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HALIOHANBHUN BCTY N
Llen cTaHpapT € ToToxkHUM nepexrnanom EN 1993-1-6:2007 Eurocode 3. Design of stedl structures - Part 1-6. Strength
and Stability of Shell Structures (€Bpokog 3. [NpoekTyBaHHS CTanesnx KOHCTPYKLUin. YactuHa 1-6. MiLHicTb Ta CTilkKicTb
0BO0rIOHOK).
EN 1993-1-6:2007 nigroTtosneHo TexHiuHumM komiTerom CEN/TC 250, cexpetapiarom sikoro kepye BSI.

[o HaLjoHansbHOoro cTaHaapTy OOMYYEHO aHr IOMOBHUIA TEKCT.

Ha Teputopii Y KpaiHu sK HalioHaneHUin CTaHaapT die niea kornoHka TekeTy [ICTY-H b EN 1993-1-6:2011 Eurocode
3. Design of steel structures - Part 1-6. Strength and Stability of Shell Structures (€spokog 3. MNpoexTyBaHHA CTanesmx
KOHCTPYKLUiN. HacTuHa 1-6. MiuHiCTb Ta CTiliKiCTb 0BOMOHOK), BUKMaaeHa YKPaiHCLKOK MOBOIO.

BignosigHo oo [BH A.1.1-1-2009 "Cwucrema cTaHaapTm3aLii Ta HopMyBaHHS B OyaiBHMUTBI. OCHOBHI NomnoXeHHs"
Lie CTaHadapT BiAHOCUTBCS 0 komnnekcy B.1.2 "Cucrema HagiiHocTi Ta 6e3neku B OyaiBHULTBI" .

CraHgapT MiCTUTb BUMOT W, SKi BiANOBIJaH0Th YMHHOMY 3aKOHOLABCTBY.

HaykoBo-TexHi4YHa opraHisauis, BignosiganbHa 3a Uei craHgapT, - TOB "YKpaiHCbKuiA iHCTUTYT cranesmx
KOHCTpyKUin iM. B.M. LLinmaHoBCbKOr0".

[o craHgapTy BHECEHO TaKi pedakuiiHi 3miHW:

- crosa "uer MiXKHapOOHUA CTaHOapT" 3aMiHeHO Ha "Liei cTaHaapT";

- CTPYKTYpHIi enemeHTu cTangapty: "O6knaonHka", "lMepeomosa”, "HauioHanbHuia BeTyn", "Bu3HaqeHHs NoHaTe' Ta
"BiGniorpadiyHi gaHi" 0doPMIEHO 3rigHO 3 BUMOraMu HallioHarnbHOT cTaHaapTu3aLlii Y kpaiHu;

3 "Mepeamosn oo EN 1993-1-6" y uein "HauioHansHuin BCTyn" B3ATO Te, WO 6E3M0cepenHbL0 CTOCYETHCSA LbOro

CTaHAapTY;

- HauioHarbHWI O0BIOKOBUI [OOATOK HAaBEOEHO SK HaCTaHOBY 1A KOPUCTYBaMIB.

Mepenik HauioHanbHUX ctaHaapTie Y kpainu (ACTY), ineHTnuHmx MC, nocvraHHs Ha siki € B EN 1993-1-6:2005.

Konii MC, He NpuiHATMX sIK HaulioHarbHi CTaHgapTW, Ha siki € nocvnadHs B EN 1993-1-6:2007, moxHa oTpumaru B
["onoBHOMY doHAl HopMmarueHux gokymedTis O "YkpHOHLY".



BCTYN

et pokymeHT EN 1993-1-6:2007 nigroTtoeneHuia
TexHiyHum komiTeTom CEN/TC 250 "ByaiserbHi
€Bpokoan", cekpeTapiar SKoro nigTpUMyeETbCs
BSI.

Lisomy esponesicbkomy ctaHpapty Oyae HanaHwiA
CTaryc HauioHanbHOro 3 nyonikavjieto igeHTUYHOro
TEXCTy abo CxXBarneHHsM He Mi3Hiwe xoBTHs 2007

POKY | Mpu  cKacyBaHHi  KOHOQIKTYHOHMX
HaUiOHaNbHUX  CTaHOapTiB He nisHiwe ©6epesHs
2010 poky.

BignosigHo bo BHYTPI LLIHIX MOCTaHOB
CEN/CENELEC  HauioHarbHi opraHn  3i
CTaHOApPTM3aliT  Takmx  KpaiH 30008 A3aHi

30IACHATU IMISIEMEHTALI0 LpOro eBPOMnerCcbLKOro
cTaHpapTy: ABctpiq, berbris, Bermka BputaHis,
Mpediq, OaHis, lpnadgis, [crnaHgis, [cnaniq, [Tanis,
Mokcembypr, Manbta, Higeprianaw, HimevdnHa,
Hopeeria, [loptyrania, ®iHnsHaig,
YUecbka Pecnybnika, LU Beviuapisq, LU sewyis.
HaHnin eBponencbkn ctaHaapT 3amiHoe ENV
1993-1-6:1999.
CEN/TC 250 € BignogigansH1Um 3a BCi Oy/iBerbHi
€Bpokoaw.

®paHuis,

FOREWORD

This document EN 1993-1-6:2007 has been
prepared by Technica Committee CEN/TC 250
"Structural Eurocodes’, the Secretariat for which
isheld by BSI.
This European Standard shall be given the status
of a nationa standard, either by publication of an
identical text or by endorsement, at the latest by
October 2007, and conflicting nationa standards
shall be withdrawn at the latest by March 2010.
According to the CEN/CENELEC Internd
Regulations, the national standards organizations
of the following countries are bound to implement
this European Standard: Austria, Belgium,
Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Itay, Latvia, Lithuania,
Luxembourg, Mata, 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.



HALIOHANBHUWN CTAHOAPT YKPAITHU

€BPOKO[ 3. MPOEKTYBAHHSA CTANIEBUX KOHCTPYKLUIW
YACTUHA 1-6. MILLHICTb TA CTIMKICTb OBONTIOHOK

EBPOK O[] 3. MPOEKTUPOBAHWE CTANbHbIX KOHCTPY KL
YACTb 1-6. MPOYHOCTb N Y CTOMYBOCTb OBONOYEK

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

OCHOBMU NMPOIrPAMU €BPOKOLOY
Y 1975 poui
CNifIlbHOTM BUpILLKIIA PO3NoYaTn nporpamy
Ain 'y cdepi ByaiBHMUTBA Ha NiacTaBi CTarTi
95 poroBopy. Merowo nporpamn  Gyro
YCYHEHHS1 TEXHIYHMX NepeLKon s Toprisni
Ta y3roMKEHHS TEXHIYHMX YMOB.

Y pamkax uiei nporpamun gin Komicis B3ana
Ha cebe iHiuiatMBy BCTaHOBUTU CUCTEMY
Y3rOpKEHNX npasun  ons
npoexkTyBaHHSA Oyaisenb i cropyn, ski Ha
nepLuin craqil Manu cryrysaru
arnbTEPHAaTNBOO HaLli OHarnbHNM
npaBuIiaMm OepXKaB-YreHiB, a 3pelTolo Marm
3aMiHUTW TX.

YnpogoBx M ATHaouaTn pokis Komicis 3a
JAOMOMOrot0 pobo4oro KOMITETY, OO0 CKriaay
SKOro  BXOOMIM  MNPEOCTaBHUKW  [epKaB-
YrieHiB, Bena po3pobky nporpavm €BpOKOAIB,
AKa npu3seria Ao nybnikauii  KOMMMeKTy

Komicia  €Bponescbkol

TEXHIYHUX

YNHHUM

NEePLUOrO NOKOMiHHS €BPOMENCHKUX KOAiB Y

80-x pokax.

- Y 1989 poui Komicia Ta gepxaBu-yrieHu
EU (Esponencekoi cninbHotn) 1a EFTA
(EBponencLKol acoujadil BiflbHOI TOPriBni)
Ha ocHosi yrom' mix Komiciero Ta CEN
(EBponencLKm KOMiITETOM 3i
CTaH[apTn3aLli1) nepenarn
nigrotoBKy Ta nybnikauito €Bpokoais
CEN 3a gonomoroto cepil MaHaariBs, Lo B
pesynbrari  Hagano © €Bpokogam Y
ManbyTHBOMY CTarycy $K OCHOBa A
YKIgOaHHS KOHTpaKTiB ana Oyaisenb i

BMPI LLMIN

YuHuunm Big 2013-07-01

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 technica
specifications.
Within this action programnme, the

Commission took the initiative to establish a
set of harmonised technica rules for the
design of construction works which, in a
first stage, would serve as an alternative to
the nationa rules in force in the Member
States and, ultimately, would replace them.
For fifteen years, the Commission, with the
help of a Steering Committee with
Representatives of Member  States,
conducted the development of the
Eurocodes programme, which led to the
first generation of European codes in the
1980s.

-In 1989, the Commission and the Member
States of the EU and EFTA decided, on
the basis of an agreement! between the
Commission and CEN, to transfer the
preparation and the publication of the
Eurocodes to the CEN through a series of
Mandates, in order to provide them with a
future status of European Standard (EN).
This links de facto the Eurocodes with the



Crnopyz Ta NoB' S3aHUX i3 HAMMU 1HXEHEPHNX
nocnyr;

- SIK OCHOBA A151 CKIIgOaHHS Y3rODKEHNX Tex-
HiYHMX cneumdikauin gna OyaiBerbHUX
B1pobiB (ENs TaETAS).

provisions of al the 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 ETASs)

1 Yroga wmix Kowmicieto €EBponencbkol

CNiflbHOTU Ta E€BPONEACLKUM KOMITETOM 3i
craHgaptmaanii (CEN) wopmo pobotn Hag
€Bpokogamm Ana NpoekTyBaHHA Oyaiserb i
cnopyn (BC/CEN/03/89).

1 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
(BC/CEN/03/89).

works

esponenicbkoro craHaapTy (EN). Lie nos’ sisye
€Bpokoan 3 nonoxeHHsaMn Oupektve Paoy i
Komicii wWwomo  eBponencbkunx
CTaHpgapTiB  (TO6TOo  dupektmBn  Paom
89/106/EEC wono OyaiBerbHMx BUMPOOIB -
CPD - T1a [Oupextne Pagn 93/37/EEC,
92/50/EEC T1a  89/440/EEC
CycCninbHMX poBIT Ta NOCIYT i eXBiBANEHTHNX

pi LLEHD

Bi JHOCHO

ovpexktne EFTA, 3ano4yarkoBaHWX 3 METOH
JONoOMOr T1

PUHKY).
CTtpykTypHa nporpama €BpoKOAiB BKIIHOYaE

3aCHYBaHHIO  BHYTPILLHBOro

CTaHOapTW, SKi B OCHOBHOMY CKIlgOaloThCA 3
JEKiNTbKOX YacTUH:
EN 1990 €pokog: OcHOBM NPOEKTYBaHHSA

KOHCTPYKL 1

EN 1991 €spokog 1. HaBaHTakeHHs Ha
KOHCTPYK LT

EN 1992 €spokog 2: [1poekTyBaHHS
OETOHHMX KOHCTPYKLiN

EN 1993 €spokog 3: [lpoexkTyBaHHS
CTarnesnx KOHCTPYKLLiW

EN 1994 €spokog 4: [1poexkTyBaHHS

cTanesani- 300eTOHHMX KOHCTpyKuin EN
1995 €spokog 5: NpoekTyBaHHA OEPEB’ AHMX
KOHCTPYKLi 1

EN 1996 €spokog 6:
KOHCTPYKLI N Kam’ SiHOT KInaaKm

[MpoexTyBaHHA

EN 1997 €Bpokog 7. [eoTexHiuHe
npoektyBaHHA EN 1998 €spokog 8:
[MpoexTyBaHHA KOHCTPYKLLiW npm

CEMCMIYHOMY  HaBaHTakeHHi EN 1999

Council’s Directives and/or Commission's
Decisions dedling 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 Structura 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 sted
structures

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

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design
EN 1998 Eurocode 8: Design of structures
for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures.
Eurocode  standards  recognise  the
responsibility of regulatory authorities in
each Member State and have safeguarded



€spokog 9: [MpoexTyBaHHS artoMiHieBnx

KOHCTPYKLi K.
CraHpaptn €spokogais BM3HaOTb
BiANOBIJANbHICTb  PErYSIATOPHUX — OpraHiB

AepXKaB-yrieHiB Ta 3axMLLATb X MpaBoO Ha
NPU3HaHEeHHS BEMYMH, $Ki NOB'S3aHi 3

perynoBaHHAM N1MTaHb besnexu Ha

HaliOHarbHOMY  piBHI  Tam, [Je BOHMU
Bi APi 3HAKOTLCS.

CTATYC TA COEPA 3ACTOCYBAHHA
€BPOKOAIB
Hepxasn-yuneHn EU ta EFTA Bu3HaOTh, WO
€BpoKOV Hit0Tb 5K ETANOHHI AOKYMEHTW NS

TaKux Ljinen:

- 5K 3aci® ooBeaeHHs BignoBiaHOCTI By aiBenb
i cropyg OCHOBHUM BUMOram [dunpektusu
Paon 89/106/EEC, 3okpema OCHOBHI 1 BUMO3I
N°1 - MexaHi4Ha CTinKiCTb Ta CTabifbHICTb -
i ocHOBHi BUMO3i N°2 - MNoxexHa b6esnexa;
€BpoKOaN, OCKiNMbkM BOHM Be3nocepenHLo
BigHOCSATBECS 0 OyaiBenbHMX cnopyd, MaoTb
3B’ AA30K i3 TIyMa4HUMN
AOKyMeHTamn2 posainy 12 CPD,
HE3BaXKaOYM Ta Te, WO BOHM MalOTb Pi3HYy
npupody 3 rapMOHi30BaHUMU CTaHOapTaMum
Ha BMPOOM3. TakMM YMHOM, TEXHIYHI
acnekTn, sKi BUNIMBaOTb 3 €BpPOKOAIB Ond
OyniBenb i cnopyd, NOBWHHI B MOBHIMA Mipi

npsiMmin

OyTV po3rnsHYTI TEXHIYHUMM KOMiTETaMM
CEN Ta/un pobounmu rpynamm EOTA, sKi
po3pobrsAloTb  CTaHAapTM  Ha  OyaiBenbHi
BMPOOM 3 MNO3vUiA  OOCArHEHHSI MOBHOI
CYMICHOCTI  TeXHIYHMX  cneumndikauin 3
€BpOoKO- Javn.
CraHgaptun

3aranbHi

€BpoKoaiB  perfamMeHTyoTb
npaBura MNPOEKTYBaHHA  Ond
NPaKTUYHOr O BUKOPUCTaHHSA BCiX
KOHCTPYKUiM Ta IX KOMMOHEHTIB  SK
TpaouuiHOro,  TaK | iHHOBALli HOr O
XapakTepy. YHiKarnbHi dopMU KOHCTPYKLT
YA YMOBU TMPOEKTYBaHHS CrelianbHo He
OXONSMOKTBCH, | B TakUX  BUNgOKax
NPoeKTyBanbHUKY  NOTPiGeH  OodarkoBuiA

EKCrePTHNIA PO3T s,

their right to determine values related to
regulatory safety matters at national level
where these continue to vary from State to
State.

STATUSAND FIELD OF
APPLICATION OF EUROCODES
The Member States of the EU and EFTA
recognise that Eurocodes serve as reference

documents for the following purposes:

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

The Eurocodes, as far as they concern the
construction works themselves, have a
direct relationship with the Interpretative
Documents2 referred to in Article 12 of the
CPD, dathough they are of a different nature
from harmonised product standards3.
Therefore, technical aspects arising from the
Eurocodes work need to be adequately
considered by CEN Technica Committees
and/or EOTA Working Groups working on
product standards with a view to achieving
a full compatibility of these technica
specifications with the Eurocodes.

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 de-
signer in such cases.

2 BignosigHo mo cr. 3.3 CPD ocHOBHI
BumMorn (ER) oTpumatoTb KOHKpPETHY dhopmy

2 According to Art. 3.3 of the CPD, the
essential requirements (ERs) shall be given



Yy TIYMa4HUX OOKYMEHTax [fiA CTBOPEHHS
HEOOXigHMX  3B'S13KIB MiXK  OCHOBHMMM
BMMOr ammu Ta MaHaaTamm ans
rapmoHisoBaHnx EN TaETAG/ETA.

3 BignosigHo go cr. 12 CPD TrnymadHi
JOKYMEHTUN MaloTh:

a) HaoatM KOHKPETHOI (opMW OCHOBHUM
BMMOraMm, Yy3rogvBlUM TEPMiHOSMOrit0  Ta
TEXHIYHI 3acaoy i BkasaBLLK Kriacu abo piBHi
st KOKHOI BUMOT W, Aie Lie HEOOXi AHO;

b) BKasaru mMeroan BCTaHOBIEHHS
CMiBBIOHOLUEHHA MiXK UMMM Kracamm abo
PIBHAMW BUMMOr i3 TEXHIYHUMW BUMOramu,
Hanpukrag, pO3paxyHKy  Ta
NEePEBiPKKN, TEXHIYHI NpaBuria NPOEKTYBaHHA
TOLLIO;

C) criyryeatm  pekomMeHpauiero  ons
BCTAHOBIIEHHA  Y3rO[KEHUX CTaHOapTiB |

mMeroan

HacCTaHOB [l €BPOMENCLKOr0 TEXHIYHOro
yXBareHHs.
€BpoKom dEBKTUYHO BiAirpaloTb noaiGHy
pornb y cdepi ER 1 vyactnHi ER 2.
HAUIOHAINDbHI CTAHOAPTU, LLO
BMPOBAXY O Tb €BPOKOAU
HaujioHanbHi cTaHaapTy, WO BrpOBamMKYOTh
€Bpokoav, 3aBXKOM  BK/HOYaOTb  MOBHUW
TeKCT €BpoKoay (BKIOYauM BCi O0OATKW),
BugaHni CEN, skomy MoXyTb nepemysaru
apkyw  Ta
nepegvoBa, a  TaKox
HaLli OHarbHW J0AaTOK.
HauioHanbHuA  Oogarok  MoXe  BKIo4aru
iHpopMaLito BIAHOCHO TUX NapameTpiB, SKi
3arMLLIMIMCA BIOKpUTUMK B €Bpokodax Ans
B1GOpY,
HaLiOHarNbHO ~ BU3HaYeHi

HaUiOHaNMbHUA  TUTYIBHUN

HawujoHarbHa

Bi JoMi K

napaverpu ons
BUKOPUCTaHHSA MpW MPOeKTYBaHHI OypaiBerb
Ta iHXeHepHUX Cropya, Lo 6yayTb 3BedeHi ¥
3alikaBreHin KpaiHi, a cave:
- 3Ha4eHHs1 4acTKoBUX  KoediLieHTiB
Ta/abo Knacudikauis
BUN3OKiB, AN SKUX €BPOKOL pernameHTye
BUKOPWUCTaHHA arnbTEPHATUB;

HaLj oHarnbHOr o

Haai NHOCTI

- 3HaJveHHs, sKi Crii BYKOPUCTOBYBATU
Tam, Oe B €BpoKOOl HaBedeHO Tifbku
MO3HaKY;

concrete form in interpretative documents
for the creation of the necessary links
between the essential requirements and the
mandates for harmonised ENs and
ETAGS/ETAs.

3 According to Art. 12 of the CPD the
interpretative documents shall:

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

b) indicate methods of correlating these
classes or levels of requirement with the
technical specifications, e.g. methods of
caculation and of proof, technica 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.

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 Nationa 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.:

- vaues 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



- cneuvddyHi gaHi KpaiHu (reorpadiyHi,
KniMarMyHi - TOLWO), Hanpuknag, KapTta

BITPY;

- KOHKPETHI METOAMKWN Arnst TUX BUNaOKIB,
Ko €Bpokop pernaveHTye
BUKOPUCTaHHS arnbTepHaTUB.

MOoXyTb TaKOX HaBOOUTUCS:

- pekoMeHalil  LWOAO  3aCTOCYBaHHS

JOBIOKOBUX 0OOATKIB;

- NOCUIaHHA Ha JoJaTKoBy iHApopmaLito,
gka He CynepeuuMTb  HOpPMarvBHUM
BMMOram i Joromarae npu KOpUCTYBaHHi
€BpoKogamu.

3B’A3KU MIXK €EBPOKOOAMU TA
rAPMOHI3OBAHUMU TEXHIYMHUMMW

CNEUUNDIKALIAMU (ENsTaETAS)

ansd BUPOBIB

HeobxiaHa Y3rOKEHICTb MiXK
I apMOHi 30BaHNMM
cneumdikauismm ans GyaiBensHUX BUpoGiB
Ta TEXHIYHMMW npaBunaMn ana Gyaisenb i
cnopyn Ta OyaiBenbHux pobiT. Kpim TOro,
noeHa iHdopmauis, ska cynposomkye CE
MapKyBaHHA OyaiBerbHUX BUPOGIB | Mae

TEXHIYHUMM

BiAHOLLEHHA OO €BpOKOAiB, MOBUHHA YiTKO

3a3Ha4aty, SKi  HauioHanbHO  BU3HaYeHi

napametpu Bynm B3dTi OO yBaru.

OOOATKOBA IH®OPMALIA WLOOO
EN 1993-1-6
EN 1993-1-6 Hanae BKasiBKUN 3 NPOEKTYBaHHA
cTanesux KOHCTPYKLi Ta po3paxyHKy Ha

MiLUHICTb |  CTiKiCTb  OBOMOHOK  Mpw
MPOEKTYBaHHI  OyaiBerb Ta  iHXEHEPHUX
cnopya.

EN 1993-1-6 NpU3Ha4YeHnn ans
BUKOPUCTaHHS 3aMOBHMKaMW,
NPOEKTYBarNbHUKaMW, nNi 4psioHUKaMm i

Bi ANOBI AHMMM OEPXaBHUMM Opr aHaMK.

EN 1993-1-6 NPU3Ha4YeHnN ans
BukopuctaHHsa 3 EN 1990, iHwmmn
yactmHawm EN 1991 i EN 1992-1999 pna
MPOEKTYBaHHSA KOHCTPYKLLi .

HALIOHANBHUWX OOOATOK OO EN

Eurocode.

It may aso contain

- decisions on the use of informative
annexes, and

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

LINKSBETWEEN EUROCODES AND
HARMONISED TECHNICAL
SPECIFICATIONS (ENsand 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 dternative procedures,
vaues and recommendations with Notes



1993-1-6
Y upoMy CTaHOapTi HaBedeHi arnbTepHaTUBHI
METOON, OUiHKM |  pekomeHgauil 3
npuMiTKaMK, $Ki BKasyloTb, e HeobxiaHo
3p0buTK HauioHarnbHi BUGIp. TakMM YMHOM,
HaLiOHarNbHUA CTaHOapT, SKUA IMMIeMEHTye
EN 1993-1-6, noBMHEH Matyn HaLiOHarbHWN
jojarok, 0o
HaLiOHaNbHO  BU3HaMeHi

SIKOrO  BKITOYEHO  YCi
napameTpn, sKi
NPOEKTYBaHHI

ByayTb

BUKOPUCTOBYIOTLCS  MpU
KOHCTPYKLIN, Lo
nobyaoBaHi y BiAMNOBIAHIN KpaiHi.

cranesux

HauioHanbHu  BWbip gossoneHui y EN
1993-1-6 yepes TaKi NyHKTW:

-3.1.(4)

-4.1.4 (3)

-5.24 (1)

-6.3(5)

-8.7.2 (16)
-8.7.2 (18) (2 paan)
921 (2)P

13ATAllbHI MONOXEHHA
1.1 Cchepa 3acrocyBaHHA

(1) Y EN 1993-1-6 HaBegeHi OCHOBHI
npaBuria NPOEKTYBaHHSA JMCTOBUX CTanesux
KOHCTPYKLiNM, WO MaoTb dopmy OBOSOHKM
0BEPTaHHS.
(2) Uenm craHgapT npusHadeHun ons
3actocyBaHHA pasom i3 EN 1993-1-1, EN
1993-1-3, EN 1993-1-4, EN 1993-1-9 Ta
BiANOBiAHMMKM  YacTuHamm  EN 1993,
BKIOYaIOUM:
YactmnHa 3.1 ansa 6awT i worm;
YactuHa 3.2 ans aumapiB;
YactmHa 4.1 ana GyHKepiB;

indicating where

national choices may have to be made.
Therefore  the  National Standard
implementing EN 1993-1-6 should have a
National Annex containing al Nationally
Determined Parameters to be used for the
design of steel structures to be constructed
in the relevant country.

National choice is allowed in EN 1993-1-6
through:

-3.1.(4)

-4.1.4(3)

-5.24 (1)

-6.3(5)

(2 times)

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;



YactnHa 4.2 ana pesepByapis;
YactmHa 4.3 gna Tpybonposog; .
(3) Llen CTaHOapT
XapaKTEPUCTUYHI Ta pPO3paxyHKOBI 3HaYEHHS
Oropy KOHCTPYKLUI.

(4) Uen craHgapT BignoOBigae BYMOTraMm
NPOEKTYBaHHA  BIANOBIOHUX  PaHUYHUX
CTaHiB 3a HECYYOI0 3[aTHICTHO LWOAO:

- MEXi NNacTUYHOCTI;

B/3Ha4ae

- UMKNIYHOI NNacTUYHOCTI;

- BTparu CTiKOCTI;

- BTOMM.

(5) BarambHa piBHOBara KOHCTPYKLUiT (3cyB,
BEPTUKANbHE NEPEeMiLLEeHHs, NepeknaaHHs)
BOAHOMY CTaHOapTi He po3risfaeTbCs, ane
mictuteea 'y EN  1993-1-1.  CneuianbHi
cgoepax
3aCTOCYBaHHSA MICTATbCA Y BignNoBiAHUX
yactnHax EN 1993.

(6) [MornoxeHHs
3aCTOCOBYHOTECS 0o
0BOMOHOK Ta 3B’ A3aHNX 3 HUMW KPYroBux abo

MOmoOXKEeHHS B 0Co0nMMBUX

[aHOro  CTaHgapTy
OCECUMETPUYHUX

KinbLUEBMX MSIaCTUH, @ TakoX A0 KirbLeBMX
nepepisiB Garnok i pedep XKOPCTKOCTI, SKLLO
BOHM € YaCTUHOK Lifiol  KOHCTPYKLil.
PoarnsipaioTecst npoLecu
KOMM IOTEPHMX  PO3paxyHKiB  yCiX dopMm
oOOnoHOK. Y Jofarkax HaBedeHi OOoKnaaHi
dopMyrm AN pO3paxyHKiB - BPYYHY
Heni aKpi nneHnx unniHapiB i KOHYCIB.

3aranbHi

(7) UwniHopwdHi Ta KOHIYHI naHeni B
AaHomy CTaHOapTi
po3rnsaaloTees. [1poTe HaBeneHi NOOKEHHS
MOXYTb OyTV BUKOPUCTaHI, SKLLO HarNexHUM
OyoyTb  ypaxoBaHi  BiAnOBiOHi
rPaHUYHI yMOBMW.

(8) Uen cranpapt

JeTanbHO He

YMHOM

NpU3HavYeHun  ans

pO3paxyHKy cTanesux NOPOXHUCTUX
KOHCTPYKUiM. AKWO Ons  MNOPOXKHUCTUX
KOHCTPYKLUi,  BUIrOTOBMEHMX 3  IHWKX
mMarepianis, BIACYTHI CTaHOAPTW, MOSIOXEHHS
AaHoro CTaHOapTy MOXYTb
BUKOPUCTOBYBATMUCA 3a YMOBW HaleKHUM
YMHOM ypaxoBaHWnX Bi AnoBi JHNX
BIiaCTMBOCTEN Marepiarny.

(99 BukopuctaHHa  UbLOrO  CTaHOApTY

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) Overdl 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 applications 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.
Genera 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) Cylindrica 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) This Standard is intended for
application to steel shell structures. Where
no standard exists for shell structures made
of other metds, the proisions 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 in-
fluence 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



nepenbadveHo B AianasoHy
Temneparyp, BW3Ha4YeHUX Yy BignoBigHUX
NPUKagHnX YacTuUHax EN 1993.
MakcumaneHa Temneparypa obmexeHa, Lwob
BMN/MBOM  MOB3YYOCTi MOXHa  6yro

MexXax

3HEeXTyBaru, SKLLO Bi AnOBIAHOO
NPUKIGOHOK YaCTUHOK He pPo3risgaioTbCd

€00EKTI NOB3YYOCTi 32 BUCOKUX TEMMEPATYP.

(10) [MoroxeHHa  UbOro  CTaHgapTy
3aCTOCOBYKOTBCS [0  KOHCTPyKUiK, WO
3300BOMBHATh yMOBU NONEPEmPKEeHHA

KPUXKOro pynHyBaHHS, HaBedeHi y EN 1993-
1-10.

(11) MonoxeHHa  Uporo
3aCTOCOBYHOTLCH ans
KOHCTPYKLiN, WO 3HaxomATeCca nig i€
MOXHa po3rnagarmca sk

CTaHOapTy
MPOEKTYBaHHS

BNJMBIB, $Ki
KBagi CTaTnYHi.
(12) Y upomy craHpapTi nepenbadvaeTbes,
WO BITPOBE HaBaHT@KEHHA | MOTIK CUMNKUX
TBEPONX y uinomy,

PO3rnsiaaTy sK KBasiCTaruyHi BrsmMBMK.
(13) [OuHamiyHi  edexTM MawoTb ByTy
BpaxoBaHi 3rigHo 3 Bi ANOBI AHOIO
YaCTUHOKO EN 1993,
BKIOYaOuM Hacnigkm Big BTOMM. [poTe,

PEYOBVIH, MOXHa

MPYKIaOHO

PiBHOOIOYI  HaNPY>XEHHS, WO BUHUKaIOTb
yepes AMHaMiYHY NOBEdiHKY, pO3riaaaoThCs
B LI YaCTUHI SIK KBaBiCTaTU4Hi.

(14) [MonoxeHHa  UBOrO  CTaHAdapTy
3aCTOCOBYHOTLCS 10 KOHCTPYKLUI W, SKi 3BeOeHi
BignosiaHo o sumvor EN 1090-2.

(15) [OaHni ctaHOapT He BpaxoBy€E acrekTu
BUTOKIB.

(16) Uen craHgapT npusHadeHun ans
pO3paxyHKiB KOHCTPYKLiN, WO NpaltooTb B
HacTyMHUX Mexax: Temneparypy Metany B
pianasoHi Big -50 °C po +300 °C;
BiOHOWEHHA padiyca [0 TOBWMHM B
pianasoHi Big 20 oo 5000.

MpumiTtka. Cnig 3asHaqnTK, WO npasuna
PO3paxyHKy Harnpy>XeHHs 3rigHo 3  uuMm
CTaHOapTOM MOXYTb  OyTu AOCUTb
KOHCepBarvBHUMU CTOCOBHO AESKNX
reoMeTPUYHNX OPM | YMOB HaBaHTaKEHHS

[Ons1 Bi JHOCHO TOBCTOCTiHHUX ODOMOHOK.

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 meta temperatures within the range -
50°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 nocunaHHA

(1) Len eBponencekuin CTaHOapT MiCTUTb
MOMOXEHHS iHWKWX nyonikauin y Burnsgi
AaroBaHuX ab0 HeoaroBaHUX nocvraHb. Lli
HOPMaruBHI  MOCUNaHHA  3HaxodsdTbCA Y
BIONOBIOHMX MiCUSX TEKCTy, a nepenik
nybnikauin  HaBOAMTLCA  Hwk4ye.  [ns
JaTOBaHUX MOCWMaHb Modarblli  NorpaBku
abo penakuii Oyab-sKuX Takux nyonikauin
3aCTOCOBYHOTLCA [0 LBOro €BPONENChKOoro
CTaHOapTy JIMwe 3a YMOBW, LWO BOHU
BK/OYEHI 00 nonpaeko  abo
pedakuieto. [Onsa HedaroBaHMX MOCUMaHb
3aCTOCOBYETHCHA OCTaHHE BUOAHHSA
ny6nikauii, Ha SKy NOAaETbCS NOCUSTaHHS.

EN 1090-2 BwupoOHMUTBO CTaneBux |
UactmHa 2
TexHiYHI BUMOrn OO CTarneBux KOHCTPYKLiW;
EN 1990
KOHCTPYKLI1;
EN 1991 €spokog 1: HaaHTaxeHHA Ha
cnopyau; EN 1993  €ppokog 3

[MpoexTyBaHHS CTarneBmx KOHCTPYKLiW:

HBLOIo

AMOMIHIEBMX  KOHCTPYKL 1.

OcHosu MPOEKTYBaHHS

YactnHa 1.1: 3aranbHi npaevna i npasuna
AnA CnopyA4;

YactmHa 1.3: XornogHodopmoBaHi  TOHKi
€MEMEHTU | TIUCTW;

YactuHa 1.4: Heipxagitodi crari;

YactmHa 1.5: EnemeHTM nnacTUH4YacTux
KOHCTPYKLUIi1;

YactnHa 1.9: BTOMHa MiUHiCTb CcTanesux
KOHCTPYKLII;

YactnHa 1.10: Bubip crani 3 BpaxyBaHHsM
B'SI3KOro pyMHYBaHHSA i BriacTMBOCTEN CTarii
LLIOAO TOBLLUMHU JUCTE;

YactuHa 1.12: Hdoparkosi npaswra oo EN
1993 aona cranen knacis He Buwe S 700;
YacTtnHa 2: Ctanesi MoCTu;

YactnHa 3.1: Bawtn i wormnm;

YactuHa 3.2: Aumapi;

YactnHa 4.1: Cunocy;

YactnHa 4.2: PesepByapu;

YactmHa 4.3: Tpy6onposoay;

YactmHa 5: Nansosi crnopyy.

1.3 TepmiHM Ta BU3HaYEHHA

B EN 1990 pna

TepMmiHW, BU3HaYeHI

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
auminium 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 stedls;

Part 1.5: Plated structural elements;

Part 1.9: Fatigue strength of stedl 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 Termsand definitions

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



3ararnbHOr0  BUKOPUCTaHHA B ByaiBenbHUX
€BpoKoaax, TaKOX 3aCTOCOBYHOTLCH Y LILOMY
CTaHOAPTi. SAKWO He BKasaHO  iHLUe,
BU3HadeHHs, HaeedeHi B 1SO 8930, Takox
3aCTOCOBYIOKOTBECSA Y LUbOMY  CTaHZapTi.
Takox go EN 1993-1-1 gna uinen uboro
CTaHOapTy

BU3HAYEHHS:

3aCTOCOBYOTLCH HacTynHi
1.3.1 dpopmm Ta reomeTpist KOHCTPYKLi
1.3.1.1 obornoHka

KoHcTpykuis abo enemeHT  KOHCTPYKLT,
YTBOPEHi BUKPUBIIEHO TOHKOI MIIaCTUHOO
1.3.1.2 obornoHka 06epTaHHsA

OGorioHKa, reomeTpuyHa dopma SKoi BU3Ha

CEPEONHHOLO
MOBOPOTOM

YaeTbCA
YTBOPEHOIO
TBi pHOI HABKOSO OAHI€l OCi HAa KYT 2K pamiaH.

NMOBEPXHEXO,
MepMai OHarbHOI

O6oroHka Moxe MaTu Byab-SKy JOBXUHY
1.3.1.3 3avmKHyTa ocecvMeTpr4Ha 0boroHka
O6oroHKa, $Ka CKNgoaeTbCs 3 OeKifbKoX
YaCTWH, KOXHa 3 $KOI € OBOMOHKO
obepTaHHSA

1.3.1.4 cermeHT 0BOrOHKM

O6oroHKka 0bepTaHHA MEBHOI rEeOMETPUYHOI
dopMn 3 MOCTIMHOK TOBLUMHOK  CTiHKMU:
uMniHap, 3pi3aHUn KOHYC, 3pisaHa cdepa,
CcqrepnYHMA  CerMeHT, TopoifarnbHa BCTaBKa
abo dirypa iHWwoi dopmm

1.3.1.5 naHernb 0BonoHKM

HesavkHyTa O6GOfoHka obGepTaHHst dopma
OOOMOHKN BM3HaHAETLCA MOBOPOTOM TBi PHOI
HaBKOI10 OCi Ha KYT, MEHLUMWN HiXX 2 K padiaH
1.3.1.6 cepeayHHa NOBEPXHSA

[MoBepXHS, SKa 3HaxoaUTLCA NOCcCepenmHi Mix
BHYTPILUHBOK | 30BHILUHBOKD MNOBEPXHAMM
OBOMOHKK Y KOXHIi Touli. Tawm, ae oBoroHka
nigkpinneHa Ha ogHin abo Ha  0box
MOBEPXHSIX, 3a 6as0BYy CEPEOVMHHY MOBEPXHIO
NPUNMaETLCA cepeavHHa NMOBEPXHSA
BUKPUBIIEHOI 0BO0MOHKOBOI NaCTUHN.
CepeayiHHa NoBepxHs € 6a30BOKO MOBEPXHEID
Anst pO3paxyHKy i MOXe Maru po3puBn Npu
3MiHi TOBWMHM ab0 B MicUuaX 3 €OHaHHA
0BOrIOHOK,

EKCLIEHTPUCUTET,  SKUI

YHacrigoK  4oro  BUHUKaE

MOXEe  CyTTEBO

BMSMBATN Ha NOBEAiHKY 0BOOHKM

1.3.1 structural forms and geometry

1.3.1.1 shell

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

1.3.1.2 shell of revolution

a shell whose geometric form is defined by
amiddle surface that is formed by rotating a
meridional generator line around a single
axis through 2 k 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 ashell of revolution.

1.3.1.4 shell segment

ashell 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 2
K 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 ec-
centricities that may be important to the
shell structural behaviour.

1.3.1.7 junction

The line a 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 stringer stiffener

A local stiffening member that follows the
meridian of the shell, representing a
generator of the shell of revolution. It is



1.3.1.7 3 eOHaHHA

JTiHig, Ha sKin cxopaTbca OBa abo Ginblie
CErMEHTIB. MOXe  BK/HOYaTn  efieMeHT
XopcTkocTi. Kornosy riHito, No siKin enemeHT
YKOPCTKOCTi KpinUTbLCSt A0 ODONMOHKMW, MOXHa
BB2XKaTW 3’ €OHaHHAM

1.3.1.8 cTpuHrep

MicueBnin  enemeHT  KOPCTKOCTi, WO
npoxoguTb MO MepugiaHy OOOMOHKK, | €
0obepTaHHsA.

3actocoByeTbest oA 30iNbLIEHHA CTiNKOCTI

TBipPHOIO 0BOSOHKM
abo B SKOCTi [OOMOMIDKHOrO €enemMeHTa npu
NPVKIgOaHHI MicLeBNX HaBaHTaKeHb. BiH He
NpU3Ha4eHnn ans 3a0e3ne4eHHs1 NEPBUHHOIO

oropy 3ruHansHUM edrekTam BiO
MOMePEeHOr 0 HaBaHTKEHHS

1.3.1.9 pebpo

Micuesnn  enemeHT, TBipHa  OBOSOHKM
obepTaHHs, WO 320esnedye  NepBUHHE
CIPUAHSTTS  3TMHAOYMX  HaBaHTakeHb
Y300BX MepenjaHa OBOMOHKW.

BukopuctoByeTbcs  Ana  nepenaBaHHA  ab0
po3noaifly MNOMepedHNX HaBaHTaKeHb npu
3rUHI

1.3.1.10 KinbLe >KOPCTKOCTI

MicueBnin  enemMeHT  XKOPCTKOCTI,  SKuK
NpoXoauTb MO Kory OBOMOHKN OBEPTaHHS |
nepeTnHae MepudiaH y 3adaHin Todui. Hk
NpaBusio, MPUMYCKaeTLCH, WO LEeA ernemeHT

He Ma€ »KOPCTKOCTI Npu aedopmallisix 3 1oro

NOWMHN  (MepUOiOHarNbHI  NepeMiLLeHHS
OOOMOHKK), are €  KOPCTKMM  npwu
dedopMauisix Yy MfOWWHI - Kinbug.  BiH

3aCTOCOBYETHCSA Ans 30iSIbLUEHHS  CTiNKOCTI
abo Ans nepedjadi MiCUEBMX HaBaHTaKEHD,
LLIO Ait0Tb Y NJIOLWLMHI KifbLs

1.3.1.11 onopHe KifbLe

EnemeHT KOHCTPYKUiT, SKUMN NpoxoamTb Mo
Kory OOOMOHKM OBEpTaHHS B OCHOBI |
3abesnedye  3aKpinsieHHs
dyHOaMeHTY  uum
KOHCTPYKLUii. BOHO HEOOXiaHO Ana peanizauii
NPUAHSTUX FPaHUYHNX YMOB

1.3.1.12 «inbuesa 6arnka abo KinbLesa
depma

KinbueBMn enemeHT >XOPCTKOCTI, SKUA Mae

O0DOMoHKM 1o

iHLWOoro eremeHTa

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 |oads.
1.3.1.9 rib

A locad 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 loca 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
(meridiona 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 thering.

1.3.1.11 basering

A structura 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 structura 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
structurd member, provided for the
distribution of local loads into the shell.
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



3rUH- HY >KOPCTKICTb Ta MIUHICTb $K Y
NSOLWMHI KiNbLEBOro nepepisy 0BOMOHKN, Tak
i NepneHavKyrnspHO A0 Hel. Lle nepBuHHUI
HECYYMI erneMeHT KOHCTPYKLT, NpU3HadeHnn
AN pos3nodifly MiCLEeBUX HaBaHTaKeHb B
0BOMoHL

1.3.2 rpaHnyHi CTaHn

1.3.2.1 mexa nnacTu4HOCTI

["paHW4HMIN CTaH 3a HECY4O0 3OaTHICTHO, Mpu
AKOMY B KOHCTPYKUiT BWHUKaIOTb 30HU
NracTu4HoI aedoopmallii, Yepes ski 0boroHKa
BTpaqa€e 30aTHiCTb MPOTUCTOATU 3pOCTa0YMM
HaBaHTaxeHHAM. BiH cyTTeBO NOB si3aHWN i3
I PaHUYHNM HaBaHTKEHHAM 3a
NSaCTUYHICTIO 3a TEOopPIE0 Marnmx
Aechopmaniin abo 3 MexaHi3MOM MaCTUYHOro
PYVHYBaHHS

1.3.2.2 pynHyBaHHSA Mpu po3TAry
["paHWYHMI CTaH 3a HECY4O0 3OaTHICTHO, Mpu
AKOMY nepepi3a OpyTTOo sfmcrta OBOSOHKM
PYVHYETBCA BHACMi JOK PO3TArY

1.3.2.3 umKkniyYHa NfacTUYHICTb

["paHWYHMI CTaH 3a HECY4O0 3OaTHICTHO, Mpu

SKOMY Gararopasose nractTnyHe
AedropMyBaHHS, BUKJIMKaHEe LUMKIiaMmm
MPUKIN@OAHHA | 3HATTA  HaBaHT&KEHHS,

Npu3BOaUTbL [0 MariouMKIoBOro BTOMHOrO
PYVHYBaHHS MiCrns BUYEPraHHs 30aTHOCTI
mMarepiary [0 NorfMHaHHs eHepril

1.3.2.4 BTpara CTinKocTi

["paHW4HMI CTaH 3a HECY4O0 3OaTHICTHO, Mpu
SKOMY KOHCTPYKLUIS1 pi3KO BTpavae CTiMKiCTb
npn membpaHHOMY CTUCKY i/abo 3cysi. Lle
Npu3BOMTbL [0 BEMKUX 3MilleHb abo [0
HECMPOMOXHOCTi KOHCTPYKLIT
NPUKI3OeHi HaBaHTaKEHHS
1.3.2.5 BTOMa

["paHWYHMI CTaH 3a HECY4O0 3OaTHICTHO, Mpu
SAKOMY BenmKa

HEeCTHn

KinbKiCcTb UMKniB
HaBaHTaKEeHHS MpPU3BOAUTb [0 PO3BUTKY
TPIWMH Yy  JMCTi OBOMOHKW, WO npu
nodanblUMX UMKIaX HaBaHTaKEHHS MOXe
BMKIIMKATK PO3pUB

1.3.3 BnrmBm (1)

1.3.3.1 ocboBe HaBaHTaKEHHS

30BHi LLIHE HaBaHTaXeHH$, LLO i€ B OCLOBOMY

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 axia load

Externally applied loading acting in the
axial direction.

1.3.3.2 radial load

Externally applied loading acting normal to
the surface of acylindrical shell.

1.3.3.3 interna pressure

Component of the surface loading acting
normal to the shell in the outward direction.
I[ts magnitude can vary in both the
meridional and circumferential directions
(e.g. under solids loading in asilo).

1.3.3.4 externa 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 wal friction load

Meridional component of the surface
loading acting on the shell wall due to
friction connected with internal pressure



HanpsMKy
1.3.3.2 pagjanbHe HaBaHTaXKEeHHSA

30BHILLHE MpPUKIaoeHe HaBaHTaKEHHS, LUO
aie no HopmMari [0 MOBEPXHI Lni HOPUYHOI
0BOroHKM

1.3.3.3 BHYTpILLHIN TUCK

CknanoBa NOBEPXHEBOTO HABaHTE&XKEHHS, LLUO
Aie no Hopmani 40 OBOMOHKWM B HarpsiMKy
HaBoBHi. |1 BEeMYMHA MOXe 3MiHIOBaTUCA SIK
Yy MepuOioHarbHOMY, TaK i B KirbLiEeBOMY
(Hanpuknag, nig  gieo
HaBaHTa&KEHHS CUMKNX PEHOBUH Y CUSIOCaX)

HanpsiMKax

1.3.3.4 30BHILLHI TUCK

CknanoBa NOBEPXHEBOrO HABaHTE&XKEHHS, LLUO
Aie no Hopmani 40 OBOMOHKWM B HanpsiMKy
BCEpEOUHY. |1 BEMMYMHa MOXKe 3MiHIOBaTUCA
AK 'y MepuaioHarnbHOMY, TaK i B KirbLieBOMY
HanpamMKax (Hanpukad, nig gieo BiTpy)
1.3.3.5 rigpoctarnyHum TUCK

Tuck, WO 3MIHETLCA NiHIMHO BiAHOCHO
OCbOBOI KOOpAMHATK 0BOSOHKM 0BEPTaHHSA
1.3.3.6 HaBaHTakeHHs Big TeEPTS 00 CTiHKY
MepuaioHarnbHa cKraooBa NOBEPXHEBOrO
HaBaHTaXeHHS, Lo Ai€ Ha CTiHy OBOIOHKM
BHaCriJOK TEPTS, MOB A3aHOr0 3 BHYTPILLHIM
(Hanpuknag, SKWO  BCepeauHi
0BOrIOHK M 3HaX0OATLCA CUMKi PEHOBUHN)

TUCKOM

1.3.3.7 MicueBe HaBaHTaKEHHSA
3ocepemkeHa cura abo  posnogirieHe
HaBaHTaKEHHS, WO [i€ Ha YaCTUHy
OOOMOHKKN, OOMeXeHy Mo BUCOTI Ta B
KiFTbLIEBOMY HarpsiMKy

1.3.3.8 HaBaHTaXeHHs Ha OiNAHKY

Micuese po3nogifneHe HaBaHTaKeHHs, WO aie
Nno Hopmari 40 OBONOHKM

1.3.3.9 BIOCMOKTYBaHHSA

PiBHOMIpHUIA pO3noai fIEHNI 30BHILLHIN TUCK,
SKUA  BUMHUKaE  BHaCMiJOK  3HWXKEHOro
BHYTPILUHLOrO TUCKY B OBOMOHL 3 OTBOpaMm
abo [gywHukamm nig  gielo  BiITPOBOro
HaBaHTaKEeHHS

1.3.3.10 yacTkoBWIM BaKyyM

PiBHOMI pHMIA pO3noai fIEHNI 30BHILLHIN TUCK,
nepemi LLEHHS
pigvH abo CMNKUX pevoBVH i3 pesepByapa 3

HEOOCTATHBOK BEHTUISALi €10

SKUA  BUHUKAE BHAaCKi JOK

(e.g. when solids are contained within the
shell).

1.3.3.7 locad load

Point applied force or distributed load
acting on alimited part of the circumference
of the shell and over alimited 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 partial vacuum

Uniform net external pressure due to the
remova 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 pardlel 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 (seefigure 1.1e).

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



1.3.3.11 TennioBun BNMB

3viHa Temneparypy y3ooBX MepuaiaHa no
Kory abo No TOBLLMHI OBOSOHKM

1.3.4 iHTerparnbHi Harpy>XeHHs | Hanpy>XeHHS
B 06OMOHL

1.3.4.1 iHTerparnbHi MembpaHHi HanpyXeHHs
3ycvna Ha OQMHULIO LUMPUHU  OBOSIOHK M,
iHTerpan posnogisny
HOPMarbHOrO i AOTUYHOrO Hanpy>KeHb, Lo

SKi  3HaxoOdaTb  SK

Ait0Tb NO TOBLUMHI  OBOMOHKM NaparnenbHO
CepeavHHI noBepxHi oborioHkW. B ymosax
MPYXXHOCTI  KOXHE 3 UMX iHTerparnsHUX
HarnpyXXeHb BUKIMKaE Harnpy>XeHnin CTaH,
OAHOPIAHWIA NO TOBLLUWHI OBOMOHKW. Y Byab-
AKIA TOdUi € TpW iHTerparnbHi MeMbpaHHi
Hanpy>XeHHs (auB. pucyHok 1.1e)

1.3.4.2 iHTerparnbHi 3ruHanbHi Hanpy>KeHHS
3rUHaNbHi | KPYTHI MOMEHTM Ha OOMHULIO
3HaxoOoaTb  SK
CTaruyHi MOMEHTW PO3NoaiSiB HOPMarbHOro
Wwo [AjlTb
naparenbHO CEPEaVHHIN NMOBEPXHI 0OOMOHKM

LWUMPUHM  OBOSOHKN,  SKi

i OOTUYHOrO  Harpy»XeHb,
Mo 11 TOBLUMHI. B ymoBax npy>HOCTi KOXXHe 3
UMX iHTErparnbHUX HanpyXeHb BUKIMKaE
Hanpy>XeHn CTaH, Lo NiHINHO 3MiHIOETLCS
Mo TOBWWHI  OBOroOHKM 3
3HaYEHHAM Y CepeanHHIA NOBEPXHI. Y Byab-

SKi TovUi Oi€e OBa 3rHaNbHUX MOMEHTM Ta

HYNLOBUM

OOVH KPYTHUA MOMEHT

1.3.4.3 iHTerparnbHi nonepeqHi nepepiay-
BarbHi HaNPYXeHHS

3ycvna Ha OQMHULIO LUMPUHU  OBOSIOHK M,
SKi 3HaxoOATb §K iHTerpan Big posnogisny
nepepisy- BarlbHOrO Harnpy»XeHHs, Lo die rno
HOpMari A0 CepeanHHOI NOBEPXHI OBOMOHKN,
Mo il TOBLMHI. Y MPY>KHOMY CTaHi KOXHe 3
UMX  HTErparnbHUX Hanpy>XeHb BUKIIMKaE
Hanpy>XeHnhn  CTaH, WO  3MIHIOETBCS
napaboniYHO No TOBLUMHI 0BOrnoHKW. Y Byab-
SKIN TOuUi € OBa iHTerparbHUX MONEPEIHMX
nepepi 3yBarbHMX
pucyHok 1.1f)

Hanpy>XeHHs (avs.

1.3.4.4 wmembBpaHHE Hanpy>XeHHS

MembpaHHe HanpyXeHHS1 BU3HaYaeTbCs K
BiQHOLLEHHSA iHTerparbHOro  MemGpaHHOro
HarnpyXeHHss 00 TOBLUMHM CTiHKM (OuB.

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 integra of the distribution of shear
stresses acting norma 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 parabolically through the shell
thickness. There are two transverse shear
stress resultants at any point (see figure
1.1f).
1.3.4.4 membrane stress
The membrane stress is defined as the mem-
brane stress resultant divided by the shell
thickness (see figure 1.1e).
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 anaysis
An anaysis 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 inear éastic bifurcation
(eigenvalue) analysis (LBA)
An andysis that evaluates the linear
bifurcation eigenvalue for a thin-walled
shell structure on the basis of the small
deflection linear elastic shell bending



pUCyHOK 1.1€)

1.3.4.5 3ruHarbHe HanpyXeHHs

3ruHarbHe HanpyXeHHs BU3Ha4aeTbCa K
BiJHOLIEHHA [HTErpanbHOro  3ruHarbHOro
Hanpy>XeHHss 00  KBagpara
00O0rioHKM, NoMHOXeHe Ha 6. BoHO Mae ceHe

TOBLLIMHU

nviLLe 3a YMOBM, LLIO 0BOrIoHKa € MPY>KHO
1.3.5 BUOY po3paxyHkKiB
1.3.5.1 3aransHuin po3paxyHoK
PospaxyHOK, B §IKOMYy  pO3rnsigaioThCH
KOHCTPYKUIS B UifioMy, a He okpemi il
YacTUHU
1.3.5.2 po3paxyHOK 3a MemMbpaHHO
(6e3MOMEHTHOI0) TEOpIEt0
PogpaxyHok, Lo NnoBenj HKY
TOHKOCTiHHOI OBOMOHKOBOI KOHCTPYKUiT Mg

BU3HaJae
OiEl0  pO3NOiNieHNX  HaBaHTakeHb  3a
MPUNYLLEHHS, WO Smwie MeMOpaHHi 3ycuns
yMOoBY
30BHi LLIHi MM HaBaHTaKEHHAMM

3300BOSLHATH piBHoBarn i3
1.3.5.3 niHINHO-NPY>XHUI PO3pPaxyHOK
o6oroHku (J1P)

PoapaxyHox, noBenj HKY

TOHKOCTiHHOI OBOSIOHKOBOI KOHCTPYKLiT Ha

Lo  BU3Ha4ae

OCHOBI
00GOMoHKKN npy gedopMauisix, sKi € Marmmm
No BIOHOWEHHIO [0 iJearnbHOI reomerpil

Teopil  NiHIMHO-MPYXXHOrO  3rUHY

CEPEaMHHOI NOBEPXHI OBOSOHKM
1.3.5.4 niHinHO-NpyxHWI BidypKaLinH1I
pO3paxyHOK (BracHoro 3HadeHHs) (J1IPC)
PospaxyHok, AKUN OLli HOE
6i doypraLinHe 3Ha4eHHa  ansa
TOHKOCTiHHOI OBOSIOHKOBOI KOHCTPYKLiT Ha

niHivHe
BracHe

OCHOBI
oboroHkn npu  gedopmalisx, Marmx Mo

Teopil  NiHIMHO-MPYXXHOrO  3rUHYy

BIOHOWIEHHIO OO  ideanbHOl  reomerpii
cepeavHHOI  noBepxHi  oboroHkn.  Cnig
3azHauunTH, wo 3ragaHe niHenHe
GidypKkauinHe  BracHe  3Ha4EHHA  He

Bi JHOCUTBLCS 0 (OPM BraCHUX KOMMBaHb
1.3.5.5 reoMeTpryHO HeMiHINHUA NPY>KHUN
pospaxyHok(["HP)

PospaxyHok, Wwo Gasyerbca Ha npuHUMNax

TEOopii 3rMHy OBOMOHKWM  Ons  iaearnbHOI

KOHCTPYKUiT 3  ypaxyBaHHsM

NPYXHUX  XapaKTEPUCTUK  Marepiary Ta

niHiMHO-

theory, related to the perfect geometry of
the middle surface of the shell. It should be
Noted that, where an eigenvaue is
mentioned, this does not relate to vibration
modes.
1.3.5.5 geometrically 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
(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 geometricadly and materialy
nonlinear analysis (GMNA)
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 materia law. A bifurcation
eigenvalue check is included at each load
level.

1.3.5.8 geometrically nonlinear elastic

analysis with imperfections included

(GNIA)
An analysis with imperfections explicitly
included, similar to a GNA analysis as
defined in 1.3.4.5, but adopting a model for
the geometry of the structure that includes
the imperfect shape (i.e. the geometry of the
middle surface includes  unintended
deviations from the ideal shape). The im-
perfection may aso cover the effects of
deviations in boundary conditions and/or
the effects of residual stresses. A bifurcation
eigenvalue check is included at each load

materially nonlinear anaysis



HeMiHINHOI Teopil BENMMKUX MPOruHIiB Ars
nepemilLieHb, sika NOBHICTIO Bpaxosye Oyab-
AKY 3MiHy reoMeTpil BHacnigoK [Aik Ha
000MoHKY. Ha KOXKHOMY eTani HaBaHTaKEeHHS
nepesipka
6i doypKaLLi MHOr O BMaCHOr 0 3HaYeHHS

NPOBOANTLCS niHinHoro

1.3.5.6 di3N4HO HEMiIHINHUA PO3PaxyHOK

(PHP)

PospaxyHOK Ha OCHOBi  Teopil 3ruHy
OOOMOHKN  Arna  igeanbHOi  KOHCTPYKLUiT 3
BUKOPUCTaHHAM  JONyweHb  Npo  Marli
pedopmaudii, sk B 1343, ane i3
YypaxyBaHHAM  HEMHIMHUX  NPYXHO-Mrac-

TUYHUX XapaKTEPUCTUK Marepiany

1.3.5.7 reoMeTpuyHo  Ta  di3nyHo
HeniHiMHU pogpaxyHok (M PHP)
PospaxyHOK Ha OCHOBI  Teopil  3ruHy

OOOMOHKN  Arna  igeanbHOi  KOHCTPYKLUiT 3
BUKOPUCTaHHAM  NPUMYyLUEHb  HefiHiNHOT
Teopii BENMKUX TMPOrnHIB i3 ypaxyBaHHAM
Heri Hi NHNX
XapaKTEPUCTUK  Marepiary. Ha KoxHomy
PiBHI HaBaHTaXEHHA BUKOHYETLCA Nnepesipka
6i coypKaLi nHOro

MPYXHO-NJ1IaCTUHHUX

NiHINHOrO BriaCcHOro
3Ha4YeHHs

1.3.5.8 reoMerpuyHO HefiHiNHUIA NPY>KHUI
PO3paxyHOK i3 ypaxyBaHHAM 0edeKTiB
(THHP)

PospaxyHOK i3 ypaxyBaHHAM  [edeKTiB
nogibHni go pospaxyHky [HP srigHo 3
1.3.4.5, ane i3 BWKOPUCTaHHAM Mogeni
KOHCTPYKUii, WO  BKIOYaE
HeigeanbHy  dopmy  (TO6TO
CEPEOVHHOI MOBEPXHI Mae HenependbaqyBaHi
Bi AXMINEHHSA Big  igearnbHOI doopmu).
HenockoHanicTb TakoX MOXe BpaxoByBaTu
epeKT BiOXWUIEHb Y TPaHUYHUX YMOBaX |
eeKT  3aTMLLIKOBOro  HarpyxeHHs. Ha
KOXXHOMY PiBHI HaBaHTaXEHHS! BUKOHYETLCA
nepeB.ipka 6i doypKaLinHoro
BIIACHOr O 3Ha4YEHHS

reomerpii
reoMeTpis

niHivHoro

1.3.5.9 reomerpuyHUN Ta i3MYHO HENiHIN-
HUA PO3PaxyHOK i3 ypaxyBaHHSAM [edeKTiB
(T®HHP)

PospaxyHok i3
HEIOCKOHAarocTen, Lo

ypaxyBaHHAM
Gasyetbca  Ha

level.
1.3.5.9 geometrically and materialy
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 middie
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 aso include
imperfections in boundary conditions and
residual stresses. A bifurcation eigenvalue
check isincluded 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 aso 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 specia definitions for buckling
calculations
1.3.7.1 ritical buckling resistance
The smallest bifurcation or limit load
determined  assuming the idealised
conditions of elastic materia behaviour,
perfect geometry, perfect load application,
perfect support, material isotropy and
absence of residual stresses (LBA anaysis).
1.3.7.2 critical buckling stress
The membrane stress associated with the
critical buckling resistance.



NpUHUMNax Teopii 3rMHy OBOMOHKK, Yy
BUNOKY HEOOCKOHarol KOHCTPYKUiT (TO6TO
reoMeTpis  CepeauHHOI  MOBEPXHI  Mae
HenepenbadvyBaHi BiOXUIEHHS Bif i4eanbHOI

dopMK),  BKIIOYAKOYN  HETIHINHY  TEopito
BENMMKMX  gedopMallin, sKa  MOBHICTHO
BpaxoBye Oyab-sKy  3MiHy  reomerpii

BHaCMigoK A Ha OBOMOHKY, i HeriHivHi
XapaKTEPUCTUKIN
marepiarly. HeOocKoHarocTi TakoX MOXYTb

NPY>XXHO-NJ1aCTU4HOr o

BPaxoBYyBaTV eJeKT Bi AXUIIEHHS B IPaHUYHNX
yMOBax i 3aNMLLIKOBMX HanpyXeHHsx. Ha
KOXHOMY €Tarli HaBaHT&KEHHS NpOBOOMTLCS
nepes.ipka 6i doypKaLinHOro
BIIACHOr O 3Ha4YEHHS

niHivHoro

1.3.6 kareropii Hanpy>keHb, L0 BUKOPUCTO-
BYIOTBCS NPV PO3PaXYHKY 3a HaNpyXeHHSMM
1.3.6.1 NEPBUHHI HaNpy>XeHHs1

HeoOXigHun  ans
PiBHOBarn 3 NPUKIgOeHUM HaBaHTKEHHSIM.

HanpyxeHun  cTaH,

BiH ckngmaeTbCst NeEPEBaKHO 3 MeMOpPaHHMX
HanpyxeHb, ane 3a [deskux YMOB [And
JOCSrHEHHSI  piBHOBarM  MOXYTb  TaKOX
3H3OOOMTUCA 3rnHANBHI HANPYXKEHHS

1.3.6.2 BTOPUHHI Hanpy>KeHHs

HanpyxeHHs, HeobxigHi Ona 3abesneveHHs
BHYTPILLUHBOI PIBHOBarM 4u  3g00BOJSIEHHSA
rPaHNYHNX YMOB, NOB A3aHi 3 NPUKNaaeH MU
HaBaHTaKeHHAMU abo 3Mi LLEEHHAMM
(Temneparypoto, NONePenHiM HarpyXeHHsM,
NpOoCiAaHHAM, ycaakoro). Lli Hanpy>KeHH:A He
NOTPIOGHI A9 [AOCArHEHHs PiBHOBarM Mix
BHYTPILLUHIM  Harpy>XeHuM  CTaHOM |
30BHi LUHI MW HaBaHTa&KeHHAMU

1.3.7 cnewjansHi
pO3paxyHKY BTparn CTiNKOCTi

1.3.7.1 KpUTUYHMI ONip BTPATi CTiNKOCTI
HanveHwe 6GidypkadiiHe abo rpaHudHe
HaBaHTaKeHHS, BU3Ha4eHe ans
NPYy>XHOI  poBoTK
mMarepiarny, ifearnbHOI reoMeTpii, igearnbHOro
NPUKINgOaHHA  HaBaHTaXeHHs,  igearnbHol
oropw, i30TPOMHOCTI Marepiary i BiACYTHOCTI
3aMMLLIKOBUX Harpy»eHb (pospaxyHok J1PC)

B/3Ha4EeHHA anA

iJeani3oBaHMX  YMOB

1.3.7.2 KpUTUYHE HanpyXXeHHsI Npy BTpari
CTiNKOCTi

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 fabrication tolerance quality class
The category of fabrication tolerance
requirements 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, norma to the axis of
revolution;

x meridional coordinate;

zaxia coordinate;

8 circumferentia coordinate;

¢ meridiona slope: angle between axis of
revolution and normal to the meridian of the
shell;



MembpaHHe HanpyXeHHs, noB'sidaHe 3
KPUTUYHMM OMOPOM BTPaTi CTiNKOCTi

1.3.7.3 HOMiHarbHUI ONip NNACTUYHUM
AedoopmaLli siv

I"paHn4yHe NracTuyHe HaBaHTaKEHHS,
BU3Ha4eHe A igeani3oBaHWX — YMOB
YKOPCTKOMMaCTUYHOI NOBEdiHKM  Marepiarny,
i aeanbHoI reomeTpii, iJeanbHOro
NPUKINaOeHHA HaBaHTaKeHHS,  iJearnbHOro
OonuMpaHHA Ta  i30TPOMHOCTI  Mmarepiany
(3Moge- nboBaHa 3a A0MOMOro PO3pPaxyHKyY
®HP)

1.3.7.4 XapakTepuCcTUYHWIA onip BTPari
CTiNKOCTi

HaBaHTakeHHs, noB'sidaHe 3  BTParor
CTIVKOCTI 3@ HasBHOCTI HeNpy>XHOI poboTn
mMarepiarny, reoMeTpUYHUX i KOHCTPYKLL MHNX
HEOOCKOHArOCTEN, SKi HEMUHYYI Y pearnbHNX
KOHCTPYKUiSX, i edekTiB CrigKyBarnbHOro
HaBaHTaKEeHHS

1.3.7.5 XapakTEPUCTUYHE HaNPY>XEHHA Npu
BTpaTi CTiMKOCTI

MembpaHHe HanpyXeHHs, noB'sidaHe 3
XapaKTEPUCTUYHUM ONOPOM BTPATi CTiMKOCTI
1.3.7.6 pO3paxyHKOBUW  onip  BTpari
CTiNKOCTi

Po3paxyHKoBe 3HaYeHHSI KPUTUYHOI CUnK,
oTpMaHe LLSIIXOM AiNeHHA
XapaKTEPUCTUYHOro OMnopy BTPari CTiNKOCTI
Ha YacTKOBUM Koedd LI eHT Arist onopy

1.3.7.7 po3paxyHKOBE HaNpY>KeHHS Npu
BTpaTi CTiMKOCTI

MembpaHHe HanpyXeHHs, noB'sidaHe 3
pO3paxyHKOBUM ONMOPOM BTpaTi CTiKOCTI
1.3.7.8 BU3Ha4YarbHe 3HaHEHHSA HaNpPy>KeHHS
3Ha4YeHHs1 Hanpy>XXeHHA B HeoaHopiaHOMY
nori Hanpy>eHb, L0 BUKOPUCTOBYETLCA M1
XapaKTEPU3YBaHHA BEMYMH  HarpyXXeHHs
NPy OUiHUi FPaHWUYHOro CTaHy 3a HECY4YOH
30aTHICTIO MO BTPaTi CTiNKOCTI

1.3.7.9 kriac pornycky siKocTi Ha
BUIOTOBIEHHS

Kareropia Bumor JOnycKy Ha BUrOTOBIIEHHS,
nepeadadeHa nNpy NPoeKTyBaHHi, avB. 8.4

1.4 NMosHakum

(1) Ha poparok OO0 noO3Hak, HaBeOoeHUX Yy

(3) Pressures:

p,, normal to the shell;

p, meridiona surface loading parallel to the
shell;

pg circumferential surface loading parallel
to the shell;



ctaHggptax EN 1990 i EN 1993-1-1,
BUKOPUCTOBYOTLCA HACTYMHI NO3HaKW:

(2) Cucrema koopavHar, amB. pUCyHoK 1.1:

r - pagianbHa KoopauHara, NepneHanKynspHa
[0 oci 0bepTaHHS;

X- MepuajOHarbHa KoopanHara;

Z - OCbOBa KOOPANHATE;

0 - KinbLEeBa KoopaHarag;

@ - MepuOiOHarNbHUN YXWUIT. KYT MiX BiCCO

obepTaHHA i nepneHavKyrsapoMm [0
mMepuai aHa 0OONOHK M.
(3) Twnek:

p,, - NEPNEHANKYNSPHMIA 10 OBONOHKY;
P, - MepuaioHanbHe MOBEPXHEBE HaBaHTa-

YKEHHS, napareribHe 060roHL;
Py - KifbLieBe MOBEPXHEBE HaBaHTKEHHS,

naparensHe 060roHL .
KUIBIICBHT 9
circumferential
HOPMATLHHH
normal n
MCPHIIOHANBHHI X

mernidional
Hanpsamks
Directions

IMosepxuesnii THCK
Surface pressures

Koopanuarn
Coordinates

G

Lo

e ™

Membpanui nanpyxenus

Membrane stresses

w

u

IMepemimenns
Displacements

%n
%n

IMonepeuni roTuuni nanpyxenns
Transverse shear stresses

PucyHok 1.1 - [NosHakn B 0605oHKax obepTaHHSA
Figure 1.1 - Symbolsin shells of revolution

(4) NininAi cnm:

Pn - HaBaHTaKEHHS HAa OOVHULIO
Kora, nepneHavkynapHe 0o
ODOmMOHKU;

PX - HaBaHTaKEHHS HA OOUMHULIO
Kona, WO Ai€ B MepUai OHarlbHOMY
HanpsVKY;

Pe - HBAHTaKEHHSA Ha OONHULIO
Kora, WO Aie Ha OBOSoHKY B
KiNbLIEBOMY HarpsiMKy.

(5) PiBHOAgitoui MembBpaHHOro

(4) Lineforces:

P, - 1oad per unit
circumference normal to the
shell;

P, - load per unit
circumference acting in the
meridional direction;

Pe - load per unit
circumference acting
circumferentially on the shell;
(5) Membrane stress



HanpPy>KEHHS:
n,- piBHOAitOYa
Mepuai OHarbHOr 0 MeMBpPaHHOr o
HanpPy>KEHHS;
Ny~ piBHOZj 04 KiJbLIEBOr O
MEeMOPaHHOr O HanpPy>KEHHS;
Nyq - PiBHOiH04a MEMBPaHHOT o
AOTUYHOr O HaMPY>KEHHS.
(6) PiBHogitOui 3ryHarbHOro
HanpPy>KEHHS:
m, - MepU i OHarNbHUN
3rMHaNbHUA MOMEHT Ha OOMHULIKO
LLUMPVHWY;
My - KiNbLEBUI 3r MHANbHWN
MOMEHT Ha OAVHULIO LUMPUHW;
M, - KPYTHUI MOMEHT 3CyBY Ha
OOVMHULIKO LUNPUHW;
Q,, - Nonepe4Ha nepepisyBsarsHa
cuna,
NOB’ A3aHa 3 Mepu i OHarNbHNM
3rMHOM;
g - NOEPEHHA nepepi 3yBarsHa
Cura, NoB’ A3aHa 3 KisbLeBUM
3rMHOM.

HanpyxeHHs:
o, - MepVaiOHarbHe
Hanpy>KEHHS;
Og- KinbLiese HanpyXeHHS;
Ogq ~ EKBIBAMEHTHE HANPY>KeHHS
Mi3zeca (Takox Moxe HabyBaTu
BiJ EMHWNX 3Ha4€eHb Y NPOLIEC
UMKINIYHOr O HAaBaHTaKEHHS);
T, Tyg - AOTUYHE HaMPYXXEHHS B
MIOLLMHI;
Ty T - MEPVOiOHAMBHE,
KirbLieBe nonepeqHe J4oTu4He
Hanpy>XeHHs, NOoB’ A3aHe 3i
3rMHOM.

[Mepemi LeHHs:
U - MepUaioHarnbHe
nepemi LLEEHHS;
V - KifbLese Nepemi LLEHHS;
W - NepeMi LLIEHHS,
nepneHavKynspHe A0 NOBEPXHI
ODOmMOHKU;
BJ. - Mepuaj OHarbHWIA NOBOPOT,

resultants:
n, - meridional membrane
stress resultant;
ng - circumferential membrane
stress resultant;
N, - Membrane shear stress
resultant;
(6) Bending stress resultants:
m, meridional bending moment
per unit width;
mg - circumferential bending
moment per unit width;
m,q - twisting shear moment
per unit width;
q,, - transverse shear force
associated with meridional
bending;
Jgn - transverse shear force
associated with circumferential
bending;

(7) Stresses:
0, - meridional stress;
Og- circumferential stress;
Ogq ™ VON Mises equivaent
stress (can a'so take negative
values during cyclic loading);
T, Tyg" inplane shear stress;
Ty, Tgy, - Meridional,
circumferential transverse
shear stresses associated with
bending;

(8) Displacements:
u- meridiona displacement;
v- circumferential
displacement;
w - displacement normal to the
shell surface;
Bj - meridiona 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;
/ge - gauge length in



amB. 5.2.2.
(9) Poawmipn 06ONOHKMK:
d - BHYTpILWHIN giavetp
OOOmMOHKU;
L - 3aranbHa JoBKMHa OOONOHK UL,

| - DOBXXMHa cerMeHTa ODOMOHKM;
/ g~ AOBXMHa LWabnoHy ans

BUMIpYy AedpeTiB;
/ g ~ AOBXKMHA LWabnoHy aons

BUMIpy JedeKTiB Yy KOroBOMY
HanpAMKY;

/ gw ~ BOBXMHA LWabnoHy Aons

BUMIpY 0edeKTiB Y HanpsmMKy
NOMepeK 3BapHOrO LLBS;
/ gx - AOBXNHA LwabroHy ans
BUMIpY AedexTiB Yy
MepVai OHaNIbHOMY HanpsiMKY;
| p - OOMEXEHHS JOBKMHM
00OMoHKM Ans
OLiHKW Hanpy>XeHHA npu BTpari
CTINKOCTI;
I - pagiyc cepeanHHOI NMOBEPXHI,
nepneHanKynsapHUn o OCi
06epTaHHS;
t - TOBLUMHA CTiHKM OBONOHKY;
tmax - MaKkcumarbHa TOBLLMHA
CTiHKWM ODOJOHKW B 3 €0HaHHI;
tin” MiHi MarbHa ToBLUMHA
CTiHKWM ODOJOHKM B 3 €0HaHHI;
tave— cepenHsi TOBLUMHA CTiHKM
OOOmMOHKM B 3 €OHaHHI;
B - NonoBWHa KyTa Npu BEPLUMHI
KOHycCa.
(10) Oonyckwn, ove. 8.4:
€ - EKCLUEHTPUCUTET MiXX CepeauHHUMM
MOBEPXHSAMW MIIaCTWH, WO 3 €0HYIOTLCS;
U, - napaveTp gonycky BanaoKoBOro
EKCLIEHTpUCUTETY;
U, - napawvetp gonycky Bigxury Big
Kora;
U,, - BUXiOHWY NapameTp BEMYNHA
BM' SITUH 4719 YUCENBHUX PO3PaxyHKiB;
U0 - BUXiQHWI NapameTp JOMyCcKy Ha
BM' SATUHWU;
Aw, - fonyck, NEpPNeHANKYNSpHAA A0
NMOBEPXHI ODONOHKMW.

circumferential direction for
measurement of imperfections;
I 4, - 9auge length across welds
for measurement of
imperfections;
I 4 - 9auge length in meridional
direction for measurement of
imperfections;
| p- 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 ajoint;
t in- Minimum thickness of
shell wall at ajoint;
t- average thickness of shell
wall at ajoint;
B - apex half angle of cone;
(10) Tolerances, see 8.4:
e- eccentricity between the
middle surfaces of joined plates;
U, - accidenta eccentricity
tolerance parameter;
U, - out-of-roundness tolerance
parameter;
U,,- initial dimpleimperfection
amplitude parameter for
numerical calculations;
Uy - initia dimple tolerance
parameter;
Awy, - tolerance normal to the
shell surface;
(11) Properties of materials:
E - Young's modulus of
elasticity;
feq - von Mises equivalent
strength;
f,- yield strength;
fu - ultimate strength;
v - Poisson’sratio;
(12) Parametersin strength
assessment:
C - coefficient in buckling



(11) BriactnsocTi marepiaris:

E - moaynb HOHra;

feq - eKBiBareHTHa MiLHicTb 3a Mi3ecowm;
fy— IPaHMLA TEKYYOCTI;

fu - FPaHNLS MiLHOCTI;

V - Koedi UieHT NyaccoHa.

(12) Mapaverpu MiLHOCTI:

C - KoeddLieHT MiLYHOCTI Ha
NOB3OOBXHIi N 3rUH;

D - koedd Ui eHT HaKoMU4YeHnX
NOLLKOLKEHb NPY BTOMI;

F - y3aranbHeHa fis;

F g4~ Dist Ha BCtO KOHCTPYKLitO

Bi MOBIAHO [0 PO3paxyHKOBOI cUTyaLljl
(pO3paxyHKOBI 3HaYEHHS);

F gy - 0B4MCriEHi 3Ha4eHHs! fin 3a yMoBu
MaK CMMaribHOr O Oropy KOHCTPYKLT
(pO3paxyHKOBI 3HaYEHHS);

I'ry - X@PaKTEPUCTNHHWIA Bi SHOCHUI
KoeddLieHT onopy (BUKOPUCTOBYETHCS 3
HWKHIMW iHOEKCaMW Onst BUSHAHEHHS
6asncy): BU3HaHAETLCA SK Bi AHOLLEHHS
(rre! TR

'Rl = BIAHOCHWI NIaCTU4HNIA
KoediLjieHT ornopy (BU3HaYaETLCA SK
KoeddLieHT 3anacy [0 po3paxyHKOBMX
HaBaHTaKeHb i3 3aCTOCYBaHHSAM
po3paxyHKy OHP);

I'Rer = KPUTUYHWI Koedi LIiEHT onopy
BTpari CTiKOCTi (BU3Ha4aETLCA 5K
Koedd L eHT 3anacy 0 po3paxyHKOBMX
HaBaHTaXeHb i3 3aCTOCYyBaHHAM
pospaxyHky JIPC).

MpumiTka. 3 METOKO BiANOBI AHOCTI
nosHak y Texcti ctaHaapTy EN 1993 sk
no3HaKka Bi IHOCHOr 0 Koedd LiieHTa onopy
BMKOPUCTOBYETBCS /' 32MiICTb Ry .
MpoTte, Wob YHUKHY TN HENPaBUITBHOO
TryMaqeHHs, HeobxiaHO BiA3HaUUTK, LLO
No3HaKa Ry, LUMPOKO BUKOPKCTOBYETLCS
y cdepi NpoekTyBaHHs1 0BGONOHKOBMX
KOHCTPYKLi K.

k - kani©pyBanbHMn kKoediLieHT ana
Heri HiNHNX PO3pPaxyHKiB;

k - cTyniHb B3aemogi1 y doopmyrax
B3aEMO/i 1 MiLJHOCTi Ha NOB3A0BXHI N

strength

assessment;

D - cumulative damagein
fatigue assessment;

F - generalised action;

Fgq- action set on acomplete
structure corresponding to a
design situation (design values);
F py - calculated values of the
action set at the maximum
resistance condition of the
structure (design values);

Ipc- Characteristic reference
resistance ratio (used with
subscripts to identify the basis):
defined as theratio (rRk / rRk);
"Rol - plastic reference resistance
ratio (defined as aload factor on
design loads using MNA
analysis);

I'per - Critical buckling
resistance ratio (defined as a
load factor on design loads using
LBA anaysis);

Note: For consistency of
symbols throughout the EN 1993
the symbol for the reference
resistance ratio rRi is used
instead of the symbol RRi.
However, in order to avoid
misunderstanding, it needs to be
Noted here that the symbol RRi
iswidely used in the expert field
of shell structure design.

k- cdibration factor for
nonlinear analyses,

k- power of interaction
expressions in buckling strength
interaction expres-sions;

n - number of cycles of loading;
a - elastic imperfection reduction
factor in buckling strength
assessment;

B - plastic range factor in
buckling interaction;

y - partia factor;



3rUH;

N - KinbKiCTb UWKIIiB HABaHTKEHHS;

O - Koedi LieHT ocrnabreHHs NpY>KHOro
Oropy Npu OLiHIOBaHHI MiLIHOCTI Ha
NOB3OOBXHIi N 3rUH;

B - KoediLieHT BrfmBYy NIaCTUYHOCTI
npwv BTpari CTiKOCTI;

Y - YaCTKOBMM KOoedi LLi EHT;

A - gianasoH napaverpa 3a HasBHOCTI
3MiHHMX @00 UMKIIYHUX fii;

€, NNaCTM4Ha Aedoopmallis;

N - MOKa3HUK CTyneHa'y doopmyri
B3aEMO/I | CTINKOCTI;

A - BiJHOCHA rHYu4KiCTb OBOMOHKY;
A, - 3ararnsHa BiJHOCHA FHYYKiCTb YCi€l
0BOMOHKM (AeKirbKa CerMeHTiB);

A, - BiOHOCHA FHYYKiCTb 32 MEXE0
3MMHaHHS (3Ha4eHHs X, BULLIE SIKOro
BiAOYBa€ETbLCA OCrabrieHHs onopy
BHaCTi JOK HECTiKOCTi a0 3MiHM
reomerpii);

)\p - BIIHOCHA M'HYYKiCTb 32 MEXE0 Nriac-
TUYHOCTI (3Ha4eHHs X, HX4e SKOoro
NIaCTUYHICTb NOYMHAE BNIMBATU HA
CTiNKIiCTb);

W - NapamMeTp Bi AHOCHOI JOBXUHU
OOOMOHKU;

X - Koedd Ui eHT nocrnabneHHs CTiNKOCTi
ONA MPYXXHO-MMaCTUYMHNX edpeKTiB npn
OLiHHOBaHHI MiLJHOCTi Ha NOB3O0BXHi A
3ruH;

Xov - 3aranbHUn Koedd L eHT
nocrabneHHs onopy CTiNKOCTiI A BCi€l
0BOMOHKM.

(13) HwxHi iHOexen:

E

- 3HadeHHa  HanpyxeHHs  abo

nepemi LLEEHHA (B 3aneKHOCTI Big
pO3paxyHKOBUX YMOB);

F - BnwmB, i

M - marepiar;

R- onip;

C. - KPUTUYHE 3Ha4EHHS, LLIO BUKIMKaE

BTpary CTiNKOCTI;

d - po3paxyHKOBE 3HaHEHHS,
int - BHYTPI LLUHI;

Kk - XapaK TEPUCTUNYHE 3HAYEHHS;

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

€5 plastic strain;

n - interaction exponent for
buckling;

A - relative slenderness of shell;
A, - overdl relative slenderness
for the complete shell (multiple
segments);

A, - squash limit relative
slenderness (value of X above
which resistance reductions due
to instability or change of
geometry occur);

)\p - plastic limit relative
slenderness (vaue

of X below which plasticity
affects the stability);

w- relative length parameter for
shell;

X - buckling reduction factor for
elastic-plastic effects in buckling
strength assessment;

Xoy - Overall buckling resistance
reduction factor for complete
shell

(13) Subscripts:

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

F - actions;

M - materidl;

R- resistance;

c. - critical buckling value;
d- design value;

I- internal;

k - characteristic value;
max - maximum value;
min - minimum value;
nom- nomina value;

p, - plastic value;

u- ultimate;

y- yield.

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



max - MaKCUMarbHe 3HaHEeHHS;

min - MiHi ManbHe 3Ha4EHHS,

nom - HoOMi HarbHe 3HaHEHHS,

P, - NNaCTUYHE 3HaHEHHSY,

U - TpaHnLs MiLHOCTI;

Y - TPaHnLIA TEKYHOCTI.
(14) [DoparkoBi NO3HaKU MOSICHIOKOTLCH
Tam, [e 3rafyroThCs BriepLue.

1.5 M paBuna sHakiB
) Hanpsavok  HasoBHI  JOpaTHIN:
BHYTPILLHIN TWUCK O0O8THIN, 3MilLeHHA
Ha30BHI [00ATHE, 3a BUHSTKOM BUMN3OKIB,
3a3HaqeHux y (4).
(2) PostaryeanbHi Hanpy>XeHHs1 OOAaTHI,
33 BUHATKOM BUMaOKi B, 3a3HaveHuX y (4).
MpumiTka. CTUCK BBaKaETLCA OOOATHIM Y
EN 1993-1-1.
(3) [opatHin  HanpaMOK  AOTUYHUX
Hanpy>eHb nokasaHo Ha pucyHky 1.11 D.1.
(4) [Onsa cnpoweHHs B posaini 8 i gogarky
D, ctuckarnbHi HanpyXeHHA BBaKaTbCH
jgoparHiMyu. Y umMx BuNaoKkax 30BHILUHIN
TUCK | BHYTPILIHIA TUCK BBaKaHOTHCA
JoOarHi My NMpu iX BUHUKHEHHI.

2 BUXIOHI OAHI ans
NMPOEKTYBAHHA | MOOEJNNIOBAHHA

2.1 3aranbHi NONoXeHHsA

(1) P BuxigHi gaHi Ona npoeKkTyBaHHS
noBuHHI Bignosigath EN 1990 i mictutun
HaCTYIMHi JONOBHEHHS.

(2) 3okpema, oboroHka Mae OByTu
3anpoekToBaHa TaK, o6 BOHa
BUTpUMyBara BCi BNfmMBM | Bianosigana
HaCTyNMHUM BUMOT aMm:

- 3aranbHa piBHOBArg;

- piBHOBara MK  BrUmBaMu i
BHYTPILLUHIMW  3yCUImsaMmn | MOMeEHTamu,
OvB. po3nimm 6i 8;

- OOMEeXKEeHHs  TPIWMH  YHacni ok
LUMKITIYHOr O HapoCTaHHA MMacTUYHOT
Aedopmalii, ave. po3nin7;

- ODMEXeHHS TPILLMH yHacniJOK BTOMM,
avB. po3ain 9.

(3) [MpoexTyBaHHA OBOMOHKU MOBUHHE

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 ftreated as
positive. For these cases, both external
pressures and internal pressures are treated
as positive where they occur.

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 away that it will sustain all
actions and sdisfy the following
requirements:

- overdl 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,



BIQNOBIgATM  BMMOraM  eKkcniiyarauiMHol
NPUOATHOCTI, BCTaHOBMEHUM y
BiQMOBIOAHOMY  MPUKIaOHOMY — CTaHOapTi

(EN 1993 yactuhmn 3.1, 3.2, 4.1, 4.2, 4.3).
3.1, Mponopuii  OBOMOHKM  MOXHa
BU3Ha4MTK, TMPOEKTYHOYM Ha OCHOBI
ue AaouinbHo,
BUMOrM BCTaHOBIMOKOTBECA Y  BignNoBia-

BunNpobyBaHb. Komm

HoMy npuknaoHomy craHaapTi (EN 1993
yactuHu 3.1, 3.2, 4.1, 4.2, 4.3).

4.1, Bci BNfmMBM NOBWHHI BpaxoByBaTUCS 3
BUKOPUCTaHHSM  1X  pO3paxyHKOBMX
3HadeHb BignosigHo oo EN 1991 i EN
1993 vactnHn 3.1, 3.2, 4.1, 4.2, 4.3,
3arexHo Bi cuTyaLlil.

2.2 Bunam pospaxyHky

2.2.1 3aranbHi NonoXeHHs

(1) 3arnexHo BiA4 rpaHWYHOro CTaHy 3a

HECYYOl 30aTHICTIO Ta iHWWX YUHHUKIB

cnif BUKOPUCTOBYBAaTM OauH abo aexinbka

HaCTYMHUX BULIB PO3PaxyHKY, ONUCaHUX Y

po3aaini 4:

- 3aranbHUW po3paxyHoK, avB. 2.2.2;

- pO3paxyHOK 3a MeMOPaHHOI Teopi€to,

amB. 2.2.3;

- NiHINHO-MPY>XXHWIA pO3paxyHOK
00OMoHKKW, anB. 2.2.4;
- NiHINHO-MPY>XXHWIA pO3paxyHOK

6idoypkavii, ove. 2.2.5;

- rEOMETPUYHO HENIHIMHUA  NMPY>XXHUIA
pO3paxyHoK, anB. 2.2.6;

- (i3M4HO HEeMiHINHWMIA PO3paxyHOK, AUB.
227,

- TEOMETPUYHO | Ji3MYHO HEMiHIMHUK
pO3paxyHoK, amB. 2.2.8;

- rEOMETPUYHO HENIHIMHUA  MPY>XXHUIA
PO3PaxyHOK i3 ypaxyBaHHAM [edeKTiB,
amB. 2.2.9;

- TEOMETPUYHO | Ji3MYHO HEMiHIMHUK
PO3PaxyHOK i3 ypaxyBaHHAM [edeKTiB,
amB. 2.2.10.

2.2.2 3aranbHuUn pospaxyHoK

(1) BuKoHylouM 3aranbHUA  po3paxyHoK,
Ona OesKUX YaCTUH KOHCTPYKUIT MOXHa
BUKOPUCTOBYBATM CMPOLLIEHI CXEMU.

223 PospaxyHOoK 3a MeMBpaHHO

4.2, 4.3).
3.2,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).
(4) 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 Typesof 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;
Linear eastic bifurcation analysis, see
2.25;
- Geometricaly nonlinear elastic analysis,
see 2.2.6;
- Materialy nonlinear analysis, see 2.2.7,;
- Geometricaly and materially nonlinear
analysis, see 2.2.8;
- Geometrically nonlinear elastic analysis
with imperfections included, see 2.2.9;
- Geometricaly and materially nonlinear
analysis with imperfections included, see
2.2.10.
2.2.2 Globa analysis
(1) In aglobal anaysis 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



Teopi€eto

(1) PospaxyHok 3a MeMBpaHHOK Teopieo
cnifi  BUMKOHYBaTM 3 OOTPUMEHHSIM
HaCTyMnHMX YMOB:

- TPaHW4Hi YMOBWM € MpuaaTtHUMW O
NEepPETBOPEHHS Hanpy>XeHb B OOOMoHLUi B
peakuii onop, ©e3
3rHanbHNX eqekTiB;

noaBn  3Ha4HUX

- reometpis ODOMOHKM MITaBHO 3MiHIOE
¢opmy (6e3 po3pusiB);

- HaBaHTaXKEHHS  po3nogineHi  nraBHO
(6e3 HaBaHTaKeHb, 30CEPEmKeHMX B
oaHOMy Micui abo Touui).

(2) PospaxyHOK 3a MEMOpaHHOIO TeopiE
He 0BO0B' A3KOBO Mae 3300BOMBbHATU YMOBK
CyMiCHOCTI fedopMalLlin Ha rpaHnUsX Mix
cermMeHTamm OBOSoHKM pi3HOI doopmMn abo
cermeHTamy OBOMOHKK, Ha SKi AitoTb Pi3Hi
HaBaHTaXeHHS. [1poTe pesyrnbTytode nore
MeMBpaHHMX 3yCurb BiANOBiJ2E BUMMOram
nepByHHOr 0 Hanpy»eHHs ([C1).

224 JTiHINHO-NPY>XHWUIA ~ pPO3pPaxyHOK
oboroHku (J1P)

(1) JliHeapi3oBaHa Teopis GasyeTbca Ha
JOMYLWIEHHAX  Woao  JiHiMHO-MPYXHUX
XapaKTEPUCTUK Marepiany i NiHiNHOI TeopiT
Marmx  gedopmalin,  3rigHO 3 SKOKO
30epiraetbct  nepenbadeHa
HeaedoPMOBaHOI KOHCTPYKLT.
(2) PospaxyHok J1P 3300BOSbHSE yMOBM
CyMiCHOCTI B pdedopmauisix i piBHOBa3i.
PesynbTytode none  mMemOpaHHOro i
BiQMOBiJae
BUMOramMm CyMW MEPBUHHOMO i BTOPMHHOMO
HanpyxeHb (F'C2i C4).

reomeTpis

3rMHaribHOro HanpyXxeHb

225 JTiHINHO-NPY>XXHWUA  PO3pPaxyHOK
6idypkauii (JIPC)

(1) DotpumytoTecs ymoBu 2.2.4, WO
CTOCYIOThCH JonyLLleHb Bi JHOCHO
mMarepianly Ta reometpii. [lpote, uen
NiHIMHWUA ~ po3paxyHoK  Bidypkauii  age

HaIMEHLLE BriacCHEe 3Ha4eHHs, Mpu sKoMmy
MOXIMBa BTpara CTiKOCTi OBOMOHKM npu
pi3HMX dopmax aedopmallii, OonycKaiouym
BiCYTHIiCTb

3MiHN 3MiHN

reomerpii,  BIACYTHICTb

(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 (L S1).

2.24 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) 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
LHA).

225 Linear elastic bifurcation anaysis
(LBA)

(1) The conditions of 2.2.4 concerning the
material and geometric assumptions are met.
However, this linear bifurcation anaysis
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 materia
degradation. Imperfections of all kinds are
ignored. This analysis provides the elastic
critical buckling resistance rg, see 8.6 and
8.7 (LS3).

226  Geometricaly
analysis (GNA)

(1) A GNA andysis sdatisfies 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).

nonlinear €elastic



HaNpAMKY fil HaBaHTaXeHb | BiACYTHICTb
MOriplWeHHs  BracTUBOCTEN  Marepiany.
XKogHi  pedekTM  He  BpPaxOBYHOTLCS.
PesynbtaroM  UpOro  po3paxyHKy €
NPYXXHUA KPUTUYHUI Onip BTPaTi CTiAKOCTI
MRer » AMB. 8.6 8.7 (I'C3).

2.2.6 [€OMETPUYHO HEMIHINHUIA NPY>KHUN
pospaxyHok (MTHP)

(1) PospaxyHok 'HP 3gnoBonbHsie ymosm
piBHOBarM i cymicHoCTi gedopmMalin i
BPaxoOByE 3MiHYy reOMETPil KOHCTPYKLIT,
HaBaHTaKEHHSAM.
PesynbTytoue none HanpyeHb 30iraerbes

CNPUYNHEHY
3  BU3HEYEHHAM CyMU MEPBUHHUX |
BTOPMHHUX HanpyxeHb (["C2).

(2) Skwo B Byab-sKKi YacTUHI OBOMNOHKM
NnepeBakae CTUCKanbHe abo  O0TUYHE
Hanpy>xeHHsl, pospaxyHok [HP Bu3Ha4ae
HaBaHTKEHHS, WO BUKIMKaE MPYXHY
BTpaTy CTiNKOCTi idearnbHOI KOHCTPYKLUT,
BKIHOYaOUM 3MiHW reoMeTpil, WO MOXe
ByTV KOPUCHMM NpY NEPEBIPLL MPaHNYHOr O
CTaHy 3a Hecy4yoto 3garHictio C3, aus.
8.7.

(3) Akwo uen
BUKOPUCTOBYETLCA ans
HaBaHTaKEHHS, WO ChNpuUYnHSE BTpary

pO3paxyHOK
OLli HKWN

CTiNKOCTI, TO HeObXiAHO Nepesi puTK BraCHI
3Ha4EHHS cMcTemu, LWob NeEPeKoHaTcs, Lo
YUCIOBUM METOAOM Mif, 4aC HaBaHTaKEHHS
He BOacTbCs BUABMUTI BidoypkaLlito.

227 @i3n4HO HEMIHIMHUN PO3PaxyHOK
(PHP)

(1) Pesynbratom pospaxyHky ®HP €
rPaHWYHE MracTUYHE HaBaHTaKEHHS, Lo
MOXE Maru BUrfsd  NigBvLLYBaribHOrO
KoeddLieHTa FRpl» AO  PO3PEXYHKOBOrO
3Ha4eHHs HaBaHTaxeHb Fp, . Llei
pO3paxyHoK BU3Ha4ae NSaCTUYHNI
HOMiHarnbHUN KoediLlieHT oropy rRpl O
BUKOpUCTOBYETECAB 8.6 8.7.

(2) PogpaxyHok ®HP MOXHa
BUMKOPWCTOBYBATA ana NepeBi pKn
FPaHUYHOrO CTaHy 3a HECy4Or 30aTHICTHO
rC1.

(3) PospaxyHok dHP MOXHa

(2) Where compression or shear stresses
are predominant in some part of the shell, a
GNA anaysis delivers the elastic buckling
load of the perfect structure, including
changes in geometry, that may be of
assistance in checking the limit state LSS,
see8.7.

(3) Where this anaysis 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
abifurcation in the load path.

2.2.7 Materially nonlinear analysis (MNA)
@) The result of an MNA analysis
gives the plastic limit load, which can be
interpreted as a load amplification factor
rRpl ON the design value of the loads Fg.
This anaysis provides the plastic reference
resistance ratio "Rol used in 8.6 and 8.7.

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

(3) An MNA anaysis 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.

228 Geometrically and
nonlinear analysis (GMNA)
(1) The result of a GMNA analysis,
analogously to 227, 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 anaysis gives the €elasto-plastic
buckling load of the perfect structure, that
may be of assistance in checking the limit
state L S3, see 8.7.

(3) Where this anaysis 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
abifurcation in the load path.

229 Geometrically nonlinear €astic
analysis with imperfections included

materially



BUKOPUCTOBYBATM 11 3HaXOMKEHHS
NPUPOCTY  MracTuyHOl  Adedopmauii - Ae
NPOTArOM OOHOIO LMKIY HaBaHTaKEHHS,
BUKOpUCTaHe A
NEePEBIPKN FPaHUYHOTO CTaHy 3a HECY4Oro
3parHicrio ['C2.

2.2.8 ['eomeTpyyHO i di3MYHO HemMiHIMHUI
pospaxyHok (FOHP)

(1) Pesynerarom pospaxyHky ®HP, sk i B
2.2.7, € TEOMETPUYHO HENiHIMHE rpaHNYHe

ke Moxe 6ytu

NacTUMHE HaBaHTaKEHHS Ang iaearnbHol
KOHCTPYKUIT i
AedopMalii, sKi MOXHa BUMKOPUCTOBYBATU
AN NEPEBIPKN  FPaHWYHUX CTaHiB 33
Hecyyoto 3aarHictio [C1i MC2.

(2) Skwo B Byab-sKKi YacTUHI OBOMNOHKM

NPUPICT  MacTUYHOI

NnepeBaKae CTUCKaNbHE abo  AoTM4YHE
posgpaxyHok [OHP pee
HaBaHTaKEHHS, 3a SKOro BigOyBaETLCS

Harpy>KeHHs,

BTpara NPY>XHO-MMaCTU4HOI  CTiNKOCTI
iJearnbHOI  KOHCTPYKLUjT, WO Moxe OyTu
KOPUCHUM  MpU  nepesipuj
CTaHy 3a Hecy4yoto 3garHictio C3, aus.
8.7.

(3) Axwo uen pO3paxyHOK

BMKOPUCTOBYETLCA OJ1A OLjiHKM KPUTUYHOTI O

rPaHUYHOr O

NOB3OOBXXHLOMO HaBaHTaXeHHS, TO
HeOOXiAHO NePEBIpUTM BrAaCHi  3HaYeHHSA
cuctemn,  Wob  nepekoHarucs, WO
YUCENBHNUM METOAOM HE BAACTLCH BUSIBUTU
6idoypkauito

HaBaHTaXEHHS.

NpOTAromM 36i NbLLIEHHSA
2.29 [eOMETPUYHO HEMIHIMHWUIA NPY>KHUN
PO3PaxyHOK i3 BpaxyBaHHAM [OedeKTiB
(THHP)

(1) PospaxyHok 'HHP BukopucrosyeTbcst
y pasi, aKwo B OOOMoHLUI nepesakainTb
CTUCKarbHi abo AOTUYHI HanpyXeHHs. BiH
BU3HaYaE HaBaHTaXKEHHS, LIO Mpu3BoavTb
[0 NPY>XHOI BTPatX CTiNKOCTi HeiaearnbHOoI
KOHCTPYKLIT, AKi MOXYTb ByTH
BUKOPUCTaHI Npu nepesipui rpaHU4HOro
CTaHy 3a Hecy4oto 3garHictio C3, aus.
8.7.

(2) Akwio uen pO3paxyHoK
BUKOPUCTOBYETLCA Af1 OLIHKN KPUTUYHOMO

(GNIA)
(1) A GNIA analysisis 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 LSS,
see8.7.
(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 materia nonlinearity may affect the
behaviour.
2210 Geometrically and materially
nonlinear analysis with imperfections
included (GMNIA)
(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
abifurcation in the load path.
(3) Where this anaysis 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 isidentified.

2.3 Shell boundary conditions
(1) The boundary conditions assumed in
the design calculation should be chosen in
such a way as to ensure that they achieve a
realistic or conservative model of the real
construction. Special attention should be
given not only to the constraint of
displacements norma to the shell wall
(deflections), but also to the constraint of
the displacements in the plane of the shell



NMOB3OOBXHLOrO HaBaHTakeHHA ([[C3), To
Cni g, NePeBi pUTK BriaCHi 3HaHEHHSA CUCTEMN,
Wwob  nepexoHarucs, Lo
METOOOM MiJ 4YaC HaBaHTaKeHHs He
BOACTLCS BUABMTY 6idypkadito. HeobxigHo
NepeBipUTU, YN MiCUEBi Hanpy>XeHHA He

YNCIOBUM

nepesvLLytoTb  3HaueHb, 3@ SKKUX
HeriHiNHICTb Marepiarny MoXe BNMHYTU Ha
MOBENj HKY.

2210 ["eomeTpryHO i dd 3n4HO
HEMHIMHUA PO3PaxyHOK i3 ypaxyBaHHAM
nedpexTiB (FTPHHP)

(1) PoapaxyHok FOHHP
BUKOPUCTOBYETLCA Yy pasi, $KWO B

obOoroHUi  nepeBakae CTUCKanbHE abo

JOTUYHE  HanpyxeHHs. BiH
HaBaHTaXEHHS, O NPU3BOOATbL OO BTpaTU

MPY>XHO- NSIaCTUYHOI CTiKMKOCTI "pearbHol"

B13Ha4ae

HelJeanbHOI  KOHCTPYKUiT,  $Ki
BMKOPWCTOBYBATA ana NepeBi pKn
FPaHWYHOrO CTaHy 3a HECy4or 30aTHICTHO
C3, ou.. 8.7.

(2) Akwio uen pO3paxyHoK
BUKOPVCTOBYETHCS 1A OLLi HKM KPUTUYHOTO

MOXHa

MOB3OOBXHLOIO HABaHTAXKEHHs, TO Crij
NnepeBi pUTU BriaCHi 3HaYEHHS

cuctemn,  Wob  nepekoHarucs, WO
YMCIOBUM METOAOM MMif, YaC HaBaHTaKEHHS
He BOacTbCs BUABMUTK BidoypkaLlito.

(3) Axwo Len pO3paxyHOK
BUKOPUCTOBYETBCA AN KPUTUYHOrO
MOB3OOBKHLOrO HABaHTaKEHHS, TO 3aBXaM
cni [OOOaTKOBO  BUMKOHATU  pO3paxyHOK
[®HP ipeanbHOi OOOMOHKW, 3 METO
BU3Ha4YEHHA YyTIMBOCTI 00 [OedeKTiB
KOHCTPYKTUBHOI CUCTEMM.

2.3 'paHnyHi yMoBUM OBOMOHKM

(1) ["paHNyYHi
BUKOPVCTOBYHOTHCH y
pO3paxyHKy,
OTPYMaHHS

yMOBMU, AKi

NPOEKTHOMY
MOBUHHI rapaHTyBaru
pearni CTU4HOI abo
MoZerni  KOHCTPYKLUT.
OcobrmBy yBary cnig npuainMTin sk

KOHCEPBATMBHOI

OOMEKEHHIO 3MiLLEeHb, NEPMNEHAVKYIAPHUX
A0 CTiHKM OBOMoHKM (MPOruHIB), TaK i
OOMEXEHHIO 3CyBiB Yy MNIIOWMHI  CTiHKK

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 totd
displacements induced by the applied ac-
tions before buckling.

(3) The boundary conditions a 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 Bj should be
particularly considered in short shells and in
the calculation of secondary stresses in
longer shells (according to the limit states
LS2 and L$4).

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

(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.



000roHKM (MepuAaioHarNbHMUX | KOMoBKX),
OCKiflbKW BOHM CyTTEBO BNSMBaOTL Ha
MiLIHICTb i Onip BTpaTi CTiKOCTi ODOMOHKM.
(2) lNpw pospaxyHkax BTpParyv CTiNKOCTI
(BrMacHWX 3HaveHb) OBOMOHKW (rpaHUYHWUIA
CTaH 3a Hecyyow 3garHictio [C3)
BU3HAYEHHA TPaHUYHUX YMOB MOBUHHE
BiJHOCUTUCA OO NPUPOCTIB NEPEMilLieHb Y
Npoueci BTpatnm CTIMKOCTI, a He [0
3ararnbHUX  MePemillieHb,  CIPUYUHEHUX
NPUKIIAOEHUMM  HaBaHTaKEHHAMU OO
BTpaTK CTiNKOCTI.
(3)  paHn4HI
0bnepToro  HWKHBOrO Kpato  OBOSIOHKM

yMOBM AnA  MOCTIMHO

MOBUHHI  NPUAMaTUCA 3  ypaxyBaHHAM
MOXKJIMBOr O MicLIeBOro MigHi MaHHSA
OOOJIOHKW.

(4) TMMosopoT Kpai OBOrOHKM BJ. cnig

0COOrMBO  BpaxoByBaTM B KOPOTKMX
06OMoHKax i Npn Po3paxyHKY BTOPUHHOIO
Hanpy>XeHHs1 y Binbw JoBrnx OBOMoHKax
(BignoBiAHO [0 rpaHUYHUX CTaHIiB 3a
Hecy4yoro 3aarHictio [C2i TC4).

(5) [paHWM4Hi ymoBW, BCTaHOBreHi 5.2.2,
Cri g, BUKOPUCTOBYBATU MPU KOMM’ FOTEPHUX
po3paxyHKkax i npu BMOOpI dopmyn i3
poparkiB A - D.

(6) KoHcTpykLuis
cerMeHTamm 0BOrOHKM NMOBMHHA
rapaHTyBaru JonyLeHb
CTOCOBHO TFpPaHWYHMX YMOB, MNPUAHSTUX

3 ¢OHaHHSA Mi>K

BUKOHaHHA

NpU NPOEKTYBaHHI OKPeMUX CerMeHTiB
0BOrIoHK M.

3MATEPIAIIN | TEOMETPIA

3.1 BnacruBocti matepianiB

(1) BractuBocTi crane npUUMaoTLCH
3rigHO 3 BiOMNOBIAHUM
CTaHOapTOM.

(2) AKLo BMKOPUCTOBYIOTBECA Marepianm 3

NPUKNaagHnMm

HeNi Hi MHUMK
3anexHoCTi "HanpyXeHHs-aedopmauis' i B
paMKax MPOEKTYBaHHA 3a HarnpyXeHHAMN

XapaKTepucTUKamMm

BUKOHYETLCS PO3PaxyHOK BTPATU CTiNKOCTI
(mB.  8.5),
3HadeHHs mogyna FOHra E cnifg 3aMiHuTH

BUXiOHE  TaHreHujarnbHe

3MATERIALS AND GEOMETRY

3.1 Material properties

(1) The materia 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 initia tangent value of
Y oung's modulus E should be replaced by a
reduced value. If no better method is
available, the secant modulus at the 0,2 %



MOHWXXEHUM 3HadeHHsM. 3a  BiACYTHOCTI
Kpaloro Merogy crif BMKOPUCTOBYBATU
CiYHUI modyrb 3a yMoBHoI 0,2 % rpaHuui
OLli HUj
KPUTUYHOIrO HaBaHTaKeHHS1 abo NpPY>XHOro

TEKYYOCTi npu MPY>HOro

KPUTUYHOT O Hanpy KEeHHS.

(3) Mpn  3aranbHOMy  YMCENbHOMY
pO3paxyHKy 3 BUKOPUCTaHHSAM
HeniHiNHOCTI marepiarny cnig

BUKOpucTOBYBaTn YMOBHY 0,2 % rpaHuLto
TEKYYOCTi Arisl NOAaHHA rpaHuL TEKYYOCTi

fy y BCiX BiANOBIOHUX  dOpMyIiax.
Xapaktepucrmka " Hanpy>KeHHs-

dedopmMauis’ NpUUMaeTbCa BiANOBIAHO [0
EN 1993-1-5 pogarka C ans Byrneuesux
cranen i signosigHo oo EN 1993-1-4
poparka C ans HeipxKagi toumx cTanen.

(4) BractuBocTi marepiany € nocTinHNMM
Ansa Temneparyp, Wo He nepesnLLyoTb 150
°C.

Mpumitka. Y HauioHaneHOMy —gogarky

MOXe  MIiCTUTUCA  iHGopMauia  npo

BI1aCTUBOCTI marepianis npu
Temneparypax, Lwo nepesulytoTs 150 °C.
3.2 PospaxyHKoBi 3Ha4eHHs

rEOMETPUYHNX XapaK TEPUCTUK
(1) ToBwwmHY oborioHkM t crig npurumaru

3rigHO 3 BIONOBIOHUM  MPUKIaOHUM
CTaHOapTOM. AKWO TakuW  cTaHgapT
BiCYTHIN, cnig BMKOPWCTOBYBATH

HOMiHarbHY TOBLUMHY CTiHKM, 3MEHLLEHY
Ha 3g0aHy BENMYMHY BTPaTy B KOPO3il.

(2) QOianasoHn TOBWWHW, B MeXax SKOI
MOXIMBE [OOTPUMaHHS NpaBun  JaHOro
CTaHOapTy, BU3HadeHi Yy
YyactmHax EN 1993.

(3) CepeanHHy NOBEPXHIO OBOSOHKM Crif
npyimMarn sk 6asoBy MOBEPXHIO  OMiS

Bi ANOBi AHMX

HaBaHTaXeHb.
(4) Pagiyc r obornoHkn cnig npyuumarn sk
HOMiHarNbHUIN pagjyc CepeauHHOI NOBEPXHI
OBGOMOHKK, BUMIPSHUIA  NEPNEHOMKYIIAPHO
[0 oCi 0bepTaHHS.

(5) [lpasuna pospaxyHKy Ha BTpary
CTiIVIKOCTi, HaBedeHi B JaHOMy CTaHOapTi,
He Cnifi 3acTocoByBaTW Yy BUNaOKY, KOMM

proof stress should be used when assessing
the elastic critica load or elastic critical
stress.
(3) In a global numerica analysis using
material nonlinearity, the 0,2% proof stress
should be used to represent the yield stress
fy in al 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 materia properties apply to
temperatures not exceeding 150 °C.
Note: The nationa annex may give
information about materia 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 nomina 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) The radius r of the shell should be taken
as the nominal radius of the middle surface
of the shell, measured norma 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),



BiOHOLWIEHHA r/t BAXOOATb 3a MEXi, Lo
BCTaHOBIEHI B po3aini 8,

abo 3a pogarkom D, abo y BignoBigHWUX
yactuHax EN 1993.

3.3 ['eoMeTpuYHi [ONYCKM i reoMeTpuYHi

nedekTn

(1) BermuuHn ponyckiB Ha  Bigxunm

reometpii  MOBEPXHi  OBOMOHKWM  BIf
HOMIHaNbHUX  3HadeHb  BU3HadeHi Yy
BMKOHaBYMX  CTaHdgpTax  3rigHO 3

BUMOramm eKkcnsiyarauiiHoi npuaarHOCTI.
CyTTeBMMM NOKasHUKaMU €.

- Hexpyrmnictb (Bigxvrm Bif Kpyrrol
dopmn);

- EKCLEHTpUCUTETU (BiOXUIM CEPEONHHOI
NMOBEPXHI B HanpsMKy,
nepneHanKynspHoMy no
ODOMOHKM  BHacnigoKk  HEOOCKOHAarioro

MOBEPXHI

3 €QHaHHSA MiX NracTuHamu);
- Micuesi BM ATUHW (Micuesi BigxXunm Bif

HOMIHaINbHOI  CEPEOMHHOI  MOBEPXHI Y
HanpaMKy il Hopmari).
MpumiTtka. BumorM OO0  BMKOHaHHA

BcTaHoBrneHi B EN 1090, ane 6inblu noBHWIA
OMnC UMX JOMYCKiB HaBeOeHWA TyT 4epes

Mi>K  doopMOoto
BENMYMHOIO Ta
KOHCTPYKLT

KPUTUYHY  3arexHiCTb
JO0MycKY, noro
OLli HIOBarnbHUM Ornopom
0BOrIoHK M.

(2) HAKwo rpaHWYHUA CTaH  BTpatu
crivkocti (LS3, sk onucaHo B 4.1.3) €
HECy4Ol 30daTHICTIO, TO MalTb 6ByTn
BpaxoBaHi no A00arKoBi

reOMETPUYHI JONYCKU, SKi BiQHOCATLCS [0

yBarun
BTparn  CTiMKOCTi, W06
0edPeKTN 3anManmicst B 3g0aHUX Mexax.
["eomeTpuyHi JoNyCcKu, WO BiAHOCATHCA [0

r€OMETPUYHI

BTpaTW CTiNKOCTI, KiflbKiCHO BU3Ha4a0ThCS
B po3aini 8 abo y BiANOBIOHMX YaCTMHaX
EN 1993.

(3) PospaxyHKOBI 3Ha4eHHs1 OAns Bigxunis
reometpii  MOBEPXHi  OBOMOHKWM  BIf
HOMiHaNbHOI FeoMeTpil, SK BUMaraeTbCs
ana JONyCTUMUX FEOMETPUYHUX OedeKTiB
(3aranbHi gedekT abo Micuesi OedeKkT)
Npu poO3paxyHKy Ha BTpary CTiNKOCTI

- eccentricities (deviations from a
continuous middle surface in the direction
norma to the shell across the junctions
between plates),

- locd dimples (local norma deviations
from the nomina 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) Cdculation 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 anaysis
(see 8.7), should be derived from the
specified geometrical tolerances. Relevant
rules are givenin 8.7 or in relevant EN 1993
application parts.



LUMSXOM 3aranbHoro pospaxyHky TOHHP

(ove.  8.7), 330aHUX
rE€OMETPUHHUNX BignosiaHi

OTPUMYIOTb i3

JOMnycCKiB.
npaBura HaBedeHi B 8.7 ab0 y BigNOBIAHNX
YyactnHax EN 1993.

4 TPAHUYHI CTAHMU HECYYOI
30ATHOCTI B CTANEBUX
OBOJIOHKAX

4.1 I paHW4Hi CTaHU HECy4Oi 3ATHOCTI,

LL,O NOBUHHI pOo3rnsaaTucst

4.1.1 T'C1: ['paHnLA TEKYYOCTI

(1) Ak rpaHW4HUIA CTaH HECYYOl 30aTHOCTI
Ha MeXi MMaCTUYHOCTI NPUAMAETLCA CTaH,
30aTHiCTb KOHCTPYKLT
NMPOTUCTOSATU BMNSIMBaM Ha Hel BUYeEpnaHa

3a AKoro

nracTuyHicTio  Marepiany. Onip,  sKuin
CTBOPHOETHCH KOHCTPYKLI €O B FPaHNYHOMY
CTaHi  LWOOO
BUSHaUUTU Y

NIaCTUYHOCTI,

BUr NS
NSaCTUMHOrO PyMHYBaHHSA, OTPUMaHOro Ha

MOXHa
HaBaHTaKEeHHA

OCHOBI TeOpiT ManMx nepemiLweHb.

(2) [paHWYHUI CTaH Hecy4ol 3OarHOCTI
PYWHYBaHHSI NPU PO3TAry NPUNMAaETLCA SK
CTaH, 3a SKOro nepepia OpyTTO CTiHKMK
00O0rIoHKM niA0aeTbea PYVHYBaHHIO
BHaACMiAOK pO3TAry, WO Npu3BoauTb OO0
noginy oBOMoHKW Ha ABi YaCTUHW.

(3) 3a BIOCYTHOCTI KpinurbHUX OTBOPIB

MOXHa BBaXatu, Lo nepesipka
FPaHUYHOrO CTaHy HECy4ol 3OarHOCTI
po3pMBy MpU  pPO3TSArYy  OXOMSIHOETHCS

NEPEBIPKOKD  FPaHWYHOTO  CTaHy  LWoAdo
NSaCTUYHOCTI. Y pasi, SKLLO 3yCTpiYaroThCs
OTBOPU Nif KpinumeHi  BUpobK, cnig
[00arkoBo BMKOHaTn nepeB.i pKy
BignoBiaHO Ao 6.2 ctaHaapTy EN 1993-1-1.
(4) TMNpwn nepesipui rpaHUYHOTO CTaHy
Hecy4ol 30aTHOCTI  LWOoAO  NIaCTUYHOCTI
nepenbaunTn

NIacTUYHy

MOXHa nracTuyHy  abo
noBeniHKY

KOHCTPYKUiT (TOBTO MOroXeHHSMM npo

YaCTKOBO

MPY>XHY CYMIiCHiCTb MOXXHa 3HEXTYBATW).

MpumiTka. OCHOBHOK XapaKTEPUCTUKOIO
LUbOr0 rpPaHUYHOro CTaHy € Te, Lo
CNPUNHSTE HaBaHTaKeHHA abo Aii (onip) He

4ULTIMATE LIMIT STATESIN
STEEL SHELLS
4.1 Ultimate limit statesto be considered
4.1.1 LS1: Plastic limit
(1) Thelimit 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) Thelimit 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. €eastic
compatibility — considerations may be
neglected).
Note: The basic characteristic of thislimit
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) One or more of the following methods of
analysis (see 2.2) should be used for the



MOXYTb OyTI 36inblueHi 6e3 3Ha4HOI 3MiHK
KOHCTPYKUIT abo
AedopMaLiMHOr O 3MiLIHEHHS Marepi ary.
(5) Mpwn nepesipui 'C1 cnig ypaxoBysaru
BCi BignoBigHi KOMOiHaLliT HaBaHTaKeHb.
(6) Ons nepesipkn MC1 npy OBYMNCHEHHI

reomerpil

pO3paxyHKOBOro Hanpy>XeHHsi [
pi BHOAi FOYOro Harnpy>XeHHs cnig
BUKOPUCTOBYBaTW OOMH abo  Jexinbka

HaCTyMHWX METOLB PO3PaxyHKY (avB. 2.2):

MemMOpaHHa Teopis;

doopmyrm B gogarkax A Ta B;
NiHiNHONPY>XHUI po3paxyHok (J1P);

- dd3n4HO po3paxyHoK
(PHP);

- TeOMETPUYHO | Ji3MYHO HEMiHIMHUK
pospaxyHok (M PHP).

4.1.2 ' C2: UukniyHa nnacTUYHICTb

(1) Ak rpaHW4HUIA CTaH HECY4Ol 30aTHOCTI

HeniHiHUK

NPU LMKIIYHIA NNBCTUYMHOCTI NMPUAMAaETBCH
CTaH, 3a $KOro
NPUKIaOaHHA |
BUKIMKAIOTb  MIIaCTUYHY

MOBTOPIOBaHI  LIMKI

3HATTA  HaBaHTaXEeHHS
pedopmaLiito
pO3TAry i CTUCKY B OOHIN i Tin camin TouLy,
niggaioyM  KOHCTPYKLi o
NracTyHoMy  OedopmyBaHHIO,

MOBTOPHOMY
wo B

pesyrbTari  NpUM3BOAUTbL [0  YTBOPEHHS
MicLeBMX TPIWWMH 4Yepe3  BUYEPMNaHHS
30aTHOCTI  Marepiarly [0  MOrfMHaHHA
eHepril.

MpumiTka. Hanpy>xeHHs, NoB a3aHi 3 UMM
FPaHUYHUM  CTaHOM, BUHWUKAOTb MNPU
KOMGiHaLiT BCIX BMMBIB i YMOB CyMiCHOCTI
OISt KOHCTPYKLUT.

(2) Mpwn nepesipui 'C2 cnig ypaxoByBaru
BCi 3MiHHI Br/mBKM (TaKi SK TUMYacOBI
HaBaHTaXKEHHA | KOMMBaHHA Temrneparyp),
30aTHI BUKIMKAaTK MraCcTu4Hi gedopmalil,
SKi, MOXImMBO, OydyTb MOBTOPHOBATUCA
Ginblue TPbOX UMKIIB 32 TEPMIH CryXom
KOHCTPYKLIT.

(3) [lpwn nepesipuyi ULOrO rPaHNUYHOrO
CTaHy HeCy4yOl 30aTHOCTI Crif ypaxoByBaTu
CYMiCHICTb aedopmaLiin 3a npyXHux abo
NPY>KHO-NJTAaCTUYHMX YMOB.

(4) Ona nepesipkn MC2 npn 0BYNCHEHHI

calculation of the design stresses and stress
resultants when checking LS1:
- membrane theory;
- expressionsin 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 L S2.
(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 L S2:
- expressionsin Annex C;
- elasticanalysis (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: Buckling
(1) The limit state of buckling should be
taken as the condition in which all or part



pO3paxyHKOBOro [
Hanpy>XeHHs1 Crif BUKOPUCTOBYBATU OOMH

piBHOAj FOYOro

b0  pexinbka MeToaiB

pO3paxyHKy (avB. 2.2):

- popmyrm 3rigHo 3 pogarkom C;

- Npy>XHU po3paxyHok (JTP abo MHP);

- OHP a0 MPHP pgna BusHadeHHs
AianasoHy NracTuyHUX aedopmalin.

(5) MoxHa BBaxaru, WO MarouuKriyHe

HacCTyMHUX

BTOMHE PYWHYBaHHA HEMOXIMBE, SKLLO
BUKOHYIOTBCA MpoLenypy, BCTaHOBIEHI B
AaHOMY CTaHOapTi.

4.1.3 [ C3: Btpara crivikocTi

(1) Ak rpaHWYHWMIA CTaH Hecy4oi 30arHOCTI
NpwW BTPATi CTINKOCTI NPUUMaETLCA CTaH, 3a
SKOrO Y BCI KOHCTPYKUIT YW 11 YaCTUHI
BiaOyBaloTHCA pi 3Ki 3MiLLIEHHS,
NepneHaMKynsapHi OO NOBEPXHi OBOSOHKMK,
CNPWUYMHEHI  BTparol  CTIMKOCTI  nifg,
BMSMBOM  CTUCKabHMX ab0  AOTUYHUX
HanpyXeHb Y

0DOmMOHK W, Lo np13BOanTb o

MeMOpaHHNX CTiHLj
HECNPOMOXHOCTI  BUTPUMATK  36i NbLLEHHSA
PiBHOAI FOYOrO Harpy>XXeHHs1 Ta MOXIIMBOrO
MOBHOIO PyNHYBaHHS KOHCTPYKLIiT.

(2) Ana  C3 npu  obuncrenHi
pO3paxyHKOBOro Hanpy>XeHHst i
piBHOAi FOYOro Harnpy>XeHHs cnig
BUKOPUCTOBYBarn oguvH abo  Aexinbka

HaCTyMHWX METOLIB PO3PaxyHKY (avB. 2.2):
mwe  gns
OCECUMETPUYHUX YMOB (BUHSATOK UB. Y

- mMembpaHHa Teopis
BiONOBIOHNX YacTuMHax craHgapty EN
1993);

- popmyrm 3rigHo 3 godatkom A;

- MNiHINHO-NPYXHWUA pospaxyHok (J1P),
SKWA € MiHIMarbHOK BUMOrOH  Aris
PO3paxyHKYy Hanpy>XeHHSA 3a 3ararbHUX
YMOB HaBaHT&KEHHSA (32 BUHSATKOM

BUMN3OKIB, KoM 3 €O0HaHHA  Ha

BaHTaKEeHb  HaBeOoeHo  3rigHO 3
popatkom A);
- NiHI NIHO-MPY>XXHWIA pO3paxyHOK

6idoypkanii (JIPC), sk notpibHWMI ana
ODOrMoHOK 3@ 3aranbHUX  yMOB
HaBaHTaKEHHS, SKLLO

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 L S3:

- membrane theory for axisymmetric
conditions only (for exceptions, see
relevant application parts of EN 1993)
expressionsin Annex A;

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

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

- materialy 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 L S3.

(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 LS4 Fatigue

(1) The limit state of fatigue should be

taken as the condition in which repeated



BUKOPUCTOBYETLCA KPUTUYHWIA ONip BTPaTi
dd3n4HO
pospaxyHok (THP), skun notpiGHMI

CTiNKOCTI; Heri HinHUA

Ana  oBOMOHOK 3a 3aranbHWX YMOB

HaBaHTaKEHHS, AKLLO

BMKOPWUCTOBYETLCH HOMiHarbHUI
NSIaCTUYHUIA ONip;

- [®HP y noegHaHHi 3 THP, JIPC i
FPHP 3 ypaxyBaHHSAM BiANOBIAHUX
nedexTiB [
Kani6pyBanbHUX Koeda LiieHTiB.

(3) NMpw nepesipui MC3 cnig ypaxysaru BCi

3HauyLWi KOMOiHaUil HaBaHTa&KeHb, LU0

BUKIMKaOTb CTUCKarnbHe mMembpaHHe abo

obumcrneHmx

AOTWYHE  MeMDBpaHHe  HanpyXeHHd B
0BOMOHL.

(4) Ockinbkn MiLHICTb NpU FpPaHUYHOMY
CTaHi 3a Hecyyoro 3pgarHictio ['C3 gocuTb
CUSTbHO 3aNeKUTb Bif SIKOCTI KOHCTPYKLT,
NPy OUiHUi MiLHOCTI cnig BpaxoByBaTw
BIQNOBIOHI  BMMOrM OO [JOMYCKiB  Ha
BUTOTOBIIEHHS.

MpumiTka. Y poaaini 8 HaBeneHi Tpu Kracu
reOMETPUYHNX JOMYCKiB, TaK 3BaHi "Kriacu
SIKOCTi BUrOTOBIIEHHS" .

4.1.4 1 C4: Btoma

(1) Ak rpaHWYHWIA CTaH Hecy4oi 30arHOCTI
npu BTOMi MPUUMAETLCA CTaH, 3a SKOro
MOBTOPIOBaHI  UMKIMM  30iMblUEHHA |
3MEHLUEHHS Hanpy>XeHHA Npu3BoaATb 0
PO3BUTKY BTOMHMX TpiLLMH.

(2) Ons nepesipkn MC4 npy oBYUCHEHHI

pO3paxyHKOBOro Hanpy>XeHHsi [
piBHOAi FOYOro Harnpy>XeHHs cnig
BUKOPUCTOBYBATu HaCTYIHi MeToam

pO3paxyHKy (avB. 2.2):

- dopmymm 3rigHo 3 pgogatkom C npu
BMKOPUCTaHHI Koedi L eHTiB
KOHLIEHTpaLi T Harpy>XeHHs;

- NpyXHuUn pospaxyHok JIP abo MHP)
npu BUKOPUCTaHHI KoeddLlieHTiB
KOHLIEHTpaLIi T Hanpy>XeHHS.

(3) Mpwn nepesipui C4 cnig ypaxoysaru

BCI 3MiHHI Aj1, sKki OydyTb npuknageHi

npotsarom  Ginblue  Hix Nf UMKNiB 3a

pO3paxyHKOBUIA CIyX6m

TEPMIH

cycles of increasing and decreasing stress
lead to the devel opment 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 L $4:
- expressions in Annex C, using stress
concentration factors;
- éastic analysis (LA or GNA), using
stress concentration factors.
(3) All variable actions that will be applied
with more than N, 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 L $4.
Note: The National Annex may choose the
vaue of N. The value N; = 10000 is
recommended.
4.2 Design concepts for the limit states
design of shells
4.2.1 Generd
(1) The limit state verification should be
carried out using one of the following:
- stressdesign;
- 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 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



KOHCTPYKLIT 3rigHO i3 3Ha4yLLMM CMEeKTPOM
aii B craHgapti EN 1991 signosigHO 0o
npuknagHoi YactuHn EN 1993-3 abto EN
1993-4.

MpumiTka. Y HauioHarbHOMY Jofarky
MoXe ByTn nepenbaqHeHnin BUGIip 3Ha4eHHSA
N:. TponoHyerbest 3HaqeHHs Ny = 10000.
4.2 TprHUMNU NpPoeKTyBaHHSA OBOSOHOK 3a
rPaHUYHUMM CTaHaMM HECYYOI 30aTHOCTI
4.2.1 3aranbHi NONoXKeHHA

(1) TNepesipKy rpaHNYHOro CTaHy Hecyudoi
30aTHOCTI cnig BUKOHYBaTN 3
BUKOPUCTaHHSAM:

- MPOEKTYBaHHS 3a HarnpyXEeHHAM;

- NpsMOro
3aCTOCYBaHHSIM CTaHOaPTHUX dIOpMYT;

- MPOEKTYBaHHA  3a  [OMNOMOrOH
pO3paxyHKy
(Hanpukag, 3a JONOMOr Ot KOMIT FOTEPHUX
nporpam, MeTOi
CKiHYEHHVX erNeMeHTiB).

(2) Cnig ypaxoByBat TOM PeKkT, LLO
NPY>XHO- NSiaCTU4Ha NoBediHKa Marepiany,

MPOEXTYBaHHSA i3

3ararnbHoro YnceribHoOro

3aCHOBaHUX Ha

CrpyyMHeHa pi3HMU CKIigooBUMM
Hanpy>XeHHs1 B OOOMOHUi, Mae pi3HWN
BMN/MB Ha PEXKUMU PYMHYBaHHS HECY4Ol
3gatHocTi. ToMmy CKngaooBi  HanpyXXeHHs
MaloTb OyTuM BiOHECEHI [0 Kareropin
MeXaMu.

HanpyXeHb i3 pi3HUMK

Han PYXeHH4, LLIO BUHUKaOTb and

3900BOSIEHHS  BMMOr  piBHOBarn, cnig
BBKATU BK/MBILLMMU B MOPIBHSAHHI 3
Hanpy>XeHHAMW, BUKITMKAHUMU CyMiCHICTHO
dedopmMaunin,  NepneHauKynapHux  Oo
00ornoHkN. MoXxHa BBaKaTK, IO MiCLIEBI

edekTamm

HaOpi3iB y OyaiBenbHMX AeTansix, MaioTb

Hanpy>XeHHs, BUKIIMKaHI
HE3Ha4YHUA BNSMB Ha OMip CTaruyHUM
HaBaHTaXKEHHAM.

(3) MNpwn NpoexTyBaHHI 3a HarpyXeHHsM
crif pO3PI3HATU  Kareropil  NEPBUHHUX,
BTOPUHHUX |  MICLUEBMX  HarpyXeHb.
[MepBMHHI | BTOPWHHI HanpyXeHi CTaHn
MOXYTb OyTW 3amiHeHi piBHOZi HOYMK
Harpy>XeHHsIMW, KoM Lie 0L NbHO.

(4) Mpw 3aranbHOMy po3paxyHKY NePBUHHI

influence on the resistance to static loading.

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

(4) In a globa 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 L34.

4.2.2 Stress design

4.2.2.1 Generd

(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
equivaent 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
caculated from any redlistic statically
admissible determinate system. The plastic
limit state (LS1) should be deemed to be
reached when the primary stress reaches the
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 caculation 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,



| BTOPVHHI Hanpy»eHi CTaHW crij, 3aMiHUTH
rPaHUYHUM HaBaHTKEHHSIM | [janasoHOM
AedropmaLin ans
HaBaHTa&XKEHHS.

(5) Y uinomy, MOXHa OOMycTuUTW, LWO
KOHTPOIb MOYaTKOBUX Harpy>XeHNX CTaHiB

LMKIiYHOr o

"C1, 'C3 crporo 3anexuTb BiJ NEPBUHHUX

Hanpy>XeHnx CTaHiB, ane MOXe
nipgasarmcs BMNMBY BTOPUHHMX
HanpyxeHunx ctaHiB, C2 sanexuTb Big
KOMOiHaLii NEPBMHHUX |  BTOPUHHUX
Hanpy>XeHnx CTaHiB, a Mi CLIEBI

Hanpy>eHHs Bu3HavaroTb [ C4.

4.2.2 TpoexTyBaHHSA 3a HanpyXeHHAM
4.2.2.1 3aranbHi NONMOXeHHA

(1) Akwio
MPOEKTYBaHHS 33 HarpyXXeHHAM, IPaHUYHi
CTaHW Hecy4ol 30arHOCTi Criif OuiHKBaTK
32 TpbOMa KareropisiMm  HanpyXeHb:

BMKOPWCTOBYETLCA

NEPBUHHUM, BTOPUHHUM | MiCLEBUM.
Po3gineHHs Ha Kareropii BUMKOHYETLCS,
FOfIOBHMM  YMHOM, 34 EKBiBallEHTHOMO
Hanpyrolo Miseca B Touyui, arne ouiHKa
Hanpy>eHb Mpu BTparTi CTINKOCTI He MOXe
BUKOHYBaTUCs 3 BUKOPUCTAHHAM  LIbOrO
3HaYEHHS.

4.2.2.2 TlepBYHHI Hanpy>XeHHs

(1) MepBUHHI

NPUUMaOTBCH K

Hanpy>XeHHs
Harpy>XeHun  CTaH,

HeobXiaHWI ans piBHOBarn 3
NPUKageHnmMmn HaBaHT&KEHHSAMM. X
MOXHaA  obumcrmTn  3a  Byap-aKO

peaniCTU4HOK  CTaTU4HO  JOMNYCTUMOKO
OETEPMIHOBaHOIO  cnCTeMor0. [ paHuyHM
30aTHOCTi Loao
(CC1) cnig BBaXAaTU
AOCArHEHNM, SKLLO MEPBUHHE Hanpy>XeHHSA
I paHuLj
TOBLUMHI CTiHKM B [AOCTATHIN  KiNbKOCTI
TOYOK, TOMY NnmLLEe pe3epB AediopMaLlinHOrO

CTaH Hecyyoi
MIaCTUYHOCTI

ainwro TEKYy4oCTi NO BCIK

3MiLIHEHHS abo 3miHa reomerpii
BUKIMKAIOTb 36irnbLUeHHS oropy
KOHCTPYKLIT.

(2) OBumncrneHHs NepBUHHOrO

Hanpy>XeHHs1 Mae ByTn 3acHoBaHe Ha Oyab-
AKIA cUCTEMI PiBHOLIFOUMX HarpyXXeHb, Lo

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 L31
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 von Mises yield condition is
approached, the displacements of the
structure increase without further increase in
the stress state.

(2) Where cyclic loading causes plasticity,
and several loading cycles occur,
consideration should be given to the
possible reduction of resistance caused by
the secondary stresses. Where the cyclic
loading is 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 alinear elastic anaysis 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



3300BOSTBHSAOTh BMMOr U
KOHCTPYKLLT. Mpun LsoMy
ypaxoByBarucs nepesaru Teopil
MMacTUYHOCTI. AK ansTepHaTuBY, OCKibKK
pO3paxyHOK
3900BOSIbHSIE  BUMOrM  pPiBHOBarn, WMOro

piBHOBarn
MOXYTb

NiHIAHO-MPYXHWN

OLiHKY TaKOXX MOXXHa BUKOPUCTOBYBATU $IK
HadiHe NPEACTaBNEHHS FPaHNYHOrO CTaHy
32 HECYYOH0 30aTHICTIO LLOAO NSBCTUYHOCTI
(FC1). MoxHa 3actocoByBaTu 6yap-sKui
i3 MeToiB PO3paxyHKY, HaBeaeHoro B 5.3.

(3) Ockinbkn MPOEKTYBaHHA  3a
FPaHUYHMUM  CTEHOM  LUOAO  HECYYOl
30arHOCTi r JorycKkae  MOBHY
nracTudikadito - NonepedHoro  nepepiay,
NEPBUHHI Hanpy>KeHHs BHacsi JOK
3rMHANMBHUX  MOMEHTIB  MOXYTb  ByTun

niactasi  NracTU4HOroO
MOMEHTY oropy nepepidy, ave. 6.2.1.
AKwo Mae micue B3aeMomia MK
i BHOAI FOYMMIW Hanpy>XeHb Yy NornepeqHOMy
nepepisi, MoOXHa 3acTOCOBYBarTu npasuria
B32EMO/i 1, 3aCHOBaHi Ha KpUTEPIT TeKY4OoCTi
Miseca.

(4) TNepBuHHI MOBUHHI
0bMeXyBaTnCs po3paxyHKOBUM 3HAHEHHSIM
rpaHuui Texy4yocti, auB. po3ain 6 (['C1).
4.2.2.3 BTOPUHHI Hanpy>XeHHs

(1) Yy HEBN3HaYEHNX
KOHCTPYKLIiSIX CriJ BpaxoByBary BTOPUHHI
Hanpy>XeHHsl,  BUKIMKaHi

BpaxoBaHi  Ha

HaNpPY>KEHHS

CTarn4Ho

BHY TPI LLIHBOIO
CYMICHICTIO i CYMICHICTIO 3 rpaHU4HUMU
ymMoBaMK, $Ki 0OyMOBIEHI MpUKIigoeHnmm
HaBaHTaKEeHHAMU abo 3Mi LLEEHHSIMM
(Temneparyporo, nonepeaHim
Hanpy>eHHAM, OCiJaHHSAM, YCaOKoH0).
MpumiTka. lMpn HabrwkeHHi OO0 yMOBM
Teky4vocti Miseca 3miLLeHHA KOHCTPYKLIT
3pocTalnTb 6e3 noganbloro  36irbLUEHHS
Harpy>eHoro CTaHy.

(2) AKWO  UMKMiIYHI  HaBaHTaXKEHHS
BUKIMKaOTb MSIACTUYHICTb, | MPOXOaUTb

JEKinbka UUKMNIB HaBaHTaKEHHs, cnig

po3rfisiaat  MOXIMBICTb  3MEHLLEHHS
onopy, BUKITMKaHOT O BTOPUHHUM
Harnpy>XeHHAM. Axwo LMK I YHi

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 fyd 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 (L34: 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) The loca 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 L31
and LS3.



HaBaHTKEHHA MalOTb TaKy BEMMYMHY, LLO
NracTuyHi - gedoopmalii - BUHUKaOTbL  Mpn
MaKCUMarbHOMY HaBaHTE&KEHHI MOBTOPHO
NPU 3HATTI HaBaHTaKEHHS, Chnif ypaxysaru
MOXIMBe PYVHYBaHHS BHacri AOK
UMKIIYHOI MNIaCTUYHOCTI, MOB' s3aHOI 3
BTOPMHHWM Hanpy>XeHHAM.

(3) Axkwo  obumcneHHs
BUKOHYETBCA 3 BUMKOPUCTaHHAM  1liHiIHO-
MPY>XHOrO PO3pPaxyHKy, SKUA BPaxoBy€ BCi
CYTTEBI YMOBW BIiAMNOBIOHOCTI (edexkTn B
MicUsAX 3 €O0HaHb, 3MiHW TOBLLMHW CTiHKU
NiHiNHO

HanpyXeHb

TOWO), TO HanpyXeHHs, sKi
3MiHIOKOTBCS 33 TOBLUMHOK, MOXYTb ByTu
NPUAHATI Y BUIMSOl CyMU MEPBUHHUX i
BTOPUHHUX Harpy>XeHb i BUKOPUCTaHi npu
OUiHLi 33 Yy4YyacTi KpUTEpIA TeKy4yoCTi
Miseca, ovB. 6.2.
MpumiTka. BTopuHHI
pO3rNAgaioTh NMLLE PasoM i3 NEPBUHHUMU
Hanpy>XeHHSMM.

(4) Ha BTOpYHHI
HaKI1acTu HacTyrMHi OBMEXEHHS:

Cyma nepBuHHUX | BTOPUHHUX HanpyXeHb

(y T.M. 3ruHanbHWX) mae 6yt obmexeHa
BEIMHYMHOD 2 fyd Ona CTaHy UMKIiYHOI

HanpyXeHHs!

HanpyXXeHHs  cnig

nnactuyHocTi (F'C2: ame. po3ain 7).
MembpaHHa ckragoBa CyMU NEPBUHHUX |
BTOPUHHUX  HanpyXeHb  Mae  Bytn
obmMexkeHa po3paxyHKOBMM OMOPOM BTpaTi
crivkocri ([C3: gmB. po3ain 8).

Cyma nepBuHHUX | BTOPUHHUX HanpyXeHb
(y T.M. 3ruHanbHWX) mae 6yt obmexeHa
ortopom BTOMM (I"C4: ouB. po3ain 9).
4.2.2.4 Micuesi Hanpy>KeHHs

(1) Mpwu ouiHyi BTOMKM ('C4) cnig
ypaxoByBaru  JIOKarbHi
MOB A3aHI 3 KOHLEHTparopaMmu HarpyXeHb
y CTiHUi OBOMoHKM B pesyrbTari MicCLeBmX
edexTiB (Hagpi3iB, OTBOPIB, 3BAPHWUX LUBIB,
CTYMiHYaCTUX  CTiHOK, KpinneHb i
3 €0HaHb).

(2) Ons GyniBenbHUX Oetaned, HaBeaeHWX
y ctangapti EN 1993-1-9, npoexTyBaHHSA 3a
3aCHOBaHe Ha

Harnpy>KeHHs,

BTOMOIO MOXe OyTn

HOMIi HarbHUX NiHIMHO-MPY>XHWX

(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
secondary 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 anaysis is
used, the assessment of the limit states
should be carried out using one of the
aternative 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 anaysis
(LBA) may be used to determine the critical
buckling resistance of the structure, for use
in assessing L S3.

(4) A materiadly 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 anaysis 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
anayses (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



HanpyXeHHsax  (cyma

BTOPMHHMX HanpyXeHb) Yy BiAMNOBIOHIN

NEPBUHHUX |

Toyui. [na BCiX iHWWMX OeTtanei MicLUesi
Hanpy>XeHHs1 MOXYTb OyTn obumcreHi i3
3aCTOCYBaHHAM KoeddiLi eHTiB KOHLEHTpaLiT
Hanpy>eHb (KoediLieHTiB BNrmMBY HaOpi3y)
A0  HanpyXeHb,  ObuMcrieHux  npu
BUKOPUCTaHHi

pO3paxyHKY Harpy>eHb.
(3) MicueBi HanpyxeHHA MaoTb OyTu

NiHIMHO-MPY>KHOr O

oOMexeHi BignoBigHO A0 BUMMOr  LLIOOO
BTOMU (["C4), ycTaHoBneHnx y poaaini 9.
4.2.3 [psive NpOeKTyBaHHSA

(1) Mpn
MPOEKTYBaHHA TPaHWYHi CTaHW HeCyuyol
30aTHOCTI
CTaHOaPTHUMKM  OpMyiaMK, OTPUMaHUMM
TEopi€lo,  Teopi€el
MMaCTUYHOI  NIIMHHOCTI @00 BMKOHaHHSM

BUKOPUCTaHHI npsMoro

MOXYTb OyTW nNpencTaBrieHi

3@  MemBpaHHO

NiHIMHO- NMPY>KHOr O PO3PaxyHKY.

(2) dopmyrm ana memBpaHHOI  Teopil,
HaBeoeHi y podarky A,  MOXHa
BUKOPVCTOBYBATU Aans BU3HaYEHHSA
NEPBUHHUX Hanpy>KeHb, HeobXiaHux npu
ouiHui MC1i MC3.

(3) Popmyrm ana
ypaxyBaHHSM MIaCTUYHOCTI, HaBedeHi Y
popjarky B, MoxHa BUMKOpUCTOBYBAaTK 51
BU3HEHEHHS  TPaHWYHUMX  NIACTUYHUX

MPOEKTYBaHHS 3

HaBaHTaeHb Npu ouiHui [MC1.
(4) dopmyrm Ona nNiHINHO-NPYXHOro
pO3paxyHKY, HaBedeHi y Joaarky 3, MOXHa
BUKOPMCTOBYBATU Aans BU3HaYEHHS
Hanpy>XeHb NEPBUHHOrO i  BTOPMHHOIO
Tnny, HeobxiaHmnx ans ouiHkm [C2 i C4.
Ouinka IC3 wMoxe OasyBatucb Ha
MeMOpaHHI N YaCTUHI LnX opmyr.
4.2.4 T[lpoexTyBaHHS 3a JOMOMOT OO
3ararnbHOr 0 YNCIOBOr O PO3PaXyHKY
(1) MNpwn
YMCIIOBOrO PO3PaxyHKY OLiHKY paHUYHMX
30arHOCTI  Ans BCI€l
KOHCTPYKLIT cnig BUKOHYBaru 3
3aCTOCYBaHHSIM OOHOrO 3 arbTEPHATUBHUX

BUKOPUCTaHHI  3ararbHOro

CTaHiB  Hecy4ol

BUOIB PO3PaxyHKy, 3asHadeHux y 2.2

(OKpiM  po3paxyHKy 3a MeMOpPaHHO

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 andysis 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 incrementa changes taken
from a GMNA analysis may be used for
assessing LS2.



TEOPIEt0).

(2) NinHinHo-NpyxHW pospaxyHok (J1P)
MOXXHa BUYKOPUCTOBYBATU Ot BUSHAYEHHS
Hanpy>XeHb ab0 PiBHOAIIOYMX HaNpy>XeHb
npwn ouiHtoBaHHI [C2 i TC4. MembpaHHi
YaCTMHW  Hanpy>XeHb,  OTPUMaHI 3
po3paxyHKky J1P, MOxXHa BMKOpUCTOBYBaTu
npu ouiHtoBaHHI ['C3. OuiHky 'C1 MoxHa
BUKOHATX 3a J0MOMOro pospaxyHky J1P,
ane pospaxyHok JIP gae nuwe HabrkeHy
OLiHKY Ta MOro pesynstaru crij npuimaru
3rigHo 3 po3ajsiom 6.

(3) JTiHiNHO-NPY>XHUA  pO3paxyHOK
6idoyprauii (NMPC) MOXHa
BUKOPUCTOBYBATu ans BU3Ha4Y€eHHSA
KPUTUYHOTO  Onopy  BTpari  CTiINMKOCTI
KOHCTPYKLIT Npu ouiHtoBaHHI [ C3.

(4) ®Pisn4HO HENiHIMHUMN  PO3PaxyHOK
(PHP) moxHa BuMKOpUCTOBYBaTK O
BU3Ha4YEHHA NIIaCTU4HOTO  HOMiHarbHOr o
onopy, npu ouiHoBaHHI 'C1. Akwo marno
Mmicue UMKIiYHe HaBaHTaKEHHS,
pO3paxyHOK OHP MOXHa
BUKOPUCTOBYBATu ans BU3Ha4Y€eHHSA
NPUPOCTIB NMaCTUYHUX Aedopmauin npu
O HIOBaHHI rC2. MnacTnyHnin
HOMiHaNMbHUI Onip TakoX MOTPIGHMIA Ana
ouiHoBaHHA 'C3, Moro mMoXHa 3HanTK 3
pospaxyHKy OHP.

(5) [eomeTpyyHO HeniHIMHI po3paxyHKn
(THP i THHP) BpaxoBytoTb Aedpopmalii
KOHCTPYKLUIiT. [lpoTe >xooHa merogorioris
NPOEKTYBaHHA 3 po3difly 8 He Oonyckae
3aCTOCyBaHHS UMX  po3paxyHkiB  6es3
pospaxyHky [®HHP. PogpaxyHok [THP
MOXXHa BUMKOPUCTOBYBATU Ot BUSHAYEHHS
HaBaHT&KEHHS, WO BUKIMKaE MPYXHY
BTpaTy CTiMKOCTi ifdearnbHOI KOHCTPYKLUT.
PospaxyHok THHP MOXHa
BUKOPUCTOBYBATu ans BU3Ha4Y€eHHSA
HaBaHT&KEHHS, WO BUKIMKaE MPYXHY
BTpary CTINKOCTI HeiAearnbHOI KOHCTPYKLT.
(6) eometpyyHO i marepi arnsHo
HeniHiMHUA podpaxyHok (FTOHP i TPHHP)
MOXXHa BYKOPUCTOBYBATU Ot BUSHAYEHHS
PYWHIBHUX HaBaHTaXeHb AnS  iaearnbHol



(T®HP) i HelpeanbHOI  KOHCTPYKLUiT
(T®HHP). PospaxyHok [®PHP moxHa
BUKOPUCTOBYBATK As1a ouiHioBaHHA [T C1, gk
onncaHo B 6.3. PyiHiBHE HaBaHTaXKeHHS 3
pO3paxyHKy FOHHP
BUKOPUCTOBYBATUCA MNpU  A0OATKOBOMY
po3rnanl  PyMHYHYOro HaBaHTaKEHHA 3
pospaxyHky ®HP, ana ouiHkn C3, gk

MOXe

onmcaHo B 8.7. [lpu nonepegHLOMY
UMKNIYHOMY  HaBaHTaXEHHi  NpUpOCTU
NracTMMHUX  dedopmadin, sKi- B3dATi 3
pO3paxyHKy FOHP, MOXHa

BUKOPUCTOBYBATW Ans oLiHoBaHHA [T C2.

5PIBHOOIO Y] HAMPYXXEHHA

TA HANPYXXEHHA B OBOJIOHKAX
5.1 PiBHOAjtoui HanpyXeHHs B 06ONOHKax
(1) Ak npasuro, B Byap-siKii TouLi CTiHKK
0BOMoOHKM  cri  obuyucrioBaT  BICIM

piBHOAI FOUMX HaNpy>KeHb. Y Ci BOHU MaioTb

OyTv BpaxoBaHi Npv OUiHUi  OBOMOHKM
BIJHOCHO KOXHOrO [pPaHWYHOTO CTaHy
Hecyyol  3garHocti. [lpoTe,  OOTWYHI

HaNPyXXeHHst T, , Tg.
AOTVYHUX  3yCuTb

Bi4 MONepe4Hnx
% HE3HaYHi
MOPIBHAHO 3 [HWMMKM  CKIgOoBMMK
Hanpy>XXeHHs Mabke Yy BCIX MPaKTUYHUX
BUN@OKax, TOMY HUMW 3asBu4ald MOXHa
HEXTYBATW MNPy NPOEKTYBaHHI.
(2) BignosigHo, Ana GinbLOCTi  Uinen
MPOEKTYBaHHA OLliHKa FPaHUYHUX CTaHiB
HeCy4ol 30arHOCTi MOX€e BWMKOHYBAarucs 3
BUKOPUCTaHHSAM JMLLIE LLECTU PiBHOIHOUMX
Hanpy>eHb y CTiHUi OBOSOHKM Ny, Ng Nyg
m, Mmy M AKWO  KOHCTpyKUia €
OCECMMETPUYHOID, MaE  OCECUMETPUYHI

ornopy i HaBaHTaXKeHa OCECUMETPUYHO,
HEOOXiHO BIKOPVCTOBYBATY TMLLE N, Mg,

m,, my,
3) Mpu
HEBU3HAYEHOCTI OO HarpyXeHHs, sKe

BMHUKHEHHI Oy ab-siKol
HeobXigHO BMKOpUCTOBYBaTn npu  Byab-
AKIA nepesipui rPaHWYHOIO CTaHy HECy4qol
30arHoCTi, cnig BWMKOPUCTOBYBATU
eKBiBarieHTHe HanpyxeHHa Miseca Ha
MOBEPXHi OOOMOHKMW.

5 STRESS RESULTANTS AND
STRESSESIN SHELLS
5.1 Stressresultantsin the shell
(1) Inprinciple, the eight stress resultantsin
the shell wal 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 T, ., T, due to the transverse shear
forces q, .. qg,, are insignificant compared
with the other components of stress in
amost all practica 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 n,, ng, n, 5, m,, my m, 5 Where the
structure is axisymmetric and subject only
to axisymmetric loading and support, only
Ny, Ng M,, Myneed be used.
(3) If any uncertainty arises concerning the
stress to be used in any of the limit state
verifications, the von Mises equivaent
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



5.2 MopenoBaHHA ODONMOHKU AN

PO3paxyHKy

5.2.1 ['eomerpin

(1) O6oroHka Mae OyTuM npencTaeneHa
CEPEOVHHOIO MOBEPXHENO.

(2) Ak pagiyc KpvBM3HW cri npuiAmMaru 1i
HOMiHaNMbHUN  paaiyc. [edexktamum cnif
HeXTyBary, 32 BUHATKOM  BUN3OKiB,
3asHaqeHnx y poagini 8 (rpaHuyHuA CTaH
3aBTparoto crinkocTi ['C3).

(3) CyKkynHicTb CermeHTiB ODOSIOHKM He
cnif po3difisiTM Ha OKpPeMi CermMeHTu ans
pO3paxyHKy, 32 BUHATKOM BUMOKiB, KOMM
FPaHUYHI YMOBU N1 KOXHOrO CermMeHTa
o [aoTb
KOHCEPBATVBHE YSBIIEHHS] B32EMOBINIIMBIB

BUOpaHi  TakKMM  YMHOM,
Mi>K HAMMW.

(4) OropHe Kinbue, npusHadeHe ans
nepenadi MicueBnx 3ycurib 3 0BOMOHKM Ha
onopu, He Crig BiOOKpemrioBatu Bif
0BOOMOHKK, $Ka Ha HBOrO CMPaETbCs, Npu
OUiHLUi TPaHWYHOrO CTaHy 3a HECY4oro
3parHicrio ['C3.

(5) EkcueHTpucutern i
CepeanHHIn
BKIHOMaTU OO PO3paxyHKOBOI Modeni, SKLLO

yctynu B

NOBEPXHI  0BOMoHKM  cnif

BOHU MpuU3BOOATb OO 3HaYHUX 3rnHarNbHUX

eqexTiB, y pesynbTari BMNMBY
PIBHOOIOMOrO  HanpyXeHHs, Wo Jie
EKCLEHTPUYHO.

(6) Y 3eOoHaHHAX MiX cermeHTamm
0BOMOHKN Byab-AKUN EXCLEHTPUCUTET MiXK

CEPEaVHHNMM
oDOMoHKM  cnif

NOBEPXHAMU  CErMeHTIB
BPaxoByBaTy  Mpwu
MOLEMMOBaHHI.

(7) Kinble XOpCTKOCTI crif po3rnsgary sk
OKpEMUIA eNeMEHT KOHCTPYKLIT OBOSOHKMN,
3a BUHATKOM BUMaOKiB, KOMM BiACTaHb MiXK
KiFbLISIMU MEHLLIE Hix1,5Vrt.

(8) O6OMOHKY 3 NPUKPINMEHUMM 00 Hel
CTPUHrepamm
po3rnsaarM sk OpTO- TPOMHY OAHOPIAHY
0BOMOHKY 3a YMOBW, WO BiACTaHb MiX
CTPVHI'EpaMM He nepesuLLye 5Vrt.

(9) OG6onoHKy, WO Mae rodpyBaHHS
(BepTMKarnbHe abo ropu3oHTarNbHE), MOXHA

ONCKPETHNMA MOXHa

state).

(3) An assembly of shell segments should
not be subdivided into separate segments for
analysis unless the boundary conditions for
each segment are chosen in such away as to
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 L S3.

(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) A ring 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
5rt.

9) A shell that is corrugated (vertically or
horizontally) may be ftreated a an
orthotropic uniform shell provided that the
corrugation wavelength is less than 0,5Vrt.
(10) A hole in the shell may be neglected in
the modelling provided its largest dimension
is smaller than 0,5Vrt.

3.1, The overal stability of the complete
structure should be verified as detailed in
EN 1993 Parts 3.1, 3.2, 4.1, 42 or 43 as
appropriate.

5.2.2 Boundary conditions

(1) The appropriate boundary conditions
should be wused in anayses for the
assessment of limit states according to the
conditions shown in table

5.1. For the specia conditions needed for



po3rnanarM  $K - OPTOTPOMNHY  OOHOPIAHY
0OOMOHKY 3a YMOBW, WO BiACTaHb MiX
rodppamu MeHLLe Hix0,5Vrt.
(10) OtBip B 0BGOMOHL
BPaxoBYBaTW NPV MOAEMOBaHHI 332 YMOBM,

MOXHa He

WO WOoro HambinbWwmi posmip MeHLe
HixO0,5Vrt.

(11) Crinkictb Bciel KOHCTPYKUiT cnif
nepesipuT, SIK onmncaHo B crtaHgapti EN
1993 yactmnn 3.1, 3.2, 4.1, 4.2 abo 4.3
Bi AnoBi aHO.

5.2.2 ['paHn4Hi ymMoBM

(1) BignosigHi
BUKOPVCTOBYBATU NpU po3paxyHKax and
OUIHKM  TPaHWYHUX  CTaHiB  HECy4oi

rpaHW4Hi  ymMoBM cCnif

30aTHOCTI 3rigHO 3 yMOBaMK, BU3Ha4YEHUMM
B Tabrmui  5.1. CneujanbHi
HeoOXigHi  ans

cTivkocti, avB. y 8.3.

yMOBMY,
obuncrneHb  BTparn
(2) TNoBOpOTHI OOMEKEHHS Bina KOPAOHIB
O0BOMOHKM MOXHa He BpaxoByBaTun Mpu
MOLEMMOBaHHI FPaHUYHOro CTaHy Hecy4yol
3gatHocti [C1, ane cnig BKMOYMTM A0
mMoZeni rpaHnyHux ctadie C2 i C4. [Ana
KOPOTKMX OBOroHoK (avB. gogarok D)
MOBOPOTHI OOMEKEHHS Cri g, BKIHOUNUTY Orist
rPaHUYHOr O CTaHy Hecy4yoi 3aarHocTi [TC3.
(3) [lpaHmyHi ymoBM B ornopax cnig
NePeBiPSATU 3 METOKO YHUKHEHHST HOMi pHOI
HEPi BHOMI pPHOCTi 3yCurb, LLIO CTBOPHOKOTLCS
abo nepenarTLCA
CEPEOMHHI NOBEPXHI 0BOMoHKMW. [eTanbHi
[AaHi NPO 3aCTOCYBaHHS LbOro rnpasuna ao
OyHKepIB | pesepByapiB MOXHA 3HaNTU y
Bi gnoBiaHMX YactuHax EN 1993.

(4) MNpwn
YNCENMBHOrO PO3PaxyHKY rPaHUYHY YMOBY

EKCLIEHTPUYHO

BUKOPUCTaHHI  3ararbHOro
Ons HOPMarbHOr O 3MiLLIEHHS W TaKOX Crig
BUKOPUCTOBYBATU 151 KONIOBOrO 3Mi LLIEHHSI
V, 3@ BMHATKOM BWNaOKiB, KOMM 4epes
ocobnmBi 0OCTaBMHM Lie € HEOOL|i FTbBHUM.

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 L34. For
short shells (see Annex D), the rotational
restraint should be included for limit state
LS3.

(3) Support boundary conditions should be
checked to ensure that they do not cause
excessive non-uniformity of transmitted
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 thisrule to silos and tanks.

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

Tabnuua 5.1 - 'paHnyHi yMoBM Ang 060MoHOK
Table 5.1 - Boundary conditions for shells

rpaHnyHNX, Simple term

MosHaku |lMpocTaHasea Onuc

Description

HopwmareHe  |MepuajoHansHEM epyai oHarbHUN

3MiLLEHHS 3MiLLEHHS NnoBOpPOT



yMOB

Boundary

condition
code

Normad
displacements

Meridional
displacements

Meridional
rotation

BC1r

3aTUCHEHHS
Clamped

pagi anskHO 3aKpinseHnin
mMepuajanbHO

3aK pinneHnn
NOBOPOTHO 3aKpiNsieHnmn
radialy restrained
meridionally restrained
rotation restrained

BCAf

pagi anskHO 3aKpinseHnin
mMepuajanbHO

3aK pinneHnn
NOBOPOTHO BiSTbHUN
radialy restrained
meridionally restrained
rotation free

w=0

B#0

BC2r

pagi anskHO 3aKpinfeHnin
MepuajiansHO BiSTbHUIA
NOBOPOTHO 3aKpiNsieHnmn
radialy restrained
meridionally free
rotation restrained

u#0

BC2f

L apHip
Pinned

pagi anbHO 3aKpinsieHnn
Mepuai anbHO BiSIbHUN
NMOBOPOTHO BiSTbHUI
radially restrained
meridionally free
rotation free

w=0

u#0

B#0

BC3

BinbHun kpan
Free edge

paai anbHO BiFbHNIA
Mepuai anbHO BifIbHUN
NMOBOPOTHO BiSTbHUI
radialy free
meridionally free
rotation free

w#0

u#0

B#0

CTOBMYUKY 4 cri NpUUMary s 3MiLLEHHS V.
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 adopted for displacement v.

MpumiTka. KinbLese 3MiLLeHHS v TiCHO MOB si3aHe 3i 3MiLLUEHHSAM W, HOPMarbHUM A0 MOBEPXHI,
TOMY 0719 UMX OBOX NapaMeTpiB OKpeMi rpaHUYHI YMOBW He BPaxoByHOTLCA (OMB. (4)), a 3HaYeHHs Y

5.2.3 [lii ma erirmueu HaséKomILLHBE020
cepedosuLua

(1)

MepenbayaeTbesa, WO BCi OiT NpuKnadeHi o

5.2.3 Actions and environmental influences

(1) Actions should all be assumed to act at the
shell middle surface. Eccentricities of load should




NMOBEPXHI 0BOIOHKW.

cepeamHHoIl
EKCLUEHTpUCUMTETN HaBaHTaXEHHA MaloTb OyTn
npeacTaBreHi

3yCUITISIMA | MOMEHTaMWN Ha CEPEONHHI NMOBEPXHI

CTarn4Ho €KBi BalleHTHUMU
0BOMOHKM.

(2) Micuesi gjT i micuesi OiNAHKW OiA He cnif
npeacTaensaTm
PO3MNOAI NIEHUMN HABaHT&KEHHAMM, 3a BUHATKOM
BUNaOKiB, ONMCaHUX Yy po3aini 8 ana Bsrparu
NOB3OOBXHLOI CTinkocTi ([TC3).

€K Bi BaNeHTHYMM pi BHOMi pHO

(3) [lMpn mopgentoBaHHI MOBWHHI BpaxoByBaTUCH
HaCTyMHi YNHHWUKMK, 331X HaABHOCTI:

- Micuese ocigaHHA Nig CTiHKaMy ODOMOHKUL;

- MicLeBe OCiJaHHSA Ni g OKpeMnUMn Oropamu;

- OJHOPIOHI CTB/HEOOHOPI AHICTb onopu
KOHCTPYKLIT;

- nepenag Temneparyp Bi4 OOHOrO  KiHUA
KOHCTPYKLT [0 iHLOT O;

- nepenan Temneparyp 3CepeavHN KOHCTPYKLUiT
HaB30BHi;

- BITPOBI edEeKTN Ha OTBOPM i MPOpI3u;
- B3aemofisl  BITPOBMX  eqeKTiB Yy
KOHCTPYKLI1A;

- 3 gOHaHHSA 3 iHLLUMMW KOHCTPYKLiaMW;

rpynax

- YMOBW B NPOLIECI MOHTaXY.

5.2.4 PisHOQitoui HarpyX eHb | Harpyx eHHs1

(1) Mpwn pospaxyHKy piBHOOIKOYMX HarpyXeHb Y
CTiHUi OOOMOHKK, 3a YMOBM, LLO BiJHOLUEHHS

pagiyca OO TOBLMHU € BinblumMM Hix (r/t)min,
KPMBM3HOKO ODONMOHKN MOXXHA 3HEXTYBATW.
MpumiTka. Y HauioHarbHOMy aogarky Moxe OyTn

nependaveHuni BUGIp  3HadeHHs  (r/f)
=25.

min
PexomeHayeTbcs 3HaqeHHs (r/t)

5.3 Buoy pospaxyHKy
(1) MpoexTyBaHHS Mae ByTW 3acHOBaHe Ha OOHOMY

abo [OeKinbKox BWOAX PO3paxyHKY, HaBedeHux Y
Tabmui 5.2, YMOBM, WO  BU3Ha4aOTb

min

be represented by static equivalent forces and
moments at the shell middle surface.

(2) Loca actions and loca 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 Sressresultants and stresses

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

Note: The Nationa Annex may choose the value of
(r/8) ir 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.

min

BUKOPUCTaHHA  KOXHOrO  BuOy  PO3paxyHKY,
HaBedeHi B 2.2.
Tabnuus 5.2 - Buan pospaxyHKy 060rnoHKu
Table 5.2 - Types of shell analysis
Bug pospaxyHky Teopis 060roHOK MoBemdiHka ["eomertpis
Type of analysis Shell theory marepiarny 0BOOHKM

Material law | Shell geometry

M embpaHHa Teopist 0bornoHok Membrane| membpaHHa piBHOBara He

igeanbHa




theory of shells membrane equilibrium | BpaxoByeTbCS perfect
not applicable

JTiHINHO-NPY>XHWIA PO3paxyHOK OBONOHOK| MiHIMHWUIA 3rnH | PO3TSAr niHinHa ideanbHa

(P) linear bending and linear perfect

Linear elastic shell analysis (LA) stretching

JTiHINHO-NPY>XHUI PO3pPaxyHOK NIHINHWA 3rNH | pO3TSr niHinHa ideanbHa

6i doypkavin (JIPC) linear bending and linear perfect

Linear elastic bifurcation analysis (LBA) stretching

[ eoMeTPUYHO HENiHIMHIA MPYXXHUIA HeniHinHa niHinHa ideanbHa

pospaxyHok (MT'HP) non-linear linear perfect

Geometrically non-linear €lastic analysis

(GNA)

®i3n4HO HeniHIMHWUIA pospaxyHoK (PHP) niHinHa HeniHiHa igeansHa

Materially non-linear analysis (MNA) linear non-linear perfect

["eoMeTPUYHO i ¢pi3MYHO HeniHINHNIA HeniHinHa HeniHinHa igearnsHa

pospaxyHok (FPHP) non-linear non-linear perfect

Geometrically and materially non-linear

analysis (GMNA)

["eoMeTPUYHO HeriHiNHMIA PO3paxyHOK i3 HeriHinHa niHinHa Hel JearnbHa

ypaxyBaHHsM aedexTiB (THHP) non-linear linear imperfect

Geometrically non-linear elastic anaysis

with imperfections (GNIA)

["eoMeTpUYHO | dd 3MYHO HENiHIMHNIA HeniHinHa HeniHinHa HeigeanbHa

PO3pPaxyHOK 3 ypaxyBaHHAM OedeKTiB non-linear non-linear imperfect

(T®HHP) Geometrically and materially

non-linear analysis with imperfections

(GMNIA)

6 rPAHUYHUN
NNACTUYHOCTI (LS1)
6.1 PospaxyHK OBi BeNU4UHU Oin

CTAH

@) P PospaxyHKOBi BE[MYMHK il MatOTb
OyTW 3acHOBaHI Ha HaMbI NbLL HECTTPUSITIINBIN
KOMOiHaLLi T CyTTEBUX HaBaHTaKeHb
(BKIOYHOUM 3HaHYLL KOBILIEHTU YL i Y).

(2) HeobxigHo mwe i

HaBaHTaKEHHSA, WO BMJIMBaOTb Ha 3araibHy

BKJITHOYNTU

piBHOBary KOHCTPYKLT.
6.2 [MpoekTyBaHHS 3a Hanpy>XeHHaMM 6.2.1
PospaxyHKOBI BENMMYNHW HarpyXXeHb

(1) He amBnsumnch Ha Te, LLO NPOEKTYBaHHS
32 HanpyXeHHsIM 3acHOBaHe Ha MpyXXHOMY
pO3paxyHKy, @, OTXe, He MOXe TOYHO
nepeada4arn rpaHNYHUM CTaH NIacTUYHOCTI,
MOro MOXHa BUKOPUCTATW,

LL|0A0

BUXOOSMN 3

Teopemm HWKHBOI  MexXi, ansa

6 PLASTIC LIMIT STATE (LS1)

6.1 Design values of actions

(1) P The design vaues of the actions
shall be based on the most adverse relevant
load combination (including the relevent y.
and y 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
glastic 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



3HaXOMKEHHA KOHCEPBATUMBHOI OLiHKWN Ornopy
NacTU4HOMY PYVHYBaHHIO, sKe
3aCTOCOBYETLCH ans npencTaBneHHs
PaHNYHOr O CTaHy MracTUYHOCTI, avB. 4.1.1.
(2) MoxHa BUKOPUCTOBYBATU KPUTEPIN
NMaCTUYHOCTI [NbloWKHE, SK onucaHo B (6),
akmn Ginbll 6rm3bknid A0 OINCHOrO CTaHy
NMacTU4HOro  PyMHYBaHHS MOPIBHSHO 3
OLIi HKOIO NMPYXHWNX MOBEPXHEBNX HaMNPYXeHb.
(3) Y KOXHIW TOYUi KOHCTPYKUii 3a
PO3PaXYHKOBY BEMMUMHY HEMPYXEHHA Og, £y
NPUNMaETLCA HanBuLLEe nepBuvHHE
Hanpy>XeHHsl, BU3Ha4YeHe Npu pPOo3pPaxyHKY
KOHCTPYKLUIT, LLO BpaxoBye 3aKOHW piBHOBAru
MiK NpUKageHnm pO3paxyHKOBUM
HaBaHTaXEHHAM | BHYTPIiLLUHIMM 3yCUITIAMM |
MOMEHTaMK.

(4) 3a nepBMHHE HanpyXeHHa MOXHa
NPUNHATA MaKkcuMarsHe 3Ha4YeHHA
Hanpy>eHb, HeobXiaHWX Ona piBHOBarM 3
NPUKIaaeHNMM HaBaHTKEHHSMU B TOYLi abo
Y300BX OCECUMETPUYHOI NiHIT B
NMOPOXXHUCTIN KOHCTPYKLLT.

(5) TlMpn BYKOPUCTaHHI pO3paxyHKY 3a
MemMOpaHHOK ~ TEOpield  OTpUMaHe B
pesyrbTari  ABOBMMIpHE Mose  piBHOMIYMX
HanpyxeHb n,, E, ng E, ny, E, Moxe
OyTn npeacTaBneHo €KBiBNIEHTHUM
PO3PaXYHKOBMM  HaNPYXeHHAM O, £y

OTPUMaHUM 3a opMyIIOHD:

plastic limit state, see 4.1.1.

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

(3) At each point in the structure the
design value of the stress o Ed should be
taken as the highest primary stress
determined in a structura 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 andysis is
used, the resulting two-dimensional field of
stress resulants n,, E , ng, E, ny g, E, may
be repreented by the equivalent design

stress oeq’ Ed obtained from:

12 2 2
Ceq.Ed = n Ed * I).Ide Ny ed "‘NoEd * 3n ) Ed
N X (6.1)
(6) Mpwn BMKOpPUCTaHHI po3paxyHKy JIP abo MHP (6) Where an LA or GNA analysis is used, the
OoTpUMaHe  [OBOBMMipHE nore  NEPBUHHUX resulting two dimensional field of primary
Harnpy>xeHb MOXe ByTn npencraerneHe stresses may be represented by the von Mises
€KBiBaNIEHTHUM  PO3PaxyHKOBMM  HarpyXXeHHsSIM equivaent design stress:
Mizeca:
[2 2 22 2 S
Ceq Ed \‘ﬂx‘Ed *O9Ed “OxEd 'C0Ed ¥ 3(‘xu[_‘d * T ned T TonEd (6 2)
ae where
Nyed MxEd Noed  MoEd
OxEd = £ v O0Ed =~ s !
t t“/4 t t“/4 (6.3)
: NxoEd  MoEd , _ AxnEd . Qon,Ed
“x0,Ed = 2 : CxnEd - v TonEd - :
! t“/4 t t (6.4)

MpumiTka 1. HaeeoeHi Buwe dopmynm

Note 1: The above expressions give a



JaloTb cnpoLleHe KOHCepBaTMBHE
€KBiBarNeHTHe Hanpy>XeHHs ans
NPOEKTYBaHHS.

Mpumitka 2. 3HaveHHs Tnee | Tenkd

3asBMYa/  OyXe Mari i BI/MBAOTbL  Ha

NracTU4HU -~ orip, TOMYy HUMKM  MOXHa
3HEXTyBaTu.

6.2.2 Po3paxyHKoei eeriu4uHU oropy

(1) PospaxyHkoBa MiuHicTb 3a Misecom

BU3Ha4aETLCA 3a OPMYSIOH:

foqRd™

(2) YactkoBuin KoediLEHT Anst onopy Y,
NPUAMAETLCA 3a BIgMNOBIOHMM  MPUKIaoHUM
CTaHOapTOM.

(3) HAxkwo ana gaHol dopMM KOHCTPYKLIT
BIACYTHIN CTaHOapT abo CTaHdapT He
BU3Ha4aEe BiAMOBiAHI 3HaYEHHSA Yo ToqOi
3Ha4eHHA Y,y NpUUM2ETBCA  3rigHO i3
craHgapTom EN 1993-1-1.

(4) HAxkwo wmarepian Mee
XapaKTEPUCTUKY "HanpyXeHHs-aedopmauis’”,
K BEMYUHY X3PaKTEPUCTUYHOI  FPaHWLj
TEKY4ocCTi fyk cnig npuiaHsTn ymoeHy 0,2 %

HemMiHIHY

IPaHNLIKO TEKYYOCTI.

(5) EdexT OTBOPIB Nig KpinumbHi BUpobn
cnig  ypaxyeartum  BignosigHo go  6.2.3
craHpapty EN 1993-1-1 gna postary i 6.2.4
craHgapty EN 1993-1-1 gna crucky. [Ons
nepesipkn po3Tary onip Mae GasysBarmca Ha
PO3paxyHKOBIM BEMYMHI  FpaHuLi  MiLHOCTI

fyd.

6.2.3 O6MeXK eHHS1 HarpyK eHb

(1) M Tpn KOXHIN nepeBipui  LBOro
FPaHNYHOrO  CTaHy  Hecy4yol  30arHOCTI
pO3paxyHKoBe Hanpy>XeHHS MOBUHHO
3300BOSBbHATM YMOBY:

Ocq,Rd

6.3 N poek TyBaHHA LUSSIXOM 3araribHOro
yucnosoro PHP abo ' PHP aHanisy

(1) P PospaxyHkoBwuiA onip MexXi NrnacTU4HOCTI
BM3HaHaETECA Yepe3 KoeddLieHT 3anacy g,

AKUN BMKOPUCTOBYETLCA O PO3PaXyHKOBUX
3Ha4eHb  Fp, KoMOiHaUin BNyMBIB  Ons

Bi ANOBi JHOr 0 3 §AHaHHA HABAHTaKEHb.
(2) Po3spaxyHKOBi 3HaueHHsl BN/MBIB Fr

cnig BuM3Hadarn 3rigHo 3 6.1. BignosigHi

Y

simplified conservative equivalent stress
for design purposes.

Note 2: The values of TXnEd and TonEd
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:

(2) The partia factor for resistance vy,

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 vy, ,, the value of

Y)so Should be taken from EN 1993-1-1.

(4) Where the material has a nonlinear
stress strain curve, the value of the
characteristic yield strength fyk 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 fortension and 6.2.4
of EN 1993-1-1 for compression. For the
tension check, the resistance should be
based on the design value of the ultimate
strength fyd.

6.2.3 Stress limitation

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

Sf (66)

6.3 Design by global numerical MNA or
GMNA analysis

(1) P The design plastic limit resistance
shall be determined as a load factor rp
applied to the design values Fg, of the

combination of actions for the relevant

load case.
(2) The design vaues of the actions F

should be determined as detailed in 6.1.



CMOMyYeHHs1  HaBaHTaXeHb
yTBOpeHi  BignosigHO OO
KOMOiHaLli HAaBaHTXKEHb.

(3) Mpn O®©HP abo TPHP pospaxyHKy,
3aCHOBaHOMY Ha pO3paxyHKOBIM  IpaHWL
TEKY4oCTi fy , Ha ODOSIOHKY MaloTb BriymBaru

MaioTb  6yTn

HeobXi AHMX

pO3paxyHKOBI 3 gOHaHb
HaBaHTaXeHb, ONMCaHUX Yy (2), i3 NOCTynoBuM
36iMblUEHHSAM Ha KoediuieHT 3anacy rp 0O

BEMMYNHN

AOCArHEHHS FPaHNYHOr O CTaHy MIaCTUYHOCTI.
(4) Tpw BUKopucTaHHi pospaxyHKy PHP sk
KoeddLUieHT 3anacy "RpNA  MOXKE oyTtn
NPUAHSTE HanGifblue 3HaYEHHs, OTPUMaHe
npu pospaxyHKy, 6e3 ypaxyBaHHA edexTy
AedoopmManinHoro amMiuHeHHs. Lley koediuieHT
3anacy  BU3HaYaETbCA  SK  NIIACTUYHUA
HOMiHarnbHUN KoedpiLieHT onopy "Rol B 8.7.

(5) Tpwn BuKopucTaHHi pospaxyHKy [OHP,
AKLLIO BiH NporHo3ye
HaBaHTaKEHHS, a NOTIM MOro 3MEHLUEHHS, And
BM3HaYeHHA KoeddujeHTa 3anacy 'R GMNA

MaKCMalbHe

BUKOPUCTOBYETLCA MaKCUMarbHEe 3HaYeHHS.
Akwo pospaxyHok [PHP He nepenbaqae
MaKCUMarbHOro HaBaHTaKEHHS, are nokasye
"nis-
avilweHHsa" 6e3 gedopMauiiHOro  3MiLiIHEHHS
mMarepiarty, KoeddUieHT 3anacy 'R GMNA cnig
NPUNHATA He GiNbLUMM HiXX BENMYMHA, 3a SKOI

MOCTYNoOBO  3POCTalOMy  3areXxHiCTb

MakCumarbHa  exBiBarieHTHa
Aecopmauis Miseca B KOHCTpyKUii HabyBae

3Ha4EeHHA

nractn4yHa

The relevant load cases should be formed
according to the required load
combinations.

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

(4) Where an MNA analysis is used, the
load ratio rRMNA 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 " Rol in8.7.

(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 "R GMNA- Where a
GMNA anadysis does not predict a
maximum  load, but produces a
progressively rising action-displacement
relationship without strain hardening of
the material, the load ratio rgmna should
be taken as no larger than the value at
which the maximum von Mises equivaent
plastic strain in the structure attains the
value:

€mps = Mmps (fyd/ E).

MpumiTka. Y HauioHanbHOMY [oOarKy MoXe

Oy™n nepenbadeHnn BUGIp 3HaYEHHS Nps

PexomerngyeTbcs 3HaqeHHs Mps = 50.

(6) Ak XapakTEPUCTUHMHUA  OMip  MeXi
NaCTUYHOCTI Iy CHif, NPUAHSTY "RMNA abo

'RGMNA  BIANOBIAHO [0 BMKOPUCTEHOMO
PO3PaxyHKy.
(7) M PospaxyHKOBMA — OMip  MeXi

MIIaCTUYHOCTI F 5 OTPMMYIOTb 38 OPMYTIOHO:

Fra =Fra | Ym0 =

e Y0 - HaCTKOBUIA KOedI L EHT At onopy
NfacTuUYHIn aedoopmadii BignoBsiaHo [0 6.2.2.
(8)I MNoTpibHO NepesipuTn yMOBY:

Note: The National Annex may choose the
value of Nps - The value MNps = 50 is
recommended.

(6) The characteristic plastic limit
resistance rg, should be teken as either

RMNA O TRGMNA according to the
analysis that has been used.
(7) P The design plastic limit resistance
F 4 shall be obtained from:
ek *Fed
YMO

=IRd "Fed

where v, is the partial factor for resistance to

plasticity according to 6.2.2.
(8)P It shall be verified that:

(6.7)



FEds FRd= MRy’ FEda60 (or) Ry 2 1.

6.4 I psime NpoeK TyBaHHA

(1) Ona KoxHOro cermeHta OBOSOHKU B
KOHCTPYKUii,  NpeOcTaBrieHoro
3 €0HaHHAM HaBaHTaKeHb, HaBedeHVM Yy
pogarky A, Hambinbwe  membpaHHe
Hanpy>xeHHs Miseca Ogq,Eqp BU3HEMEHE NPV

0asoBUM

PO3PaXyHKOBMX 3HaYEHHsX BrIMBIB Fr

NMOBMHHO obmexyBarucs Oropom
Hanpy>XeHHsIM BiAnoBiaHO 10 6.2.2.

(2) Ona koxHoro cermeHta 06OMOHKKU abo
NMacTMHN B KOHCTPYKLiT, NPeOCTaBrieHoro
3 €OHaHHAM
HaBedeHUM Yy poparky B, pospaxyHKoBi
3Ha4eHHs BUwWBIB  Fpy; HE  MOBMHHI

©azoBMM HaBaHTaKeHb,

nepesuilyBary onip Fg, 3acHOBaHWWA Ha
PO3pPaxyHKOBI M FPaHnLLi TEKYYOCTi fyd.

(3) SAkwo pyrHyBaHHS nepepisy HETTO B
OorroBOMYy  3€OHaHHI € KpUTEPIEM
NPOEKTYBaHHS,  PO3PaXyHKOBE  3HAYEHHS
BMNSMBIB FEd Mae OyTuM Bu3Ha4eHe Ons
KOXHOro 3 €OHaHHs. KO HanpyXeHHs
npencTraeneHe
3 €0HaHHAM HaBaHTaKeHb, HaBedeHUM Yy
popatky A, i
CKNnamaeTeCs e 3 MeMOpaHHUX
Hanpy>xeHb, F g, He NOBUHHE NEPEBNLLYBATM

Moxe  Bytu GasoBUM

pesyrbTylo4YMn  CTaH

onip Fgry 3acHOBaHMA Ha pO3paxyHKOBIN
rPaHnLi MiLHOCTI fu , OnB. 6.2.2(5).

7 FPAHUYHWW CTAH LUKNIYHOI
NMNACTUYHOCTI (FC2)
7.1 PospaxyHKOBi BeNIMYUHMU BNIMBIB
(1) SAKWwo He BMKOPUCTOBYETBCH YTOYHEHE
pO3paxyHKOBI
KOXHOro

BU3Ha4EHHA, BEIMYNHN

BM/MBIB ans 3 gOHaHHSA
HaBaHTaXKeHb cnig BUbMparn AK
XapaKTEPUCTUYHI  3HaYEHHA TUX YacTUH
3aranbHUX BMNMMBIB, $Ki iMOBIpHO OyayTb
npuknageHi i 3H4ari Ginblue TpbOX pasiB
MPOTSArOM TEPMiIHY CITy>XO1 KOHCTPYKLIT.

(2) AKwWo BMKOPUCTOBYETLCA MPYXHUN
po3paxyHoK abo dopmyrm 3 goparka C, 10
Cnifi ypaxoByBaru Ime 3MiHHY YacTuHY
BNSMBIB MiXK KpalHiMW BEPXHIM i HWDKHIM

SHa4EeHHAMNA.

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 Oeq,Ed determined underthe
design values of the actions F, 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 FEd should not exceed the resistance

F 4 based on the design yield strength fyd .

(3) Where net section failure at a bolted
joint is a design criterion, the design value of
the actions F, 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, Fg,

should not exceed the resistance FRd based
on the design ultimate strength f , see 6.2.2

(5).

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 tota actions that
are expected to be applied and removed
more than three times in the design life of
the structure.

(2) Where an élastic andysis or the
expressions from Annex C are used, only the
varying part of the actions between the
extreme upper and lower values should be

(6.8)



(3) Mpwn di3nyHO
HEMHINHOrO KOMM KOTEPHOIO  PO3PaxyHKY

BUKOPUCTaHHI

crnif BBaXKarK, WO 3MiHHA YacTUHA BrmBiB
Mi>K KpalHiM BEPXHIM i HVXKHIM 3Ha4EHHAMMN
A€ 32 HagBHOCTI  CyMyTHIX MOCTiNHUX
YaCTVH HaBaHTKEHHS.

7.2 [ poek TyBaHHA 3a HaNpPY>eHHAMN
7.2.1 PospaxyHKOBi BefMYMHKU JjanasoHy
HarnpyxeHb

(1) PospaxyHok OBOMoHKWU cri BUKOHYBaTU
3 BUKOpuCTaHHaM Metogy JIP abo HP
pO3paxyHKy KOHCTPYKLUil, WO nignagae nig,
Ai10  OBOX EXCTpeMaribHUX po3paxyHKOBUX
BEMYMH BrIMBIB Fg, [Ons  KOXHoro
EKCTPEMAarbHOroO  pexumy
npu UMKINIYHOMY MPOUEC Crifi BUKOHAETU

HaBaHTaKEeHHA

OLIiHKY CKIadoBvX HanpyXeHb. 3a CyciaHimu

eKCTpeMyMaMn Yy LUMKJIIYHOMY  MPOLIEC
MaloTb  OyTM  BU3Ha4YeHi  pO3paxyHKOBI
3Ha4EHHA  3MiHU KOXXHOI  CKIaaoBoOIl

Hanpy>XeHHs AGX, Edi Aoe, Edi one’ Eg | HA
KOXHi NOBEPXHI OBOMOHKN (MPUNHSTO | =
1,2 o
MOBEPXOHb OBOMOHKW) | B Byadb-sKin Touui

BHYTPILUHLOI | 30BHIiLUHLOI
KOHCTPYKLUIiT. 32 LMW 3MiHaMM HanpyXeHHs
MOXHa 3HalTW PO3PaxyHKOBE 3HaYeHHS
3MiHU eXBiBareHTHOro HarpyxeHHs Miseca
Ha BHYTPILUHI M | 30BHILLHI MOBEPXHSIX:

taken into account.

(3) Where a materialy nonlinear computer
anaysis 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 vaues of the
actions F .. For each extreme |oad 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 Ao, -,

Aoe’ Edi one, gg | On each shell surface
(represented asi = 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:

[\ 2 2 2
Ac eq,Ed,i = \/AG x,Edj - Ac x,Ed,i " AG(],Ed,i + Ao 0.Ed +3A rX(),Ed,i

(2) Ak pospaxyHKOBY BENMMYUHY [janasoHy
Hanpy>XeHHst Aoeq’Ed cnig  NPUAHATK
HanGinbly 3 3MiIH  eKBiBaleHTHUX
HanpyxeHb Miseca Ao, £y » PO3rNARA0YN
KOXXHY MOBEPXHIO OBONOHKM No Yepsi (i = 1
Tai = 2 po3rnsfainTbCs OKPEMO).

(3) Y cruky Mixk cermeHTamm OBOSIOHKMN,
AKWO  PO3PaxyHOK  MOOEMOE  MEePETUH
CEPEONHHUX TMOBEPXOHb | He BpaxoBye
KiHUeBUA po3Mip 3 €0HaHHS,  AianasoH
HarnpyXXeHHs1 MOXHa MNPUUHATU B MepLUin
di3nM4HIN TouUi B CermMeHTi OBOSoHKM (Ha
BiAMiHY Bi 3Ha4eHHs, oOBuMCreHoro Ha
nepepisi ABOX CEPEOMHHUX NOBEPXOHD).
MpumiTka. Lle ponyweHHA Mae 3HaveHHs,
AKLLO 3MiHU

Hanpy>XeHHA LLIBUOKO

(7.1)
(2) The design vaue of the stress range
Aoeq’ £q Should be taken as the largest change

in the von Mises equivalent stress changes
Aoeq’,:-d’ ;» 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



3MiHIOTECH NOBMN3Y 3 €aHaHHS.

7.2.2 Po3paxyHKo8i eertuquHu oriopy

(1) Onip  pgianasoHy  exBiBaNEeHTHUX
HanpyxeHb Miseca Afeq’ Ry BU3Ha4aETLCS 32

doopMyroto:

Do ry=21 . (7.2)

7.2.3 Obmex eHHs1 iarna3oHy HarpyXX eHb
()P Tlig 4ac KOXHOI NEPEBIPKN LIbOro

(1) The von Mises equivadent stress range
resistance Afeq Rd should be determined

from:

7.2.3 Stress range limitation
(1)P In every verification of this limit state,

FPaHNYHOrO CTaHy HECy4ol  30aTHOCTI, the design stress range shall satisfy:
pPO3paxyHKOBUM  [ianasOH  Hanpy>KeHHs
NMOBMHEH 3300BOSbHATU YMOBY:
OgEd = feg Ra
7.3 [N poeKk TyBaHHS LUJISIXOM 3araribHOro 7.3 Design by global numerical MNA or
yucnosoro ®HP abo F®PHP GMNA analysis
po3paxyHKy 7.3.1 Design values of total accumulated
7.3.1 PospaxyHKosi 8eu4UHU 3a2asbHoi plastic strain

HaKoru4yeHoI' rrmacmu4Hoi 0egbopmauyi
(1) Mpw di3nyHo
HeniHIMHOro 4YNCIIOBOrO
pospaxyHky ®HP abo ®H) obornoHka mae
ByTn HaBaHTaKeHa

BUKOPUCTaHHI
3ararnbHoOro

pO3paxyHKOBUMM
BEMMYMHAMN 3MIHHUX | MOCTIMHUX BrSIUBIB,
onncaHux y 7.1.

MpumiTka 1. AK NpaBKIio BUKOPUCTOBYETLCS
po3paxyHok OHI".

MpumiTka 2. Y HauioHanbHOMY [Ooaarky
MOXYTb MICTUTUCA pekoMeHdauil Lodo
6i ribLL TOYHOr O PO3PaxyHKY.

(2) Crnig ouiHMTM 3aranbHy HaKonuyeHy
EKBIBANEHTHY  NSiaCTU4Hy  aedopmalito
Migzeca € eqEd HanpuKiHLi po3paxyHKOBOro
TEPMiHY CryX6m.

(3) BaranbHy HakonuyeHy exBiBareHTHY
nnactudHy  gedopmadito  Miseca MoxHa
BU3Ha4MTN 3a JOMOMOro PO3paxyHKy, Lo
MOOEOE  BCI  LMKIM  HaBaHT&KEHHS
MPOTSroM PO3paxyHKOBOrO TEPMIHY CrTyX6u.
(4) SKWo He BUKOHYETLCA Binbll TOYHWUIA
PO3paxyHoK,

3aranbHy HaKomnmn4eHy

EKBIBaNEHTHY  NSiaCTUyHy  aediopmallito

Migseca ep,eqa,:-d MOXHa BU3HaYUTU 3a

doopmyIioto:

(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 usua to use an MNA analysis
for this purpose.

Note 2: The National Annex may give
recommendations fora more refined analysis.
(2) The totd accumulated von Mises
equivaent plastic strain € e Ed at the end of
the design life of the structure should be
assessed.

(83) The totd accumulated von Mises
equivalent plastic strain may be determined
using an analysis that models al cycles of
loading during the design life.

(4) Unless amore refined analysisis carried
out, the total accumulated von Mises
equivaent plastic strain €reqgEd MY be
determined from:

EpeqEd ™ M epEch

e n - KinbKiCTb LUMKIiB HaBaHTaXeHHs1 npotaroM  where: n is the number of cycles of loading in the

pO3paxyHKOBOro TEPMiHY CIy>KOM KOHCTPYKLIT;

Ae, ovpy - HAAOINMBLWNA NPUPICT €KBiBaNEHTHOI Asp’eq,Edisthelarg&etincrementinthe von Mises

p.eq

design life of the structure;

(7.3)

(7.4)



nractnyHol aegopmaltii Miseca 3a oauH NOBHWMN
UMKy 6yab-SKin ToYUi KOHCTPYKLUIT, WO BUHUKaE
MiCIsi TPETBOrO LIMKITY.

(5) MoxHa BBaxaru, Wwo "B Oyab-sKin TOuLi
KOHCTPYKUIT" -
pO3TallOBaHIM  Ha BiOCTaHi

O3Hadae B Oyap-sKin TouLj,

Big Hagpizy abo

MiCLEBOI HEOOHOPIOHOCTI He MeEHLUE TOBLUMHU

HaTOBLLIOI CyCiAHBOI NITAaCTUHW.

7.3.2 ObMex eHHs1 3a2arbHOI HaKOornu4YeHor

rmacmu4Hoi Oegbopmauyji

(1) AKLLO He BUKOHYETBCA BinbLU CKIigaHa ouiHKa

MarioLMKioBOI BTOMU, PO3paxyHKOBa BEMMYNHA

3aranbHOI HaKOMUYEHOI EXBIBarieHTHOI MaCTUYHOI

nedopmadi’ Miseca €, eqr £ MOBVHHA

3300BOSBHSTU YMOBY:

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 loca 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 & eqEd should satisfy the condition:

€peqrEd ™ Mpeql’E)

MpumiTka. Y HauioHanbHOMY —Ooaarky
mMoxe Oyt nepenbadeHun Bubip 3HaHeHHSA

np’ o PexomeHayeTbea 3HaHeHHs np, oq™ 25.
7.4 T psime npoek TyBaHHA

(1) Ona koxHoro cermeHTa OBOMOHKM

KOHCTPYKUii, npeactasneHoro  6asoBum
3 €0HaHHAM HaBaHTaKeHb, HaBedeHUM Yy
poparky C, HanbinbLUMN  exBiBarneHTHUA

fdianasoH HanpyxeHb Miseca Aoeq,Ed 3

ypaxyBaHHAM OBOX MNOBEPXOHb OBOSOHKM
MpW PO3PaxyHKOBUX 3HAHEHHSIX BNIMBIB F gy

MOBUHEH ByTKn BU3HaYEHUN i3
BUKOPUCTaHHAM  BIANOBIOHUX  CPOpMyI
gripHo 3 pomarkom C.  [lpoueaypa

MoAanbLUOl OLiHKM onnucaHa B 7.2.

8 TPAHUYHWNU CTAH BTPATU
NO300BXHbOI CTINKOCTI
(rcs3)
8.1 PospaxyHKOBi BeNIMYMHMN BNIMBIB
(1)P MaoTb ByTV BpaxoBaHi BCi 3HadyLui
KOomOGiHaLii BM/MBIB, WO NPM3BOAATL OO
CTUCKaNbHUX MeMOpaHHUX Harnpy>KeHb abo
AOTUYHUX MEeMOPaHHUX HanpyXeHb Y CTiHUi
OBOMOHKM.
8.2 CneuianbHi BU3HaYeHHSA i NO3HaKWU
(1) Cnig BuKOpUCTOBYBaTWU CriewianbHi
BU3Ha4EHHA TepMiHiB 3rigHO 3 1.3.6, wWo
NO300BXHLOI

BIOHOCATECA OO  BTparu

CTiNKOCTi.

Note: The Nationa Annex may choose the

value of np’eq. The vaue np’eq = 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 Aoeq,Ed considering

both shell surfaces under the design values
of the actions Fg, should be determined
using the relevant expressions given in
Annex C. The further assessment procedure
should be as detailed in 7.2.

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) Inaddition 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

(7.5)



(2) 3ripHo 3 pogatkoM OO MO3HEK,
BU3HadeHux y 1.4, y uboMmy poagini cnig
BUKOPVCTOBYBATU NO3HaKMW, NPUAHSATI B (3) i
(4).

(3) lNpuAmaloTbCA HaCTYrMHI  BENMMYUHU
Hanpy>eHb Ta IX piBHOA OYMX:
Nye¢ Oxeq - PO3PAXYHKOBI

i to4mx

3Ha4EeHHA

MEPUAIOHANBHNX  MEMOPaHHMX

HanpyXxeHb | IX piBHOgilOYMX, WO
BiJHOCATBCS [0 BTpaTW CTINKOCTI (OomarHi
NPV CTUCHEHHI );

Ngew Ogeg - PO3PEXYHKOBI

i to4mx

3Ha4EeHHA

KinbLesnx  HanpyxeHb i 1X
PiBHOAI OYMX, WO BiOHOCATLCA OO BTpaTU
CTIVKOCTI (OodarHi Npu CTUCKY);

NoEsr Oxped - PO3PEXYHKOBI  3HEHEHHA

Ait0UMX OOTUYHMX MEMOpaHHMX Hanpy>XeHb
i X piBHOAjKOUMX, LLIO BIAHOCATLCA A0 BTParu
CTiNKOCTi.
(4) Mapametpun onopy BTpaTi CTiNKOCTI
st BUKOPUCTaHHSA B NPOEKTYBaHHI 3a

Hanpy>XeHHAMN:

Oy Ror - MEPUAiOHAMBHE MPYXXHE KPUTUYHE

Hanpy>XeHHs Npy BTPaTi CTiNKOCTI;

- KiNbueBe MpyXHe KpUTUYHE

0G,Rcr
Hanpy>XeHHs Npy BTPaTi CTiNKOCTI;

-00TU4HE npy>xHe KpUtn4yHe

Txe,l'?cr
Hanpy>XeHHs Npy BTPaTi CTiNKOCTI;

O, Ry~ MepVLjoHarNbHE XapaKTEPUCTUYHE Ha
NPY>XEHHA Npw BTPaTi CTiNKOCTI;

Ogrc - Kinbuese  XapakTePUCTUYHE
Hanpy>XeHHs1 Npy BTPaTi CTiNKOCTI;

T\oRk =~ HOTWHHE  XapaKTepuCTU4He
Hanpy>XeHHs1 Npy BTPaTi CTiNKOCTI;

OyRy - MEPUOIOHaNbHE  PO3paxyHKOBe
Hanpy>XeHHs1 Npy BTPaTi CTiNKOCTI;

Og Ry - KirbLieBE pO3paxyHKOBE HaNpY>KeHHS
npv BTpaTi CTiNKOCTI;

Tyg,Ry -~ HOTVHHE PO3PaXyHKOBE HarpyXeHHs
npwv BTpaTi CTiNKOCTI.

MpumiTka. Lle cneujarnbHi YMOBHI MO3HaKu
AN MPOEKTYBaHHA  OBOSIOHOK, Lo
BIPI3HAOTLCA Bi MO3HaK, OMUCaHUX Y
craHpapti EN 1993-1-1.

(5) MpunmaeTbea HacTyMHE NPaBUIo 3HaKiB
ans BukopuctaHHA npu [C3: CTUCHEHHS

guantities should be taken as follows:

Ny ¢ Oxeq &€ the design values of the
acting buckling-relevant
membrane stress resultant
(positive when compression);
Ng ey Ogeg A€ the design values of the

meridiona
and stress

acting buckling-relevant  circumferential
membrane (hoop) stress resultant and stress
(positive when compression);

NvoEq OxoEd A€ the design values of the
acting buckling-relevant shear membrane
stress resultant and stress.

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

Oy Rer is the meridional elastic critical

buckling stress;
O Rer is the circumferential eastic critical

buckling stress;
T,oRrer 1S the shear elastic critical buckling

stress;

Oy Rk is the meridiona characteristic

buckling stress;
Op Rk is the circumferential characteristic

buckling stress;
T.orc 1S the shear characteristic buckling

stress,
Oy Rd is the meridional design buckling

stress,
Og Rd is the circumferential design buckling

stress;

Ty0.Rd is the shear design buckling stress.
Note: This is a specia 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 circumferentia 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 prebuckling displacements).
Examples of relevant boundary conditions
are shown in figure 8.1, in which the codes



BBa&KaETLCA A0AATHUM [N MEPU OHarTbHUX
i KOMNOBMX Hanpy>KeHb i TX piBHOAI OUYUX.

8.3 ['paHn4Hi ymoBM, WO BiOHOCATLCA [0
BTpAaTU CTiNKOCTI

(1) Ona rpaHn4HOro CcTaHy 3a BTparolo
CTiIMKOCTI ocobrmBy yBary crig npuainMti
rPaHNYHUM yMOBaM, $Ki BiJHOCATLCA [0
NPUPOCTY NepemiLLieHb Npy BTPaTi CTiMKOCTI
(Ha BigMiHY BIO nepeMilleHb OO0 BTparu
CTiNKOCTI). Mpukraon Bi ANOBI AHNX
rPaHUYHUX YMOB MOKasaHi Ha pUCyHKy 8.1,
A€ BUKOPUCTOBYIOTBECA MO3HaKM 3 Tabrmui
5.1.

Moxpinax

roof \

e

MHXHE LANTA

bottom pllltc BC2A

of table 5.1 are used.

HEMAC ANKEPYRANIUR i
no anchonog GAMIMKO POITAIMORANS
K—’ AHKEPH J
closely spaced anchors
HeMAC llilfpyllllll
no anchoring
a) peseppyap Ge3 anxepis b) cunoc Ges anxepis ¢) pesepByap 3 aHKepaMH
tank without anchors silo without anchors tank with anchors

HEMAC KLILIR XOPCTXOCTI
0o stiffening riog

BLAKPHTO el E———
open nN |—-—-—-——1-———.-'
BC3 BC BC2f 1
TOPUCEA XPHIIKA 3 |
RgCOoKON
MIITHICTIO 1A ITHN '
end plates with high
bending stiffoess BC2A |
R L —— -'
GaMINKD POITRMOBANT "—'——"——"" e
anxepn sasapeno 3 obox Goxkis . -
closely spaced anchors weldpc:I from both sides n 5::::;_::(:;’;;::‘;‘“5“‘:“
d) siaxpuThit pezepsyap ¢) AabopaTopHiii eKCHCPHMEHT  [HAIHAPA
3 aHKCpaMH laboratory experiment section of long ring-

open tank with anchors

stiffened cyllinder

PucyHok 8.1 - CxemarnyHi NpuKigan rpaHuYHUX YMOB f1 FpaHnYHoro craHy ['C3
Figure 8.1 - Schematic examples of boundary conditions for limit state LS3

8.4 I' eomeTpunyHI ponycky, Wo
BiJHOCATbLCA OO BTPaTU CTiMK OCTi

8.4.1 3azarnHi nonox eHHs1

(1) 3a BuHATKOM BUNQOKIB, KOM Yy
BiANOBIgHMX YacTuHax crtaHgapTy EN 1993
HaBedeHi OCOBMMBI FEOMETPUYHI  JOMYCKMU,
WO BIOHOCATLCA OO0 BTpaAryM CTiMKOCTI, Ly
MEeXi [OMyCcKiB MOBWHHI  BpPaxoByBaTuCs,
skwo MC3 € oaHUM 3 FrpaHNYHKX CTaHiB, LLO

pO3rnsgaoThb.
MpumMiTka 1. XapakTEPUCTUYHI Hanpy>KeHHS

84 Buckling-relevant  geometrical
tolerances 8.4.7 General

(1)  Unless specific buckling-relevant
geometrical tolerances are given in the
relevant EN 1993 agpplication parts, the
following tolerance Ilimits 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



BU3HadveHi  garni,
BPaxoBylOTb AedexkTn, wWo OGasyroTbCs Ha
BEfMYMHaX | dopMax  reoMeTpuUdHMKX
JonyckiB, sKi nepenbavaloTbCA B MPOLIEC
BUKOHaHHS.

npu BTpari  CTiNKOCTI,

MpumiTka 2. TyT HaBedeHi reOMETPUYHI
JAOMyCKK, siKi CyTTEBO BNIMBaOTb Ha Be3nexy
KOHCTPYKLUIT.
(2) HeobxigHo BubpatM Krac SKOCTI
ponycky Ha BurotoerneHHa A, B abo C
BiANOBIAHO [0 BU3HadeHb Oonycky B 8.4.2,
843, 844 i 845. Onuc KOXHOro Kracy
Bi JHOCUTLCS NLLIE A0 OLiHKW MiLIHOCTi.
MpumiTka. BusHadeHi TyT gonycku
30iraoTbCs 3 JonyCcKamm, BKasaHUMN Y
BUKOHaB4oMy ctaHaapTi EN 1090, ane
TYT BOHW BMKI1aOa0ThCsA BifbLL NOBHO
Ons AeTarnbHOr o ornvcy B3aEMO3B' Si3KY
Mi>K BENMYMHaMN OedeKTiB i
OLi HKOBaHMM OIMOPOM.
(3) KoxeH i3 BuaiB OedeKTiB MOBUHEH
Kracudi KyBaTUCs OKPEMO: HaMEHLUMI Kriac
JOMyCKYy Ha BUrOTOBMEHHS, BiAMoBigHWN
JAOnycKy
NPOEKTYBaHHS.

krmacy B, BusHavae Bce
(4) PisHi BMOM gonyckiB MOXHa posrnsigaru
HE3anexXHO; BpaxyBaHHS B3aEMHUX BMSMBIB
3a3BUYa He BUMar aEThCS.

(5) [Ona 3aBeplueHOl KOHCTPYKUiT LUMISXOM
nepesipkn BWGIpKOBUX 3paskiB HeobXiaHO
BCTAGHOBUTW, WO pPO3MIpN EOMETPUHHMX
neqeKTiB 3HaxoOATLCS B
reoOMETPUYHUX JOMYCKiB, YCTAHOB- NEHHUX Y
84.2-845.

(6) Bwumipn pedexTiB 3paskiB MOBUHHI

MexXax

BUKOHYBAaTUCH Ha HEeHaBaHTaXeHin
KOHCTPYKLUIT (3@ BUHATKOM BriacHol Barw) i,
3@ MOXIMBOCTI, 3a  excnryarauiiHuX
rPaHU4YHUX YMOB.

(7) SAKwo po3mipy reoMeTpudHNX OedeKTiB
He BiJnoBiJal0Tb reOMETPUYHUM JOMyCKam,
ycraHoBneHum y 8.4.2 - 8.4.4, posrnag i
pilleHHs  Woa0
KoperyBarnbHUX 3axo[iB,
PUXTYBaHHSI, PO3POONAOTECA OKpeMo AriA

KOXHOro KOHKpPETHOr o BUNgaKy.

yXBareHHsi By ab-sKnX

TaKUX AK

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.
(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) [t should be established by
representative  sample checks on the
completed structure that the measurements
of the geometrical imperfections are within
the geometrica tolerances stipulated in
8.4.2t084.5.

(6) Sample imperfection measurements
should be undertaken on the unloaded
structure (except for self weight) and,
where possible, with the operationa
boundary conditions.

(7) If the measurements of geometrical
imperfections do not satisfy the geometrical
tolerances stated in 84.2 to 84.4, 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



MpumiTka. MNepen yxBarneHHsaM piLLeHHs npo
PUXTYBaHHS NS 3MEHLLEHHSA eOMETPUYHMX
AedeKTiB Cnig mMarn Ha yBasi, WO ue Moxe
BUKIMKaTK JONAaTKOBI 3aNNLLKOBI
Hanpy>XeHHs. Takox cnif ypaxosysaru Te, B

AKiN - Mipi  pO3paxyHKOBWW Orip BTpari
CTiNKOCTi BUKOPUCTOBYHOTHCHA npu
MPOEKTYBaHHi.

8.4.2 [lonyck HeKpyrocTi

(1)  Honyck HEKPYT JIOCTi MOBUHEH

OLiHIOBaTWCS NapameTpom U, (avB. p1cyHOK
8.2), Lo 0BYMCITHOETLCS 3a OPMYIIOHD:

ped_ . - MakcMaribHWiA BUMI PSHUIA

BHYTPILLUHI OiameTp;

dmin - MiHiMarbHWIA BUMI PSHUN

BHYTPILLUHI OiavieTp;

dnom— HOMiHarbHUIN BHYTPILLUHI M OiaveTp.

a) CNIIOLLIEHHSA
flattening
PucyHok 8.2 - BumiptoBaHHA AjaMeTpiB [f18 OLi HKWM HEXPYT IOCTi
Figure 8.2 - Measurement of diameters for assessment of out-of-roundness

(2) Sk BuMIpsHWA BHYTPILLHIN Aiaverp BiA
330aHoI cnig
BiACTaHb nonepek OOOfoHKM BiA L€l TOYKM 00

TOYKM NPUAHAT  HanBinbLLy
OyOb-9KOI  iHWOI TOYKM 3 Ti€E0 XX OCLOBOH
KoopanHaroto. 11151 BU3Ha4eHHS1 MakCUMarbHOr O |
MiHiMarnbHOro 3Ha4eHb HeoOXigHO BWKOHATU

BiAMOBIOHY KiJbKiCTb BUMIPIB [iaMeTpiB.

Ur

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:

Omax ~Imin

dI‘JO'.‘?

where: dmax is the maximum measured

internal diameter,
dmin is the minimum measured internal
diameter, dnom is the nomina internd

diameter.

b) HeCUMETPUYHICTb

unsymmetrical

(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 axia coordinate. An appropriate
number of diameters should be measured to

identify the maximum and minimum values.
(3) The out-of-roundness parameter U, should

(3)  Mapaverp Hexpyrrocti U, noBuHeH satisfy the condition
3300BOSBHSTM YMOBY:

Ur = Ur,max’ (8.2)
Oe Ur,max - NapameTp O0MYCKY HeKpyrriocTi And where: Ur,max is the out-of-roundness tolerance
BIONOBIAHOrO  Kriacy  SKOCTi  JOMyCKy  Ha parameter for the relevant fabrication tolerance
BUIOTOBIIEHHS. quality class.
MpumiTka. 3Ha4yeHHA  napameTpa  OOMycKy Note: Vaues for the out-of-roundness tolerance
HeXpyrJiocCTi Ur,max MOXHa  3HaUTM B parameter Ur’max may be obtained from the

(8.1)



HauioHarbHOMY  [O4aTKy. 3Ha4eHHS,

PEKOMEHAY0TLCS, HaBeaeHi B Tabnmuj 8.1.

1)

National Annex. The recommended values
givenin Table 8.1.

are

Tabnmus 8.1 - PexomerjoBaHi 3Ha4eHHs napameTpa fonycky Hekpyrrocti U,

Table 8.1 - Recommended values for out-of-roundness tol erance parameter Ur’max
HianasoH dmM(m)<050m [0,50M(m)<d,m(m)<| 1,25mM(m)<d,m
Aiavietpa (m) 1,25 M (M) (m)
Diameter
range
Knac SIKOCTi Onuc PexomerifioBaHe 3HaueHHA U,
[OMYCKY Hg Description Recommended vaue of U, ..
BUIOTOBIEHHS
Fabrication
tolerance quality
Knacc A BiamiHHMI 0,014 0,007 + 0,0093 (1,25-d) 0,007
Class A Excellent
Knac B Bucokuni 0,020 0,010 + 0,0133 (1,25-d) 0,010
ClassB High
Knac C HopmaribHui 0,030 0,015 + 0,0200 (1,25-d) 0,015
ClassC Normal

8.4.3 Horyck surnadkosoeo excueHmpucumerny
(1) MNpn 3eoHaHHSAX Yy CTiHKax OBOMOHKM,
nepneHanKynapHNX 40 MeMOPaHHUX CTUCKarbHUX
ekcueHTpuenTeT  cnig

BUMIPIOBaHUM  3aralnbHUM
NpOrHO30BaHUM

BMMaOKOBUI

ouiHIOBaTK 3a
€KCLIEHTPUCUTETOM

3yCUrb,

Cot !

3Mi LLEHHSAM 8t

a

L€ € - EKCLEHTPUCUTET MiXK CepeoMHHAMM
MOBEPXHAMWN MIIECTUH, LLO 3’ €OHYIOTHCSH, AUB. pU-
CYHOK 8.3 C;

&t - MPOrHo30BaHe 3MILLEHHS MiXK CEPEaNHHMMN
MOBEPXHAMWN MI&CTUH, LLO 3’ €OHYIOTHCSH, ANB. pU-
CYHOK 8.3 b;

e, - BMMNaOKOBUN EKCLEHTPUCUTET MiXK cepeanH-

HAMW NOBEPXHAMU MJ1IaCTUH, LLO 3 €0HYHOTbCA.

€= Got ~ Gint >

8.4.3 Accidental eccentricity tolerance

(1) At joints in shell walls perpendicular to mem-
brane compressive forces, the accidental eccen-
tricity should be evaluated from the measurable
total eccentricity e, and the intended offset e

from:

(8.3)

where: e, is the eccentricity between the middle

surfaces of the joined plates, see figure 8.3 c;
&, IS the intended offset between the middle

surfaces of the joined plates, see figure 8.3 b;

e, is the accidental eccentricity between the

middle surfaces of the joined plates.



1

min

min

!
I I ; 300paKeHHs . €a = Cot ~ Cint
| | - 306paxenns 11ea1bHOrO i
I T : 3’ C/IHAHHA H 306paxeHns
2 3’ cAHAHHA ; " A :
i } Rt it perfect joint 3 1/1€aIbHOTO
| e, peomel ;' 1 geometry 2 3 eIHAHHA
L g y —4>: ! - perfect joint
> [ €+ i, 3
I | i€ : geometry
!

[

max

max

a) BHOAJKOBHHA exclueHTpicHTer b)nepenbauennit 3cys npu
6e3 IMIHH TOBNIMHM MIACTHH  3MIHI TOBNIMHH IVIACTHHH
accidental ecsentricity Ge3 BunaskoBoro

when there is no change of CKCUCHTPHCHTETY
plate thickness intended offset at a change

of plate thickness without
accidental eccentricity

¢) NOBHHA EKCHEHTPHCHTET
(Bunanxosuit + nepeabavennit)
IPH 3MIHI TOBIIHHH [UIaCTHHH
total eccentricity
(accidental plus intended)
at change of plate thickness

PucyHok 8.3 - BrngakoBuin eKCLIEHTPUCUTET i MPOrHO30BaHEe 3Mi LLEHHS 3 €aHaHHS
Figure 8.3 - Accidental eccentricity and intended offset at ajoint

(2) BunagKkoBui excLeHTpucuTeT e, Mae OyTu

MeHLIE MaKCUMarnbHOro AonycrmmMmoro BUN3OKo-

BOrO EKCLIEHTPUCUTETY €, ... ANA BiANoBiAHOro

KJiacy SIKOCTi JOMYCKY Ha BArOTOBMEHHS.

MpumiTka. 3Ha4eHHsA MaK CMMarnbHOr o

Oornyctrmmoro  BUNgakoBOro - eKCLEHTpUcUTeTy

€, max MOKHa 3HaMTN B HaUiOHarNbHOMY O0AaTKY.

PexomeHgoBaHi 3Ha4eHHs HaBeaeHi B Tabrmui 8.2.

(2) The accidental eccentricity e, should be less

than the
eccentricity e,

maximum  permitted accidental
for the relevant fabrication
tolerance quality class.

Note: Vaues for
accidental eccentricity e,

,max

the maximum permitted
may be obtained

,maXx
from the National Annex. The recommended

values aregiven in Table 8.2.

Tabnuusa 8.2 - PexomeHO0BaHi 3Ha4EHHS MaK CUMarbHUX J0MYCTUMUX BUN3OKOBMX €KCLIEHTPUCUTETIB
Table 8.2 - Recommended values for maximum permitted accidental eccentricities

Krac skocTi gonycky Ha Onunc PexomeHgoBaHi 3Ha4eHHA Mak CUMaribHUX
BUrOTOBIEHHS Description [0NYyCTUMUX BUMGOKOBUX EKCLEHTPUCUTETIB
Fabrication tolerance €2, max
quality class Recommended values for maximum permitted
accidental eccentricity €3 max
Knacc A BiamiHHMI 2 MM (mm)
Class A Excellent
Krnac B Bucokun 3 MM (mm)
ClassB High
Knac C HopmarsHui 4 MM (mm)
ClassC Normal

(3) BwinaokoBUM EKCLEHTPUCUTET €, TaKOoX
MOBUHEH OLjiHIoBaTucst napamerpom U, wWwo
0B4nCrIETHCS 3a GOPMYTIOH:

Ug = ®a_ a6o (or) U =%a—.

av

Je tav - cepenHi TOBLLUMHM TOHKOI | TOBCTOI

(3) The accidental eccentricity e, should aso be

assessed in terms of the accidenta eccentricity
parameter U, given by:

(8.4)
where tav is the mean thickness of the thinner and



NaCTUH Yy 3 €0HaHHI.
(4) MapameTp BUNaOKoOBOro excLieHTpueuTery U,

NOoBUHEH 3g00BOJIbHATU YMOBY:

UssU

pe Ug g - Napavetp [OMycKy BWN3OKOBOTO

EeKCLEHTPUCUTETY and  BIgNOBIAHOMO  Kriacy

SKOCTi JONYCKY Ha BUrOTOBIEHHS.

MpumiTka 1. 3HadeHHA napametpa  LOnycKy

BMN3OKOBOro eKCLUeHTpucuTery Uemax MOXHa

3HaMTU B HalioHaNbHOMY [04aTKy. 3HaqYeHHs,
LLIO pEKOMEHAYHOTLCS, HaBeaeHi B Tabrmui 8.3.

thicker plates at the joint.
(4) The accidental eccentricity parameter U, should

satisfy the condition:
(8.5)

is the accidental eccentricity

e,max’

where: Ue’max

tolerance parameter for the relevant fabrication
tolerance quality class.

Note 1. Values for the accidenta eccentricity
tolerance parameter Ue’ max May be obtained from
the National Annex. The recommended values are

givenin Table 8.3.

Tabnuusa 8.3 - PexomeHaoBaHi 3Ha4eHHs 0NYCKiB BUMNGOKOBOr O EKCLEHTPUCUTETY

Table 8.3 - Recommended values for accidental eccentricity tolerances

Kriac sikocTi fonycky Ha Onwc PexomeroBaHe sHaueHHa U, o,
BUTOTOBIIEHHS] Description Recommended value of U, ..,
Fabrication tolerance
quality class
Knacc A BiamiHHWUI 0,14
ClassA Excellent
Knac B Bucokunin 0,20
ClassB High
Knac C HopwmarsHui 0,30
ClassC Normal

MpumiTka 2. MNMporHo30BaHi 3MiLLEHHS CTUKIB
posrnsgaoTecs B D.2.1.2, 3 egHaHHA BHanycK
posrnsgaoTecs B D.3. Lli gBa Bungokm He
po3rnsAfaoTLCA  SK  OedeKTM B JaHOMY
CTaHOapTi.

8.4.4 [Horycku Ha eMm’ smuHu

(1) Kanibp ana sumipy BM STUH HEObXigHO
BUKOPVCTOBYBATU B  KOXHOMY  MOSIOXEHHI
(ovB. pycyHOK 8.4) sK y MepuajoHarsHOMY,
TaK [ B KirnbLesomy HanpsamMKax.
MepuajoHarnbHun Kanibp Mae 6yt npammm, a
Ars BUMIPIB y KOMOBOMY HarpsiMKy MOBUHEH
KPVBU3HY, Lo [I0pi BHIOE
MPOrHO30BaHOMY  pagdiycy  KpuBU3HW 1

CEPEONHHOI NOBEPXHI OBOSOHK M.
(2) T'mmbuHa Aw,y BUXIOHWX BM'SITUH Y CTiHL|

Maru

OOOMOHKM  MOBMHHA  BUMIpIOBaTMCA  3a
JOMOMOror0  KanibpiB  3aBOOBXKKMN IQ, sKa
NPUNMaETLCA K

a) 3a HasBHOCTI CTUCKalbHUX Harpy>XeHb, Yy
TOMY YMCNi Yepe3 3BapHi LIBW, BAMIpU Crif

Note 2: Intended offsets are treated within
D.21.2 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 meridiona and circumferential
directions. The meridional gauge should
be 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 Awj, of initial dimples in
the shell wall should be measured using
gauges of length / g which should be taken
asfollows:

a) Wherever meridional compressive
stresses are present, including across



BUKOHYBATN SIK Y MEPUAiOHarbHOMY, TaK i B
KOMOBOMY HanpsiMKax 3a JOMOMOrot Kariopy
3aBOOBXKKN [ WO obyucroeTbess  3a

dopMyroto:

gx

/

b) MNpn BUMHUKHEHHI KOMOBUX CTUCKaNbHMX
HanpyxeHb abo OOTUYHUX Crif BUKOHATU
BUMipW B KOSOBOMY HanpsiMKy 3a ZI0NoMOr 0o
Kanibpy 3aBOOBXKW [ ,, LIO BU3Ha4alOTb 3a

dopMyrioto:

felcd

Ig6

e | - mepuaioHanbHa OOBXMHA cermeHTa 060-
FOHKW.

c) [HooarkoBo, B3OOBX 3BapHMX LIBIB SK Y
KOMoBOMYy, Tak i B  MepuaioHarbHOMY
HanpsiMKax CriiJ, BUKOPUCTOBYBATU [OOBXKUHY
Kani6py /gW'

Iy = 25t 860 (0r) I, = 25

pet . - TOBLUMHA HAMTOHLLOI NMAacTUHU B

min
3BapHOMY LLIBI.

: >
BHYTpIIHIH
inward
Awox
9

a) BumiptoBaHHA y Mepuai OHarlbHOMyY
Hanpsavky (ovB. 8.4.4(2)a)

Measurement on ameridional circle
(see 8.4.4(2)a)

= 2,3(/%rt)%25, ane (but) / ST

min’

welds, measurements should be made in
both the meridional and circumferential

directions, using the gauge of length ng
given by:
o = Art; (8.6)

b) Where circumferential compressive
stresses or shear stresses  occur,
circumferential direction measurements
should be made using the gauge of length
/ge given by:

(8.7)

where: | is the meridional length of the
shell segment.
c) Additionally, across welds, in both the

circumferential and meridional directions,
the gauge length / ow should be used:

ane (but) / gws 500 mm (mm), (8.8)

where; tmi n is the thickness of the thinnest
plate at the weld.

b) [epwe BUMMIpIOBaHHSA Yy KOIoOBOMY
Hanpamvky (avBe. 8.4.4(2)a)

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



BHYTPIMHIA
imward

Awox

'
'
'
1
.
)
.
1
.

! lox
wdpiosanns|
‘weld v
e L oA
C) Mepwe BUMi prOBaHHS

MepUi OHarbHOMY HanpsiVKy 4Yepes 3BapHe

3 eoHaHHA (avB. 8.4.4(2)b)

First measurementon on a meridipa circle

across aweld (see 8.4.4(2)b)

'lvk.;iplon‘amix‘
weld
>U€1

e) [pyre B1Mi proBaHHS Yepes
3BaptoBaHHSA criewj anbHUM Kari 6pom
(amB.8.4.4(2)c)

Second measurement across a weld with

special gauge (see 8.4.4(2)c)

1 A\l'.ﬂ
7 &
e
7%

d) Odpyre BUMIpIOBaHHA Yy KOSIOBOMY
HanpsMky (ovB. 8.4.4(2)b)
Second measurement on circumferential

circle (see 8.4.4(2)b)
Pnapmnauuﬂ Aw,, abo (or)
| weld - :
Aw g abo (or)
Awyy

/gx abo (or) /;26 abo (or) /g\\

f) BUMiproBaHHS y KOroBoMy
HanpsAMKY Yepes 38aptoBaHHSA (OVB.
8.4.4(2)c)

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

PucyHok 8.4 - BumiptoBaHHs rimbuHyn Aw0,, BUXiJHWX BM' SITUH
Figure 8.4 - Measurement of depths AwOQ,,, of initial dimples

(3) MNMmbnHa BMXigHWMX BM STUH MNOBUHHA
OLjiHIOBaTUCS NapameTpamn BM STUH U,

Yoo Uow WO
doopMy rnamu:

obumcnioThCa  3a

Ugy = Ay, /|

(3) The depth of initial dimples should be

assessed in terms of the dimple parameters
Uoy Upgr Uy given by:

go

Ugg = Awpg /1 & (8.9)
Uy =LA, /1 ow

(4) 3HaqeHHsi napavieTpiB BM ATUH U,
er, UOW NOBWHHE 3300BOSLHATY YMOBM:

(4) The value of the dimple parameters U,
Upg Up,, should setisfy the conditions:

UOx s UO,max

Uoo = U max

(8.10)

UOW s UO,max

Ae Ug max - N@PamMETP JOMYCKY Ha BM ATUHM

Ars BiANOBIAHOrO Kriacy SIKOCTi JOMyCKy Ha

where: Uj o« IS the dimple tolerance
parameter for the relevant fabrication



BUrOTOBIIEHHA.

MpumiTka 1. 3Ha4eHHA napameTpa JonycKy

Ha BM ATUHA UO,max MOXHa 3HanTn B

HauioHarbHOMy  fofarky. PexomeHaoBaHi
3HaveHHs HaBedeHi B Tabrmuj 8.4.

tolerance quality class.
Note 1: Values for the dimple tolerance
parameter onmax may be obtained from the
National Annex. The recommended values
aregivenin Table 8.4.

Tabnuus 8.4 - PekomeHaoBaHi 3Ha4eHHsi NapameTpa AoMyCcKy Ha BM SITUHM Uo max

Table 8.4 - Recommended values for dimple tolerance parameter Uj 1o«

Kriac sikocTi fonycky Ha Onwc PexomernoBaHe sHaqeHHs Ug .,
BUI OTOBIIEHHS Description Recommended value of Uy ..,
Fabrication tolerance
quality class
Knacc A BiamiHHMI 0,006
ClassA Excellent
Knac B Bucokuni 0,010
ClassB High
Knac C HopmarbHuin 0,016
ClassC Normal

8.4.5 [oryck nrouwuHHOCMI rNoeepXxHi

KOHmMakmy
(1) Axkwo iHwa KoHCTpyKuis 6e3nepepBHO
nigrpyumye 0BOMOHKY (Hanpuknag,
dyHOamMeHT), i1 Bigxun Big MOWWMHW  Ha

NMOBEPXHI KOHTaKTYy He MOBVMHEH YypaxoByBaTU
YXUIT Y KOMOBOMY HarpsiMKy, LUO MepesuLLye
Be:

Mpumitka. Y  HauioHanbHOMy  O0OaTKy
NporHo3oBaHWiA BUOIp By  PexomeHayeTbes
3HauerHs By = 0,1 % = 0,001 pagiaH.

8.5 N poek TyBaHHSA 32 HaNPY>XEeHHAMU

8.5.1 Po3paxyHKo8i 8e/ludUHU HarpyXx eHb

(1) Ak pospaxyHKOBi BEMMYMHU HarnpyXeHb
O, £¢ O8,Ed [ Ty0.Ed cnig npUAMaT OCHOBHI
3Ha4EHHs CTUCKaINbHNX [ AOTUYHUX
MeMOpPaHHMX Hanpy>XeHb, OTPUMBHWX fiHi AHO-
NPYy>KHUM  po3paxyHKkoMm oboroHku (J1P). B
ymoBax 4YNCTOro OCECUMETPUYHOr O
HaBaHTaKEHHA | OOMMPaHHS, a TakoX npu
iHWKMX NPOCTUX 3 €OHaHHSIX HaBaHTaKEeHb,
3a3BMYa MOXXHa BUKOPUCTOBYBAaTK MeEMOpaHHY
TEopi 0.

(2) Ak ocHoBHI
HanpyxeHb cnig
3Ha4EHHS KOXHOrO HanpyXeHHs Ha [aHin

KOHCTpyKUiT, 3a

3HaHEHHA MeMOPaHHMX
NpUAMaTM  MakCUMareHi

OCbOBIW  KOOpOVHATI B

8.4.5 Interface flatness tolerance

(1) Where another structure continuously
supports a shell (such as afoundation), its
deviation from flatness at the interface
should not include a local slope in the
circumferential direction greater than 3,
Note: The National Annex may choose
the value of By. The value By = 0,1 % =

0,001 radians is recommended.

8.5 Stress design

8.5.1 Design values of stresses

(1) The design values of stresses Oy Eq
Op £4 and Ty0.Ed cnig should be taken as
the key vaues 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.




BUHSITKOM BMNaOKiB, Kornm ocobnmBi
NoroXXeHHs HaeedeHi y gogarky D oo gaHoro
CTaHOapTy 44 Yy BIONOBIOHIN  NPUKNaOHIn
YacTuHi ctaHgapty EN 1993.

MpumiTka. Y Oeskux Bungokax (Hanpuknag,
CTYNiHYaCTi CTiHKM NpU KOSIOBOMY CTUCKaHHI,
avB. poparok  D.2.3)

MeMBpPaHHOrO HarnpyXeHHs1 € MNOMUIKOBUMM i

OCHOBHi  3Ha4eHHs
NEPEBULLYIOTb pearibHi MakCUMarbHi 3HaHEHHS.
(3) [Ona ocHOBHMX 3 €OHaHb HaBaHTaXeHb
MeMOpaHHI  Hanpy>XeHHA MOXHa MPUAHATY
3rigHo 3 goparkom A abo pgoparkom C.
8.5.2 Po3spaxyHkosuti orip (MiuHicmb Ha
11083008 Hil 32UH)

(1) Onip BTparti CTiIMKOCTI Cnifg NpeacTaBnsaTu
HanpyXXeHHsAMM Mpu  BTpaTi  CTiIMKOCTI, $K
BU3Ha4eHo B 1.3.6. Po3paxyHKOBI HanpyXeHHs
npu  BTpari

doopmy rnamu:

CTIMKOCTI BM3HaYalOTb 3a

Oy ko= Ox Rd’ YM13 O.Re = Oo ra! YM1 Tord = Txe.rer | Y1

(2) YacrkoBuin KoeddUieHT anA onopy BTpaTi
CTiKOCTI Y cnig  NpUrAHSATAM  3rigHO 3
Bi ANOBI AHMM NPUKIIaOHUM CTaHOaPTOM.

MpumiTka. 3Ha4eHHs1 YacTKoBOro KoediuieHTa
Y4 MOXe OyTU BU3HE4eHO B HaLlioHarsHOMy
aodarky. AKWOo Ana gaHol GopMyM KOHCTPYKLT
CTaHO@pT BIiACYTHIN abo He BU3Ha4ae
Bi,ONOBiOHI 3HaYEHHS Ypy1» TO PEKOMEHIYETHLCS

HE NPUUMATK 3HAHEHHST Y, 1y MEHLLIE HIXK Y04 =
1,1.

(3) XapakTEPUCTUYHI  HanpyXXeHHs  npu

BTpaTi  CTIMKOCTI  MOBWHHI  BU3Hadaruca
MHOXEHHSIM  XapaKTEPUCTUYHOI rpaHnLi
TEKYYOCTi Ha KoedduieHTM  nocrabrieHHs

BTpAaTU CTiMKOCTI X:

Oy~ = Xx Ty’ O e = Yo i Two.me = X fyk/\/3 :

(4) KoediuienT  nocrabreHHa  BTpaTu
CTiKOCTI Xe Xg i X, cnig BuU3HaYaTM  SK
dyHKUi0 BiAHOCHOI FHYYKOCTi OBOMOHKK A 3a
doopmMy rnamu:

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.

862 Design resistance
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:

(buckling

(8.11)

(2) The partial factor for resistance to
buckling y),, should be taken from the

relevant application standard.

Note: The value of the partia factor y,
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 v, ,, it is recommended

that the value of v, ;4 should not be taken
assmaller thany,,, = 1,1.

(3) The characteristic buckling stresses
should be obtained by multiplying the
characteristic yield strength by the

buckling reduction factors x:
(8.12)

(4) The buckling reduction factors ,, Xo

and X should be determined as a function

of the relative slenderness of the shell A
from:

% =1 npu(when) A <ig;

4

}‘ _;"O

(8.13)

( - = -
x =1-PBi ﬁ-\] npu (when) Ao < <2, ;

'\/‘.p _/4.0/

(04 r'e /._
X == Npu (when) %, <2,

A

(8.14)

(8.15)



e a - KoeddUieHT nocrnabrieHHsa Npy»XHOro ae-
pexTy;

B - KoediLieHT iHTePBay NIACTUYHOCTI;

N - NOKa3HMK CTYMEeHs B32EMOLT;

)\0 - BIJHOCHA MHYYKiCTb Ha rpaHu1Li MiLIHOCTI.
Mpumitka 1. 3HaueHHs uMx napameTpiB cnig
npuiamarn 3rigHo 3 popgarkom D. Akwo y
poparky D 3HadeHHs uux napameTpiB  He
BU3HaMEHI, IX MOXXHa 3HaNTW B HaLli OHarlbHOMY
aonarky.
MpumiTka 2. (8.15)
Hanpy>XeHHs1 Npu NPY>XHiN BTpari CTiMKOCTI 3
reoMeTpuyHuX aedexrie. Y
LBOMY BUMNaOKY, SKLIO NoBediHKa € MOBHICTHO

dopmyna onucye

ypaxyBaHHSM

NPY>XKHOID, XapPaKTEPUCTUYHE HaNPY>KEHHSA Npu
BTPaTi CTIMKOCTI MOXHA TaKOX BU3HaYUTU
BesnocepeaHbo 3a opMyamm:

O R~ %% % Ror ' Pork = Y% % rer oRk ™ &

Txe,Rcr.
(5) 3Ha4eHHsa BiOHOCHOI THYYKOCTI 33 MEXE

MracTuyHoOCTi A cnig  BU3Ha4atM  3a

P
doopMyIIoHo:

(6) Mapawmetpm BiAHOCHOI FHYYKOCTi OBOMOHKM
AN Pi3HUX CKIgooBNX Hanpy>KeHb BU3HaYa0Thb
3a oopMyamm:

= . — . — ’
Ay = \f'fyk I6xRer v 2o = \J‘fyk IGoRer + Ay = \"l(f}'k /‘jg)/(T 0,Rer -

(7)  TpyXHi KPUTUYHI  HanNpy>XeHHs npuv
BTpari CTIVKOCTI Oy g Og ey | Tyg per CNIA
OTpUMaTK 3a Z0MNOMOrow BiMOBIAHMX dIOpMYyI

y poparky D.
(8) SAxwo y poparky D He HaBemeHi
BIONOBIOHI  dopMyM,  NPYXXHI  KPUTUYHI

Hanpy>XeHHs npu  BTpari CTINKOCTI  MOXHa
BMBECTU 3 YMCENBLHOrO po3paxyHky JIPC
0BOMOHKM nNpyv  KOMOiHaLigX BMMMBIB, LLO
BiAHOCSTLCS OO BTPAaTU CTINKOCTI, BU3HaYEHNX
y 8.1. YMoBW, sKi NOBUHEH 3300BOMBHATU LIEN
po3paxyHok, amB. y 8.6.2 (5) i (6).
8.5.3 ObmexeHHs Hanpy>KeHb
MiLJHOCTi Ha NO3O0BXHI W 3rMH)

(1) Hessakaoun Ha Te, WO BTpara CTiMKOCTI

(nepesipka

He oDOyMoBrieHa JMwe  Hanpy>KeHHsIMK,

where a is the elastic imperfection
reduction factor;

B is the plastic range factor;

n is the interaction exponent;

A 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
aternatively be determined directly from
O R~ % Ox,Rer * PRk = % Oo.Ror * Txo.RK

= cxT 0xe,l'?cr.
(5) The value of the plastic limit relative
slenderness )\p should be determined from:

Yo =1

(8.16)
(6) The relative shell slenderness

parameters for different stress components
should be determined from:

(8.17)
(7) The élastic critical buckling stresses
c’x,Rcr’ c’e,Rcr and Txe,Rcr should  be
obtained by means of the relevant
expressionsin Annex D.

(8) Where no appropriate expressions are
given in Annex D, the éastic critica
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



FP@HUYHUA  CTaH NO300BXKHBOI
CTIMKOCTI B OaHOMy po3gini noBuvHeH 6yTu
npeacTasneHnn LLIFISIXOM 0BMEKEHHS
pO3paxyHKOBUX MeMOpaHHNX
HanpyxeHb. Bnnmeom 3ruHanbHUX edekTiB Ha
MOXHa

BTpaTy

BEIM4NH

MILHICTb MpWY  MO300BXHLOMY  3rUHI
3HEXTYBATU 33 YMOBW, LLIO BOHU BUHWUKaOTb Y
pesyrnbTari BiAnoBiHOCTI BUMOram CyMiCHOCTI
rPaHUYHUX YMOB. 3rUHarbHi HarnpyXeHHs Bif,
abo  Tennosmx
po3rnsaaru 3a

MiCLEBNX  HaBaHTaKeHb
rpagieHTiB
crnewiansHOK METOOMKOIO.

(2) 3anexHo B4 PEKUMY HaBaHTaKEHHA |

Hanpy>XeHb CriJ BUKOHaTn oaHy abo aexinbka

noTpi6bHO

HaCTYMHUX MEPEBIPOK Oyt OCHOBHUX 3HaYeHb
OKpeMmX MeMOpaHHOro
Hanpy>XEHHS:

CKJ1gooBux

Oy Ed = O%,Rd’
(3) Akio npy gaHKX BNfmMBax BUHMKaE OoaHa 3
TPbOX CKaaoBUX MEMOPaHHMX Hanpy»XeHb, LLO
BiAHOCUTLCS OO0 BTparn  CTIKKOCTI, cnig
BMKOHATK HacTynHy MePpeBipKy B3aemogil ans

CKITaOHOr O Harnpy>KEHOr O CTaHy:

l<‘ f<‘ l
k x,Ed 0,Ed 4

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:

O£ = %Ry’ Tx0.60= Txo.Rd (8.18)

(3) If more than one of the three buckling-
relevant membrane stress components are
present the actions under
consideration, the following interaction
check for the combined membrane stress

under

) kaRd '1 C8,Rd }
ne O, gy Ogpy | Tygry - BIAHOCATECA [0
B32EMOAIT  rpymMu  3HadyLUMX  BEMMYUH
CTUCKaMBbHWMX | AOTUYHUX  MeMBpaHHMX

Hanpy>keHb B OBOJIOHL, 3Ha4eHHS NapameTpiB
B32EMOZIT NPy NO3O0BKHLOMY 3 UHI K, ke' ki
ki HaBedeHi 3riaHo 3 goaatkom D.

(4) Axkwo O, Ed
Hanpy>XeHHsMM, X 3HadeHHs y doopmyni (8.19)

abo Og £y € POSTArYBaNEHAMN

cnig nNpunuMary  TakumK, WO  OOPiBHIOKTb

HYITO.

MpumiTka. [Ong  nNO30OBXHBO  CTUCHYTUX
UMNiHOPIB i3 BHYTPIWHIM  TUCKOM  (LWO
BUKIIMKaE  KiNMbUEBUA  poO3TAr)  0cobrmei
noroXeHHs  HaeegeHi y  pomarky  D.
PesynbTytode 3HadeHHs O Ry BPEXOBYE K

3MIiLHIOYMIA BMNMB BHyTpILIJHbOFO TUCKY Ha

orip nMPYXHiW BTpari CTiKKOCTi, TaK i
Nocrabrioloynin - BNSMB — SBULLA  MPYXKHO-
nractu4HocTi  "crioHoBoi  Horn"  (doopmyria

state should be carried out:
\ke 4 - k
(cogd | [Txoed )" _,
{C6Rd ] | TxoRd (8.19)
where ox Ed O0Eds and Txe,Rd 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 k. ke' k. and k;, are given in
Annex D.

(4) Where o wEd O 9oEq 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 Oy Ry 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). Axwo y dopmyri (8.19) npunHaTu Op E4

TakMM, WO AOPIBHIOE HYIO, TO OTPUMAaEMO

TOYHUMA OMUC MILHOCTI MpU NO3O0BXHBOMY

3rYHI.

()

Micua i BEMMYMHM  KOXHOrO 3

MeMBpaHHMX HanpykeHb, LU0 BiJHOCATHCS [0

BTPaTU CTINKOCTi, $Ki BUKOPUCTOBYIOTHCH B
KoMGiHauiT y dopmyni (8.19), Bu3HaueHi Y

D.43). If the tensile o ; is then taken as
zero in expression (8.19), the buckling
strength is accurately represented.

(5) Thelocations and values of each of the
buck- ling-relevant membrane stresses to
be used together in combination in
expression (8.19) are defined in Annex D.

poparky D. (6) Where the shell buckling condition is
(6) Skwo ymoBa BTparu CTiKOCTi ODOMOHKM not included in Annex D, the buckling
He po3rnsageTees B gogarky D, To napamerpu interaction parameters may be
B32eMOfiT NPV MO3OOBKHLOMY 3rMHI MOXHa conservatively estimated using:
KOHCEPBATMBHO OBYMCIMTL 3@  OOMOMOT OO
chopmyIT:
k.= 1,0+x2; (8.20)
ky= 1,0+ x5 (8.21)
k =15+05x2 (8.22)
K= (% Xg) (8.23)

MpumiTtka. Ui npaBuna mMoxyTb iHKOrmM ByTn

Aayxe

KOHCePBATMBHNMN, ane BOHW

BPaxoBYKOTb [Ba KpalHiX BUNaOKW, $Ki, $K

BiJJOMO, € HaOiMHMMW [N BEMUKOI KiFbKOCTI

BUNaOKIiB;

a)

y OyXXe TOHKMX ODOSIoHKax B3aeMOList MidX

o, i Og€ NPUGIM3HO NiHINHOHO;

b)

y AyXe TOBCTMX OOOSOHKax B3aeMOis

HabyBae xapakTepy B3aemogii Miseca

8.6

[MpOEKTYBaHHA  LUMSXOM  3ararbHuX
YMCIIOBMX PO3PaxyHKiB i3 BUKOPUCTAHHAM

meroaiB PHP ta J1PC aHanizy

8.6.1 PospaxyHKoei eeru4UHU 8riueis

(1)

PospaxyHKoBi BelM4MHW BNIMBIB  Chif

npunmarm 3rigHo 8.1 (1).

8.6.2 Po3spaxyHkoea eeyuduHa oropy

(1)

cnig
Ni ABULLIYBarbHOr O
pO3paxyHKOBMX

BMN/MBIB

PospaxyHkoBuin onip BTpari CTiNKOCTI

BU3Ha4aTU LLUSIAXOM 3aCTOCyBaHHA

KoediuieHTa ly AO

3Ha4eHb  Fr, KOMOiHaLli

Ona  BignoBigHOro 3 €OHaHHA

HaBaHTaKEHb.

(2)

PospaxyHkoBuin onip BTpari CTiMKOCTI

Fry = I'ry * Fgy BA3HY2ETECS 3 MNACTUYHOTO

HOMiHarbHOro  ornopy FRp, =

NPY>XHOro KPUTUYHOrO ONopy BTPATi CTiNKOCTI

Note: These rules may sometimes be very
conservative, but they include the two
limiting cases which are well established as
safe for awide range of cases:
a) in very thin shells, the interaction
between o, and oy is approximately linear;
b) in very thick shells, the interaction
becomes that of von Mises.

8.6 Design by global numerical analysis

using MNA and LBA analyses

8.6.1 Design value of actions
(1) The design values of actions should be
takenasin 8.1 (1).
8.6.2 Design value of resistance
(1) The design buckling resistance should
be determined from the amplification factor
I'ny APplied to the design values F, of the
combination of actions for the relevant load
case.
(2) The design buckling resistance 5,
= Iy * Fgy should be obtained from the
plastic reference resistance FRp, =TRol * Fey
and the elastic critical buckling resistance

Fo = I'rer ¢ Fggp COMbining these to find the

characteristic buckling resistance F = rp
Fg4 The partia factor y,,, should then be



For = rrer * Feg 00’ eOHaBLLM Ui BEMUNYUHW,
BU3Ha4alOTb XapaKTEPUCTUMHUA Onip BTPATI
CTiKOCTI FRk = I * FEd. MNotim Aans
OTPUMaHHSA  pO3PaxyHKOBOro  ornopy  crif
3aCTOCYBaTN YaCTKOBUN KOBI LI EHT V) 4.

(3) TlMnactmyHuin  HOMiIHaNMBEHUN  Koedd L eHT
onopy Iy (avB. pucyHok 8.5) mee GyTwn
3a da3n4HO
HemiHiMHoro pospaxyHky (PHP) sk rpaHundHe

OTPUMaHUN J0NOMOr OO

NMacCTUYHE HaBaHTAKEHHA NpU NPUKIaO0eHin

KomBiHaLiT BnrmBiB. FAK KoediuieHT 3anacy " Rol
MOXHa HanbinbLue
OTPMMaHe Npu PO3paxyHKy, 6Ge3 BpaxyBaHHS

AedopmaLli MHOr O 3Mi LIHEHHS.

NPUAHSTU 3Ha4YEHHS,

used to obtain the design resistance.

(3) The plastic reference resistance ratio
" Rol (see figure 8.5) should be obtained by
materially nonlinear analysis (MNA) as the
plastic limit load under the applied
combination of actions. This load ratio "Rol
may be taken as the largest value attained in
the analysis, ignoring the effect of strain
hardening.

HaBaHTaXKeHHA MEXI IUTACTHIHOCTI
Y Teopii MaiHX 3MiIeHb
r small displacwment theory

Rpl

Hasanraxkenus sijt plastic limit load

PO3PAXyHKOBHX o

N

BIUIHBIB

Load factor on
design actions
y

S

MNA

Ominxa 3 JIP
Rol :
Pl estimate from LA

LBA

Vg

3 miniftnol enacrauanoi G1dpypkauii
R<T from linear elastic bifurcation

.

P« .
Jledopmaris
Deformation

PucyHok 8.5 - BuaHa4yeHHs nNracTUYHOr O HOMiHarbHOro KoediLieHta onopy " Rol I KpUTUYHOr O KoediLieHTa onopy BTpari

CTIVIKOCTi I'g.,,, OTPUMaHWX i3 3ararnbHuX pospaxyHkis PHP i JIPC

Figure 8.5 - Definition of plastic reference resistance ratio " Rol and critical buckling resistance ratio r.,. derived from

global MNA and LBA analyses

(4) AKWO HEeMOXIMBO BWUKOHATU ¢i3UYHO

Heri Hi NHKIA pO3paxyHOK (PHP),
MAaCTUYHUA ~ HOMIHANMBHUA  Koedd LieHT
Onopy  rg, ~ MOXHa  KOHCEPBATMBHO
0BYNCINTY LUMSIXOM JiHIMHOrO PO3PaxyHKY
06OsIOHKM (J1P), BMKOHaHOro 3
BUKOPUCTaHHSIM  pO3PaxyHKOBUX — BEMMYUH
NPVKIgaeHoi KOMOiHaLLi T BMN/MBIB
BIOANOBIAHO [0 HacTymHOI  npoueaypw.
OBumncreHi piBHOAI toYi MemMBpaHHOro

HarNPYXXeHHA N, £, Mg £y in xo.Rd Y Oyab-
SKiN ToYli OOOMOHKM BMKOPUCTOBYHOTHCH
AN OUiHKM NJIACTUYHOTO  HOMiHarNbHOro
onopy 3a dopMyriok:

(4) Where it is not possible to undertake a
materialy non-linear anaysis (MNA), the
plastic reference resistance ratio "Ror MY 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 = ”e, Ed and n

xo.Rg & ay point in the shell should be used
to estimate the plastic reference resistance
from:



t-fix

er.’ = I

OBuuncrieHy TakKuUM  YMHOM

BEMMYMHY MIaCTUYHOro KoeddLieHTa onopy

HaMEHLLY

cnig MPUAHATU 9K OLIHKY MNJSIaCTUYHOro

Bi IHOCHOT O Koedji LjieHTa onopy er/
MpumiTka. HaginHy ouiHKy " Rol 3a3Bu4an
MOXHa OTPUMarK, 3aCTOCOBYHOYM dopMyrTy
(8.24) no 4epsi B TPLOX TOMKaX ODOMOHKM, B
SKUX KOXHE 3 TpbOX  piBHOAIHOYNX
MeMBpaHHUX HarpyXXeHb, WO BUHUKAOTb
YHacni 10K CTiMKOCTI,

BTpatu HabyBae

HaMbinNbLLIOro 3HadeHHa. Ak BignosigHe
3HEHEeHHA I NPUAMaETECA HalMeHLe 3
LUMX TPBOX 3HaY€EHb.

(5) TMpy>XHWUN KPUTUYHMI Koedd LI EHT onopy
BTpari  CTiMKOCTI lRe BUSHAHaETECA 3
(JTPC)
BMKOPUCTAHOTO AN JiHIMHO-  MPY>XXHOro

pO3paxyHKYy  BI@CHUX  3Ha4YeHb

0BYNCIEHOr0  HanpyXXeHoro CraHy B
reoMETPUYHO iaeanbHin obonoHui (J1P) npu
PO3PaxyHKOBMX  BEMMYMHAX  KOMOiHaUiT

HaBaHTaKeHb. HalmeHLue BriacHe 3HadeHHsA
(koediuieHT 3anacy Gidypkauii) cnig
npuiaMarn K NPY>XHAA  KPUTUYHUW
koeddLieHT onopy BTparTi CTIMKOCTi rp.,
[OVB. PUCYHOK 8.5.

(6) HeobxigHO nepeBipUTU  HaOiVHICTb
BUKOPUCTaHOTO  anroputMy  0BYMCrEHHS
BMaCHMUX 3Ha4eHb MpWU MOLUYKY BIiaCHOro
BEKTOPA, $SKUMA Bede 00 HalMEHLIOoro

BMacHOrO0 3HadeHHs. [lpy  BUHUKHEHHI
CYMHiBIB HeODXigHO 0B4YMCrmMTK  CycCigHi
BMacHi 3Ha4eHHA Ta IX BekTopu [Ors
OinbWw  MOBHOI

Oi dpypkavii

PospaxyHok Mae BMKOHYBaruncsi 3

OTPUMaHHS KapTUHU

XapaKTEPUCTUK OBOIOHK M.
BUKOPUCTaHHSAM
3abesnedeHHs,
KOHTPOSbHNX

NporpaMmHOro
nepesi peHoro Ha

npuknagax i3 duanyHo

noaibHMMK  XapakTepUCTMKaMM  BTparu

CTiVKOCTi.

(7) 3aranbHa BiJHOCHA FHYYKiCTb A AN

BCi€l 0BOSOHKWN BU3HAYaETLCA 3a OPMYIOHD:

hov = \."FRpI I Frer = \,"erI I TRer -

2
| — . .
VM xed ~Mx.Ed "NoEd *Ng ey Ny Eq

2
(8.24)

The lowest value of plastic resistance ratio so

calculated should be taken as the estimate of
the plastic reference resistance ratio " Rol

Note: A safe estimate of MRor CN 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 er/.

(5) The dastic critical buckling resistance
ratio rp, should be determined from an
eigenvalue andysis (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
resistanceratiorp, , see figure 8.5.

(6) It should be verified that the eigenvalue
agorithm 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 physicaly similar
buckling characteristics.

(7) The overdl relative slenderness A,y for
the complete shell should be determined
from:

(8.25)



(8) 3aranbHun kKoedhiLieHT nocnabreHHs
BTparty CTINKOCTI X, BU3HaH2€ETbCS 3a

doopMyroto:

(8) The overall buckling reduction factor x,,
should be determined as:

Xov= f ()‘ov’ )‘0\/’0’ Gow Bov’ I']ov)

3 BUKOpUCTaHHsM 8.5.2(4), ne

a,, - 3aranbHWiA Koedi L EHT Npy>HOro
RedexTy;

B,y - KO LIiEHT iHTepBary NnacTUYHOCTI;
Noy - MOK@BHWK CTYMeHS],
)‘ov’O' Bi IHOCHA rHYYKiCTb.

(9) Mpu obumncreHHi koediuieHTiB A .,
IRov Boyi Noy CMiA ypaxoByBaTN Yy TIMBICTb
00 [OedeKTiB, reOMETPUYHY HENiHIMHICTL Ta
IHLUI acnekT KOHKPETHOro BUMaaKy BTpaTu
CTiMKOCTI OBOMOHKN. K oHcepBatuBHi
3Ha4YeHHs1 UMX napaMeTpiB MaioTb OyTn
BM3HaYEHI LUSSIXOM NOPIiBHAHHSA 3 BiAOMUMMN
BMNaOKaMMU BTPaTU  CTIMKOCTI  ODOMOHKM
(ave. poparok D), siKi MatoTb CXOXi peXKMMM
BTparu CTINKOCTI, CXOXY YYTIMBICTb [0
DedexTiB, rE€OMETPUYHY
HENHINHICTb,

CXOXY
CXOXY  YyTIMBICTb [0
NacTUYHNX gedpopMallin i CXOoXyY NOoBediHKY
nicnA BTpaT¥ CTIVKOCTi. 3Ha4eHHs g,
TakOX MOBWHHE BpPaxoByBaTW BiANOBIOHWN
Krac sIKOCTi IONYCKY Ha BUr OTOBIIEHHS.
MpumiTka. Crif yBaXHO NiginTn oo
BMBOpPY BiANOBIAHOMO 3HAYEHHS I Roy NPV
BMKOPUCTaHHI LpOro niaxoay 4O reometpii
ODOrMOHOK i 3 €aHaHb HaBaHTaKEHb, KOMnM
MOXIMBa MUTTEBA BTpara CTinkocTi. [1o
TaKNX BUN3OKiB Bi AHOCATLCS KOHiYHi i
cdrepunYHi KOBMakW i Kynosm nifg gieto
30BHiLUHLOMO TUCKY ab0 Ha onopax, siKi
30aTHi 3MiLLYyBaTnCA pagi anbHO.
BignosiaHe 3Ha4eHHA I Rov crig TakoX
YBaKHO BUOMPATK, SKLLIO reOMETpIs
ODOmMOHKM i 3 §AHaHHA HAaBaHTaKeHb
CTBOPHOIOTb YMOBM, BUCOKOYYTIMBI 0 3MiH
reoMeTpi i, HanpPUKNaa, HeniaK pinneHi
3’ €OHaHHA MiXK UMM HOPUYHUMM i
KOHIYHUMM cer MeHTaMm 0DONOHKM i,
Ji€t0 Mepnai OHaNbHUX CTUCKarNbHMX
HaBaHTaXeHb (HanpuKnag, y AMMapsix).
3a3BMYai PEECTPOBaHI HABaHTaKEHHS NP

using 8.5.2 (4), where

a,, is the overal

reduction factor;

B, is the plastic range factor;

Noy IS the interaction exponent;

Aoy limit relative slenderness.

(9) The evaluation of the factors A .o, g,
B,, ad n,, should take account of the
imperfection sensitivity, geometric
nonlinearity 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
similar  geometric  nonlinearity,
yielding sensitivity and similar postbuckling
behaviour. The value of rg, , should also teke

elastic imperfection

sensitivity,
similar

account of the appropriate fabrication
tolerance quality class.

Note: Care should be taken in choosing an
appropriate value of rg,  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 rg should aso 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 eastic shell buckling
loads for these specia cases are normally
based on geometrically nonlinear anaysis
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



MPY>XHi BTpari CTiKOCTi 0BONOHKN Ans
TaKnx 0CcoBNMBUX BUMN3OKiB 3aCHOBaHI Ha
r€OMETPUYHO HENiHIMHOMY PO3paxyHKY,
BKMBaHOMY [0 iAearnbHOI a0 Hel aeansHOI
reometpii, sKm nepenbavae
HaBaHTaKEHHS, LLIO BUKITMKaE MUTTEBY
BTpary CTinKocTi. HaBnaku,
BWMKOPUCTOBYBaHa TYT METOLONOT i S
NPUNMaE HaBaHTaXKEHHS JTiHi HOI
6idypkaLii ik HOMiHaNbLHUIA NPYXHNUI
KPUTUYHWIA Onip BTPari CTiNKOCTI, siKa
4acTo Habararo BuLLE HaBaHTaXKEHHS NpU
MWUTTEBIN BTPaTi CTiNKOCTi. [MpoekTHUI
pO3paxyHOK MOBUHEH BpaxoByBaTU Li ABa
[DKeperna 3HUKEHOro Oropy LLSISIXOM
BiANOBi AHOr 0 BUOOPY 3ar anbHOro
Koedi LjieHTa nocnabrneHHs Npy»XKHOro
PedexTy I - Lieit B1Gip noBuHeH
BPaxoByBaTu SK eJeKT reoMeTPUYHOI
HemMiHIMHOCTI (KU MOXXe NPU3BECTM [0
MWUTTEBOI BTPATU CTIMKOCTI), TaK i
[J00aTKOBE 3MEHLLIEHHSA MiLJHOCTI,
BUKJIMKaHE reOMETPUYHUMN OedeKTamu.
(10)  Axwo nornoxeHHsa (9) He MOXYTb
OyTn AOCSArHy T 3 Bi OBI AHOHO

BMNEBHEHICTIO, HeobXigHO NpOBECTU
BignoBiaHi BunNpobyeaHHsA, amB. EN 1990,

poparok D.
(11) Ao ocobrmei 3Ha4eHHs A, .o, 'Ry,

By, i N, BiAcyTHI B (9) abo (10), MoxHa
BUKOPUCTATU 3HaYEHHSA Ans MOB3OOBXKHLO
CTUCHYTOro  HenigkpinmeHoro uuniHgpa
(amB. D.1.2.2). SAKWwo icHYye MOXIMBICTb
"xrionka', cnig posrnsHyTW  BignosigHe
nofarnblLUe 3VIEHLEHHS I .

(12) XapakTepucTnyHUn KoediLlieHT onopy

reference elastic critical buckling resistance,
and this is often much higher than the snap-
through load.

The design calculation must account for these
two sources of reduced resistance by an
appropriate choice of the overdl eastic
imperfection reduction factor rg, . This
choice must include the effect of both the
geometric nonlinearity (that can lead to snap-
through) and the additiona 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 A, .o g, By |

Nov

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 rg,  should
be considered.

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

BTpari  CTIKOCTi  rg ~ OTpUMylOTH 33
dopMyioto:

"R = Xov * TRol » (8.26)
ne gy - NIaCTUMHUA  HOMiHarNbHUA where: " Rol is the plastic reference resistance
KoedaLieHT onopy. ratio.

(13) PospaxyHkoBu KoediLieHT onopy
BTpari  CTIVKOCTi  rp, OTpUMylOTb 33

doopMyIIoH:

"ra = TR/ Y1 -

L€ Y)yq - YaCTKOBWW KoeddLiEeHT ans onopy

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

(8.27)

where: v, is the partial factor for resistance



BTpari CTiMKOCTI BianosigHo 0 8.5.2 (2).
8.6.3 lepesipka MiyHocmMi Ha rno300ex Hit
32UH
(1) HeobxiaHo nepesiputy, LWO:

FEds FRd= MRy FRda60 (or) IRy 1.

8.7 TlpoeKTyBaHHA LUMAXOM  3ararbHUX

YNCIIOBUX pO3paxyHKiB i3
BMKOPUCTaHHSAM MeToAi B FOHHP
pO3paxyHKy

8.7.1 Po3spaxyHKO6i 3Ha4YEHHSI ereie
(1)  PospaxyHkoBi
noTpi6HO NnpurmMary BignosiaHo o 8.1 (1).
8.7.2 Po3paxyHKoee 3Ha4yeHHs1 oriopy

BEMMYHM  BMJMBIB

(1) PospaxyHkoBWUin onip BTpATi CTiNKOCTI
cnig Bu3Ha4atn y Burnaal  KoediuieHTta
sanacy rp SKWA  3aCTOCOBYETBCS [0
PO3PaxyHKOBMX 3Ha4eHb Fr; KOMOiHaLii

BM/MBIB AnA  BiANOBIAHONO 3 €0HaHHSA

HaBaHTaXeHb.
(2) XapakTtepnctniHum KoedduieHT onopy
BTpaTi CTiNKOCTI I Mae OyTV OTPUMaHUI i3

Hel JeanbHoro KoediujieHTa NPY>XHO-
NfacTUYHOro  Oornopy  BTpari  CTIWMKOCTI
IR GMNIA CKOPEKTOBAHOr 0 Ha

KaniOpyBanbHMn KoediLjieHT Kopnia- Todi
pO3paxyHKOBUM KOeqiLieHT Onopy BTpPaTi
CTIVIKOCTi 1, 3HaXOOSTb i3 BUKOPUCTaHHSM
4aCTKOBOTr O KoediLiieHTa Y, ;-

3) LL| o6
KoediUiEHT MPY>XHO-MSACTUYHOIO  Oropy
BTpari  CTINKOCTI  I'n aiiniAr HeobxiaHO
pO3paxyHoOK FrOHHP
reOMETPUYHO HeiaeanbHOI OBONOHKM  Mpw
NPUKNaaeHin -~ KomMBiHauiT
NOEOHaHHI 3 PO3paxyHKOM BriaCHUX 3Ha4YeHb

BU3HaHYUTN  HE JearnbHUN

BUKOHATK

BNIMBIB Yy

AN BUSIBIEHHA MOXImBuX Gidypkauin Ha
TPaEKTOPIT 3Mi H/ HABAMTSDKEMMS

MpumiTka. AKWO NMacTUYHICTL CyTTEBO
BMN/MBaE Ha onip BTpari CTiUKOCTI, cnig
YBDKHO  MNEPEBIPUTU YK
NPUAHATUN  XapaKTep  OedeKTy  OesKi
aedopmauii  3cyBy OO BTpartu  CTiNKOCTI,
OCKibKM MOfyrb 3CyBY OyXe YyTrimBUN [0
nractnyHnx  gedoopmauin.  Mpn
BTpatn

MpPOrHosye

Marmx
Aesiknx  npobremax CTiNKOCTI

0b6OoMoHKN  (HanNpuknaa, BTpara  CTiNKOCTI

to buckling according to 8.5.2 (2).
8.6.3 Buckling strength verification
(1) It should be verified that:

(8.28)

8.7 Design by global numerical analysis
using GMNIA analysis
8.7.1 Design values of actions
(1) The design vaues of actions should be
takenasin 8.1 (1).
8.7.2 Design value of resistance

(1) The design buckling resistance should be
determined as a load factor r applied to the

design vaues Fg,; of the combination of

actions for the relevant load case.

(2) The characteristic buckling resistance
ratio rg, should be found from the imperfect
eagtic-plastic  buckling resistance ratio
I'romnia @diusted by the calibration factor
Kannia- The design buckling resistance ratio
Ipy Should then be found using the partia
factor v, 44-

(3) To determine the imperfect €elastic-
plastic buckling resistance ratio rgg a4 @
GMNIA andysis of the geometrically
imperfect shell under the applied combination
of actions should be carried out, accompanied
by an eigenvalue anaysis 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 prebuckling 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



nMpu 3CyBi KOMOBMX MIaCTUH), SKLIO LEen
eeKT He BpPaxOBYETLCS, PO3PaxyHOK
BMaCHMX 3Ha4eHb MOXe [atu  3HadHO
33BVLLEHY  OLHKY

oropy BTpari CTiNKOCTi.
(4) Cniovarky
pospaxyHok JIPC igeanbHOI KOHCTPYKUT,
Wob  BUSHAYUTU  MPY>KHUA  KPUTUHHUI
koeddLieHT onopy BTpari CTIVKOCTI g,

NPYy>XHOoMNJ1aCTn4HOro

HEeoDXiJHO  BMKOHaTU

iaeanbHOi 00ornoHkW. MoTiM cnig BUKOHATK
pospaxyHok ®HP igeanbHOI KOHCTPYKLUIT,
Wob BM3HAYUTU iO€ANBbHUIN  NIACTUMHUIA
HOMiHarNbHUN KoediLieHT onopy "Rol - Lli
ABa KoediuieHTM onopy noTim  cnif
BMKOPUCTOBYBATh ang BU3HaYeHHSA
3aranbHol  BiAHOCHOI THyuYKkoCTi A ycCi€l
000rioHKM 3rigHo 3 dopmyroto (8.25).

(5) MNotim cnig BMKOHATM pPO3paxyHOK
roHP KOHCTPYKUiT,  wo6
BU3HaUUTU igeanbHUA KoediLieHT npy>KHO-
NracTMY4HOro  Ofopy  BTpati  CTiNKOCTI
"R GMNA Llen koediieHT onopy mae OyTtu
BUKOPUCTaHWI Mi3HiLle Wob nepesiputn umn
epeKT BUOPaHNX TEOMETPUYHUX OedeKTiB
NPOrHO3y€E 3Ha4YHUN HEraTUBHUA BrfMB, LUO

iaeanbHoI

3a0e3neyye OTPUMaHHS HaMEHLLIOTO Oropy.
PogpaxyHok '®HP noBuHeH BMKOHYyBarmcs
npu NPUKNaOeHin KoMBiHaLiT HaBaHTaKeHb
Yy MOEOHaHHI
3HadeHb  amA
6idyprauin Ha
HaBaHTaXKEHHSA.

(6) HeipeanbHuin KoediUieHT NPYXHO-
NracTMY4HOro  Ofopy  BTparti  CTiNKOCTI
'R GMNIA Cri BU3HaUUTU $SK HaiMeHLINn

3 pO3paxyHKOM  BriaCHUX
BUSIBIEHHS
TPaexTopIT

MOXKJTMBUX
3MiHN

koediLieHT 3anacy rp OTPUMaHWiA 32
TpbOMa HacTynHuMmmn kputepismm C1, C2 i
C3, ovB. pucyHok 8.6:

Kputepin C1: MakcumansHun KoedaLieHT
3anacy Ha
Aedopmauis” (rpaHUYHE HaBaHTaKEHHS);
Kputepin C2: KoediuieHTt  3anacy
6i chypKaLii, AKLLO BOHA Mae MicLe BNPOOOBXK
TPaEKTOPIT HaBaHTaKEHHS [0 [O0CArHEHHS

KpuBin  "HaBaHTaKEHHS-

FPaHNYHOI TOYKM KPUBOI “"HaBaHTaKEHHS+
AedopmaLiist’;

overestimate of the elastic-plastic buckling
resistance.

(4) An LBA anaysis should first be
performed on the perfect structure to
determine the €lastic critica buckling
resistance ratio rp,. of the perfect shell. An
MNA should next be performed on the
perfect structure to determine the perfect
plastic reference resistance ratio " Rol These

two resistance ratios should then be used to
establish the overall relative slenderness A,
for the compl ete shell according to expression
(8.25).

(5) A GMNA andysis should then be
performed on the perfect structure to
determine the perfect eastic-plastic buckling
resistance ratio rggna 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 anaysis 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 rp g\ 4 Should be found as
the lowest load factor r 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 alimit load.



Kputepin  C3:
pedopmMalisi,  SKLIO
BNPOMOBX  TPaEKTOPIT

Hanbinblwia ponycruma
BOHAa Mae Micue
HaBaHTaKeHHA 00
AOCSrHEHHST HaBaHTaKeHHA Gidyypkauii abo
I PaHNYHOr O HAaBaHTKEHHSA.

HaBanrtaxenus sij
pospaxynkosux AN
BILIHBIB

Load factor on
design actions

r 2

C2

TR, GMNIA |5 the lowest of these alternative

HalfiMeHIIE 3 MOXK/IHBHX BHMIPIOBAHb

measures

Cl

C3
L

—

[c4]

[Tepma Ge3neuna BIAMITKA IPaHHI TEKYYOCTI

First yield safe estimate

&<

T~

Moxnea gonycrama gedopmanis

>

Jedopmamis
Deformation

largest tolerable deformation

PucyHok 8.6 - BuzHaveHHs onopy BTpari CTiKOCTI i3 3aranbHoro pospaxyHky FOHHP
Figure 8.6 - Definition of buckling resistance from global GMNIA analysis

(7)

Mae ByTn oujiHeHa No BiAHOLLIEHHIO OO YMOB

Hanbinbwa ponyctuma aedopmadis

KOHKPETHOI KOHCTPYKUiT. AKLWO BiACYTHI
LLIO
Hanbinbwa ponyctuma aedopmadiss Oyna

iHLWi  3HadeHHs, MO)XHa BBaXaTu

OOCArHYyTa, KoM Hanmbinblumnin - Micuesni

MOBOPOT  MOBEPXHI  OBOMOHKK  (YXun
MOBEPXHi BIAHOCHO Ti BMXiOHOI reomerpii)
HabyB 3Ha4eHHs 3.

MpumiTka. Y  HauioHanbHOMYy — gofarky

nepeadaveHnn BUOIip  3HauveHHs .

PexomeHpayetbces 3HaqeHHs B = 0,1 pagiaH.
(8)
KoediiLieHTa MPY>XKHO-MMaCTUYHOIO  Ornopy
BTpari CTiNKOCTI 'R GMNIA MOXHa OTpMMaTK
MHHP
reOMETPUYHO HeigearnbHOI OBONOHKM  npu

KoHcepBarnBHY OLiHKY HeiaearnbHOro

332  [JOMOMOroH  PO3PaxyHKy
NPUKNageHin KombiHauiT BNimMBIB. Y LbOMYy
BANQOKY AN  BU3HaYEHHS  HaAMEHLLOro
KoediuiedHTa  3anacy rp  HEOOXiaHO
BUKOPUCTOBYBATW HacTYMHI KPUTERI:
Kputepin C4: KoediuieHT 3anacy,
AKOMY

npuv
EKBIBANEHTHE  HaNnpyXeHHs Yy
HaBINbLL HaNpPY>KEeHin TouLi Ha MOBEPXHI
0BOsIOHK M

[l0Csrae pO3paxyHKOBOro

(7) Thelargest tolerable deformation should
be assessed relative to the conditions of the
individua structure.
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 p.

Note: The National Annex may choose the
value of p. The value p = 0,1 radians is
recommended.

(8) A conservative assessment of the
imperfect elastic-plastic buckling resistance
ratio rpgyna May be obtained using a
GNIA andysis the geometrically
imperfect  shell the applied
combination of actions. In this case, the
following criterion should be used to
determine the lowest |oad factor ry

Criterion C4: The load factor at which the
equivalent stress at the most highly stressed

point on the shell surface reaches the design
vaue of the yield stress fyd = fyk/ Yio See

If no other value is

of
under

figure 8.6.
Note: It should be Noted that GMNA,



3Ha4YEHHS rPaHULi TEKYYOCTi fyd = fyk/ Yimo
(omB. p1CyHOK 8.6).

MpumiTka. Cnig 3a3Ha4MTK, WO PO3paxyHKu
FOHP, T®HHP i THP noBuHHI 3aBXan
BUKOHYBATUCA NPU PErynsipHMX nepesipkax
BMAaCHMX  3HadeHb, Wob rapaHTyBartu
mMoxrmeol  Bidypkauii  Ha
TPaEKTOPIT 3MiHY HABaHTKEHHS.

(9) [lpn dopmyrioBaHHI  PO3pPaxyHKY
F®HHP (abo MHHP) HeobxigHO BHeCTU
BiOANOBIOHI  MonpaBkKM  And
BN/MBY  OedeKTiB, $KOrO He MOXHa
YHUKHYTU Ha NPaKTUL, BKITFOY3HOUM:

a) reoMeTpuYHi OedeKTu, TaKi SK:

- BIOXWM BiJ HOMiHarNbHOI reOMETPUYHOI
doopMn  cepeamHHOI  NMOBEPXHI  (nonepeaHi
dedopMalil, HEKpYrnicTb);

- HeOOHOPIOHOCTI B 3BapHMX LWwBax abo
nobrmay HUX (HEBENMKI EKCLEHTPUCUTETMH,
yCaaKa, HETOMHOCTI KPUBU3HW NPOKaTKK);

- BiXWm Big HOMiHarNbHOI TOBLLMHW;

BUABIIEHHA

BpaxyBaHHS

- HeOocTarHs piBHICTb Orop;

b) nedrekTn Marepiany, Taki sK:

- 3aMMLIKOBI  HaMNpyXeHHsl, BUKIMKaHi
MPOKAarkow, MPECYBaHHAM, 3BapOBaHHAM,
PUXTYBaHHSIM TOLLIO;

- HEeOOHOPIOHOCTI Ta aHi3oTporis.
MpumiTka. [Jooarkosi MOXIMBI  HEraTtuBHI
HelgearnbHUN  KoedaLieHT
NPY>XHO-NSIACTUYHOr O oropy BTpaTi
CTiVKOCTi "R GMNIA TaKi SK OCiJaHHS FPYHTY

BMJIMBU Ha

a0 TrHyuykiCTb 3€OHaHb 4M oOnop, He
KIacudiKyrTbCa SK OediekKTU B paMKax LnX
MOSIOXKEHb.

(10) HOedextn maoTb ByTn BpaxoBaHi B
pospaxyHky [OHHP wnsaxom BkOYeHHS
AOOATKOBUX — BEMYUH Y
PO3paxyHKOBY MoOeNb Ars  YMCENbHOro
PO3PaxyHKYy.

(11)  Oedpexti, 3ararmom, MawoTb OyTu
NpeacTaBrieHi 3a 40OMNOMOrol eKBi BarleHTHUX
reoMETPUYMHNX OedPeKTiB Y BUrNAal BUXIOHUX
BiOXuniB  dopMn, NEPNEHANKYIAPHUX [0
CEPEONHHOI MOBEPXHI iaeanbHOI 0DOMOHKM,
3a BUHSITKOM

Bi AnOBI AHMX

BMNaOKIB, Kornm

BYKOPUCTOBYETHCSA KpaLLmi cnocib.

GMNIA and GNIA anayses must dways 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
(predeformations, out-of- roundness);
- irregularities at and near welds (minor
eccentricities, shrinkage depressions, rolling
curvature errors);
- deviations from nomina 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 'R GMNIA 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 alowed for in
the GMNIA analysis by including
appropriate additional quantities in the
analytica 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 equivaent
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



CepeayHHa
Hei geanbHOI OBOMOHKM Mae ByTn oTpumaHa

MOBEPXHS FEOMETPUYHO

LLSISIXOM Cynepnosuuii  exBiBareHTHUX
reoMeTpudHUX  OedekTiB  Ta  reomerpii
iJearnbHOI ODOMOHKW.

(12) MoeoHaHHA €KBi BaNeHTHUX

reOMETPUYHNX OedekTiB Mae ByTn Takum,
Wwob ypaxyBarn Hanbinbw HECNPUSTIMBUN

BNSWMB Ha  KoediuieHT  HeigearbHOCTI
NPY>XHO-NIAaCTUYHOr O oropy BTpari
CTIVKOCTI I GyNiA 00OMoHKK.  AKLLo

HanCNpusTIMBilLEe 3 €QHaHHS He MOXHa
LLUBNOKO BU3HEYUTU 3 JOCTATHBOK TOYHICTIO,
PO3PaxyHOK MOBUHEH BWKOHYBAarucs Aris

OOCTarHbOl  KifIbKOCTi  Pi3HUX  NOEOHaHb
0edeKTiB, i HeobXiaHO BU3HaHNTU
HaUripwnin BUNaOOK (HalMeHLle 3Ha4YeHHS
"R GMNIA)-

(13) HeobxiaHo BUKOPUCTOBYBATu
NOEOHaAHHS, CXOXe 3 BMaCHMM BEKTOPOM, 3a
BUHATKOM  BUNaOKiB, Komm MOXHa
0brpyHTyBaTHh iHWe HecnpusTIMBe
NOEOHaHHSA.

MpumiTka. [MoegHaHHS, CXOXe 3 BriaCHUM
BEKTOPOM, Lie KPUTUMHUA PEXUM BTpaTu
CTiNKOCTi 3 NPY>XHUM KPUTUYHUM
koediLieHToM BTparn CTilkoCTi  rg..
3acHOBaHMM Ha pospaxyHKy JIPC igeansHol
0BOMOHK M.

(14) Mopgenb exBiBaNIEHTHUX FEOMETPUYHUX
nedeTiB

HECNPUATIIMBUM

MOXXJTMBOCTI,
Bi JOOpakaru
€rieMeHTN KOHCTPYKLIT Ta rpaHUYHi yMOBMW.

(15) Bcyneped (13) i (14) moneni MoxHa
He po3rnagary, SKWO BOHW HepeariCTUYHI,

NOBUHH3, 3a
YNHOM

BUXOOsHM i3 crocoby  BUrOTOBIEHHS,
BUPOBHMLITBA 200 MOHTaXKY.

(16) Cnig  BVMBYATM  KOPEKTYBaHHSA
NPUAHSATOr O peXUMy r€OMETPUYHNX
0edeKTiB 3 METOK BKIMOYEHHSI EMeMEHTIB
KOHCTPYKUiT (TaKMX $K  OCECUMETPUYHI

NOrNMBMeHHs1 3BapHNX LLBIB).

MpumiTka. HauioHanbHWM Oogarok  Moxe
AOMATKOBI
OLJiHKM Bi gNoBigHMX Moaenen aedekTiB.

(17) 3HaKk exBiBaNEHTHUX TEOMETPUYHMX

BCTaHOBIMOBATUA BAMOrn 10

on the imperfect eastic-plastic buckling
resistance ratio 'R GMNIA 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
I'r GMmnia) Should be identified.

(13) The eigenmodeaffine 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 rg,,
based on an LBA analysis of the perfect
shell.

(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 equivaent geometric
imperfections should be chosen in such a
manner that the maximum initia shape
deviations are unfavourably oriented towards



nebexTiB Mae OyTn BMOpaHMN TaK, WO
MaKkCUMaribHi BUXigHI Biaxunm doopmmn Gynm
HECMPUSTIIMBO OPIEHTOBaHI Y HanpaMKy OO
LiEHTpa KPpUBU3HN OBOIIOHKM.

(18) Bermuunny doopmu
€KBiBaNIEHTHOTO  FEOMETPUYHOro  AedpeKTy
crig npuUMary 3anexHo Bif Kracy SKOCTi

NPUNHATOI

JOMyCKYy Ha BUrOTOBSEHHS. MakcumansHuii
BiJXUN reOMETPIT eKBIiBaNlEHTHOIrO OedeKTy
BiA igeanbHoi  dhopmu AWO,eq Mae
AopiBHIOBaTK BinbLLIOMY 3i 3HaHEHb AWO,eq,1

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

equivaent imperfection from the perfect
shape AWO,eq should be the larger of AWO,eq,1

and AWO’ g2 where:

AWO,eq,Z’ ne
AWO,eq,1 = /g- Uy (829)
Aw, g2 =" teU,, (8.30)
ne Ig - BCI 3HadyLWi JOBXWHW Kanibpy where: /g is al relevant gauge lengths
BignoBigHO 1o 8.4.4 (2); according to 8.4.4 (2);

t - MmicueBa TOBLLMHA CTiHKM ODOSOHKU;

n; - MHOXHVK Arst 300o0yTTs BiAnNOBiAHOrO
piBHSA

Aonycky;

U, 1 U, - Napametpu BeIMYNHN BM ATUH
AN BiQNOBIOHOrO Kriacy SIKOCTI AOMYCKY Ha
BUTOTOBIEHHSI.

MpumiTka 1. Y HauioHanbHOMY OoOaTKy
MoxXe ByTn nepenbadeHnin BuGIip 3HaYEHHSI
n;. PExoMeHayeTbCa 3HaYeHHs N, = 25.

MpumiTka 2. BHadeHHs Ona  napamerpa
ponycky BM situH U, i U, MOXHa y3sTn 3

HalioHanbHOro Jodarka. 3HadeHHs, Lo
peKkoOMeHayTLCS, HaBeadeHi B Tabrmu 8.5.

tisthelocal shell wall thickness;
n; is a multiplier to achieve an appropriate

tolerance level;

U, and U, are the dimple imperfection
amplitude parameters for the relevant
fabrication tolerance quality class.

Note 1: The National Annex may choose the
vdue of n. The value n, = 25 is

recommended.

Note 2: Vaues for the dimple tolerance
parameter U4, and U, may be obtained

from the National Annex. The recommended
values aregivenin Table 8.5.

Tabnuusa 8.5 - PexomeHaoBaHi 3Ha4EHHS MapaMeTpi B BEMHYUHN BM' SITUH Ui U,
Table 8.5 - Recommended values for dimple imperfection amplitude parametersU,,, and U, ,

Krac skocTi gonycky Ha Onunc PexomeHgoBaHe PexomeHgoBaHe
BUrOTOBIIEHHS Description 3Ha4eHHA U, 3HaderHsa U,
Fabrication tolerance Recommended value of | Recommended value of
quality class U4 U.o
Knacc A BiamiHHWI 0,010 0,010
Class A Excellent
Knac B Bucokun 0,016 0,016
ClassB High
Knac C HopmarsHui 0,025 0,025
ClassC Normal




(19) BernnunHa reomerpuyHoro aedexty B
NPUNHATIN Mozerni €KBiBalNeHTHOr o
reoMeTPUYHOro AedeK Ty NOBWMHHA Bi ANOBi AaTn
JAOBXMHI Kanibpy, BcTaHOBNeHoMy B 8.4.4 (2),
SKMM BOHA BU3HaHaETHLCA.

(20) Kpim TOrOo, HEObXiaHO MEPEBipUTK, YK
PO3paxyHOK, MNpu  SKOMY  BpaxoBYHOTbCS
nedektn 3 BermumHo Ha 10 % MeHwe
3Ha4eHHA AWO,eq’ 3HangeHoro B (18), He gae

MEHLLUOrO  3HadeHHs  Ona KoeddujeHTa
"R GMNIA AKLLO OTPUMBHO MEHLLE 3HaYEHHS,
npouedypy crif nocrigoBHO MNOBTOPUTH, LG
3HaNTU HaMEHLLe 3Ha4YeHHs KoediuieHTa
'RGMNIA Y MIPY 3MiHW BEMMHMHN.

(21)  Axkwo moxrmei cynyTHi edexkTn BiA
HaBaHTaKeHHS, TO cnig abo BKOUMTU X Y
pO3paxyHOK, abo nepesipuTn, WO iX BB
OyB HE3HAHHUM.

(22) [Ona KOXHOro OBYMCIEHOrO 3HaYEHHS
Hel geanbHOoro KoedilieHTa NPY>XHO-
MracT4HOr o OMopy BTPATI CTIAKOCTI I cr/nia
Bi JHOLLEHHS

iaearnbHoOro
MOPIBHATK i3

HeobXiaHO BU3HaUUTIU
onopy Jo

(rremnia | TRemnA)
BHa4EHHSMU I 3HAAAEHMMN 3@ [OMOMOrO

Hei JeanbHOro

85 i popmarka D, wob nepeBiputH, UM
BMOpaHUA reomMeTpuyHuMin  OedekT BM/mMBae
HerarmMBHO, NOPiBHSHO 3 BNSIMBOM, OTPUMaHUM
BiJ HYKHBOI MEXi pesyrbTariB BUnpobyBaHb.

MpumiTka. BU3Ha4a€ETLCA
edreKkTamm NSIACTUYHOCTI, Bi AHOLLIEHHSI
(rRGMN, Al rRGMNA) Oyne 3Ha4HO OGinblue
KoediLlieHTa nocrabneHHsi NPy>XHOro aedekty
Q, i He oMiKyeTbCs BinblL Brivvkye NopiBHAHHS.

Akwo  onip

[MpoTe, SKWO oOnip BU3HAYAETLCA SBULLIEM
BTPaTU CTIMKOCTi, SiKe € B 3Ha4Hin Mipi
NPY>XHUM, BiAHOLLEHHS (rRGMN, Al rRGMNA)
Mae ByTn mme Tpoxum GirbluMM 3a 3HaYEHHS],
BU3HadeHe 3a [0rMOMOr Ot0 PYYHUX
PO3paxyHKiB, i Crij BpaxyBaTy YMHHUKK, LLO
Npu3BoAATb A0 BiflbLL BUCOKOrO 3HAHEHHS.

(23) HapinHicTb 4MCroOBOrO  BU3HaYEHHS
Hel geanbHoro KoedilieHTa NPY>XHO-
NSIaCTUYHOr 0 ONopy BTPATi CTiUKOCTI 'R GMNIA
cnig  nepesipuTM  OgHMM i3

anbTEPHATUBHUX METOL] B:

HaCTyMHUX

(19) The amplitude of the geometric
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) Additionaly, it should be verified
that an analysis that adopts an
imperfection whose amplitude is 10 %
smaller than the value AWO,eq found in

(18) does not yield a lower vaue for the
ratio "R GMNIA" If a lower vaue is
obtained, the procedure should be iterated
to find the lowest value of the ratio
'RGMNIA as the amplitude is varied.

(21) If follower load effects are
possible, ether they should be
incorporated in the analysis, or it should
be verified that their influence is

negligible.
(22) For each caculated value of the
imperfect elastic-plastic buckling

resistance 'RGMNIA the ratio of the
imperfect to  perfect resistance

(rRGMN,A / rRGMNA) 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 (rRGMN, a!

rRGMNA) 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 (rRGMN, a!

rRGMNA) should be only a little higher

than the vaue determined by hand
calculation, and the factors leading to the
higher value should be considered.

(23) The reliability of the numerically



a) BWKOPWUCTOBYKOYM OOHY nporpamy Aand
PO3PaXYHKY ~ 3Ha4eHb I oyniacheck A
iHLUMX BMMaOKiB BTPATU CTiMKOCTI OBOIOHKMN,
ans AKNX 3Ha4YeHHs1
XapaKTePUCTUYHOr 0 Koedi LiieHTa ornopy BTpari

CTIMKOCTI rRk,known,chec/( KOHTpOJ'IbHI BUN3OKN

Bi Jomi

MOBWHHI BMKOPUCTOBYBarM MO CYTi CXOXi
JONyLLEHHA Woao AedexTiB i mMatu nogjOHi
napaveTpy, WO  KOHTPOMIOKTL  BTpary
CTiKOCTi  (Taki $K BiOHOCHA THYYKiCTb
06OMnoHKK, NoBediHKa Nicrns BTPary CTiNKOCTI,
YYTIMBICTb OO0 [JedeKTiB, reoMmeTpuyHa
HENMIHINHICTb | XapPaKTEPUCTUKN MaTepiarny);

b)  wnsAxom NopiBHAHHSA OBYMCTIEHNX 3Ha4YEHb
(rRGMN, Avcheck) 3 PE3ynbTaramy BUnpodyBaHb

KOHTPObHI BUN3OKU

(r Rtest,known,check)'
MOBVHHI 3300BOSBHATY KpUTEPI M nogi OHOCTI,
HaBeoeHUM B (a).

MpumiTka 1. [HWI BANaOKK BTparyn CTiNMKOCTI
OOOMOHKK, ANnA  SKUX  BIJOMI  3Ha4YeHHs
XapaKTePUCTUYHOr 0 Koedi LiieHTa ornopy BTpari
CTiNKOCTI IR known,checke  MOXHa 3HaNTU B
cnewiani3oBaHin niteparypi. Cnig 3asHauuTy,
LLIO pesynbTary pyYHOro po3paxyHky y 8.5y
popatky D - ue 3aranbHi  HWKHI - Mexi
pesyrnbrariB  BUNpoOyBaHb,  $Ki  iHKOMM
Npu3BOOSATb [0 HU3bKUX OUIHOK 3Ha4YeHb

XapaKTEPUCTUYHOrO Oropy BTpaTi  CTiINKOCTI,

SKUA  CKMgOHO  OTpUMAarn  YUCENbHUMU
mMetogamu. [pumiTka 2. [py BUKOPUCTaHHI
pesyrnbTariB BUNPoByBaHb HeobXiaHo

BCTaHOBUTW, LLO rEOMETPUYHI OedieKTW, HasBHI
nig 4ac BuNpobyBaHb, MOXYTb BBaXaruca
XapaKTeEPHUMKM Ora OeddeKTiB, SKi 3 aBnaTbCs
Ha NpaKTuLi.

(24) BanexHo BiO pesyrnbTaTiB MEPEBIPOK

HaOi MHOCTI Bi AnoBi AHO ob4umcnoeTbLea
kaniopyBanbHWA  KOEiUIEHT  Kgyna 38
dopMyioto:
K TRk, known,check
GMNIA =

determined  imperfect  elastic-plastic
buckling resistance ratio 'R GMNIA should
be checked by one of the following
aternative methods:

a) by using the same program to

calculate values 'R GMNIA check for other

shell buckling cases for which
characteristic buckling resistance ratio
values IR known,check € 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) @3ainst test results

(r Rtest,known,check)' The check cases
should satisfy the same similarity
conditions givenin (a).

Note 1: Other shell buckling cases for
which the characteristic  buckling
resistance ratio values I'Ri known, check &€
known may be found from the scientific
literature on shell buckling. It should be
Noted that the hand calculations of 8.5
and Annex D are derived as genera
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
Kopyna Should  be  evaluated, as
appropriate, from:

I'R test known,check
abo (or) kGMNM = )

'R GMNIA, check

Pe I R known,check ~ BIAOME XaDaKTEPUCTNYHE

TR GMNIA, check

(8.31)
where: I R known, check is the known



3HaYEHHS,
BUNPOOYBaHb;
"'R GMNIA*check ~ PesyreTar obuncreHb ans
nepesipKn BUN3OKy BTParu CTiKOCTi abo
B1NPOBYBaHHS Ha BTPATy CTiNKOCTI, B
3anexHOoCTI BiA cuTyaLljil.
(25) Akwo  pesynbratm  BUNpobyBaHb
BUKOPUCOBYHOTBCA AN BUSHAHEHHS! Koy a0 @
ob4yncneHe 3HadeHHs Kamnia NEPEBULLYE 1,0,
TO Cri i NPUAHSITU 3HA4EHHS Ky ni4 = 1,0.
(26) SKLio Ang BU3HaHEHHS KN4 BAKOpHYC-
TOBYETLCA BiJOME XaPaKTEPUCTUHHE 3HAYEHHS,
Ta ob4yuncrieHe 3Ha4YeHHsA Kapnia NEXUTBL nosa
pianagoHom 0,8 < Kkgynya < 1,2, TO0 U0
npowenypy
Pesynbtar pospaxyHky '®HHP cnig BeBakaru

BUKOPUCTOBYBaTn  He  chif.

HEemiNCHUM, | HeobXigHO BMKOHAaTW nodarbLui
obuncrneHHs  ans
pO36iKHOCTI.

(27) XapakTepuctuiyHMn KoeduLieHT onopy
BTpaTi CTiIMKOCTI cnif 3HanTu 3a dopMyrioHo:

BCTaHOBINEHHA  NPUYNH

"R = Kemnia ™ TRGMNIA »

Re IR GMNIA obumncneHni Hel geanbHn koeddi-
LiEHT NPY>KHO-NSACTUYHOrO ONopy BTPaTi CTin-
KOCTi;
Kamnia - KaniopyBarnbHUin koedi LiieHT.

8.7.3 lNepesipka MiuHOCMi Ha rMo3006X Hill

32UH

(1) PospaxyHkoBMi KoediUieHT ornopy BTpaTi
CTINKOCTI 1,y OTPMMYIOTb 38 OPMYFIOHO:

"ra = Tre! Yt o

L€ Y) 44 - YaCTKOBWIA Koedi LlieHT Arst onopy
BTpaTi CTiKOCTI BignosigHo 4o 8.5.2 (2).
(2) HeobxiaHo nepesipnTy, LLO:

FEds FRd= rRy® FEda60 (or) IRy 1.

9 rPAHUYHUU CTAH BTOMMU (I'C4)

9.1 PospaxyHKOBi BefIMYMHU BNJIMBIB

(1) 3a pospaxyHKOBi BEMMYUHWU BrfMBIB Ons
KOXKHOro 3 €O0HaHHA  HaBaHTakeHb  cnif
NPUAMETK 3MiHHI YaCTUHU 3ararnbHOro BrMBY,
WO € NPOrHO30BaHMM CMeKTPOM Ai NPOTSromM
YCbOro TEPMiHY MPUAATHOCTI KOHCTPYKLLT.

(2) BignosigHW CNEKTp BMSMBIB Crif y35TU

characteristic value;

"R test known, Checkis the known test result;
I'R GMNIA'check is the calculation outcome
for the check buckling case or the test
buckling case, as appropriate.

(25) Where test results are used to
determine kGMN,A, and the calculated

value of kg4 €Xceeds 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 kGMN,A, and the

calculated value of k), 4 li€s outside the
range 0,8 < Kkgyna < 1,2, 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:

(8.32)
where: 'R GMNIA is the calculated
imperfect elastic-plastic buckling

resistance ratio;
kGMN, A is the calibration factor.
8.7.3 Buckling strength verification

(1) The design buckling resistance ratio
I'my Should be obtained from:

(8.33)
where: y),, is the partia factor for

resistance to buckling according to 8.5.2

(2).
(2) It should be verified that:
(8.34)

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 tota action
representing the anticipated action
spectrum throughout the design life of the
structure.



i3 craHgapTy EN 1991 3rigHO 3 BU3HaHEHHAMU,
HaBedgeHUMn  y
craHpapty EN 1993.
9.2 lNpoeKkTyBaHHS 3a HaNpy>XeHHAMU

9.2.1 3azarbHi rMomoxX eHHs1

(1) Cnig BUKOPUCTOBYBATM OLjHKY BTOMMU,
npencraenedy B craHgapti EN 1993-1-9, 3a
BUHATKOM BWUMN@OKiB, HaBeOeHuX Y LboMy
CTaHOapTi.

(2) P YactkoBuin koediuieHT Onst onopy
BTOMI Y cnig npurAHSTA 3 BiOMOBIOHOro

BIONOBIOHMX  YacTUHax

MPUKIIaOHOrO CTaHaapTy.
MpumiTka. 3Ha4eHHA YacTKOBOro KoedduieHTa
Yjsr MOXe OyTu BU3Ha4EHO B HaLlioHarbHOMY
podarky. AKWo Ansg AaHoi qopMy KOHCTPYKLT
CTaHO@pT BIACYTHIM abo BiH He BU3Ha4ae
BIAMOBIAHI  3HaYeHHs Y, TO Woro cnif
npunumaru 3rigHo 3 craHgaptom EN 1993-1-9.
PexomeHOOBaHO MpUAMATK 3HHEHHS Y, He
MeHLUE HiX Yy, = 1,1.

9.2.2 PospaxyHkoei eesiuduHU Oiaria3oHy

Harpy> eHHs1

1) HanpyXeHHs1 crif BU3Ha4aru LUMsxXoMm
NiHIMHO-MPYXXHOrO  pO3paxyHKY KOHCTPYKUii
nig AOiet0 po3paxyHKOBMX BEMMYUH BTOMHUX
Jin.
(2) Tpu KOXHIN NepeBipLi rPaHUYHOrO CTaHy
pO3paxyHKOBa BeEMMYMHA AianasoHy BTOMHOrO
Hanpy>XeHHs1 AC Mae By Tv npunHsaTa sk Ginblua
i3 3Ha4eHb Ha BOX MOBEPXHSX ODOSOHKM | Mae

OyT 3acHOBaHa Ha CyMi NEPBUHHMX i
BTOPUHHUX HaMNpPY>KeHb.
(3) 3anexHo B4 OUIHKM BTOMM, LLO

BUKOHYeTbCA BignosigHo Ao EN  1993-1-9,
MaloTb OyTn obuucrieHi HOMiHanbHi  abo
reOMETPUYHI [janasoHy Harpy>KeHb.

4) HowmiHarbHi
MOXHa BMKOPUCTOBYBaTW Yy pasi MPUAHSATTS
9.2.3(2).

(5) TleomeTpuyHi OianasoHW Hanpy»XeHb cnif

AianasoHu  HanpyXeHb

BUKOPUCTOBYBATU 519 €MeMEHTIB KOHCTPYKLT,

LLIO BiApi3HAIOTBCA Bi enemeHTiB y 9.2.3 (2).
AianasoH

3ararnbHy

(6) [eomerpyyHUM
BpaxoBy€e
3 €0HaHHS, BUKITIOYa0YM MiCLEBi HanpyXeHHS

Hanpy»XeHb

nwe reoMeTpI o

BHaCrigoK reoMmetpii i BHYTPILWHIX edexTiB

(2) The relevant action spectra should be
obtained from EN 1991 in accordance
with the definitions given in the
appropriate application parts of EN 1993.
9.2 Stressdesign

9.2.1 General

(1)  Thefatigue assessment presented in
EN 1993-1-9 should be used, except as
provided here.

(2) P The partia factor for resistance
to fatigue y v, shall be taken from the

relevant application standard.

Note: The value of the partial factor v,
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
relevent values of y,,, the value of v,
should be taken from EN 1993-1-9. It is
recommended that the value of y, .. should
not be taken as smaller thany, ;.= 1,1.

9.2.2 Design values of stress range

(1) Stresses should be determined by a
linear elastic anaysis of the structure
subject to the design values of the fatigue
actions.

(2) In each verification of the limit state,
the design vaue of the fatigue stress
should be taken as the larger stress range
Ao 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) 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 of 9.2.3 (2).

(6) The geometric stress range takes into
account only the overall geometry of the
joint, excluding local stresses due to the
weld geometry and internal weld effects. It



3BagpHOro Wwea. Moro MoxHa BU3Ha4MTM 3a
JA0MNoMOor oro F€OMETPUYHNX
KoeddLieHTIB KOHUEHTpaLil HarpyxXeHb, Lo
oB4MCnoETLCA 3a opMy amm.

(7) HanpyXeHHs, WO BUKOPUCTOBYIOTLCA
AN po3paxyHKy Ha BTOMY  €fEeMEeHTIB
KOHCTPYKUiT 3 NiHINHOI  rEOMETPUYHOIO
OpieHTaljiet0, Crif POo3KfacTM Ha MOMNEPeYHi |

BUKOPUCTaHHS

naparnerbHi OCaM efieMeHTa CKI1gaoBi.

9.2.3 PospaxyHKOBi BENMMYMHWN OMNopy (BTOMHA
MiLHiCTb)

1) PospaxyHkoBi  BermuMHM  onopy,
oTpUMaHi Jdani, MOXHa 3acTocoByBaTW [0
OyniBenbHUX CTaney y AianasoHi Temneparyp
o 150 °C.

(2) Onip BTOMI €nemeHTiB KOHCTPYKLUIl, LUO
3a3Bu4an MOPOXHUCTUX
KOHCTPYKUiSX, Ccnig npuiamMarn
krnacamm EN 1993-3-2 i pospaxosyBatn B
nepepaxyHKy Ha AianasoH HanpyxeHHs Ao,

3ycTpiyaloTeCd B
3rigHo 3

BIOMOBIAHO OO0 KiNbKOCTI UWKNIB, 3a SKUMMK
3Ha4eHHs [00aTKOBO KIiacndd KyroTbCs
Bi ANOBI OHO [0 SKOCTi 3BapHMX LUBIB.

(3) Onip BTOMI KraciB enemeHTiB cnifg
npunmaru 3rigHo 3 EN 1993-1-9.

9.2.4 OBMexeHHA AianasoHy HanpyXeHb

(1) MNpn KOXHIM NepesBipyi LbOro rpPaHU4YHOro
CTaHy pO3PaxyHKOBWUMA [jarasoH Hanpy>KeHHs
Ao Ma€e 3300BOMBHSTY YMOBY:

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 vaues 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 Ao, appropriate
to the number of cycles, in which the
values ae 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 Stressrange limitation

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

the condition:

Yrr Aog < Aog/ Yy (9.1)

L€ Vg - YaCTKOBUW KoediLieHT Ans BTOMHOrO

HaBaHTaKEHHS;
Yyf - HCTKOBUM KOediLi€HT [ BTOMHOrO

onopy;

Ao - [fianasoH HanpyXeHb eKBiBaneHTHOI
NOCTINHOI BENMYMHM PO3PaxyHKOBOro criekTpa
Hanpy>KeHb;

Ao, - pianasoH HanpyxeHb BTOMHOI MiLHOCTI

ana  BiONOBIAHOI  Kareropii  enemMeHTa i
KiNbKOCTI LMKIIB CEKTpa Hanpy>KeHb.

(2) Ak anbrepHatuBy nyHKTY (1) MOXHa
BMKOHATK OLiHKY HaKOMUYEeHUX MOLLUKOMKEHD
ana psgy 3 m pisHUX AOianasoHiB HanpyXXeHb
Ao; (i = 1,m) 3 BUKOPUCTaHHAM mpaBuna

ManemrpeHa-ManHepa:

D,=1;

where: yg; the partid factor for the

fatigue loading
Yy is the partial factor for the fatigue

resistance
Ao, is the equivaent constant amplitude

stress range of the design stress spectrum
Aoy, is the fatigue strength stress range
for the relevant detail category and the
number of cycles of the stress spectrum
(2) As an alternative to (1), a cumulative
damage assessment may be made for a set
of m different stress ranges Ag; (i = 1,m)

using the Palmgren- Miner rule:

(9.2)



Je in which:
m
Dd = Zn,- /N, s
i=1 (9.3)
Ae N, - KirbKiCTb LMKNIB [janasoHy HanpyxeHb where: n. is the number of cycles of the

Ao;

)
NI. - KifbKiCTb UMKMIB AianasoHy HarpyXeHb

Yer s Viyp Aol., SKi HEeoDOXiaHI WoO BUKIMKaTK
PYWHYBaHHSA Ons  BignoBigHOI  Kareropil
eremMeHTa.

3 Vv pagsi KoMbOiHauUii  aianasoHiB

HOPMarbHOro i AOTUYMHOrO HarpyXXeHb Crif,
ypaxyBar KOMOiHOBaHi edbekTH BiANOBi AHO A0
EN 1993-1-9.
9.3 N poeKk TyBaHHS LUSISIXOM 3arasfibHOro
yucnosoro JIP abo "'HP aHanizy
@) Ha ©6aai
npy>xHoro po3paxyHky (J1P abo M'HP) nosnHeH

PospaxyHOK 3a BTOMOMO
BIANOBIJATU MONOXKEHHAM, HaBegeHum y 9.2
Anst NPOEKTYBaHHS 3a HanpyXeHHsMu. [poTe,
AianasoHM HanpyXeHb YHacnioK BTOMHUX

HaBaHTaKeHb  MOBWHHI  BM3Hadaruca  3a
[AOMOMOT OH0 3ryvHarnbLHoro pO3paxyHKy
0BOrIOHK W, BKJTHOYaH0UM FEOMETPUYHI
HEOOHOPIAHOCTI 3 €OHaHb B €fleMeHTax
KOHCTPYKLT.

(2)
PO3paxyHOK METOOOM KiHLEBUX €ereMEeHTIB,
HaOpi3iB
reoMeTpIi 3BaPHUX LLBIB CIiJ BUKITHOUNTIA.

AKLLO BUKOPUCTOBYETLCA TPUBUMIPHUI

BMMBU YHacrigok — Micuesol

OOOATOK A
(oboB’ i3k 0BUIA)
MEMBPAHHA TEOPIA HAIMNPYXEHb B
OBOJIOHKAX
A.13ATAllbHI MOJIOXEHHA
A.1.1 PesynbTaru BNavBiB Ta Onopy
Lo
po3paxoBaHi

MoxHa  nporHo3yBary, pesynbTarm

BN/MBIB Ta  Onopy, 3

3aCTOCYyBaHHAM  (opMys, WO HaBedeHi B

AaHOMy  [o[drKYy,
3HaYEHHsAMM  HacnigkiB gii um  onopy oA

€ XapaKTEPUCTUYHUMM

MNPUAHSATMX ~ XapaKTEPUCTUYHMX  3HaHeHb

BM/MBIB, TEOMETPUYHMX  MNapameTpiB |
BrNacTUBOCTEN MarepiarniB.
A.1.2 Cucrema no3Hak

BukopuctaHi B gaHOMy [04atKy MNO3HaKu

stress range Ao ;
N is the number of cycles of the stress
range Yr; , Yy p Aol., 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
accordance with EN 1993-1-9.

9.3 Design by global numerical LA

or GNA analysis

(1) The fatigue design on the basis of an
gastic 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 constructiona
details.
(2) If athree dimensional finite element
analysis is used, the notch effects due to
the loca weld geometry should be
eliminated.

in

ANNEX A
(normative)
MEMBRANE THEORY STRESSES
INSHELLS A.1 GENERAL
A.1.1 Action effects and resistances
The action effects
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
materia 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

or resistances



r€OMETPUYHNX pO3MipiB, MeXaHiYHMX
HanpyXeHb | HaBaHTaKeHb aHaroriyHi 0 TuX,
Lo HaBoasTbeA B 1.4.

Benuki naruHceki nitepu:

F, - OCbOBE HaBaHTaKeHHs, MpuKriaaeHe a0

umniHapa;
F, - ocboBe HaBaHTaXeHHsl, MpuKnaaeHe Ao

KOHYC3;
M -
NPUKNaaeHnin

3aranbHUn  3TUHarNbHUN
[0 BCLOro uuniHopa (He
nayTarn 3 MOMEHTOM Ha OOMHWLIKO LUMPUHA

0BOMOHKN m);
M; - 3aranbHWiA KpYTUMbHWA MOMEHT Mpw-

MOMEHT,

KrageHuin 0o BCbOro UmniHapa;
V - 3aranbHe  3pisyBarbHe
npuvKrageHe Ao BCbOro unniHapa.

3ycurrs,

Mani narnHceKi niTepu:

g - NTMTOMa Maca marepiarty 0BOroHKY;

p,, - PO3NOAiNeHNiA HopMarbHWIA TUCK;

p, - PO3nogifieHa ocboBa cvria TEPTS Ha CTiHKY
umniHapa.

Mani rpeuski niTepu:

¢ - MePUIiOHarNbHUN KYT Haxury;

O, - 0CboBe 200 MepupioHarkbHe MembpaHHe
Hanpy>xeHHs (= n, / f);

Op - NepudepryHa MemdpaHHa Hanpyra (= ng /
t);

T - MembpaHHe [OTUYHE HanpyXXeHHs (= N g /
t);

A.1.3 ['paHn4Hi ymosu

(1) TlosHakM rpaHUYHMX YMOB MOBUHHI
npummarncs 3rigHo 32.31 5.2.2.

(2) [Ona TO4HOrO BWUKOPUCTaHHA dopmyr
woao I PaHWYHI yMOBHU
NPUNMaOTLCA  TaKUMKU:  Ha 000X  KiHUSAX
BiMbHUMM € pagianbHi  nepeMilieHHs  Ta
MOBOPOT, a TaKOX iICHYe OcCbOBa oOrnopa Ha
OOHOMY 3 KiHUjB.

(3) [Ona To4HOrO BWUKOPUCTaHHA dopmyr
WOOO KOHYCIB, MpUKIigaeHe HaBaHTaKEeHHs

uMniHapiB,

MOBWHHE BIANOBIAATU CTaHy MemMBpaHHOro
Hanpy>KeHHs1 ODOMMOHKW, a rpaHU4YHI  YMOBM
NPUUMATUCA TaKUMW: BifbHI NepeMilLeHHs B
HanpsMKy, NEPNEHANKYSPHOMY OO0 CTiHKWU Ha
000X KiHUSX | HasiBHICTb MepMaiOHarbHOI
OrMopu Ha OQHOMY KiHLj.

following notation is used.

Roman upper case letters
F, 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)

M, global torque applied to the complete
cylinder

V global transverse shear applied to the
complete cylinder

Roman lower case |etters

g unit weight of the material of the shell
p,, distributed normal pressure

p, distributed axial traction on

cylinderwall
Greek lower case letters

¢ meridional slope angle
0, axial or meridional membrane stress (=

n,/t);

GO circumferential membrane stress (=
ng/ t);

X membrane shear stress (= n,q/ {);

A.1.3 Boundary conditions

(1) The boundary condition notations
should be taken as detailed in 2.3 and
522

(2) For these expressions to be strictly
valid, the boundary conditions for
cylinders should be taken as radidly free
at both ends, axialy 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 norma 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



(4) Ona 3pizaHMX KOHYCIB TpaHWYHi yMOBM
MOBWHHI ByTW NOromKeHi Tak, LWob cnpunmaru
Ao
Ta wob nigcymkose
npukrageHe Oo
000rioHK K, By o CNPUAHSATE BUKIIKOYHO B3O0BX

KOMMOHEHTN HaBaHT@KEHHS, MOMNEPEYHi
30BHILLUHBOI  CTiHKW,

00’ egHaHe HaBaHTaKEHHS,

Mepurai aHa 00ONOHKW.

A.1.4 MNpasuro 3HaKiB

MpaBnno 3HakiB AnA MeXaHiYHNX Harpy>KeHb:

PO3TAr CKpi3b BBKAETbCA AOAATHIM, Xo4a Ha

OEsKUX PUCYHKaX MOKasaHi BUNaOKW, B SKUX

30BHILUHE HaBaHTaKEHHS  MNpuKrageHe Yy

NPOTUNEXHOMY HaNpPsIMKY .
A2HENIOKPINNEHI LUNIHOPUYHI

OBOJIOHKU

A.2.1 PiBHOMi pHe 0CbOBE HaBaHTaKEHHSA

A.2.2 OcboBe HaBaHTaKEHHS Bif 3aranbHOro

3rUHY

A.2.3 Cuna tepTa

meridian.

A.1.4 Sign convention

(1) The sign convention for stresses:

should be taken everywhere as tension
positive, though some of the figures
illustrate cases in which the external load
is applied in the opposite sense.
A.2UNSTIFFENED CYLINDRICAL

SHELLS

A.2.1 Uniform axial load

A.2.2 Axia load from global bending

A.2.3 Friction load

S o
h’ =% p[m_“ X X
F M 1 1
=X Ox =t—— Oy === Py -dX
" 2nart X 20 x l,([)px

A.2.4 PiBHOMI pHWI BHYTPILLIHIA TUCK
A.2.5 3MiHHMIA BHYTPILLHIN TUCK

Pn

1trttt
ITRERY!

|
|
|
|
i
|
'

r
Op =Pn t

A.2.6 PiBHOMIpHe 3CyBHE 3yCuIis Kpy4eHHs
A.2.7 CuHycoigarnsHe 3ycurrs 3cyBy Bif
nornepeqHol

cnmm

A.2.4 Uniform internal pressure
A.2.5 Variable internal pressure
1

Pa(X)

|

|
o p(X) = pn(x)':

A.2.6 Uniform shear from torsion

A.2.7 Sinusoidal shear from transverse
force



M,
2nrt

T

A.3 HenigkpinneHHsA KoHiYHi 060roHK M
A.3.1 PiBHOMI pHE OCbOBE HaBaHTaKEHHSA
A.3.2 OcboBe HaBaHTakKeHHS Bi [, 3aranbHOro

V nr Po'w

nrt

A.3 Unstiffened conical shells
A.3.1 Uniform axial load
A.3.2 Axial load from global bending

3ruHy A.3.3 Friction load
A.3.3 Cvnatepta
¢Fz =2nr; Py M = 175 Py 3 S
N [7
P /
P; 2 max \ Na lx-, "
Np,
Pl.l.nm
>~
Lo r
TF, = 27y P,J M = mr Pz.l.m;u Xq= Sl—nﬁ
F M ?
Q3= z Oxmax = & 2 LS [ e [pxx dx
2nrtcosf ar“tcosf X9t 5
6";0 U..;O ('7(.:0

A.3.4 PiBHOMIipHWI BHYTPILLHIA TUCK
A.3.5 BHYTpILWHIN TUCK, LLO 3MiHIOETLCA 3a
NiHINHAM

3aKOHOM
n
——
| Pn
B |

T

f,s — Pajiyc Ha NoBEepXHi piaAnHU

éiCOS[S S 87

A.3.6 PiBHOMipHe 3cyBHe 3yCuIrs KpyyYeHHs

A.3.4 Uniform interna Pressure
A.3.5 Linearly varying internal
pressure

rys is the radius at the fluid surface

-

T4 N[ ‘]2_3 2
t-sinf| 6 [\ r | SJ

X

Gy - ¥4 (r r)
O Ttsing »

A.3.6 Uniform shear from torsion



A.3.7 CuHycoifansHe 3ycuriis 3cyBy Bif,
nonepe4Hol
cumm

"

* M, = 2mn Py,
M,
2nrt

-
4

A.4 HenigkpinneHi cdepryHi 0060nMoHKK

A.4.1 PiBHOMIpHWUI BHYTPILLHI TUCK

A 4.2 PiBHOMI pHE HaBaHTaKEHHS Bi 4 BiacHOI

Baru
Pn
I
I
I 0
e
\ o/
Pnl
R
gy Lo
2t
OOOATOK B
(0boB’ A3k 0BUM)

OOOATKOBI ®OPMYJIX OMNOPIB
NNACTUYHOMY PY UHY BAHHIO
B.1 3ArAJ1bHI MOJIOXKEHHA
B.1.1 Onip
MoxHa nepegbadaru, Wo onip, ob4ncneHnn
i3 BMKOPUCTaHHAM (OpMyr, WO HaBedeHi B
AHOMY [00atKy, $BISiE  XapaK TEPUCTUYHI
3HadeHHA OnopiB, SKLWIO MNPUAMAOTLCS
XaPaKTEPUCTUYHI  3HaYEHHSA EOMETPUYHNX
napameTpiB i BNacTUBOCTEN MarepiarniB.
B.1.2 Cucrema nosHak
BukopuctaHi B gaHOMy [o00atKy MNO3HaKu
r€OMETPUYHMX pO3MipiB, MEXaHi YHNX
Hanpy>XeHb | HaBaHTaXeHb aHarnoriyHi [o
1.4. [opatkoBo

BYKOPWCTOBYOTBHCS HACTYTMHI MO3HaKW.

TUX, WO HaBedeHi B

A.3.7 Sinusoidal shear from transverse
force

4 nr P 6,2, max

|
-

Py (&)

v ry P, 1 max
"4

Tmax = T
nrt

A.4 Unstiffened spherical shells
A.4.1 Uniform internal pressure
A.4.2 Uniform self-weight load

e

gr( 1

x t (1+cos¢ )

Gp = gr‘ COS$ — - S
t \ 1+cosd )

ANNEX B
(normative)
ADDITIONAL EXPRESSIONS FOR
PLASTIC COLLAPSE RESISTANCES
B.1 GENERAL
B.1.1 Resistances
The resistances caculated 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:



Beruki namuHchsKi rimepu: A, cross-sectional area of aring

A, - NrioLLa nonepe4Horo Nepepiay KinbLs; P, characteristic value of small deflection
Pp - XapaKkTepuCTUYHE 3Ha4eHHS theory plastic mechanism resistance
NIaCTUYHOr0 MEXaHi3My Ornopy 3a TEOPIEt0 Roman lower case letters:
Marmx BiOxXuniB. b thickness of aring
Mari ramuHcbKi rimepu: | effective length of shell which acts with a
b - TOBLUMHA KiNbLS; ring
| - edpexTVIBHA OOBXMHA OBONOHKM, sika r radius of the cylinder
B32EMOL € 3 KiNbLeM: Sy dimensionless von Mises equivalent
r - pagiyc umniHapa; stress parameter
S,, - ©e3poami pHWii NapameTp S, dimensionless combined  stress
€KBiBareHTHOr o Hanpy>xeHHs 3a Misecom; parameter
S,,, - 6E3P03Mi pHUI NapaMeTp CKNaaHor o s, dimensionless axial stress parameter
HaMPY>KEHOr O CTaHy; S dimensionless circumferential  stress
S, - ©6e3po3mipHMiA NapameTp 0CLOBOro parameter
Harnpy»XeHoro CTaHy; Subscnpts:
Sy - 6E3PO3MI pHUV NEpPaMETP TaHT eHLIi arb- rrelating to aring
HOrO Harpy»eHoro CTaHy. Rresistance
[iopsidkoai iHOexcu: B.1.3 Boundary conditions
r- BiQHOCUTBLCA OO KirlbLs; (1) Theboundary condition notations
R- onip should be taken as detailed in 5.2.2.

B.1.3 'paHnyHi ymoBu (2) Theterm "clamped" should be taken
(1) MosHaku rpaHU4YHMX yMOB to refer to BC1r and the term "pinned” to
NPUUMaIOTBCS, SK BKa3aHO B 5.2.2. refer to BC2f.

(2) TepmiH "3aTncHyTUA" BIAHOCUTLCA 10
BCA1r, a TepmiH "3akpinneHmn" BigHOCUTLCA B.2 UNSTIFFENED CYLINDRICAL
no BC2f. SHELLS
B.2HENMIAKPINJEHI UWNITHAOPUYHI B.2.1 Cylinder: Radial line load
OBOJIOHKU
B.2.1 UuniHap: HaBaHTaKeHHS 3a padiycom
E 4
Rl
I Par
>
lo
KoHTporibHa BernmMynHa: Reference quantities:
lg=0,975Vrt .
[Mnactnynnii onip P, (cvna Ha oguHuuto kona) The plastic resistance P, (force per unit circum-
BU3Ha4aETbCS: ference) is given by:
Por gt
2lp r

B.2.2 UuniHap: HaBaHTaKeHHS 3a pasiycoM i B.2.2 Cylinder: Radia line load and axial load
OCbOBE HaBaHTaKEHHS



ot
Im PnR
>
Im
.
KoHTpornbHa BemmumHa: Reference quantities:
8y = X lo =0,975.frt .
fyt
[lianasoH 3acTocyBaHHS: Range of applicability:
-1ss s +1.
3anexHi napamerpu: Dependent parameters: If P, > 0 (outward)
Axwo Pn > 0 (HanpsMOK HasoBHi ), TOAi: then:
A=+s,-150.
Akwo P, < 0 (HanpsiMok ycepeauHy), Topi: If P, <0 (inwerd) then:
A=-5-150.

Sm =A+A% +4(1-s2).

Axwo s, # 0, Togi: If s, # 0O, then:

[,= 8, 1o
MNnactnuHun onip P, (cna Ha ogvHnuio kora) The plastic resistance P, (force per unit
BU3HaYaETHCH: circumference) is given by:

For _g t

2L, r
B.2.3 UnniHap: HaBaHTaKeHHS 3a paaiyCcoMm, B.2.3 Cylinder: Radial line load, constant internal
NOCTiMHWUW BHYTPILLUHIN TUCK | OCbOBE pressure and axia load
HaBaHT2KEHHS

L

KoHTponsHa BemmumHa Reference quantities:
P
Sx — X S“ :p,ﬂ{':
ft f, t

lo =0,975/rt s, = \,"sf +82-5,8p .

[lianasoH 3acTocyBaHHS: Range of applicability:

-1ss s+, -1sgs+1.



3anexHi napameTpu:

Dependent parameters:

Koriose HaBaHTaKeHHsI, HanpagrieHe HasoBHi P, | KoroBe HaBaHTaKeHHS!, HanpaBrieHe BCcepeayHy
>0 P.<0
Outward directed ring load P, > 0 Inward directed ring load P, <0
Y mMoBa dopmyrm Y mMoBa dopmyrm
Condition Expressions Condition Expressions
s, < 100 14 A=+sy —2s5-150 s, < 100 19 A=-Sy +2s5 -150
(end) s5 S sy =A+\/A2 +4(1-sf) |and) s 2 { s, =A+ \;"AZ +4(1-s2)
0,975 i 10( Sm ] 0,975 b Iol/ Sm l
\1-58p ) 1+Sg
s, = 1,00 abo l,=0,0 s, = 100 &q /,=00
(or) 5> 0,975 (or) §<-0,975

MnacTnyHMi onip BU3Ha4aeTbCs (3HaqeHHs P, i p,The plastic resistance is given by (F, and p,
aways positive outwards):

PnR t
e ! - f -~
21, Pn =ty 7

3aBXaM O0AaTHI HasoBHI):

B.3 RING STIFFENED CYLINDRICAL
SHELLS B.3.1 Ring stiffened Cylinder: Radial

B.3 KINbUEBI >KOPCTKI LNTTHOPAYHI
OBOJTOHKH

B.3.1 KinbLeBuin >XOPCTKNIA Lmni HAP: lineload
HaBaHTaKEeHHS 3a pagiycom
R
it
I | P
b— e
— | -
/= Ar
Y

The plastic resistance F (force per unit
circumference) is given by:

[MnactnyHnii onip P, 5 (cira Ha oovHWLIEO Koria)
BU3HaYa€ETHLCH:

P.r =T,

‘vAr +(b ’21m)' .
y [*

r

Im =lp =0,975rt .

B.3.2 Ring stiffened Cylinder: Radial line load
and axia load

B.3.2 Kinbuesum >XopcTKun upuniHap:
HaBaHTaKeHHS 3a paaiycoM i OCboBe
HaBaHTaKEHHS



KOHTpOrbHa BenMynHa:

[lianasoH 3acTocyBaHHS:

3anexHi napameTpu:

Axkwo Pn > 0toq;:

Akwo Pn <0Toni:

Akwo s, #0, Toni:

[MnactnyHnii onip P, (cina Ha oavHNLo

JAOBXWHM KOra) BU3HaHaETBCS:

B.3.3 KinbLeBnmr XXopCTKUN uuniHvap:
HaBaHTaKeHHS 3a panj ycoM, NOCTiNHUIN

Reference quantities:

Sy =% Iy =0,975rt.
yt
Range of applicability:
-1 < +1.
Dependent parameters:
If P,> 0 then:
A=+s,-150.
If P, <0 then:
A=-s, -150;
Sy =A+ A2 +4(1-52) .
If 5, # O, then:
lm= Sm IO

The plastic resistance £ (force per unit
circumference) is given by:

Pp =f 1/Af +(b ‘*2[lrl)r |
nR = - = K

Y| =

B.3.3 Ring stiffened cylinder: Radial line load,
constant internal pressure and axia load

BHYTPILLUHIN TUCK | OCLOBE HaBaHTaXKEHHA

o
1 = {
b 2} >
oLy R
[m Pa : AR
. AR
O

-
o

KoHTponsHa BemmumHa: Reference quantities:
sz_xsx =P_X Sozp_n-i;
fyt fyt fy t

lo =O,975\.fr_t Sa =\/s§ + s§ ~S8,Sp -

[ianasoH 3acToCcyBaHHS:

Range of applicability:



3anexHi napameTpu:

Dependent parameters:

Korose HaBaHTaxeHHs, HanpaBreHe HasoBHI F, >| Korose HaBaHT&KeHHS], HanpagreHe BCepeayHy
0 P, <0
Outward directed ring load P, > 0 Inward directed ring load £, < 0
Y mMoBa dopmym Y mMoBa dopmyrnm
Condition Expressions Condition Expressions
s, < 1,00 1§ A=+5,-25¢-150 s,<1,00Ta(and) A=-Sx +2s5 ~1.50
(@d) s S s, A+ JAZ14(1-s2) [92-0975 sm =A+yA% +4(1-s)
0,975 (g _ Sm
Im =lo| i l bm -10[1 ]
(1-5q ) \1+Sg )
s, < 100 1g /,=00 s,<100Ta(end)y /,=00
(and) s S Sg=- 0975
0,975
MnacTnyHnin onip BU3Ha4a€ETbCS The plastic resistance is given by (F, and p, always

HaBaHT@KEHHAMW F, i p,, AOOATHI 3HAHEHHS! SKNX
CNPSAMOBaHi Ha30BHi.

PnR 2 pn(b '2[m) =

B.43€0HAHHA MI)K OBOJTOHKAMMU
B.4.1 3 eaHaHHsA Tinbku nNig Mmepuaj oHarnbHUM

positive outwards):

(Ar +(b+20y)t)
f,
| r |

B.4 JUNCTIONS BETWEEN SHELLS
B.4.1 Junction under meridional loading only

HaBaHTaKEHHSAM (CNPOLLIEHE) (simplified)
; T Py
i r o
ir e 7
|
z
A
—
|
% p
l rd I - fa—1
i th l
! Pl!
[ianasoH 3acTocyBaHHS: Range of applicability:
t2<tZ+ 42, Pd<<tsf . IPyl<<tyf,i (and) [P <<t.f,
3anexHi napameTpu: Dependent parameters:
| '2
\ c 2 3
n \ }\2—'7,72‘ Vs Vh 0,7+06 n 0,3 N

[na umningpa:

For the cylinder

loe = 0,975\rt,

[1ns 3aX1CHOI OropoXi:

For the skirt

los= 0,975 WArt,




[11151 KOHIYHOr O cermeHTa: For the conical segment

év I‘l,,
loc =0,975 S o
» *h \ cosp
MracTn4HMiA onip BU3HaYaETHLCH: The plastic resistance is given by:
thrsmﬁz f Ar + Ioctc+ Iosts+ loh th)
B.4.2 3 egHaHHA Nig BHYTPILLUHIM TUCKOM i B.4.2 Junction under interna pressure

OCLOBVIM HaBaHTaXEHHAM and axial loading
; 4 Py
—
=
phC ——
e
— A'
—
| Pah
/ f - a1
th l
Py
KoHTponsHa BemmumHa: Reference quantities:
P P, P
Sxc = F);g Sxs = ,TX!‘S Sxh = f;"’
y'‘c y's y'h
P T R r
Soc = ne | Sos 0 Sop = nh |
fy I f, 1t cosf
onai = ¢,s,h no 4epsi: fori=c,shinturn
] :
Sg = \"S“' +85; —SxSpi -

[ianasoH 3acToCcyBaHHS: Range of applicability:

-1 S%G.S +1, -1 S.%iS +1.

OujiHKa exBiBareHTHOI TOBLUMHW:

Equivalent thickness evaluation:

HwXHI nrmtn ToBLLI z‘c2 < z‘s2 + th2

; i 42 2 2
BepxHi nrmTn ToBLLj tC > ts + th

L ower plate group thicker Upper plate group thicke
t2 It2 + 2
c s +1
n= > 3 n= >
ts +t, | £
¥:=0 @ =0,7+0,6n2-0,3n°
—w = 2 3 —w =
¥,=%,=0,7+0,6n"-0,3n Y.=¥,=10

3anexHi napameTpu:
[na unniHOPUYHUX CerMEHTIB:

Dependent parameters:
For the cylindrical
segments

I,;= 0,975 WArt;

[1ns1 KOHiYHOr o cermMeHTa:

[119 KOHIYHOr o cermMeHTa:

For the conica segment
rt;

cosf

For the conical segment

Ioh -0,975y,, \

151 KOKHOroO cermeHTa 000MOHKM OKPeMO




For each shell segment i separately

YmoBa dopmym
Condition Expressions
sy < 1,00 Ta (and) sy > -0,975 A; =-Sy +25g —1,50

Smi =Ai + \."|Ai2 +4(1-sg;)

Imi =l I Smi_ J

S¢= 1,00 1,;=00

Pinrrsinp =1, (A +imete +lmsts +Imntn) + ' (Pncime +Pnnlmn COSP).

MracTMyHMiA onip OBYMCIIOETLCA SK: Plastic resistance is given by:
thRrSinB= fy(Ar + Imctc+ /msts+ lmh th) tr (pnclmc+ pnhlthOSB)'
B.5KPYINMAMNJNACTUHA 3 B.5 CIRCULAR PLATESWITH
OCECUMETPUYHUMMU AXISYM-METRIC
rPAHUW4HUMU YMOBAMMU BOUNDARY CONDITIONS
B.5.1 PiBHOMi pHE HaBaHTaKEHHS, BifTbHO B.5.1 Uniform load, simply supported
obnepTun Kpan boundary
Pn
RZEZEETEY
r
t
[ )2
Png =1.625( - | f, .
[
B.5.2 Micueso posrnogirieHe HaBaHTaKEHHS, B.5.2 Local distributed load, simply
BifIbHO 0BNEPTMI Kpait supported boundary

PiBHOMipHUI TUCK P, HA KPYr Ty NoLLy 3 Uniform pressure p,, on circular patch of b radius
pagiycom b
F=p,

3 with

K=10+1102+115/2| a6o (o) K=—.2
r Y, y3
Yy 3areXHOCTi BiJ TOro, Lo MeHLLE. whichever is the lesser.
B.5.3 PiBHOMIpHEe HaBaHTaKEHHS], 3aTCHEHNI B.5.3 Uniform load, clamped boundary

Kpan




t*zf
g x

B.5.4 Local distributed load, clamped

Pngr =3,125|

B.5.4 MicueBe posnogineHe HaBaHTaKEHHS,

3arUCHEHWI Kpan boundary
PiBHOMIpHWI TUCK P, Ha Kpyrny nrowy 3 padiy-  Uniform pressure p, on circular patch of
com b radius b
F=p, m°
R 2
Fgr - K2 t°f,
By izt B 1 b
K=1,40+2,85-+20| — | abo (or) K=—-
r \ I J3 t

y 3areXHOCTI BiJ TOro, Wwo MeHwe. whichever isthe lesser.

AOOOATOK C
(oboB’ i3k 0BUIA)
®OPMYNU OANA NIHIAHO-MPY XHUX
MEMBPAHHUX | 3rMHANBbHUX
HAMNPYXEHb
C.1 3ArAlMbHI NONOXEHHA
C.1.1 Pegynbtaru gji
Pesynbtarn g, oTpuMaHi 3a [ONOMOror

dpopMyn AaHOro AoJaTKa, MOXKHa Po3rNaaarut

SK  XaPaKTEPUCTUYHI, SKWO  NPUAHSTI
XapPaK TEPUCTUYHI 3Ha4eHHSA BMSMBIB,
r€OMETPUYHNX XapaKTEPUCTUK [
BMacTMBOCTEN Marepiany.

C.1.2 Cncrema nosHak

Mo3Hakn rE€OMETPUYHUNX PO3MipiB,

Hanpy>XeHb | HaBaHTaKeHb, BUKOPUCTaHI B
[aHOMy [0daTKY, aHarnoriyHi [0 HaBeaeHux y
1.4. [lopatkoBO BUKOPUCTOBYHOTLCS HACTYMHI
NO3HaKMW.

JlamuHosKi rimeou

b - pagiyc, 3a SKoro 3akiH4yeTbCA JioKarnsHe
HaBaHTaKEHHS Ha MIIaCTUHY;

I - 30BHI LUHi paaiyC KPYrriol NiaCTUHW;

X - OCbOBa KOOpAMHara Ha uuniHgpi abo
pagi anbHa KoopauHara Ha Kpyriiv NSiaCTUH.

[peupi rimeour

o o exBiBareHTHe HanpyXeHHa Miseca,
noB’sidaHe  TiflbKM 3 KOMMOHEHTaMmu

MeMBPaHHOr O HaNPY>KEHHS;

ANNEX C
(normative)
EXPRESSIONS FOR LINEAR
ELASTIC MEMBRANE AND
BENDING STRESSES

C.1 GENERAL

C.1.1 Action effects
The action effects caculated using the
expressions in this annex may be assumed
to provide characteristic values of the action
effect when characteristic vaues 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.
Rorencharades

b radius at which local load on plate

terminates

r outside radius of circular plate

x axia coordinate on cylinder or radid

coordinate on circular plate
Greskgmbals

oecfmvon Mises equivalent stress

associated with only membrane stress

components

oecfsvon Mises equivalent stress derived



oeq,s - eXBiBalleHTHe HanpyxeHHa Miseca,
OTPMMaHe Bi [ Hanpy>XeHb Ha MOBEPXHI;

O, 7 - ONOPHE HarpyXeHHs, OTPUMaHe 3a
MemMBpaHHO TEOpI E10;

O Mepu i OHarbHe Hanpy>KEHHS! 3rMHY;

0, - KOIOBE 3rMHaMbHE HanpyXXeHHS:

o, - Mepuaj OHarbHe noBepxHese
Hanpy>KeHHS;

O g, - KOMNOBE NOBEPXHEBE HaMPYXKEHHS

T, - [ONepedHe [OTUYHE HaMpyXKeHHsl,

NoB’ si3aHe 3 MepUai OHarNbHUM 3T MHOM.
Huwk H iHOexkou:
n - HOpMarbHWIA;
I - KOSOBUWA;
Yy - TPaHnLA TEKYYOCTi.
C.1.3 'paHnyHi ymosu
(1) TNosHaKku rpaHU4HUX YMOB
NPUNMaOTLCS SIK BU3HaHEHO B 5.2.2.
(2) TepmiH "3arncHyTUA" BIAHOCUTLCA 10
BC1r, aTepmiH "3akpinneHnin” BigHOCUTLCA
no BC2f.
C.2HENIACUNEHI UMWNIHAOPUYHI
OBOJIOHKU 3 XXOPCTKUM
JE€EAHAHHSAM CTIHKU | OHULLA
C.2.1 Umninap 3armucHyTUin: piBHOMI pHUIA

BHYTPILLHIN TUCK
<

from surface stresses
T reference stress derived from
membrane theory

o, meridional bending stress

o, circumferential bending stress

o_ meridional surface stress

o circumferential surface stress

T transverse shear stress associated with

meridional bending

Sbgxipts

n- normal

r-relatingtoaring

y - first yield value
C.1.3 Boundary conditions

(1) The boundary condition notations

should be taken as detailed in 5.2.2.

(2) The term "clamped" should be taken to

refer to BC1r and the term "pinned" to refer

to BC2f.

C.2CLAMPED BASE UNSTIFFENED
CYLINDRICAL SHELLS
C.2.1 Cylinder, clamped: uniform internal
pressure

Om

& 2 B ¥

> r
: : ; SpMTH = Pn f
| Pn o
=
I +
i.l' e
> BCir
MaKcmwlaaneoS( Machvlarleecr89 MaxcmmaaneTm MaKcvuvlaru:Hea MakcumanbHe
Maximum Maximum Maximum Maxmumoeq,s oeq,m
Maximum
+18160, +1,0800, 1,169 \t/r O\ 16140, 10430,

C.2.2 LluniHap 3arnucHyTUin: ocboBe

C.2.2 Cylinder, clamped: axial loading

HaBaHTaKEHHSA
P, f P,
OMTIx = t
| “*
|
|
a—r"
i.l‘
BC1r
MakcumansHe 09( MakcumansHe o 9 MakcumansHe Tm MakcumansHe g MakcumansHe
Maximum Maximum Maximum Maximum o o
eq's eqm
Maximum




| 154507,

+04550, | 0351Vtro

MTx |

13730, 1,0000

MTx

C.2.3 Umningp 3arucHyTUIA: piBHOMI pHUIA

BHYTPILUHIN TUCK | OCbOBE HaBaHTaKEHHSA

C.2.3 Cylinder, clamped: uniform internal

pressure with axial loading

PI r
SMmTe = Pn t
I =
| - 5 P
| P ] MTx ~ 7

-

—r <

i.l’ £

BC1r
[ [ , 2
MakcumarsHe (Maximum) MEMANCT A
Ceq.m =OSMTO4/! —| ‘
: \ \OMTO / \OMTD /
MakcumarsHe (Maximum)
”eq,m = k(TMT”
l’ O MTx | -2,0 0 0 2,0
Lo mTo )
KOHTPOrIb 30BHiLLHLOI MOBEPXHI KOHTpOrb BHY TPILUHLOI MOBEPXHI
Outer surface controls Inner surface controls

k 4,360 1,614 k 4,360

JTiHinny iHTeprionsauito MoXHa 3actocoByBaTt MixLinear interpolation may be used between values

3Ha4YeHHAMM,  SKi
NOBEPXHI.
C.2.4 Umningp 3aTUCHYTUI: TigpoCTarnyHni
BHYTPILLUHI TUCK

MaloTb OAHaKoBMIM KoHTporbwhere the same surface controls

C.2.4 Cylinder, clamped: hydrostatic internal

pressure

| 1 r
! OSMTD = Pno t
I Ip
X f Pno
i BC1r
MaKcmmaaneos( MaKcvuvlaaneo59 MaKcvnvlarleeTm MaKcvnvlarleea MakcumansHe
Maximum Maximum Maximum Maximumoeq,s oeq,m
Maximum
KOy K39 k \/t/roMTe K 5% K m%ym
\
(EJ K K K Kegrs Kegrm
Ulp
0 1,816 1,080 1,169 1,614 1,043

C.2.5 Luningp 3arucHyTUiA: padi anbHe 3Mi LLeHHS!

Ha30BHi

C.2.5 Cylinder, clamped: radial outward
displacement

wE
oMy =
p

BCi1r




MakcmanbHe O MakcumarnbHe o 9 MakcumanbHe T MakcumanbsHe 4 MakcumanbsHe
Maximum Maximum Maximum Maximum oeq,s oeq,m
Maximum
1,816 O\ /70 1,545 %79 1,169 Vt/r OMTB 2,081 O /79 1,000 O\ /78

C.2.6 Cylinder, clamped: uniform

C.2.6 LmniHgp 3aTuCHYTUI: piBHOMIpHE
temperature rise

3pOCTaHHA Temneparypu
: : Siite =a.ET
|
.1i y
ki BC1r
MaKcmmaaneos( MakcmanbHe o S MaxcmmaaneTm Ma|<C|/||v|ar||>|-|ea MakcumanbsHe
Maximum Maximum Maximum Mammumoeq,s Oecfm
Maximum
1,816 O\ /70 1,545 %79 1,169 Vt/r OMTO 2,081 O /79 1,000 O\ /78

C.3 PINNED BASE UNSTIFFENED
CYLINDRICAL SHELLS
C.3.1 Cylinder, pinned: uniform internal

C3HEMACUNEHI UWNTHOPUYHI
OBOJIOHKUW 3 3AKPINNEHOIO

OCHOBOKO

C.3.1 UuniHap 3akpinsieHnn: piBHOMi pHUIA pressure
BHYTPILLIHI N TUCK
- r
MTO Pn t
BC1f
MakcmanbHe 09( MakcmanbHe o P MakcmanbHe Tm MakcumanbHe g MakcmanbHe
Maximum Maximum Maximum Maximum oeq,s oedm
Maximum
£0,5850, +1,1250, . | 0583 \tir O\ 11260, 10670,

C.3.2 Uuningp 3aKkpinneHnin: ocboBe C.3.2 Cylinder, pinned: axial loading

HaBaHTaKeHHA
P; f P
O MTx {
| -+l
|
l r
R |
i.l‘
BC1f
MakcumansHe 09( MakcumansHe o 9 MakcumansHe Tm MakcumansHe g MakcumansHe
Maximum Maximum Maximum Maximum oeq,s oeq'm
Maximum
+1,176 O\ +0,300 O\ 0,175 Vt/r O /7y 1,118 O\ 1,010 017

C.3.3 Umninap 3akpinneHnm: piBHOMI pHUIA C.3.3 Cylinder, pinned: uniform internal



BHYTPILLHIN TUCK i OCbOBE HaBaHTaEHHS pressure with axial loading

Px r
SMT0 = Pn r
I 2+ 5
I Pu: OMTx = ;
I e
—r o
i.l‘ —
= BC1f

MakcumareHe (Maximum)

Teq.m = O MTx \'1 1‘ :fl:::: : :':,::, }
MakcmmarneHe (Maximum) Ceq.s = KoM
( O MTx ] -2,0 -1,0 -0,5 0,0 0,25 0,50 1,00 2,0
O MT
k 3,146 3,075 1,568 1,126 0,971 0,991 1,240 1,943
C.3.4 Umninap 3akpinneHnin: BHYTPILLUHIN C.3.4 Cylinder, pinned: hydrostatic internal
ri QpOoCTaTUYHUN TUCK pressure

r
OMTO ~ /Jnor

BC1f
MakcmanbHe 09( MakcmarnbHe o S MaxcmmaaneTm Maxcvuvlaru:Hea MakcumanbsHe
Maximum Maximum Maximum Maximum oeq,s oeq,m
Maximum
Ky Ops7m K Orp7m k \tir 7o k o7 OMTo k om0
( \/ﬁ ) Ky Ky k. keq’s
Lo J
0 0,585 1,125 0,583 1,126
0,2 0,585 0,873 0,583 0,919
( \,"r_t'J ( "r_t]
l l
NiHiHY iHTepnomnALjto L% ) g moxma Linear interpolation in Le may be used for
BUKOPUCTOBYBATU f1 Pi3HUX 3HaHEHb Ip. different values of Ip.
C.3.5 UuniHap 3akpinsieHnn: pagiansHe C.35 Cylinder, pinned: radiad outward
3Mi LLIEHHS1 HaB0BHi displacement
wE
OMTO =
r
| BC1f
MakcumansHe 09( MakcumansHe o 9 MakcumansHe Tm MaKcvnvlarleea MakcumansHe
Maximum Maximum Maximum Maximum o o
eq's eqm

Maximum




| +05850, = |

1,0000,, -

| 05831tro,, |

1,0000,, .

1,0000,,.

C.3.6 LuniHgp 3aKkpinsnieHni; piBHOMi pHe

C.3.6 Cylinder, pinned: uniform temperature

ni ABULLIEHHSA TemMneparypum rise
ﬁ/vfrl' = (L ET
w=arTl
BC1f
MakcumansHe o, MakcumansHe o 9 MakcumansHe T MakcumansHe 4 MakcumansHe
Maximum Maximum Maximum Maximum Gqus oeq,m
Maximum
+
£0,5850, 1,0000, 0,583 Vt/r S 10000, 1,0000,

C.3.7 Umninap 3akpinneHnn: noBopoT CTUKY

C.3.7 Cylinder, pinned: rotation of boundary

t
O MTo = E\“} Be
BC1f
MakcumansHe 09( MakcumansHe o 9 MakcumansHe Tm MakcumansHe g MakcumansHe
Maximum Maximum Maximum Maximum oeq,s oeq'm
Maximum
+1,4130, - 04700, 0,454 \t/r O 12550, 02510,

C4BHYTPILLHI YMOBU B

HEMACUNEHUX ULUWNITHAPUYHUX

C.4INTERNAL CONDITIONSIN

UNSTIFFENED CYLINDRICAL

OBOJTOHKAX SHELLS
C.4.1 Umningp: cryniHdacta amiHa 3oBHiWwWHLOro  C.4.1 Cylinder: step change of internal
TUCKY pressure

|
i r
i"‘ il | ik SMTo = Pn :
% =
| b
[ pn >
| -

MakcmanbHe 09( MakcmanbHe o S MakcumanbHe Tm MakcmanbHe . MakcmanbHe

Maximum Maximum Maximum Maximum oeq,s Oecfm

Maximum
+ 0,293 O\/70 1,062 O 78 0,467 \tir OMTe 1,056 O\/70 1,033 Oy

C.4.2 Lmningp: 3aKiHYeHHS rigpoCcTaTnyHoro

BHYTPILLIHBOr O TUCKY

termination

C.4.2 Cylinder: hydrostatic internal pressure




r
SmMT0 = Pn1 '

Pp; - TUCK Ha rrM6WHi VH/r nia noBepxHeto P, is the pressure at a depth of \t/r below the
surface
MakcumanbHe 09( MakcumarsHe o 9 MakcnmanbHe| M akcmarnsHe a MakcmanbHe
Maximum Maximum T Maximum oeq,s oeq,m
Maximum Maximum
KO 7 K397 k \tir k o'sOuTe k o' OMTs
o-I\/l'l'n
kX kn kT km’s km’m
-1,060 0,510 0,160 1,005 0,275
C.4.3 Uiningp: CtyniH4acTa 3miHa TOBLUMHU C.4.3 Cylinder: step change of thickness
| -
—

~

r

SmTo = Pn
ts

§ 4|04t ¢

p

L A

MakcumaribHe 09( MakcumaribHe o P MakcumarbHe T MaKcvuvlaru:Hea MakcumarnbHe
Maximum Maximum Maximum Maximum oeq,s oedm
Maximum
KOs K O s70 k \tIr O\7o K.sOyma K mOuo
( ﬂ K, K k Kors Kerm
Ll )
1,0 0,0 1,0 0,0 1,0 1,0
0,8 0,0256 1,010 0,179 1,009 0,895
0,667 0,0862 1,019 0,349 1,015 0,815
0,571 0,168 1,023 0,514 1,019 0,750
0,5 0,260 1,027 0,673 1,023 0,694
C.5KINbUEBUN ENEMEHT C.5RING STIFFENER ON
YKOPCTKOCTI HA UMNIHOPUYHIU CYLINDRICAL SHELL
OBOJTIOHUI C.5.1 Ring stiffened cylinder: radial force
C.5.1 UuniHgp i3 KinbLeBMM enemeHTomM onring
YKOPCTKOCTI: pagiankHa cura Ha The stresses in the shell should be
Kinbue determined using the calculated value of w

HanpyxeHHs B oboroHUWi  noTpibHO from this clause introduced into the



BU3HaYaT BUKOPUCTOBYIOUM 3HAYEHHS W,
obuucreHe B JaHOMY MyHKTi i BBEdeHe B
dopmyrny, HasegeHy y C.2.5. Akwo 3viHa
TOBLUMHM OBOSOHKM BiabyBaeTbCA B MicLi
PO3Mi LLLEHHSA HeobXxiaHO
BUKOPWCTOBYBATU MeTOp, HaBedeHun y 8.2.2
craHgapty EN 1993-4-1.

KinbLs,

expressions given in C.2.5. Where thereis 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=Ww, ‘v_vg‘i P-r
d L r ) A +(b+2b,)t
t
bm J bm = 0.778\;'” - P.r
b —> P Wi YA, +(b+2by)t
ben o

Aedopmadii (deformations)

C.5.2 UuniHgp i3 KinbLEeBMM enemMeHTom
YKOPCTKOCTi: OCbOBE HaBaHTaKEHHS

HanpyxeHHs1 B 0BOMoHLUi NOTPiOHO BM3HaHaTK 3
BUKOPUCTaHHAM 3Ha4eHHs1 W, OO4MCrieHoro B
JaHOMy MNYHKTI | BBEOEHOro B OpMySiv, HaBedeHi
y C.251aC.2.2.

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
C22

dn, I vy —wy (242t
- x r =
! Wy t A +(b+2b,)t
b - ¢ w=Ww, -Wq A,
. r W = b+ 2D )
B W, Wo = VO m7x E Ay +(b+2by)t
[ w,
bm Ar b/?l = 0,778@/'! Tor = E I‘r

i

Aedopmadit (deformations)

C.5.3 UuniHap i3 KinbLesnm enemMeHTom

YKOPCTKOCTI: pi BHOMi pHWUIA BHYTPILLUHI A TUCK
HanpyeHHsi B 0BOMoHui noTpibHO BM3HadaTy 3
BUKOPUCTaHHAM  OBYMCIIEHOTO 3Ha4YeHHs w Y
AaHOMY MYHKTI | BBEOEHOro B oOpMy s, HaBedeHi y
C.25T1aC.21.

¢ L W
by| = e
b - : We
e PiR A,
. &

Aedopmaii (deformations)
T T

C.5.3 Ring stiffened cylinder: uniform internal
pressure
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.2.1.

r w, = 1-x
OMTO = p/; p. =Wol-%)
W = WpK
W=W, -Wp A
. _
Wo =OMTo E Ar +(b +2by)t
by =0,778,rt S wESL

r




MakcumarbHe Oy MakcmarbHe o 9 MaxcmmaaneTm Maxcvuvlaanea MakcmareHe
Maximum Maximum Maximum Maximum oeq,s oedm
Maximum
KOy 17 KyO\im k \tlr S K 15970 K _m%mo
K kX kn kT kqfs kqu
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
C.6KPYINI NNACTUHN 3 C.6 CIRCULAR PLATESWITH
OCECUMETPUYHUMMU AXISYMMETRIC BOUNDARY
rPAHUHHUMU YMOBAMMU CONDITIONS
C.6.1 BinbHo obnepra nmmTa: piBHOMipHe C.6.1 Plate with simply supported boundary:
HaBaHTaXeHHS uniform load
Pa w=0,696P"
ERRERN sl
E & —.\‘—“ NI K max o yp 1,238p,,;: |
1 | ‘2

max o g, =1,238p, ’t

N2
\r " Pny =0,0808| ; | 4,

HedropmoBaHum cTaH (deflected shape)

C.6.2 BinbHo obnepTta nimTa: foKarnsHO C.6.2 Plate with local distributed load: simply
pO3nogjfieHe HaBaHTaKEHHS supported boundary

PiBHOMIpHUWIA TUCK P, Ha Kpyrniv ainsHUi 3 pagiy-  Uniform pressure p, on circular patch of radius
coMm b b

F:= p,,nb2 b<0,2r

2
w=0,606""_
Et3

maxao ., =maxo g, = 0,621 i Inb +0,769 \
EeN, T /

¢2
=1,611 - f

\ ¥
Inb +0,769
r |

Fy

HedopmoBaHum cTaH (deflected shape)

C.6.3 lNnactuHa 3 3arncHeHnm Kkpaem: pisHomipHe C.6.3 Plate with fixed boundary: uniform load
HaBaHTaKEeHHS




AedropmoBaHmm cTaH (deflected shape)

MakcumanbHe | MakemanbHe | MakcumaneHe | MakcumanbHe | MakeumanbHe | MakcumarnsHe
oY LLeHTpI O,5Y LLeHTpi o_Yy LLeHTpi oY LLeHTpI O,nY LLeHTpI o_y LLeHTpI
0,488 g, 0,488 g, 0,488 0, 0,75 g, 0,225 g, 0,667 g,

C.6.4 MNnactrHa 3 3aTUCHEHNM KPaeM:

C.6.4 Plate with fixed boundary: local

distributed load
Uniform pressure p, on circular patch of radius

NOKarbHO po3nofifieHe HaBaHTaKEHHS
PiBHOMIPHWIA TUCK P, HA KPYrTin AinsHui 3

pagiycom b b
F = p,nb? b<0,2r
2
w=0,217""
' Et3
- t?
oo 2 Fy =1611- = fy
‘ In
.\ r )
Yy UEeHTpI
(et centre)
HedropmoBaHum cTaH (deflected shape)
OOOATOK D ANNEX D
(oboB’ i3k oBUIA) (normative)
®OPMY M ONA PO3PAXYHKY HA EXPRESSIONS FOR BUCKLING STRESS
CTIUKICTb DESIGN
D.1HENIACUNEHI UWNITHAOPUAYHI D.1 UNSTIFFENED CYLINDRICAL
OBOJIOHKU 3NOCTINHOIO TOBLMUHOIO SHELLS OF CONSTANT WALL
CTIHKM 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

D.1.1 Cucrema nosHak i rpaHU4HUX YMOB
(1) 'eomeTpUYHi BEMMYMHK
| -0OBXWHA LmniHApa MiXK 3aK PiNSieHHSAMY,
I - paniyc CepeauHHOI NOBEPXHI UMNiHOPE
t - TOBLLIMHA ODOMOHKU;
Aw, - xapakTEPUCTNHHE MaKCMMarbHe
Bi OXWIEHHS.
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PucyHok D.1 - ["'eomeTpis unningpa, MeMbpaHHi Hanpy»KeHHS i FONOBHI BEKTOPW HarpyXeHb
Figure D.1 - Cylinder geometry, membrane stresses and stress resultants

(2) BignosigHi rpaHW4Hi ymMOBU HasedeHi B 2.3,
522i8.3.

D.1.2 MepuajoHarnsHWUi (OCb0BUIA) CTUCK

D121 KpumsH wvepudosareH  HapyK e rpu
1os008K HOMY 3UH

(1) HactynHi doopmMyrm cnpasenrmsi Tiflbku A
0BOroHOK i3 rpaHnyYHUMKM ymosamn BC1 abo BC2
Ha 000X rpaHsix.

(2) OomxumHa cermeHTa OBOMOHKWU XapaKkTepU3y-
€TbCS NapaMeTpoM 6e3p03Mi PHOI JOBKMHN W

T I
(3) TlpyxHe KpuTuU4He MepuajoHarbHe
Hanpy>XeHHs Npy  NO300BXHBOMY 3TUHI 3
BUKOPUCTaHHSM 3HaueHHs C, i3 (4), (5) abo

(6) NnoTpiBHO BU3HaMATK $KK:

o: | [fr =

(2) The relevant boundary conditions are set out
in2.3, 5.2.2and 8.3.

D.1.2 Meridional (axial) compression

D.1.21 Critical meridioral budding dresses
(1) The following expressions may only be used
for shells with boundary conditions BC1 or BC2
at both edges.
(2) The length of the shell segment is character-
ised in terms of the dimensionless length parame-
ter w:

(3) The eastic critical meridional buckling
stress, using a value of C, from (4), (5) or
(6), should be obtained from:

- 70505501:.

(4) Ansa umningpiB cepeaHLOol AOBXKUHN, SKi
BM3HaHaOThCA SK:

(4) For medium-length cylinders, which are de-
fined by:

1,7 < (?)':-0.5'; '

koediuieHT C, NoTpiBHO NpuiAMaTK sK:

(5) Ana KopoTKMX UMniHApIB, SKi BU3HaYat0 TbCH
AK:

the factor CX should be taken as:
CX =1,0.

(5) For short cylinders, which are defined by:

ws 1,7,

koediLiieHT C, MOXHa NpuiAMaTK sik:

C, =1,36 -

(6) [nsa goBrnx umninapiBe, sIKi BU3HaYat0TbCs SIK:

the factor C, may be taken as:

1,83 2,07

(0 (6]

(6) For long cylinders, which are defined
by:

® »0.5,-‘- g
t

koediuieHT C, Moxe By Ty BCTAHOBNEHWI 5K:

the factor CX should be found as:

(D.1)

(D.5)

(D.6)

(D.7)



ae CxN OiNnbLLe HiX:

Cx= Cx’N

inwhich C,is the greater of:

-

0,2 t
Cin =1¥—==11-2 ~
AN be; : rl
i and
CxN=O,60,

pe C,, - NapamveTp, siKui 3anexuTs Bif rpaHninx  where G, is a parameter depending on the boun-
dary conditions and being taken from table D.1.
Tabnmus D.1 - MNapavetp C,, Ans BpaxyBaHHS BNIMBY IPaHUYHUX YMOB Ha NPYXXHE KPUTUYHE MepujoHarbHe

YMOB i NpuiMaeTbeA 3a Tabnmuero D.1.

Hanpy>KeHHS Npy NO3O0BXKHBOMY 3rMHI AN A0BrMX LMNiHAPIB

cylinders
BapiaHT Kpan uuningpa ["paHn4Hi ymosu Co
Case Cylinder end Boundary condition
1 kpan (end) 1 BC1 6
Kpan (end)2 BC1
2 Kpan (end) 1 BC1 3
Kpam (end) 2 BC2
3 Kpan (end) 1 BC2 1
Kpam (end) 2 BC2

(7) Ansa goBrnx umninAapie, BASHAYEHNX Y
(6) i siKi BigNOBiAa0TH YMOBaM:

55150 w<6

4 AY

AL

KoedalieHT CX MoXe ByTn 0BYMCIIEHUN SIK:

L1 s00<-E-
t »

(7) For long cylinders as defined in (6) that

satisfy the additional conditions:
<1000,

the factor C, may aternatively be obtained
from:

Cx =Cyn|
1\ GXE J
ae O'XE - NpoeKTHe 3Ha4EHHA
Mepm,u,i OHaNbHOr 0 HarnpyxeHHs O'X Ed;

OXE,N - KOMIMNOHEeHTa GX,Ed’

i3 OCLOBOTr O

siIKa BU3HaYaETLCA
CTUCKY (komnoHeHTa
piBHOMI pHa MO Kory);

O,y ~ KOMMNOHEHTa o, -,
i3 3aranbHOro 3rvHy (nikoBe 3HadeHHs

AKa BUSHa4aETbCA

3MiHHOI MO KOITy KOMMOHEHTH).

HactynHy 6inbl npocty dopmysly MOXHa
TaKOX BWKOPUCTOBYBAaTW 3amiCTb oopmMyrv
(D.12):

C, =0,60 +0,40|

\ OxE

D.1.22MepudioHarsH rigoamvenou madosK Hs0a0

aHy
(1) KoedhiLieHT 3mMeHLLeHHSA

(GxeN | (G xeM '
+1 ,

. O xE

where: O p - is the design value of the

meridional stress GX’ Ed

- is the component of O, £d that

compression

OEN
derives from axial

(circumferentially uniform component)
Oem - is the component of O, £d that
derives from tubular globa bending (peak
vaue of the circumferentially varying
component)

The following simpler expression may also

be used in place of expression (D.12):

OxeEM |

D.1.22Meridiord budding paranders
(1) The meridional elastic imperfection
reduction factor a should be obtained from:

(D.9)

(D.10)

Table D.1 - Parameter C, for the effect of boundary conditions on the elastic critical meridional buckling stressin long

(D.11)

(D.12)

(D.13)



MePUAj OHarNbLHOr O NPY>KHOM O AedeKTY a
NoTpiBGHO BMU3HaHATU SK:

0,62
1+1,91(Aw, /)14

ne Aw, - HalBINblLEe XapaK TEPUCTUYHE
3HaYeHHSA OedeKTy:

.\Wk

fe Q - napavietTp SKOCTi BWrOTOBIEHHSI MO
MepVai OHaNbHOMY CTUCKY.
(2)

noTpibHo npunmarn 3a Tabmmuero D.2 3a

Mapaverp $KOCTi BUrOTOBMEHHS Q

00yMOBMEHVM KacoM $SIKOCTi 3 J0MycKamu
Ha BUr OTOBIIEHHS.

Qv

where Aw, is the characteristic imperfection
amplitude:

[,- t

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.

Tabnmusa D.2 - 3HaueHHs napameTpa sSiKOCTi BUroTOBMeHHS Q
Table D.2 -Values of fabrication quality parameter Q

Krnac sKocCTi 3 JonyCcKkamuy Ha BUr OTOBSEHHS Onuc Q
Fabrication tolerance quality class Description

ClassA Harik pawyi 40
Knac A Excellent
ClassB Bucokui 25
Knac B High
ClassC HopmarnbHuin 16
Krnac C Normal

(3) KoeduuieHT mMepuaioHarnbHOI rHYYKOCTI

CTUCHYTOrO  efnieMeHTa A L0’ KoedaLieHT
NMaCTUYHOCTI B | MNOKasHWK  CTyneHs
B3aemopji n NnoTpiBGHO npuMmaru
HaCTyMHUMM:

(3) The meridional squash limit slenderness

A 0 the plastic range factor B, and the
interaction exponent n should be taken as:

A =020 B=0,60 n=1,0

x0
(4) Ona poBrmx umninapie, sIKi BiANOBI AaI0Th

ocobrmeum Bumoram D.1.2.1 (7), koedilieHT
MePUAi OHarNbHOI FTHYYKOCTi CTUCHYTOrO eneMeHTa
A o MOXHa BU3Ha4aTy i3:

A0

Ae O, - MPOEKTHE 3Ha4eHHs MEPUAi OHarNbHOro

HaMPYKEHHA O, - ;
Oyepy ~ KOMMOHEHTA O, ., SiK& BUSHEHEETECA i3
3aranbHOro 3ruHy (NiKoBe 3HaYeHHs! 3MiHHOI Mo
KOIy KOMMOHEHTMW).

(5 Uwnningpwm He nepeBipsaTM Ha
MEPUAiOHANBHUIA  NO3O0BXKHIA  3rMH  OBOIIOHKM,
SKLLIO BUKOHYETHCH YMOBa:

MOXHa

0,20 +0,10|

(4) For long cylinders that satisfy the special
conditions of D.1.2.1 (7), the meridional squash
[imit slenderness A 0 may be obtained from:

where: O, is the design value of the meridional
stress O\ Ed

cer’ M is the component of ox’ Ed that derives from
tubular globa bending (peak vaue of the
circumferentially varying component).

(5) Cylinders need not be checked against
meridional shell buckling if they satisfy:

(D.14)

(D.15)

(D.16)

(D.17)



< 0,03 .
t Fyk (D.18)
D.1.3 Konosuii ctuck (0bpyH) D.1.3 Circumferential (hoop) compression
D.1.31KpurmrH Karog Harpy»K eHH1roU roso0eK. HeoMy D.1.31 Criticd araumferential budding Sresses
AH (1) The following expressions may be applied to
(1) HactynHi dopmynm MOXHa 3acTOCOBYBaTu shells with all boundary conditions.
AN 0BOroHOK 3 YCima rpaHNYHUMN Y MOBaMM. (2) The length of the shell segment should be
(2) [omxmHy cermeHTa OOOMOHKM MOTPIOHO characterised in terms of the dimensionless length
XapaKTepU3yBaTn 3anekHo Big ©6e3po3mipHOro parameter w:
napameTpa JOBXUHU W
ool r_1
eVt it (D.19)
(3) Anga umninapiB cepenHbOl AOBXKUHU, SKi (3) For medium-length cylinders, which are de-
BM3Ha4YaI0TbCA SK: fined by:
20< -2 <163,
Ca t (D.20)
[Mpy>KHE KpUTUYHE HaNPY>XEHHS Npu the éastic critical circumferential buckling stress

NO3OOBXHBOMY 3rMHI NOTPiOHO BM3HadaTK Tak:  should be obtained from:
5 oper =0,926( S| i).
o J\r
(4) KoediujieHT Ce noTpibHO npurmarn 3a The factor Ce should be taken from table D.3,
Tabrmueto D.3 3i 3Ha4EeHHsM, siKe 3aneKuTb Bif with a value that depends on the boundary
rpaHn4YHNX ymoB (auB. 5.2.2 Ta 8.3). conditions, see 5.2.2 and 8.3.

(D.21)

Tatnuusa D.3 - KoediuieHTn Hanpy>KeHHs1 NPy NO300BXKHBOMY 3rUHI Ce npu AiT 30BHiLLHLOrO TUCKY NS UiHOpIB
cepenHLOI JOBXKUHN
Table D.3 - External pressure buckling factors for medium-length cylinders C

Bunanok Kpan umningpa ["paHW4Hi ymoBM 3Ha4eHHsA Ce
Case Cylinder end Boundary condition Valueof C,

1 Kpan (end) 1 BC1 1,5
Kpan (end) 2 BC1

2 Kpan (end) 1 BC1 1,25
Kpan (end) 2 BC2

3 kpan (end)1 BC2 1,0
Kpan (end) 2 BC2

4 Kpan (end) 1 BC1 0,6
Kpan (end) 2 BC3

5 kpam (end) 1 BC2 0
Kpan (end) 2 BC3

6 kpan (end) 1 BC3 0
Kpan (end) 2 BC3

(5) Ansa kopoTkunx umniHAapiB, ski Bu3HavaroTecss  (5) For short cylinders, which are defined
AK: by:

(0}

< 20,
Ca (D.22)

NPY>XHE KPUTUYHE KOOBE HarpyXXeHHA npu the elastic critical circumferential buckling stress



NO30OBXKHBOMY 3riHi NOTPiOHO BM3HadaTk sik:  should be obtained instead from:

core =0,926[ 208 | 1),
\ @ AT (D.23)
(6) KoediujieHT Ce,s NoTPiGHO Npunmarn 3a (6) The factor Ce,s should be taken from
Tabrmueto D.4 3i 3Ha4eHHsAM, siKe 3anexnTb table D.4, with a value that depends on the
Bi rpaHNYHMX YMOB (amB. 5.2.2 Ta 8.3). boundary conditions, see 5.2.2 and 8.3:
Tabnuusa D.4 - Koedd LieHTy Hanpy>KeHHSA NP NO300BXKHBOMY 3rUHi Ce,s npw i1 30BHiLLUHLOMO TUCKY AN
KOPOTKMX LUMniHOpIB
Table D.4 - External pressure buckling factors for short cylinders C |
Bunanok Kpan umningpa ["paHn4Hi ymoBM V’U3Ha'~IeHH$I Ce,s
Case Cylinder end Boundary condition Valueof C,
1 xpat (end) 1 BCH 154125
kpaii (end) 2 BC1 o’ ©°
2 kpait (end)1 BC1 125 4 _{35 _ﬁ‘g
Kpan (end) 2 BC2 ®o o
3 kpam (end) 1 BC2 1.0 ,,,L
kpait (end) 2 BC2 w3
4 kpam (end) 1 BC1 0.6 + 1 03
kpait (end) 2 BC3 0’ o
) = —
ne(where) VIt
(7) Ansa poBrmx umninapie, siki Bu3HadaoTees sik:  (7) For long cylinders, which are defined by:
2 >1,63Z,
Co t (D.24)
NPy>XHEe KPUTUYHE KPYyroBe Hanpy>XeHHs npu the elastic critical circumferential buckling stress
MO3OOBKHBLOMY 3rMHI  MOTPIBHO BU3Ha4aTn 3a should be obtained from:
dopMyioto:
,. ) \4
Sorer =E| 12{0.275 +2,03( Co..r ] ]
' \r ) o t)
(D.25)
D.1.3.2 Karpa mapaviennpu rnosioeK H0e0 3aHy D.1.3.2 Graunfeetia budingpararders
(1) KoediuieHTM 3MEHLUEHHA KOSoBOro (1) The circumferentia elastic imperfection
Npy>XHoro aedekTy noTpibHO npunmarn 3a reduction factor should be taken from table
Tabrmueto D.5 3a BignoBigHUM  Knacom D.5 for the specified fabrication tolerance
SKOCTi 3 I0MyCKaMu Ha BUTr OTOBSIEHHS. quality class.
Tabnuua D.5 - 3Ha4yHHSA 0l 3areHO Bi 4 IKOCTi BUTrOTOBJIEHHS
Table D.5 -Values of a, based on fabrication quality
Krac sKocTi 3 fornyckamm Ha BUrOTOBSEHHS Onuc cxe
Fabrication tolerance quality class Description
Krnac A Hankpawni 0,75
ClassA Excellent
Krec B Bucokui 0,65
ClassB High




Knac C
ClassC

HopmarbHuin
Normal

0,50

(2) KoedaLiieHT KOroBoi rHY4KOCTi CTUCHYTOro
ernemeHTal 0 KoedhiLieHT nracTu4HoCTi B
iNOKasHWK CTeneHs B3aemogii n noTpibHO
NPUAMETU HaCTYNHUMW:

(2) The circumferential squash limit slenderness
A L0 the plastic range factor 3, and the interaction
exponent n should be taken as:

)‘xO =0,2083=0,60n=1,0. (D.26)
(3) Uuningpn moxHa He nepesipsit Ha konosuii(3) Cylinders need not be checked against cir-
NO3OOBXHIN 3rMH OBOMOHKKM, sKWO BUKOHYyeTbcscumferential shell buckling if they satisfy:
yMoBa:
; 0,21\;',5 :
Yk (D.27)
(4) HepiBHOMipHWUI po3nodin TUCKY q,,, (4) The non-uniform distribution of
SKUW BUHWKAE Bi 30BHIiLLHLOrO BiTPOBOro pressure g, resulting from external wind
HaBaHTKEHHA Ha UMniHOpU (OMB. PUCYHOK loading on cylinders (see figure D.2) may,
D.2) MoOXHa, Ans po3paxyHKy BTparu for the purpose of shell buckling design, be
CTIMKOCTI  NpyM  MO3OOBXHLOMY  3TVHI, substituted by an equivalent uniform
3aMIHUTKM  eKBIBaNEHTHUM  PiBHOMIPHUM external pressure:
30BHi LLIHIM TUCKOM:
Ueg ™ Ky Qupmax - (D.28)
Re Gy o " MaKC/MaribHUA BITPOBUN TUCK, a K, where q,,, 1o 1S the maximum wind pressure,
BU3Ha4aETbCS HACTYNMHUM YNHOM: and k, should be found as follows:
k, = 0,46 1-;0,1\0("' : “
! (D.29)

i3 3Ha4YEHHAM kW, sgKke 3HaxoanTbes B mexax 0,65
< kW < 1, 3Ha4EHHHSA Ce NoTPiBHO Npunmarn 3a
Tabrmuero D.3 BiaNOBi AHO A0 MPaHNYHNX YMOB.

q.(9)

qW max

a) posnoain HaBKOI10
OBOMOHKM
wind pressure distribution around shell circum-

ference

BITPOBOrO  TUCKY

with the value of k,, not outside the range 0,65 <
k, < 1,, and with Ce taken from table D.3
according to the boundary conditions.

Teq

b) posnogin exBiBaNeHTHOro OCECUMETPUYHOrO
TUCKY  equivaent axisymmetric  pressure
distribution

PucyHok D.2 - NepeTBopeHHst TMMOBOrO Po3nogjsy 30BHiLLUHLOMO BiTPOBOIO TUCKY
Figure D.2 - Transformation of typical wind external pressure load distribution

(5) NpoexTHe KoroBe HanpyxeHHsl, BBeaeHe B 8.5, (5) The circumferential design stress to be

BU3Ha4aE€TbCA 3.

O \.Ed

(Qeq 4 qS)

introduced into 8.5 follows from:
r)

\t) (D.30)



re q, - BHITPILUHE  BiJCMOKTYBaHHS,

CNpuYNHEHe i€  MOBITPS, BHYTPILLHIM
YaCTKOBUM  PO3PIDKEHHAM  ab0  iHLUMM
SBULLIEM.

D.1.4 3cyB

D.1.4.1 KpumusHe Harpyk eHH51 U 1Mos0osK HsoMy
3AH 3 3BB0M

(1) HactynHi doopmy
3acTocoBYBarn TiflbkM Anst OBOMOHOK i3
rpaHudHuMmM ymosavim BC1 abo BC2 Ha

noTpiGHO

000X Kpasix.
(2) [oxnHa cermeHTa  OBOMOHKM
XapaKTepu3yeTbCA 3anexHo Big

6e3p0o3mi pHOrO NapameTpa JOBKMHN
[

) = -

r\t

where q is the internal suction caused by
venting, internal partial vacuum or other
phenomena.

D.1.4 Shear

D.1.4.1 Critical shear budkling $resses

(1) The following expressions should be
applied only to shells with boundary
conditions BC1 or BC2 at both edges.

(2) The length of the shell segment should
be characterised teems of the
dimensionless length parameter w:

in

[

Jrt

D.31
(3) MNpy>xkHE KPUTUYHE HaNPY>XEHHA Npn (3) The éastic critical shear buckling stress should ( )
NO300BXHBOMY 3ruHi Bif 3CyBYy MOXHa be obtained from:
BU3HaYUTH i3
trape =0,756C. |1 L)
| Volr) (D.32)
(4) Ons unniHopi B cepenHbOl AOBXKUHMN, SKi (4) For medium-length cylinders, which are de
BU3Ha4al0ThCA FK: fined by:
10<0<87L,
t (D.33)
KoeddLieHT CT MOXHa NPUAHSATA SK: the factor may be found as:
CT =1,0. (D.34)
(5) s KopoTknx umniHAapiB, siki Bus3HadatoTecst  (5) For short cylinders, which are defined by:
AK:
w<10 (D.35)
KoedalieHT CT MOXHa BUSHaYUTHU i3: the factor CT may be obtained from:
& = Hpi2,
Vool (D.36)
(6) s poBrmx umniHApiB, sIKi BU3Ha4aoTees sik: - (6) For long cylinders, which are defined
by:
o> 8.7r =
t (D.37)
KoedalieHT CT MOXHa BUSHaYUTU i3: the factor CT may be obtained from:
C. = ot
-3V (pag)

D.1.4.2[ Igoaverrpu rnosdosK Hx080 3aUHY 88UradKy D.14.2 Sear budding perameters
koYY (1) The shear elastic imperfection reduction
(1) KoedduieHT 3MEeHLUEHHs MNpY>KHOro factor should be taken from table D.6 for the
fedekTy Yy BMN@OKy 3cyBYy NOTPiGHO specified fabrication tolerance quality class.

npuimarn BignoeBigHo Ao Tabrmui D.6 3a
Bi ANOBIAHMM KI1aCOM SIKOCTi 3 IonyCcKamn Ha



BUrOTOBIIEHHA.

Taonumua D.6 - 3Ha4yeHHsA Q_ 3aMexHO Bi/J IKOCTi BUrOTOBJIEHHSA
Table D.6 -Values of a_based on fabrication quality

Krnac siKocTi 3 fonycKamm Ha BUr OTOBSIEHHS Onuc a
Fabrication tolerance quality class Description

Krnac A Hankpamn 0,75
ClassA Excellent
Knac B Bucokun 0,65
ClassB High
Knac C HopmarnbHuii 0,50
ClassC Normal

(2) KoediLieHT rHy4KoCTi CTUCHYTOro enemeHTa (2) The shear squash limit slenderness A ., the
plastic range factor [, and the interaction

A 0 Koedi i eHT nracTU4HoCTi B i
MOKa3HWUK CTENeHs B3aeMogii n noTpibHo
MNPUAMET HACTYMHUMM:

exponent n should be taken as:

A . =0,40p=0,60n=1,0.

x0

(3) LmniHapy MoxKHa He NEPEBi PSITU Ha KOMOBUN

MO3MOBXHI N 3rMH 0BOSIOHKM NpK 3CYBi, SKLLO
BUKOHYETLCS YMOBa:

r
t

D.1.5 MepuajoHarnbHWMi (0CbOBUIA) CTUCK i3

BHYTPI LLHIM TUCKOM

D.1.51 KpumuHHe HarpyK eHHs1rpu rnos-
QoK HEOMY 3UH MO IEr0 MUCKY

(1) Mpy>XHE KPUTUYHE HaNPY>KEHHS NPU NO3-

OOBXHBOMY 3ruHI GXRT

6e3 ypaxyBaHHsi BHYTPILUHBOrO TUCKY
oTpumaru 3rigHo 3D.1.2.1.

D.1.5.2[ gpavierpu Meoudi OHarsHoa0 roai08K HE080

AHy
(1) HanpyxeHHs

MO3OOBXKHBOrO 3ruHy BiA AiT BHYTPILLUHBOro
TUCKY MNOTPIOGHO NEPEBipsTU aHaroriYHoO [0
[0 TaKoro X napametpa, arne 6e3 il TUcky,

sK HaeeoeHo y 8.5i1 D.1.2.2.

MpoTe Koedd i EHT 3MEHLLIEHHS NPY>KHOT
aedoopmauit a ©e3 TMCKY NoTpiBHO
3aMiHUTU UMM Xe Koedd LjieHToMm, ane 3
ypaxyBaHHSAM TUCKY a)p.

(2) KoedhiLieHT 3MeHLLEeHHS Npy»KHOI
aedoopmauii nig TMCKOM cx)p noTpi6HO
NpUAMaT MEHLLUM i3

MOXHa BW3Ha4daTun

Mepuaj OHarbLHOr o

(3) Cylinders need not be checked against shear

shell buckling if they satisfy:

~0.67

<0,16| E

f

L'yk |

D.1.5 Meridiona (axial) compression with
coexistent internal pressure
D.1.51 Pressrised critical meridiond budding
gress
(1) The éastic critica meridiona buckling
stress Ory MY be assumed to be
unaffected by the presence of internal
pressure and may be obtained as specified
inD.1.21.
D.1.52Presyrissd meridiond bucking
parargeas
(1) The pressurised meridional buckling
stress should be verified analogously to the
unpressurised meridional buckling stress as
specifiedin 8.5and D.1.2.2.
However, the unpressurised elastic
imperfection reduction factor a, should be
replaced by the pressurised elastic
imperfection reduction factor 0();O
(2) The pressurised €elastic imperfection
reduction factor 0();O should be taken as the
smaller of the two following values:

(D.39)

(D.40)



[ABOX 3Ha4eHb:

A Koedi LiiEHT, Lo BpaxoBye NPYXHY

CTabini3auito, CpUYMHEHY TUCKOM;

%" Koeddi LiEHT, LLO BpaxoBye NiacTuyHy

AecTabini3auito, CpUYNHEHY TUCKOM.

(3) KoediuieHT a__ noTpi6GHO BU3HaHaTK i3:
I

ame is a factor covering pressureinduced
elastic stabilisation;

G)vop is a factor covering pressureinduced
plastic destabilisation

The factor a)pe should be obtained from:

U ypo =y +(1-a )| —F :
[Ps +0.3/ay® | (D.41)
By =| s 15):
\ SR N (D.42)
Re p, - HalMeEHbLLIE MPOEKTHE 3HaYEHHS JOKab- where: Py is the smallest design value of loca
HOro BHYTPILUHBOrO TUCKY B TOML|j, LIO PO3ris- internal pressure at the location of the point being
0a€ETbCH, SKUA Oi€ CMiflbHO i3 MepuaiOHarbHUM assessed, guaranteed to coexist with the meridional
CTUCKOM; compression,
a - KoedUiEHT 3MEHLUEHHS MepUiOHarbHOI a is the unpressurised meridional elastic
npy>xHoi aedopmail 6e3 ypaxyBaHHA TUCKY Bi- imperfection reduction factor according to D.1.2.2,
nosigHo o D.1.2.2; GXer is the elastic critica meridiona buckling
Oy - TPYXHE KpUTUHHE MepuajoHarbHe stress according to D.1.2.1 (3).
Hanpy>KeHHss ~ NPy MNO3AOBKHLOMY 3T MHI (4) The factor cxme should not be applied to
BignosigHo o D.1.2.1 (3). cylinders that are long according to D.1.2.1 (6).
(4) KoediuieHT cxme He NoTpiBHO 3acTocoByBaTU In addition, it should not be applied unless one
00 AoBrux unniHapise BignosiaHo oo D.1.2.1 (6). of the following two conditions are met: the
Kpim TOro, Moro He MOTPIBHO 3acTOCOBYBATH, cylinder is medium-length according to D.1.2.1
AKLLIO BUKOHYETHCHA OAHa 3 YMOB: (4);
- uuniHAap cepenqHbol AOBXKMHM BiANOBIAHO A0 the cylinder is short according to D.1.2.1 (5) and
D.1.2.1 (4); C, = 1 has been adopted in D.1.2.1 (3).
- KOPOTKWMI umniHap BignosigHo oo D.1.2.1 (5) (5) Thefactor cx)ﬂO should be obtained from:
i BD.1.2.1 (3) 6yrno npumiHSATO CX= 1.
(5) KoediuieHT a__ noTpiGHO Br3Ha4aTyt sk:
o e [Pa [ 1 s2+1,2182 |,
" 2l 112+s%2 ss+D | 049
Pg=| — :
i (D.44)
Ak
400 t' (D.45)

Rep, - Halbi rblLie NPOEKTHE 3HAYEHHS NTOKaNbHOr O
BHYTPILLUHBOrO TUCKY B PO3PaXyHKOBIA Touli, 3
OOHOYaCHUM MepUAi OHarMbHUM CTUCKOM;
)\X - ©e3p03Mmi pHUIA NapaMeTp rHYYKOCTi CTUCHYTOI
oborioHku BignosiaHo Ao 8.5.2 (6);
O,y ~ MPYXHE KpUTHIHE MepuaiOHarnbHe Ha-
NPY>XEHHSA NPY NO3A0BXKHBOMY 37 MHi BiANOBIAHO
0o D.1.2.1 (3).
D.1.6 CymicHa gis mepuaioHarnbHOro (ocboBOro)
CTUCKY, KOMOBOro (0Bpy4y) CTUCKY i 3cyBY

where: Py is he largest design value of local inter-
nal pressure at the location of the point being
assessed that can coexist with the meridional
compression;

)\X is the dimensionless shell slenderness param-

eter according to 8.5.2 (6);

Oprr is the elastic critical meridional buckling

stress according to D.1.2.1 (3).

D.1.6 Combinations of meridional (axial)

compression, circumferential (hoop)



(1) Mapametpn B3aemopii NO30OBXKHBOIO 3rnHy Af1A
BUKOPUCTaHHA B 8.5.3 (3) MOoXHa oTpyMaTy i3:

compression and shear

(1) The buckling interaction parameters to be

used in 8.5.3 (3) may be obtained from:

lg(= 1,25+0,75)g(;
k9= 1,25+O,75)@;
k,= 1,75+ 0,75)(,;

k= (X %)

he X ¥ % - KoediLliEHTN 3MEHLLIEHHS MO3-
JOBXHBOrO 3ruHY, BU3HadeHi B 852, 3
BUKOPUCTaHHSM MapaveTpiB NO3O0BXKHBOrO
3ruHy, HaeegeHnx y D.1.2- D.1.4.

(2) Bpaxaerbcs, wWo TpU
MEeMOpPaHHOrO Hanpy>XeHHS B3aEMOAi0Tb Y

KOMIMOHEHTU

BCiX TOYKax OOOMOHKM 3a BUHSITKOM TOMOK,
AKi NPUISraloTb 0 rpaHuLb. NepeBipkoto Ha
CNiflbHY [it0 MOXHa 3HeXTyBaru s BCiX
TOYOK, LLO 3HaxXoOATbCs B MEXax OOBXKMHU
rPaHUYHOI 30HU I , sKa npunarae oo Oyas-
AKOI  rpaHi

UMNIHOPUYHOIO  CerMeHTa.

3HadeHHsA IRe MEHLLNM i3:

where: X, ¥, % are the buckling reduction
factors defined in 8.5.2, using the buckling
parameters givenin D.1.2to 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 al points that lie within the
boundary zone length / adjacent to either
end of the cylindrical segment. The vaue
of Ipisthe smaller of:

Ir=0,1L;
Ir<0,16rrt .

(3) SAKWO cKMgoHO BWKOHATU NEPEBIPKY
CMiflbHOrO MO3OOBXHLOrO 3rMHY B YCiX
TOYKax, TO

MOXHa  KopucTyBarucst

MPOCTILUMM  KOHCEPBATMBHUM  METOOM,
HaBegeHum y (4) i (5). Akwo MakcvmarnsHe
3Ha4YeHHS By ap-sKoro MeMBpaHHOro
Hanpy>XXeHHs BUHWKaE Yy MeXax IpaHUYHOI
30HU I , sIKa npunarae 0o 6yab-siKoi rpaHi
umMniHapa, nepesipka cninbHoI Ail BiANOBiAHO
po 853 (3) moxe 6yTM BUKOHaHa 3
BUKOPUCTaHHAM 3Ha4€eHb, BU3HaYeHnX Y (4).

(4) AKWO BMKOHYIOTBECA YMOBM MOSIOXEHHSA
(3), MaKcuMarbHe 3HadeHHA  KOXHOro
MeMOPaHHOrO  Harpy>XeHHsl, 3B’ s3aHOro 3
MO3OOBXHIM 3rMHOM, $iKE BUHWKaE He B
MeXax BiNbHOI [OBXKMHM [ (3a mexamu
rPaHUYHNX 30H, OMB. pUcyHoK D.3a), MOXHa
BUKOPUCTOBYBATM Ha NnepesipKy ChifibHol Aji

BignosigHo 0o 8.5.3 (3), ae:

(5) Ons poBrux uMniHOPIB, BUSHAYEHUX Yy
D.1.2.1
©6) .

CnifbHOI fjl i BBOOATBCHA Y MNEPEBIPKY Ha

rpynu, Wo MaloTb BiAHOLEHHS [0

(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 /5 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 vaue of each of the buckling-
relevant membrane stresses occurring
within the free length /; (that is, outside the
boundary zones, see figure D.3a) may be
used in the interaction check of 8.5.3 (3),
where:

(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

(D.46)
(D.47)
(D.48)
(D.49)

(D.52)



CNifnbHy  fjlo, MOXYyTb OBMexyBarucs
6inbLue nopieHSHO 3 (3) i (4). [onyckaeTbes,
WO Hanpy>XeHHs, $Ki BXogdatb [0 rpyn
CNifnbHOI fji, MOXHa OBMeXnUTn Byap-saKum
ot PO3MiLLEeHUM Y
MeKax pr,nﬂ nepeBipkn cninbHoi AiT (avB..
pucyHok D.3b), pe:

BiPI3KOM 3aBOOBXKKM li

paragraphs (3) and (4). The stresses deemed
to be in interaction-relevant groups may then
be restricted to any section of length /.
falling within the free remaining length /. for
the interaction check (see figure D.3b),
where:

I <13t
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a) Y KOPOTKOMY umMriHapi inab) y gosromy umniHgpi in a

short cylinder

long cylinder

PucyHok D.3 - Mpuknaom rpyn cninbHOI 4T 32 KOMNOHEHTaMN MEMOPaHHMX Harnpy>XeHb
Figure D.3 - Examples of interaction-relevant groups of membrane stress components

(6) Axwo B (3) - (5) He HaBoOATbCA
OCOO/MMBI  MOMOXEHHS OO0 BU3HaYeHHS
BiJHOCHOrO po3MiLLieHHs abo po3diny rpyn
KOMMOHEHTIB  MeMBPaHHOrO  HarnpyXeHHs
cninbHOI AiT i Bce Wwe notpibeH npoctum i
nigxia, MakcumaribHe
KOXHOro

KOHCEpPBAaTMBHUI
3Ha4YEHHSs MembpaHHOro
Hanpy>XXeHHsl, He3arneKHO BiJ PO3MiLLEHHS
Ha 0BOMnoHuUi, MoxXe ByTU BUKOPUCTEHUM Y
doopmyni (8.19).

D.2 HEMIACUNEHI UWNIHOPUYHI
OBOJIOHKW 31 CTYNIHYACTORO
3MIHHOIO TOBWMHOK CTIHKW
D.2.1 3ararnbHi NonoXeHHs

D.2.1.1 Cuctema nosHaK i rpaHN4HI yMOBK
(1) Y maHomy posaini BUKOPUCTOBYHOTLCH
HaCTYMHi NO3HaKW:

L - 3aranbHa JOBXWHA umniHapa

I - pagiyc CepeanHHOI NOBEPXHI LnniHOpa;

J - LifM NOKasHWK, SIKNA BKa3ye Ha OKpeMi
cekuii uuniHgpa 3 MOCTiMHOK TOBLUMHOK
CTiHKK (BiZj =1 00 = n);

tj - MNOCTiHA TOBLUMHA CTiHKM ceKkuil j
AaHOr o unniHapa;

Ij - JOBXMHA cekUiT umniHapa.

(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 vaue 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 Generd

D.2.1.1 Notation and boundary conditions
(1) In this clause the following notation is
used:

L overdl 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

Ij the length of sectionj of the cylinder



(2) HacrynHi  dopmymm  cnpaBenrmsi
TiNbkn AN OBOMOHOK i3 rpPaHUYHMMK
ymoBavm BC1 abo BC2 Ha 060X KiHLsX
(avmB. 5.2.2 i 8.3), 6e3 ypaxyBaHHS pi3HUL
Mi>K HAMMW.

D.2.1.2 'eomeTpisii 3MiLLEHHS CTUKIB

(1) Skwo TOBWMHA CTiHKM UuWniHgpa
30iMbLLYETECA  MOCTYNOBO |
3BepxXy A0 Hu3y (mamB. pucyHok D.5a),
MOXXHa 3aCTOCOBYBATU METOOMKY, HaBeaeHy

CTynNiH4YacTo

BD.2.

(2) HamiveHi  3milleHHs € MiX
nracTMHaMn  CyMiDKHUX — cexkuin  (ave.
pucyHok D.4) MoxHa po3rnsgatm sk

NPOrHO30BaHI HacTyrnmHUMKU ¢opMyriaMn 3a
YMOBMW, LLO HaMiYeHe 3Ha4eHHs €, Metle

3Ha4eHnA e, .,

op aKe

A0nyCTUMOro
NPUNMAETLCA K MEHLLIE i3:

0
e

e =05t
P

(2) The following expressions may only be
used for shells with boundary conditions
BC1 or BC2 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 & between plates of
adjacent sections (see figure D.4) may be
treated as covered by the following
expressions provided that the intended value
& is less than the permissible value eo,p
which should be taken as the smaller of:

-t )

max min

=05t

ae tmax - TOBLUMHA TOBCTILLOI CTiHKK 3 eqHagi-ll)ﬂ;wherg?' ?max is the thickness of the thicker plate at

tmin - TOBLUMHA TOHLLIOI CTiHKW 3 €0HaHHS.

thejoint;

t . isthethickness of the thinner plate at the joint.

fmxn

PucyHok D.4 - [NporHo3oBaHe 3MiLLeHHS €., B 0DOSOHL, SKa 3eaHaHa B NpUTY

0

Figure D.4 — Intended offset & in a butt-jointed shell

(3) Ams

3Mi LLIEHHAMMN

UMNiHOpiB - i3 MPOrHO30BaHMMUA

Mi>K CYMiXKHUMMN cekLisimmn
BiQMOBIAHO 00 (2), pagiyc r MOXHa NpuimaTn sk
cepenHe 3HaHEHHS BCiX CeK L.

(4) Ona uwuniHopiB 3i 3 €OHaHHSAMM  BHaNycK
NOTPiBHO BUKOPUCTOBYBATW MOSIOXEHHS, HaBEOEHI
BD.3.

D.2.2 MepuajoHarnsHWi (OCb0BUIA) CTUCK

(1) KoxHy cexuito uuniHOpa j 3aBOOBXKU |
NOTPIOHO pO3rNAnaTK SK EKBiBaNEeHTHUN LUMNiHAP
i3 3ararnbHO JOBXMHOW [ = L i3 NOCTINHOK TOB-
LLMHOKO CTiHKMN t=z}. BignosiaHo oo D.1.2.

(2) Ona poBrux exBiBaneHTHUX UWniHApiB, BUSHa-

vetnx y D.1.2.1 (6), napaverp C, notpiGHO

(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.

D.2.2 Meridional (axial) compression

(1) Each cylinder section j of length j should be
treated as an equivaent cylinder of overall length /
=L and of uniform wall thicknesst= l; according to
D.1.2.

(2) For long equivalent cylinders, as governed by
D.1.21 (6), the parameter C, should be



npuimary sk Gy = 1, SKLLO Kpalle 3Ha4EeHHs! He

BU3Ha4eHe 6inbLu AeTanbHUM aHari 30M.

D.2.3 Kornosui ctuck (obpyy)
D.231KpumuqH Karog HarpyK eH=s1rpuU rnosooeK HoMy

AH

(1) AKwo umniHap CKNaoaETbCA i3 TPHOX CEKLN 3

Pi3HMM TOBLUMHaMKM CTIHOK, TO METOOMKY, Onu-

caHy B (4) - (7), noTpibHO 3acTocoByBatn A5

pearbHUX cexuin a, bi ¢, (aue. pucyHok D.5Sb).

(2) AKWwOo uMniHOp CKIgOaeETLCs TiNbKWU i3 OaHIEl

cexuii (TOBTO Mae MOCTiINHY TOBLUMHY CTiHKMW),

NoTpiBHO 3acTocoByBaTn NosioxxeHHs D. 1.

(3) Akwo umniHOp ckNanaeTbCA i3 OBOX CeKUin 3

Pi3HOK TOBLUMHOIO CTIHOK, METOOVIKY, OMNUCaHYy B

(4)-(7),

YMHOM: OBi i3 TPbOX C(PKTMBHMX CeKUin, a Ta b,

pO3rNsAfaloTLCA SK  TaKi, WO MaoTb OOHaKOBY

TOBLLMHY.

NOTPiBHO  3acTOCOBYBATU  HACTYMHUM

(4) Akwo umningp cknaoaeTbes Ginblue HixX i3
TPbOX CEeKLiM i3 Pi3HOH TOBLLUMHOK CTiHOK (OMB.
pucyHok D.5a), To cnoyarky 1oro noTpibHO 3ami-
HATU  eKBIBANEHTHUM UMNIHOPOM, [0 $KOro
BXOOSATb TpY ceXuii a, b i ¢ (avB. pucyHok D.5b).
[loBXnHa BEPXHBOI CeKkLil Ia NoBMHHa NPOAOOB-
XyBaruca [0 BEPXHLOrO Kpaw MnepLlol cekuit,
TOBLUMHA siKOI B 1,5 pasza Ginblua HiXk HalMeHLua
TOBLUMHA CTiHKK t1, ane He OGifblue MNOMOBMHU
3aranbHoOI AOBXUHWM umniHgpa L. [JoBXuHy OBOX

iHWMX  cexkuin Ib i

. MOTpibHO  BU3HauaTK

HacTynHUM YMHOM:

conservatively taken as C, = 1, unless a better
valueisjustified by more rigorous analysis.
D.2.3 Circumferentia (hoop) compression
D.231Gritica araunferentia budding dreses
(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) 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 ¢ (see
figure D.5b). The length of its upper section, /,
should extend to the upper edge of the first section
that has a wall thickness greater than 1,5 times the
smallest wall thickness t1, but should not comprise
more than half the tota length L of the cylinder.
The length of the two other sections/, and /. should
be obtained as follows:

l,=1,i(and) I, = L -2/ sikwlo (if) I, < L/3; (D.56)
l,=1,=0,5(L —/a) skwo (if) L/3< 1, < L/2. (D.57)
(5) ®IKTMBHI TOBLMHW CTIHOK t,, & i £, (9) Thefictitious wall thicknesses ¢, , and .
TPbOX CeXUi MOTPIOHO BM3Ha4aTM sk of the three sections should be determined as
CEPEOHbO3BAKEHE  3HAYEHHA  TOBLLMHMW the weighted average of the wall thickness
CTIHOK 33 KOXHOK i3 TpbOX JiKTUBHMX over each of the three fictitious sections:
CexLuin:
ty :ly, t
la ‘a (D.58)
t = ity
i (D.59)
{ = Yt
C ¢ (D.60)
(6) Tpucexuiihuin  uuniHgp  (TobTO (6) The three-section-cylinder (i.e. the

€KBIBANIEHTHUN 300 pearnbHUA  UMniHAP)
NOTPiOHO 3aMiHATM €KBiBaNEHTHUM NPOCTUM
LUMNiHOPOM i3 edleK TUBHOK [JOBXKMHOO /e.fi 3

equivalent one or the real one respectively)
should be replaced by an equivalent single
cylinder of effective length /5 and of



O[HaKOBOK TOBLLMHOK CTiHOK t = ta (avs.
pucyHok D.5c).

uniform wall thickness =t see figure D.5c.
The effective length should be determined

EdexTBHA JOBXMHA BU3HaYa€ETHCA from:
HacTyMHUM YYHOM:
lg=1,1k,
e K - 6e3po3mipHMIn Koedi LieHT, oTpMaHuii 3@ in which k is a dimensionless factor obtained from
pucyHkom D.6. figure D.6.
3
t
11 a 1 ta A (_!a
[ L <« ) l
3 y Y eff
t
L 4 by ly M
ll ¢ b t/ 3 n
n
te |le n
f n
¥ R i |
a) umMniHap 3i CTyniH4YacTo b) exBiBaneHTHUA UMMIHAOP, C) EKBiBaNEHTHUN NPOCTUN

LUMniHAp i3 OAHaKOBOO
TOBLUMHOIO CTiHOK equivalent
single cylinder with uniform
wall thickness
PucyHok D.5 - [NepetBopeHHs CTyniHYacToro uuniHapa B eKBiBarieHTHUNA UniHap

Figure D.5 - Transformation of stepped cylinder into equivalent cylinder

SKUA CKIN3OaeTbCs i3 TPbOX
cekuin equivaent cylinder
comprising three sections

3MiHHOIO TOBLLMHOIO CTiHKMU
cylinder of stepwise variable
wall thickness

1.25 — 1.25 == 1.25 = |
la i | L~ -t D 50 !2 050 - 250
2= = I E

1.00 ,’f- :_;!;—I.OO 12 gl 1.00 7

Y i miEaar=1:

0.75 — 0.75 p——34< 0.75 e «_.I =

O 1.2 4 Pai 1.2% =i=1 L p 1.
DY, o ‘/«/’}/’f
0.50 '.",,- 7'“ 141050} ','/, oo 1050 ‘/,’ N
~// 4 : 01 A/ 8 040

025} 37 o P

el o 0.25 0.25

ais] 2 ' ; :

sl la= 1 la=l o=l

0 oL 9
1 T f
a) umniHap 3i CTyniH4acTo b) exBiBaneHTHWA  UWMIHOP, C) EXBiBANEHTHUIA NPOCTUN

SKUW CKINaOaeTbCa i3 TPbOX LUMniHAap i3 OAHaKOBOO
cekuin equivalent cylinder

comprising three sections

3MiHHOIO TOBLLMHOO CTiHKU
cylinder of stepwise variable
wall thickness

TOBLLIMHOIO CTiHOK equivaent
single cylinder with uniform

wall thickness

PucyHok D.6 - KoeddLieHT k anst BU3Ha4eHHs eeK TUBHOI JOBXKUHM I
Figure D.6 - Factor k for determination of the effective length /¢

(7) Ona cekuin uuniHgpa  cepeaHbol (7) For cylinder sections of moderate or

JOBKWHN 200 KOPOTKMX KPUTUYHE KOroBe short length, the e€lastic criticd

circumferential buckling stress of each

Harnpy>XeHHs MpyY  MO3OOBXKHLOMY  3rUHi

(D.61)



cexuii
umniHapa i3 3MiHHOO
TOBLLMHOK CTiHKM MOTPIOHO BM3Ha4arn 3a
dopMyrioto:

KOXHOI uuiningpa  j  BUXIOHOro

CTYNiHYacTo

“‘ t' \
= o 0Rer.off

9 o,Rer, | t
\"J

ne OG,Rc off Npy>XHe  KPUTUYHE
Hanpy>XeHHs1 MNpu  MO30OBXKHBOMY  3rUHI,
oTpumaHe BignosiaHo oo D.1.3.1 (3), D.1.3.1
(5) abo D131 (7),
OOMHWYHOrO  uuniHgpa 3aBOooBXKKKM [

€KBiBaIEHTHOr O
eff
BignosigHO 0o (6). KoediujieHT Ce y umx
doopMmyriax noTpi GHO NpuMaTn Ce =1,0.

Mpumitka. ®opmyna D.62 moxe 3paruca
OVBHOIO 4epe3 Te, Lo Onip BUSBISETHCS
BULLMM Yy GinbL

TOHKUX  MJIaCTUHaX.

MpuumHOlO € Te, WO BeCcb UMNiHOP
pO3rnAnacETbCa MpU  OOHOMY  KPUTUYHOMY
30BHILLUHBEOMY TUCKY, a dopmyra D.62 gge
MeMOpaHHEe Hanpy>XeHHS1 B KOXXHOMY LU
TaKOro BUNaOKy. Y 3B's3KYy 3 TUM, WO
30BHILLUHIN TUCK € PiBHOMIPHUM B OCLOBOMY
HanpsMKY, Ui 3Ha4eHHS Hanpy>XeHb MeHLLI B
psidax. HeobxigHo
3a3Ha4NTK, LLIO NPOEKTHE MemMBpaHHe Korose
OynyTb
NOpIiBHIOBATUCS HaNpY>KeHHS Ta onip, TaKoX

OinbLu TOBCTUX

Hanpy>XeHHs, 3a SKOro
MeHLLEe B TOBCTiLUMX psaax (OvB. PUCYHOK
D.7). unniHap
€MaCTUMHUW | Ha HBOro i€ piBHOMIPHUN

Akuwo  cryniHyacTuin

30BHILLHIN  TWUCK, TO  CMiBBiOHOLUEHHSA
MPOEKTHOr 0 MemMbpaHHOro KOIoBoro
Harnpy>XeHHs | NPOeKTHOro oropy €

NOCTIMHUM Y BCiX psifax.
(8) [oBxnHa cermeHTa 0OOMOHKM Ha OCHOBI

napameTpa 6e3po3mi PHOI BEIMHYNHU W)

y

r

[-)/ —

(9) Akwo cekuia uuniHgpa j OOBra,
noTpiGHO NPOBECTW APYrY AOAATKOBY OLLiHKY
KPUTUYHONO  Hanpy>XeHHs1  NO300BXKHLOMO
3rvHy. MeHuwe i3 OBOX 3HadeHb, OTPUMaHWUX
i3(7) i (10), noTpiBHO BMKOpPUCTOBYBATK A1
NepeBi pKn MPOEKTHOr O KPUTUYHOTO
Hanpy>XeHHs1 Npy  MO3O0BXHBOMY  3ruHi

cexuii umningpaj.

| r

Vt

cylinder section j of the original cylinder of
stepwise variable wall thickness should be
determined from:

where OG,RcHeff is the dastic critica
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 [ off according to
paragraph (6). The factor Ce in these
expressions should be given the value Ce =
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 critica
external pressure, and expression D.62 gives
the membrane stress in each course at that
instant. Since the external pressure is axialy
uniform, these stress values are smaller in
the thicker courses. It should be Noted that
the design membrane circumferential stress,
with which the resistance stresses will be
compared in a design check, is aso smaller
in the thicker courses (see figure D.7). If a
stepped cylinder is €lastic and under
uniform externa 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

/8

\"rt i

(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 sectionj.

(10) The cylinder section j should be
treated aslong if:

(D.62)

(D.63)



(10) Cexuito uuniHgpa j notpibHO

BBaXdru OOBIroko, AKLLO:
r

w; >1 '63i -,
s (D.64)
y TakoMmy BWMNgOKy MNpPYXHE KPUTUYHE KOorioBe in which case the elastic critical circumferential
Hanpy>XeHHs1 NO3A0BXKHBOro 3rnHy MNoTpibHO BU- buckling stress should be determined from:
3HadaTn SK:
(t; \ I a
O 0.Rer. —E‘ ; | 0,275 +2,03) o )
L . (D.65)
D.2.3.2 Nepesipka MiLHOCTI No300BXHLOro 3ruHy  D.2.3.2 Buckling strength verification for
MpwY KOrNoBOMY CTUCKY circumferential compression
(1) Ona KoxXHOI cekuiT unninapaj NoBUHHI (1) For each cylinder section j, the conditions of
BUKOHYBaTuncs ymosu 8.5 i nposoantucs HactynHa 8.5 should be met, and the following check should
be carried out:

09, Edj < 09, Rer'f (D.66)
ne 09, Bl BMU3HaYarbHEe  3Ha4eHHS where: 09, Edj is the key value of the
MEeMOpaHHOro  KOfIOBOrO  CTUCKaNbHOro circumferential  compressive membrane
Hanpy>XeHHs , $K OMNMCaHO B HaCTYMHUX stress as detailed in the following clauses;
po3gjnax; 09, Rer'j is the design circumferentia
% Rrer i MPOEKTHE KOJI0BE Harnpy>KeHH:A Npu buckling stress, as derived from the elastic
NMO3OOBXKHBOMY  3rWHI,  OTpUMaHe i3 critical circumferential  buckling stress
NPY>XHOro KPUTUYHOr O KOIioBOro according to D.1.3.2.

Hanpy>XeHHs Npu  NO3OOBXHLOMY  3rUHI (2) Provided that the design value of the cir-
BignosiaHo oo D.1.3.2. cumferential  stress  resultant ne, £ is
(2) 3a ymoBW, O MNPOEKTHE 3HAYEHHS constant throughout the length L, the key
CYMapHOro KOJIOBOro  Hanpy>XeHHs ne, Ed value of the circumferential compressive
MOCTIMHMM MO BCi JOBXMHI L, BU3Ha4anbHe membrane stress in the section j, should be
3Ha4YEeHHSA CTUCKHOrO MemMBpaHHOro taken as the smple value:

KifIbLLEBOrO Hanpy>XeHHs B cexUii j noTpibHO

NPUAMATK SK NPOCTE 3HaHEHHS:

Oe,chj = ne’Ed/tj (D.67)
(3) AKWO NPOEKTHE 3Ha4YEeHHA CyMapHOro (3) If the design value of the circumferentia
KOJIOBOrO HarpyeHHA ne, £ 3MIHIOETBCA Ha stress resultant ”e, Ed varies within the
JOBXWHI L, BU3HaHarNbHE  3HaYEHHS length L, the key vaue of the
MeMOpPaHHOrO  CTUCKaNbHOro  KOSIOBOTO circumferential compressive membrane

Hanpy>XeHHs1 NOoTpibHO Gpatn gk qiKTUBHE stress should be taken as a fictitious value

3HaMEeHHA 09’ Edjmod BU3HadeHe i3 oe’E ). mod determined from the maximum

MaKCUMarbHOrO  3Ha4YeHHA  CyMapHOro value of the circumferential stress resultant

KOTOBOrO HaNPyXeHHs Ny Y Oyab-sikomy Ny £y anywhere within the length L divided
Micui goBXuHm L, no,qiné—1e Ha JoKareHy by’ the local thickness tj (see figure D.7),
TOBLLWHY &, (AvB. prcyHoK D.7): determined as:

O6 Fti max(ne Frl)/ti (D.68)
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PucyHok D.7 - BuaHaqarbHi 3Ha4eHHs1 KOSoBOrO MEMOPaHHOrO CTUCKaribHOM O Harpy»XeHHs npu ne’ Ed
JOBXWUHOW L
Figure D.7 - Key values of the circumferential compressive membrane stress in cases where Mo £4 varies within the
length L
D.2.4 3cys D.2.4 Shear
D.24.1 KpumiHHe Harpy»K eHH-1ros008K He080 D.24.1 Critica shear budlling dresses
3AHy rpudil oyey (1) If no specific rule for evaluating an

(1) SAxwo Hemae cneuiansHOro npasuna
ONs OLiHKW  €eKBiBaNEeHTHOro OAMHUYHOrO
umniHgpa 3 piBHOMI PHOK TOBLLMHOK CTiHKMW,
MOXXHa BUKopucToByBat dopmyrim D.2.3.1
(1)-(6).
(2) Hacrynne
KPUTUYHOrO  Harpy>XeHHs  MO3AOBXKHLOMo
3rMHY nNpyv  3CyBi MOXHA 30iCHIOBATK,
BuKkopucrosytoum dopmyrm D.2.3.1 (7) -
(10), npn upomMy 3aviHiOKuM  dopmyny
D.1.3.1 KornosBoro CTUCKY BiAMnNoBiJHO
dopmyroto 3cysy D.1.4.1.
D.24.2[ Tepegipra MiyHoam HarnosdosK HU3auH
mouxys
(1) MNpasuna, HaeeoeHi B D.2.3.2, moxHa
BUKOPUCTOBYBATW, are HeobXiaHO 3aMiHSTK
dopmyry  KOMoBOro CTUCKY  BiANOBIOHOK

doopMy ot 3cyBy.

BU3HaHEHHA  MPY>XXHOro

D.3 HEMIOCUNEHI UWNIHOPUAYHI
OBOJIOHKW, 3€AHAHI BHAMY CK
D.3.1 3aranbHi NonoXeHHA

D.3.1.1 BusHa4yeHHs

D.3.1.1.1 kinbuese 3 egHaHHS BHaNycK

3 €0HaHHA BHaMycK Yy KOroBOMY HarnpsiMKy
HaBKOJ10 OCi OBOMOHKM.

D.3.1.1.2 Mepuaj OHarbHe 3 €0HaHHS
BHarycK
J€0HaHHA  BHanyck  napanefibHo  OCi

00O0rioHKM (Mepyai OHarbHUIA HaNPSAMOK).
D.3.1.2 Tleomerpia i
Harnpy>KeHb

rOrfioBHi  BEKTOPU

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.24.2 Budding drength verificationfor sheer

(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 JOINTED
CYLINDRICAL SHELLS

D.3.1 Generd

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 is constructed
using lap joints (see figure D.8), the
following provisions may be used in place
of those set out in D.2.

3MiHHOMY 3a



(1)  HAxwo oborioHka
3arnpoeKToBaHa 3 BUKOPUCTaHHAM 3 €OHaHb
pucyHok D.8), moxHa

HacTyrnHi  MOSIOXEHHS

unniHapnyHa

BHarycK (avB.
BUKOPVCTOBYBATU
3aMiCTb NOMOXEeHb, BU3Ha4eHnx y D.2.

PucyHok D.8 - O6on0Hké, 3 gQHaHa BHarycK
Figure D.8 - Lap jointed shell

(2) HactynHi nonoXeHHs1 3aCTOCOBYHOTLCA
K 00 3 €OHaHb BHanyck, siKi 30iNbLyOTb
pagiyc cepeanHHOI NOBEPXHI OBOMOHKK, TaK i
[0 TNX, SKi NOro 3MEHLLYHOTb.

() Akwo 3 egHaHHA BHanyCcK MPOXOaUTb y
KOSIOBOMY HanpsiMKy HaBKOIIO OCi OBOSIOHKM
BHanyck),  Ans
Mepuaj OHarbHOr o CTUCKY

(KinbueBe 3 €OHaHHSA
BU3Ha4YEHHS
noTpi6HO
D.3.2.

(4) Akwo Gararo

NpoXoadaTb Yy KOJIOBOMY HarlpsAMKy HaBKOJO

BUKOPWUCTOBYBATU NOJIOXEeHHA

3eoHaHb  BHaNyck
oci OBOSOHKK (KifbLEBi 3 €aHaHHSA BHaNycK)
3 3MIHOIO TOBLUMHM MJICTUHWU BHU3 MO
06OSOHL, Anst BU3HaHEHHS KOMOBOIrO CTUCKY
noTpi6HO
D.3.3.

(5) SAKkwo 3 egHaHHA BHaNyCK NPOXOOSTb

BUKOPUCTOBYBATU NOJIOXeHHA

naparnenbHo oci  0BOSIoHKWM  (HECTyniH4acTe
MepUAOiOHarNbHe 3 €OHaHHs  BHanyck), Ans
BU3HaYEHHA KOMOBOTO  CTUCKY  MOTPiBHO
BKOpUCTOBYBATW MoroxxeHHs D.3.3.

(6) B iHWMX Bunaokax ocobrmeui nigxig oo
BU3HaYEHHSA BNImMBY 3 €0HaHHS BHaNyck Ha
Onip NO3O0OBXKHBOMY 3T MHY He NOTPi OHWIA.
D.3.2 MepuajoHanbHMiA (0Cb0BMIA) CTUCK

(1) SAKwo Ha umniHap, 3 €gHaHUI BHaMyCK,
y MepVai OHarNbHOMY HanpsMKy  gie
Mepuaj OHarnsHUm CTUCK, TO onip
NO3OOBXKHBEOMY 3rMHY MOXHA OBYMCINTU K

ana  piBHOMIipHOro  abo  CTyniH4YacToro

(2) The following provisions apply to lap
joints that increase, and those that decrease
the radius of the middle surface of the shell.

(83) Where the lap joint runs in a
circumferential direction around the shell
axis (circumferential lap joint), the
provisions of D.3.2 should be used for
meridional compression.

(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
paralel to the shell axis (unstaggered
meridional lap joint), the provisions of D.3.3
should be wused for circumferentia
compression.

(6) In other cases, no special consideration
need be given for the influence of lap joints
on the buckling resistance.

D.3.2 Meridional (axial) compression

(1) Wherealap jointed cylinder is subject to
meridional
circumferential  lap joints, the buckling
resistance may be evaluated as for a uniform
or steppedwall cylinder, as appropriate, but
with the design resistance reduced by the
factor 0,70.

(2) Where a change of plate thickness

compression, with



unniHapa BiANOBIOHO, arne MPOEKTHUA onip
NOTPiOHO 3MEHLLMTN MHOXEHHAM Ha 0,70.

(2) Sxwo B Micui CTMKY BHanyck
BigOyB2ETLCA 3MiH@ TOBLMHW  MSIGCTUHW,
3Ha4eHHS! NPOEKTHOrO Onopy NO300BXHBOMY
3rMHYy MOXHa npuAmarn sk ana  Ginbw
TOHLLUOI MIIaCTUHK, SIK BU3Ha4eHo B (1).

D.3.3 Koriosun ctuck (06pyy)

(1) Axwo Ha umniHgp, 3 €QHaHWA BHaNYCK,
ynonepex
3 €OQHaHb,
MPOEKTHWI ONip NO3OOBXHBOMY 3rMHY MOXHa
Ans  piBHOMipHOro  abo

CTyniHYacToro uuniHapa BignosiaHoO, ane Bu-

aie KOrMoBUIA CTUCK

MepMai OHArNbHMX KinbLeBnx
ooumcMTn - sk

KOPUCTOBYIOYN  3HWXKYBarNbHUN  KOedd L eHT
0,90.

(2) Axwo Ha umniHgp, 3 €OHaHWUW BHaNycK Y
KOSIOBOMY HarpsaMKy 3i 3MIiHOK TOBLUMHU
NMTK OO0 HU3Y, i€ KOMOBUIN CTUCK, NOTPiOHO
D.2, ©es
HasiBHOCTI

BMKOPWUCTOBYBATU METOOUKY

reOMETPUMHNX  OOMEexXeHb 3a
EKCLeHTpUCUTETY 3 €OHaHHS, a MPOEKTHUN
onip  NO3OOBXHBOMY  3rMHY  MOTPIBHO
MHOXWUTU Ha 3HWXKYyBarsHUn koedaieHT 0,90.
(3) SAKwo BUKOPUCTOBYETLCA 3 €OHaHHSA
BHanyck B 000X HanpsivMkax 3i CTyniH4YacTuM
3 eOHaHb
BHanycK y No4eproBux cmyrax abo psgax,

MPOEKTHWI ONip NO3OOBXHBOMY 3rMHY MOXHa

PO3MILLEHHAM  MePUAj OHarNbHUX

obumcrmTn sk y (2), ane 6e3 BUKOPUCTaHHS
3HWKYBarNbHOro KoedLieHTa.

D.3.4 3cys

(1) Axwo Ha uuniHap, 3 €OHaHW BHAaNYCK,
aie MembpaHHUA 3CyB, ONip NO3O0OBXHBOMY
3rHy MOXXHa OBYMCIMTY | Onst piBHOMIPHOr O,
i Ong CTyniH4acToro uvniHgpa BiAnoBiAHO,
6es ocobrmeux gonywleHb AnA 3 €aHaHb
BHarycK.

D.4 HEMIOAKPINJEHI MNOBHI | 3PI3AHI
KOHIYHI OBOJIOHKH

D.4.1 3aranbHi nonoXxeHHs

D.4.1.1 Cucrema nosHak
Y  upOoMy  posgini
HaCTYMHi NO3HaKW:

BMKOPWCTOBYOTHCS

h - ocboBa OOBXWHA (BWUCOTA) 3pi3aHOro

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 (hoop) compression
(1) Where alap jointed cylinder is subject to
circumferential compression across
continuous meridiona lap joints, the design
buckling resistance may be evaluated as for
a uniform or steppedwal cylinder, as
appropriate, but with a reduction factor of
0,90.

(2) Where alap 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 used 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 evauated as for a uniform or
steppedwall cylinder, as appropriate, without
any special alowance for the lap joints.

D.4 UNSTIFFENED COMPLETE AND
TRUNCATED CONICAL SHELLS

D.4.1 Genera

D.4.1.1 Notation

In this clause the following notation is used:
his the axia length (height) of the truncated
cone;



KOHYCa;

L - wmepuoioHanbHa [OOBXMHA  3pi3aHoro
koHyca (= h/ cos B);

r - pagiyc CepeouHHOI MOBEPXHi KOHYCa,
NepneHaMKYsapHUA 0 OCi 0BePTaHHS, SKWN
3MiHKOETBLCA JiHi NHO BHW3 3a JOBXMHOIO;

ry- pagiyc 3pi3aHoro KiHUA KOHYCa;

r, - PaniyC OCHOBI KOHYCa;

(3 - nornoBWHa KyTa BEPLLMHN KOHYCa.

<B|ﬁ>

et

L the meridional length of the truncated cone
(=h/cosB);

r is the radius of the cone middle surface,
perpendicular to axis of rotation, that varies
linearly down the length;

r, istheradius at the small end of the cone;

1

r, isthe radius at the large end of the cone;

B isthe apex half angle of cone.

PucyHok D.9 - ["'eomeTpisi KOHYCa, MEMOpPaHHI HanNPY>KEHHS i FONOBHI BEKTOPU Harpy>XeHb

Figure D.9 - Cone geometry, membrane stresses and stress resultants

D.4.1.2[ pa-urH ywosu
(1) HactynHi doopmynm noTpibHO 3acTocoByBaTH

TiNMbKN O OBOSOHOK i3 FPaHUYHMMK  YMOBaMU
BC1 abo BC2 Ha 00ox KiHusx (amB. 5.2.2, 8.3),
0e3 pisHMUi Mk Humn. Lli dopmyrm He cnig
3acTtocoByBaru and 0borioHKK, B sKin € Oyap-sika
rpaHnyHa ymosa Tuny BC3.

(2) Mpasuna posginy D4
3aCTOCOBYBATM  TiflbKM ANt HAacTyMHUX  [ABOX

noTpi6HO
0BMEXYBaNbHUX PaHUYHUX YMOB  padi arbHOr 0o
3Mi LLIEHHS1 By ab-5IKOr O KiHLSA KOHyca:

"¥Y moBa uuningpa":

"Y moBa Kinbusa'":

D.4.1.2 Bourcary conditions
(1) The following expressions should be used
only for shells with boundary conditions BC1 or
BC2 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 BC3.
(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:

"cylinder condition":

w=0

"ring condition":

usinB+wcosf=0

D.4.1.3Neavierpisi

(1) HactynHi npasuna cnpaBeqymBi Tifbku
Ana  3pi3aHMX  KOHYCIB i3 MOCTINHOK
TOBLUMHOIO CTiHKW i NOSIOBUHOK KyTa npwu
BEPLUMHI KOHyca B < 65° (OuB. PUCYHOK
D.9).

D.4.2 TpoexTHI KPUTUYHI Hanpy>XeHHSA npn

NO300BXHBOMY 3rUHI

D.4.2 1 ExaeareHTHUL UITHD

D.4.1.3Georelry
(1) Only truncated cones of uniform wall

thickness and with apex half angle B < 65°
(seefigure D.9) are covered by the following
rules.

D.4.2 Design buckling stresses

D421 Equivdert ofincer

(1) The design buckling stresses that are
needed for the buckling strength verification



(1) Yci npoekTHi KPUTUYHI Harpy>XXeHHs
npu NO300BKHBOMY 3rUHI, SKi  HEeobXxiaHi
Ana NepeBipkM MILHOCTI Ha MO300BXKHIN
3rMH BIANOBIAHO OO0 8.5, MOXHa 3HanTw
LUMSXOM  aHanidy KOHIYHOI OBOMOHKM  §K
€KBiBarNEHTHOrO LMriHapa 3aBOOBXKKN le i 3
pagiycom ry e Ie [ r, 3anexarb Big TUny
po3nogifly MemMOpaHHOrO Harpy>XeHHs B
KOHiYHi 1 0BOoHLj.

D.4.2 2 MepudioHaruHu amuck

(1) Ansa KoHyciB Nig gieto MepyiOHarbHOro
CTUCKY [OOBXUHY €KBiBareHTHOro uuniHgpa
|, noTpi6HO BU3HaMETY $iK:

(2) Papiyc r, exBiBareHTHOro umniHopa B
Byab- SsKoMy Micui OiT NO3AOBXHBOrO 3rnHy
NOTPiBHO NpMUMaTK SK:

D.423Karpautiaruck (06oy4)

(1) nsa KoHyciB, Ha SKi [j€ KOroBU CTUCK,
EKBIBANEHTHY  [JOBXWHY [ o uuniHapa
NOTPiOHO BU3HaMATU SK:

(2) Papiyc r,, exsiBareHTHOro umniHapa
NOTPiBGHO NpUUMaTK:

D.4.24 Pia-ovipHuti 308HUHU MUK

(1) [Ona koHyciB, Ha sKi Aie piBHOMIPHWUIA
30BHILLUHIN TUCK @, SIKi MaOTb a0 IPaHUYHI
ymoen BC1, abo BC2 Ha obox KiHusX,
HacTynHa MeToavka MOXe ByTn
BUKOpUCTaHa [AOns po3pobreHHs  GinbLu
€KOHOMIYHOr O KOHCTPYKTUBHOT O PiLUEHHS.
(2) OomxuHy exBiBaneHTHOro uwmningpa / o

NOTPi GHO NPUIAMATK SIK MEHLLIE 3HAHEHHS 3

le

Je noroBMHa KyTa BePWMHM KoHyca J3
BUMI PHOETLCA B pagj aHax.

(3) Ons Ginblu KOPOTKMX KOHYCIB, NS SKUX
eKBiBareHTHa [OBXMHA |, 004NCIIOETHCA 3a
(D.73), pagiyc r, exBiBareHTHOro uuniHgpa
NOTpiBHO NpuUMarK:

according to 8.5 may al be found by treating
the conical shell as an equivalent cylinder of
length /, and of radius r, in which /, and r,
depend on the type of membrane stress
distribution in the conical shell.
D.4.22Meridional compresson

(1) For cones under meridional compression,
the equivalent cylinder length /, should be
taken as:

I =L.

e
(2) The equivalent cylinder radius at any
buckling relevant location r, should be

taken as:

r
r

cosf}
D.4.23Ciraurerentia (hogp) compressan
(1) For cones under circumferential

compression, the equivaent cylinder length
I, should be taken as:
Ie =L.
(2) The equivalent cylinder radius r, should
be taken as:
p )
2cosf
D424 Uniformexterra pressure
(1) For cones under uniform external
pressure g, that have either the boundary
conditions BC1 at both ends or the boundary
conditions BC2 at both ends, the following
procedure may be used to produce a more
economic design.
(2) Theequivaent cylinder length/_ should
be taken as the | esser of:
Ie =L.
and

=[’_2 (0,53 +0,125p)

L sinf )
where the cone apex hdf angle B is
measured in radians.
(3) For shorter cones, where the equivalent
length /, is given by expression (D.73), the
equivalent cylinder radius r,, should be taken
as:

(D.69)

(D.70)

(D.71)

(D.72)

(D.73)

(D.74)



(0.55r;+0.45r3 )

e

(1) Ona KOHYCiB, Yy SKUX BUHUKaE

For cones under membrane shear

(1)

MembpaHHEe  HanpyXeHHA  3cyBy  Bif stress, where this is produced by uniform
piBHOMipHOI gedopmalii  KpyyYeHHs (Lo torsion (inducing a shear that varies linearly
BUKIMKaE NiHiNHO 3MiHHUN down the meridian), the following

MepPUAj OHarNbHUI 3CyB), HaCTyMHa MeToaMKa
Moxe OyTn BUKOpUCTaHa ans po3pobrieHHs
€KOHOMIi YHi LLIoro KOHCTPYKTUBHOIO
piLLEHHs 3a ymoBM, LWo p, < 0,8, a rpaHnyHI
YMOBM Ha 060X KiHUsx-BC2.

(2) OoexkuHy exBiBaneHTHOro uuniHgpa /e
NoTpiOHO BMU3Ha4aTK SK:

l=L.

(3) Pamiyc re exsiBarneHTHOro wuuniHapa
noTpiBGHO NpuMaru:

r

“‘. I'1 ~f2 |
\2cos 3 )

procedure may be used to produce a more
economic design, provided p, < 0,8 and the
boundary conditions are BC2 at both ends.
(2) The equivalent cylinder length /e
should be taken as:

(D.81)
(3) The equivaent cylinder radius re should
be taken as:

&\ 0.4
1 _"2.\)) :

u

cos [ (D.75)
(4) Ana Ginbw OOBrMX KOHYCIB, ONS SKUX €XBi- (4) For longer cones, where the equivalent length
BareHTHa JoBkKMHa |, obuucrntoetsest 3a (D.74), r, I, is given by expression (D.74), the equivalent
€KBi BareHTHOr o LusiiHapa NoTpiGHO npuimaru: cylinder radius r, should be taken as:
ry =0,71ry | 12018 |
| COs 3 J (D76)
(5) Mepesipka MiILHOCTI Ha NO3OOBXHIN (5) The buckling strength verification
3rMH MOBMHHA BWKOHYBaTUCb Ha OCHOBI should be based on the notiona
YMOBHOrO KOSI0BOro MemBpaHHOro circumferential membrane stress:
Hanpy>KEHHS:
O Ec q e |
S Y (D.77)
0e g - 30BHILWHIN TUCK, a MepuaioHarbHe in which q is the external pressure, and no
MembpaHHe Hanpy>XeHHs, BUKJIMKaHe account is taken of the meridiond
30BHi LLUHIM TUCKOM, HE BPaxOBYETbLCS. membrane stress induced by the external
D4253%y, pressure.
(1) Ona koHyciB, y sKkux Aie membpaHHe DA4253er
Hanpy>XeHHs CTUCKY, JOBXUHY (1) For cones under membrane shear stress,
eKBiBaNeHTHOro  uwningpa [/, noTpibHo the equivalent cylinder length /, should be
BU3Ha4aTH SK: taken as:
lg=h. (D.78)
(2) Pagiyc r, exBiBaneHTHoro umniHgpa notpioHo (2) The equivalent cylinder radius r, should be
npunumaru: taken as:
re =|1- Pg 17 rq{-cosf},
L Pg (D.79)
3 in which
5 ,'r1 P,
A ETH (D.80)
D.4.2.6 PiBHOMi pHa fedhopMaLli st KpyYeHHA D.4.2.6 Uniform torsion

(D.82)



D.4.3 Nepesipka MiLHOCTI Ha NO3O0BXHI N
3ruH

D.4.3 1 MepudiaHareHUG amuck

(1) TMepeBipKy MILHOCTI Ha MNO3OOBXHIN

3rMH NOTPIOHO NPOBOAMTM B TOMLI KOHyCa 3

HaOi NbLLI KPUTUYHOIO KOMOiHaLli eto

MPOEKTHOrO MePVAi OHaNMLHOrO MEMBPaHHOr O

Hal'lpy>.KeHH$I GX’ 4 [

MepUai OHarNbHOro

NPOEKTHOr O
Hanpy>XeHHs npu
NO300BXHBOMY  3rUHi ox’ BiONOBIOHO A0
D422

(2) Akwo mepuaioHanbHWUIA CTUCK BUHMKaE

Rd

Bi4 MOCTIMHOI OCbOBOI CMIM Ha 3pi3aHUN
KOHYC, TO Marmn paaiyc r ; I BENMKWA paaiyc
r, € MiCLUEM  PO3MIiLLEHHS  HanbinbLu
KPUTUYHMUX TOYOK.
(3) SKkwo MepuaioHarbHUM CTUCK B
MOCTIMHOIO 3rMHaNBHOrO MOMEHTY [i€ Ha
YCiYEHU KOHYC, Marmin paaiyc r, noTpi6HO
NpUAMaTK gk Hamoi NbLL KPUTUHMHUIA.
(4) TpoekTHE MepuaioHarbHE HanpPy>KEeHHS
Npyu MNO300BXKHBOMY  3rUHi GX’R g noTpi6HO
BU3Ha4aTn Ansl eKBiBaleHTHOro LuniHapa
BignosigHo oo D.1.2.
D.4.3.2 KonoBumn CTUCK i piBHOMI pHUIA

30BHI LLHIN TUCK
(1) SKwo KoroBMM CTUCK BUHWKaE BiA
pi BHOMi PHOro 30BHI LLHBOMO TUCKY,
NepeBipKy CTIMKOCTI MOTPIOHO NpoBOAUTM
KorioBe

BUKOPUCTOBYHOUM MembpaHHe

Harpy)XeHHs O, _ , BU3HaveHe 3a dopmyroto

 Ed’
D.77 i npoekTHE KPUTUYHE HanpyXXeHHA

OeRdsri,u,Ho 3D421iD423aboD.4.24.

(2) Skwo KomoBWM CTUCK BUKIIMKaHWN

Hepi BHOMI PHUM 30BHILLUHIM TUCKOM,

PO3paxyHKOBUIW PO3rogain Hanpy>KeHHs 0 Ed

NnoTpibHO  3aMiHUTK dAKTUBHUM

(x)
Hanpy>KeHHsIM 09’ Ed(
nepesuLLlye

obuncreHe
BUHMKaE Big JiKTUBHOrO  piBHOMIPHOro

gKe B KOXHiN TouLj
3HadeHHs, ane

30BHILLUHBOrO TUCKY. [lepesipky CTIMKOCTI
noTpibHO nposogutn 3rigHo 3 (1), ane

BUKOPUCTOBYHOYN O

3aMiCTb O
6,Ed.env )

0,Ed

in which

D.4.3 Buckling strength verification
D.4.31Meridora compresson

(1) The buckling design check should be
carried out at that point of the cone where
the combination of design meridional

membrane  stress O £ and design
meridional buckling stress O, Ry according

to D.4.2.2 ismost critical.

(2) In the case of meridiona compression
caused by a constant axia force on a
truncated cone, both the small radius Iy and
the large radius r, should be considered as
possible locations for the most critical
position.

(3) In the case of meridiona compression
caused by a constant global bending
moment on the cone, the small radius r,
should be taken as the most critical.

(4) The design meridional buckling stress
ox’ R should be determined for the
equivaent cylinder according to D.1.2.
D.4.3.2 Circumferential (hoop) compression
and uniform external pressure

(1) Where the
compression is caused by uniform external
pressure, the buckling design check should
be <caried out using the design
circumferential membrane stress 09’ Ed
determined using expression D.77 and the
design circumferential buckling stress 09’ ~d
accordingtoD.4.21and D.4.2.30or D.4.2.4.
(2) Where the
compression is caused by actions other than
uniform externa pressure, the calculated
stress distribution 09’ Ed(x) should be
replaced by a fictitious enveloping stress
distribution 09’ Ed(x) that everywhere
exceeds the calculated vaue, but which
would arise from a fictitious uniform
externa pressure. The buckling design
check should then be carried out as in

paragraph (1), but using GQ,Ed,env instead of
o

0,Ed

circumferential

circumferential

(D.83)



(3) [MpoexkTHE KpUTUYHE HaNPyXXEHHA npu

NO3OOBXHBOMY  3rUHI noTpi6HO

" Ry :
BU3Ha4aTn [f9 eKBiBarNeHTHOro uuniHapa
srigno 3D.1.3.

D.4.3.3 ScyB i piBHOMIpHE KpyYeHHs

(1) Y BunaoKy, SKWO 3CyB BUHWKaE Bif
MOCTINHOIO 3aranbHOro KPy4YeHHsIM KOHYCa,
nepesipKy CTiNKOCTI NOTPiGHO npoBOAUTH
BUKOPUCTOBYHOUM
3CYBHE HENPYXeHHS T -, Y Toul 3
KOOPAMHATOIO r = r, COSB | MPOEKTHe 3CyBHE
Hanpy>XeHHss MNpu  NO30OBXKHLOMY  3TUHI
TXQ’ Rd BignosiaHo oo D.4.2.1 i D.4.2.5 abo
D4.26.

(2) AKwo 3cyB BUHWKaE He Bif 3ararnbHOro

NPoeKTHE  MembpaHHe

NOCTINHOrO KpydeHHs (a, Hanpuknag, BiA
3aranbHOr0 HaBaHTaKEHHSA 3CyBY Ha KOHYC)
PO3pPaxyHKOBUIA pO3rodin HanpyXeHb T

x6,Ed
) NoTpiIGHO  3aMiHUTKM  GAKTUBHUM
pO3MOaifIOM Hanpy>XeHHs T fKe B

6,Edenv(x)’
KOXHIN Todui nepeBuLlyE pO3paxyHKOBE

3HadeHHs, ane BUWHWKae Big JiKTUBHOroO
3aranbHOro KpyyeHHs. [epesipKy CTiMKOCTI
NPy MO3OOBXKHLOMY  3rUHI
3rigHo 3 (1), ane
BUKOPUCTOBYIOYM T 3amicTb T

6,Ed,env 6,Ed
(3) [lMpoexTHe Harpy>XeHHsA 3cyBy Mpu

noTpiGHO
NpOBOANTU

NMO3OOBXKHBOMY  3rUHI noTpi6HO

Txo.Rd
BU3Ha4YaTN [fi eKBiBaNEHTHOrO UMniHgpa

BignosigHo oo D.1.4.

(3) Thedesign buckling stress O Rd 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
T \6.Ed at the point with r = r, cosp and the
design buckling shear stress T oRd
accordingto D.4.2.1and D.4.2.5 or D.4.2.6.
(2) Where the shear is caused by actions
other than a constant globa torque (such as
a global shear force on the cone), the
calculated stress distribution T 5 90 should
be replaced by a fictitious enveloping stress
distribution To Edenv()’ 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
Te’Ed’mvinstead of ToEd

(3) The design shear buckling stress T oRd
should be determined for the equivaent

cylinder according to D.1.4.
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