT1 CJii BpaxOBYBaTH BiAMOBIAHI BUMOTH
JI0 IOTYCKIB HA BUTOTOBJICHHS.

[NPUMITKA. V po3minmi 8 mnpuBOOATECS TpU KiIacu
TEOMETPUYHUX JIOIYCKiB, TaK 3BaHI «KJIACH SKOCTI
BHTOTOBJICHHSD.

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.



4.1.4 LAA4: Broma

(1) Sk rpaHMuHMI CTaH HECY4Oi 3JaTHOCTI IpU
BTOMI NPUAMAETHCS CTaH, MPHU SIKOMY TOBTOPIO-
BaHI LUKIW 30UTBIICHHS 1 3MEHIICHHS HaIpy-
YKCHHSI IPU3BOISATH JI0 PO3BUTKY BTOMHHUX TPIIIKH.

(2) Hdnsa mnepeBipkm LS4 npu oOumcieHHI
PO3PaxyHKOBOTO HANpyXEHHS 1 PIBHOIIIOYOTO
HaTPY)KEHHs CIIiJI BUKOPUCTOBYBATHM HACTYIIHI
METOJIU PO3paxyHKY (IuB. 2.2):

— Bupasu 3rigao 3 Jlomatrkom C mpu BUKOpHC-
TaHHI1 KOE(IIIEHTIB KOHIIEHTPALIl HAlIPYXE€HHS;

—npyxauii  po3paxyHok (LA a6o GNA) mpu
BUKOPUCTaHHI  KOEQIIEHTIB  KOHIIEHTpalil
HaTPY>KEHHS.

(3) Ipu mepesipui LS4 cnig BpaxoByBaTH BCi
3MIHHI Aii, SKi OyAyThb NPUKIAACHI MPOTATOM
Outbiie HDK Nf  IMKIIB 32 pPO3paxyHKOBHI
TEPMIH CIY>KOM KOHCTPYKIIIT 3T'1/IHO 13 3HaYyIIIUM
cnektpoM mii B ctanaapti EN 1991 BigmoBigHO
no mpukinagHoi wactuam EN  1993-3  abo
EN 1993-4.

[MPUMITKA. V HauioHanbHOMY J0OIaTKy MoOXe OyTH
nepenOauenuii  BuOip 3HaueHHs Np I[Ipomonyertbcs
snauennst Ny = 10000.

4.2 NPUHIOUIIN TPOEKTYBAHHSA
OBOJIOHOK 3A T'PAHUYHUMHA
CTAHAMMH HECYYOI 3JATHOCTI

4.2.1 3araabHi MoJI0KeHHHA

(1) TlepeBipky TpaHMYHOTO CTaHy HeCyd4oi
3IATHOCTI CJIiJl BAKOHYBATH 3 BUKOPUCTAHHSIM:

— MPOEKTYBAHHS 33 HAIPYKCHHSIM,

— TPSIMOTO MPOEKTYBaHHS i3 3aCTOCYBaHHSIM
CTaHJAPTHHUX BUPA3iB;

— TIPOCKTYBaHHS 3a JIOTIOMOTOI0 3arajibHOTO
YHCEIBHOTO PO3paxyHKy (HaIpHKIaa, 3a JIOTO-
MOTOK KOMIT FOTEPHHX MPOrpaM, 3aCHOBAaHHUX Ha
METO/Ii CKIHUEHHHUX CJIICMEHTIB).

(2) Cnig BpaxoByBaTH TOW (akT, MO MPYKHO-
IUTACTUYHA TOBEIHKAa MaTepiaily, CHpUYMHEHa
PI3HUMH CKJIaJJOBUMU HAIPY)KEHHS B 000JIOHII],
Ma€ pI3HUH BIUIMB HAa PEXUMU pPYHHYBaHHS
Hecydoi 37aTHOCTI. ToMy CKIIaJjoB1 HaNpy>KEHHS
MaloTh OYTH BiJJHECEHI JI0 KaTeropiil HampyxeHb
i3 pi3HUMH Mexamu. HanpyxeHHs, 1o

4.1.4 LS4: 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 Nt 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
N:. The value Nf = 10000 is recommended.

4.2 DESIGN CONCEPTS FOR THE
LIMIT STATES DESIGN OF SHELLS

421 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



BUHUKAIOTh ISl 33JJOBOJICHHSI BUMOT' PIBHOBArd,
Cllii BB@XAaTH BaXUIMBILIMMHU B TOPIBHSAHHI 3
HANPY)KEHHSIMH,  BHKIUKAHUMH  CYMICHICTIO
nedopmMartiii, IeprneHIUKYIIPHAX 10 000TOHKH.
MoykHa BBa)XXaTH, LI0 MICLIEBI HaNpyKEHHS,
BUKIIMKaHI edexTamMu HanapiziB y OyniBeIbHHX
JeTansX, MalTh HE3HAYHWH BIUIMB Ha OIIp
CTaTUYHUM HABAHTAXKCHHSIM.

(3) Tlpu mpoekTyBaHHI 3a HAIMPYXKCHHSIM CIiJ
PO3PI3HATH KaTeropii MEPBUHHUX, BTOPUHHHX 1
MICIIeBHX HampyxeHb. lIepBUHHI 1 BTOpPHHHI
Hampy)XeHl CTaHu MOXYTb OyTH 3aMiHEHI
PIBHOAIIOUMMHU  HAmpYKEHHSIMH, KOJIM L€
JOLUIBHO.

(4) Ilpu 3aranpHOMY pO3paxyHKy IEpBUHHI 1
BTOPUHHI HaIllpyXXeH1 CTaHW CJiJ 3aMIHUTH
TPAaHUYHHM  HaBaHTAKECHHSAM 1  Jlama3oHOM
nedopmartiii st MUKJITYHOTO HaBaHTaKEHHSI.

(5) B uinoMy, MOKHa IPUITYCTUTH, 10 KOHTPOJIb
MOYATKOBUX HampykeHux craHiB LS1, LS3
CTPOTO 3aJISKUTh Bil MEPBUHHHUX HANPYKEHUX
CTaHIB, aje MOXe IMiANaBaTHCS  BIUIMBY
BTOPUHHUX HAINPYKEHHUX CTaHiB, LS2 3anexuTh
Bil KOMOIHAIii TEepBHHHUX 1 BTOPUHHHX
Halpy>KeHUX CTaHIB, a MICIEBI HaNpPYyXEHHS
BHU3HA4a0Th LS4,

4.2.2 TIpoekTyBaHHS 32 HANPY:KEHHAM
4.2.2.1 3arajibHi M0JI0KeHHSI

(1) SIxm0 BUKOPHCTOBYETHCS NMPOCKTYBAHHS 3a
HaIPY)KCHHSIM, TPaHWYHI CTaHM HECydoi 3]aT-
HOCTI CIIiJI OI[IHIOBATH 3a TPbOMa KaTeTrOopisiMu
HalpY)XCHb: MEPBUHHUM, BTOPUHHHUM 1 MicIie-
BUM. Po3jiieHHs Ha Kareropii BHKOHYEThCS,
TOJJOBHUM YHHOM, 33 €KBIBAJCHTHOIO HAIPYyror0
Mizeca B TOull, ajge OI[IHKA HAMNpPYXEHb MpPH
BTpaTi 3arajibHOi CTIMKOCTI HE MOXE€ BHKOHYBa-
THCS 3 BUKOPUCTAHHSM [IOTO 3HAYCHHS.

4.2.2.2 TlepBuHHI HANIPY:KEHHSI

(1) TlepBuHHI HampyXeHHs NpPUHMAIOTbCA SK
Hanpy>KeHUH CTaH, HEOOXIIHUI /Ui piBHOBAru 3
NPUKIAJCHAMM HABAHTAXKEHHAMH. X MOKHA
004MCINTH 32 Oy/Ib-SIKOIO peaiCTUYHOI0 CTaTHY-
HO JIOMYCTHUMOIO JETEPMIHOBAHOIO CHCTEMOIO.
I'pannuyHuil cTaH Hecyyoi 3JaTHOCTI ILOAO
mwiactuuHocTi (LS1) cimig BBakaTu JOCSITHEHHUM,

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.

(3) 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



SKIIO TICPBUHHE HANpPYKEHHS JIAIUI0 Mexi
TEKY4OCTi TIO BCii TOBIIMHI CTIHKM B JOCTaTHIH
KUTBKOCTI TOYOK, TOMY JIUIIE pe3epB Aedopma-
[IHHOTO 3MIIHEHHS a0o0 3MiHa TeoMeTpil
BHUKJIUKAIOTH 30UTBIICHHS OMOPY KOHCTPYKIIIi.

(2) OOumcneHHs MEPBHHHOTO HAIPY)KEHHS Mae
Oyru 3acHOBaHe Ha Oynb-iKiii cucTeMi piBHO-
TIIOYMX HAMPY)KEHb, IO 33JI0BOJIBHIIOTh BUMOTH
piBHOBar# KOHCTpyKmii. Ilpu mpoMy MOXYTbH
BpaxoBYBAaTHCS MEPEeBaru TEOpii IIACTHYHOCTI.
SIK anbTepHATUBY, OCKUIBKH JIIHIHHO-TIPY>KHUN
PO3paxyHOK 3aJ0BOJIbHSIE BHUMOTH pPIBHOBAard,
HOTO OIIHKY TaK0X MOYKHA BUKOPHUCTOBYBATH SIK
Ha/ifHE TIPeJICTAaBJICHHS TPAHUYHOTO CTaHy 3a
HECYUOI0 3JIaTHICTIO 1010 miacTuyHocti (LS1).
MoxHa 3acTOCOBYBaTH OYIb-IKHUW 13 METOJIB
pO3paxyHKy, HaBeJIEHOTO B 5.3.

(3) Ockinbku TPOEKTYBaHHS 3a TPAHUYHUM
CTaHOM IOJI0 Hecydoi 3aatHocTi LS1 momyckae
MOBHY TIJIACTU(DIKAIII0 TOMEPEYHOro Tepepizy,
TIEPBUHHI HANMPYKEHHS BHACIIIOK 3THHAIBHHUX
MOMEHTIB MOXYTh OyTH BpaxoBaHI Ha MiACTaBi
TUIACTUYHOTO MOMEHTY Omopy mepepizy, mws. 6.2.1.
Sxmo Mae Miciie B3a€MOIiE MDK PIBHOIIIOYMMU
Halpy>KeHb y IMOMEPEeYHOMY Iepepizi, MOXKHa
3aCTOCOBYBATH MpaBHUIa B3aEMO/IIi, 3aCHOBaHI Ha
Kputepii Tekydocti Mizeca.

4) [TepBuHnHi HaIpy>KEeHHS MMOBHHHI
00MEXyBaTUCS pO3PaXyHKOBUM 3HAYCHHSIM MEXI
TEKy40CTi, 1uB. po3ait 6 (LS1).

4.2.2.3 BropuHHi HanpyKeHHsI

(1) YV cratnyHO HEBH3HAYEHUX KOHCTPYKIIISIX
CIliI BPaxOBYBaTW BTOPHHHI  HANpYyXCHHS,
BUKJIMKaHI ~ BHYTPIIIHBOIO  CYMICHICTIO 1
CYMICHICTIO 3 TpaHUYHUMH YMOBaMH, SKi
0OyMOBJICHI TPUKJIAICHUMH HABaHTAKECHHIMH
a00 3MIIICHHSAMHU (TEeMIIepaTypolo, MOIEPEIHIM
HaAMpPYXCHHSIM, OCIIaHHSM, YCaJKOI0).

[NPUMITKA. Ilpu HaOmmKeHHI A0 YMOBH TEKY4OCTi
Mizeca  3MimeHHS  KOHCTPYKIii  3pocTaioTh  0e3
TTOJATBIIIOTO 30UTBIICHHS HATIPY)KEHOT'O CTaHYy.

(2) Skmo mWKIIYHI HAaBaHTa)KCHHSI BUKJIMKAIOTh
TJIACTUYHICTh, 1 MPOXOAWUTH JEKiIbKa IHKIIIB
HAaBAaHTAXEHHS, CIIJ PO3IIAIATH MOXKIHUBICTh
3MEHILIEHHSI OTOpY, BHUKJIMKAHOTO BTOPUHHHUM
HanmpyXeHHsIM. SIKIIO NMKIIYHI HaBaHTaKCHHS

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

(1) 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 wvon Mises vyield 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



MalOTh TaKy BeIWYMHY, [0  IUIACTHYHI
nedopmarniii BUHHKAIOTh IMPH MaKCHMAJIbHOMY
HABAaHTAXXCHHI MOBTOPHO MpPH 3HATTI HaBaHTa-
KEHHA, CIIiJI BpaxyBaTW MOKJIHMBE PYHHYBaHHS
BHACIIAOK IUKIIYHOT IIACTUYHOCTI, OB’ SI3aHOL
3 BTOPUHHHM HaTpPyXCHHSM.

(3) Sxwo oOuMcaeHHS HaNpyXeHb BUKOHYETHCS
3 BUKOPHCTaHHIM JIHIHHO-TIPYKHOTO PO3paxyH-
Ky, SIKH BpaxOBYe BCi CYTT€BI YMOBH BiIoO-
BimHOCTI (eeKTH B MICHIX 3’€qHAHb, 3MIHH
TOBUIMHM CTIHKM TOIIO), TO HANpYyXEHHS, SIKI
JIHIMHO 3MIHIOETHCS MO TOBILMHI, MOXYTh OYyTH
MPUIHATI y BUTJISAAI CYMU NEPBUHHMX 1 BTOPUH-
HUX HalpyXeHb 1 BUKOPUCTaHI MPHU OLIHII 3a
ydacTi KpuTepis TekydocTi Mizeca, tuB. 6.2.

[MPUMITKA. BropunHI HanpyXeHHs pO3IIISAAI0Th JIUIIE
pa3oM i3 epBUHHUMH HAIPYKESHHSIMH.

(4) Ha BTOpHMHHI Hampy>XeHHS CIiJI HaKJIacTH
HACTyIH1 OOMEKEHHSI:

Cyma mNepBHHHHUX 1 BTOPHUHHHUX HaIPYXCHb
(y T.4. 3ruHaANBHI) Mae OyTH OOMEXeHa BEUYH-
Hoto 2fyg st cTaHy HMKIIYHOT MIACTHYHOCTI
(LS2: muB. po3ain 7).

MeMOpanHa ckiazoBa CyMH TIEPBHHHHUX 1
BTOPUHHUX HaNpyXeHb Mae OyTH OOMexeHa
PO3paxyHKOBHM  OIOPOM  BTpaTi  3arajibHOi
critikocti (LS3: quB. po3min 8).

Cyma mNepBHHHHUX 1 BTOPHMHHHMX HampyKeHb
(y T.4. 3ruHanIBbHI) Mae OyTH OOMEKEHa OMOPOM
Bromu (LS4: nuB. po3min 9).

4.2.2.4 MicueBi HanpyKeHHsI

(1) Ipu omirmi Bromu (LS4) ciig BpaxoByBaTH
JIOKaJIbHI HAIPY)KCHHS, TOB’s3aHiI 3 KOHIIEHT-
paTopaMu HampyXeHb Yy CTIHI[I OOOJIOHKH B
pe3yibTati MicueBux edekrtiB (Haapi3is, OTBOPIB,
3BapHHUX IIBIB, CTYMIHYaCTHX CTIHOK, KPIIJIEHb 1
3’€HaHb).

(2) HAnsa OyniBenbHUX [eTayed, MPUBEACHUX Y
craugapri EN 1993-1-9, mnpoekTyBaHHA 3a
BTOMOIO MOX€ OyTH 3aCHOBaHE Ha HOMIHAJIBHUX
THIAHO-TIPYKHUX HalpPY>KEHHAX (cyma
NEpPBUHHUX 1 BTOPUHHHUX HANpYXEHb) y
BiamoBigHid Touri. [[Isf BCIX IHIIMX AeTalei
MICIIEB1 HANIPYKEHHSI MOXYTb OyTH O0OUHUCIIeH] 13
3aCTOCYBaHHSAM  KO€(IIi€EHTIB  KOHLEHTpaLil
HanpyxkeHb (KOeQillieHTIB BIUIMBY HaJpi3y) 10
HanpyXeHb, OOYHMCICHMX TPH BHUKOPHCTAHHI
JTHIHHO-TIPY>)KHOTO PO3PaXyHKY HalpyX eHb.

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.

(3) 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 fyq 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.



(3) MicueBi Hanpy>XKeHHS MalOTh OyTH OOMEKEH1
BIANOBIAHO 10 BHMOr mmomo0 Bromu (LS4),
BCTAHOBJICHHX Yy pO31iTi 9.

4.2.3 TlpsMe NpoeKTyBaHHS

(1) Ilpm BuUKOpUCTaHHI TPSIMOTO MPOCKTYBAHHS
IpaHUYHI CTaHU HECY4O0i 3AaTHOCTI MOXKYTh OyTH
NPEJCTaBICH] CTAaHIAPTHUMH BHpPa3aMH, OTpPHU-
MaHUMH 32 MEMOpPaHHOKI TEOpi€l, TEOPIEro
IUTACTUYHOT ~ TUIMHHOCTI 200  BUKOHAHHSM
JTHIHHO-TIPY’)KHOTO PO3PAXYHKY.

(2) Bupasu 3 memMOpaHHOI Teopii, MPUBEACH] Y
Jonmatky A, MOXHa BHUKOPUCTOBYBATH JUIS
BU3HAUEHHS TEPBUHHUX HaNpyXeHb, HEOOXif-
Hux npu omini LS1 1 LS3.

(3) Bupasu myis mpoeKkTyBaHHS 3 BpaxyBaHHSIM
mIacTUYHoCTI, npuBeaeHl y Joxarky B, mMoxxHa
BUKOPHUCTOBYBAaTH JJI1 BHU3HAYEHHS TPAaHUYHUX
TUTIACTHYHUX HAaBAaHTAXECHb MPH omiHIi LS1.

(4) Bupasu [uist JiHIHHO-TIPY>KHOTO PO3PaxyHKY,
npuBeaeHi y Jlomatky 3, MOXKHa BHUKOPHCTO-
BYBATH JIJIsl BU3HAUCHHS HANPY)KCHb IEPBUHHOTO
1 BTOPUHHOTO THUITY, HEOOXITHUX /7151 OIiHKH LS2
1 LS4. Ominka LS3 wMoxe O0a3yBaTHCh Ha
MeMOpaHHII YaCTHHI IIUX BUPA3IB.

4.2.4 TIpoekTyBaHHS 3a J0TIOMOT 010
3araJibHOr0 YHCJIOBOI0 PO3PAXyHKY

(1) Ilpm BHKOpHMCTAaHHI 3arajbHOTO YHCIOBOTO
PO3paxyHKy OIIHKY T'paHHYHUX CTaHIB HECYy4oi
3aTHOCTI JJIs BCi€i KOHCTPYKIi CIIiJI BUKOHY-
BaTH 3 3aCTOCYBaHHSM OJIHOTO 3 aJbTEpHa-
TUBHUX BUJIB PO3paxyHKy, 3a3HaueHHX B 2.2
(OKpiM pO3paxyHKy 3a MEMOPaHHOIO TEOPIEIO).

(2) JliniitHo-mipy>kHHI po3paxyHok (LA) moxHa
BUKOPHUCTOBYBATH JIi BU3HAYCHHS HANPYXKCHb
abo pIBHOAIIOUMX HAIPYXEHb MPHU OLIHIOBAHHI
LS2 i LS4. MemOpaHHI YacTUHU HaIpyXEHb,
oTpuMaHi 3 po3paxyHky LA, MokHa BUKOPHCTO-
ByBaTH mnpu omiHoBaHHi LS3. Ominky LS1
MOKHA BUKOHATH 3a JOMOMOTOI PO3PaxXyHKY
LA, ane po3paxyHok LA nae numie HaOnuxeHy
OLIIHKY 1 Horo pe3ynbTaTH CiiAg NOpUMaTH,
3TiHO 3 pO3/LIOM 6.

(3) JliniliHo-pyXHMI po3paxyHOK Oiypkarii
(LBA) MoxHa BUKOPHCTOBYBATH Ul BU3HAUCH-
Hi KPUTHMYHOIO ONOpY BTpaTi 3arajibHOi
CTIMKOCTI KOHCTPYKIIi1 pH oliHioBaHH1 LS3.

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.



(4) Oiduuno HeninidHMI pospaxyHok (MNA)
MOXHAa BHMKOPHCTOBYBaTH Il BU3HAYEHHS
IUTACTUYHOTO ~ HOMIHAJIBHOTO  ONOpY,  TpHU
omintoBanHi LS1. fIkmo mano micue mukiidHe
HaBaHTaxeHHs  po3paxyHok MNA  moxHa
BUKOPHUCTOBYBATH JJIsl BH3HAYCHHS NPUPOCTIB
IIACTUYHUX JedopMalliid mpu oriHoBaHHI LS2.
[ImacTiuHuii  HOMIHAIBHWUK  Omp  TaKOX
noTpiOHMI st oniHoBaHHA LS3, #ioro MokHa
3HalTH 3 po3paxyHky MNA.

(5) T'eomerpuuno nHemiHiifHI po3paxyHkn (GNA
i GNIA) BpaxoBywTh jaehopmallii KOHCTPYKIIIL.
[Ipote xoaHa METOAOJOTISI TNPOEKTYBAHHSA 3
po3nuty 8 HE JONMyCKae 3acTOCYBaHHS IIMX
po3paxyHkiB 6e3 po3paxynky GMNIA. Pozpaxy-
Hok GNA MOXHa BHUKOPHUCTOBYBATH  JUISI
BU3HAUEHHS HABaHTaKEHHS, W0 BUKIUKAE
MPY)KHY BTpaTy 3arajbHOi CTIHKOCT1 i/1€aabHOi
koHCTpyKIii. Po3paxynok GNIA MoxHa BHKO-
PUCTOBYBaTH Uil BHU3HAUEHHS HaBaHTAa)KEHHS,
0 BHUKJIMKAE TMPYXKHY BTpaTy 3arajbHoi
CTIMKOCT1 HeiJlealIbHOT KOHCTPYKIIII.

(6) T'eomerpuuHO 1 MartepiaJbHO HENIHIAHUN
pospaxynok (GMNA 1 GMNIA) wmoxnHa
BUKOPHUCTOBYBATH ISl BU3HAYCHHS PYWHIBHUX
HaBaHTakeHb g imeansHoi  (GMNA) 1
HeineanbHO1 KOHCTPYKIIii (GMNIA). Po3paxynok
GMNA  MoOXHa  BHKOPHUCTOBYBATH JUTS
omiHoBanHsa LS1, sx omucano B 6.3. PyiiHiBHE
HaBaHTaXeHHS 3 po3paxyHky GMNIA wMoxe
BUKOPHUCTOBYBATHUCS TIPU JOJATKOBOMY PO3TIIsiIL
PYHHYIOUOTO HABaHTAXEHHS 3  PO3PaxXyHKY
GMNA, ms oninku LS3, sik omucano B 8.7. [Ipu
MOTIEPEIHROMY  [HMKJIIYHOMY  HABaHTAXKEHHI
MPUPOCTH TUIACTHYHUX JedopMalii, sSKi B3ATI 3
po3paxynky GMNA, MoxHa BHKOPHUCTOBYBAaTH
JUIs ouiHroBaHHs LS2,

(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.



S) PIBHOAIIOYI HAITPY>KEHHASA
TA HAIIPYKEHHS B OBOJIOHKAX

5.1  PIBHOAIIOYI HAIIPYKEHHA
B OBOJIOHKAX

(1) Sx mpaBuno, B Oymp-sKid TOYI CTIHKH
000JIOHKH cItig obuncIroBaTH BiCIM
PIBHOIIIOUMX HANpPYyXeHb. Bci BOHU MaroTh
OyT BpaxoBaHI TMpPH OMIHII OOOJIOHKH
BITHOCHO KOXXHOTO T'PaHMYHOTO CTaHy HECY4oi
3natHOCTI. [IpoTe, JOTHYHI HATIPYKEHHS Txn, Ton
BiJl TOMEPEYHUX JOTHYHUX 3YCHIb Oxn, Jon
HE3HAYHI TOPIBHSHO 3 IHIIUMH CKJIQJOBUMHU
Hanpy)KCHHsI Maibke Yy BCIX MNPaKTHUIHHUX
BHUITAJIKaX, TOMY HHMH 3a3BU4Yaii MOXKHA
HEXTYBATH TPH TPOSKTYBaHHI.

(2) BigmoBigHO, g OUTBIIOCTI  IiieH
MPOEKTYBaHHSI  OI[IHKA TPAaHWYHUX CTaHIB
HeCcydoi 3aTHOCTI MOJXK€ BUKOHYBAaTHUCA 3
BUKOPUCTAHHSIM JIMIIIE€ IIECTH PIBHOIIIOUHUX
HaIMpy>KeHb Yy CTIHIII 000JOHKHU Ny, No, Nxo, My,
Mo, Myp, SIKIIO KOHCTPYKIIIE € OCECHUMET-
PUYHOIO, Ma€ OCECUMETpPUYHI Omopu 1
HaBaHT@)XCHAa  OCECHMETPUYHO,  HEOOXITHO
BUKOPHUCTOBYBATH JIUIIIE Ny, Ng, My 1 M.

(3) IIpn BuHMKHEHH] OY/Ib-IKOT HEBU3HAYEHOCTI
11010 HANPY)KCHHS, SIK€ HEOOX1THO BUKOPHUCTO-
BYBaTH TIpU Oyab-sKid MepeBipill TPAHUIHOTO
CTaHy HeCy4Yoi 3/JaTHOCTi, CJiJ] BHKOPHCTO-
BYBaTH CKBIBAJICHTHY HampyxeHHs Mi3eca Ha
MMOBEPXH1 000JIOHKH.

5.2 MOJIEJJIOBAHHSA OBOJIOHKHA
JJISA PO3PAXYHKY

5.21 TEOMETPIA

(1) Oo0Gosonka wmae OyTd TpeaCTaBlICHA
CEPEIMHHOIO MTOBEPXHELO.

(2) sk panmiyc KpHBHM3HH CiJ NpUAMaTH 11
HOMIHaNBHUN paniyc. JledexTamu ciig HEXTy-
BaTH, 32 BHHATKOM BHWIIAJIKiB, 3a3HAYEHUX Y
po3auti 8 (rpaHMYHUI CcTaH 3a HECY4OlO 3/aT-
HICTIO II[0JI0 BTPATH 3arajbHo1 cTiikocTi LS3).

(3) CykymHicTh cerMeHTiB OOOJOHKH HE CIIij
PO3IUISATH Ha OKpeMi CerMeHTH s po3pa-
XYHKY, 32 BUHATKOM BHITAJIKiB, KOJIM TPaHUYHI
YMOBH i1 KO)KHOTO CerMEHTa BHOpaHi TakuM

5 STRESS RESULTANTS
AND STRESSES IN SHELLS

5.1 STRESS RESULTANTS
IN THE SHELL

(1) 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 Qwn, 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 ny, ne, Nxe, My, Mg, Mye.
Where the structure is axisymmetric and
subject only to axisymmetric loading and
support, only ny, ne, my 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

5.2.1 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



YUHOM, IO JAIOTh KOHCEPBATHUBHE YSBIICHHS
B3a€MOBIUIUBIB MK HUMU.

(4) Onopue kinblie, TpU3HAYCHE JUTS Tepeaadi
MICIIEBHX 3YCHJIb 3 OOOJIOHKH Ha OIOpH, He
CIIJ BIIOKPEMIIIOBATH BiJ OOOJOHKH, SKa Ha
HBOTO CIUPAETHCSA, MPU OIHII TPAHUYHOTO
CTaHy 3a HeCy4oro 3aatHicTio LS3.

(5) ExcrueHTpucuTeTH i YCTYNH B CEpeIMHHIN
MOBEpXHI OOOJIOHKH  CIIiJ BKJIIOYAaTH  JI0
PO3pPaxyHKOBOI MOJIeINi, SIKIIIO BOHH MPHU3BOISTh
70 3HAYHUX 3TUHAIBHUX €(EeKTIiB, B pe3yabTari
BIUIUBY PIBHOJIIOYOTO HAINpPYXKEHHs, L0 i€
eKCIICHTPHYHO.

(6) Y 3’eqHaHHSAX MDK CErMEHTaMU OOOJIOHKHU
Oy/Ib-sKHI €KCIICHTPUCUTET MDK CEepPEAMHHUMU
MOBEPXHSIMU  CETMEHTIB  OOOJIOHKM  CIiJ
BpaxOBYBAaTH MPU MO/ICITIOBAHHI.

(7) Kinble >KOPCTKOCTI CIiJ pO3TJsLIaTd SIK
OKpPEMHUH €JIEMEHT KOHCTPYKIli 00OJOHKH, 3a
BHHATKOM BHIIAJKIB, KOJIM BIACTaHb MDK

KUIbIAMHU MeHIe HiK 1,5+/rt .

(8) OOomOHKY 3 MNPUKPIIUICHUMH IO HEi
IMCKPETHUMHU CTPUHTEPAMH MOXHA PO3TIISIIATH
SIK OPTOTPOITHY OJHOPITHY OOOJIOHKY 32 YMOBH,
110 BIJICTAaHb MDK CTPHHTEpAMH HE TEPEBHUIILYE

51t .

(9) O6ononky, mo mae roppyBaHHS (BEpTH-
KajbHe a00 TOPH3OHTAJIBHE), MOXHA pO3TJIsi-
JaTH K OPTOTPOIHY OJHOPIAHY OOOJIOHKY 3a
YMOBH, 110 BiJICTAaHb MDK rodpaMu MEHIIE HIK

0,5+/rt .

(10) OTBIip B 000JOHIII MOYKHA HE BPaXOBYBaTH
OpH  MOJCIIOBaHHI 3a yYMOBHM, IO HOrO

HaWOLIBIIMI po3Mip MeHIe Hik O, 5Jrt .

(11) 3aranbHy CTIHKICTh BCl€ET KOHCTPYKIIT CITiJT
nepeBipuTH, K onmcaHo B ctaHaapti EN 1993
yactuuu 3.1, 3.2, 4.1, 4.2 abo 4.3 BiAMOBIIHO.

5.2.2 I'panu4Hi ymM0oBH

(1) BigmoBigHi TpaHWYHI yMOBH  CIiJ
BUKOPDUCTOBYBaTH NpU  pO3paxyHKax s
OILIIHKM TPAaHUYHUX CTaHIB HECydoi 37aTHOCTI
3TiJHO 3 YMOBaMU, BU3HaYCHUMH B Tabmwui 5.1.
CrerianbHi YMOBH, HEOOXiqHI JUIsI OOUUCIIEHB
BTPATH 3arajbHOi CTIHKOCTI, AUB. B 8.3.

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)  Avrring 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 .

(8) 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\/ﬁ.

(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.



(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

(2) TloBopoTHi oOOMeEXeHHs OIS KOPIOHIB
OOOJIOHKM MOXXHa HE BpPaxOBYBAaTH IpHU
MOJICIIOBAHHI ~I'PAHUYHOTO CTaHy HECy4ol
sgatHocTl LS1, ane cioimg BKIIOYUTH OO0 MOZIENI
rpannyHuX ctaHiB LS2 i LS4. Jlng xopoTKux

obosonok (muB. Jlomatok D) moBOpOTHI restraint should be included for limit state
OOMEXEHHS CIiJ BKIIOYHTU JUIS TPAHUYHOTO LS3.

CTaHy Hecydoi 3maTtHocTi LS3.

(3) 'pannuHi yMOBH B OIopax CJIija MepeBipsTH (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

3 METOI YHUKHEHHsS HaJAMIpHOI HEpiBHOMIp-
HOCTI 3yCHJIb, III0 CTBOPIOIOTHCS abo mepena-
I0TbCS €KCLIEHTPUYHO CEpeJUHHIA IMOBEpPXHI
000sI0HKU. JleTanbHi JaHl NpO 3aCTOCYBaHHS
IBOT0 IpaBWia A0 OYHKEpiB 1 pe3epByapiB
MOXHA 3HAWTH Yy BIONOBITHUX YaCTUHAX

EN 1993.

(4) Ilpu BUKOpHCTaHHI 3arajJbHOTO YUCEIHHOTO
pPO3paxyHKy TpaHU4YHY YMOBY IJsi HOpMajb-
HOTO 3MillleHHd W TaKOX CJiJ BHKOPHC-
TOBYBAaTH JJsi KOJIOBOTO 3MIIIeHHS V, 3a

BUHSTKOM BHWIIQJIKIB, KOJH Yepe3 OCOOJIUBI special circumstances make this
0OCTaBHMHH i€ € HEIOIUTHHIM. inappropriate.
Tadauusa 5.1 I'panuyHi yMOBH 1719 00010HOK
Table 5.1 Boundary conditions for shells
IlozHauenns Hopmamsse . .
rpannyHux | Ilpocra B — Mepunionansse | MepuaioHanbHUN
YMOB Ha3Ba 0)117(¢ Normal 3MILICHHS IIOBOPOT
Boundary | Simple Description displacement Meridional Meridional
condition term displacements rotation
code 3
paiaibHO 3aKpilUIeHUH
MepU/IialbHO 3aKPITUICHUN
3aTHUCHEHHS IIOBOPOTHO 3aKpiIUICHUMN
BC1r Clamped ra%ially restlrjained w=0 u=0 Be=0
meridionally restrained rotation
restrained
paiaibHO 3aKpirUIeHUIH
MEepHIiaIbHO 3aKpiTUIeHUN
IIOBOPOTHO 3aKpPIINICHUN
BCif ra%ially restlrjained w=0 u=0 Bo#0
meridionally restrained
rotation free
pamiaabHO 3aKpiTUICHUH
MepHIiaIbHO BUTHHUN
TIOBOPOTHO 3aKPIIUICHUN _ _
BC2r radially restrained w=0 u#0 Be=0
meridionally free
rotation restrained
pamiaTpHO 3aKpiIUICHAH
MEepHIiabHO BUTHHAN
Tapuip TTOBOPOTHO BiTHHUH _
BC2f Pinned radially restrained w=0 u#0 P70
meridionally free
rotation free




BaxinyeHHs Tadauumi 5.1

End table 5.1
Ilo3nauenns
Hopmansue . . .
rpannuHux | IIpocta aMillleHHS MepunionansHe | MepuaioHaIbHUNA
YMOB Ha3Ba Ommc Normal 3MiIII€HH$I IOBOPOT
Boundary Simple Description . Meridional Meridional
- displacement . :
condition term s displacements rotation
code
pamianbHO BUTEHUIMA
. . MEPHIIaILHO BIILHHM
Bimb i l'f(l))B(il ?)J;HOOBiHJI-iHI/Iﬁ
Kpait PO w#0 u#0 B0
BC3 radially free
Free edge L
meridionally free
rotation free

I 3MILIEHHS V.

adopted for displacement v.

TMPUMITKA. KinbiieBe 3MillleHHS V TICHO MTOB’si3aHE 31 3MIIIICHHSIM W, HOPMAJIBHUM JI0 TTOBEPXHIi, TOMY IS ITUX
ITBOX ITapaMeTpiB OKpeMi rpaHIYHI YMOBHU HE BPaxoBYIOThCS (UB. (4)), a 3HAUEHHS y CTOBITYMKY 4 CIIiJ| TpUAMATH

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

52.3 il Ta BIVIMBH HaBKOJHMIIHbOIO
cepenoBHUIIA

(1) TMepenbauaerbest, Mo BCi il MPHUKIAACHI
1o CEepPEeIUHHOI MOBEPXHi 000JIOHKH.
ExcrieHTprCcHTeTH HaBaHTa)XKCHHS MAIOTh OyTH
MPEACTABICHI  CTaTUYHO  EKBIBAJICHTHUMH
3yCHJUISIMH 1 MOMEHTaMH Ha CEpeIUHHIN
MMOBEPXH1 000JIOHKH.

(2) Micnesi aii 1 MicieB1 DUISTHKH 11 HE CIif
MPEACTABISITA  €KBIBAJIGHTHUMH PIBHOMIPHO
PO3IOAUIICHUMHU HaBaHTAXCHHSIMH, 3a
BUHSTKOM BHIIAJKIB, OMHCAaHUX y PO3IiUT &
JUISL BTPATH MOB3I0BKHBOT cTilikocTi (LS3).

(3) Ilpm w™monenroBaHHI TIOBHHHI BpPaXOBY-
BATHCS HACTYIHI YNHHUKH, 3a 1X HASBHOCTI:

— MICIIEBE OCimaHHsS 1  CTIHKaMH
000JIOHKH;

— MICIIEBE OCIaHHA IiJI OKPEMHUMH
OTIOpaMH;

— OJHOPIAHICTh / HEOHOPIIHICTh OTIOPH
KOHCTPYKIIIi;

— nepenaj  TeMIEpaTyp Bil OJHOTO
KalHI KOHCTPYKLIL 10 1HIIOTO;
— nepenajg  TeMIeparyp
KOHCTPYKIIii Ha30BHI;

— BITPOBi €(PEeKTH HAa OTBOPH 1 IPOPI3H;

— B3a€MOJIiSl BITPOBUX €(eKTiB y rpymax
KOHCTPYKIIIH;

— 3’€IHaHHA 3 IHITUMHU KOHCTPYKIIISIMH;
- YMOBH B IIPOIIECI MOHTAXY.

3CCPCIANHU

5.2.3 Actions and
influences

environmental

(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.



5.2.4 PiBHoai104i HANIPY’KeHb | HANIPYKEHHSA

(1) Hpu po3paxyHKy piBHOIIFOYMX HANIPYKEHb
B CTiHIII 000JIOHKH, 32 YMOBH, 110 BIJHOIICHHS
pamiyca 10 TOBIIUHH € OUTbIuM 3a (F/t)min,
KPHBH3HOIO 00OJIOHKM MOKHA 3HEXTYBaTH

I[MPUMITKA. V HamionaisHOMY TOTaTKy MOXe OyTH
nepenbadennii BUOIp 3HaueHHS (I/t)min. PexomeHmy-
eTbest 3HaYeHHS (F/t)min = 25.

5.3 BHUIU PO3PAXYHKY

(1) IlpoextyBanHs Mae OyTH 3acHOBaHE Ha
OIHOMY a00 JeKUIbKOX BHJAX pPO3PaxyHKY,
HaBeJleHUX Yy Tabmuui 5.2. YMoBH, 110
BU3HAYAIOTh BUKOPUCTAHHS KOXKHOTO BHUIY
pO3paxyHKy, HaBe/eH1 B 2.2.

Tadoauus 5.2 Buan po3paxyHKy 000J10HKH
Table 5.2 Types of shell analysis

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 (r/t) . =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.

. IToBenminka ['eomeTpis
Buj po3paxyHKy Teopis 06010HOK .
Type of analysis Shell theory Mareplaity oboroH
Material law Shell geometry
MembOpanHa Teopisi 000JI0HOK MeMOpaHHa piBHOBara | HE BPaxOBYEThCS iZeanbHa
Membrane theory of shells membrane equilibrium not applicable perfect
JliHiHO-TIPYXHHH PO3PaxyHOK 00OJIOHOK JUHIAHMH 3THH 1 PO3TAT iniisa ineanbHa
(LA) linear bending and linear perfect
Linear elastic shell analysis (LA) stretching
JliHiliHO-TIpYXHUH po3paxyHOK OidypKariii THIHHHI 3THH 1 po3TAT isiiia ineanbHa
(LBA) linear bending linear perfect
Linear elastic bifurcation analysis (LBA) and stretching
['eoMeTpryHO HeNIHIHHUI NPYXHUK
pospaxyHok (GNA) HeJiHiliHa TiHiHA iZieanbpHa
Geometrically non-linear elastic analysis non-linear linear perfect
(GNA)
dizuuHo HemiHiiHUH po3paxyHok (MNA) TiHiHA HemiHiiHa iZieanbpHa
Materially non-linear analysis (MNA) linear non-linear perfect
Il'eomerpuuHo 1 pizudHO HETIHIHHUN
pospaxyHok (GMNA) HeJiHiliHa HemiHiiHa iZieanpHa
Geometrically and materially non-linear non-linear non-linear perfect
analysis (GMNA)
I'eomerpraHO HeNiHIHAN pO3paxyHOK
i3 ypaxysauusm aedextis (GNIA) HeTiHiHa TiHiHA HeiieanbHa
Geometrically non-linear elastic analysis non-linear linear imperfect
with imperfections (GNIA)
I'eomerpuuHo 1 pizudHO HeTiHIHHUH
PO3PAXYHOK 3 (Yé) IE\I;I( %?ZI;H;IM Aedexin HeniH_iI‘/'IHa HeJIiH_iI‘/'IHa H_eilleam,Ha
Geometrically and materially non-linear non-linear non-linear imperfect
y y
analysis with imperfections (GMNIA)




6 IT'PAHUYHUI CTAH
IJIACTUYHOCTI (LS1)

6.1 PO3PAXYHKOBI BEJIMYWHU I

(1)P Po3paxyHKOBi BETUYMHU [Jiif MalOTh OyTH
3aCHOBaHI Ha HAWOUIBII  HECTIPUSATIMBIN
KOMOIHAIlii CYTTE€BUX HAaBaHTaXXEHb (BKIIO-
Yar0uM 3HAUYIi KOeillieHTH YF 1 ).

(2) HeoOXximHO  BKJIIOYHMTH  JIMIIE  Ti
HABaHTAXKCHHS, 10 BIUIMBAIOTh HA 3arajbHy
pIBHOBAry KOHCTPYKIIi.

6.2 MNPOEKTYBAHHSA
3A HATIPY KEHHAM

6.2.1 Po3paxyHKoBi BeJINUMHHM HANIPY:KEHb

(1) He nuBnsuuch Ha Te, 1110 IPOEKTYBaHHS 3a
Hampy)XeHHsIM 3aCHOBaHE Ha MPYKHOMY
pO3paxyHKy, a, OTKe, HE MOXe TOYHO
nepeadayaTd TPAHWUYHUA CTaH TUTACTHYHOCTI,
HOro MoOXHa BHUKOPHCTAaTH, BHUXOASYU 3
TEOPEeMHM  IIOJI0  HIXKHBOI ~ MEX1, s
3HAXOJ/KEHHS! KOHCEPBATHBHOI OLIIHKH OIOpPY
IJJACTUYHOMY pYHHYBAHHIO, $KE€ 3aCTOCO-
BYETbCS Ui TPEACTABICHHA T'PAaHUYHOTO
CTaHy IUIACTUYHOCTI, uB. 4.1.1.

(2) MoxxHa BUKOPUCTOBYBATH KpHUTEpIid
MJIACTUYHOCTI InbrommHa, K omucaHo B (6),
SKAWA OUThII ONMM3BKUNA 10 JIMCHOTO CTaHy
IUTACTUYHOTO  PYHHYBaHHS  TOPIBHSAHO 3
OIIHKOIO TIPYXXHHX MTOBEPXHEBUX HAINPYKCHb.

(3) YV xoxHi TOYIll KOHCTPYKIi 3a
PO3paxyHKOBY BEIHYHHY HAIMPYKEHHS Geg,Ed
NPUUMAETHCST HaWBUIIIE TICPBUHHE HAIPYKCH-
Hs, BU3HAYCHE TIPU PO3PaXyHKY KOHCTPYKIIi,
0 BpaxoBy€ 3aKOHM PIBHOBAard MikK
MPUKIIAJCHUM PO3PAXYHKOBHM HAaBaHTAXKEH-
HSIM 1 BHYTPIIIHIMU 3yCUJUISIMUA 1 MOMEHTAMH.

(4) 3a nmepBHUHHE HANPYXCHHS MOXXHA TPUK-
HATH MAaKCHUMaJbHEe 3HAYCHHS HAIPYXKCHb,
HEOOXITHUX JUIs PIBHOBArd 3 NPHKIAJACHUMH
HABAaHTAXKCHHSMHU B TOYIN a00 Y3/I0BXK OCECH-
METPUYHOT JiHii B MyCTOTUIIM KOHCTPYKILIi.

(5) Ilpu BuUKOpHCTAaHHI pPO3paxyHKy 3a
MeMOpaHHOIO TEOPi€I0 OTPUMAHE B Pe3ysbTaTi
JBOBUMIpPHE TI10JI€ PIBHOMAIIOYMX HANpPYyKEHb
Nx, Ed, No, Ea 1 nNxe, Ea  Moxe Oyru
NIPEJCTABICHO EKBIBAJICHTHUM PO3PaXyHKOBUM
HAlPYXXEHHSIM ~ Geq, [Ed, OTpUMaHMM 32
dbopmynoro:

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 yr 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 Illyushin 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 oceqed 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 nx, Eq, Ne, Eq and n.s, Eq may
be represented by the equivalent design stress
Oeq, Eq Obtained from:



O,

(6) IIpu BukopucraHHi po3paxyHky LA abo
GNA oTtpumane JBOBUMIpPHE MOJI€ TEPBUHHUX
HaTpyKeHb MOXKe OYyTH Ipe/CTaBleHEe €KBiBa-
JICHTHHM PO3PaxyHKOBHUM HaIpyXeHHsM Mizeca:

1 2 2
eq.Ed E\/nx,Ed +Ngea —Nyeg Noea + 3Ny g

(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 2

Oeqed = \/Gx,Ed +05e0 Oy ed " Opea +Thoea + Tunea + Tonea) (6.2)
ne: in which:
o . = N, eq n M, eq o = Ny eq n My eq
“Et T4 ot T (6.3)
_ an,Ed mxe,Ed _ qxn,Ed _ qen,Ed

Tyo,Ed = " * (t2/4)’ TynEd — ' TonEed = "

. (6.4)

I[MPUMITKA 1. Hasemeni Buine Bupasud JarOTh
CIIPOIIICHE KOHCEPBATHBHE CKBIBAJICHTHE HAINPYXCHHS
JUTS IPOCKTYBaHHS.

I[MPUMITKA 2. 3Ha4eHHS Txn,ed 1 Ton,Ed 3a3BHUAN TyKE
MaJli 1 BIUIMBAIOTh HA IUIACTUYHHMH OMip, TOMY HHMH
MO’KHA 3HEXTYBaTH.

6.2.2 Po3paxyHKOBi BeJIMUMHH ONOPY

(1) PospaxynkoBa MinHICTh 3a Mizecom
BH3HAYAETHCS 32 POPMYIIOIO:

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

NOTE2: The values of Tx,ed and Ten,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:

fogra = fro = T /7M0. (6.5)

(2) YactkoBuii koe(dimieHT a1 OTOPY YMo
NPUUMAEThCS 33 BIANOBIIHUM TPHKIIAIHUM
CTaHIAPTOM.

(3) Sxmo ana gaHoi ¢GoOpMH  KOHCTPYKINIT
BIICYTHI  craHmapt abo cTaHgapT HE
BH3HA4Ya€ BIANOBIAHI 3HAYECHHS Ywmo, TOJII
3HAQYEHHS Ym0 HPUHAMAEThCA 3TIAHO 13
crangaprom EN 1993-1-1.

(4) Sxkmo  wmatepian  Mae  HENIHINHY
XapaKTEePUCTUKY «HAINpPYKEeHHs-aedopMartis»,
K  BEIMYMHY  XapaKTePUCTHYHOI  MexXi
tekydocti fy cmin mpuiiastu ymosuy 0,2 %
MEXY TeKy4OCTi.

(5) Edexr oTBOpIB N KPIMUIbHI BUPOOH CIif
BpaxyBaTH y BIANOBIAHOCTI 3 6.2.3 craHAapTy
EN 1993-1-1 mna po3srary i 6.2.4 cranmapty
EN 1993-1-1 nmna ctucky. ns mnepeBipku
po3Tsry  omip  Mae  Oa3yBaTucs ~ Ha
PO3paxyHKOBIH BEJIMYHHI MEX1 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 .



6.2.3 O0MekeHHSI HATIPYKeHb

(1)II Ilpu xoXxHIM mepeBiplli LOTO TPAHUY-
HOTO CTaHy HeCyd4oi 37aTHOCTI pO3paxyHKOBE
HaIpY>KEHHsI IOBUHHO 3a/I0BOJILHSTH YMOBY:

Ceqrd < f

6.3 IlpoexTyBaHHSI NULIAXOM 3arajbHOro
yucjaoBoro MNA a6o GMNA anaunizy

(1)IT Po3paxyHKOBHIA OITip MEXKi MIIACTUIHOCTI
BH3HAYAEThCS uepe3 KoedimieHT 3amacy IR,
SIKHA BUKOPHUCTOBYETHCA IS PO3PAXYHKOBUX
3HaueHp Fgg KomOlHAmiii BIUIMBIB LIS
BIJIIIOBIIHOTO 3’ €IHAHHS HAaBAHTAXKEHb.

(2) Po3paxyHkoBi 3Ha4eHHs! BIUTUBIB Feg ciif
BU3HA4YaTd 3rigHo 3 6.1.  BigmosimHi
CIIOJIYYCHHS HaBaHTWXKEHb MalTh OyTH
YTBOPEHI Yy BIAMOBIZHOCTI 3 HEOOXITHUMU
KOMOIHAIISIMU HAaBAHTAKEHb.

(3) Ilpu MNA a6o GMNA pospaxyHKy,
3aCHOBAaHOMY Ha  pO3paxyHKOBIA  Mexi
TeKy4oCTi fyd, HA 0OOJIOHKY MalOTh BIUIMBATH
PO3paxyHKOBI BEIMYMHU 3’€THAHb HaBaHTa-
KEeHb, omnucaHux y (2), i3 MOCTymoBHM
30UTBIIIEHHAM Ha KoOe(QIIieHT 3amacy Ir 10
JOCSATHEHHS TPAHUYHOTO CTaHy IUIACTUYHOCTI.

(4) IIpu BukopuctanHi po3paxyHky MNA sk
koedimieHT 3amacy Ir,MNA MOXE OyTH
NPUUHATE HAKOUIbIIE 3HAYEHHS, OTPUMAaHE
NpU  po3paxyHKy, Oe3 BpaxyBaHHS e(eKTy
nedopwmartiiiHoro 3minHeHHs. Llel koedimienT
3armacy  BU3HAYAETbCS K  IUIACTUYHUH
HOMIHATBHUHN Koe]iieHT omopy Irpi B 8.7.

(5) Ilpu Buxopuctansi pospaxyHky GMNA,
SIKIIIO BiH IPOTHO3YE MaKCUMaJIbHE
HABaHTAXXCHHSI, a MOTIM HOTO 3MEHIIEHHS], JUIs
BU3HA4YeHHA KoedilieHTa 3amacy [Igguna
BUKOPUCTOBYETHCS MaKCHMaJbHE 3HAYCHHSI.
Sxmo pospaxynok GMNA He mnepenbauae
MaKCHUMAaJIbHOTO HAaBaHTAXKEHHS, alie MOoKa3ye
MOCTYIOBO  3pOCTalOUy 3aJeXKHICTh  «Iisi—
3MIIIEHHs» 0e3 JedopManifHoOro 3MilHEHHS
Mmarepiany, Koe(ilieHT 3amacy IFgguna CHII
NPUAHATH HEe OUIBIIMM HDK BEJIMYMHA, HpPU
AKI MakcUMaiabHa €KBiBaJlleHTHA MJIACTHYHA
nedopmartiss Mizeca B KOHCTpYKLIi HaOyBae
3HAYEHHS Emps = Nmps (fya / E).

6.2.3 Stress limitation

(1P In every verification of this limit state,
the design stresses shall satisfy the condition:

eqRd . (6.6)

6.3  Design by global numerical MNA or
GMNA analysis

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

(2)  The design values of the actions Feqg
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 fyq, 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 repi 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 rgguna 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 (fyd / E)



[MPUMITKA. V HarmionansHOMY MOJaTKy MOXe OyTH
nepen0ayeHNid BUOIp 3HAYEHHS Nmps. PeKoMmeHmyeThCs
3HAUEHHA Nmps = 50.

(6) Sk xapakTepHCTHUUHHMI Omp  MExKi
IUTACTUYHOCTI IRk CIIJl MPUUAHATH IRMNA 200
RGMNA  BIINOBIIHO /10  BHUKOPHCTAHOTO

PO3paxyHKy.

(7)I1 Po3paxyHKOBHIA OITIp MEXKi MIIACTUIHOCTI
Frd oTpuMyrOTH 32 hOpMYIIOTO:

Feo = Fac /7m0 =

1€ Ym0 — YACTKOBUM KOE(DIIEHT U1 Omopy
IJIaCTUYHIM JgedopManiii y BIOHOBIIHOCTI 3
6.2.2

(8)I1 IToTpiOHO mepeBIpUTH YMOBY:

FEd < FRd =Ty 'FEd

6.4  IIpsime mpoeKTyBaHHS

(1) HAng KOXHOTO CerMeHra OOOJOHKH B
KOHCTPYKITII, MIPEJICTaBICHOTO 0a30BUM
3’€IHAHHSIM HaBaHTAKCHb, IPHUBCIACHUM Y
Homatky A, HaiiOublie MeMOpaHHE Hampy-
XKeHHS Mi3zeca GeqEd, BU3HAUCHE INPH PO3pa-
XYHKOBUX 3HAYCHHSIX BIUIMBIB Fgd, TTOBUHHO
OOMEXYyBaTHUCS OMOPOM  HANPYKCHHAM Y
BIIIOBIIHOCTI 3 6.2.2.

(2) dns xOoXHOTO cerMeHTa OO0OJIOHKH abo
IUTACTUHH B KOHCTPYKIii, TPEICTaBICHOTO
0a30BHUM 3’€IHAHHSIM HABAaHTa)XCHb, NIPUBEIC-
HuM y Jlogatky B, po3paxyHKOBi 3HadeHHS
BIUIMBIB Fed HE TTOBMHHI NIEPEBUIILYBaTH OIIIp
Frd, 3acHOBaHHMI Ha pPO3PAXyHKOBIA MEXI1
TeKy4ocTi fyqg.

(3) Sxmo pyiiHyBaHHS TIepepisy HETTO B
007TOBOMY 3’€/IHAHHI € KpUTEpiEM MPOEKTY-
BaHHS, PO3pPaxXyHKOBE 3HA4YCHHs BIUIMBIB Feg
Mae OyTH BU3HAYCHE JUI KOKHOTO 3’€THAHHSI.
SIKIIO Hampy)KeHHsSI MOXKe OyTH TIpEJICTaBJICHE
0a30BUM 3’€THAHHSIM HaBaHTAXKEHb, MpPUBE-
neanM y JlomaTky A, 1 BAHUKJINH y pe3yabTaTi
Hampy)XeHU CTaH CKJIAJA€TbCcs JIHIIE 3
MeMOpaHHUX HampyxeHb, Feds He TOBHUHHE
nepeBulyBatu omnip Frd, 3acHOBaHuWI Ha
PO3paxyHKOBIi MexXi MIIIHOCTI fua,
nuB. 6.2.2(5).

Mri FEd

NOTE: The National Annex may choose the value of
Nmps. The value nmps =50 is recommended.

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

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

= Feqs (6.7)
Ymo

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

(8)P It shall be verified that:

abo/or 1y, >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
Frda 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 Fr¢ based on the design ultimate
strength fuq, see 6.2.2(5).



7 I'PAHUYHUI CTAH
IUKJITYHOI IIJTACTHYHOCTI (LS2)

7.1  PO3PAXYHKOBI
BIIV/INBIB

BEJIMYUHHU

(1) ko He BHUKOPUCTOBYETHCS YTOYHEHE
BHU3HAYCHHS, PO3PaXyHKOBI BEIMYMHH BIUIUBIB
U KOKHOTO 3’€THAHHS HABAaHTAKEHb CIiI
BUOHMpATH SIK XapaKTEPUCTHYHI 3HAYCHHS THUX
YaCTHH 3arajlbHUX BIUIMBIB, $Ki I1MOBIPHO
OyIayTh NPHKIAICHI 1 3HATI OUIBIIE TPHOX
pa3iB MPOTSITOM TEPMIHY CIY>KOM KOHCTPYKILIi.

(2) Sxmo  BHUKOPUCTOBYETbCA  MPYKHUU
po3paxyHok abo Bupasu 13 Jlogatka C, To ciif
BpaxoBYBaTH JIMIIE 3MIHHY YacTHUHY BIUIMBIB
MDK  KpallHIMM  BEpXHIM 1  HIDKHIM
3HAYEHHSIMHU.

(3) Tlpum BukopucTaHHi (HI3UYHO HENIHIMHOTO
KOMIT FOTEPHOTO PO3PAaxXyHKY CJiJi BBa)aTH,
0 3MIHHa YacTHMHA BIUIMBIB MDK KpailHIM
BEpXHIM 1 HWKHIM 3HAaY€HHAM Ji€ 3a
HAsiBHOCTI CYNYTHIX TMOCTIMHUX 4YacTHH
HaBaHTaXCHHSL.

7.2 IIPOEKTYBAHHAA
3A HATIPY KEHHAM

7.2.1 Po3paxyHKOBi BeJUYUHH Tiana30HY
HANPYKeHb

(1) Po3paxyHok 0OOJIOHKH CJIii BAKOHYBATH 3
BuKopucTanHsiM Mmerony LA abo GNA
pO3paxyHKy KOHCTPYKIIii, IO IMianagae I
IO  JTBOX EKCTPEMaJbHHX PO3PAXYHKOBHX
BeNMYMH BIUMBIB  Feq. g KoxkHOTO
EKCTPEMAIILHOTO PE)KUMY HAaBaHTAXKEHHS TPU
LIUKIIYHOMY MpOIeci CiJ BUKOHATU OI[HKY
CKJIQIOBUX  HampyXKeHb. 3a  CYCIAHIMH
EKCTpEMyMaMH Y IUKIIYHOMY MIPOIECi MAIOTh
OyTM BH3HAuU€HI PO3PaxXyHKOBI 3HAUYCHHS
3MIHU KOKHOI CKJIaJIOBOT Hanpy>KeHHs AGx Ed,i,
AGeEdi, Atxeed, | Ha KOXHIf TMOBEpXHi
060s10HKH (TpuitHATO | = 1,2 11 BHYTPILIHBOT
1 30BHIIIHBOT TOBEPXOHb OOOJIOHKH) 1 B Oy/Ib-
K1 TOYIl KOHCTPYKIi. 3a IUMU 3MiHAMU
Hampy)XeHHsT MOKHa 3HAlTH pPO3paxyHKOBE
3HAYEHHS 3MIHU €KBIBAJICHTHOTO HAMPYXEHHS
Mizeca Ha  BHYTpIIHIA 1  30BHIMIHIN
MTOBEPXHSX:

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
Fes 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 Aoxedi, 4064,
Atyw,£q 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-E,Ed,i —AC, g4 A0y ki +AO_§,Ed +3AT§6’,Ed,i (7.1)



(2) Sk po3paxyHKOBY BEJIMYHMHY Jialla3oHy
HanpyXeHHsI  ACeqed  CHiI  NPHUHATH
HaAOUIBITY 13 3MIH €KBIBaJCHTHUX HANPYKEHb
Mizeca  AGeqEdi, PO3IIISANAIOYM  KOXKHY
MOBEPXHIO 000JIOHKH 10 4yep3i (I =1 ta i =2
PO3IIISIIAIOTHCS OKPEMO).

(3) VY cruky Mixk cermMmeHTaMu 000JIOHKH, SIKIIIO
PO3paxyHOK MOJIENIOE TEPETUH CEepeANHHUX
MOBEPXOHb 1 HE BPAXOBYE KIiHIIEBHU PO3MIp
3’€IHAHHS, [ala30H HANpYKCHHS MOXHA
NpUMHATH B mepmiid  Qi3uyHii Todlml B
CErMeHT1 000JIOHKHU (Ha BIAMIHY BiJl 3HaYEHHS,
00UYMCIIEHOTO Ha Tepepi3l JBOX CepeAMHHUX
MTOBEPXOHb).

[NPUMITKA. Ile nomyuieHHs Mae 3HA4YeHHS, SKIIO
3MIHM HanpyKeHHs IIBUIKO 3MIHIOTECS MOOIU3Y
3’€/IHaHHSL.

7.2.2 Po3paxyHKOBI BeJIHYHHHU ONOPY

(1) Omip Jiana3zoHy €KBIBAJICHTHUX
HanpykeHb Mizeca Afeqrd BH3HAYa€THCS 3a
hopmyroro:

(2)  The design value of the stress range
Aceqed Should be taken as the largest change
in the von Mises equivalent stress changes
AceqEd,, 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 Afeqrd Should be determined from:

Afeq,Rd = 2 fyd . (72)

7.2.3 OO0Me:keHHs Iiana30Hy HANPYKeHb

(DIT TIlimx 9ac KOXHOI TEPEBIPKH IHOTO

IPaHUYHOTO  CTaHy Hecydoi  3JaTHOCTI,
PO3paxyHKOBHI Jiarna3oH HaIpPYKEHHS
MTOBUHEH 33/I0BOJIBHSITH YMOBY:

Oeqed < f

7.3 HNPOEKTYBAHHS IIJIAXOM
3ATAJIBHOI'O YU CJIOBOI'O MNA
ABO GMNA PO3PAXYHKY

7.3.1 Po3paxyHkoBi BeJHYUHH 3arajibHoOL
HAKONMYEHOI IJIACTUYHOI 1edopmantii

(1) Tlpu BukopucTaHHi (HI3BUYHO HEITIHIHHOTO
3arajibHOr0 4HcioBoro po3paxynky (MNA
a6o GMNA) oGononka Mae OyTM HaBaHTa-
KEHa PO3PaxyHKOBHMHM BEIMYMHAMHU 3MIHHUX
1 MOCTIMHUX BIUJIMBIB, onMcanux y 7.1.

[NPUMITKA 1. fx mnpaBWio BHUKOPHUCTOBYETHCS
po3paxyrok MNA.

[NPUMITKA 2. YV HamioHanmsHOMY HONATKY MOXYTb
MICTHTHCS pEKOMEHAalil moAo0 OiIbII  TOYHOTO

PO3paxyHKy.

7.2.3 Stress range limitation

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

eq,Rd (73)

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.



(2) Cnmig oIiHATH 3arajgbHy HAKOMHUYEHY
€KBIBAJICHTHY TUIACTUYHY Jedopmalito Mizeca
€peqEd HANPHUKIHIII PO3PAXyHKOBOTO TEPMIHY
CITy)KO0u.

(3) 3arampHy HaKONHMYEHY €KBIBaJCHTHY
mwiacTuuHy  gedopmanito  Mizeca  MOXKHa
BU3HAYUTH 32 JIOTIOMOTOI0 PO3PAXYHKY, IO
MOJICITIOE BCI IUKJIM HABAHTAKEHHS MPOTATOM
PO3paxyHKOBOI'O TEPMIHY CIYKOH.

(4) SIxmo He BUKOHYETHCS OUIBII TOYHHUN
PO3paxyHOK, 3arajbHy HaKONUYEHY €KBiBa-
JEHTHY IUIaCTHYHY Jedopmariito Mizeca
€p,eq,Ed MO’KHA BU3HAYUTH 32 (DOPMYIIOTO:

gp,eq,Ed
JeN — KUIBKICTh [MKJIIB HABAHTAKECHHS
MIPOTATOM PO3PAXyHKOBOI'O TEPMIHY CIYXOU
KOHCTPYKIIIi;

Aé&p eq,ed — HAMOUTBIIUN MPUPICT €KBIBAJIEHTHOT
mnactuyHoi nedopmanii Mizeca 3a  oauH
MOBHUM LUK y OyJb-sKI TOUILl KOHCTPYKIIII,
10 BUHUKAE MICIIS TPETHOTO LUKITY.

(5) MoxHa BBaXaTH, MO «B OyAb-SKIM TOYITI
KOHCTPYKLID» O3Hayae B Oynb-sKid TOuIIl,
po3TaloBaHii Ha BiJICTaH1 Bix Haupizy abo
MICIIEBOT HEOJHOPIHOCTI HE MEHIIIEC TOBIIMHU
HaWTOBIIOT CYCITHROT ITACTHHM.

7.3.2 O0OMekeHHS 3arajbHOI HAKOIMHWYEHOI
I1acTU4HOI negopmauii

(1) Slkmo He BUKOHYETbCS OUIBII CKJIaaHA
OIlIHKa MAaJIOIMKIIOBOI BTOMH, PO3PaxyHKOBa
BEJIMYMHA 3araJbHOI HAKOIHMYEHOI eKBiBa-
JeHTHO1 TuIacTU4HOi  aedopmarii  Mizeca
€p,eq,Ed IOBUHHA 33]I0BOJIHSATH YMOBY.

€ p,0,Ed

[MPUMITKA. V HamionansHOMY MOJaTKy MOXe OyTH
nepenbadeHuil BUOIp 3HAYEHHS Npeq PEKOMEHAYETHCA
3HAYCHHS Npeq = 25.

7.4  HIPAME IPOEKTYBAHHSA

(1) Hns KOXHOrO cerMeHTa OOOJIOHKH
KOHCTPYKIIII, MIPEACTABJICHOTO 0a30BUM
3’€¢/IHAHHAM HaBaHTAXKEHb, MPHUBEACHUM Y
HNonmatky C, HalOUIbIIUKA eKBIBaJIEHTHUIN
Jiarna3oH  HampyxkeHb Mizeca AGeqed 3
ypaxyBaHHSM 000X MOBEPXOHb OOOJIOHKHU MPHU
pPO3paxXyHKOBHX 3HAYEHHSX BIUMBIB  Fgqd
MOBUHEH OyTH BU3HAUYEHUH 13 BUKOPUCTAHHIM
BIINMOBIAHUX BHpasiB 3rimHo 3 Jlomatkom C.
[Ipouenypa moganbioi OIIHKY OmMKcaHa B 7.2.

=NAg

<n

(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 wvon
Mises equivalent plastic strain gpeqed may be
determined from:

p.eg.Ed » (7.4)

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/1E) (7.5)

NOTE: The National Annex may choose the value of
Np.eq- 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 coOnsidering
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.



8 TPAHUYHUMU CTAH BTPATH
MMO310BKHbOI CTIMKOCTTI (LS3)

8.1 PO3PAXYHKOBI
BIIV/INBIB

BEJIMYUHHU

(1)IT Matote OyTu BpaxoBaHi BCi 3HAUYYIIi
KOMOIHaIl BIUIMBIB, IO MPHU3BOAATH JO
CTHCKIBHUX MEMOpaHHUX HAmpyKeHb abo
JOTUYHUX MEMOpaHHUX HANpPyXeHb y CTIHII
000JIOHKH.

8.2 CHEIIAJIbBHI BUBHAYEHHSA
I HO3HAYEHHSA

(1) Cnig BUKOpPHCTOBYBAaTH cCIielliajbHI BH3-
HA4YeHHsI TepMIHIB 3rigHo 3 1.3.6, mo BiAHO-
CSATHCA JI0 BTPATH MO3J0BXKHBOT CTIHKOCTI.

(2) 3rimmo 3 JlomaTkoM [0 TIO3HAYEHb,
BU3HaueHUX y 1.4, B 1boMy pO3AUIL CIif
BUKOPHUCTOBYBATH MO3HAYEHHS, MPUNHHATI B (3)

i(4).

(3) IlpwmiimaroTbcst  HACTYITHI
HampyXXeHb Ta iX pIBHOAIMHUX!
NxEd, OxEd — PO3PAaxXyHKOBI 3HAYCHHS IFOYMX
MEpHUIIOHATPHIX MEMOpaHHUX HAMPYKEHb 1 1X
PIBHOMIMHUX, IO BIAHOCATBCS O BTpaTH
3arajibHOI CTIMKOCTI (0aTHI TP CTHCHEHHI);
No,Ed, O0E4 — PO3PAXYHKOB1 3HAYCHHS IFOUMX
KUTBIIEBUX HAMNpPYKEeHb 1 iX PIBHOAIMHHX, IO
BIIHOCATBCSI 70 BTpPATH 3arajibHOi CTIMKOCTI
(momaTHI IpU CTHCHEHH]);

Nxo,Ed, Tx0,Ed — PO3PAXYHKOB1 3HAUYCHHSI JTIFOUUX
JOTUYHHX MEMOpaHHUX HaNpyXkKeHb 1 iX
PIBHOMIMHUX, IO BIAHOCATBCS IO BTPATH
3arajibHO1 CTIMKOCTI.

BEIINYNHU

(4) Ilapamerpum omopy BTpaTi 3araibHOI
CTIMKOCT1 AJIi BUKOPUCTAHHS B MPOEKTYBaHHI
3a HATIPY)KCHHSIMH:

OxRer — MEPUIIOHATBHE TIPYXKHE KPUTHYHE
HaMpY)KeHHsI IPU BTPATI 3arajibHOT CTIHKOCTI;
ObRcr — KUIBIICBE MPYKHE KPUTHYHE HAIPY-
YKEHHS ITPU BTPaTi 3arajibHOI CTIHKOCTI,;

TxoRer — JOTHYHE TPYXKHE KPUTHYHE Harpy-
’KEHHS IIPU BTPATi 3araibHO1 CTIHKOCTI;

OxRk — MEpHUJIOHAIbHE XapaKTepUCTHYHE
HanpyKeHHsI IPH BTPaTi 3arajbHOi CTIHKOCTI,
OpRk — KUIbLIEBE XapaKTepUCTUYHE HaIpy-
’KEHHS IIPU BTPATi 3arajibHO1 CTIHKOCT;

TxoRk — JOTUYHE XapaKTEepUCTHYHE Harpy-
’KEHHS IIPU BTPATi 3arajbHO1 CTIHKOCTI;

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

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

(2) 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);

Nxo,Ed, 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;

ocorer 1S the circumferential elastic critical
buckling stress;

TyoRrer 1S the shear elastic critical buckling
stress;

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

xRk 1S the shear characteristic buckling
stress;

meridional  characteristic



OxRd — MEPHJIIOHAJILHE PO3paxyHKOBE HaIIpy-
’KEHHS IIPU BTPATi 3arajbHO1 CTIHKOCTI;

GoRd — KUIbLIEBE PO3PaxXyHKOBE HAIPYKCHHS
IIPU BTPATI 3arajbHOI CTIHKOCTI;

TxoRd — JAOTHYHE PO3PaXyHKOBE HAIPYKEHHS
IIPH BTPATI 3arajibHOI CTIHKOCTI.

[MPUMITKA. Ile crienianbHi yMOBHI MO3HA4YEeHHS JUIS
MPOCKTYBaHHS OOOJIOHOK, 10 BiJPI3HSAIOTBCS BiJ
M03HAaYeHb, ONHcaHuX y cranaapti EN 1993-1-1.

(5) IIpwuitMaeTbcsi HACTYITHE TPABWIO 3HAKIB
g BukopuctanHs npu ['C3: crucHeHHs
BBA)KAETHCS JOJATHUM JUISI MEPUAIOHAIBHUX 1
KOJIOBMX Halpy>KEHb 1 IX pIBHOAINHUX.

8.3 T'PAHUYHI YMOBHN,
IO BTHOCSIThCSI 10 BTPATH
3ATAJIbBHOI CTIMKOCTI

(1) Anga rpaHUYHOTO CTaHy IOJO BTpaTH
3arajbHOi CTIHKOCTI OCOOJIMBY yBary ciif
OPUAUVIMTH  TPAaHUYHMM  yYMOBaM, K1
BITHOCSTHCSI 70O IPUPOCTY NEpeMIlleHb MPHU
BTpaTi 3arajibHOl CTIMKOCTI (Ha BiIMIHY BiJ
MepeMillieHb 10 BTPATH 3arajibHOi CTIHKOCTI).
[Ipuknagu BIAMOBIIHWUX TPAaHUYHUX YMOB
MoKa3aHi Ha pUCYHKY 8.1, 1e BHUKOpHC-
TOBYIOTHCSI TIO3HAYCHHS 3 TaOmwmi 5.1.

84 T'EOMETPHUYHI JOITYCKHUY,
IO BITHOCATBHCA 10 BTPATH
3ATAJIBHOI CTIMKOCTI

8.4.1 3araanHi noJj1okeHHs

(1) 3a BUHATKOM BHUIIAJKIB, KOJIH Yy
BIAMOBIMHUX YacThHax cranaapty EN 1993
MPUBENIEHI OCOOJIMBI T€OMETPUYHI JOIYCKH,
0  BIAHOCATBCA JIO BTpPaTH  3arajbHOi
CTIMKOCTi, 11 MeXl JOMYCKIB MOBHHHI
BpaxoByBatHcs, skmo LS3 € omHum 3
PO3IJISIIYBaHUX TPAHUYHUX CTAHIB.

[MPUMITKA 1. XapakTepuCTH4HI HANPYKEHHS MpH
BTpaTi  3arajbHOi  CTIHKOCTi, BH3HAYEHI  Jaui,
BpaxoBYIOTh Ae(PEKTH, M0 0a3ylOThCS HA BEIUYMHAX 1
(hopMax TeOMETPUIHHX JOITYCKIB, sIKi IMepeadavaroThes
B IIPOIIeCi BUKOHAHHS.

[MPUMITKA 2. Tyr nmpuBeneHi reOMETpUYHI TOITYCKH,
SIKi CYTTEBO BIUIMBAIOTH Ha 0e3MeKy KOHCTPYKIIi.

oxrd IS the meridional design buckling
stress;

oord IS the circumferential design buckling
stress;

TxoRrd 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.

84  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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Pucynoxk 8.1 CxemarnyHi NpUKJIagu rPAHUYHUX YMOB JUIsl TPAHUYHOTO cTany LS3
Figure 8.1 Schematic examples of boundary conditions for limit state LS3

(2) HeoOximHO BHOpaTH KJIac SIKOCTI JOMYCKY
Ha BUrotoBieHHd A, B a6o C BigmoBigHO 10
BU3HaueHb nonycky B 8.4.2, 8.4.3, 844 i
8.4.5. Onuc KOXHOTO KJIacy BITHOCHTBCS
JIMIIIE JI0 OLIHKK MIIIHOCTI.

[NPUMITKA. BwusHaueni TyT IOIycKH 30iraioTecs 3
JOIyCKaMH, BKa3aHUMHU B BHKOHAaBUOMY cTaHmapTi EN
1090, ame TyT BOHHM BHKJIAJAIOTHCS OLIBII MOBHO IS
JETaIbHOTO ONUCY B3a€MO3B’SI3Ky MK BEIHIHMHAMHU
JeeKTIB 1 OLIHIOBAHUM OTIOPOM.

(3) Koxken i3 BumiB aedekriB MMOBHHEH
kiIacu(ikyBaTHCS OKpPEMO: HAWMEHIIUH KJiac
JOTyCKy Ha BHUTOTOBIEHHS, BIAMOBITHUMN
JOMycKy  kjacy B,  Bu3Hawae  Bce
MPOEKTYBaHHS.

(4) Pi3H1 BUOM AOMYCKIB MOKHa PO3TIISAIATH
HE3aJe)KHO; BPAaxXyBaHHsS B3aEMHHX BIUIMBIB
3a3BUYail HE BUMAracrhbCs.

(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.



(5) Mnga kiHYCHHOT KOHCTPYKII NUISIXOM
nepeBipkd  BHOIPKOBHUX 3pa3kiB  HEOOXiTHO
BCTAHOBUTH, M0 pO3MIpH T'€OMETPUYHHX
neQeKTiB 3HaXOATHCA B Mexax
T€OMETPUYHUX JIOMYCKIB, BCTAHOBJICHHHUX Y

8.4.2-8.4.5.

(6) Bumipu nmedekriB 3pa3kiB  TOBUHHI
BUKOHYBATHCSI Ha HCHABAHTAXKEHIM KOHCT-
pyKmii (3a BUHATKOM BIIaCHOi Baru) i, 3a
MO>KJIMBOCTI, 32 €KCIUTyaTal[iiHuX TPaHUIHUX

YMOB.

(7) Skuo po3mipy reOMETPUYHUX JEPEKTIB HE
BIIMOBIIAIOTh ~ TE€OMETPUYHUM  JIOITYCKaM,
BcraHoBineHMM y 8.4.2-8.4.4, posrman i
YXBJICHHS  pIIEHHS  M0J0  OyAb-sSIKHUX
KOPETYIOUMX 3aXO0JIiB, TaKUX SIK PUXTYBaHHS,
pO3pOOIISAIOTECS  OKPEMO ISl KOXKHOTO
KOHKPETHOTO BHITAJIKY.

[MPUMITKA. TIlepen yxBajeHHSM pillleHHs MpO
PUXTYBaHHS Ul 3MEHIICHHsSI I€OMETPUYHUX J1e(EeKTiB
CITiJI MaTH Ha yBa3i, 10 L€ MOXKE BUKJIMKATH J10JJaTKOBI
3aJIMIIKOBI HanpyxeHHsl. Takox ci1iJl BpaXOBYyBaTH Te, B
SKiH Mipl pO3paxyHKOBUH oOmip BTpaTi 3arajbHOi
CTIHKOCTI BUKOPHCTOBYIOTHCSI ITPU IIPOSKTYBAHHI.

8.4.2 Jlonyck HEKpYyrJaocTi

(1) Jlomyck HEKPYraoCTi TOBHHEH OIlIHIO-
Batucs mapamerpom Uy (muB. pucyHok 8.2),
10 00YHCITIOETHCS 3a (POPMYIIOTO:

me  Omax MaKCUMAJIbHAMN
BHYTPIIIHIA JiameTp;

dmin — MIiHIMaTbHUN BUMIPSHUA BHYTPIIIHIA
TiameTp;

dnom — HOMIHAJIBHUI BHYTPILIHIN AiaMeTp.

BUMIPSTHUI

(2) Sk BuMmipsHHMI BHYTpIIIHIA JiaMeTp Bif
3alaHO1 TOYKM CIiJi TPUWHATH HAUOLIBIIY
BiJICTaHb IMOTEepeK 000JIOHKH BiJI IIi€T TOUKH J10
OyIb-sIKO1 1HIIOI TOYKM 3 TIEK X OCHOBOIO
KoopauHaTo. i BU3HAYEHHS MaKCHMallb-
HOro 1 MIHIMaQJbHOIO 3HA4YeHb HEOOXITHO
BUKOHAaTH BIIMOBIAHY KUIBKICTh BHMIpPIB
JiaMeTpiB.

—d

nom

min

' d

(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
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.

internal



a) CIUTIOIIEHHS
a) flattening

Pucynoxk 8.2
Figure 8.2

(3) Tlapamerp Hnekpyriocti Ur mOBHHEH
3aJI0BOJIBHATH YMOBY.

ne Urmax — mapaMmerp JOMycKy HEKpPYIJIOCT1

b) HecumeTpuuHicTHL
b) unsymmetrical

BumiproBaHHs riaMeTpiB JIsl OMiHKM HEKPYIJIOCTi
Measurement of diameters for assessment of out-of-roundness

(3) The out-of-roundness parameter Uy
should satisfy the condition

Ur SUr,max (82)
where:  Urmax IS the out-of-roundness
tolerance  parameter for the relevant

JUTSl BUIMMOBITHOTO KJIAacy SIKOCTI JIOMTYCKY Ha
BHUTOTOBJICHHSI.

I[TPUMITKA. 3HaueHHA napamerpa JIOITYCKY
HekpyriocTi Urmax MokHa 3Haiith B HamioHansHOMY
J0NaTKy. 3HaYEeHHS, 110 PEKOMEHAYIOThCS, IPUBECH] B
Tabnuui 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.

Tabonuusa 8.1 PexoMeHI0BaHi 3HAUEHHSI TapaMeTpa J0MycKy HeKpPYyriaocTi Urmax
Table 8.1 Recommended values for out-of-roundness tolerance parameter Ur max

lanason mamerpa |4 s 050y | 050m<d[M]<1,25m | 1,25m<d [u]
Diameter range
Knac sikocti nomycky Ha
BUTOTOBJICHHS Onucanus PexomenpoBane 3Ha4eHHS Ur max
Fabrication Description Recommended value of Uy max
tolerance quality
Krace A Binminmnit 0,014 0,007 + 0,0093(1,25d) 0,007
Class A Excellent ! ! ! ' !
gfazzg Bﬂlji(;‘;]““ 0,020 0,010 + 0,0133(1,25-d) 0,010
gfaizg HO%?;‘;I{““ 0,030 0,015 + 0,0200(1,25d) 0,015

8.4.3 Jlomyck BHUIIaJKOBOI0
eKCHEeHTPUCUTETY

(1) Ilpu 3’emHaHHAX Yy CTIHKaX OOOJIOHKH,
NepIeHANKYIAPHUX 710 MeMOpaHHUX
CTUCKaJIbHUX 3yCUJIb, BUIA/IKOBUI
eKCIIEHTPUCUTET  CJIiI  OLIHIOBaTH  3a
BHUMIPIOBAHUM 3arajbHUM EKCHEHTPHUCUTETOM
Etot 1 IPOTHO30BAHUM 3MILLIEHHSM €int!

a

=€

8.4.3 Accidental eccentricity tolerance

(1)  Atjoints in shell walls perpendicular to
membrane compressive forces, the accidental
eccentricity should be evaluated from the
measurable total eccentricity e, and the
intended offset e;,, from:

(8.3)

int
H



Je €t — CKCHEHTPUCUTET MDK CEpEeIUHHUMU
MOBEPXHAMHU IUIACTHH, MO0 3 €IHYIOTHCS,
JIUB. PUCYHOK 8.3c;

€int —  TPOTHO30BaHE  3MIIICHHS  MDK
CepEeIMHHUMH IOBEPXHSMH IUIACTHH, IO
3’€IHYIOTHCS, TUB. pucyHokK 8.3b;

€a — BHITAJKOBUH EKCIEHTPHUCHUTET MDK
CEpEeMHHUMH IMOBEPXHSMH IUIACTHH, IO
3’ €IHYIOThCHI.

(2) BunagkoBuil eKCLIEHTPUCUTET €4 Mae OyTH
MEHIIIE MaKCUMaJIbHOTO JIOTTYCTUMOTO
BHUIIQJIKOBOI'O €KCHEHTPUCUTETY €amax I
BIIMOBIIHOTO  KJIacy SKOCTI JOMYCKYy Ha
BUTOTOBJICHHSI.

IMPUMITKA. 3HayeHHsS MaKCHUMaJbHOIO JIOMYCTUMOTO
BHIIaJIKOBOTO EKCIICHTPUCUTETY €amax MOXKHA 3HAWUTH B
HamionaneHomMy pmonmaTky. PekoMmeHmoBaHI 3HaueHHS
npuBeeHi B Tabmwmii 8.2.

where: et IS the eccentricity between the
middle surfaces of the joined plates, see
figure 8.3c;

Bint 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.

Taﬁ.l'l]/lllﬂ 8.2 PeKOMeHHOBaHi SHAYCHHA MAKCUMAJBHUX J0IIYCTUMHUX BUITAAKOBUX eKCHeHTpHCHTeTiB
Table 8.2 Recommended values for maximum permitted accidental eccentricities

Knac ﬂKOCTi )lOl'lyCKy HA BHCOTOBIIEHHS PGKOMCH}IOBaHi 3HAYCHHA MaKCI/IMaJ'[I)P.II/IX )IOI'IyCTI/IMI/IX
Fabrication tolerance quality Onme BHNa/KOBHX CKCLICHTPHCHTETIB Camax
class Description Recommendgd values for maximum permitted
accidental eccentricity €amax

Knacc A BigMinHuiA 2 it (M)
Class A Excellent
Kiac B Bucoxkuit )
Class B High
Kiac C Hopmansauii 4 vt (mm)
Class C Normal

(3) BumagkoBuii EKCICHTPHCHTET €a TaKOX (3)  The accidental eccentricity ea should

MOBHHEH OIliHIoBaTUCs mapamerpoM Ue, 110
00uHnCIIOETHCA 32 OPMYIIOHO:

ea
e
av

ne tay — cepenHi TOBIIMHMU TOHKOI 1 TOBCTOI

IUIACTUH Y 3’€THAHHI.

also be assessed in terms of the accidental
eccentricity parameter Ue given by:

U, =2 a60/or U, =et—a, (8.4)

where tay is the mean thickness of the thinner
and thicker plates at the joint.
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min

e

| | | —306pakeHns

| | | |/_ 1leaIbHOTO
Ll 3’ €IHAHHA 1
| !6’ perfect joint E"-‘
l 5 geometry i
Lyl

k—sl

max

a) BHIIAJKOBHUIl eKCIIEHTPUCUTET 0) mepenbaueHHH 3cyB
TIPU 3MiH1 TOBIIHHH
IIACTHHH Ge3 BUIIaJKOBOTO
€KCIIEHTPHUCHTETY

b) intended offset at a
change of plate thickness

6e3 3MIHH TOBIIHHH ILIaCTHH
accidental ecgentricity

a) when there is no change of
plate thickness

S

min

300paXKeHHs €a = Crot ~ Cint
171eaTbHOTO

3’€THAHHA 300paxeHHs
perfect joint 17IeaIbHOrO0

geometry 3’€lHAHHA
perfect joint

geometry

B) IOBHHIi eKCIIEHTPHCHTET
(BumagkoBHil + nmependaueHmi)
IIPH 3MiH1 TOBIIHHH IITaCTHHH

c) total eccentricity
(accidental plus intended)
at change of plate thickness

without accidental
eccentricity

Pucynok 8.3

Figure

(4) ITapameTp BHUITAIKOBOTO €KCIIEHTPUCUTETY
Ue OBUHEH 33JI0BOJIGHSITH YMOBY:

U, <U

ne Uemax — mapaMeTp OMYCKY BHUITaJIKOBOTO
EKCIICHTPUCUTETY IS BIAMOBIIHOTO KJacy
SIKOCTI JIOMTYCKY Ha BUTOTOBJICHHS.

[NPUMITKA 1. 3nadueHHs mapamerpa JOIYCKY
BUITQJAKOBOI'0 eKCHEHTPUCUTETY Uemax MOXKHA 3HAITH B
HamionanpHoMy fmoAaTKy. 3Ha4eHHs, L0 PEKOMEH-
JIYIOThCS, TIpUBeieHi B Tabmui 8.3.

BunaakoBuii eKCIEHTPUCUTET i MPOrHO30BaHe 3MillleHHsI 3’ €AHAHHS
8.3  Accidental eccentricity and intended offset at a joint

(4)  The accidental eccentricity parameter
Ue should satisfy the condition:

e,max ! (85)
where: Uemax IS the accidental eccentricity
tolerance  parameter for the relevant

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.

Tadonuus 8.3 PexoMeHq0BaHi 3HAUEHHS I0NMYCKiB BUNAIKOBOI0 YKCIEHTPUCUTETY
Table 8.3 Recommended values for accidental eccentricity tolerances

Kiac sikocti JIOIyCKY Ha BUT'OTOBJICHHS Omnc PexomennoBane 3HaueHHS Ue max
Fabrication tolerance quality class Description Recommended value of Ue max

Knacec A BinMinanit 014

Class A Excellent '

Knac B Bucoxuii

Class B High 0,20

Kiac C Hopmanbauit 030

Class C Normal '

[MPUMITKA 2. IIporao3oBaHi 3MIiIIeHHS CTHKIB PO3T-
nagaroteess B D.2.1.2, 3’emHaHHSA BHAITYCK PO3TIIAIA-
otecs B D.3. i nBa BUmagku HE PO3TISAAIOTHCS SIK
nedekTr B JaHOMY CTaHIapTi.

8.4.4 Jlomycku Ha BM’SITHHH

(1) Kanibp ans BuMipy BM’ATUH HEOOXIIHO
BUKOPHUCTOBYBaTH B KOXKHOMY TOJIOKEHHI
(muB. pucyHok 8.4) sk B MEpHUIIOHAIEHOMY,
TaK 1 B KUIbIIEBOMY 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



HAIBHUN KanmiObp Mae OyTu mpsMUM, a s
BHUMIpPIB y KOJOBOMY HaIlpsiMi IOBHHEH MaTu
KPUBHU3HY, pIBHY HPOTHO30BAaHOMY pajiycy
KPUBU3HU I' CEPEIMHHOT ITOBEPXHi 000JIOHKH.

(2) I'mubura AWo BUXITHUX BM SITUH y CTIHIII
OoOOJIOHKM  TOBMHHA  BHUMIpIOBaTHCA  3a
JIONIOMOTOK0  KamiOpiB  3aBIOBXKKH lg, sika
MIPUHAMAETHCA SIK:

a) 3a HAsABHOCTI CTUCKaJIbHHUX HAINPYXKEHb, Y
TOMY YHCJi Yepe3 3BapHI IIBH, BHUMIPH CIIiJ
BUKOHYBAaTH SK B MEpHJIOHAJIbHOMY, TaK 1 B
KOJIOBOMY HaIpsiMax 3a JONOMOIrol0 Kaiopy
3aBJOBKKH lgx, 10  OOuYHMCIIOETBCS 32
hopmyroro:

ox

0) Ilpy BUHHMKHEHHI KOJIOBHUX CTHCKaJIbHUX
Halpy>KeHb a00 JOTUYHUX CJi BHUKOHATH
BUMIPH B KOJIOBOMY HampsMi 3a JONOMOTOI0
Kamiopy 3aBIOBXKKHU lge, 110 00UHCITIOETHCS 32
hopmyroro:

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 l4x given by:

4t (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:

o = 2,3(1%rt)>* (8.7)

ane/but l, <r

ne | — MepumioHambHa JOB)KHMHA CErMEHTa
000JIOHKH.

B) [lonaTtkoBo, B3JOBXK 3BapHHUX IIBIB SK Y
KOJIOBOMY, TakK 1 B MEpHUIIOHATLHOMY
HampsMax ClliJi BUKOPHCTOBYBATH JIOBXHHY
Kkamiopy lgw:

l,, =25t a6o 1, =25t

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 !

aJje upu |gW <500 MM,

ne tmin — TOBIIMHA HAWTOHINOI IUIACTUHU B
3BapHOMY IIIBI.

(3) Tymbumua BUXIAHMX BM’ATHH IIOBHHHA
oliHoBatTHcs mapamerpamMu BM SITHH Uox, Uoe,
Uow, 110 004HCITIOIOTHCA 32 (GOpMYITaMu:

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, Uos, Uow, given by:

U,, :AWOX/IgX_

Uy, :Awogllgg_

(8.9)

Usw :AWOW/Ing



(4) 3nauenns napamerpiB BM’stuH Uox, Uog,
Uow MOBHHHE 3aJ0BOJIBHSITH YMOBH:

U, <U

4 The value of the dimple parameters
Uox, Uos, Uow should satisfy the conditions:

0,max ’
Ugp U max ; (8.10)

UOW < UO,max ,
ne Uomax — mapaMeTp JOMYCKy Ha BM’ STHHU where: Uomax 1S the  dimple  tolerance
JUISL BIAMOBIMHOTO KJIACY SIKOCTI JOIYCKY Ha parameter for the relevant fabrication

BHUI'OTOBJICHHS.

[NPUMITKA 1. 3nHayeHHsA mapaMmerpa [OIMYCKYy Ha
BM ATHHA Uomax MOXHa 3HaitH B HamioHampHOMY
JOAaTKy. PekoMeHJOBaHI 3HAYCHHS TPUBEACHI B
Tabnuui 8.4.

tolerance quality class.

NOTE 1: Values for the dimple tolerance parameter
Uomax Mmay be obtained from the National Annex.
The recommended values are given in Table 8.4.

Tab6aunsa 8.4 PexoMeHmoBaHi 3HAYEHHA MapaMeTpa qomycky Ha BM ATHHH Uo max
Table 8.4 Recommended values for dimple tolerance parameter Uomax

Knac stkocTi JomycKy Ha BUTOTOBJICHHS Ornuc PexomennoBane 3HaueHHS Uo max
Fabrication tolerance quality class Description Recommended value of Ug max
Class A Excelont 0,006
St i i
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a) BuMmipioBanus mo Mepaniany (aus. 8.4.4(2)a)
a) Measurement on meredian (see ) 8.4.4(2)a)

6) [Iepmre BHMipIOBAaHHS Y KOJIOBOMY HAIPAMKY
(mus. 8.4.4(2)a)

b) First measurement on a circumferential circle
(see 8.4.4(2)a)
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2pdproBanHs

! weld v

B) Ilepire BEMIPIOBAHHSA II0 MEPHIIaHY Yepes
3BapHe 3’ €THAHHA

¢) First measurementon a meredianacross a weld
(see 8.4.4(2)a)

»/gw

Aw ow

3BapOBaHHA

n) Jlpyre BUMIPIOBAHHS uepe3 3BapIOBaHHS
crenialbHAM Kamibpowm (auB 8.4.4(2)c)

e) Second measurement across a weld with special
gauge (see 8.4.4(2)c)

PucyHnok

Figure 8.4
8.4.5 Jlomyck mNJIOLMIMHHOCTI MOBepXHi
KOHTAKTY

(1) Skmo iHImA KOHCTPYKIS Oe3mepepBHO
HNIATpUMYE O0OJOHKY (Hampukian, QyHzaa-
MEHT), 1 BIOXWJICHHS BIiJ IUIONIMHU Ha
MOBEPXHI KOHTAKTy HE MOBUHHE BPaxOBYBaTU
XU Y KOJIOBOMY HamlpsiMi, 10 MepeBHUILYE Po.

TIPUMITKA. Yy HamionansHoMy OJATKY
MPOTHO30BaHUH BHOIp [o. PekoMeHIyeThCS 3HAYCHHS
Be = 0,1 % = 0,001 panian.

r) /Ipyre BHMIPIOBAHHA Y KOJIOBOMY HAIPAMKY
(mue. 8.4.4(2)6)

d) Second measurement on circumferential circle
(see 8.4.4(2)b)

3BapOBaHHA

Aw,,y O
weld \l/ o
AWOO or

A“.o\v

L3 OF _/ge or /.

g “gw

¢) BuMiproBaHHSA y KOJTOBOMY HAaNpPSIMKY depe3
3paprooBaHHA (1uB. 8.4.4(2)B)

f) Measurements on circumferential circle across
weld (see 8.4.4(2)c)

8.4 BumipoBanHsi rIMOUHH 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 Bo = 0,1% = 0,001 radians is
recommended.



8.5 HNPOEKTYBAHHA
3A HATIPY KEHHAM

8.5.1 Po3paxyHKoBi BeJIHUMHH HANPYKEHb

(1) Sx po3paxyHKOBI BEIHMYMHH HANpPYKEHb
OxEd, O0Ed 1 TxoEd CIIJ TPHUUMATH OCHOBHI
3HA4YCHHSI CTHCKAJIBHUX 1 JOTHYHUX MeMOpaH-
HUX  HampyXeHb, OTPUMaHUX  JIHIHHO-
OpY)KHHM po3paxyHkoMm obosionku (LA). B
YMOBax YHCTOTO OCECHMETPUYHOTO HaBaHTa-
KEHHA 1 ONHpaAHHS, a TaKOX MPH IHIINX
MPOCTHX 3’€HAHHSAX HAaBaHTAKEHb, 3a3BUYAN
MOHa BUKOPHUCTOBYBAaTH MEMOPAHHY TEOPIIO.

(2) Sk ocHOBHI 3HaueHHs MeMOpaHHHX
Halpy>KeHb CIIiJI TPUAMATH MaKCUMAaJIbH1
3HAQYEHHS KOXKHOTO HANpPYKEHHS Ha JIaHIi
OCbOBI KOOpAMHATI B KOHCTPYKIIi, 3a
BUHATKOM BUIIAKIB, KOJIU 0Co0IuBI
nojoxxeHHs mnpuBeAeHi y [Homarky D no
JaHOTO  cTaHmapty abo y  BIAMOBLIHIN
NMpuKIaaHii yacturi cragaapty EN 1993,

I[MPUMITKA. B gesxkux Bumagkax (HampHKIAI,
CTYMIHYACTI CTIHKA TPU KOJIOBOMY CTHCKaHHI, IMB.
Honmatoxk D.2.3) OCHOBHI 3HaueHHs MeMOpPaHHOTO
HANpPY)XEHHS € NOMMIJIKOBUMH 1 MEPEBUIIYIOTh PeasbHi
MaKCHUMaJbHI 3HAYECHHS.

(3) Jns ocHOBHHMX 3’€lHaHb HABAHTAXKCHb
MeMOpaHHI HampyKEHHS MOKHA TMPUUHITH
3rigHo 3 Jlomatkom A ab6o Jomatkom C.

8.5.2 Po3paxynkoBuii omip (MinHicTh Ha
MOB3I0B:KHiil 3rHH)

(1) Omip BTpari 3arajJibHOi CTIMKOCTI CIIif
MPEJICTABIATH HANPYKEHHAMH TIPH BTpaTi
3arajbHoOl CTIiHKOCTi, K BH3Ha4yeHo B 1.3.6.
Po3paxyHkoBi  HampyXeHHS Tpd  BTpaTi
3arajbHOI1 CTIMKOCTI 3HAXOIATh 3a
dbopmynamu:

8.5 STRESS DESIGN

8.5.1 Design values of stresses

(1)  The design values of stresses ox,ed, Go,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
be obtained from:

Oyrd = Oy Rk Vs Oy rd = O re EIVEE Tyo,rd = Txo,Rk /7M1. (8.11)

(2) YactkoBuii koe(illieHT yis Omopy BTpari
3arajibHO{ CTIMKOCTI Ym1 CITIJT HPUHHATH 3TIIHO
3 BIIMOBIJHUM MPHUKJIQAHUM CTaHIAPTOM.

[MPUMITKA. 3HadeHHS YacTKOBOTO KOeQIIlieHTa Ym1
Moke OyThm BU3HaueHO B HamioHampHOMY IONATKY.
Axmo s ganoi GopMHM  KOHCTPYKII cTaHmapT
BiJICYTHI a00 HEe BU3HAYAE BiATIOBIIHI 3HAYECHHS YM1, TO
PEKOMEHAYEThCS HE TPUNMATH 3HAYCHHS Ym1 MEHIIE
HiX ymt = 1,1.

(2)  The partial factor for resistance to
buckling ym: should be taken from the
relevant application standard.

NOTE: The value of the partial factor ymi 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 yw, it is recommended that the value of ym:
should not be taken as smaller than ym: = 1,1.



(3) XapakTepucTuyHi HaIpY>KeHHS MIPU BTPaTi
3arajabHOi CTIHKOCTI TOBWUHHI BHU3HAYATHCS
MHO>KEHHSIM XapaKTepUCTUYHOT MexX1
TEKy4OCTI Ha Koe]imieHTH mocnabIeHHs
BTPATH 3arajbHOI CTIHKOCTI

3) The characteristic buckling stresses
should be obtained by multiplying the
characteristic yield strength by the buckling
reduction factors y:

Oy rk = Ax fyk’ Oore = Xo fyk’ Tyork = Xr fyk /\/g (8.12)

(4) Koedimientn mocnabieHHS  BTpaTH
3arajibHOi CTIHKOCTI yx, o 1 Y« CJIiJ BU3HAYATH

AK (YHKIIIIO BITHOCHOT THYYKOCTi 000I0OHKH A
3a popMyIiamu:

(4)  The buckling reduction factors yx, xe
and y. should be determined as a function of

the relative slenderness of the shell 7 from:

=1n pH/whe <A, (8.13)

=1-4 A~ _° npu/when (8.14)
d -7 L<I< |

¥ = /I_ npu/when Zp <7 (8.15)

e o — KOe]IieHT MOCIa0IeHH MNPYKHOTO
nedexTy;

B — xoedilieHT 1HTepBaTy MIACTUYHOCTI,

1 — MOKa3HUK CTYIECHS B3a€MO/IIT;

Ao — BITHOCHA THYYKICTh Ha MEXI1 MIITHOCTI

[MPUMITKA 1. 3HaueHHs 1MX MapaMmeTpiB cCiij
npuiimaty 3rigao 3 Jomatkom D. Skmo y doxatky D
3HAYEHHs LUX IapaMeTpiB He BH3HAYeHI, X MOXKHa
3HaiiTu B HarioHajpbHOMY J0MATKY.

[TPUMITKA 2. Bupas (8.15) onucye HanpyKeHHs IpH
MPYXKHIA BTpaTi 3arajibHOI CTIHKOCTI 3 ypaxyBaHHAM
reoMeTpuuHuX JAeeKTiB. Y [bOMY BHIIQJIKY, SKIIO
MOBE/IIHKA € IMOBHICTIO MPYXHOIO, XapaKTepPUCTHYHE
HANpPY)XEHHsS TPU BTPATi 3arajbHOI CTIHKOCTI MOXKHA
TAKOX BHM3HAYUTH OE3MOCEpeNHbO 3 BUPA3iB: OxRk =

= OlxOx,Rer, O6,Rk = 0oGo,Rer 1 Txd,Rk = OlTxd,Rer-
(5) 3HaueHHs BIAHOCHOT THYYKOCTI 32 MEXKEIO

IUIACTUYHOCTI A,  cIif
dbopmynoro:

BH3HaA4YaTHu 3a

(6) Ilapamerpu  BIJHOCHOi ~ THYYKOCTI
0OOJIOHKH ISl PI3HUX CKJIAJIOBUX HampyXeHb
BHU3HAYAIOTHCA 332 GOpPMYyJIaMu:

\[ fyk /Gx Rer 1

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, GoRk =

= 0lg00,Rer 1 Tx0,Rk = OlrTxo,Rer

(5)  The value of the plastic limit relative
slenderness 1, should be determined from:

L (8.16)

(6) The relative shell  slenderness
parameters for different stress components
should be determined from:

\/ fyk /0-0 Rer ? ﬂ’ \/ fyk /\/— /TXH Rer . (817)



(7) IpyxHi KpUTHYHI HAPYXEHHS TIPU BTPATi
3arajibHO1 CTIMKOCT1 OxRer, OoRer 1 Txo,Rer CHII
OTpUMATH 32  JOMOMOTOI  BIAMOBITHUX
BupasiB y Jlomatky D.

(8) Axmo y Homarky D He mnpuBogsaThCs
BIAMOBIMHI  BUpa3W, TPYXKHI  KPUTHYHI
HaNpYKEHHs MPH BTPaTi 3arajbHOi CTIMKOCTI
MOKHAa BHBECTH 3 YHCEIBHOTO PO3PAXYHKY
LBA o6onoHKH pu KOMOIHAIIAX BIUIMBIB, IO
BIJTHOCSITHCSI JI0 BTPATH 3arajibHOi CTIHKOCTI,
Bm3HaueHnx y 8.1. YmoBH, sKi TOBHHEH
3aJI0BOJIBHATU L€l PO3paxyHOK, JuB. B 8.6.2

(5)1(6).

8.5.3 OOme:xxeHHsI HampyskeHb (IepeBipka
MIIIHOCTi Ha M03/10B:KHiii 3rHH)

(1) He3Bakarouu Ha Te, 110 BTpaTa 3arajibHOI
CTiiKOCTI He OOyMOBIIEHA JHILE HaIpYXKeH-
HSMH, TPAHWYHUH CTaH BTPATH ITO3JIOBKHBOI
CTIMKOCT1 B JaHOMY pO3JUII NMOBUHEH OyTH
MPEACTABICHUIN IIJIAXOM OOMEXKEHHS po3pa-
XYHKOBHX BEJIMYHH MEMOpaHHHMX HAIpPYKEHb.
BrumBom 3ruHanpHUX e(EKTIiB Ha MIIHICTh
P TO3/0BKHBOMY 3TMHI MOKHA 3HEXTYBaTH
3a YMOBH, II0 BOHM BHHHUKAIOTh Yy PE3yJbTaTl
BIJIMOBIIHOCTI BUMOTaM CYMICHOCTI TpaHUY-

HUX yMOB. 3THHAJIbHI HampyXeHHS BIf
MICIIEBUX  HaBaHTa)XeHb ab0  TEIUIOBUX
T'pali€HTIB noTpiOHO  po3msimaTH  3a

CHEIAIIBHOK METOIUKOIO.

(2) 3amexHO Big PEKUMY HABAHTAKCHHS 1
HaIpy>KEHb CJ11 BUKOHATH OJIHY a00 JCKUIbKa
HACTYITHUX MEPEBIPOK JIJII OCHOBHHMX 3HAYCHb
OKPEMHX CKJIaJIOBHX MEMOpPaHHOTO
HaIPYKCHHS:

O-X,Ed = O-X,Rd

(3) Sxmro mpu JaHKMX BIUTMBaX BUHUKAE OJTHA 3
TPHOX CKJIQJOBUX MEMOpPAaHHHMX HAaIPYKCHb,

Oped < Oprq

(7 The elastic critical buckling stresses
OxRer, OoRrer aNd Txorer 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:

(8.18)

Tyoed = Txord -

(3) If more than one of the three buckling-
relevant membrane stress components are

[I0 BIAHOCHUTBCS 1O BTpaTd  3arajibHOi present under the actions under consideration,
CTIHKOCTI, CJTil BAKOHATH HACTYIIHY MEPEBIPKY the following interaction check for the
B3a€MOJIIi ISl CKJIAJJHOTO  HAMPYXEHOTO combined membrane stress state should be
CTaHy: carried out:
kX kg kf
OxEd Oxed || 9o.kd O ,ed Tx0,Ed
x —k, | = =1 <1 (8.19)
OxRrd Oxrd J\ 9o,rd O rd Txo,Rd



J€ OxEed, O0Ed 1 TxoEd — BIIHOCATBCA 1O
B3a€MOJIIi TPy  3HAYYHIUX  BEJIHYUH
CTHCKJIbHMX 1 JOTHYHHX  MEMOpaHHUX
HanpyKeHb B 000JIOHII, 3HAUEHHSI ITapaMeTpiB
B3a€MO/IIT TIPU MO3/I0BXKHBOMY 3THHI Ky, Ko, K¢ 1
ki mpuBeneHi 3riguo 3 Jlomatkom D.

(4) Sxmo oxed a00 OCped € PO3TAraJILHUMU
HaNpYXKCHHSIMH, iX 3HaueHHs y Bupasi (8.19)
CJI] IPUHAHATH PIBHUMH HYITIO.

[MPUMITKA. JI71s1 mO3M0BKHBO CTHCHYTHX LMTIHAPIB 13
BHYTPILIIHIM THCKOM (1[0 BHKJIHMKA€ KiJBLIEBUIl PO3TSIT)
ocobnuBi monoxeHHs mnpuBeaeHi y Homatky D.
Pe3ynbTyroue 3HAUEHHS OxRd BPAXOBYE SK 3MII[HIOIOUUH
BIUIMB BHYTPIIIHBOTO THUCKY Ha OMHIp NPYXHiH BTpaTi
CTIHKOCTI, TaK 1 MOCNabIIIOI0YNiA BIUIHMB SIBHUIIA MPY>KHO-
TUTACTHYHOCTI «CITIOHOBOI HOrm» (Bupasz D.43). Skiio y
Bupasi (8.19) NpuitHATH Goed PIBHUM HYIIO, TO OTpUMa-
€MO TOYHHUI ONMUC MIITHOCTI TP MO3]JOBXKHBOMY 3T'HHI.

(5) Micus 1 BeTUYMHU KOXKHOTO 3 MeMOpaH-
HUX HAaINpyXeHb, M0 BIIHOCATHCSA O BTPATU
3arajabHOI CTIHKOCTI, SIKI BUKOPUCTOBYIOTHCS B
koMOiHanii y Bupasi (8.19), Bu3HaueHi Yy
HNonatky D.

(6) SIxkmo ymoBa BTpaTH 3arajibHOi CTIHKOCTI
000710HKU HE po3risaaeTbes B Jogarky D, To
rmapaMeTpy B3a€EMOJIi TPU TO3JA0BKHBOMY
3TMHI MOXHa KOHCEPBATHBHO OOYHCIHTH 3a
JOTIOMOTO10 (hOPMYIT:

where oyxed, 60,ed and Txoed 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 ky, ko, k: and k; are
given in Annex D.

(4)  Where oxed OF 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 oo eq
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+42 (8.20)
k, =10+ 72 (8.21)
k., =1,5+0,547; (8.22)
k= (220 (8.23)

MMPUMITKA. 1li nmpaBuna MOXYTh iHKOIU OyTH AyXe
KOHCEpBAaTHBHHUMHU, ajie BOHH BPaXOBYIOTh JIBa KpanHix
BUIAAKU, SKi, K BIJOMO, € HATIHHUMH IS BEJIUKOI
KIJIBKOCT]1 BUIIAIKIB:

a) y Iy)e TOHKHX OOOJIOHKaX B3a€EMOIIS MK Oy 1 Gp €
MIPUOIIN3HO JIHIHHOIO;

b) y myxe ToBcTHX 06GONOHKAX B3aeMOis HaOyBae
xapakrepy B3aemonii Mizeca.

8.6 INPOEKTYBAHHJS IIJIAXOM
3ATAJIBHUX YUCJIOBUX
PO3PAXYHKIB I3 BUKOPUCTAHHAM
METOJAIB MNA T LBA AHAJII3Y

8.6.1 Po3paxyHkoBi BeJJMYMHH BILIUBIB

(1) Po3paxyHKOB1 BEIMYMHHU BIUIMBIB CIIiJ
npuiiMaTi 3rijHo 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 o« and oo
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

Q) The design values of actions should be
taken as in 8.1 (1).



8.6.2 Po3paxyHkoBa BeJIMYHHA ONOPY

(1) Po3paxyHKOBHWII oOmip BTpaTi 3arajibHOT
CTIAKOCTI CHif BU3HAYATHU IIISIXOM
3aCTOCYBAaHHS MiIBUIIYBAIBHOTO KoedilieHTa
lRd 110 PO3PaXyHKOBUX  3HaueHb  Fgqg
KOMOIHAIil BIUIMBIB  JUId  BiAIOBIZHOTO
3’€JHAHHS HABAHTAXKCHb.

(2) PospaxynkoBuii omip BTpaTi 3araibHOl

CTIAKOCTI
IIACTUYHOTO

Fria=rra-Feq Bu3Hauaersca 3
HOMIHAJILHOTO Oropy

FRrpl = I'rpl “FEd 1 IPYKHOTO KPUTUYHOTO OTIOPY

BTpaTi 3arajibHOl CTIMKOCTI Fer = IRrer -FEd,
00’eqHABIIM I  BEJIWYMHH,  3HAXOJATH
XapaKTepUCTUYHUN Omip BTpaTl 3arajbHOi

CTIHKOCTI Frk = I'rk -Fed. [Totim JUISt
OTPUMaHHS PO3PAaXyHKOBOTO ONOPY  CIij
3aCTOCYBAaTH YaCTKOBHM KOEDIIEHT Ym1.

(3) IlmactuuHuii HOMIHATBLHUNU KOEDIIIEHT
omopy [Irpl (muB. puCyHOK &.5) mae OyTtu
OTpUMaHUN  3a  JOMOMOror  (hi3UYHO
HeniHiiHoro po3paxyHky (MNA) sk rpanuuHe
IJIaCTUYHE HABAaHTAXKEHHSA IPU NPUKIAJCHINA
KoMmOiHamii BruMBiB. Sk koedimieHT 3amacy
lRpl MOYKHA TIPUHHATA HaWOLIBbINE 3HAYCHHS,
OTpUMaHe MpPH PO3paxyHKy, O0e3 BpaxyBaHHS
nehopMaIiitHoTo 3MIITHCHHS.

8.6.2 Design value of resistance

(1)  The design buckling resistance should
be determined from the amplification factor
rra applied to the design values Feq of the
combination of actions for the relevant load
case.

(2) The design buckling resistance
Frd = rrd-Fed should be obtained from the

plastic reference resistance Frpi= rrpi-Fed and
the elastic critical buckling resistance

Fer = rrer-Fed, combining these to find the
characteristic buckling resistance

Frc = rre-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 rrp
may be taken as the largest value attained in
the analysis, ignoring the effect of strain
hardening.
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(4) SIkmo HEMOXJIHMBO BHUKOHATH (HI3UYHO
HenmiHiiHuk po3paxyHok (MNA), mnactuanuit
HOMIHATBHUN KOEQIIIEHT OMOpY IRrpl MOXKHA
KOHCEPBATHBHO OOYHMCIUTH NUISAXOM JIiHIN-
HOro po3paxyHKy o6OosjoHku (LA), BukoHa-
HOTO 3 BUKOPHCTaHHAM PO3PaxXyHKOBUX BEIIU-
9UH MPUKIAJACHOT KOMOIHAIIT BIUIMBIB BiAIO-
BITHO 110 HACTYMHOI mpouexaypu. OOdUucieHi
PIBHOJIIHI MEMOpaHHOTO HANpPYXEHHS NEd,
Noea 1 Nxgea Yy OyIb-sKid TOYII OOOJOHKH
BUKOPUCTOBYIOTHCS JIJISl OIIHKH TIJIACTHYHOTO
HOMIHAJILHOTO OTOPY 32 POPMYJIOF0:

(4)  Where it is not possible to undertake a
materially non-linear analysis (MNA), the
plastic reference resistance ratio rrpi 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:

t-f,
"o 2 2 2
\/nx,Ed ~Nyed Moea T Mo ea T Mg ed . (8.24)
OOuuciieHy  TakUM  YMHOM  HaiMeHIIy The lowest value of plastic resistance ratio so

BEJIMYMHY TUTACTHYHOTO KoedilieHTa omopy
CIiI TOPUWHATH SAK OLIHKY IUIACTUYHOTO
BIIHOCHOTO Koe(iIlieHTa ornopy Irpl.

[MPUMITKA. Haniiiny OIIHKY IRrpl 3a3BHYaii MOXKHa
oTpuMarHu, 3actocoByroud Bupa3 (8.24) mo dyep3i B
TPhOX TOYKaxX OOOJOHKH, B SIKHX KOXHE 3 TPbOX
PIBHOAIFOYMX MEMOpaHHUX HANpPYKEeHb, 110 BUHUKAIOTh
BHACJIIJIOK BTpPAaTH 3aralibHOi CTiHKOCTI, Ha0yBae
HaKOUIbIIOro 3HaueHHs. SIK BIANOBIJHE 3HAYEHHS IRpl
NIPUMMAEThCS HAMEHIIIE 3 LIUX TPhOX 3HAUEHb.

(5) IpyxHuit KpUTUIHUN KOEQIIIEHT OMOPY
BTpATi 3arajibHOI CTIHKOCT1 FrRer BU3HAYAETHCS
3 PO3paxyHKy BiacHUX 3HaueHb (LBA) Buko-
PUCTAHOTO ISl JIHIHHO-TIPYKHOTO OO04HCIIe-
HOTO HAIPYXEHOTO0 CTaHy B TI'E€OMETPUYHO
igeanpHii 060mo0HII (LA) ipu po3paxyHKOBUX
BETMYMHAX KOMOiHauii HaBaHTakeHb. Haii-
MEHIIIC BJIaCHE 3Ha4YeHHs (KoedimieHT 3amacy
Oidypkarii) cmig nTpuAMaTH SAK MPYKHHH
KPUTUYHUNA  KOeQIIi€EHT  Omopy  BTpari
3arajabHOi CTIMKOCTI FRrer, AWB. PUCYHOK 8.5.

(6) HeoOximHO  TepeBIpUTH  HAIIAHICTH
BUKOPHCTAHOTO  alTOPUTMYy  OOYMCIICHHS
BJACHUX 3HAUCHb MPH IIOIIYKY BJIACHOTO
BEKTOpa, KU BeJe 0 HaiMEHIIIOTO BJIACHOTO
3HaueHHs. [Ipy  BUHHKHEHHI  CYMHIBIB
HEOOXITHO  OOYMCIUTH  CYyCiOHI  BJIACcHI
3HA4YeHHs 1 X BEKTOPH Il OTPUMAHHS OLTbII
MOBHOT KapTUHHU XapaKTepUCTUK Oidypkarii
000J0HKH. Po3paxyHOK Mae BUKOHYBaTHCA 3
BUKOPUCTaHHSM MPOTPAMHOTO 3a0€3MEeUeHHS,
MEPEBIPEHOT0 HAa KOHTPOJBHUX MPHUKIATAX i3
¢3UYHO  MOIOHUMHM  XapaKTEePUCTHKAMH
BTPATH 3arajbHOi CTIHKOCTI.

calculated should be taken as the estimate of
the plastic reference resistance ratio rrpi.

NOTE: A safe estimate of rry 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 rgpl.

(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.



(7) 3aranpHa BiTHOCHA THYYKICTb Aoy JJISI BCI€i
000JIOHKH BU3HAYAETHCS 38 (POPMYIIOHO:

(7)  The overall relative slenderness Aov for
the complete shell should be determined from:

j_’ovz\/FRpI/F

(8) 3aranpHuii KoedillieHT ocnablIeHHsT BTPATH
3arajibHOi CTIMKOCTI )Yov BHM3HAYA€ETHCS 3a
dhopmyIo10:

ZOV = f (ﬂ'OV’
3 BUKOpUCTaHHSIM 8.5.2(4), e
Ooy — 3araJibHUM KOEQIi€EHT MPYKHOTO
nedekry

Bov — koediIieHT IHTEepBaly MJIACTUYHOCTI ;
MNov — NOKA34YHK CTYIICHS,

Aov,0 — BIZIHOCHA THYYKICTb.

(9) Ipu oGumcneHHi koedimieHTIB Aoyvo, IRov,
Bov 1 Mov CIiI BpaxoBYBaTH YYTJIUBICTH IO
ne(eKTiB, FTeOMETPUYHY HEJIHIHHICTh Ta I1HII1
aCTIeKTH KOHKPETHOTO BWITAJIKy BTpaTH 3a-
rajibHO1 cTilikocTi 06070HKH. KoHcepBaTHBHI
3HaYeHHS LMUX [apaMeTpiB MarwTh OyTH
BH3HAYEHI NIJISIXOM TOPIBHSIHHS 3 BIIOMHUMH
BHUIMAJKaMHU BTpaTH 3arajbHOi  CTIHKOCTI
o6ononku (mmB. [omarox D), saxi maroTh
CXO0X1 pEXUMHU BTpaTH 3arajibHOi CTIAKOCTI,
CXO0XY YYyTIUBICTh MO0 He(eKTIiB, CXOXKY Ieo-
METPUYHY HEJIHIHHICTh, CXOXKY YYTIUBICTH 10
MJIACTUYHUX AedopMalliii 1 CX0XKy MOBEIIHKY
ICsl BTPATHU 3arajbHOi CTIMKOCTI. 3HAYCHHS
lRov TAKO TIOBMHHE BPAaXOBYBaTH BiIMOBII-
HUH KJ1ac SIKOCTI1 JOMYCKY Ha BUTOTOBJICHHS.

MMPUMITKA. Cnin yBaxkHO mifiiiTu 10 BHOOPY BiAIO-
BITHOTO 3HA4YeHHS [Roy IPU BHUKOPUCTAHHI IIHOTO
MmiAX0Ay 10 reoMeTpii ODONOHOK 1 3’€JHaHb HaBaH-
Ta)keHb, KOJM MOXIIMBA MUTTEBA BTpata cTiiikocti. J{o
TAKUX BUIAJKIB BIIHOCATHCS KOHIUHI 1 cdepuuni
KOBIIAKH 1 KYITOIU TIiJT Ai€0 30BHIIIHBOIO THCKY a00 Ha
oIopax, sKi 3JaTHI 3MIIIyBaTHCS PaiaibHO.
BimnoBimHe 3HaYEHHS IRoy CII TAKOXK YBa)KHO BHOU-
paTH, SKIIO TeoMeTpis 0OOIIOHKH 1 3’€IHAHHSI HAaBaHTA-
KEHb CTBOPIOIOTH YMOBH, BHCOKOYYTJIMBI 110 3MiH
reoMeTpii, HampuKIad, HEMiAKPIIUIeHI 3’ €THAHHSI MIXK
OWTIHIPAYHAMHA 1 KOHIYHUMH CErMEHTaMH OOOJOHKH
M [Oi€f0 MEPHUIIOHANBHUX CTHCKYBAaJbHUX HAaBaHTa-
JKeHb (HaNPHUKIAL, Y JAMapsiX).

3a3BuUall peecTpOBaHI HABAHTAXKEHHS NPU TMPYKHIH
BTpaTi 3arajgbHOI CTIHKOCTI OOONOHKH MJIS TaKuX
0CcOOJMBHUX BWIAIKIB 3aCHOBaHI HAa T€OMETPUIHO
HENiHIHHOMY PO3paxyHKy, BJKHBAaHOMY IO iealbHOI
abo HeimeampHOI TeoMmerTpii, fAKWH Tmependadae
HABaHTAXEHHS, [0 BHUKIMKAE€ MHTTEBY BTpaTy
3araipHOi CTIKKOCTi. HaBmakw, BHKOPHCTOBYBaHa TYT
METOAONOTiSI  TpHMae  HABAaHTAXCHHS  JIHIHHOI
0idypkarii K HOMiHATHHAN TIPYKHUN KPUTUIHUHN OITip
BTpATi 3arajbHOI CTIHKOCTi, sIKa 9acTO Ha0araTo BHUIIE
HaBaHTa)KEHHS IIPH MUTTEBIN BTPATI CTIHKOCTI

Rer — \/erI /chr . (825)

(8) The overall buckling reduction factor

xov Should be determined as:

v,O'aov’ﬁov’ﬂov)

using 8.5.2 (4), in which

aov IS the overall elastic imperfection
reduction factor;

Bov is the plastic range factor;

nov IS the interaction exponent;

Aovo  limit relative slenderness.

(9)  The evaluation of the factors Aoy, I'Rov,
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 rrov 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 rre, 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.



[IpoexTHHII po3paxyHOK ITOBHHEH BPaxOBYBAaTH IIi JBa
JpKepeNia 3HW)KEHOTO OIopY MUIIXOM  BiJINOBiAHOTO
BHOOpDY  3aragpbHOr0  KoedillieHTa  MMOCIaOJIcHHS
MPYXXHOTO  edeKTy [Irov. Lle#t BuOip mOBHHEH
BpaxoByBaTH SIK e(EeKT TeOMETpHYHOI HEeNiHIHHOCTI
(SIKMit MOXKe IPU3BECTH JI0 MUTTEBOI BTPATH CTIHKOCTI),
Tak 1 J0AAaTKOBE 3MEHIIEHHS MII[HOCTI, BHKJIHMKaHE
TE€OMETPUYHUMHU JIePEeKTaMH.

(10) SAxmo nonoxenus (9) He MOXyTh OyTH
JNOCATHYTI 3  BIAMOBITHOK  BIEBHEHICTIO,
HEOOXITHO MPOBECTU BiNIOBIIHI BUTIPOOYBaHHS,
muB. crangapt EN 1990, Jlonatok D.

(11) Skmo ocoGnuBi 3HAYCHHS IRov, Pov, Mov 1

Aovo BimcytHi B (9) abo (10), moxHa
BUKOPHUCTATH 3HAYEHHS [UIsI TIOB3JIOBXKHBO
CTUCHYTOTO  HEMIKPIIUIEHOTo  LMJIHJpA,
muB. D.1.2.2.  SIkmo  iCHye  MOIJIUBICTH
«XJIOTIK@», CIiJA  PO3IJISTHYTH  BIJIMOBIIHE
MoJaNbIIe 3MEHIIICHHS FRoy.

(12) XapaxkTepuCTHUHUN KOEQIIEHT OMIOpY
BTpaTi 3arajibHOI CTIMKOCTI I'Rk OTPUMYIOTH 3a
hopmyroro:

ek = Xov ol s

ne  Ifrpl —  TUIACTHYHMM — HOMIHAJIBHHI

Koe]iIieHT onopy.

(13) Po3paxynkoBuii koe(dilieHT ormopy BTpaTi
3arajibHOi  CTIHKOCTI IRd  OTPUMYIOTH 3a
hopmysoro:

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, Bov, Nov and Aoy
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 rrov should be
considered.

(12)  The characteristic buckling resistance
ratio rg, should be obtained from:

(8.26)

where: rrp IS the plastic reference resistance
ratio.

(13) The design buckling resistance ratio rgq
should be obtained from:

Neg = Tac ! Vnns (8.27)

I€ YM1 — YacCTKOBUH KOE(IUIEHT Ul ONopy

BTpATi 3arajibHOi CTIHKOCTI y BiIMOBIIHOCTI 3
8.5.2 (2).

8.6.3 IlepeBipka MiHOCTI HA MO3M0BXKHIM
3ruH

(1) HeoOximHO mIEpeBIpUTH, IIO:

where: ywmz 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:

Fey < Fry =gy - Frg @00/0r 1y 21 (8.28)



8.7 NPOEKTYBAHHS IIJIAXOM
3ATAJIBHUX YU CJIOBUX
PO3PAXYHKIB I3 BUKOPUCTAHHAM
METOJAIB GMNIA PO3PAXYHKY

8.7.1 Po3paxyHkoBi 3Ha4eHHsI BILIUBIB

(1) Po3paxyHKOBI BeJTMYHH BIUIMBIB MOTPiOHO
npuiiMaTH BiamosigHo g0 8.1 (1).

8.7.2 Po3paxyHkoBe 3HAYEHHS ONOPY

(1) Po3paxyHkoBHl omip BTpari 3arajibHOT
CTIMKOCTI  CIiJ BH3HA4YaTH Yy  BUIJIAL
KoedirieHTa 3amnacy IR, SKUH 3aCTOCOBYETHCS
JI0 pO3paxyHKOBHX 3HaueHb Fg4 KomOiHaIii
BIUIMBIB U9  BIANOBIZHOTO 3’ €IHAHHSA
HaBaHTa)KCHb.

(2) XapakrepucTUyHHIl KOe(IIEHT OMIOpY
BTpaTi 3arajbHOi CTIMKOCTI IRk Mae OyTH
OTpUMaAHUN 13 HelJeanbHOTO KoedilieHTa
MPYKHO-TJIACTUYHOTO OTIOPY BTPATi 3arajibHOi
CTIMKOCTI ~ FRGMNIA, CKOPEKTOBaHOTO  Ha
KanmiopyBaipHuil  koediieHT Kemnia.  Tomi
PO3paxyHKOBHM KOEQILIEHT OMopy BTpaTi
3arajpHOl CTIAKOCTI [FRd 3HAXOOATh 13
BHUKOPHUCTAHHIM YaCTKOBOTO KOS(DIIli€EHTa YMm1.

(3) 106 Bu3HAUMTH HEigcambHHE KOE(IieHT
MPYKHO-TIJIACTUYHOTO OTOPY BTPATi 3arajibHOi
CTIMKOCTI IRGMNIA, HEOOXIOHO BHKOHATHU
po3paxynok GMNIA reomeTpudHO Heimeamb-
HOi OOOJIOHKM TIpH TPHUKIAIACHIM KOMOIHAIIT
BIUIMBIB y MOEIHAHHI 3 PO3PAaXYHKOM BJIACHUX
3HAYCHb JJI1 BUSBJIICHHS MOXJIUBHX Oidyp-
KaIlliii Ha TPAEKTOPIi 3MIHM HABAHTAKCHHSI.

I[MPUMITKA. SIKIIo riacTUYHICTh CYTTEBO BIUIMBAE HA
omp BTpaTi 3arajbHOl  CTIMKOCTI, CIiJi YBa)HO
MEPEeBIPUTH YW TPOTHO3YE TPUHAHATHNH  XapakTep
nedexty nesiki nedopmariii 3cyBy 0 BTpaTd 3arajbHOI
CTIMKOCTi, OCKITBKH MOZAYNb 3CYBY Iy)K€ UYTIUBUH IO
Manux miactuuHux — gedopmamiii.  Ilpm  geskmx
mpobjeMax BTpaTH 3arajbHOI CTIHKOCTI 00OJIOHKH
(Hampukmag, BTpaTa CTIHKOCTI TPH 3CyBI KOIOBUX
IUIACTHH), SKOIO0 [ed e(peKT He BpaxOBYEThCH,
pPO3paxyHOK BJIACHHX 3HAa4€Hb MOXKE JaTH 3HAYHO
3aBUIIEHY OLIHKY MPYKHO-TIIACTUYHOTO OTIOPY BTpATi
3arajgbHOI CTIHKOCTI.

4) Cnouatky HEOOXiTHO BUKOHATH
po3paxyHok LBA ineanbHOT KOHCTPYKILii, 1100
BU3HAYUTU NPYKHUA KPUTUYHUN KOeQilieHT
OMopy BTpaTi 3arajbHOi  CTIAKOCTI  IRer
1reansHOl oOosonku. [loTiM cirif BUKOHATH
po3paxyHok MNA imeanbHOT KOHCTPYKIIi,

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 ().

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 rr 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 ymi.

(3) To determine the imperfect elastic-
plastic buckling resistance ratio rremnia, 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



mo0 BHU3HAYUTH IOCAIBHHUI IUIACTHYHUH
HOMIHAJILHUH KoediuieHT omopy rrpi. Lli 1Ba
KOeQIIiEHTH OMOpYy MOTIM CIifi BUKOPHUCTO-
BYBaTH JUISl BU3HAYCHHS 3arajibHOi BiTHOCHOT

THY4KOCTi Aoy BCi€l OOOJIOHKH 3TiTHO 3
BHUpa3oMm &.25.

(5) Mortim cmin Bukonatu pozpaxyHok GMNA
iIeanbHOT  KOHCTPYKIil, 100 BU3HAYUTH
imeanbHUN KOEQIiEHT TPYKHO-TUIACTUYHOTO
OTIOpPY BTpaTi 3arajabHOI CTIHKOCTI I'RGMNA.
Leit  xoedimienr  omopy Mae  OyTu
BUKOPUCTAaHUM TMI3HIIIE 1100 MEpeBIpUTH, YU
epexkT BHUOpPaHHUX TE€OMETPUYHUX Je(EKTIB
IIPOTHO3YE 3HAYHUK HETATHMBHUM BIUIUB, IO
3a0e3reyye OTpUMaHHS HAWMEHILIOTO OIOopY.
Pospaxynok GMNA TOBUHEH BUKOHYBATHCS
MpU MPUKITAJIEHId KOMOIHAIli HAaBaHTaXXEHb Y
MOETHAHHI 3 PO3paXyHKOM BIJIACHUX 3HA4€Hb
JUIs BUSIBJICHHS MOXJIMBUX Oidypkaiiii Ha
TPaeKTOPIi 3MIHU HaBaHTAKEHHS.

(6) HeigeanpHuit  Koe(illiEHT  MPYXKHO-
IUIACTHYHOTO ~ OTMOPY  BTpaTi  3arajibHOi
CTIMKOCTI FRGMNIA CIIIJT BHU3HAYUTH  SIK
HalMEHIIWA KoeiIlieHT 3amacy IR, OTpUMa-
HUW 3a TpbOMa HacTymHuUMHU Kputepismu Cl,
C2 1 C3, guB. pucyHoK 8.6:

Kpurepitt Cl: MaxkcumanbHuii  KoeimieHT
3amacy Ha KpHUBIA «HABaHTaKCHHs-AE(Op-
Mailis» (TpaHUYHE HAaBAaHTAKEHHS ),

Kpurepiit C2: KoedimienT 3anacy 0idypkartii,
SKIIO BOHA Ma€ MiCIe BIPOAOBK TPAEKTOPIT
HAaBAaHTAXEHHS [0 JOCSATHEHHS TIPaHUYHOT
TOYKH KPHUBOI «HaBaHTaKEHHS-AePopMaIisn;

Kpurepitt  C3: Haiibinema  gomycTuma
nedopmartisi, K10 BOHA MA€ MICIIe BIPOJIOBK
TPAeKTOpii HABAHTAXEHHS [0 JIOCSITHEHHS
HaBaHTaxeHHs Oipypkanii abo TrpaHUYHOTO
HABaHTAKCHHSL.

(7) Haitbinpma pomyctuMa aedopmariiiss mae
OyTH OIl[lHEHa 1O BiIHOIICHHIO JI0 YyMOB
KOHKPETHOI KOHCTPYKIIii. SIKII0 BiICYTHI 1HII1
3HA4YEeHHs, MOYKHAa BBaXaTH IO HalOLIbIIA
ngomyctuma  Aedopmanis  Oyna  JIOCSTHYTA,
KOJMM  HaWOUIpIIMII  MICHEBUH  MOBOPOT
MOBEpXH1 000JIOHKH (YXUJI MTOBEPXHI BIIHOCHO
il BUXiHO1 reomeTpii) HaOyB 3HaueHHS .

[NPUMITKA. VY HamiomansHOMY IONaTKy TIepen-
GadeHuii BHOip 3Ha4UeHHS 3. PeKOMEHIyeThCS 3HAYCHHS
B =0,1 pagian.

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 rrcmnia 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 B.

NOTE: The National Annex may choose the value of
B. The value B = 0,1 radians is recommended.
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po3paxynky GMNIA

Figure 8.6 Definition of buckling resistance from global GMNIA analysis

(8) KoHcepBaTHBHY OIIIHKY HE11€aTbHOTO
Koe(ilieHTa MNPYKHO-TJIACTUYHOTO  OMOpPY
BTpaTl 3arajbHOi CTIMAKOCTI IRGMNIA MOKHA
OTpUMaTH 3a gonomMororo po3paxyHky GNIA
TEOMETPUYHO HEieambHOi OOOJOHKH TP
MPUKIIAJCHI KOMOIHAIii BIUTMBIB. Y IbOMY
BUMAJIKY JUISI BU3HAYEHHS  HAWMEHILIOTO
KoedirieHTa 3anacy rr HEOOX1JHO BHKOPHUCTO-
BYBaTH HACTYIHI KPUTEPIi:

Kpurepiit C4: Koedimient 3amacy, npu skomy
€KBIBAJICHTHE HANPYXEHHS Yy HaWOLIbII
Halpy>KEHI TOYIll HAa TOBEPXHI OOOJOHKH
JOCATa€E PO3PAXYHKOBOTO 3HAYEHHS MEXI1
texydocri fyg = fyk / ymo, auB. pucynox 8.6.

[MPUMITKA. Cnin 3a3Haunty, o pozpaxynku GMNA,
GMNIA i GNIA moBuHHI 3aBXIU BUKOHYBATHUCS TPU
pPErYISIpHHX IIepeBipKax BJIACHUX 3HAYCHb, 100
rapaHTyBaTd BUSBICHHS MOXUmBOI Oidypkamii Ha
Tpa€eKTOpii 3MiHU HABaHTA)KEHHS.

(9) IIpu popmymoBanHi pozpaxynky GMNIA
(a60 GNIA) HeoOXimHO BHECTH BIAMOBIAHI MO-
NPaBKH JUISI BpaxyBaHHsS BIUIMBY Je(EKTiIB,
SKOTO HE MOJYKHA YHUKHYTH Ha TPaKTHIII,
BKITIOUYAIOYH:

a) reoMeTpHYH1 1e(PeKTH, TaKi SIK:

BIIXUJICHHS Bil HOMIHAJIBHOI T€OMETPHUYHOT
dbopMHu  cepeIMHHOT TOBEpxHi (TomepenHi
nedopmariii, HEKpYTJIiCTh);

HEOJHOPITHOCTI B 3BapHUX IIBax ab0 moOau3y
HUX (HEBENUKI EKCIEHTPUCUTETH, YyCaJKa,
HETOYHOCTI KPUBU3HH MPOKATKH ),

(8) A conservative assessment of the
imperfect elastic-plastic buckling resistance
ratio rremnia 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 rr:

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 yield stress fyg = fy / 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);



BIAXHWJICHHS Bl HOMIHAJIBHOI TOBIIHHY;
HE/IOCTATHS PIBHICTH OTIOP;

b) nedbextn matepiany, Taxi sK:

3aJIMIIKOBI HANpPYKEHHs, BUKIUKaHI MPOKAT-
KOIO, MIPECYBaHHSAM, 3BapPIOBAaHHSM, PUXTYBaH-
HSIM TOILIO;

HEOTHOPITHOCTI Ta aHI30TPOITis.

IMPUMITKA. [domaTKkoBi MOJIHMBI HETaTUBHI BILTUBU
Ha HeiJeaJbHUH KOe(IIiEHT NpYXKHO-INIACTHIHOTO
ONOpy BTpaTi 3arajbHOi CTIMKOCTI [IRGMNIA, TaKi SIK
OCiZIaHHS TPYHTY a00 THYYKICTh 3’€HaHb Yd OIOp, HE
KIACH(]IKYIOTHCS SIK TEPEKTH B paMKax IHX MOJIOKCHb.

(10) Jedextn wmaroTh OyTH BpaxoBaHI B
po3paxynky GMNIA 1misxoM BKIFOUEHHS
BUIMOBIIHUX  JOJATKOBUX  BEIUYUH Y
pO3paxyHKOBY MOJENb I  YHUCEIHHOTO

PO3paxyHKy.

(11)  [Jedextu, 3arasom, MawThb OyTu
MPEJCTaBICH] 3a JOMOMOTOI0 EKBIBAJICHTHHX
FEOMETPUYHUX JEPEKTIB y BUIIISII BUXITHUX
BIIXUJIEHb (OpPMHU, NEPHEHIUKYIIPHUX JI0
CEepEeIMHHOI TTOBEPXHI i/IeaTbHOT 000JIOHKH, 32
BHUHSTKOM BHUTAJIKIB, KOJU BHKOPHCTOBYETHCS
kpamuid  crmoci6.  CepennHHa  TTOBEPXHS
TEOMETPUYHO HelIeaTbHOT OOOJIOHKH Mae
OyTh OTpUMaHa [UIIXOM  CYNEPHO3UIlii
€KBIBAJICHTHUX TEOMETPUYHUX JCPEKTIB Ta
reoMeTpii i1eanbHOT 000JIOHKH.

(12) TloennaHHS €KBIBaJCHTHUX T'€OMETPHY-
HUX JedekTiB Mae OyTH TakuM, 1100
BpaxyBaTH HAWOUIbII HECHPHUSTIUBHNA BILIUB
Ha KOeQIIIEHT HEiIeaTbHOCTI MPY)KHO-TIIAC-
THUYHOTO OIOPY BTpaTi 3arajibHOi CTIMKOCTI
F'RGMNIA OOOJIOHKH. SIKIIO HaWCTIPUATIUBIIIE
3’€IHaHHsA HE MOXKHA IIBHJIKO BH3HAYHMTH 3
JOCTaTHBOIO TOYHICTIO, PO3PAXyHOK MOBHUHEH
BUKOHYBaTHCS JUIi JIOCTaTHBOI KUIBKOCTI
pI3BHMX MO€gHaHb Je(deKTiB, 1 HEoOXiTHO
BH3HAYUTH HAWTIpOIMHA BUNAAOK (HaiMeHIIe
3HAYCHHA rR,GMNIA)-

(13) HeoOxigHO BHKOPUCTOBYBAaTH MOEIHAH-
Hsl, CX0XKe€ 3 BIACHUM BEKTOPOM, 32 BUHITKOM
BUIIQJIKIB, KOJM MOXKHa OOTpYHTYBaTH IHIIE
HECTIPUATIINBE MOETHAHHS.

[TPUMITKA. IToeananHs, CXOXe 3 BIACHUM BEKTOPOM,
e KPUTHYHUH PEKAM BTPaTH 3arajbHOI CTIHKOCTI 3
MIPY’)KHUM KPUTUYHAM KOE(IIiEHTOM BTPATH 3arajbHOL
CTIMKOCTI IRrer, 3aCHOBAaHMM Ha po3paxyHKy LBA
11eaJIbHOI 00OJIOHKH.

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
IremniA, 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 rrcwmnia)
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 ry,, based on an LBA analysis
of the perfect shell.



(14) Mogenb EKBIBAJICHTHUX T'€OMETPUYHUX
neQeKTiB MMOBUHHA, 32 MOXKIJIUBOCTI,
HECIIPUSATIUBUM YUHOM BioOpakaTn
€JIEMEHTH KOHCTPYKIIii Ta TPaHUYHI YMOBH.

(15) Beynepeu (13) i (14) mozeni MOXHa He
poO3rysiiaTH, SAKII0O BOHU  HEpeaiCTUYHI,
BUXOSIYM 13  CIOCOOY  BUTOTOBIICHHS,
BUPOOHMIITBA 200 MOHTAXY.

(16) Cain BUBYMTH KOPEKTYBAaHHS MPUITHITOTO
pPEXUMY TE€OMETPUYHHMX Je(EeKTIB 3 METOI0
BKJIFOUEHHS €JIEMEHTIB KOHCTPYKIIT (Takux sK
OCECHMETPHUYHI NOTIHOIEHHS 3BapHUX ILIBIB).

TIPUMITKA. Hanionansanii
BCTAHOBJIIOBATH  JIONATKOBI  BUMOTH  JIO
BIJITIOBITHAX MOJIENeH Te(eKTiB.

(17) 3Hak eKBIBAJEHTHUX TE€OMETPUUYHUX
nedexTiB Mae Oyt BuUOpaHMH Tak, mI00
MaKCUMaJbHI BHXIJHI BIOXWUJIEHHS (opmu
Oyl HECHPUSTINBO OPIEHTOBAHI y HANPSAMKY
JI0 TICHTPY KPUBU3HHU OOOJIOHKH.

JIOIaTOK MOXKE
OLIIHKH

(18) Benuwuuny mnpuiiHsaToi (opmMHu ekBiBa-
JIGHTHOTO TEOMETPUYHOTO  JedeKTy  CIif
MPUHAMATH 3aJISKHO BiJ] KJIACy SIKOCTI IOMYCKY
Ha BHTOTOBJICHHS. MakcHMalbHE BiIXWJICHHS
reoMeTpii  eKBIBAJICHTHOTO  Je(eKTy  Bif
ineanbHOT (popMuU AWoeq Mae JOPIBHIOBATH
OUTbIIIOMY 13 3HaUEHb AWpeq,1 1 AWoeq,2, J1€

Aw, I

AWO,eq,Z =N -1 'Un2 1

ne lg — BCl 3Hauymi JOBKHMHH KajiOpy y
BianosinHoCTI 3 8.4.4 (2);

t — MicIieBa TOBIIMHA CTIHKHA 000JIOHKH;

Ni — MHOXHHUK i1 3100yTTS BiIMOBILAHOTO
PIBHS JIOIIYCKY;

Un1 1 Un2 — mapamMeTpu BeTUYHMHU BM STHH JIJIS
BIIMOBIAHOTO  KJIaCy SKOCTI JOMYCKY Ha
BUT'OTOBJIEHHS.

[MPUMITKA 1. B HamionaneHOMY 10#aTKY MOXe OyTH
nepenbadeHuii BuOip 3HadeHHS Ni. PekomeHmyeTbes
3HaueHHs N; = 25.

[NPUMITKA 2. 3maueHHs i1 Tapamerpa AOIYCKY
BM’satiH Uni 1 Un, MoxkHa Y3 3 HamionamsHOTO
JoAaTKa. 3HAYCHHS, 10 PEKOMEHAYIOTHCS, TIPUBEICH] B
Tabmuni 8.5.

eql ~ g’

(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 Awp eq should be the larger of
AWo eq,1 and AWg eq,2, Where:

s (8.29)

(8.30)

where: lg 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 Un, 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 Uy, may be obtained from the National Annex. The
recommended values are given in Table 8.5.



Tabaunsa 8.5 PexomennoBaHi 3HaueHHA mapaMeTpiB Beanduan BM ATHH Un1 i Unz
Table 8.5 Recommended values for dimple imperfection amplitude parameters Un1 and Unz

PexomennoBane PexomennoBane
Kiac stkocTi I0ImycKy Ha BUTOTOBJICHHS 0)i17(¢ 3Ha4eHHT Uny 3HaueHHs Unz
Fabrication tolerance quality class Description Recommended Recommended
value of Un; value of Uy
Knac A Bigminnamii
Class A Excellent 0,010 0,010
Knac B Bucoxuii
Class B High 0,016 0,016
Knac C Hopmansauit
Class C Normal 0,025 0,025
(19) BenuumHa TEOMETPUYHOTO Je(eKTy B (19) The amplitude of the geometric

MPUMHATIA MOJieNl €KBIBaJIGHTHOTO T'€OMET-
pu4yHOro JAe(exkTy TMOBMHHA BIANOBIIATH
JOBXHUHI KamiOpy, BcTaHOBIeHOMY B 8.4.4 (2),
SIKUM BOHA BU3HAYA€THCS.

(20) Kpim TOro, HeoOX1IHO MEPEBIPUTH, YU
pO3paxyHOK, TIpH SKOMY BPaXOBYIOTHCS
nedexktn 3 BenmuunHO Ha 10 % wMeHme
3Ha4YeHHS AWppeq, 3HalimeHoro B (18), He mae
MEHIIIOTO 3HAYCHHS IS KOE(IIi€HTa I'R,GMNIA.
SIkio OTPUMaHO MEHIIIE 3HAYEHHS,
MPOIIEAYPY CIiJ MOCTIOBHO TIOBTOPUTH, 1100
3HAUTH HaWMEHIIEe 3HA4YeHHS KoedimieHTa
I'R,GMNIA Y MIPY 3MIHH BETTUYUHHU.

(21) SMxmo MoxmmBI cynmyTHI e(exTu Bif
HaBaHTKCHHS, TO CIiJ a00 BKIIOYUTH iX Y
pO3paxyHOK, ab0 MepeBIpUTH, MO0 iX BIUIMB
OyB HE3HAYHUM.

(22) Jlns KOKHOTO OOYMCICHOTO 3HAYCHHS
HeiIeanbHOTO Koe(ilieHTa MPYKHO-TUTACTHY-
HOTO OIIOpPY BTpaTi 3arajgbHOi CTIAKOCTI
lRGMNIA HEOOXITHO BHU3HAYWUTH BIJHOIIECHHS
HElneaIbHOTO oTopy bi (o) 1IeaJIbHOTO
(rromNIA/TRGMNA) 1 TIOPIBHATH i3 3HAYEHHAMM
R, B3HaHIEHMMHM 3a JOomOMOror 8.5 i
JHomatka D, mo0 mnepeBipuTH, 4u BUOpaHMI
TCOMETPUYHUN Je(DEeKT BILUIUBAE HETaTHUBHO,
MOPIBHSHO 3 BIUIMBOM, OTPHUMaHUM  BiJ
HUKHBOT MEX1 pe3yNbTaTiB BUMPOOYBaHb.

[NPUMITKA. Skmo omip BU3HAYA€ThCA e(PEKTaAMH
TUTACTHYHOCTI, BimHOMmIEHHS (IroMNIA/TRGMNA)  OyIe
3HayHO Oinmbine KoedimieHTa MOCTabICHHS TPYKHOTO
nedeKTy a, i He OYiKy€eThCs OUTBII OIFDKYE MOPiBHIHHS.
Ilpore, sKmIO Omip BU3HAYAETHCS SBUILEM BTPATH
3araibHOi CTIMKOCTI, iK€ € B 3HAYHIN Mipi MPYKHUM,
BifHOIIEHHS (IR GMNIA/TR,GMNA) Ma€ OYTH JIHMIIE TPOXH
OlIpIIMM 3a 3HAYEHHS, BHU3HAYEHE 3a JOIIOMOIOIO
PYYHUX PO3pPaxyHKiB, 1 CIIiJi BpaxyBaTH YMHHHKH, IO
TIPU3BOJIATH 0 OLTBII BUCOKOTO 3HAUEHHSI.

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 Awp eq
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 rremnia 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 rremnia, the
ratio of the imperfect to perfect resistance
(rremnia/Tremna) Should be determined and
compared with values of rg 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 (rremnia/rremna) 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 (rremnia/fremna) should
be only a little higher than the value determined by
hand calculation, and the factors leading to the higher
value should be considered.



(23) HapuiliHiCTP YHUCIOBOTO BU3HAYCHHS
HeieaTbHOTO KoedirienTa PYXHO-
IUTACTUYHOTO  ONOpY  BTpari  3arajibHOi
CTIMKOCTI IR,GMNIA CIIi TIEPEBIPUTH OJHUM i3
HACTYITHUX aJTbTCPHATUBHUX METO/IIB:

a) BUKOPUCTOBYIOUH OJHY TIpOTpamy s
PO3paxyHKy 3HAYEHb IR GMNIAcheck JUISL THIITHX
BHUITAJIKIB  BTpaTH  3arajbHOI  CTIHKOCTI
O00OJIOHKHM, U1 SKHX BIZOMI 3HAYeHHSA
XapaKTePUCTHYHOTO  KoedimieHTa  omopy
BTpaTi 3arajibHOi  CTIMKOCTi IRk known,check-
[lepeBipHi BHUMAagKW TOBHHHI BHUKOPHCTO-
BYBaTH IO CYyTI CXOXI1 NPUIYLIEHHS 100
nedekTiB 1 MaTh MOMAIOHI TMapaMeTpH, o
KOHTPOJIFOIOTH BTpaTy 3arajbHOi CTIMKOCTI
(Takl 4K BIJHOCHAa THYYKICTb OOOJIOHKH,
MOBE/IHKA MICIsI BTPaTH 3arajibHOi CTIMKOCTI,
YyTJIMBICT  JIO  JE(EKTIB, TeOMEeTpUYHa
HEJIHIAHICTD 1 XapaKTEPUCTHUKUA MaTepiany);

b) muisxoM MOpPIBHSHHS OOYKMCICHUX 3HAYCHb
(rRGMNIAcheck) 3 pe3yJIbTaTaMH BHIPOOYBaHb
(rR testknown,check). TlepeBipHi BHIAJAKK MMOBUHHI
3aJI0BOJILHATH KpUTEPil MOMIOHOCTI, HaBeACH1

B (a).

[MPUMITKA 1. IHmon Bunmaaku BTpAaTH 3arajbHOI
CTIHKOCTI OOOJOHKH, JUIS SKHX BiJIOMI 3HAaYEHHS
XapaKTepUCTUYHOrO  KoedilieHTa  omopy  BTparTi
3arajgbHOi  CTIHKOCTI FRkknowncheck, MOMKHA 3HAWTH B
crierjianizoBaniit  miteparypi. Cnin 3a3HauuTH, IO
pe3yibTaTi pyqHoro po3paxysky 8.5 i y Jomarky D —
LIe 3arajbHi HIDKHI MEXI1 pe3yJibTaTiB BUIIPOOYBaHb, sIKi
IHKONIM TMpPU3BOAATH IO HU3BKHX OLIHOK 3HAYeHb
XapaKTePUCTUYHOTO OMOPY BTPATi 3arajbHOi CTIHKOCTI,
SKUH CKIIaTHO OTPUMATH YUCEIIbHUMH METOJaMHU.

[MPUMITKA 2. [Ipu BUKOpUCTaHHI pe3ybTaTiB BUIIPO-
OyBaHb HEOOXIJJTHO BCTAHOBHTH, II0 T€OMETPH4HI JieheKTH,
HasIBHI IMiJ1 Yac BUNPOOYBaHb, MOXKYTh BBAKATHCS Xapak-
TEPHUMHU JUIs Ae(EKTiB, sKi 3’ SIBISATHCS HA MPAKTHIII.

(24) 3anexxHo Big pe3yabTATIB MEPEBIPOK
HAJIIMHOCTI BIANOBIIHO OOYMUCIIFOETHCA Kallio-
pyBanbHUI KoedirieHT Kemnia 3a Gopmynamu:

k _ l‘Rk,known ,check

CMNIA —

R,GMNIA, check

I FRkknowncheck — BITOME XapaKTEPUCTUYHE
3HA4YeHHS,

I'R testknown check — BIZIOMHIA pE3yJIbTaT BUIIPOOYBaHB;
I'R,GMNIAcheck — PE3YJIbTAT OOUYMCIIEHb AJIS Tie-
PEBIpPKM BMIAJKy BTpaTH 3arajibHOi CTIMKOCTI
a0o BunpoOyBaHHS Ha BTpaTy 3arajbHOl
CTIMKOCTI, B 3aJIKHOCTI Bif CUTYaIIil.

(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 rriknown.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
(rRiestknowncheck). 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 are kKnown 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 test,known,check
a60/OI' kCMNlA -, (8.31)

rR,GMNIA,check

where: rrkknowncheck IS the known characteristic
value;

IR test known.check 1S the known test result;
rrRGMNIAcheck 1S the calculation outcome for the
check buckling case or the test buckling case,
as appropriate.



(25) Sxmo  pe3yabTaTH  BUNPOOYBaHb
BUKOPHCTOBYIOTHCS JUIsl BU3HAUCHHS Komnia, @
obunciene 3HaueHHS Komnia mepepuirye 1,0,
TO Cmij nmpuitHsITH 3Ha4eHHs Kemnia=1,0.

(26) Skmo  gns BU3HAYCHHSA  KgmniA
BUKOPUCTOBYETHCS BIIOME XapaKTEPUCTUIHE
3HAYeHHs, 1 OO4YMClIeHE 3Ha4eHHS KoMmNIA
nexuTh mo3a mianmazoHoM 0,8<kewmnia<l,2, To
I[I0 TPOIEIYyPy BHUKOPUCTOBYBATH HE CIIi.
Pesynbrar pospaxyaky GMNIA ciix BBaxkatu
HeOIIICHUM, 1 HEOOXITHO BUKOHATH II0JAJIBIII
OOYMCIIEHHST JUIsi BCTAHOBJICHHS TPUYUH
PO30DKHOCTI.

(27) XapakTepuCTUUHHM KOEQIIEHT OHOpy
BTpaTi 3arajbHOi CTIMKOCT1 CIiJ 3HAUTH 3a
hopmyroro:

(25) Where test results are used to determine
kemnia, and the calculated value of kewmnia
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:

v = kGMNIA TR omniA (8-32)

ne IrRGMNIA — OOuYMCIeHHMI HelleaabHUui
Koe(Dilli€eHT  MPYKHO-IUIACTUYHOTO  OMOpPY
BTpaTH 3arajbHoi CTIMKOCTI,

KomMNIA — KamiOpyBanbHUN Koe(ilieHT.

8.7.3 IlepeBipka MIIIHOCTI HAa MO3M0BKHIM
3rUH

(1) Po3paxyHkoBuii KoediieHT omopy BTparTi
3arajilbHOi  CTIHKOCTI IRd OTPUMYIOTH 3a
hopmyroro:

Feg = Ta ! Y

I€ YM1 — YacTKOBUH KOE(IUIEHT U1 ONopy
BTpaTi 3arajJibHOi CTIMKOCTI BIAMOBIAHO 110
8.5.2 (2).

(2) HeoOximHO mIEpEeBIPHUTH, IIIO:

where: rreunia 1S the calculated imperfect
elastic-plastic buckling resistance ratio;

Ksmnia 1S the calibration factor.

8.7.3 Buckling strength verification

(1) The design buckling resistance ratio rrq
should be obtained from:

(8.33)

where: ymz 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)



9 T'PAHUYHWI CTAH BTOMH (LS4)

9.1 PO3PAXYHKOBI BEJIMYUHU
BIIV/INBIB

(1) 3a po3paxyHKOBi BETMYMHU BIUTUBIB IS
KOKHOTO 3’€JJHAHHS HAaBAaHTAXEHb CIIJ MPHIA-
HSTH 3MIHHI YaCTHHU 3arajbHOTO BIUIMBY, IO
€ TPOTHO30BAHWUM CIHEKTPOM il MPOTATOM
YCBbOTO TEPMiHY NPUAATHOCTI KOHCTPYKIIII.

(2) BinnoBimHMiA CrIEKTp BIUTUBIB CITiA Y35TH 13
craugapty EN 1991 3rinmHo 3 BU3HAUYCHHSIMH,
MPUBEACHUMHU Y  BIANOBIAHMX  YaCTHHAX
craugapty EN 1993.

9.2 NPOEKTYBAHHA
3A HATIPY KEHHSAMHU

9.2.1 3araJjbHi M0JOXKEHHS

(1) Cnin BHUKOpPUCTOBYBAaTH OLIIHKY BTOMH,
npencrasieHy B crangapti EN 1993-1-9, 3a
BUHSATKOM BHWITQJIKiB, HABEICHUX Yy IOMY
CTaHJapTi.

(2)IT YacTtrkoBuii KoeDII[ieHT st OTIOPY BTOMI
YMf  CIilT  TPUHHATH 3 BIANOBITHOTO
NPUKIAHOTO CTAHIAPTY.

[MPUMITKA. 3HaueHHs 4YacTKOBOro KoedillieHTa Yy
Moxe OyTv BHM3HaueHO B HamioHanbHOMY [OJATKYy.
Sxkmo s gaHoi  (QOpMH  KOHCTPYKIIT CTaHAapT
BiJICYTHI/ a00 BiH He BHM3HAYa€ BIJMOBIIAHI 3HAYCHHS
Ymf, TO HOro ciiJ OPUHHATH 3TIIHO 3 CTaHJAPTOM
EN 1993-1-9. PexoMeHI0BaHO MPUAMATH 3HAYCHHS Ywmr
He MeHe HiX yvr = 1,1.

9.2.2 Po3paxyHKOBi BeJUYHUHH ialla30HY
HATIPYKeHHSA

(1) HampyxeHHst ciil BH3Ha4aTH MLUISIXOM
JIHIMHO-MIPYKHOTO PO3PAaXyHKY KOHCTPYKIIii
T JTI€F0 pO3PaXyHKOBUX BEJTMYUH BTOMHHUX iil.

(2) Tpu KOXxHI# mepeBipIli TPAHHYHOTO CTAHY
PO3paxyHKOBa BEIMYMHA Jialla30Hy BTOMHOTO
HampykeHHss Ac Mae OyTH TpuiiHATa SK
OimpIa 13 3HAUYEHb HA JBOX MOBEPXHAX
00OJIOHKM 1 Mae OyTM 3acHOBaHa Ha CyMi
MIEPBUHHUX 1 BTOPUHHUX HAMPYKEHb.

(3) 3anexxHo BiJ OLIHKA BTOMH, 1[0 BUKOHY-
eTbes BinoBinHO 1o EN 1993-1-9, marots 6yt
oOuMcieHI HOMiHaJbHI a00 TeoMeTpHuHi
Jiara3oHu HaIpy>KeHb.

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 yms 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 yw, the value of ywm should be taken from
EN1993-1-9. It is recommended that the value of ywms
should not be taken as smaller than ywvs = 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.



(4) HoMiHanpHI iama3oHu HAIPY>KEHb MOKHA
BUKOPUCTOBYBATHU y pasi npuitaarrs 9.2.3 (2).

(5) T'eomeTpuyHi Aiana3oHU HANPYKEHb CIiA
BUKOPHCTOBYBATH JUIS €JIEMEHTIB KOHCTPYKIIiL,
10 BIAPI3HAIOTHCS Bix eneMeHTiB y 9.2.3 (2).

(6) T'eomeTpuuHMii Jiana3o0H HaNpPYKEHb
BpaxoBy€  JIMIIE  3arajbHy  T€OMETPII0
3’€IHAHHS, BHKIIOYAIOYM MICIIEBI HaIpy-
KCHHS BHACTIIOK TeoMeTpii 1 BHYTpIIIHIX
eexriB  3BapHOro mmBa. Loro MoxHa
BU3HAYUTH 34 JIOTIOMOTOI0 BUKOPWCTAHHS
F€OMETPUYHUX KOE(IIEHTIB KOHIIEHTpaIil
HalpyXXeHb, 110 00YHUCITIOETHCS 3a
dhopmynamu.

(7) Hampy>xeHHsl, 10 BUKOPUCTOBYIOTHCS IS
pO3paxyHKy Ha BTOMY €JI€MEHTIB KOHCTPYKIIIi
3 JHIHHOIO TEOMETPUYHOIO OPIEHTAIIIEIO, CIIT
PO3KJIACTH Ha TMOTEpPEeYHi 1 mapajeiabHi OCsSM
eJIEMEHTA CKJIaI0BI.

9.2.3 Po3paxyHKoBi
(BTOMHA MillHiCTB)

BEJIMYUHH  OINOPY

(1) Po3paxyHKOBI BETMYUHH OIOPY, OTPUMaHi
Jari, MOKHa 3aCTOCOBYBAaTH 10 OymiBEIbHUX
cTayneu y aianma3zoHi temmepatyp o 150 °C.

(2) Omip BTOMI €NlE€MEHTIB KOHCTPYKIIii, IO
3a3BHYald 3yCTPIYAIOTHCA B MYCTOTUIMX KOH-
CTPYKIUSAX, CIiJl IPUUMATH 3TiAHO 3 KJIacaMu
EN 1993-3-2 i po3paxoByBaTH B IepepaxyHKy
Ha Jiana3oH HanpyxeHHs AGg, BIIMOBITHO 10
KUIBKOCTI IMKJIIB, 3a SKHUMHA 3HAYeHHSA
JI0JTATKOBO KJIACU(IKYIOTHCS Y BIAMOBIAHOCTI 3
SIKICTIO 3BapHUX IIIBIB.

(3) Omip BTOMI KIaciB €JIEMEHTIB CHij
npuiinatu 3 EN 1993-1-9.

9.2.4 O0MexeHHS AiaNla30HYy HANIPY/KEHb

(1) IIpu xo>kHIM MepeBipIll [LOI'O TPAHUYHOTO
CTaHy PO3pPaxyHKOBUM Miara3oH HaIpyXeHHS
Acr Ma€ 3aI0BOJIBHITH YMOBY:

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
0f9.2.3 (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 Acg, 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

(1) In every verification of this limit state,
the design stress range Aor should satisfy the
condition:

Ve Aoe SAoy 7y (9.1)



1€ YFf — YaCTKOBUH KOe(DillieHT IJIT BTOMHOTO
HaBaHTAKECHHS,
YMf — YaCTKOBUH KO€(DIIli€eHT AT BTOMHOTO

oropy;
Acr — niama3oH HampyXeHb EKBIBaJCHTHOT
MOCTIHOT BEITMYMHH PO3paxyHKOBOTO

CIIEKTpa HaIPYKEHb;
Aor  pgiama3oH Hampyrd BTOMHOI MIIIHOCTI
UL BIATIOBIAHOT — KaTeropii ememeHta i
KUTBKOCTI IIUKJIIB CHIEKTPa HAIPYKECHb.

(2) Sx anbrepHatuBy nyHKTY (1) MOXHa
BUKOHATH OI[IHKY HAKOIIMYEHHX TTOIIKOKEHB
U psiAy 3 M pI3HUX J1ara3oHIB HalpYKEHb
Aci (I = 1,m) 3 BUKOpPHCTaHHSM IpaBUIIA
[TaneMrpena-Maitnepa:

where: yrr IS  the partial factor for the fatigue
loading

yme IS the partial factor for the fatigue
resistance

Acg is the equivalent constant amplitude stress
range of the design stress spectrum

Aor Iis 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)
e in which:
D,=>.n/N, (9.3)
i=1
ae Ni — KUIBKICTh IMKIIB  JIiala3oHy where: n; is the number of cycles of the stress

HaIpyXeHb Aci;

Ni — KUTBKICTh IIUKIIIB J11alla30HY HANpPYKEHb
Yre Ymf  Aci, sIKI HEOOXiIHI MO0 BUKJIMKATH
pyWHYBaHHS JUIsl  BINMOBiIHOI  Kareropii
€JIEMEHTA.

(3 VY pasi komOimamii  miama3oHiB
HOPMAJIBHOTO 1 JIOTUYHOTO HAMPYKEHb CIIf
BpaxyBaTH KOMOIHOBaHI €(eKTH BIAMOBIIHO
1o EN 1993-1-9.

9.3 NPOEKTYBAHHA HJIAXOM
3ATAJIBHOI'O YUCJIOBOT'O LA ABO
GNA AHAJII3Y

(1) Bromue mpoekTyBaHHsI Ha 0a3i MPYKHOTO
po3paxynky (LA abo GNA) mnoBunHe
BIJIOBIAATH MOJIOXKEHHSIM, MPUBEACHUM Y 9.2
IUIsl TIPOCKTYBAHHS 3a HanpyxeHHsmu. [IpoTe,
Jiara3oHu HANpyXEeHb YHACTiJIOK BTOMHHX

HaBaHTa)XEHb IIOBMHHI  BU3HAYaTHCS 34
JOTIOMOT'010 3TUHAIBHOTO PO3paxyHKyY
00OJIOHKH, BKJTIOYAIOUYH reOMEeTpPUYHI
HEOJTHOPITHOCTI  3’€lHaHb B  €JEMEHTax
KOHCTPYKILI.

(2) SIxmo BHUKOPUCTOBYETHCS TPUBUMIPHUI
pPO3paxyHOK METOJIOM KIHIIEBUX €JIEMEHTIB,
BIUTUBM  HAJpi3iB  YHACHIJOK  MICIEBOT
reoMeTpii 3BapHUX HIBIB CJI1/1 BUKITIOUHUTH.

range Aci

Ni is the number of cycles of the stress range
yre ymi Aci 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.



NOJATOK A (OBOB’SI3KOBUI)
MEMBPAHHA TEOPISI HAIIPYKEHb B
OBOJIOHKAX

A.1  3AT'AJIBHI HOJIOKEHHA
A.1.1 Pe3yJbTaTH BILIMBIB Ta ONOpPY

MosxHa NpOTHO3yBaTH, IO  pe3yJabTaTH
BILIMBIB i omopy, po3paxoBaHi 3
3aCTOCYBaHHSIM PIBHSIHB, IO MPHUBOAATHCA B
TaHOMY JOJATKy, € XapaKTePUCTUYHUMU
3HAYCHHSMHU HACHiAKIB [ii abo omopy ms
NPUAHATHX  XapaKTEPUCTHYHUX  3HAYCHBb
BIUIMBIB, TEOMETPUYHHUX  [apaMmeTpiB 1
BJIACTUBOCTEN MaTepiaiiB.

A.1.2 CucreMa nmo3HayeHb

BuxopucraHni B JaHOMy J0JIaTKy MO3HAYEHHS
F€OMETPUYHHX pO3MipiB, MEXaHIYHUX
Halpy>KeHb 1 HaBaHTA)XCHb AHAJIOTIYHI THUM,
10 MPUBOIATHCS B 1.4.

Benuki natuHcbki OyKBU:

Fx — ochOoBe HaBaHTaXCHHsI, NPUKIAJCHE IO
IUAJTIHIPA;

F; — ochoBe HaBaHTaXEHHS, MPUKIAICHE 0
KOHYCa,

M — zaragpHUi 3rHHAJBHUNA  MOMEHT,
NMPUKIAICHUH 10 BChOTO MIIIIHApa (HE
IJTyTaTd 3 MOMEHTOM Ha OJWHUINIO HIUPHHHU
000JIOHKH M);

Mt 3araJibHUN KPYTHUJIBHUMN MOMEHT
MIPUKIIAJICHUH 10 BCHOTO LIUJIIHIIPA,
Vv 3arajibHe 3pi3yBalIbHE 3yCHJILIS,

MPUKJIAJICHE 10 BCHOTO MITIHIPA.

Maui JIaTUHCHK1 OyKBH:

g — niuToMa Maca Marepiaiay 000JOHKH;

Pn — PO3MOIICHUI HOPMAaIBHUHN THUCK;

Px — PO3MO/IJICHa 0ChOBA CHJIA TEPTSI HA CTIHKY
HHAJITHIpA.

Maui rpetbki OyKBU:

o) MEpUIIOHANBHUHN KyT HAXUITY;

Ox 0CbOBE abo MepuaioHaIbHE
MeMOpaHHe HarpyxeHHs (= Ny/t);

Go nepudepuyHa MeMmMOpaHHa Hampyra
(= nalt);

T MeMOpaHHEe JOTHYHE  HaNpyXEeHHS

(= nyalt).

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)

ol circumferential membrane  stress
(= nglt)

T membrane shear stress (=nx/t)



A.1.3 TI'panuyHi ymoBH

(1) Ilo3HayeHHs TpaHUYHUX YMOB TOBHUHHI
Opatucsi 3 2.315.2.2.

(2) st TOYHOTO BUKOPUCTAHHS BUPA3IB 11100
HWIHAPIB, TPaHWYHI yMOBU TPUHAMAIOTHCS
TaKUMH: Ha 000X KIHIIX BUIBHUMH €
pamianbHi IepeMillleHHsT Ta TTIOBOPOT, a TaKOX
iCHy€e 0ChOBa OTIOpa HA OJTHOMY 3 KIHIIIB

(3) Mu1st TOUHOTO BUKOPUCTAHHS BUPA3iB 111010
KOHYCIB, MPHUKJIaJICHEe HABAHTA)KEHHS MOBHHHE
BIJIOBIAATH CTaHY MEMOpPAHHOTO Hampy>KEH-
Hs1 000JIOHKH, a TPAHUYHI YMOBH NpPUHMATHCS
TaKMMM. BUIbHI NEPEMIUICHHS B HAMNpsSMKY,
MIEPIICHIMKYIISIPHOMY JI0 CTIHKHM Ha 000X KIHIISIX 1
ICHy€e MepHIIOHAJIbHA OTI0pa Ha OJJTHOMY KIHII1.

(4) Hnsa 3pizaHuX KOHYCIB TPaHHYHI YMOBH
MMOBUHHI OyTH MOTO/KEH! TAaKUM YMHOM, 100
CTIpUIIMaT KOMITOHEHTH HaBaHTA)KEHHsI, TIOTIe-
peYH1 10 30BHINIHBOI CTIHKH, Ta MO0 MACYM-
KOBe 00’€JHaHE HaBaHTAKEHHS, NPHUKIAJCHE
0 000JOHKH, Oyl0 CHPUNHATE BHUKIIOYHO
B3JI0BX MepHu/liaHa 000JTOHKH.

A.1.4 IlpaBuJio 3HaKiB

[IpaBusio 3HaKIB 711 MEXaHIYHUX HAINPYXKEHb:
PO3TSATHEHHSI CKPI3b BBAXKAETHCS JOJATHIM,
X04Ya Ha JISIKUX PUCYHKaX TMOKa3aHi BUTAJIKH,
B SIKUX 30BHIIIHE HABaHTA)XKCHHS MPHUKIAJCHE
y IPOTHIIC)KHOMY HAIPSIMKY.

A2  Henigkpinieni nutiHIpu4Hi 000JI0HKH
A.2.1 PiBHOMipHe 0ChOBEe HABAHTAKEHHS

A.2.2 OcboBe HaBaHTa:KeHHsl BiI 3arajbHOro
3THHY

A.2.3 Cuna tepta

Px.ﬂliﬂ

Px.ﬂliﬂ

A2l

A.1.3 Boundary conditions

Q) 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 L[]
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

Uniform axial load

A.2.2 Axial load from global bending
A.2.3  Friction load

5
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A.2.4 PiBHoMipHuii BHYTpilHili THCK A.2.4  Uniform internal pressure

A.2.5 3miHHuWi BHYTpPilHINA THCK

I|i-:'.l'1
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r
Ca=pPy ?

A.2.7 CunycoigaibHe  3yCHLIsA
nonepevyHol CHIIN

A.2.5 Variable internal pressure

Pnl(X)

|
|
Tylx)= p,i(.\')-g

3cyBY  Bin A.2.6  Uniform shear from torsion
A.2.7 Sinusoidal shear from transverse force

A.2.6 PiBHOMipHe 3cyBHe 3yCHJIJISI KPYYCHHS

V r P B, max

\ Po(6)

Vv
T = iwf,) Tmax = =
2ar <t art
A3 HeniakpinjaeHHs: KOHiYHI 000JI0HKH A3 Unstiffened conical shells
A.3.1 PiBHOMipHe 0ChOBE HABAHTAKEHHS A.3.1 Uniform axial load

A.3.2 OchoBe HaBaHTAaKeHHS Bin 3araabHoro 3srmny  A.3.2  Axial load from global bending

A.3.3 Cuna tepta

¢Fz = 27[;"2 PZ,E

S

Y

o =0

A.3.3 Friction load
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A.3.4 PiBHomipHuUIi BHYTPilIHil THCK A.3.4 Uniform internal Pressure
A.3.5 BuyTpimmHili THCK, 1m0 3MIiHIOETBCH 32 A.3.5 Linearly varying internal pressure
JiHIAHUM 3aKOHOM

l2s — pajiiyc Ha MOBEPXHI PiMHA ros is the radius at the fluid surface
2 [ 2
r (19 )" yr ‘rq. "y, r]
Oy ==Py _I Ox="""_ ;‘I[;I’| =3+
2t-cosfF|\ r ) ' r-sm;ﬂ 6|\ r 3‘
r /r
o,=p,——— Og=t——— (=T
t-cosf3 £-sm
A.3.6 PiBHOMipHe 3cCyBHe 3yCHJLISI KPYYeHHS A.3.6  Uniform shear from torsion
A.3.7 Cunycoizaapie 3ycwuisi  3CyBY  Bia A.3.7 Sinusoidal shear from transverse force
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A4 Heninkpinieni cpepuani 06010HKH
A.4.1 PiBHomipHuUIi BHYTPilIHil THCK
A.4.2 PiBHOMipHe HABAHTA:KEeHHSI Bi/l BJaCHOI Baru
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A4
A4l
A4.2

Unstiffened spherical shells
Uniform internal pressure
Uniform self-weight load
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Jonarok B (000B’s13k0BHMIA)
JdonaTkoBi BHpa3um oONOpPiB MJIACTHYHOMY
PYHHYBAHHIO

B.1 3araiabHi moJoKeHHHA
B.1.1 Omip

MoxHa nepeadayaTu, 1Mo OImip, 00YMCICHUN
13 BUKOPUCTAHHSM DPIBHSHB, IO MPUBOAATHCS
B JIAHOMY JIOJATKYy, SIBJISIE XapaKTCPUCTUYHI
3HAUEHHS  OMOpiB, SKIO0 MPUHAMAIOTHCS
XapaKTePUCTHYHI 3HAYCHHS TI'C€OMETPUIHUX
rapameTpiB 1 BIaCTUBOCTEN MaTepialliB.

B.1.2 Cucrema no3HadeHb

BuxopucraHi B JaHOMY J0JIaTKy IO3HAYCHHS
F€OMETPUYHHX pO3MipiB, MEXaHIYHUX
Halpy>KeHb 1 HaBaHTaXEHb AHAJIOTIYHI THM,
mo npuBogAteess B 1.4,  JlomatkoBo
BHKOPHUCTOBYIOTHCS HACTYITHI ITO3HAYCHHSI.
Benuki natuHcbki OyKBHU:

Ar — TuIOIIIa TIOTIEPEYHOTO TIEPEPI3y KUTBIIS;

Pr — xapakTepucTU4HE 3HAUYEHHS IJIACTUYHOTO
MEXaHI3MYy OIOpYy 3a TEOpi€l0  Majaux
BIJIXWJIEHbD.

Mai 1aTUHCHKI OyKBH:

b — ToBmMHA KUIBLA;

| — ecdexruBHa gOBKHMHA OOOJOHKH, sKa
B3a€EMOJIIE 3 KUIBIIEM;

I — pagiyc HAIIHIPA;

Se — 0e3pO3MIpHUI TapaMeTp €KBIBAJICHTHOTO
HanpyXeHHs 3a MizecoM;

Sm — 0e3po3MipHHUil MapaMeTp CKJIaTHOTO
HAIPYXXEHOTO CTaHy;
Sx — 0e3po3MipHHIi MapaMeTp OChOBOTO

HATPYXXEHOTO CTaHy;

Sp — 0€3pO3MIpHHI MapaMeTp TaHTEHIIAIBHOTO
HAIPYKEHOTO CTaHy.

[TigpsiaKoBi iHAEKCH:

I — 110 BITHOCHUTHCS 10 KUIBIIA;

R — omip

B.1.3 TI'panuyni ymoBHu

(1) [lo3HaueHHs IPAaHUYHUX YMOB
IIPUIMAarOThCH, SIK BKa3aHo B 5.2.2.

(2) TepMmiH «3aTUCHYTHI» BIIHOCUTBCA M0
BC1r, a TepMiH «3aKkpilJIeHUH» BIAHOCHTHCS
no BC2f.

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

I 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.

(2) The term “clamped” should be taken to
refer to BC1r and the term “pinned” to refer to
BC2f.



B.2  Heniakpinaeni ynainapuani B.2  Unstiffened cylindrical shells
000JI0HKH

B.2.1 IluuiHap: HaBaHTaMXKeHHsI N0 pajiycy B.2.1 Cylinder: Radial line load
L —- | - lr
ff’) I PnR
: -
<]
KoHTposibHa BenymHa! Reference quantities:
l, =0,975/rt
[Tnactuunuii omip Pnr (CWila Ha OJUHHMITIO The plastic resistance Pnr (force per unit
KOJIa) BU3HAYAETHCS: circumference) is given by:
Pa_ t
2, r
B.2.2 Iluainap: HaBaHTa:KeHHsSI MO paaiycy B.2.2 Cylinder: Radial line load and axial
i 0cbOBe HABaHTaKEHHSI load
T P,
e || I
f:-n I P])R
= -
ﬁ'ﬂ I
v
KonTpoibHa BeTruunHa: Reference quantities:
P
5, = - 1, =0,975/rt .
!
Jliara3oH 3aCTOCYBaHHS: Range of applicability:
-1<s, <+1
3anexxHi mapameTpu: Dependent parameters:
Slkmo P, >0 (HampsiMOK Ha30BHi), TOI: If P, >0 (outward) then:
A=+s,-150
Slkmo P, <0 (HanpsiMOK BCepenuHy), TO/II: If P, <0 (inward) then:
A=-s,-150.
s, = A+, JA? +4(1-5))
Sxmo s, # 0, Toai: If s, #0, then:

I :sm-lo.



[Tnactuunuit omip Pnr (cuna Ha OAMHUIO
KOJIa) BUBHAYAETHCS:

The plastic resistance Pnr
circumference) is given by:

(force per unit

Pe_,t

20, r
B.2.3 Huninap: HaBaHTaXXEHHS IO paiiycy, B.2.3 Cylinder: Radial line load, constant
NOCTIMHUI ~ BHYTPIIIHIA THUCK 1 OChOBE internal pressure and axial load
HAaBaHTAKCHHS

KonTtponbHa BennmunHa:

T PxR

P T
f, t.

|, =0,975\/rt S, =+/S +5.—S,S,

Jliana3oH 3aCTOCYBaHHS:

Range of applicability:

-1<s, <41 -1<s,<+1

3aJie)kH1 MapaMeTpH:

Dependent parameters:

Konose HaBaHTakeHHs1, HanpaBiieHe Ha30BHI Py, > 0 | KonoBe HaBaHTa)keHHs1, HanpaBiieHe BcepeauHy Py < 0
Outward directed ring load P, > 0 Inward directed ring load P, < 0
YMmoBa Bupazu YmoBa Bupaszu
Condition Expressions Condition Expressions
A=+s,-2s,-1,50 A=-s +2s,-150
s, <1,00 5, = A+AZ+4(1—5?) s, <1,00 5, = A+AZ+4(1—5?)
i/and i/and
s, <0,975 | =] S s, 20,975 | =] S
m~— "0 m~— "0
1-s, 1+s,
s. =1,00 s. =1,00
abo/or l,=0,0 a6o/or l,=0,0
s, >0,975 s, <—0,975

[TnacTuunuil onip BU3HAYaeThes (3HaYeHHS Pn
1 Pn 3aBXKM JT0JaTHI HA30BHI):
P

The plastic resistance is given by (Pn and pn
always positive outwards):

2l

m

_nR 4 p, = fyl



B.3 KintbueBi c:kopcrki  ummuiHApU4Hi B.3  Ring stiffened cylindrical shells
000JI0HKH

B.3.1 KiabueBuii KopcTkMii UHWIIHIP: B.3.1 Ring stiffened Cylinder: Radial line
HABAHTA:KEHHS 10 pajiycy load
.
-+ ||= ¢
jm ii PnR
b — >
4 Ar
.
[Tnactuunuii omip Pnhr (CWila Ha OJUHHMITIO The plastic resistance Pnr (force per unit
KOJIa) BU3HAYAETHCS: circumference) is given by:
+(b+21 )t
P = Ty ( A o) j
r
| =1,=0,975/rt
B.3.2 KinbueBuii  KOPCTKHH  IWTIHAP: B.3.2 Ring stiffened Cylinder: Radial line
HaBaHTAXCHHI IO  paaiycy 1 OChOBE load and axial load
HaBaHTaKCHHS
‘. P
.
T | t
!TTL Por
b 3
/]
4 Ay
lPxR
KoHTpoibHa BeIMUnHA: Reference quantities:
— PX
“ft 1,=0,975Vrt
Jliara3oH 3aCTOCYBaHHS: Range of applicability:
-1<s <+1
3anexHi napameTpH: Dependent parameters:
Sxmo P, >0 toni: If P, >0 then:

A=+s —1,50



Sxmo P, <0 toni: If P, <0 then:

A=-s, -150
S, = A+ A’ +4(1-57)
Sxmo s, # 0,Toxi: If s, #0, then:
I, =S.l,
[Tnactuunuii omip Pnr (CcWiia Ha OJUHHMITIO The plastic resistance Pnr (force per unit
JIOBXXHMHU KOJIa) BU3HAYAETHCS: circumference) is given by:
+(b+2l )t
o - fy(A (b+21,) j
r .
B.3.3  KinpueBuii  XKOPCTKHH  LWITIHAP: B.3.3 Ring stiffened cylinder: Radial line
HaBaHTAXEHHS MO  pajiycy, TMOCTIHHUIMA load, constant internal pressure and axial load
BHYTPIILIHIN THCK 1 0CbOBE HABAHTAXKEHHS
‘. P.T.R
.
&
= ¢
=
‘ﬁ“ = P
b i
£n Pl Am
—
==
v
KouTpoibHa BeIrunHa: Reference quantities:
S :_XS :i S@ :&.[
ft ft f, t
l, =0,975/rt s, =4S} +5; —8,8,
Jliara3oH 3aCTOCYBaHHS: Range of applicability:

-1<s, <+1-1<s,<+1



3anexHi napameTpH:

Dependent parameters:

KonoBe HaBaHTa)KeHHS, HampaBiiecHe Ha30BHI Pn > 0 KooBe HaBaHTa)keHHS, HaTIpaBJIeHe Bcepequny Py < 0
Outward directed ring load P, >0 Inward directed ring load P, <0
YMoBa Bupasu YMoBa Bupasu
Condition Expressions Condition Expressions
A=+s,-2s,-1,50 A=-s +2s,-150
s <1 s = A+ A2+ 41— %) s <1 s = A+ A2+ 41— %)
i/and i/and
s, <0,975 | =] S s, 20,975 | =] S
m~— "0 m~— "0
1-s, 1+s,
s =1 s, =1
36‘6/0575 | =0,0 aGo/or | =0,0
s, >0,
0 s, <—0,975

[InacTuyHuil omip BU3HAYA€TbCAd HaBaHTa-
KEHHAMH Pn 1 Pn, MOJaTHI 3HAYEHHS SKUX
CIpsIMOBaHI Ha30BHI.

The plastic resistance is given by (P, and pn
always positive outwards):

P+ p,(b+2) =1, (Mj

B4 3’ €IHAHHSA MI’K OBOJIOHKAMUA

B.4.1 3’eaqnaHHs TUILKHU MiJ MepHaAioHAb-
HUM HABAHTAKEHHSAM (CIPOILEHe)

r

B.4 JUNCTIONS BETWEEN SHELLS

B.4.1 Junction under meridional loading
only (simplified)

AP

Jliara3oH 3aCTOCYBaHHS:

Range of applicability:

t2 <t?+17 |Pe| <<t f,, |Py| <<t f,.|Pe| <<t f,

3anexHi napameTpH:

t;

Dependent parameters:

to+t v, =y, =0,7+0,6n"-037"



Jis uumiegpa: For the cylinder
l,. =0,975/rt,

Jl1st 3aX1UCHOT OTOPOXKI: For the skirt
l,, = 0,975y, \rt,
JI71si KOHIYHOTO CerMEHTa: For the conical segment
rt,
0spf
[TnacTu4HUE OMip BU3HAYAETHCS: The plastic resistance is given by:
Parsin =1 (A +1,t +1,t +1,t,) .

|, =0,975y,

B.4.2 3’eqnaHHsa mig BHYTPIilIHIM THCKOM B.4.2 Junction under internal pressure
i 0CbOBMM HABaHTaKEHHIM and axial loading
! Pl.[’
,
:E ﬂ—rc
— -
pI'LL'—ID
| A
—
Prh
i
/ h e | et
P.Lh
rPl.ﬂ
KouTposbsHa BeIHunHa: Reference quantities:
S = ch _ sz _ th
xc Xs xh
f.t. f.t f.t,
_ pnc r _ pnh r
Spc = -— Spp = - ————
f, t Sps =0 f, t,-cosp
s i =c,S,h o gepsi: for i=c,s,h inturn
2 2
Sei =V Sai 5% ~ Sy Sy .
Jliara3oH 3aCTOCYBaHHS: Range of applicability:

O11iHKa €KBIBAJICHTHOT TOBILIMHU: Equivalent thickness evaluation:
Lower plat group thicker <t 4ty Upper plate group thicker & > £+
N =
t2 +1? t2
v, =10 v, =0,7+0,61°-0,3,°
w, =y, =0,7+0,6n>-0,3,° v, =w, =10




3anexHi napameTpH:

JUis UUTHIPUYHUAX CETMEHTIB!

J1Jis1 KOHIYHOTO CerMEHTa:

Dependent parameters:

For the cylindrical segments

l; =0,975p,/rt;

For the conical segment

rt
|, =0,975 '
oh W 0s 3
JIJ1sl KOX)KHOT'O CeTMEHTa 00O0JIOHKH OKPEMO
For each shell segment i separately
YMoBa Bupas
Condition Expressions
A =-s,+2s,-150
u < 00 Sw = A-+yAT +4(1-5)
i/ and
Sgi > —0,975 | =] S
mi — 0 1+ s
o
sy =1,00 l,; =0,0
Sy <—0,975 l,; =0,0

[TnacTuyHuU omnip 0OUUCTIOETHCS SIK:

Plastic resistance is given by:

Paersin g = fy(A +1 L+t )+ (P + Pl €OS )

B.5 KPYIIA IINIACTUHA
3 OCECUMETPHUYHUMHA
I'PAHUYHUMHU YMOBAMMU

B.5.1 PiBHoMipHe HaBaHTa)KeHHsI, BUIbLHO

odmepTuii Kpai

B.5.2 MicueBo po3nojiijieHe HaBaHTaKeHHsI,

BUUIbHO 00nepTHii Kpai

B.5 CIRCULARPLATES WITH
AXISYMMETRIC BOUNDARY
CONDITIONS

B.5.1 Uniform load, simply supported
boundary

Pn

L ———

AN A

t 2
pn’R=l,625(—j f,

R

Tt

r

B.5.2.Local distributed load,
supported boundary

simply

PiBHOMIpHMIT THCK Pn Ha Kpyriy IUIOIY 3

paxiycom b

Uniform pressure pn on circular patch of b
radius

F= pnﬂb2



T .2
FR = K Et fy
4
K=1,O+1,109+1,15(9j K:i-g
r ') a6o/or V3 t
B 3aJIEKHOCTI BiJI TOTO, 1110 MEHIIIE whichever is the lesser
B.5.3 PiBHOMipHe HABaHTaKEeHHS], B.5.3 Uniform load, clamped boundary
3aTHCHEHHUH Kpau
t 2
Por = 3,125(—} f,
’ r
B.5.4 MicueBe po3noiijieHe HABAHTAKEHHS], B.5.4 Local distributed load, clamped
3aTHCHEHUI Kpai boundary
PiBHOMIpHHI THCK Pn Ha Kpyrily IUIOHIY 3 Uniform pressure p, on circular patch of
paxiycom b
F = p,zb?
T .2
FR = K Et fy
3 radius b

4
K:1,4O+2,859+2,0(9j K=
r abo

b
r t

1
Na

B 3aJIEKHOCTI BiJl TOTO, IO MEHIIIE whichever is the lesser



NOJATOK C (OBOB’SI3KOBUN)

BUPA3A I JIIHIMHO-IIPYKHUX
MEMBPAHHUX I 3I'MHAJIBHUX
HAIIPY’KEHDb

C.1 3ATAJIBHI TIOJIOKEHHS
C.1.1 PE3VJIBTATH JIi

Pesynmpratn nii, oTpuMaHi 3a JOMOMOTOIO
dbopMyn AaHOTO J0JaTKa, MOXHA PO3TIISAATH
AK  XapaKTepUCTHYHI,  SAKIIO  MPUHHATI
XapaKTepUCTUUHI 3HAYEHHS BILIUBIB,
TE€OMETPUYHUX XaPAKTEPUCTUK 1 BIACTUBOCTEH
Marepiairy.

C.1.2 CUCTEMA INIO3HAYEHb

[To3naueHHs r€OMETPUYHUX pO3MIpiB,
Halpy>KeHb 1 HaBaHTa)XXEHb, BUKOPHCTAaHI B
JAHOMY JOJIaTKy, aHaJOTI14H1 MPHUBEACHUM Y
1.4. JlonaTKOBO BUKOPHUCTOBYIOTHCSI HACTYIIH1
MMO3HAYEHHS.

JlaTUHCBKI JIiTEpU:

b — paniyc, npu sKOMY 3aKiHIYETHCS JTOKATbHE
HABaHTaXCHHsI Ha TUIACTUHY;

I' — 30BHINIHIN pajiiyc KPYyrioi INIACTHHU,

X — OChOBa KOOpJAMHATa Ha IWJIIHAPI abo
pajianbHa KOOpAWHATA HA KPYIJTi TUIACTHHI.

I'penbki mitepu:

Oeqm — CKBIBAJICHTHE HampyxeHHs Mizeca,
NOB’s3aHEe  TUIBKH 3 KOMIIOHCHTaMH
MEMOPaHHOTO HAIPY>KECHHS;

Oeqs — CKBIBAJICHTHE HampyXeHHS Mizeca,
OTpHUMAaHE Bi/I HAPY)XCHb HA TIOBEPXHI;

OMT — OIIOPHE HANpYXCHHs, OTpPHUMaHE 3a
MeMOpaHHOIO TEOPIElO;

Obx — MEPU/IIOHATIbHE HATIPYXKCHHS 3TUHY;,

Obe — KOJIOBE 3TMHAIILHE HAIIPY)KECHHS,

Osx — MEpHUIIOHATBHE MOBEPXHEBE
HaTPY)KEHHS,

Osp — KOJIOBE TIOBEPXHEBE HAIPYKCHHS;

Txn — TIONEPEYHE JOTUYHE HANpYyXKCHHS,
MOB’sI3aHe 3 MEPUTIOHATTEHUM 3T HHOM.

Hwxui iHgexcn:

N — HOpPMaJILHUN;

I — KOJIOBUIA,

Y — MeXa TEeKy4OCTi.

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

ceqm VON Mises equivalent stress associated
with only membrane stress components

Oeqs VOn Mises equivalent stress derived
from surface stresses

omr  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



C.1.3 TPAHUYHI YMOBHA

)

Tlo3nauenusa

rpaHUYHUX

MPUUMAIOTHCS SIK BU3HAYCHO B 5.2.2.

(2) TepmiH «3aTUCHYTHI» BIAHOCHUTBCA MO
BClr, a TepMiH «3akKpilUICHHID» BiTHOCUTHCS

no BC2f.

C.2

HEHNIACHUJIEHI HUJITHAPUYHI

OBOJIOHKH 3 ’KOPCTKUM
3’EAJHAHHAM CTIHKU I JHULIA

C.2.1 Ilmninap 3aTHCHYTHH: piBHOMIpHUIA

C.1.3 BOUNDARY CONDITIONS

YMOB Q)

The boundary condition

should be taken as detailed in 5.2.2.

(2)

The term “clamped” should be taken to
refer to BClr and the term “pinned” to refer to

BC2f.

C.2

CLAMPED BASE UNSTIFFENED

CYLINDRICAL SHELLS

C.2.1 Cylinder, clamped: uniform internal

BHYTPIillIHIi THCK pressure
sn< r
| ) Il | Ot = Py ?
| =
| P
=
 —
r =
i.r -
BC1r
MakcumanbHe Makcumanpue Makcumanpue Maxkcumanbae MaxkcumanbHe
- O-sx (o} T . o} s . Geq,m
Maximum Maximum | Maximum Maximum | Maximum
11,8160, +1,0800, 1,160+ fir o 1,6140,,, 1,0430,;,

C.2.2 Huainap 3aTHCHYTHIi: OChOBE

C.2.2 Cylinder, clamped: axial loading

HABAHTAKCHHSA
P _PR
* f Ourx = T
I i it
|
I
e
r
il’
BC1r
MaxkcumanbHe MaxkcumanbHe MaxkcumanbHe MakcuMabHe MakcuMalbHe
Maximum 9 Maximum Fse Maximum Maximum Ces  [Maximum Zem
1,5450,,;, +0,4550,,;, 0,351t/ r o1, 1,373 oy, 1,000 oy,

notations




C.2.3 Iuuinap 3aTHCHYTHIi: piBHOMIipHUIi
BHYTPIillIHIi THCK i 0CbOBe HABAHTAKEHHSA

C.2.3 Cylinder, clamped: uniform internal
pressure with axial loading

Px f Owvro = pn{
| | s _P,
o % =
g
fx g BC1r
2
Maxcumanohe o, =0y, 1_[ O }L[ O ]
Owmro Owmro
Maxkcumanone o, =Koy,
=
Owmro -2,0 0 0 2.0

KoHTpoJ1b 30BHINIIHBOI OBEPXHI

Outer surface controls

KoHTposb BHYTPIIIHBOI OBEPXHI

Inner surface controls

4,360

1,614

k \ 4,360

Jliniiiny

3aCTOCOBYBAaTH MDK 3HAUCHHSIMH, SIKI MalOTh

THTEPIOJIAIIIO

OJIHaKOBUI KOHTPOJIb MOBEPXHI.

C.2.4 Huninap 3aTUCHYTHM:

riApocTAaTUYHUH BHYTPIlIHIH THCK

MOXHa

Linear interpolation may be used between
values where the same surface controls

C.2.4 Cylinder, clamped: hydrostatic

internal pressure

&
r
— Omro = Pro Y
BC1r
MakcuMaibHe MaxkcumaiabHe MakcuMaibHe MaxkcumaibHe MakcuMaibHe
Maximum s Maximum Oso Maximum Txn Maximum Oeq.s Maximum Zeam
K Twro KoOwro KAt/ T oy keq,SGMTH keq,mGMTa
Jrt
|_ kx kg 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




C.2.5 Hwuainap 3aTUCHYTHIA:
3MillleHHS] HA30BHi

panianbHe

displacement

C.2.5 Cylinder, clamped: radial outward

! >+ wE
I r OmMre =——
I
! \
X i \ BCIr
MakcuManbHe MaxkcuManbHe MaxkcuManabHe MaxkcuMaiabHe MakcuManbHe
Maximum S Maximum se Maximum Zxn Maximum ea.s Maximum “eqm
£816s9,0s0 1,545 6,7, 1169,/t/1 o7, 2,0810,,, 1,000 o7,
C.2.6 Uuainap 3aTucHyTHii. piBHOMipHe C.2.6 Cylinder, clamped: uniform
3pOCTAHHSI TEMIIEPATYPH temperature rise
I omte = GET
I =
I
Loy BClr
X i
MaxkcuManbHe MakcumanbHe MakcumanbHe MakcumanbHe MakcumanbHe
Maximum s Maximum ©se Maximum %xn Maximum Ceas  [Maximum Ceqm
1,816 oy, 15450y, 1,169t/1 oy, 2,0810y;, 1,000 o7y
C.3 HENUICWJIEHI HUWJIIHAPUYHI C.3 PINNED BASE UNSTIFFENED

OBOJIOHKH
OCHOBOIO

C.3.1 Huainap 3akpinieHuii: piBHOMipHH
BHYTPIIIHIA THCK

3AKPIIIVIEHOIO

CYLINDRICAL SHELLS

pressure

.
Opmre = Pr N

BCI1f

C.3.1 Cylinder, pinned: uniform internal




MakcumanbHe Makcumanbue Makcumanbue Makcumainbue MaxkcumanbHe
. o} o T . Oy, . O,
Maximum Maximum Maximum Maximum *° | Maximum "
10,585 o7y 1,125 oy, 0,583t/ 1 oy 1,126 o, 1,067 oy,
C.3.2 Imaingp 3akpimyieHuii: ocboBe C.3.2 Cylinder, pinned: axial loading
HABAHTAKEHHSA
O pre =—
i X f
BCIf
MakcumanbHe MakcumanpHe Makcumanbue MaxkcumanbHe MaxkcumanbHe
. o o) T . o . O,
Maximum Maximum | Maximum " Maximum Maximum "
+1,176 oy, +0,300 o7, 0,175t/ oy, 1,118 oy, 1,010 o,

C.3.3 Huainap 3akpinieHuii: piBHOMipHUA
BHYTPIllIHIil THCK i 0CbOBE HABAHTAKEHHSI

I
Tymre = Pa "

C.3.3 Cylinder, pinned: uniform internal
pressure with axial loading

P,
O MTx =
BCI1f
MakcumanbHe  Maximum O eqm = TMTx \/l—[ O MTx "+- OmTx |
\OMTe ] \OMTE )
MakcuManpHe Maximum Gygs = k Oure
o
( MTXJ 2,0 1,0 05 0,0 025 | 050 | 1,00 2.0
Owmro
k 3,146 3,075 1,568 1,126 0,971 0,991 1,240 1,943




C.3.4 Huuinap 3akpinieHuii: BHYTPilIHi#

riApoCTATHYHUIA THCK

C.3.4 Cylinder,

internal pressure

.
O mr1e = Pao 7

pinned:

hydrostatic

X J, BCIf
MakcumanbHe MakcumanbHe Makcumanbue Makcumanbue MakcumanbHe
. O . (o} Tin . Oeq.s . Oeqm
Maximum Maximum Maximum Maximum Maximum
KyOuro KyOwro KAt/ oy keq,SGMTH keq,mUMTH
[ﬁj kx k@ kT keq,s
Ip
0 0,585 1,125 0,583 1,126
0,2 0,585 0,873 0,583 0,919

JliHIiHY 1HTEPHNOJAIII0 B ( P J MOYHA
BUKOPHCTOBYBATH JUIS Pi3HUX 3HAUCHb lp

Jrt

. . . I
Linear interpolation in (

different values of I,.

Jrt

J may be used for

C.3.5 Huuinap 3akpimjienuii: pagiajabHe C.3.5 Cylinder, pinned: radial outward
3MillleHHsSI HA30BHi displacement
wE
T pmre =
X BC1f
MakcumanbHe MakcumanbHe MakcumanbHe MakcumanbHe MakcumanbHe
i o . 039 Txn . . Geq,m
Maximum Maximum Maximum Maximum Maximum
10,585 oyry 1,000 oy, 0,583t/r &1, 1,000 oy, 1,000 o,




C.3.6 Huainap 3akpinuienunii: piBHOMipHe C.3.6 Cylinder, pinned: uniform
NiABUIICHHSI TeMIlepaTypH temperature rise
| oyt = GET
| w=arT
| r
I
X i
BCI1f
MaxkcumanbHe MaxkcumanbHe MaxkcumanbHe MaxkcumanbHe MakcumanbHe
. o} i Oy Txn . o} . Oeq,m
Maximum Maximum Maximum Maximum Maximum
10,585 oyry 1,000 oy, 0,583\t/r oy, 1,000 oy, 1,000 oy,
C.3.7 Huninap 3akpinjieHuii: MNOBOPOT C.3.7 Cylinder, pinned: rotation of
CTHKA boundary
t
Ture =Ey - Po
BCI1f
MakcumanbHe MakcumanbHe MakcumanbHe MakcumanbHe MakcumanbHe
H o . 050 Txn - O-eq ,S - Geq ,m
Maximum Maximum Maximum Maximum Maximum
1,413 oy, 0,470 o7, 0,454,t/1 &y 1,255 oy 0,251 0y,
C.4 BHYTPIILIHI YMOBH B C.4 INTERNAL  CONDITIONS IN
HEIIIJICUJIEHUX HNUIIHAPUYHUX UNSTIFFENED CYLINDRICAL SHELLS
OBOJIOHKAX
C.4.1 Huuiagp: crymiH4acTta 3MiHa C.4.1 Cylinder: step change of internal
30BHIIIHBOI0 THCKY pressure
I
R
X - [ OMre =Pn—
=
X =
| ==
]
| Pn o




MakcumanbHe Makcumanbue Makcumanbue Makcumanbue MakcumanbHe
. o (o) T . o} s . O, ,m
Maximum Maximum | Maximum " Maximum “° | Maximum
10,2930y, 1,062 oy, 0,467t/ o, 1,056 oy, 1,033 0y,
C4.2 Hnninap: 3aKiHYeHHsI C.4.2 Cylinder: hydrostatic internal

TiZIPOCTATHYHOI 0 BHYTPIllIHHOI'0 THCKY

|
)
|

Pn1 — TUCK Ha TIUONHI VY rt TTiJ] TTOBEPXHEIO

—| la—T

<R

pressure termination

.
T pmre= Pn "

pn1 is the pressure at a depth of Jrt below the

surface
MakcumanbHe MakcumanbHe MakcumanbHe MaxkcumanbHe MaxkcumanbHe
Maximum Maximum % | Maximum Maximum | Maximum ™"
KyOuro KyOwro KAt/ T oy keq,SGMTH keq,mGMTH
k, k, k, Keq.s Keq.m
-1,060 0,510 0,160 1,005 0,275

C.4.3 Hnainap: crymiHyacra 3MiHa

C.4.3 Cylinder: step change of thickness

TOBIIMHH
| =
) N——_r |
==
| r - r
= p TpMTE = Pa P
-X = 1 1
—t
X Pn =
I -
—=
I -
| 2| [+ 2
MakcumanbHe Maxkcumanbae MaxkcumanbHe MakcuManbHe MakcuManbHe
- O- 0 T O- GE m
. 0 . eq,s . q,
Maximum Maximum ° Maximum " Maximum Maximum
KyOuro KyOwro KAt/ oy keq,SGMTH keq,mGMTH




(ﬁ} kx k9 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

C5 KI.JII)HEBI/Iﬂ EJIJEMEHT C.5 RING STIFFENER ON

"KOPCTKOCTI HA IIWJITHAPAYHIN
OBOJIOHIII

C.5.1 uainap i3 KiJIBIEBUM el1eMEHTOM
JKOPCTKOCTI: pajiajibHa cHJia HA Kijble

Hanpyxennss B 000j0HLI  MOTPiOHO
BU3HAYaTH BHUKOPUCTOBYIOUM 3HAu€HHS W,
oOumclieHe B JaHOMY IYHKTI 1 BBEJCHE B
Bupa3, HaeaeHmid y C.2.5. Skmo 3miHa
TOBIIUHUA OOOJIOHKH BiOYBA€ThCS B MiCIIl
PO3MIILIEHHST KUIbIsl, HEOOXITHO BUKOPHCTO-
BYBATH METOJl, HaBeJAeHUM y 8.2.2 cranmapry
EN 1993-4-1.

me Ar

nedopmariii

C.5.2 Huainap i3 KiJIbEeBUM eJIeMEeHTOM
JKOPCTKOCTi: 0CbOBEe HABAHTAKEHHSA

Hanpyxennss B 000j0OHII  MOTPiOHO
BU3HAYAaTH 3 BUKOPUCTAHHSM 3HAYCHHS W,
00YMCIIEHOTO B JAHOMY IYHKTI 1 BBEIGHOTO B
BHpa3, HaBeAeHuii y C.2.5 ta C.2.2.

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 = Wy ‘ wE ) _ P-r
— Pl Cr )T A, r(b2b, )t
b If - bm = 0,778 [rt
m
Pr
b =P w OO A L (b+2b, )i

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.



1')'0
’ch- - I
bm
v
b | Wy
A
b]'l'l !
1y
nedopmariii

C.5.3 Iuainap i3 KUJIbIEBUM e1eMEHTOM

JKOPCTKOCTi: pIBHOMIpHMI BHYTPilIHIM
THCK
Hanpyxennss B 000j0HLI  MOTPiOHO

BU3HAUYaTH 3 BHUKOPUCTAHHSAM OOYHMCIEHOTO
3HAYEHHS W B JJAaHOMY IIYHKT1 1 BBEJIEHOTO B

—_ n X
O MTx = e

W = Wp — Wy
3 —_— r r
't'o——‘ﬁfwr\-g

bm= 0,778 [rt

C.5.3 Ring stiffened

internal pressure

(b+2b,,)t
H}j' = H:O A—j
,+(b+2b, )t
A,
W=—wy——————
A, +(b+2b,,)1
Ogr= E“_j

r

deformations

cylinder:

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

Bupa3, HaBeaeHnuit y C.2.5 ta C.2.1. and C.2.1.
‘ p,r Wr = wo (1-K)
i_ Wo Omrg =, — W = —Wo K
- A,
W= wr — W e
ﬁl z l ,.0 g A, +(b+2b,, )t
b j;: Wy Wo =0 yre E oy = £V
J_'er[pnfi_E> Ar bm = 0.778 1t r
— -
ndopmarrii deformations
MaxkcumansHe Maxkcumanbae Maxkcumanbae MaxkcumalrHe MaxkcumanrHe
i o . 039 Txn . . Geq,m
Maximum Maximum Maximum Maximum Maximum
KyOuro KyOwro KAt/ oy keq,SGMTH keq,mGMTH
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

uniform




C.6 KPYIJI IIVIACTUHM
3 OCECUMETPUYHUMHA
I'PAHUYHUMHU YMOBAMMU

C.6.1 BinbHo oOnepra mjinTa: piBHOMipHe
HABAHTAYKEHHA

nedhopMoBaHUM CTaH

C.6.2 BiabHO o0mepTra MJHTa. JOKAJIbHO
po3mnojaijieHe HABAHTAKEHHS

PiBHOMIpHHMII THCK Pn Ha KpYriiid JUISHIN
3 paxaiycom b

nepopMOBaHUM CTaH

C.6.3 IlnacTuHa 3 3aTHCHEHHMM KpPAa€EM.
piBHOMIpHE HABAHTAKEHHS

nedopMoOBaHUM cTaH

C.6 CIRCULAR PLATES WITH
AXISYMMETRIC BOUNDARY
CONDITIONS

C.6.1 Plate with
boundary: uniform load

simply  supported

4
w=0.6961"_
Et’

max. o, =1, 238;’;;(1) 2
' t

F.
max. og, =1, 238,0,,(—]2
f

Py =0, 308(’;) 2f,

deflected shape

C.6.2 Plate with local distributed load:
simply supported boundary

Uniform pressure pn on circular patch of
radius b

F = panb’ b<02r
2

w=0,1506‘r"3
Et-

max. cxp = max. ogp = 0,621 i,(lng—o,?ﬁf})
- r
Fy=1611——f

(In—+0,769) )
r

deflected shape

C.6.3 Plate with fixed boundary: uniform
load

.4
w=0,17122_
Et-

F.2
Gp= Pu{?}
cn 2,
d (Ha Kparo)

(et edge)

deflected shape



MakcumanbHe | MakcumanbHe | Makcumanbie | MakcumaibHe | MakcuMaiibae | MakcuMalibHe
. . o . le}
Ox y LEHTp1 Obo y LEHTp1 ® y neHTpi Obx pa Kpasx Co0 pa Kpasx ® Ha Kpasgx
0,488 o, 0,488 o, 0,488 o, 0,75 o, 0,225 o, 0,667 o,

C.6.4 Plate with fixed boundary: local

distributed load

C.6.4 IlnacTHHa 3 3aTHCHEHHMM KpaeM:
JIOKAJTBHO PO3Mo/iijieHe HABAHTAKEHHSI

PiBHOMIpHUIT THCK Pn HAa KPYDJIH AUISHII 3 Uniform pressure pn on circular patch of radius

paxiycom b b
F )
-’_ F =pynh” b<02r
- 2
Et-
t 2
S F,=16l1 ’b fy

2 y
l’h' f (In=)
-

B LIEHTDI
(et centre)

nedopMoBaHHii CTaH deflected shape



JTOJATOK D
(OBOB’SI3KOBUI)

BUPA3U 1JI51 POSPAXYHKY
HA CTIMKICTH

D.1 HENIICWJIEHI HUJITHAPUYHI
OBOJIOHKH 3 MOCTIMHOIO
TOBILUIMHOIO CTIHKHA

D.1.1 CUCTEMA INIO3HAYEHb
ITPAHUYHUX YMOB

(1) 'eomeTpuyHi BeIMYUHN

| — moBKMHA HUTIHAPA MK 3aKPIMJICHHIMH;

I — pajiyc cepeJMHHO1 MOBEPXHI IIUITIH/IPA,;

{ — ToBII[MHA OOOJIOHKH,

AW —  XapakTEepUCTHYHE MAaKCHMaJbHE
BIIXWJICHHS.

N

QV
/4

\

\
e
/
/

P
<
-

|
=
=

B

W

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

Aw characteristic imperfection amplitude

X, U
A) av

n,w

WXL

L ng=opt

ngx=1

iy

HXQZET

Pucynok D.1 T'eomerpisa uuiinapa, MeMOpaHHi HANpy KeHHs i FOJ0BHI BEeKTOpH

HAIpY/KeHb

Figure D.1 Cylinder geometry, membrane stresses and stress resultants

(2) BignoBinHi rpaHUYHI YMOBH NPUBOAATHCS
B 2.3,5.2.218.3.

D.1.2 MEPUJIOHAJIbHUIA
(OChOBHIT) CTUCK

D.1.2.1 Kpuru4ni MepuaioHa bHI
HATNIPY’KEHHSA MPH MO310BKHHOMY 3I'MHI

(1) HacrynHi ¢opmynu cnpaBeIuBI TUTBKU
111 000JIOHOK 13 TpaHMYHUME yMoBamu BC 1
a6o BC 2 Ha 060X rpaHsx.

(2) The relevant boundary conditions are set
out in 2.3, 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.



(2) JloBxuHa CerMeHTa 000JIOHKH (2) The length of the shell segment is

XapaKTepU3Y€EThCS MapaMeTpoM 0e3po3MipHOT characterised in terms of the dimensionless
JIOBKUHH : length parameter ®

I r I

r\t  Jrt (D1)
(3) [IlpyxHe KpuTHYHE MepHUIIOHATbHE (3)  The elastic critical meridional buckling
HAMNpPY)KEHHs. TMPH TO3I0BKHBOMY 3THHI 3 stress, using a value of Cy from (4), (5) or (6),
BUKOpucTaHHsIM 3HaueHHs Cy 13 (4), (5) abo should be obtained from:

(6) moTpiOHO BU3HAYATH SIK:

o, . = 0,605EC, &
’ r. (D.2)
(4) dnst umniHapiB cepenHbOi TOBXKUHHM, SKi 4) For medium-length cylinders, which
BU3HAYAIOTHCS SIK: are defined by:
r
17<w<0,5-
t, (D.3)
koedirieHT Cx OTPIOHO MPUAMATH SIK: the factor C, should be taken as:
€. =10 (D.4)
(5) Jns  KOpPOTKMX  IWIHIAPIB,  sKi (5) For short cylinders, which are defined
BHU3HAYAIOTHCS SK: by:
koedimient Cx MOKHA MPUIMATH SIK: the factor Cx may be taken as:
C, =1,36—@+ 2’27
w o (D.6)
(6) Jlyist MOBrUX MHIIHAPIB, SKi BU3HAYAIOTHCS (6) For long cylinders, which are defined
SIK: by:
>0, 5£
t 1 (D'7)
koedirienT Cyx MOXke OyTH BCTAaHOBJICHUH SIK: the factor Cy should be found as:
Cx = Cx,N , (D8)
ne Cxn Oliplie HiK: in which Cyn is the greater of:
o =1+£[1—2a)3}
Xb r (D.9)
i and
CX,N = O, 60 ' (Dllo)
ne Cyp — mapameTp, SKUH 3alIeXKUTh Bl where Cyx, is a parameter depending on the
ITPaHUYHUX YMOB 1 HpuiMaeTbes  3a boundary conditions and being taken from table

tabmuuero D.1. D.1.



Tadanua D.1 Ilapamertp Cxb A/ BpaxXyBaHHsI BIVIMBY ITPAHUYHUX YMOB HA MPYKHe KPUTHYHE
MepHIiOHAJIbHE HANIPYKEHHS NPH MO0310BKHLOMY 3TMHI JJIsl JOBIMX HWJIIHAPIB

Table D.1 Parameter Cx for the effect of boundary conditions on the elastic critical
meridional buckling stress in long cylinders

Bapiant Kpaii mmiagpa I'pannuni ymoBH C
Case Cylinder end Boundary condition Xb

1 end 1 BC1
end 2 BC1 6

2 end 1 BC1
end 2 BC 2 3

3 end 1 BC 2
end 2 BC2 1

(7) Jnst moBrux mtiHapis, Bu3HaueHux y (6)
1 sIK1 BIATIOB1IAI0Th YMOBAM:

r
T <150 w< 6(—)
t t

koedimieHT Cx Moke OyTH 0OUMCIICHUH SIK:

ae:

Oxe — NMPOEKTHE 3HAYEHHS MEPHIIOHATBHOTO
HaIpy>KCHHA Ox Ed,

OxEN — KOMIIOHEHTA OxEd, SIKA BH3HAYAETHCS
13 OCBOBOTO CTHUCKY (KOMIIOHEHTA PIBHOMIpHA
10 KOJIY);

OxEM — KOMIIOHEHTA OxEd, SIKA BH3HAYAETHCS
13 3arajlpbHOrO 3TUHY (TIKOBE 3HAYEHHS
3MIHHOT 110 KOJTy KOMIIOHECHTH).

Hactynmauii Ounbll mpocTUil BUpa3 MOXKHA

TAaKOX BHUKOPHCTOBYBATHU 3aMiCTB BHUpa3y
(D.12):

C, =0, 60+0,40[0*ﬂj

D.1.2.2 MepuaionaabHi napaMeTrpu
MO310B:KHHOT0 3TUHY
(1) Koedirient 3MEHIIEHHS

MEpPUIOHAIBHOTO TPYXHOTO JAe(EeKTy O
noTpiOHO BU3HAYATH SIK:

C — CX'N [GXE,N

O-XE

e

(7)  For long cylinders as defined in (6) that
satisfy the additional conditions:

500< fi <1000

vk , (D.11)
the factor Cx may alternatively be obtained
from:

, (D.12)

where:

oxe — IS the design value of the meridional
stress oxEd

oxenN — 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

T 01(Aw, )
+1,91(Aw, /)" (D.14)



ne AWk — HaiOuIbIIe XapaKTEepPUCTHYHE
3Ha4YeHHs AedekTy

ne Q — mapamMeTrp SKOCTI BHTOTOBJIICHHS IO
MEPHII0HATBHOMY CTUCKY.

(2) TIlapamerp sikocTi BHroTOBIEHHS Q
notpibHo Opatm 13 Tabmuui D.2  mo
00yMOBJIEHOMY KJIacy SIKOCTi 3 TOTTyCKaMH Ha
BUTOTOBJICHHSL.

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.

Tadmmua D.2 3navenns napamerpa siKocTi BUTOTOBJIeHHsS Q
Table D.2 Values of fabrication quality parameter Q
Krac sikocTi 3 1ormyckaMu Ha BUTOTOBJICHHS Ornuc Q
Fabrication tolerance quality class Description
Class A Haiikpanmit 40
Kiac A Excellent
Class B Bucoxwuii 25
Kiac B High
Class C HopmainsHuii 16
Kiaac C Normal
(3) KoedirienT MepumaioHaTbHOT THYYKOCTI (3)  The meridional squash limit slenderness
CTUCHYTOTO  €JIeMEHTa A, KOeQIlieHT L., the plastic range factor B, and the
IUTACTHYHOCTI 3 1 TOKa3HWK  CTyIeHi interaction exponent 1 should be taken as:
B3a€EMOJIIT n moTpioHO npuiiMaTu
HACTYITHUMU:

%0=020 £=0,60 7=10

(4) Inst moBrux mUIiHAPIB, K1 BIAMOBIAAIOTH
ocobmuBuM ymoBaM D.1.2.1 (7), xoedirieHT
MEPHIIOHAIIBHOT ~ THYYKOCTI  CTHCHYTOTO
eJIEMEHTa A, , MOKHA BU3HAYMTH i3

1 Oxe — IPOEKTHE 3HAYCHHS MEPHIIOHAJIb-
HOTO HAINPYXXCHHS Ox,Ed;

OxEM — KOMIIOHEHTA OxEd, SIKa BU3HAYAETHCS
13 3arajgpbHOro 3ruHy (MIKOBE 3HAYEHHSA
3MIHHO1 110 KOJTY KOMIIOHCHTH)

(5) Huminapm MoOXKHAa HE TMEpeBIpsATH Ha
MepHIi0HAIbHUN MO3J0BXKHIM 3THH
00OJIOHKH SIKIII0 BUKOHYETHCSI yMOBa:

7., =0,20+0,10 [Gﬂ]

(D.16)
4) For long cylinders that satisfy the
special conditions of D.1.2.1 (7), the

meridional squash limit slenderness x,, may
be obtained from:

GXE

, (D.17)
where: oxe is the design value of the meridional
stress oxEd

oxe,M IS the component of oy eq 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)



D.1.3 KOJIOBUM CTUCK (OBPYY)

D.1.3.1 KpuruyHi KOJIOBI HaNpyKeHHA
NPH NO0310BKHBOMY 3T'HHI

(1) Hacrtynni ¢opmynu MoxHa 3aCTOCOBY-
BaTH s OOOJIOHOK 3 yCiMa T'paHUYHUMHU
YMOBaMH.

(2) JoBxuHy cermeHTa OOOJIOHKH MOTPIOHO
XapaKTepU3yBaTH 3aJeKHO Bixg Oe3po3mip-
HOTO TapaMeTpa JIOBXHUHHU '

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 w:

b
w_r\ft Jrt (D.19)

(3) Ans mumiHapiB cepeaHboi JOBXKUHH, SKI
BH3HAYAIOTHCS SIK:

20<-? <1
C@

[IpyxHe  KpUTHUHE  HaNpyXeHHS  MpH
MO3JI0B)KHbOMY 3THHI MOTPIOHO BU3HAYATH
TaK:

yeer =0, 925(

(4) Koedimienr Cp mnoTpiOHO OpaTn 13
Ta0muii D.3 31 3HaUeHHAM, SKe 3aJI€KUTh Bil
IPaHUYHHUX YMOB, nuB. 5.2.2 Ta 8.3.

(5) Jma  xopoTKuX
BHU3HAYAKOTHCS SIK:

OWTIHAPIB,  sKI

63
t

(3) For medium-length cylinders, which
are defined by:

(D.20)

the elastic critical circumferential buckling
stress should be obtained from:

%j(%j , (D.21)

The factor Cy 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

MPY)XHE KPUTUYHE KOJIOBE HANPYXKCHHS TPHU
MO370B)KHbOMY 3THHI MOTPIOHO BU3HAYATH
AK:

Gy eer =0, 92E(

(6) Koedimientr Cops moTpiOHO Opatu i3
tabmuii D.4 31 3HaUeHHAM, SKe 3aJ€KUTh Bil
I'paHUYHUX YMOB, 1uB. 5.2.2 Ta 8.3.

, (D.22)

the elastic critical circumferential buckling
stress should be obtained instead from:

%]Gj , (D.23)

(6)  The factor Ces should be taken from
table D.4, with a value that depends on the
boundary conditions, see 5.2.2 and 8.3:



Taoauns

D.3 Koe¢inientn HanpykeHHsI NPU M03A0B:KHbOMY 3riuHi Co mpm Aii 30BHIIIHBOT0 THCKY
JUISl MITIHAPIB cepeHbOl N0BKHHH

Table D.3 External pressure buckling factors for medium-length cylinders Co
Bunanok| Kpaii mumiagpa I'panvuni ymou | 3uauenns Co
Case Cylinder end Boundary condition | \/a1ye of Cy
end 1 BC1
! end 2 BC 1 15
end 1 BC1
2 end 2 BC 2 125
end 1 BC 2
3 end 2 BC 2 10
end 1 BC1
4 end 2 BC 3 06
end 1 BC2
S end 2 BC3 0
end 1 BC 3
6 end 2 BC 3 0
Tadmnua D.4 KoedinienTn Hanpy:keHHs] PH MO310B:KHBOMY 3ruHi Cos mpH 11ii 30BHIIHBEOT0 THCKY
JUISL KOPOTKUX HUWTiHAPIB
Table D.4 External pressure buckling factors for short cylinders Ces
Bumagok Kpaii uiagpa I'pannuHi yMoBH C
Case Cylinder end Boundary condition O
end 1 BC1 10 5
1 15+ ——-——
end 2 BC1 @ @
end 1 BC1 8 4
2 end 2 BC 2 Lo+~
end 1 BC2 3
3 end 2 BC 2 L0+ 135
end 1 BC1 1 0,3
4 end 2 BC3 0.6+—-—%
o |
ne/where \/ﬁ
(7) st OBrUX MEUIIHAPIB, SKi BU3HAYAIOTHCS (7) For long cylinders, which are defined
SK: by:
r
“ >1,63—

(4

MPY)XHE KPUTHYHE KPYrOoBE HANPYKCHHS TPU
MO37I0BKHBOMY 3THHI MOTPIOHO BU3HAUYATH 3a
dbopmynoro:

t

2 C r 4
Oy rer = E(—j {0,275+ 2,03(—‘”—) :l
' r o t

D.1.3.2 KosoBi mapamerpu no3goB:KHbOI'0
3rHHY

(1) KoedimieHTH 3MEHIIEHHS KOJIOBOTO
NpYy)XHOTO JedekTy mnoTpiOHO Opath i3
tabnuui D.5 mo BiAMoOBiAHOMY KJ1acy SIKOCTI 3
JOTyCKaMU Ha BUTOTOBJICHHSI.

: (D.24)
the elastic critical circumferential buckling

stress should be obtained from:

(D.25)

D.1.3.2 Circumferential buckling
parameters

(1) The circumferential elastic imperfection
reduction factor should be taken from table
D.5 for the specified fabrication tolerance
quality class.




Taoauns D.5 3nauHHA 06 3271€KHO BiJ AKOCTI BUTOTOBJICHHS

Table D.5 Values of ae based on fabrication quality
Knac sxocti 3 JOITyCKaMHM Ha BUT'OTOBJICHHS Ommc
Fabrication tolerance quality class Description 0o

Kiac A Haiikparmii 075
Class A Excellent ’
Knac B Bucokuit

Class B High 0,65
Knac C Hopmanbshmuii 050
Class C Normal ’

(2)  KoedimieHT  KOJIIOBOi  THYYKOCTI
CTHCHYTOTO €JIeMEHTa A,,, Koe(ilieHT ruiac-

TUYHOCTI [ 1 TOKa3HUK CTEIEHs B3a€MOJIL 1M
MOTPIOHO MPUIMATH HACTYITHUMMU:

70=0,20  =0,60

(3) Huniaapu MoXHA HE TEpeBIpATH Ha
KOJIOBMM TO3J0BXKHIA 3TMH OOOJIOHKH SIKIIIO
BUKOHYETHCS YMOBA:

(2) The circumferential squash  limit
slenderness A ,, 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) po3moia BiTPOBOro THCKY HABKOJIO 000J0HKH

b) po3nonia ekBiBaseHTHOro 0CECUMETPHYHOIO THCKY

a) wind pressure distribution around shell circumference
b) equivalent axisymmetric pressure distribution

Pucynok D.2 TlepeTBopeHHSsI THIIOBOIO PO3MOIiIY 30BHIIIHHOI0 BITPOBOI0 THCKY
Figure D.2 Transformation of typical wind external pressure load distribution

(4) HepiBHOMIipHUI PO3MOJALT TUCKY (w, KU
BUHHKAE Bijl 30BHIIIHHOTO BITPOBOTO HABaH-
TaXEHHS Ha LUWIIHAPU (IuB. puUcyHOK D.2)
MOXXHa, I PO3paxyHKy BTpaTH CTIHKOCTi
OpU  TO3J0BXXKHBOMY  3TMHI,  3aMIHUTH
€KBIBAJIEHTHUM  PIBHOMIPHUM  30BHIIIHIM
THUCKOM:

(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:

qeq = kwqw,max (D . 28)

1€ Cw,max — MAaKCUMaJIbHUI BITPOBHH THCK, a

kW BHU3HAYAECTHCA HACTYITHUM YUHOM:

where Qwmax IS the maximum wind pressure,
and kw should be found as follows:



kW=O,46{1+0,1 /ﬁlj
o t

i3 3HauYeHHsIM Kw, SIKe 3HAXOIMTBHCS B MEXax
0,65<kw<1, 3nauennus Cy morpiOHO OpaTh 3
tabmuii D.3 BiAMmoBigHO 10 TPAaHUYHHUX YMOB.

(5) IIpoexkTHEe KOJIOBE HAIPYXKEHHS, BBEICHE
B 8.5, BU3BHAYAETHCA 3:

O,Ed

BHITPIILIHE  BIJICMOKTYBaHHS,
JI€I0  TOBITPS, BHYTPILIHIM
pO3pUDKEHHSAM a0  IHIIUM

ae Qs
CIIPHYHHEHE
JAaCTKOBHUM
SABHUIILICEM.

D.1.4 3CYB

D.1.4.1 KpurHuHe HaNpy KeHHs
NPH N0310B:KHBOMY 3THHI 3i 3cyBOM

(1) Hactynni BUpa3u noTpibHO
3aCTOCOBYBAaTH TUIBKM JUIsI OOOJOHOK 13
rpannyHuMH ymMoBamu BC1 a6o BC2 Ha 060x
Kpasx.

2) JloBxuHa CerMeHTa 000JIOHKH
XapaKTEpHU3YEThCS  3aJIGKHO Bim  0e3po3-
MIpPHOTO MapaMeTpa JOBXHHH '

a,_l\ﬁ_L
rVt Jrt

(3) IlpyxHe KpUTHYHE HANPYKEHHS MpH
MO3/IOBXKHBOMY 3TMHI BiJl 3CyBy MOJHa
BU3HAYUTH 13:

Tora =0 75EC’\/%(%)

(D.29)
with the value of kw not outside the range
0,65< kw <1, and with Cy taken from table D.3
according to the boundary conditions.

(5) The circumferential design stress to be
introduced into 8.5 follows from:

= (G + qs)(ﬁj
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
BCL1 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) Jns ummisapiB cepeaHboi JOBKHUHH, SKi (4) For medium-length cylinders, which are
BHU3HAYAIOTHCS SIK: defined by:
r
10<w<8,7—
t, (D.33)
koedimient C; MOXKHA IPUHHATH SK: the factor C. may be found as:
Cr :1,0. (D.34)
(5) Jns  KOpPOTKMX  IIWIHIPIB,  SKi (5) For short cylinders, which are defined by:

BU3HAYAKOTHCA SK:

koedirieHT C; MOXKHA BU3HAUYUTH 13:

C =

T

»<10,
the factor C.[10] may be obtained from:

1+4—§
(4]

(D.35)

(D.36)



(6) lnst HOBruX MWITIHIPIB, SIKI BU3HAYAIOTHCS
SIK:

(6) For long cylinders, which are defined by:

w>8,7 r
t, (D.37)
koediieHT C; MOYKHA BU3HAYUTH 13: the factor C.[1[Jmay be obtained from:
c -1
3 (D.38)

D.1.4.2 [lapameTpu N0O310BKHBOT0 3TUHY B
BUIAJIKY 3CyBY

(1) KoediuieHT 3MEHIIEHHS MPYKHOTO
negexTy 'y BHUHOAAKy 3CyBYy HOTPIOHO
npuiimatn  3a  Tabmunero  D.6  mo
BIJIMOBIIHOMY KJIACy SIKOCT1 3 JOTTyCKaMHu Ha
BUTOTOBJICHHSL.

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.

Taomuoa D.6 3HavyeHHS Or 32JI€KHO BiJ AKOCTI BUTOTOBJICHHSA

Table D.6  Values of A: based on fabrication quality
Kiac sixocTi 3 gomyckaMu Ha BUTOTOBJICHHS (0)317(¢
Fabrication tolerance quality class Description ot

Knac A Haiikpamuit 075
Class A Excellent '
Knac B Bucokwii

Class B High 0,65
Knac C Hopmanbauii 050
Class C Normal ’

(2) KoedimieHT THYYKOCTI CTHCHYTOTO
eJeMeHTa TIpU 3CyBi A, KoedilieHT miac-
TUYHOCTI [} 1 OKa3HUK CTYIEHS B3aEMOJII 1M
MOTPIOHO MPUIHATH HACTYITHUMH:

A, =0,40

(3) Huniaapu MoXHA HE TMEpeBIpsATH Ha
KOJIOBUI TO37I0BXHIA 3rUH OOOJIOHKH TIPH
3CYBI, SIKIIIO BUKOHYETHCS YMOBA:

Ls0,16{
t

D.1.5 MEPUJIOHAJIbHUMA
(OCbOBHI1) CTUCK I3 BHYTPILIHIM
TUCKOM

D.1.5.1 KpuruyHe HANpyXKeHHs NpPH
NMO310BKHbOMY 3THHI i/l Ti€10 THCKY

(1) TlpyxHe KpUTHYHE HANPYKEHHS IpH
M03/I0BKHBOMY 3TUHI Gx,Rer MOYKHA BU3HAYaTH
0e3 ypaxyBaHHS BHYTPIIIHBOTO THUCKY 1
orpumatu 3 D.1.2.1.

S =0,60

The shear squash limit slenderness 2, the

plastic range factor B, and the interaction
exponent n should be taken as:

n=10 (D.39)
(3)  Cylinders need not be checked against
shear shell buckling if they satisfy:

0,67
5
wl o (D.40)

D.1.5 MERIDIONAL (AXIAL)
COMPRESSION WITH COEXISTENT
INTERNAL PRESSURE

D.1.5.1 Pressurised critical meridional

buckling stress

(1)  The elastic critical meridional buckling
stress oxrer May be assumed to be unaffected
by the presence of internal pressure and may
be obtained as specified in D.1.2.1.



D.1.5.2 Ilapamerpum MepHIiOHAJBLHOIO
MO310BKHBOT0 3THHY
(1) Hanpyxenns MEpUIIOHAIBHOTO

MO3/I0BXKHBOTO 3TMHY BiA i BHYTPIIIHBOTO
TUCKY TOTPIOHO MEpPEeBIPATH aHAJIOTIYHO IO
JI0 TAKOTO K MapaMeTpa, aje 0e3 Jii THCKY, K
BKazano y 8.51D.1.2.2.

[Ipore koedimieHT 3MEHIICHHS MPYXHOT
nedopmartii o, 6€3 THCKY MOTPIOHO 3aMIHUTH
UM Ke Koe(illieHTOM, ane 3 ypaxyBaHHSIM
THUCKY Olxp.

(2) KoedimieHT  3MEHIIEHHS  MPYXHOL
nedopmariii mij THCKOM 0, TOTPIOHO Opatu
MEHIIIUM 13 JIBOX 3HAYEHb:

Oxpe — KOCQIIIEHT, IO BPaXOBYE IMPYKHY
cTaOu113a1il0, CHPUUNHEHY TUCKOM;

Oxpp — KOEQIITIEHT, MO BPAaXOBYE IIACTHUYHY
JecTabuTi3auio, CIPUYUHEHY TUCKOM.

(3) KoeitieHT oxpe MOTPIOHO BU3HAUATH 13:

A, = Q, +(1—ax){

P, = (—ps

ne Ps — HaWMEHbBIIEe TPOCKTHE 3HAYCHHS
JIOKAJIbHOTO BHYTPINTHBOTO THUCKY B TOMYIII,
0 PO3MISIIAETHCA, SKHM JIl€ CYMICHO 13
MEPHII0HATBHUM CTHCKOM;

Ox — Koe(illieHT 3MEHIIICHHS MEPHUIIOHABHOT
npykHoi nedopmartii 6€3 ypaxyBaHHS THCKY
BignmosigHo 10 D.1.2.2;

OxRer — TPYKHE KPUTHYHE MEPHUIIOHAIBHE
HATPY)KEHHsI TIPU  TO3JI0BKHBOMY  3THHI
BiamosinHo 1o D.1.2.1 (3).

(4) KoediuieHT oxpe HE MOTPIOHO 3acTo-
COBYBaTH JI0 JIOBI'HX IHMJIIHAPIB BiAMOBIAHO
no D.1.2.1 (6).

Kpim Toro, iioro He MOTpiOGHO 3aCTOCOBYBATH,
SIKIIIO BUKOHYETHCS OJTHA 3 YMOB:

— IWIHAP CepelHbOi JOBXKWUHHU BIAMOBITHO
no D.1.2.1 (4);

— KOPOTKUH muiiHap BiamoBigHo o D.1.2.1
(5) 1B D.1.2.1 (3) 6yno mpwuiiasto Cx= 1.

D.1.5.2 Pressurised meridional buckling
parameters

Q) The pressurised meridional buckling
stress should be verified analogously to the
unpressurised meridional buckling stress as
specified in 8.5 and 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 oy, should be taken as the
smaller of the two following values:

ape IS a factor covering pressure-induced
elastic stabilisation;

axpp IS a factor covering pressure-induced
plastic destabilisation

The factor axpe should be obtained from:

P, }
= 0,5
p5+0,3/ax . (D41)

It

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 IS the elastic critical meridional buckling
stress according to D.1.2.1 (3).

(4)  The factor oxpe 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).



(5) KoeditieHT oxpp MOTPIOHO BU3HAYATH SIK:

(5)  The factor oxpp Should be obtained from:

Ao =11-| = |1|1- 3/2
pp { A } 112+s s(s+1) . (D.43)

ne Py — HaHOUIbIIE TPOEKTHE 3HAYCHHS
JOKAbHOTO  BHYTPIIIHBOIO  THCKYy B
pO3paxyHKOBIM  ToHIll, 3  OJHOYACHUM
MEpHI1I0HAIBHUM CTHUCKOM;

Ay — 0e3po3MipHMI TapaMeTp THYYKOCTI
CTUCHYTO1 000JIOHKH BiAmoBinHO A0 8.5.2 (6);
OxRer — TPYKHE KPUTUYHE MEPHUIIOHATBHE
Hampy)KEHHsI TIpU  TO3J0BXKHBOMY  3THHI
BiamosimHo o D.1.2.1 (3).

D.1.6 Cymicna fais MepHIIOHAJIBLHOIO
(0CLOBOIr0) CTHCKY, KOJIOBOr0 (00py4)
CTHCKY I 3CyBY

(1) Ilapamerpu B3aeMoali MO310BKHBOTO
3TUHY Ui BUKOpHUCTaHHS B 8.5.3 (3) MoxxHa
OTpHUMATH 13:

k,=1,25+0,75y,

I3, o4

(D.45)
where:
pg is he largest design value of local internal
pressure at the location of the point being
assessed that can coexist with the meridional
compression;
Ay Is the dimensionless shell slenderness
parameter according to 8.5.2 (6);
oxrer IS 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:

; (D.46)
k,=125+0,75y, . (D.47)
k. =1,75+0,75y, . (D.48)

k=) (D.49)

o€ Yx, X6y Y — KOEQIIIEHTH 3MEHIICHHS
MMO3JI0BXXHBOTO 3THHY, BHU3HaueHi B 8.5.2, 3
BUKOPHUCTAHHAM IMapaMeTpPiB IO3I0BXKHBOTO
3runy, HaBenennx y D.1.2 — D.1.4.

(2) BBaxaeTrbcs, 1O TPU KOMIIOHCHTH
MEMOPAHHOTO HAIPY)KEHHS B3a€EMOJIIOTH Y
BCIiX TOYKaxX OOOJIOHKH 32 BHHSATKOM TOYOK,
SIK1 TIPWJIATAIOTh JI0 TpaHullb. [lepeBipkoro Ha
CyMICHY [if0 MOHa 3HEXTYBaTH MJs BCIX
TOYOK, III0 3HAXOJAATHCS B MeXaX JOBXHHHU
rpaHn4HOl 30HU IR, siKa mpwisrae a0 Oyab-
AKO1 TpaHl UWIIHAPUYHOTO  CETMEHTA.
3HayeHHs |r € MeHIINM i3:

where: yx, s, ¥ 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
the smaller of:

I, <0,16r/r/t (D.51)



(3) Skmo ckIagHO BHUKOHATHU TEPEBIPKY
CYMICHOTO TMO3J0BXHBOTO 3TMHY B YCIX
TOYKaxX, TO MOXHA KOPHUCTYBATHUCS IPOCTi-
IIMM KOHCEPBATUBHUM METOJIOM, HABEJICHUM
y HacTymHux mnoJjiokeHHsX (4) 1 (5). Sxmo
MaKCUMajlbHE 3HA4YeHHsI Oy/b-IKOro MemO-
PaHHOTO HANpPY)XEHHS BUHHUKAE y MeXax
rpaHu4HOl 30HU IR, sika mpwisrae a0 Oyb-
AKOi TpaHi UWITIHApa, TepeBipka CyMicHOT il
BimoBigHO 10 8.5.3 (3) MoXe OyTu BUKOHAHA
3 BUKOPHCTAHHSM 3Ha4YeHb, BU3HAUCHUX Y (4).

(4) S0 BHUKOHYIOTHCS YMOBHU TOJIOXKEHHS
(3), MakcuManpHE 3HAYEHHS  KOXKHOTO
MEMOPaHHOTO HANpYXEHHS, 3B’S3aHOTO 3
MO3/IOBXKHIM 3TMHOM, SK€ BHHHUKAE HE B
Mexax BUTbHOI noBkHMHU |f (32 Mexamu
IPaHUYHUX 30H, AUB. pucyHok D.3a), MoxHa
BUKOPUCTOBYBATH Ha MEPEBIPKY CYMICHOT 1ii
3a 8.5.3 (3), me:

|, =L-2l,

(5) dns noBrux UWIIHAPIB, BU3HAYEHHUX Y
D.1.2.1 (6), rpynu, mo MaroTh BIAHOIICHHS
JI0 CYMICHOT /i1 1 BBOIATHCS Y MEPEBIpKy Ha
CYMICHY JIif0, MOXYTh OOMEXyBaTHUCs OUIbIIe
nopiBHssHO 3 maparpadamm  (3) 1 (4).
[MpumyckaeTbcsi, 10  HANPYXEHHS,  SIKi
BXOJATh JO TPyHm CYMICHOT [ii, MO’KHa
OOMEXHUTH OyIlb-IKUM BIIPI3KOM 3aBIIOBXKKH
lint, po3mimenum y mexax lf mist mepeBipku
cymicHoi aii(muB. pucynok D.3b), ne:

(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 Iz 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 Ir (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 linx falling
within the free remaining length Ir for the
interaction check (see figure D.3b), where:

L, =13ryr/t (D.53)
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a) Y KOPOTKOMY IMJTiHAPi
a) in a short cylinder

PucyHnok
Figure
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b) y noBromy mmminapi
b) in a long cylinder

D.3 Examples of interaction-relevant groups of membrane stress components



(6) Sxmo B maparpadax (3)—(5) He
HABOJATHCS OCOONMBI IOJIOKEHHS  LIOJ0
BU3HAYCHHS BiTHOCHOTO pO3MIIIEHHS a0o
po3aily TpyHn KOMIIOHEHTIB MEMOpaHHOTO
HaTpyKEHHsI CyMiCHOT i1 1 Bce e nmoTpideH
NPOCTHI 1 KOHCEPBATUBHUU MIOXiJ, MaKCH-
MaJbHE 3HAYEHHS KOXHOTO MEMOpaHHOTO
HaTPYKEHHsI, HE3aJIS)KHO BiJ PO3MILICHHS Ha
00OJIOHIIl, MOXXe OYTHM BHKOPHCTAaHUM Y

dopmyii (8.19).

D.2 HENIACWIEHI HNWJIIHAPUYHI
OBOJIOHKH 31 CTYHOIHYACTOIO
3MIHHOIO TOBIIINMHOIO CTIHKH

D.2.1 3ATAJIBHI NOJIOKEHHSA

D.2.1.1 Cucrema no3HayeHb i IpaHW4Hi
YMOBH

(1) Y nmanomy po3fini BHKOPHCTOBYIOTHCSI
HACTYIHI TO3HAYEHHS:

L — 3aranpHa JOBXWHA IITIHPA;

I — pajiiyc cepeIMHHO1 MOBEPXHI IUITIH/PA;

] — miMMii MOKa3HUK, SKUH BKa3ye€ Ha OKpeMi
CeKIli MWIHApPAa 3 TMOCTIHHOI TOBIIUHOIO
crinku (Big j =1 mo j = n);

tj — mocrTiifHa TOBINMHA CTIHKH CEKIIiT | JaHOTO
TUAJIHPA;

lj — moBskMHa CeKIii IMTiHapa.

(2) HactymHi Bupas3u cripaBe MBI TUTBKU TS
000710HOK 13 rpannyarMEU yMoBamu BC 1 abo
BC 2 na o6ox kiHmgx (muB. 5.2.2 1 8.3), 0e3

ypaxyBaHHs PI3HHIII MDK HUMHU.

D.2.1.2 T'eomeTpis i 3MillleHHA CTUKIB

(1) Sxmo ToBIIMHA CTIHKH  ITWJIIHApA
30UTBIIYETbCS  TOCTYMOBO 1 CTYMIHYACTO
3BEpXy 10 HU3Y (IuB. pucyHok D.5a), MmokHa
3aCTOCOBYBAaTH METOJUKY, HABEJCHY B I[bOMY
poszauri D.2.

(2) HamiveHi 3MilieHHs €9 MDK IIJJaCTUHAMU
CYMDKHHUX CeKIiif (auB. pucyHok D.4) moxHa
pO3rIsAgaTH SIK MPOTHO30BaHI HACTYMHUMH
dopMynamMu 32 YMOBH, III0 HaMidyeHe
3HAUEHHS €9 MEHIIIE JOMYyCTHUMOTO 3HAYeHHS
€0,p, IKE TIPUIMAETHCS K MEHIIIE 13:

(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

(1) 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 ey 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 eop which should be
taken as the smaller of:

eo,p = 0'5(tma>< _tmin) : (D54)

€op = 0,5t

, (D.54)



ne tmax — TOBIIMHA TOBCTIIOI CTIHKHA
3’€IHAHHS,
tmin — TOBILIMHA TOHIIOT CTIHKU 3’ €IHAHHA.

(3) Jns wmaiHApiB 13 NPOTHO30BAHUMH
3MIMIEHHSAMH MDK CYMDKHUMH  CEKIISIMH
BIIMOBITHO 110 (2), paaiyc ' MOKHA OpaTh K
CepeHE 3HAUCHHS BCIX CEKITI.

(4) Jns mumiaapiB 31 3’€THAHHSIMHU BHAITYCK
MOTPIOHO  BHKOPHCTOBYBATH  ITOJIOXKEHHS,
HaBegeH1 B maparpadi D.3.

Tmin
o

%

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.

2
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Pucynok D.4 TIIporHozoBaHe 3MillleHHsI €0 B 000JIOHI, fIKa 3’€IHAHA BIPHUTYJI
Figure D.4 Intended offset eo in a butt-jointed shell

D.2.2 MEIT'H,Z[IOHAJILHHI‘?I
(OCbOBHUH) CTUCK

(1) KoskHy CeKIIifo IuIiHApa | 3aBIOBKKH ]
MOTPIOHO PO3MISIIATH  SIK  €KBIBAJIGHTHUM
WIHAP i3 3araapbHO0 JoBkHHOK | =L i 3
MOCTIHOIO TOBILAHOO CTIHKHA t=1
BinnoBigHo 10 D.1.2.

(2) Jlnsa noBrux eKBIBAJIGHTHUX IMJIIHIPIB,
Bu3HaueHux y D.1.2.1 (6), mapamerp Cxp
notpioHo mpuitmatu sk Cyp = 1, sKIIIO Kparie
3HAYCHHS HE BU3HAUCHE OUIBII JETAbLHUM
aHaATI30M.

D.2.3 KOJIOBHUH CTUCK (OBPYY)

D.2.3.1 KpuruyHi KOJIOBI HANpyKeHH:A
NPH NMO310BKHBOMY 3THHI

(1) Skmo uMTIHAP CKIAZAETHCS i3 TPHOX
CEeKIil 3 pPI3HUMH TOBIIMHAMU CTIHOK, TO
MeToquKy, ommcany B (4)—(7), motpioHO
3aCTOCOBYBATH JUIsl pealIbHUX CEKIliid a, b i ¢,
(muB. pucynok D.5b).

D.2.2 MERIDIONAL (AXIAL)
COMPRESSION

(1) Each cylinder section j of length |;
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 Cyp
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 circumferential buckling
stresses

(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.



(2) Skmo UWIIHAP CKIANAETHCS TUIBKU 13
onHiel cekii (ToOTO Mae MOCTIHHY TOBIIMHY
CTIHKH), MoTpiOHO 3aCTOCOBYBATH
nosoxenns D.1.

(3) Sxmo IUIHAP CKIANAETBCS 13 JABOX
CeKIii 3 PI3HOIO TOBIIMHOI  CTIHOK,
MeToauKy, ommcany B (4) — (7), moTpibHO
3aCTOCOBYBAaTH HACTYITHAUM YWHOM: 1B i3
TpboX  (QIKTUBHHX  CeKuiii, a T1a b,
PO3TIIAIAIOTHCS K TaKi, [0 MAIOTh OJTHAKOBY
TOBIIMHY.

(4) SAxmo muIHAP CKIAJAEThCs OUIbIIE HIK
13 TPHOX CEKIIIH 13 PI3HOIO TOBIIMHOKO CTIHOK
(muB. pucynoxk D.5a), To cnouaTky #oro
MOTPIOHO 3aMIHUTH EKBIBAJIEHTHUM IIMJITH/-
pOM, JI0 SIKOTO BXOJATH TPU ceKwii a, b 1 ¢
(muB. pucyHok D.5b). JlopkuHa BEpXHBOI
cekmii la MOBMHHA TPOMOBXKYBATHCS IO
BEPXHbOTO Kparo TMEepIIoi CeKlii, TOBIIMHA
akoi B 1,5 pasa Ouiblla HDK HalMeHIIa
TOBIIMHA CTIHKH {1, ayie He OUIBINIE ITOJIOBHHU
3arajbHOi JOBXHMHM wuiiHzapa L. [loxuny
IBOX iHmmx cekmii lp 1 lc moTpibHO
BHU3HAYaTU HACTYITHUM YHHOM:

l, =1

(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.

4) 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 t;, but should not comprise more
than half the total length L of the cylinder. The
length of the two other sections Iy and Ic should
be obtained as follows:

2 ifand o =L72 grmosit W SL/3, (D.56)
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a) NWTiHAP 3i cTYNiHYAaCTO 3MiHHOI0 TOBIIMHOIO CTiIHKH

0) ekBiBaJIeHTHUI WITiHAP, AKUI CKJIATAETHCA i3 TPHOX ceKuiii
B) eKBiBaJIeHTHHII MPOCTHIi HWIIHJP i3 OAUHAKOBOIO TOBIIMHOK) CTIHOK

(a) cylinder of stepwise variable wall thickness
(b) equivalent cylinder comprising three sections

(c) equivalent single cylinder with uniform wall thickness

PucyHnok
Figure

D.5 TIleperBopeHHs CTYMiHYACTOr0 HWJIiHAPA B eKBiBaJIeHTHHI HUIiHAP
D.5 Transformation of stepped cylinder into equivalent cylinder



(5) ®ikTHUBHI TOBIIMHU CTIHOK la, th 1 tc TpHOX
CeKITiH noTpiobHO BU3HAYaTU K
CPeIHBO3BAKECHE 3HAYCHHSI TOBIIUHH CTiHOK
10 KOXKHIH 13 TPhOX (DIKTUBHUX CEKIIIH:

tb
t. =
(6)  TpucexkuiiHuil  LMITIHID (TobTO
eKBIBaJIGHTHUI a00 peanpbHUN LWIIHIP)

MOTPIOHO 3aMIHATH €KBIBAJIEHTHUM IPOCTHUM
WIHIPOM i3 €DEKTUBHOIO TOBKHHOIO leff 13
OJIHAaKOBOIO TOBIIMHOIO CTIHOK t=1ta, (auB.
pucynok D.5c¢).
EdextuBna JOBXXHHA BHU3HAYAETHCS
HACTYITHUM YHHOM:

Ieff

ne k — 6e3po3MipHuit KoeilieHT, OTpUMaHUNA
3 pucyHka D.6.

(7) dnst cexii mumiHApa CepeHbOT TOBKUHA
a00 KOPOTKHX KPUTHYHE KOJIOBE HANIPY)KCHHS
MpU  TO3J0BXKHHOMY 3THHI KOXHOI CeKITii
HWTHApPAa |  BUXIAHOTO  HWIIHApa i3
CTYITIHYACTO 3MIHHOI TOBIIMHOK CTIHKH
MOTPIOHO BH3HAYATH 33 HACTYITHUM BHPA30M:

G&,Rcr,j

1€ ObRereff — MPYKHE KPUTUYHE HANPY>KECHHS
OpU  TIO3I0OB)KHBOMY  3THHI,  OTpHMaHe
BianmosimHo 3 D.1.3.1 (3), D.1.3.1 (5) ab6o
D.1.3.1 (7), ekBiBaJCHTHOTO OJWHUYHOTO
LWTHApPA 3aBIOBKKH leff BIAMOBIZHO 10
naparpada (6). Koediient Co B mx Bupazax
notpioHo mpuitmatu Ce = 1,0.

[MPUMITKA. Bmpaz D.62 moxe 3maTHCS TUBHUM
gepe3 Te, IO OMip BUSIBISIETHCS BHIUM Yy OLIBII
TOHKHX IUIACTHHAX. [IpHYMHOIO € Te, 0 BeCh [IMTiHAD
PO3TIIATAETHCA PH OAHOMY KPUTHYHOMY 30BHILIHBO-
My THCKY, a Bupa3 D.62 mae meMOpaHHE HApyXCHHS
B KOXKHOMY Iapi TaKOro BHIAAKY. B 3B’S3Ky 3 THM,
IO 3O0BHIMIHIA THCK € pIBHOMIPHHM B OCHOBOMY
HanpsIMKY, [ 3Ha4eHHS HaNpyXeHb MEHIII B OilbII

(5) The fictitious wall thicknesses ta, to and
tc of the three sections should be determined as
the weighted average of the wall thickness over
each of the three fictitious sections:

1

T2

a a ; (D.58)

=X

b b ; (D.59)

1

oLy

c c : (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 ler and of uniform
wall thickness t = ta, see figure D.5c.

The effective length should be determined
from:

=l /x (D.61)
in which x 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:

t
= (t_a} O-G,Rcr,eff
j , (D.62)

where  ocoreret 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 let according to paragraph (6). The factor
Ce in these expressions should be given the
value Cp =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,



TOBCTHX psafgax. HeoOXigHO 3a3HAaYMTH, IO NMPOEKTHE
MeMOpaHHE KOJIOBE HAIIPYXKEHHS, NPU SKOMY OyayTb
TIOPiBHIOBATHCS HAIIPY)KEHHS 1 OMIp, TAaKOXK MEHIIE B
TOBCTIMX  psimax (auB. pucyHok D.7).  Sxmo
CTYMIHYACTHH IWIIHIAP €NacTUYHUH 1 Ha HBOTO Ji€
pIBHOMIpHHMH 30BHIIIHIH THCK, TO CITIiBBiJHOIIEHHS
MIPOEKTHOTO MEMOpPAHHOTO KOJIOBOTO HAIpPYXEHHS 1
MIPOEKTHOT'O OIOPY € MOCTIHHUM Y BCIX psAIax.

(8) HomxuHa cerMeHTa 0OOJIOHKH Ha OCHOBI
napamerpa 0e3po3MipHOT BETHUNHU )j:

'f ]
AN

(9) Sxuio cexist UIIHApPA | TOBra, MOTPIOHO
IIPOBECTU JAPYTry JOJATKOBY OLIHKY KpUTHY-
HOTO HANpPYKEHHS [O03/I0BXKHbOIO 3THHY.
MeHiue i3 1BOX 3Ha4eHb, OTpuMaHux 13 (7) 1
(10), nOTpiIOHO  BUKOPHCTOBYBATH ISt
MEepeBIPKU MPOEKTHOTO KPUTHYHOTO HAampy-
JKEHHS TP TO3J0BXXKHBOMY 3THHI CEeKITii
WTHPA J.

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)

(9)  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.

9 9
1.25 P 1.25 ;05— 1.25 /A |
4 015 - - 2.5 a 03w - b 50 L
— = 0w - - — = 03 - — = 250
L L 27| T L 23— L ok
1.00 RO i = 1.00
: 75 s/ 1.75 L75,
Sy 1.5p— / - T T R 1,50
o s IE 15 - e
075 ek 21 —~ ~ =% 125
N = 0.75 0.75 - —
NS ©oA . -~
L 1.24 , /f"“ 1.2} - '/‘:_"-, ;* 14
ch i = ar
0.50 SN t_ +—10.50 45 .50 F=—— P
A o= Py /"’f B o1o 0.30 = .
o, 0| 477 te 040
oasl, 47 0304 7 .
- 9
é”{—] P 0.25 0.25
g b=4 b= 4 4h=4
0 T 11 0 [ 1 0 [ ]
1 2 te 3 1 2 I 3 1 2 I 3
ty ta ta
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Figure D.6 Factor g for determination of the effective length I

(10) Cekuito mumiHapa j TOTPIOHO BBaKATH
JIOBTO10, SIKIIO:

o, >1,63tL

y TaKOMY BUIAJIKy MPYXKHE KPUTHYHE KOJIOBE
Hanpy>KEHHsI MO3JI0BKHBOTO 3TMHY HNOTPiOHO
BU3HAYATH SIK:

(10) The cylinder section j should be treated
as long if:

J

: (D.64)
in which case the elastic critical
circumferential buckling stress should be
determined from:



2 4
t
O pper = E(—’] 0,275+2,03{il}
Y r o, t.

D.2.3.2 TlepeBipka MIIHOCTI MO3JI0BXHBOTO
3TUHY MIPU KOJIOBOMY CTHCKY

(1) Jdns xoXHOI cekilii HUIiHapa | TMOBUHHI
BUKOHYBaTHCS yMOBH 8.5 1 NpoOBOAMTHCSA
HACTYITHA TIepeBipKa:

Opkd,j < Oprerj
)

€ OoEdj —  BHU3HAYaIbHE  3HAYCHHS
MEMOpPaHHOTO  KOJIOBOTO  CTHCKaJbHOTO
HAIIpY>XCHHA, K OIIKMCAHO B HACTYIIHHUX
naparpadax;

O0,Rer,j — MPOEKTHE KOJIOBE HAIMPY>KEHHS MPHU
MO3/I0B)KHBOMY 3TMHI, OTPUMaHe 13 IPYKHOTO
KPUTUYHOTO KOJIOBOTO HAIPYXXEHHS TpH
MO3/TI0BXXKHBOMY 3THHI BiAnoBiAHO 10 D.1.3.2.

(2) 3a ymoBH, [0 TMPOSKTHE 3HAYCHHS
CYMapHOTO KOJIOBOTO HaIpYXeHHSI Nogd €
MOCTIMHUM MO BCii HOBXHHI L, BU3HayagbHe
3HAYEHHS  CTUCKAJIBHOTO  MEMOpPaHHOTro
KOJIOBOTO HAIPY)KEHHS B CEKIlii | MOTpiOHO
Opatu sIK IPOCTE 3HAYCHHS:

Oged,j = No,ed /tj

(3) SIkmo TpOoeKTHE 3HAYEHHS CYMapHOTO
KOJIOBOTO HAIPYKEHHS NgEd 3MIHIOETHCS HA
IOBYKUHI L, BU3HAYaJIbHE 3HAYEHHS
MEMOpPaHHOTO  CTHUCKaJIbHOTO  KOJIOBOTO
Halpy>KeHHsI MOTPiIOHO Opatu sK (HIKTUBHE
3HAYCHHS 06,Ed,j,mod, BHU3HaYCHE 3
MaKCUMAaIIbHOTO 3HAYCHHS CyMapHOTO

KOJIOBOTO HAmpyXeHHS Noed Y OYyIb-SKOMY

Micii JOoBXHMHHM L, TojaiieHE Ha JIOKaIbHY
ToBIIUHY {j (1uB. pucyHok D.7):

O kd jmos = MaX(N, g4) /1 .

] ]

: (D.65)
D.2.3.2 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:

(D.66)
where: oeedj IS the key value of the
circumferential compressive membrane stress,
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 nggq 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:

(D.67)
(3) If the design value 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 o¢,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:

(D.68)

I
oEd k T Gk
1

T
\ I'_'H" OdEdj,mod

\

Pucynoxk D.7

BusHayanbHi 3HaYeHHs KOJ10BOI0 MeMOPAHHOI'0 CTHCKAJIBHOI0 HATIPY KeHHSI

npu NeEd , SMIHHOMY 10 A0BKHHI L

Figure D.7

varies within the length L

Key values of the circumferential compressive membrane stress in cases where ne eq



D.2.4 3CYB

D.2.4.1 KpuTu4He HaNpyKeHHS
MO310BKHBOI'0 3TMHY IPH il 3CyBY

(1) Sxmo HEMae creuiaTbHOTO TpaBUiia IS
OIIIHKH €KB1BaJIECHTHOTO OJINHUYHOT'O
WTIHpA 3 PIBHOMIPHOIO TOBIIHHOIO CTIHKH,
MOXHa BHUKOpPHUCTOBYBaTH Bupasu D.2.3.1

(1)-(6).

(2) HacrynHe BH3HAUY€HHS  HIPY)KHOIO
KPUTUYHOTO  HAIPY)KEHHSI  MO3J0BXKHBOTO
3TMHY TpH 3CyBl MOXHa 3[ICHIOBATH,
BUKopucToByrour Bupasu D.2.3.1 (7) — (10),
npyu UbOMYy 3aMmiHOOun Bupas D.1.3.1
KOJIOBOTO CTHUCKY BIINOBIAHMM BHPa3oM
3cyBy D.1.4.1.

D.2.4.2 IlepesBipka MIIHOCTI Ha
103/10BKHill 3TUH NPH 3CyBi

(1) IpaBuna, naBemeni B D.2.3.2, moxHa
BUKOPHCTOBYBATH, ajie HEOOXITHO 3aMIHSTH
BUpa3  KOJIOBOTO  CTUCKY  BIINOBLAHUM
BHUPA30M 3CYBY.

D.3 HEINIICUJIEHI HOUWUJIHAPUYHI
OBOJIOHKH, 3°’°€JHAHI BHAITYCK

D.3.1 3AT'AJIBHI ITOJIOKEHHS
D.3.1.1 Busnauenns

D.3.1.1.1 kisibueBe 3’€IHAHHSI BHANYCK

3’eJHaHHS BHAIYCK Yy KOJIOBOMY HAIPSIMKY
HABKOJIO 0C1 000JI0OHKH.

D.3.1.1.2 MepH/IioHAJIbHE 3’ € IHAHHA
BHAIYCK
3’enHaHHA BHAIlyCK  MapaJIeJIbHO oci

000JI0HKYU (MEpHIIOHATBHUN HAITPSIMOK).

D.3.1.2 T'eomerpis i roJoBHi BeKTOpH
HANIPYKeHb

(D) SIkiro [ITIHAPUIHA 000JI0HKA
3allpOEKTOBaHAa 3 BUKOPHUCTAHHAM 3’€/IHAaHb
BHanmyck (nuB. pucyHok D.8), wmoxHa
BUKOPHUCTOBYBAaTH  HACTYMHI  IOJIOKEHHS
3aMICTh MOJIO’KEHB, BU3HaUeHUX y D.2.

D.2.4 SHEAR

D.2.4.1 Critical shear buckling stresses

Q) 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

(1) Where a cylindrical shell s
constructed using lap joints (see figure D.8),
the following provisions may be used in place
of those set out in D.2.



(2) HactymHi MOJI0KEHHS 3aCTOCOBYIOTBCS 5K
0 3’€IHaHb BHANYCK, SKi 30UIBIIYIOTH
pajaiyc cepeIuHHOT MOBEPXHI 00OJIOHKH, TaK i
70 TUX, SIKi HOTO 3MEHIIYIOTb.

(3) Sxmo 3’eqHAaHHS BHAIYCK MPOXOAUTH Yy
KOJIOBOMY HAIIPSIMKY HAaBKOJIO OCi OOOJIOHKH
(xumplieBe  3’€IHAHHA ~ BHAINYCK),  JUIA
BU3HAYCHHS  MEPHIIOHAIBHOTO  CTHCKY

MOTPIOHO  BUKOPHCTOBYBATH  ITOJIOXKCHHS
D.3.2.

(4) Sxmo Oarato 3’€qHAHb  BHAITYCK
MPOXOJIATh Y KOJIOBOMY HAIPSIMKY HaBKOJIO
ocl 000JIOHKHU (KUIbLIEBI 3’€HAHHS BHAIYCK)
31 3MIHOK TOBIIMHU TUUJIACTUHU BHHU3 TIO
000JIOHIT], /U1 BU3HAUYEHHS KOJIOBOTO CTUCKY
MOTPIOHO  BUKOPUCTOBYBATH  TOJIOKEHHS

D.3.3

(5) Sxmo 3’enHaHHA BHAMYCK MPOXOMISTH
napajenbHO oci OOOJIOHKM (HECTyIiHYacTe
MEpHIIOHAIIbHE 3 ’€IHaHHS BHAMYCK), JUIS
BU3HAYEHHS KOJIOBOTO CTHCKY IOTPIOHO
BKOPHMCTOBYBATH IMOJ0XKeHH D.3.3.

(6) B iHmux Bumagkax ocoONMBUN MAXIT A0
BH3HAYCHHS BIUIMBY 3 €JHAHHS BHAITYCK Ha
OTIp TMO3/I0BKHBOMY 3THHY HE MTOTPIOHHHA.

<>

(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 Ilap 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.
4) 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.

IITIHK

PucyHnok
Figure

D.8 O6osnoHKa, 3’€HAHA BHANIYCK
D.8 Lap jointed shell




D.3.2 MEPUJIIOHAJIbHUM
(OCHOBHIT) CTUCK

(1) Sxmro Ha mUIiHAP, 3’ €AHAHUN BHAITYCK, Y
MEpUIIOHAIBHOMY HANpsIMKY i€ MEpHUIio-
HATBHUM CTHCK, TO OMIp IO30BXHBOMY
3TMHY MOKHAa OOYHMCIUTH SIK Ui PIBHO-
MipHOTO ab0  CTYIIHYAcTOTO  MHJIHJIpA
BIJIOBIIHO, aji¢ MPOCKTHHWH Omip MOTPiOHO
3MEHIIUTH MHOKeHHAM Ha 0,70.

(2) Sxmo B MicHi CTUKY BHaIlyCK
BiIOyBa€ThCS 3MiHA TOBIIMHU ITUTACTHHH,
3HAYEHHS MPOEKTHOTO OIOPY MO3/I0BKHBOMY
3TMHY MOKHa OpaT sK Uid OUIbII TOHILIOT
IUIACTHUHU, SIK BU3Ha4€eHO B (1).

D.3.3 KOJIOBUI CTUCK (OBPYY)

(1) Sxmo Ha tMIiHAP, 3’€JHAHUM BHAITYCK,
Jll€ KOJIOBUW CTHUCK YITOTIEPEK MEpPUII0OHATh-
HUX KUIBLIEBUX 3’ €JHAaHb, MPOEKTHHUM OIIp
MO3/I0B)KHbOMY 3TMHY MO’KHA OOUHCIUTH SK
Uis  piBHOMIpHOTO a00  CTYNIHYacToro
IUAJIHpPA BIAMOBIIHO, ajie BUKOPHCTOBYIOUH
MOHWXyBaJIbHUH KoedimieHT 0,90.

(2) Axmo Ha MWTHADP, 3’€AHAHUN BHAITYCK Y
KOJIOBOMY HAampsIMKy 31 3MIHOIO TOBIIMHH
TJTUTH JI0 HU3Y, J1i€ KOJOBUM CTUCK, TOTPIOHO
BHKOPHUCTOBYBaTH MeToauky D.2, 6e3 reo-
METpUYHUX OOMEXEeHb 3a HasSBHOCTI €KcC-
LIEHTPUCUTETY 3’€THAHHS, a MPOCKTHUIA OIIp
MO37I0B)KHBOMY 3THHY NMOTPIOHO MHOXXHUTU Ha
MOHMXKyBaJIbHUH KoedimieHT 0,90.

(3) SIKmo BUKOPHCTOBYETHCS 3’ €THAHHS
BHAITyCK B 000X HampsMKax 31 CTYMIHYaCTUM
PO3MIIIEHHAM  MEpUIIOHATBHUX 3 €IHATh
BHAIyCK y MOYEProBHX cMyrax abo psjaax,
MPOEKTHUHA  OMIp TMO3JA0BXKHBOMY 3THHY
MOXHa 00YMCIUTH K B (2), ase 6e3 BHKO-
PUCTaHHSI MOHIKYBAIBHOTO Koe(ilieHTa.

D.3.4 3CYB

(1) Sxmo Ha tMIiHAP, 3’€JHAHWA BHAIYCK,
1ie MeMOpaHHMI 3CyB, OMIp MO3I0BXHBOMY
3THHY MO>KHa 00YHCIINTH 1 TS
PIBHOMIPHOTO, 1 ISl CTYMIHYACTOTO LUIIHIpA
BIIMOBIAHO, 0€3 OCOOIMBUX MPUMYIIEHB IS
3’€/IHaHb BHAITYCK.

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.



D.4 HENIAKPIIIJIEHI ITOBHI
1 3PI3AHI KOHIYHI OBOJIOHKHA

D.4.1 3AT'AJIBHI ITIOJIOKEHHSA

D.4.1.1 Cucrema nmo3Ha4YeHb

Y  mpoMy  po3AiTli  BUKOPHCTOBYIOTHCS
HACTYITHI TO3HAYCHHS

h — ochoBa nOBXKHHa (BHCOTA) 3pi3aHOrO
KOHYCa;

L — wMepuaioHanmbHa JIOBXKHHA 3pI3aHOTO

konyca (= h/cos B);

I — paaiyc cepearHHOI TOBEpPXHI KOHYCa,
MEPNEeHIUKYIAPHUN 10 OCl MOBOPOTY, SKHUI
3MIHIOETBCS AIHIHHO BHU3 M0 JOBXKHUHI;

1 — pajaiyc 3pi3aHOro KiHIIA KOHYCA;

I, — pajalyc OCHOBHU KOHYCA;

B — moJioBHHA KyTa BEPIIMHU KOHYCA.

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;

[ is the apex half angle of cone.

Pucynok D.9 T'eomerpisi konyca, MeMOpaHHi HANPY:KeHHsI i FOJIOBHI BEKTOPH Hanpy:KeHb
Figure D.9 Cone geometry, membrane stresses and stress resultants

D.4.1.2 I'pannyni ymoBH

@ Hacrynui BHpa3H OTPiOHO
3aCTOCOBYBAaTH TUIBKH i OOOJIOHOK 13
rpannuHuMu ymoBamu BC1 a6o BC2 na 060x
KiHgx (muB. 5.2.2, 8.3), 0e3 pi3HHII MK
HumHU. Lli BUpa3u He ciij 3aCTOCOBYBAaTH IS
00OJIOHKH, B fAKii € Oyap-ska TpaHUYHA
ymoBa turty BC 3.

(2) IIpaBunma posminy D.4 mnotpiOHO
3aCTOCOBYBAaTH TUIBKH I HACTYMHHUX JBOX
00OMeXyBambHUX TPAHUYHUX YMOB pajliaiib-
HOTO 3MIIIEHHS OYy/Ib-SKOTO KiHIIS KOHYyCa:

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:



«YMOBa IUITIHIpAY:

«YMOBa KUIbLS:

“cylinder condition”:

“ring condition”:

usin g+wcos =0

D.4.1.3 I'eomeTpis

(1) HacrynHi mpaBmia cnpaBeiuBi TUTBKU
Ui 3pi3aHMX  KOHYCIB 13 MOCTIHHOIO
TOBUIMHOIO CTIHKM 1 MOJOBUHOIO KyTa IpHU
BepiuHi KoHyca f3 < 65° (muB. pucyHok D.9)

D.4.2 IlpoekTHi KpPUTHYHI HamNpy:KeHHS
NPH NMO0310BKHBOMY 3T'MHI

D.4.2.1 ExBiBajIeHTHUI HHJITiHAP

(1) Bci npoexTHI KpUTHYHI HANIPYXEHHS MPU
MO3/IOBXXHBOMY 3THHI, $KI HEOOXimH1 s
MEepPEeBIPKA  MIITHOCTI HA TO3JO0BXKHINA 3TUH
BIAIIOBIAHO 10 8.5, MOKHA 3HAWTH IIJISXOM
aHai3y KOHIYHOT OOOJIOHKM SK €KBiBa-
JICHTHOTO [WIIHApa 3aBIOBXKKH le 1 3
pamiycom re, me le 1 re 3amexxats Bim THITY
po3MoAly MEMOpaHHOTO HAmNpPYKCHHS B
KOHIYHINA 000JIOHIII.

D.4.2.2 MepuaioHaIbHUI CTHCK

(1) Jnst koHYCIB T JIEI0 MEPUIIOHATHLHOTO
CTHCKY JIOBXKHMHY €KBIBaJICHTHOTO IHJIH/IpA le
MOTPiOHO BU3HAYATH SIK:

(2) Panmiyc re eKBIBaJIGHTHOIO IWUIIHIApAa B
OyIb-IKOMY MICIli Ail MO3J0BXHBOTO 3THHY
MOTPIOHO MIPUITMATH SIK:

e

D.4.2.3 KosoBuii ctuck (00py4)

(1) Ana xoHyciB, Ha sKi Ji€ KOJOBHM CTHCK,
CKBIBAJICHTHY JOBXHUHY le 1IHITiHIpa MOTPIOHO
BU3HAYATH SIK:

(2) Pagiyc re ekBIBaJIGHTHOTO IWIIHIpA
NoTpiOHO MPUIMATH PIBHUM:

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

(1) 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:

- cosf (D.70)

D.4.2.3 Circumferential (hoop) compression

(1) For cones under circumferential
compression, the equivalent cylinder length I
should be taken as:

(D.71)

(2) The equivalent cylinder radius re
should be taken as:

[ = (n+1r)
° 2cosp . (D.72)



D.4.2.4 PiBHOoMipHUii 30BHIlIHIN THCK

(1) dns koHyciB, Ha fAKi i€ PIBHOMIPHHIA
30BHIIIHINA THCK (, SKI MalOTh a00 TpaHUYHI
ymoBu BCl, a6o BC2 Ha 000X KIiHIAX,
HACTYITHAa METOJIMKA MOXe OyTH BUKOPHUCTaHA
UIE  pO3pOOJICHHS OUThII  €KOHOMIYHOTO
KOHCTPYKTUBHOTO PIllICHHS.

(2) HomxuHy ekBiBaJieHTHOTO IwiiHApa le
noTpiOHO OpaTH SIK MEHIIIE 3HAYCHHS 3.

|, =| —2
* \sing

Jie TOJOBMHA KyTa BEpIIMHU KOHyca f@
BUMIPIOETHCS B pajllaHax.

(3) dnst OUIBII KOPOTKUX KOHYCIB, JUIS SIKHX
eKBIBAJICHTHA NOBXUHA le oOuncaroeThCs 3a
(D.73), pamiyc re €KBIBJIGHTHOTO HHJIHApA
MOTPIOHO MPUIMAaTH PIBHUM:

(0,55r1 +0,45r,
r= ————=

(4) Jlns OuTbII AOBTHIX KOHYCIB, HJISI SIKUX
eKkBiBaJIcHTHA NOoBXkWHA le 00UMCIIOETHCH TO
(D.74), re  ekBiBaJCHTHOTO  IWJIIHIpA
MOTpiOHO MIpUITMATH PIBHUM:

r,=0,71r, {PQM}
c

(5) IlepeBipka MIITHOCTI HA MTO3/I0BXKHINA 3TUH
MOBHHHA BUKOHYBATHUCh Ha OCHOBI YMOBHOTO
KOJIOBOTO MEMOPAHHOTO HAIPY>KECHHS:

D.4.2.4

Q) 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.

Uniform external pressure

(2)  The equivalent cylinder length I should
be taken as the lesser of:
=L (D.73)
and
j(o, 53+0,1258)

, (D.74)
where the cone apex half angle £ 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:

cos j . (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:

0sg | (D.76)
(5) The buckling strength verification
should be based on the notional
circumferential membrane stress:
re

Oped = q(_)
t, (D.77)

e ( — 3OBHIIIHIA THCK, a MEPHIIOHAIBLHUE
MeMOpaHHe HaTpPYy)KEHHSI, BUKJIUKAaHE
30BHIIIHIM THCKOM, HE BPaXOBYEThCSI.

D.4.2.5 3cys

(1) HAna xoHyciB, B SIKUX Ji€ MeMOpaHHE
HamnpyKeHHs CTUCKY, JOBXHHY €KBiBa-
JeHTHOTO umiiHapa le moTpiOHO BU3HAYATH
SK:

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

(1) For cones under membrane shear stress,
the equivalent cylinder length l. should be
taken as:

l.=h (D.78)



(2) Paniyc re eKBIBAJIGHTHOTO IIMJIIHAPA
noTpiOHO MPHUIMATH PIBHUM:

(2) The equivalent cylinder radius re
should be taken as:

r, :{l+pg —i}rl-cos,b’

e

Py , (D.79)

in which

P L+,
N (D.80)

D.4.2.6 PiBHomipHa neopmanis KpyueHHS

(1) Ansa xoHyciB, B SIKMX BUHUKAa€ MEMOpaHHE
HalmpyXeHHs  3CyBy Bl  pIBHOMIPHO{
negopmarnii KpyuyeHHs (110 BUKJIHMKAE JIHIITHO
3MIHHUH MEpHUIIaibHUM 3CyB), HACTyITHA
METO/IMKa MOKe OYTHM BHMKOpUCTaHA IS
PO3POOKH E€KOHOMIYHILIOIO KOHCTPYKTUBHOI'O
pillIeHHd 3a YMOBH, 110 pu < 0,8, a rpaHuyHi
YMOBH Ha 000X KiHIax — BC2.

(2) HomxuHy ekBiBaJieHTHOTO IwiiHApa le
MOTPIOHO BU3HAYATH SIK:

(3) Paxmiyc re exBIBaJIGHTHOTO UIMJIIHApA
MOTPiOHO MIPUITMATH PIBHUM:

r | itk
* |\ 2cosp

e

D.4.2.6 Uniform torsion

(1) For cones wunder 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 I should
be taken as:

(D.81)

(3) The equivalent cylinder radius re
should be taken as:

25 )0,4

u

: (D.82)
in which

_Lsing

u

D.4.3 HEPEBIPKA MIITHOCTI
HA ITO3JOB’KHIHU 3I'MH

D.4.3.1 MepuaioHajbHUli CTHCK

(1) IepeBipky MIITHOCTI Ha O3JOBXKHIN 3TUH
MOTPIOHO TMPOBOJUTH B TOUIl KOHyca 3
HaOLIbII KPUTHYHOIO KOMOiHaIIi€10
MIPOEKTHOTO MEPHII0HAIILHOTO MEMOpPAaHHOTO
HaMpyXeHHs Ox,Ed 1 MIPOEKTHOTO
MEpH1I0HAILHOTO HaANPY>KEeHHS npu
MO37I0B)KHBOMY 3THHI GOxRd, BIAMOBIAHO [0
D.4.2.2.

(D.83)

D.4.3 BUCKLING STRENGTH
VERIFICATION

D.4.3.1 Meridional compression

(1)  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.



(2) Sxmo MepumiOHANBLHUN CTHUCK BUHUKAE
BiJl MOCTIHHOI OCHOBOi CHJIM Ha 3pi3aHUil
KOHYC, TO MaJH{ pajiyc 1 i BEUKUN pajaiyc
r, € wMicieM pO3MIIICHHS  HaWOUIbII
KPUTHUYHHUX TOYOK.

(3) Skmo MepumiOHAIBHUNA CTUCK BN
MOCTIHHOTO 3TMHAJIBHOTO MOMEHTY [i€ Ha
yCiueHHi KOHYC, MaJMii pajiyc I1 MOTpiOHO
puiiMaTH K HaMOUIbII KPUTHUYHUH.

(4) IlpoexTHe MepuAlOHAIbHE HANPYKEHHS
IpU MO3J0BXKHBOMY 3THHI OxRrd MOTPIOHO
BU3HAYaTH JUIsI EKBIBAJICHTHOTO IMJIIHIpPA
BIJIIIOBIIHO 10 IMOJIOXKeHHT D.1.2.

D.4.3.2 KouoBuii cruck i piBHOMipHUIi
30BHIlIHIA THCK

(1) Sxmo KoOJIOBHM CTHUCK BHUHHUKAE BiJ
PIBHOMIPHOTO 30BHIIIHBOTO THUCKY,
MEePEBIPKY CTIMKOCTI TOTPIOHO TPOBOJUTH
BUKOPHCTOBYIOUH KOJIOBE MeMOpaHHe
HaINpy>KEeHHsI GoEd, BU3HAUYCHE 32 (DOPMYIIOI0
D.77 1 npoekTHE KpUTHYHE HAIIPYKEHHSI GoRd
3rigHo 3 D.4.2.11D.4.2.3 abo D.4.2.4.

(2) SIkmo KOJIOBMM CTHUCK BHUKIUKAHHN HE

PIBHOMIpHUM 30BHINIHIM THCKOM,
PO3paxyHKOBHH  pO3MOIUT  HANpPYKEHHS
O0Edx) TOTPIOHO 3aMIHUTH  (IKTHBHUM

HaINpY)KCHHSIM GoEd(x), AKE B KOXXHIM TOWII
nepeBunrye  oOYMCICHE  3HAuYCHHS,  alie
BUHHUKAaE BiJ (PIKTUBHOTO PIBHOMIPHOIO
30BHIIIHBOTO THCKY. IlepeBipky cTiiikoCTI
MOTPIOHO MPOBOJUTH 3TifHO 3 MyHKTOM (1),
aJie BUKOPUCTOBYIOUH G Ed,env 3aMICTh G Ed.

(3) TlpoekTHe KpUTHYHE HANPYKEHHS IPU
MO3JI0B)KHBOMY  3THHI  GpRrd  MOTPIOHO
BH3HAYaTH JUIS EKBIBAJICHTHOIO IIMJIIHIpA
sriggo 3 D.1.3.

D.4.3.3 3cys i piBHOMipHE Kpy4eHHsI

(1) ¥V Bumagky, sKIO 3CyB BHHMKA€ BiJ
MOCTITHOTO 3arajbHOrO0 KpPY4YEHHSM KOHYCa,
NEepeBIpKYy CTiMKOCTI MOTPIOHO NPOBOIUTH
BUKOPHUCTOBYIOUHM  IPOEKTHE  MeMOpaHHe
3CyBHE HAIPYXKEHHS Txged B TOUll 3
KOOPAMHATOIO I' = e COSP 1 MPOEKTHE 3CYBHE
Hanpy>KeHHsI TIPH MO30BXKHBOMY 3THHI Txg,Rd
BiAnoBigHO 10 D.4.2.11D.4.2.5 a6o D.4.2.6.

(2) In the case of meridional compression
caused by a constant axial force on a truncated
cone, both the small radius ri, and the large
radius r. should be considered as possible
locations for the most critical position.

(3) 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 oeed determined using expression D.77
and the design circumferential buckling stress
oord according to D.4.2.1 and D.4.2.3 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 coeq.

(3) The design buckling stress coRrd
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 txo,eq at the point with
r = recospP and the design buckling shear stress
Txord according to D.4.2.1 and D.4.25 or
D.4.2.6.



(2) Slkmo 3cyB BHHUKAE HE BiJl 3arajJibHOTO
MOCTIHHOTO Kpy4eHHs (a, HampuKiIan, Bif
3arajlbHOTO HABAHTAXKEHHS 3CYBY Ha KOHYC)
PO3paxXyHKOBHI PO3MOJALT HAMPYKEHD Tx,Ed(X)
noTpiOHO 3aMIHUTH (QIKTUBHUM PO3IOILIOM
HATIPYKEHHS Txo,Ed,env(x), AK€ B KOXKHIA TOYII
NEPEBUIIYE pPO3pPaxXyHKOBE 3HAUCHHS, alie
BUHMKA€e Bl  (IKTUBHOIO  3arajlbHOro
KpydenHsa.  llepeBipky  criiikocti  mpum
MO3/I0B)KHBOMY 3THHI MOTPIOHO TNPOBOAUTH
3rigHo 3 (1), ane BHUKOPHCTOBYIOYH Txo,Edenv
3aMICTb Txo,Ed.

(3) IlpoexTHe HampyXeHHS 3CyBY IpH
MO3JI0B)KHbOMY  3TMHI  Txgrd  NOTPIOHO
BU3HAYaTH [UIsl E€KBIBAJCHTHOTO IMJIIHIpA
BignmoBigHo o D.1.4.

(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 tx,edx) should be replaced by
a fictitious enveloping stress distribution
TxoEdenv  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 7txeEdenv instead of
Tx0,Ed.

(3)  The design shear buckling stress txo,rd
should be determined for the equivalent
cylinder according to D.1.4.
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