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HAIIIOHAJIBHUH BCTYII

Janwnii crangapt € ToroxxauM nepexnagom EN 1999-1-5:2007 "Design of aluminium structures
— Part 1-5: Shell structures" (€Bpoxon 9: IlpoekTyBaHHs amOMiHiEBHX KOHCTpyKid. Yactuna 1-5:
Koncrpykiii 00010HOK).

EN 1999-1-5 migrorosneno Texuiunum komirerom CEN/TC 250, cekperapiaToM SIKOro Kepye
BSI.

]_IO HaI_IiOHaJ'II)HOFO CTaHOApTy AOJIYUCHO AHTJIOMOBHHI TEKCT.

Ha Tepurtopii Vkpainm sk HamlOHaJIbHUM CTaHAApT Ji€ JliBa KOJIOHKA TEKCTY
JACTY-H B EN 1999-1-5:201X "TlpoekTyBaHHs ailtfOMiHi€BMX KOHCTpyKmiii. Yacrtuna 1-5:
Koncrpykuii o6ononok” igenTnunuii €Bpomneiickkomy crangapty EN 1999-1-5:2007 "Design of
aluminium structures — Part 1-5: Shell structures” (€spoxon 9: IlpoekTyBaHHS aIOMIHIEBUX
KoHCTpyKIliid. Yactuna 1-5: O00J0OHKOBI KOHCTPYKIIii), BUKIaIcHa YKPAiHCHKOK MOBOIO.

Bimmosigao no JIBH A.1.1-1-2009 «Cucrema cranmapTu3aiii Ta HOpMyBaHHS B OyAIBHHUIITBI.
OCHOBHI TOJIOKEHHS» I CTaHAAPT BIAHOCHUTHCA N0 Komruiekcy B.2.6 «Koncrpykuii OyauHKIB i
cropyn».

CraHgapT MICTHTh BUMOTH, SIKi BIIMTOBIIAIOTh YHHHOMY 3aKOHOABCTBY.

HaykoBo-TexHiuHa oprasizailis, BilOBijajbHa 3a el cranaapt, — ToBapHcTBO 3 0OMEXKEHOIO
BIJIMOBIANIBHICTIO «Y KPAaTHCHKUI IHCTUTYT CTajleBUX KOHCTPpYKLiH iM. B.M. IllnMaHOBCHKOTO.

Jlo crangapTy BHECEHO TaKi pelaKiliifHi 3MiHH:

- CJIOBa 1€l MDKHApOJHUM cTaHIapT» 3aMIHEHO Ha «1el CTaHIapT»;

- CTPYKTYpHI1 elleMeHTH cTaHfapTy. «OO0knaguHky», «llepenmoBy», «HamioHanbHUH BCTYI»,
«BusnaueHnss moHATH» Ta «bibmiorpadiuni gaHi» odoOpMIEHO 3TiTHO 3 BUMOTaMHU
HaIllOHAJIBHOT CTaHapTH3aIlll YKpaiHu,

- 3 «[lepenmoBu 10 EN 1999-1-5» y neit «HamioHaJIbHUIA BCTYI» B3STE TE, IO O€3MOCEPEIHBO
CTOCYETBCS IIOTO CTAH/IAPTY;

- HallOHAJIbHUM JOBITKOBUIN JOJATOK HaBEJEHO K HACTAHOBY ISl KOPUCTYBAYiB.

[Mepenix HamionansHuXx cranaaptie Ykpainu (JACTY), inentnunnx MC, mocuiaHHs Ha sKi € B
EN 1999-1-5:2007.

Texuiuna monpaska EN 1999-1-5:2007/AC no EN 1999-1-5:2007 monana B kinmi JCTY-H b
EN 1999-1-5:20XX.
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Beryn

Hanmit  noxyment (EN 1999-1-5:2007) Oys
MMATOTOBJIECHUN TexuiyHnuM Kowmiretom
CEN/TC 250 “bymiBensHi €Bpokoau”,
cekpeTapiaT sKkoro miarpumyerscst BSI.

[lromy €BpomeiickkoMy cTaHAapTy Oyze
HaJTaHUH cTaTyc HAaI[I0HAJILHOI'O 3
nyOJiKamiero  IIEHTUYHOTO  TEKCTy  abo
cxBasieHHssM He mizHime ceprHa 2007 poky i
npu CKaCyBaHHI KOH(TIKTYHOUHX
HaIllOHAJBHUX CTAH/IAPTIB HE Mi3HIIIe Oepe3Hs
2010 poky.

CEN/TC 250 BimnoBiganpHUE 32  BCi
BynienbHi €Bpokou.

VY BiANOBIAHOCTI 3 BHYTPIIIHIMHU IIOCTAaHOBAMHU
CEN/CENELEC e €Bponeicbkuii
CTaHAapT 3000B’s13aHI MPUHHATH HAIIOHATBHI
OpraHM 31 CTaHJapTU3allil TaKUX KpaiH:
Agctpis, bensris, bonrapis, BennkoOpuranis,
Benrpis, I'pentist, Jlanisg, Ecrtonis, Icmammis,
Icnanis, Ipmanmis, Iramisa, Kinp, Jlarsis,
JlutBa, JlrokcemOypr, Mainbra, Hinepmanmu,
Himeuunna, Hopgerisa, [Tonema, Tlopryranis,
Pymynis, CnoBauunna, CoBeHis, YTropiuHa,
Oiansaanis, Ppanmisa, Yecbka PecnyOmika,
[IBemis Ta [IBeiimapis
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Foreword

This European Standard (EN 1999-1-5:2007)
has been prepared by Technical Committee
CEN/TC250 «Structural Eurocodes», the
secretariat of which is held by BSI.

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

CEN/TC 250 is responsible for all Structural
Eurocodes.

According to the CEN/CENELEC Internal
Regulations, the national standards
organizations of the following countries are
bound to implement this European Standard:
Austria, Bulgaria, Belgium, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland,
Italia, Latvia, Lithuania, Luxemburg, Malta,
Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden,
Switzerland and the United Kingdom
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HALIOHAJILHUN CTAHJIAPT YKPATHU

€BPOKO/]I 9: ITPOEKTYBAHHS AJTIOMIHIEBUX KOHCTPYKIIIN
YACTUHA 1-5: KOHCTPYKIIII OFOJIOHOK

EBPOKO/I 9: IPOEKTUPOBAHUE AJTIOMUHUEBBIX KOHCTPYKIIUMI
YACTD 1-5: KOHCTPYKIIMN OBOJIOYEK

EUROCODE 9: DESIGN OF ALUMINIUM STRUCTURES
PART 1-5: SHELL STRUCTURES

OcHoBH nporpamu
€BpokoaiB

Y 1975 poui Kowmicis €Bponelicbkoi
ChinpbHOTH BHpIMIMIA PO3MOYATH MPOTpamy
Nl y rany3i OyAiBHUIITBA HA TMiJICTaBi CTATTi
95 JloroBopy. Mertorwo mnporpamu Oyio
YCYHEHHSI ~ TEXHIYHUX  MEPEHIKOJ  JUIs
TOPTIBII 1 Y3TOJDKCHHS TEXHIYHUX YMOB.

B pamkax niei nporpamu niii Kowmicis B3suia
Ha ce0Oe IHILIATUBY BCTAaHOBUTH CUCTEMY
Y3TODKEHUX ~ TEXHIYHHX  TpPaBHI IS
NPOEKTYBaHHS Oy/iBeNb 1 CHopynd, sKi Ha
nepurin crafii Maju CIIYyI'yBaTu
AIbTEPHATHBOIO YMHHUM  HAIlOHAJIBHUM
npaBuiaM JlepikaB-usieHiB, a 3pelITO0 Malli
3aMIHHUTH iX.

Yrponosx m’saTHaamATH pokiB Kowmicis 3a
nornomoror Po6odoro xomireTy, 10 CKiIamy
SKOTO BXOJIWIM TIpeACTaBHUKU JleprkaB-
YJICHIB, BeJa po3po0Ky  mporpamu
€BpOKOJIIB, SKa TpHU3BeNa A0 IyOsikaii
KOMIUICKTY HEPIIOTo TTOKOJTIHHS
€Bporneiicbknx koniB y 80-Tux pokax.

B 1989 pomui Kowmicist Ta nepxasu, wienn EU
(Esporneiicbkoi  CminbHoTn) Ta EFTA
(E€Bporeiicbkoi Acorianii Binbro1 Toprisii)

YuHHUH Big

Background of the Eurocode
programme

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

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

For fifteen years, the Commission, with the
help of a Steering Committee with
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
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ga ocHoBi yromm' mix Kowmiciero ta CEN
(€Bponeicbkum Kowmiterom 3
Crangaptuzanii)  BHPIIWIM  T[EpEAaTH
MiArOTOBKY Ta myomnikamiro €Bpokosais CEN
3a pgomomMoror cepii Manaaris, mo B
pesynbTari  Hagaino O €Bpokogam B
MaiiOyTHROMY  cTaTycy  €BpOTNEHCHKOTO
Crangapry (EN). Ile mos’s3ye €Bpokoau 3
nonoxeHHsmu  JlupektuB Pamm 1 Pimens
Kowmicii mono €Bpomnelchbkux CTaHIapTiB
(trobro IupextuBu Pamu 89/106/EEC miomo
OyaiBenbHUX BUpoOiB - CPD - Ta lupextus
Panu 93/37/EEC, 92/50/EEC ta 89/440/EEC
BITHOCHO CYCIUIBHUX pOOIT Ta MOCIYyr 1
€KBIBAJICHTHUX JTUPEKTUB EFTA,
3aII04aTKOBAHUX, 06 JIOIIOMOT'TH
3aCHYBaHHIO BHYTPIIIHHOTO PUHKY).

CtpykTypHa nporpama €BpOKOJIB BKIIIOYAE
Taki CTaHAApTH, SKIi B  OCHOBHOMY
CKJIaJaloThCs 3 JEKUIbKOX YaCTHH:

EN 1990 €Bpoxos : OcHOBU NMPOEKTYBaHHS
KOHCTPYKITIH

EN 1991 €Bpokon 1: Jlii Ha KOHCTPYKITIT

EN 1992 €Bpokon 2: IlpoektyBaHHA
OCTOHHMX KOHCTPYKITii

EN 1993 €spoxox 3: IlpoekryBaHHs
CTaJIeBUX KOHCTPYKIIIH

EN 1994 €ppokon 4: IlpoekryBaHHs
CTaJIEBOOETOHHUX KOHCTPYKLIIH

EN 1995 €pokox 5: IlpoekryBaHHs
JIepeB’ SIHUX KOHCTPYKITIH

EN 1996 €Bpokox 6: IlpoekryBaHHs
KaM’STHUX KOHCTPYKIIiH

EN 1997  €pokoxg 7:  Teorexniune
MPOEKTYBaHHS

EN 1998 €Bpokon 8: IlpoekryBaHHs
CEHCMOCTIHKUX KOHCTPYKITIH

EN 1999 €Bpokon 9: IlpoekryBaHHA
aJTFOMIH1EBUX KOHCTPYKITIH.

Crangaptu €BpOKO/1iB BU3HAIOTh

BIJIMOBIIAJIBHICTS ~ PETYISATOPHUX  OpPraHiB
JiepKaB-4JICHIB Ta 3aXHUINAIOTh iX MPaBO Ha
NPU3HAYCHHS BEJIMYMH, SKI TOB’s3aHI 3
pPETyIIOBaHHSIM  NHUTaHb  OE3MeKH  Ha

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
provisions of all the Council’s Directives
and/or Commission’s Decisions dealing with
European standards (e.g. the Council
Directive 89/106/EEC on construction
products — CPD - and Council Directives
93/37/EEC, 92/50/EEC and 89/440/EEC on
public works and services and equivalent
EFTA Directives initiated in pursuit of
setting up the internal market).

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

EN 1990 Eurocode 0: Basis of Structural
Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete
structures

EN 1993 Eurocode 3: Design of steel
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
their right to determine values related to
regulatory safety matters at national level

! Vrona mix Komiciero €Bponeiickkoro CriiBroBapuctsa Ta €Bporeiichknm komiterom 3i cranmaprisanii (CEN) 3
NPOBE/ICHHsSI POOIT HaJ €BPONEHCHKUMH HOPMaMM MPOMHUCIOBOrO i LUBUIBHOrO OyaiBHMITBA, €BpOKOIAMHU

(BC/CEN/03/89).

! Agreement between the Commission of the European Communities and the European Committee for
Standardisation (CEN) concerning the work on EUROCODES for the design of building and civil engineering

works (BC/CEN/03/89).
2



HaI[IOHAIBHOMY piBHI TaMm, J€ BOHH
BIZIPI3HAIOTHCS BiJ] KpAiHH 10 KPAiHU.

Cratyc Ta rajy3b 3aCTOCYBaHHSI
€BpokoaiB

Hepxapu-unenn EU ta EFTA Bu3HaIOTH Te,
mo  €BpokoaM  JiIOTh  SK  €TAJOHHI
JIOKYMEHTH TSI TAKUX LIUICH:

- K 3aci0 OBECTH BiNOBIIHICTH OY/IiBENb 1
CIIOPYJT ~OCHOBHMM BHMOTaM JIMpEKTHBH
Pagu  89/106/EEC, 30kpema OCHOBHii
BuMo3i N°1- MexaHiuHa CTIAKICTE Ta
CTaOUIBHICTE 1 OCHOBHIA BuMO3i N°2 -
IToxxexxHa Oe3mexa;

— SIK OCHOBA JUIs YKJIaJIaHHS KOHTPAKTIB JIJIst
OyaiBeNnb 1 CHOpyJ Ta TMOB’SI3aHUX 3 HHUMU
1H)KEHepHUX TMOCHYT;

— SK OCHOBAa JUII CKJIAJaHHS Y3TOJKEHHX
TeXHIYHUX cnenudikamii ans OyniBeIbHUX
Bupo6iB (ENs Ta ETAS).

€BpOKOJIM, OCKUIBKM BOHHM O€3MocepeHbo
BIJIHOCATBHCS 10 OYIIBEIBLHUX CIIOPY/, MAtOTh
NpSAMUN 3B 130K 3 Tnymaunumu
I[OKyMeHTaMI/IZ posnuti 12 CPD,
HE3BaXKAIOUM Ta Te, 110 BOHM MAIOTh PI3HY
MIPUPOJTY 3 TaPMOHI30BAHWMH CTaHIAPTAMH
Ha BHPOOH .

TakuM 4YMHOM, TEXHIYHI aclekTH, K1
BUIUTUBAIOTh 3 C€BPOKOAIB JUIsl OyIiBENb 1
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where these continue to vary from State to
State.

Status and field of application of
Eurocodes

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

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

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

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

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship with the Interpretative Docu-
ments® referred to in Article 12 of the CPD,
although they are of a different nature from
harmonised product standards®.

Therefore, technical aspects arising from the
Eurocodes work need to be adequately
considered by CEN Technical Committees

2 3rigmo crarri 3.3 mokymenta CPD, cyrresi Bumoru (essential requirements, a6o ER) moBunHi GyTH KOHKDPETH30-
BaHi y MOSCHIOBAIbHUX JTOKYMEHTAX, 100 BCTAHOBUTH HAJIC)KHUI 3B S130K M)XK TAKHMH BUMOTaMH Ta TOPY4YCHHAMU-
MaHJaTaMu Ha po3pobky nokymentie hENS and ETAGS/ETAS.

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

8 Bimnosigao mo Ct. 12 CPD, Tinyma4Hi JOKyMEHTH MalOTh!

a) HaJlaTH KOHKPETHY hopMy OCHOBHHM BHMOTaM, Y3TOAMBIIH TEPMiHOJOTIIO i TEXHIUHI 3acaH, i BKa3aBIIn KIIACH
a0o piBHI A1 KOXKHOI BUMOTH, JIe 1Ie HeoOXiIHO;

b) BkazaT MeTONM BCTAHOBJICHHS CITIBBIIHOMIEHHS MK IIMMH KiTacaMu ab0 PiBHAMH BUMOT 3 TEXHIYHUMH BHMOTa-
MU, HAaIIPUKJIa, METOIN PO3PaxyHKY i MepeBipKH, TEXHIYHI MIPpaBHiIa MPOSKTYBaHHS, 1 T. iH.;

C) CIyryBaTH SIK PEKOMEHIAITisI JJIs1 BCTAHOBIICHHS y3rOKEHUX CTAHIAPTIB i HACTAHOB Tt €BPONEHCHKOr0 TEXHIY-
HOTO YXBaJICHHSI.

€spoxkoau de facto rpatote moni6Hy pois y cdepi ER 11 gactuni ER 2.

¥ 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 calculation and of proof, technical rules for project design, etc.;

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

The Eurocodes, de facto, play a similar role in the field of the ER 1 and a part of ER 2.
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CIOpyX TIOBMHHI B TOBHIA wMipi Oytu
posrisiHyruMu  Texniunumu — Komireramu
CEN Ta/un pobounmu rpynamu EOTA, ski
pO3pOOJIsAIOTh  CTAaHIAPTH Ha OyAiBeNbHI
BUpPOOM, 3 TO3ULIN JOCATHEHHS MOBHOL
CYMICHOCTI TexXHiuHuUX crneuudikamii 3
€BpOKOJAMHU.

Cranpaptu €BpOKOJIB HA/JalOTh 3arajibHi
[paBUja TPOEKTYBaHHSA MJIsI MPAKTHYHOI'O
BUKOPHUCTAHHS BCIX KOHCTPYKIIi Ta Ti
KOMIIOHEHTIB, SIK TPaUI[IfHOTO TaK 1
IHHOBAI[IMHOTO  XapakTepy. VYHiKanbHI
bopmu KOHCTPYKITIi abo YMOBH
MIPOEKTYBAaHHS HE OXOIUTIOIOTHCS, 1 B TaKUX
BUMAJKaX  IPOEKTYBAIbHUKY  MOTpiOEH
JIOATKOBUN €KCIIEPTHUM PO3TIISLL.

HamionasbHi cTaHxapTH, 1o
BIIPOBAKYIOTH €EBpPOKOIU

HarionanpHi cTaHAapTH, 0 BIPOBAHKYIOTh
€BpOKOIM, 3aBXKAM BKIIOYAIOTH TOBHUU
TeKCT €Bpokoay (BKIIOYAOYM BCi A0TATKH)
Bumanuii CEN, skoMy MOXYTh mepenyBaTH
Hamionansauii TUTYIBHUMN JIUCT Ta
HamionanpHa mnepeaMoBa, a TakoXX MOXe
CYIIPOBOJIKYBAaTUCS Harnionansaum
JIOTATKOM.

HamioHanesHUIT NOJATOK MOXE BKJIIOYATU
iHpOpMaILlil0 BIJHOCHO THX MapaMeTpiB, sKi
3IUIIAINCS BIIKPUTUMHU B €BpPOKOJAX IS
HaI[lOHAIBHOTO  BHOOpPY,  Bimomi  fK
HamionaneHO BU3HAYeHI MapameTpu, IS
BUKOPUCTaHHS TNPHU NPOEKTYBaHHI Oy/iBesb
Ta IHKEHEpHUX CHOpYH, 10 OyayTh 3BEICHI
y KOHKPETHil KpaiHi, a came:

— 3HAUEHHS  YaCTKOBUX  Koe(ili€HTIB
HaJIHOCTI Ta/abo Kiacudikailiro BUITAIKIB,
I SIKUX €BpoKoa periiaMeHTye
BUKOPHUCTAHHS aJIbTCPHATHUB;

— 3HAYEHHS, K1 CJTiJ] BAKOPUCTOBYBATH TaM,
ne B €BpOKOJII  HABEJEHO TUIBKHA
MMO3HAYEHHS,

— reorpadiuHi Ta  KJIIMaTU4YHI  JaHI,
XapakTepHi T  KOHKPETHOI JIep)KaBH-
VYaCHUIll, HANPUKIAQa, KapTra CHITOBOTO
paliOHyBaHHS,

— KOHKpPETHI METOJMKH JUIsl TUX BHITAJIKIB,
KoM €BPOKOJI periaMeHTye BUKOPHCTAHHS
albTEPHATUB,

— TIOCWJIaHHS Ha JOJATKOBY iH(popMaIlito,
sKa HEe CYNepeyuTh HOPMATUBHUM BUMOTaM 1
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and/or EOTA Working Groups working on
product standards with a view to achieving a
full compatibility of these technical
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
designer in such cases.

National Standards implementing
Eurocodes

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

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

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

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

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

— the procedure to be used where alternative

procedures are given in the Eurocode;

- references to non-contradictory
complementary information to assist the user



JIOTIOMArae y KOpucTyBaHHI €BpPOKOIaMHU.

3B’s13ku Mk €BpoKoagamMu Ta
rapMoOHI30BAaHMMH TeXHIYHUMMU
cnenudikamiasvu (ENs and ETAS)
1J151 BUPOOiB

HeoOxinna y3r0JDKCHICTD MDK
rapMOHI30BaHUMU TEXHIYHUMU
cnenudikamismMu 11 OymiBeIbHUX BUPOOIB
Ta TEXHIYHUMH TpaBUJIaMU Il OyaiBesb 1
criopyn”. Kpim Toro, mosHa iHdopmaris, sxa
cyrnpoBopKye MapkyBanHs CE OyniBensHUX
BHpPOOIB 1 Mae BigHOIICHHS 10 C€BPOKOJIB,
MMOBHMHHA YITKO 3a3HauaTH, siki HamioHainHO
BHU3HAUEHI MapamMeTpu OylIu NPUHUHATI A0
VBarw.

Hanionanbshuuii JlogaTok 10
EN 1999-1-5

Ileit  crammapr Hajae  aJbTEpHATHBHI
MpoLeAypH, BEIMYMHU 1 peKOMEHAalii aus
KJIaciB 3 MPUMITKaMH, sIKi BKa3ylOThb MicIle,
JIe HeOOX1THO 3pOoOWTH HalllOHAIBHI BHOIp.
Takum ywmHoM, HamioHansHUI cTaHAAPT,
sakuii  immiementye EN 1999-1-5 noBunen
mati  HamjoHanpHWI  HOOATOK,  SIKAH
BKJIIOYaB Oum yci HarioHanpHO BH3HaueH1
nmapaMeTpH, sSKi ~ BHKOPHUCTOBYIOTHCS TIpU
MPOCKTYBaHHI  OyaiBeNb Ta  IUBUIBHUX
cnopyr , ski Oyayrb moOymoBaHi y
BIZMOBIHIN KpaiHi.

HamionansHuM BHOOPOM J103BOJICHO BBIHTH
1o EN 1999-1-5 3a momomoroto:

-21(3)

-2.1(4)

4 Jus. Ct. 3.31 C1.12 CPD, a Takox 4.2,4.3.1,4.3.2 1D 1.
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to apply the Eurocode.

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

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

National annex
for EN 1999-1-5

This standard gives alternative procedures,
values and recommendations with notes
indicating where national choices may have
to be made. Therefore the National Standard
implementing EN 1999-1-5 should have a
National Annex containing all Nationally
Determined Parameters to be used for the
design of steel structures to be constructed in
the relevant country.

National choice is allowed in EN 1999-1-5
through clauses:

-2.1(3)

-2.1(4)

4 See Art.3.3 and Art.12 of the CPD, as well as 4.2, 4.3.1, 4.3.2 and 5.2 of ID 1.
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1 3AT'AJIBHI TOJIOKEHHSA

1.1  Taay3ssb 3acTocyBaHHA

1.1.1 I'any3w 3acmocysanna EN 1999

(1)P  Crannmapt EN 1999 periaMeHTye
MUTAHHS TIPOCKTYBaHHSI ATFOMIHIEBUX
KOHCTPYKIiH OyZiBeNb Ta CHOPYHA IUBLILHOTO
NMpu3HaUYeHHs. BiH peanmizye mnpuHIUON i

HOpPMaTUBHI ~ BHUMOTH  JI0  O€3MeKu  Ta
eKCIUTyaTaliiHOT TMPUIAATHOCTI KOHCTPYKITIH,
OCHOBHI MOJIOXKEHHS MIPOEKTYBaHHS,
po3paxyHKy 1  TepeBipku  OymiBeIbHUX
KOHCTPYKII1H, BUKJIAJEHI Yy  JOKYMEHTI
EN 1990 - OcHoBH MIPOEKTYBAaHHS
KOHCTPYKIIIH.

(2P Cranmapr EN 1999 BucyBae BuMOrH
TUTBKH 710 oTI0pY, eKCIUTyaTaIiiHo1
MPUIATHOCTI, JIOBFOBIYHOCTI Ta BOTHECTIMKOCTI
QNIOMIHIEBUX  KOHCTPYKIiH. [HImII  BUMOTH,
HANPUKIIAT, Ti, IO CTOCYIOTBhCS TEIJIo- abo

3BYKOI30JISIIIT  KOHCTPYKLIH, y  JaHOMY
CTaHJIAPTi HE PO3TIISAJAOTHCS.
(3)  Crangapr EN 1999 [TOBHHEH

BHKOPUCTOBYBATUCA pasoM 3  HACTYIITHHUMH
JOKYMECHTaMMU.

- EN 1990:
KOHCTPYKI[1i”

“OcHoBH MIPOCKTYyBaHHS

— EN 1991 “/lii Ha koHCTpYKIii”

— €Bpomneiicbki CTaHZapTM Ha  BUPOOH
OyniBenbHOI 1HAYCTpIi, SKi MArOTh BiJHOIICHHS
JI0 ATFOMIHIEBUX KOHCTPYKIIIH

— EN 1090-1: BuxonaHHst poOiT 3i CTaJeBUMH

Ta AaNIOMIHIEBUMH KOHCTpPYyKUisiMH — 4.l
Bumorn 1o 3a0e3medeHHs — BiAIIOBIZIHOCTI
cTaHAapTam €JIEMEHTIB OyaiBeIbHUX
KOHCTPYKILiif °

— EN 1090-3: BukonaHHs poOiT 31 CTaJICBUMHU Ta

ATFOMIHIEBUMH KOHCTPYKITisIMU — 4.3, TexHiuH1
.. v 5

BHMOTH JIO0 aJTIOMIHIEBUX KOHCTPYKITIH

® Byze omy6mikoBaHO

(4)  Crammapr EN 1999 Bkimrowae 1’sTh
YaCTHH:

EN 1999-1-1 IlpoexTyBaHHS ATIOMIHIEBUX
koHCTpyKuii: Yactuna 1-1: OcHOBHI mpaBmia
JUTSE KOHCTPYKIIIH.

EN 1999-1-2 TlpoexTyBaHHS ATIOMIHIEBUX
KOHCTPYKIii: Po3paxyHOK KOHCTpPYKLili Ha

6

1 GENERAL
1.1  Scope

1.1.1 Scope of EN 1999

()P  EN 1999 applies to the design of
buildings and civil engineering and structural
works in aluminium. It complies with the
principles and requirements for the safety and
serviceability of structures, the basis of their
design and verification that are given in
EN 1990 - Basis of structural design.

(2P EN1999 is only concerned with
requirements for resistance, serviceability,
durability and fire resistance of aluminium
structures. Other requirements, e.g. concerning
thermal or sound insulation, are not
considered.

(3) EN 1999 is intended to be used in
conjunction with:

— EN 1990 Basis of structural design

— EN 1991 Actions on structures

— FEuropean Standards for construction
products relevant for aluminium structures

— EN 1090-1 Execution of steel structures and
aluminium structures — Part 1: Requirements
for conformity assessment of structural
components®

— EN 1090-3 Execution of steel structures and
aluminium structures — Part 3: Technical
requirements for aluminium structures”

*To be published
(4)  EN 1999 is subdivided in five parts:

EN 1999-1-1  Design  of
Structures: General structural rules.

Aluminium

EN 1999-1-2 Design of  Aluminium



BOTHECTIUKICTB.

EN 1999-1-3 IlpoexryBaHHs ATIOMIHIEBUX
KOHCTpYKIiN: KoHCTpyKIii, 4yT/IHBi 10 BTOMH.

EN 1999-1-4 IlpoexryBaHHs ATIOMIHIEBUX
KOHCTPYKIIIH: X05101HO(POPMOBAHH
KOHCTPYKIIHHUHN JIMCTOBUI MaTepiall.

EN 1999-1-5 IIpoekryBaHHs ATIOMIHIEBUX
KOHCTPYKIiK: OO0JIOHKOBI KOHCTPYKIIIi.

1.1.2 I'any3s 3acmocysanns EN 1999-1-5

(1)P  EN 1999-1-5 MOITHPIOETHCS Ha
MPOCKTYBaHHS QIIOMIHIEBUX KOHCTPYKIIH, 3
eJIEMEHTaMH KOPCTKOCTI YU 0€3 HHX, 10 MaIOTh
dbopmy 000IOHKH OOepTaHHS ab00 OKPYIJIOro
[IUTa MOHOKOKOBOT KOHCTPYKII{i.

(2)  Hns oxkpeMux NUTaHb 3 TPOCKTYBaHHS
KOHCTPYKIIN CIIiJ] 3BEPTATHCh N0 CYMDKHHUX
gactud EN 1999.

3 JonatkoBa iH(MopMaliss MOI0 OKPEMHUX
TumniB o6onoHok HaseneHa y EN 1993-1-6 Ta
CYMDKHUX pO3/iiax, a came:

- Posxur 3-1 g Oamrr ta moro;
- Po3nain 3-2 nyst numapis;

- Po3ain 4-1 nyist OyHKepiB;

- Po3nin 4-2 i pe3epByapis;

- Po3nin 4-3 myist TpyOOIIPOBO/IIB.

(4) Bumorm EN 1999-1-5  crocyroTbest
BICECUMETPUYHUX  OOOJIOHOK (umniHgpis,
KOHYCIB, c(ep), KiIbLIEBUX i KPYTOBUX IUIACTHH,
a TaKkoX KUIBLIEBUX Iepepi3iB  Oajmok i
CTPUHTEPIB, Y BUIAJKy KOJH BOHU € YAaCTUHOIO
[UTICHOT KOHCTPYKILi.

(5) B EN 1999-1-5 ne posrnsgaioTecs B
MOBHIK  Mipi  OKpeMi maHen  000JOHOK
(ummiHApUYHI, KOHIYHI ab0 cdepuuni). Tum He
MEHIIIE, 0 HHUX TaKO0X MOJXKHAa 3aCTOCYBAaTH
BUINIE3a3HAYEHI HOPMH, OOpaBIIM TMPaBUIbHI
TpaHUYHI YMOBH.

(6) Tunu CTIHOK 000JIOHOK, 0
posrisimaroteest B EN 1999-1-5 (nuB. Puc.1.1):

-cTika OOOJIOHKM 3 JIMCTOBOTO TPOKaTy, aaji
“130TpormHa’;

-cTiHKa OOOJIOHKM yTBOpPEHa 3 €HAaHHSAM
BHAITyCK OKPEMHX IUIACTUH, Jami “31 CTUKaMu
BHAITyCK

JCTVY-H b EN 1999-1-5:20XX
Structures: Structural fire design.

EN 1999-1-3 Design of  Aluminium
Structures: Structures susceptible to fatigue.

EN 1999-1-4  Design of  Aluminium
Structures: Cold-formed structural sheeting.

EN 1999-1-5  Design  of  Aluminium

Structures: Shell structures.
1.1.2 Scope of EN 1999-1-5

(1)P EN 1999-1-5 applies to the structural
design of aluminium structures, stiffened and
unstiffened, that have the form of a shell of
revolution or of a round panel in monocoque
structures.

(2)  The relevant parts of EN 1999 should
be followed for specific application rules for
structural design.

3 Supplementary information for certain
types of shells are given in EN 1993-1-6 and
the relevant application parts which include:

- Part 3-1 for towers and masts;
- Part 3-2 for chimneys;

- Part 4-1 for silos;

- Part 4-2 for tanks;

- Part 4-3 for pipelines.

(4)  The provisions in EN 1999-1-5 apply
to axisymmetric shells (cylinders, cones,
spheres) and associated circular or annular
plates and beam section rings and stringer
stiffeners where they form part of the
complete structure.

(5) Single shell panels (cylindrical, conical
or spherical) are not explicitly covered by
EN 1999-1-5. However, the provisions can be
applicable if the appropriate boundary
conditions are duly taken into account.

(6) Types of shell walls covered in
EN 1999-1-5 can be, see Figure 1.1:

-shell wall constructed from flat rolled sheet,
termed ‘isotropic’;

-shell wall with lap joints formed by
connecting adjacent plates with overlapping
sections, termed ‘lapjointed;
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-CTiHKa OOOJIOHKH 3 €JIEMEHTaMH JKOPCTKOCTI 1O
30BHIIIHIA MOBepxHi, JAam “i3 30BHIMIHIMHU
€IIEMEHTAMHU  JKOPCTKOCTI’, HE3aJeKHO BII
KPOKY €JIEMEHTIB KOPCTKOCTI;

-CTIHKa 000JIOHKH, ropoBana B
MEpHUAI0HAIBHOMY HAMpPsMKY, JIani “3 0ChbOBUM
ropyBaHHIM”;

-CTiHKa O00OJIOHKM 3 To(pOBaHUX JIUCTIB,
po3ramioBaHux roppamu y  KUIbIIEBOMY
HaIpsIMKy, Jaii ‘3 KUTbIIEeBUM TO(pyBaHHIM .

-shell wall with stiffeners attached to the
outside, termed  ‘externally  stiffened’
irrespective of the spacing of the stiffeners;

-shell wall with the corrugations running up
the meridian, termed ‘axially corrugated’;

-shell wall constructed from corrugated sheets
with the corrugations running around the shell
circumference, termed  ‘circumferentially
corrugated’.

%
: / i
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A ]
B pozpisi
Elevation
B naani
Plan
Pucynoxk 1.1- 3o0paxeHHS OIMIIHIPUIHUX 000IOHOK
Figure 1.1 — llustration of cylindrical shell forms

(7) [Monoxxerns EN 1999-1-5 npusnaueni
JUIST  3aCTOCYBaHHA B MeXaxX /JIiarna3oHy
temneparyp, Bu3HaueHux B EN 1999-1-1.
MakcumanbHa TeMmIieparypa oOMexeHa, TOMY
BIUIMBOM TIOB3YYOCTI MOJKHA 3HEXTYBaTH.
Bumorn 10 KOHCTpPYKLIM MiA  BIUIMBOM

MIZBUIICHUX TEMIIEpaTypax, IOB'I3aHUX 3
BoraewMm, aus. EN 1999-1-2,

(8) EN 1999-1-5 He oOXOmIOE MHUTaHb
TePMETHYHOCTI 0O0JIOHOK.

(7) The provisions of EN 1999-1-5 are
intended to be applied within the temperature
range defined in EN 1999-1-1. The maximum
temperature is restricted so that the influence
of creep can be neglected. For structures
subject to elevated temperatures associated
with fire see EN 1999-1-2.

(8) EN 1999-1-5 does not cover the
aspects of leakage.



1.2 HopMaTHBHi NOCHJIAHHA

1) EN 1999-1-5 wmictuTe pgaToBaHi YH
HEJATOBaHI TMOCWJIAHHA 3  MOJIOKCHHSIMH
iHmuX myomikaiii. [{i HopMaTUBHI MOCHIIAaHHS
HaBEJCHI Yy BIAMOBITHUX MICISX TEKCTy Ta
BHECEHI /0 chucKy mybmikamid. Jlns
JATOBAaHUX MOCHJIaHb HACTYIHI MOMpaBku a0bo
3MIHM B Oyap-SKMX 3 IIUX ITyOJTiKaIin
NPUNMaIOThCA UM €BponencbKuM
CTaHJAPTOM TUIBKU Yy pa3i, KOJH Il TOTIPABKH
a0o 3MiHM 3apeecTpoBani. | HemaToBaHMX
MMOCHJIaHb 3aCTOCOBYETHCS OCTaHHS PEIAKIlis
nyosikamii (BKJIIOYa04YH MOTPABKH).

EN 1090-1: BukonanHs poOiT 3i CTaJeBUMH Ta
AIIOMIHIEBIMH KOHCTPYKULisSIMU — 4.1: Bumorn
0 3a0e3nedyeHHsl BiAMOBITHOCTI CTaHIapTam
eJIeMEHTIB GY/IiBETbHIX KOHCTPYKILIi®

EN 1090-3: BukonanHs poOiT 31 CTaJIeBUMHU Ta

ATIOMIHIEBUMHM ~ KOHCTPYKLIIMH — —  4.3!

TexuiuHi BHMOTH Ji(o) AIIFOMIHIEBUX
.5

KOHCTPYKITil

EN 1990 OcHoBu npOoeKTYBaHHS KOHCTPYKIIIH

EN 1991 €spokon 1: [lii Ha KOHCTPYKITIi— yci
YaCTHHH

EN 1993-1-6 [TpoexTyBaHHs CTaJIEBUX
KOHCTpYKIi — YactuHa 1-6: OO6OJOHKOBI
KOHCTPYKIIIi

EN 1993-3-2 [IpoexryBanus CTaJIEBUX

KOHCTpYKIii — Yactuna 3-2: JlumoBi TpyOu

EN 1993-4-1 [IpoekryBanus CTaJIEBUX
KOHCTpYKLii — Yactuna 4-1: Bynkepu

EN 1993-4-2 [IpoexryBanus CTaJIEBUX
KOHCTpYKUi — YacTuna 4-2: PezepByapu

EN 1993-4-3 [IpoexTyBaHHS  cTaleBHX
KOHCTpyKLii — Yactuna 4-3: TpyGonpoBoau

EN 1999-1-1 TlpoektyBaHHsS  aJIOMIHIEBUX
KOoHCTpykIiH — Yacruaa 1-1: OcHoBHi
MpaBujIa JJ1si KOHCTPYKITIH.

EN 1999-1-2 TlpoexkTyBaHHS  alIOMIiHIEBHX

KoHCTpyKin — Yactuna 1-2 PozpaxyHOK
KOHCTPYKIIIH Ha BOTHECTIMKICTh

EN 1999-1-3 IlpoexTyBaHHS  aJTIOMIHIEBHX
KoHCTpyKIiH — Yactura 1-3. Koncrpykiii,
YYTJIUBI 10 BTOMH

EN 1999-1-4 TlpoexTyBaHHA  aJIOMIHIEBHX
KOHCTPYKIIN - YactuHa 1-4:

JACTY-H b EN 1999-1-5:20XX

1.2 Normative references

@ EN 1999-1-5 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 if incorporated in
it by amendment or revision. For undated
references the latest edition of the publication
referred to applies (including amendments).

EN 1090-1 Execution of steel structures
and aluminium structures - Part 1:
Requirements for conformity assessment of
structural components®

EN 1090-3  Execution of steel structures
and aluminium structures — Part 3: Technical
requirements for aluminium structures

EN 1990 Basis of structural design
EN 1991 Actions on structures — All
parts

EN 1993-1-6 Design of steel structures - Part
1-6: Shell structures

EN 1993-3-2 Design of steel structures - Part
3-2: Chimneys

EN 1993-4-1 Design of steel structures -
Part 4-1: Silos

EN 1993-4-2 Design of steel structures - Part
4-2: Tanks

EN 1993-4-3 Design of steel structures - Part
4-3: Pipelines

EN 1999-1-1 Design of aluminium structures
- Part 1-1: General rules

EN 1999-1-2 Design of aluminium structures
- Part 1-2: Structural fire design

EN 1999-1-3 Design of aluminium structures
- Part 1-3: Structures susceptible to fatigue

EN 1999-1-4 Design of aluminium structures
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XononHoopMoBaHHHA KOHCTPYKIIHHUIHA

JTUCTOBUIA MaTepian

1.3  Tepminu Ta BU3HAYEHHS

(¢D) HonmatkoBo g0  EN1999-1-1, vy
EN 1999-1-5 BUKOPHUCTOBYIOTbCS HACTYIHI
MO3HAYEHHS:

1.3.1 ®@opmu ma zeomempin Koncmpykuii
1.3.1.1 o6010HKa

TonkocTiHHA KOHCTPYKITis, YTBOpEHA
KpUBOJIIHIHHOIO  TOBEpPXHEI,  sKa  Mae
TOBIIMHY, III0 BUMIPIOETHCS MIEPIICHIUKYIISIPHO
JI0 MOBEpXHI, MajJy y NOpPIBHAHHI 3 IHIIMMH
po3Mipamu. Obomonka crpuiimae
HAaBaHTAXCHHS, B OCHOBHOMY, 3a paxyHOK
MeMOpaHHUX 3ycwiib. CepelMHHA TIOBEPXHS Y
KOXHI TOYIII MOK€ MaTH CKIHUEHHI pajiycu
KPUBHU3HU a00 HECKIHUEHHHH pasiiyc KpUBU3HU
B OJIHOMY HampsIMKy, Hampukiaa, sK V
BUIAJIKY HUTIHAPUIHOT 0OOIOHKH.

Y EN 1999-1-5 o6onoHka BH3HAYAETHCS SK
KOHCTPYKIliZ a00 eJeMEHT KOHCTPYKIIi,
YTBOPEHHH 3ITHYTUM TOHKHM JIUCTOM.

1.3.1.2 ob6on0nKa obepmanus

OO0oJI0HKa, sKa CKIAZacThbCsl 3 OEKUIBKOX
JacTWH, KOXXKHA 3 SKAX € 3aMKHYTOIO
BICECUMETPUYHOIO 000JIOHKOIO.

1.3.1.3 3amxnyma eicecumempuuna 06010HKA

Oo6ononka, ¢opma SKOI BHU3HAYAETHCA 32
JOTIOMOTOI0  TMOBOPOTY  MEPHIIOHAIBHOI
TBIPHOT HAaBKOJIO OJIHI€T OCl Ha KyT 27 pajiaH.
Taka o00ollOHKa MOXe MaTH Oyab-AKy
JIOBXKUHY.

1.3.1.4 cecmenm ob6o0HKU

YactiHa O0O0OJOHKH OOepTaHHs, IO Mae
KOHKPETHY O00OJIOHKOBY (pOpMy Ta TOCTIHHY
TOBIIMHY CTIHKH. TWJIIHApP, 3pI3aHUN KOHYC,
chepuyHUil CEerMeHT, KuIblleBa IUTMTAa abo
¢irypa iHmoi popmu.

1.3.1.5 nanenv obononku

Hesamknyra  BicecumerpuuHa  0OOJIOHKA!
dbopma 0O0O0JIOHKM BHU3HAYAETHCS MOBOPOTOM
TBIPHOT HABKOJIO OCi Ha KyT, MEHIIUHA HIK 27
pajiaH.

1.3.1.6 cepeounna nosepxus

[ToBepxHs1, sKa B KOXHIM TOYIl pO3TalIoBaHa
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- Part 1-4: Cold-formed structural sheeting

1.3 Terms and definitions

@ Supplementary to EN 1999-1-1, for the
purposes of this part, the following definitions

apply:
1.3.1 Structural forms and geometry
1.3.1.1 shell

A thin-walled body shaped as a curved surface
with the thickness measured normal to the
surface being small compared to the
dimensions in the other directions. A shell
carries its loads mainly by membrane forces.
The middle surface may have finite radius of
curvature at each point or infinite curvature in
one direction, e.g. cylindrical shell.

In EN 1999-1-5, a shell is a structure or a
structural component formed from curved
sheets or extrusions.

1.3.1.2 shell of revolution

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

1.3.1.3 complete axisymmetric shell

A shell whose form is defined by a meridional
generator line rotated around a single axis
through 2z radians. The shell can be of any
length.

1.3.1.4 shell segment

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

1.3.1.5 shell panel

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

1.3.1.6 middle surface
The surface that lies midway between the



nocepeHi MbK BHYTPILITHBOIO 1 30BHIIIHBOIO
MOBEpPXHSAMHU  000JIOHKH. SIKImo 000sI0HKA
MiAKpiJieHa JWIIe Ha OJHIA TOBEpPXHi, 3a
0a30By CEpeAMHHY IOBEPXHIO MPUIUMAETHCS
CepeHHA MOBEPXHS BHUKPUBJICHOT
00osioHKOBOT macTuHU. CepelMHHA TOBEPXHSA
€ 0a30BOI0 TMOBEPXHEI [UIA PO3PaXyHKY i
MOX€ MaTH PO3PUBH MPH 3MiHI TOBIIUHHU a00 B
MICIISIX 3°€qHaHHA O00OJIOHOK, BHACIIIOK 4OI0
BUHUKAE CKCIICHTPUCHUTET, SIKHH MOXE CYyTTEBO
BIUIMBATH Ha PEaKIif0 000JOHKH.

1.3.1.7 cmux

Micuie, B SIKOMY CXOISThCA JBa a00 OuIbIe
CErMEHTIB 000JIOHKH. BOHO MOke BKIIIOYaTH
SJIEMEHT XKOpcTKOCTi abo Hi. Konosa miHis, 1o
AKIA  eJIEMEHT KOPCTKOCTI KpINUTbCA /10
000JI0OHKH, MOKHA BBaYKaTH CTHKOM.

1.3.1.8 cmpuneep

MicneBuit eJIEMEHT JKOPCTKOCTI,
pO3TalIOBaHUIl B3/J0BXK TBIPHOI OOOJIIOHKH
o0epTaHHS. BukopucToByeThcs A

30UTBIIIEHHST CTIMKOCTI ab0 I CIpUHMaHHS
MICIICBUX HAaBaHTa)XeHb. BiH He MpU3HAYCHHIMA
JUTst 3a0€3MeUeHHST OCHOBHOTO OIOPY 3THHY Bij
MOTICPEYHOTO HAaBaHTAKCHHS

1.3.1.9 pebpo
MicueBuii  eneMeHT, TBIpHa  O0OJIOHKH
obepranHs, 1m0 3abe3neuye  IEpBUHHE

CTIPUIHATTS 3rMHAI0YMX HABAHTAXKCHb B3/IOBXK
Mepeaiana 000JIOHKH. BUKOPUCTOBY€EThCS LIS
nepepadi  abo  pO3MOALTY  MONEPEUYHUX
HaBaHTAXXEHb IIPU 3THHI.

1.3.1.10 xinvye srcopcmrocmi

MicueBuii ~ eneMeHT  JKOPCTKOCTI,  SIKHi
MPOXOJUTh HABKOJIO OKPYXHOCTI OOOJOHKH
oOepTaHHs y 3aJaHii ToYIll MeEpHUIiaHy.
JomyckaeTbes, 10 y IUIOUIMHI MepHaiaHy
0005I0HKH Hemae >xkopcTkocTi. Lleit enemeHt
MoTpiOeH IS MiABUIICHHS CTIAKOCTI abo st
CIIPUUHATTA  BICECUMETPHYHHUX  MICIIEBHUX
HABaHTaXX€Hb, SIKI 1I0Th y IJIOLIMHI KUTbLSA 32
JIOTIOMOTOI0  BICECHMETPUYHHX HOPMAITBHUX
cuil. BiH He 3aCTOCOBYEThCS 11 3a0€3MeUeHHS
MIEPBUHHOTO OTIOPY 3THHAHHIO.

1.3.1.11 onopne xinvye

EnemeHT KOHCTpyKmii, SKUH TPOXOIUTH
HABKOJIO 00OJIOHKM OOepTaHHs B OCHOBI Ta
3a0e3neyye  KpimjaeHHs  OOOJNIOHKH  JIO

JACTY-H b EN 1999-1-5:20XX

inside and outside surfaces of the shell at
every point. If the shell is stiffened on only
one surface, 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 shell junctions,
leading to eccentricities that are important to
the shell response.

1.3.1.7 junction

The point at which two or more shell segments
meet: it can include a stiffener or not: the point
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 provided to
increase the stability, or to assist with the
introduction of local loads. It is not intended to
provide a primary resistance for bending due
to transverse loads.

1.3.1.9rib

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

1.3.1.10 ring stiffener

A local stiffening member that passes around
the circumference of the shell of revolution at
a given point on the meridian. It is assumed to
have no stiffness in the meridional plane of the
shell. It is provided to increase the stability or
to introduce axisymmetric local loads acting in
the plane of the ring by a state of
axisymmetric normal forces. It is not intended
to provide primary resistance for bending.

1.3.1.11 base ring

A structural member that passes around the
circumference of the shell of revolution at the
base and provides means of attachment of the

11
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bynnamenty — abo HIIIOTO eJIeMEeHTa
KOHCTPYKITii. Bono  mpusHauene = ais
NPAaKTUYHOTO 3a0e3MeuYeHHs MepeadadeHnx
I'PaHUYHUX YMOB.

1.3.2 Okpemi eusnauenna w000 po3paxyKy
Ha empamy cmiiiKocmi

1.3.2.1 kpumuune nasanmasicenHs npu empami
cmitkocmi

Haiimenmra  Oidypkamis  abo  rpaHuYHE
HAaBAaHTA)XCHHsI, BHU3HA4YeHE MpHU JIOMyIIEHHI
IIeaTi30BaHUX  YMOB  TPYXKHOT  poOOTH
Marepiary, iaeanbHOI reoMeTpii, 1IealbHOTO
NPUKIAJaHHS  HABaHTAXCHHs,  iMeaNbHOI
ONOpH, 130TPOMHOCTI MaTepiany 1 BiACYTHOCTI
3aIMIIKOBUX HarpyxeHb (anamiz LBA).

1.3.2.2 kxpumuuni Hanpyscenns npu empami
cmitkocmi

Howminanbue MeMOpaHHe HaIpYKEHHS,
NoB'sI3aHe 3 KPUTHYHUM NpYXHAM
HaBaHTAXXEHHSAM IPU BTPaTi CTIMKOCTI.

1.3.2.3 xapaxmepucmuune
npu empami cmiukocmi

HANPYIHCEHHA

HominansHe MeMOpaHHE HANIPYKEHHS,
MOB's3aHE 3 BTPATOIO CTIMKOCTI P HASIBHOCTI
HEMPY)KHBOT TOBEIIHKA MaTepiany Ta
T€OMETPUYHUX 1 KOHCTPYKIIHHUX HEJOJIKIB.

1.3.2.4 pospaxynxosuii onip
cmiukocmi

empami

Po3paxyHkoBe 3HaueHHS HANpYXKCHHS IPH
BTpaTi CTIHKOCTI, $KE OTPUMYETbCS 3a
JOTIOMOTOI0  JIUICHHS ~ XapaKTePUCTUYHOTO
HaNpyXeHHS TpH BTpaTi CTIHKOCTI Ha
YaCTKOBUH KOe(iIliEHT O1opy.

1.3.2.5 ocrosHe 3Hauenns HanpysicenHs

3HaueHHs HANPYKEHHS B HEOAHOPIIHOMY TOJIi
HampyXXeHb, 10 BUKOPHUCTOBYETHCS LIS
XapaKTePU3yBaHHs BEIIMYUH HAMNPYKECHHS MPH
OIIHIII T'PAaHMYHOTO CTaHy 3a BTPATOIO
CTIMKOCTI.

1.3.2.6 krac oonycky

Knac BuMor a0 reoMeTpuuHUX TOMYCKIB, IO
BUKOPHUCTOBYETHCS U1l BAKOHAHHS POOIT.

Mpumitka. T'eomeTpuyHi AOMYCKH Il BHKOHAHHS
pOOIT BIAHOCATHCS 11O BUTOTOBJIECHHS E€JIEMEHTIB Ta
poOiT 3 eneMeHTaMK Ha OyIiBETbHOMY Maii/IaHUMKY.
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shell to a foundation or other element. It is
needed to ensure that the assumed boundary
conditions are achieved in practice.

1.3.2 Special definitions for

calculations
1.3.2.1 critical buckling load

buckling

The smallest bifurcation or Ilimit load
determined assuming the idealised conditions
of elastic material behaviour, perfect
geometry, perfect load application, perfect
support, material isotropy and absence of
residual stresses (LBA analysis).

1.3.2.2 critical buckling stress

The nominal membrane stress associated with
the elastic critical buckling load.

1.3.2.3 characteristic buckling stress

The nominal membrane stress associated with
buckling in the presence of inelastic material
behaviour and of geometrical and structural
imperfections.

1.3.2.4 design buckling stress

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

1.3.2.5 key value of the stress

The value of stress in a non-uniform stress
field that is used to characterise the stress
magnitude in the buckling limit state
assessment.

1.3.2.6 tolerance class

The class of requirements to geometrical
tolerances for work execution.
NOTE: Geometrical tolerances for work execution are

built up from fabrication of components and execution
of the components at site.



14 ITo3nauenns

@ JlonaTkoBo 110 BXKE HaBEIECHUX ¥
EN 1999-1-1, TYyT BUKOPHUCTOBYIOTBCS
HACTYIH1 YMOBHI I03HAYEHHS:

(2) Cucrema koopaunat (auB. Pucynok 1.2):

r panianbHa KOOpJIMHATA,
MIEPIICHIUKYISIPHA 10 OCl 00epTaHHs;

X MepuioHaJIbHA KOOPIUHATA,

z 0CbOBAa KOOPJIMHATA,

o KUTbIIEBa KOOPIMHATA,

) MEPHUAIOHAIBHUN YXHWII: KyT MK BICCIO

o0epTaHH Ta  IEPIEHIUKYIIPOM o
MepuiaHa 000TOHKH.

(3) Tuck:
P, NEPICHIUKYISIPHUHN 10 000JIOHKH;
P, MepHIiOHATIbHE MMOBEPXHEBE

HABaHTAXCHHS, MapajenbHe 000IOHI];

P, KUIbIIEBE IMOBEPXHEBE HABAHTAKEHHS,
napajieJibHe 000JIOHIT];

(4)  Jlimiitai cum:

P, HaBaHTAXXEHHS HAa OJUHUIIO KOJIA, IO

HEPIEHAUKYIApHE 10 OOOJOHKH;
P HABaHTAXXEHHsI HAa OJUHUIIO0 KOJIa, IO
Jll€ B MEpUIIOHATIBHOMY HaIlpsMI,

P

(2
Jie Ha 000JIOHKY B KUJTbIIEBOMY HATIPSIMI,

HaBaHTaAXXCHHS Ha OAMHHMIIIO KOJIa, II0

(5)  Pesynbryroue MeMOpaHHE HampyKCHHsI
(muB. Pucynoxk 1.3a):

n, pe3yabpTyroue MepuIioHAIbHE
MeMOpaHHEe HalpyKeHHS,

n, pe3ylbTyloue KilblleBe MeMOpaHHe
HaIpy>XEeHHS;

N,  pe3yibTylo4e JOTUYHE MeMOpaHHe

Hanpyxenss; (auB. Pucynok 1.3b)

(6)  PesyabTyrodye 3ruHalbHE HAMPYKEHHS
(muB. Pucynox 1.3a):

m, MEPHUIIOHAIBHUI 3TMHAIIBHUA MOMEHT

Ha OJMHUIIO IUPUHH;

m KUIBIIEBUI 3TUHAJIBHUIA MOMEHT Ha

0

JCTY-H B EN 1999-1-5:20XX
1.4 Symbols

1) In addition to the symbols defined in
EN 1999-1-1, the following are used.

2 Coordinate system (see Figure 1.2):

r radial coordinate, normal to the axis of
revolution;

X meridional coordinate;

z axial coordinate;

0 circumferential coordinate;

) meridional slope: angle between axis

of revolution and normal to the meridian of
the shell.

3) Pressures:

p,  normal to the shell;

P, meridional surface loading parallel to
the shell;

D, circumferential surface loading parallel
to the shell;

4) Line forces:

P load per unit circumference normal to

n
the shell;

P load per unit circumference acting in
the meridional direction;

P, load per unit circumference acting

circumferentially on the shell;

(5) Membrane stress resultants (see Figure
1.3a):

n meridional membrane stress resultant;

X

Ny circumferential membrane stress

resultant;

n membrane shear stress resultant

X0

(6) Bending stress resultants (see Figure
1.3b):

m meridional bending moment per unit

X

width;

m,  circumferential bending moment per

13
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OJIMHUIIO UITUPUHU,

M, KpyTHUH MOMEHT 3CyBYy Ha OJUHHUIIIO
HIMPHHY,

0,  THoIepeuHa MepepidyBajbHAa CHIA BiX
MEPUIOHAIIBHOTO 3THHY;

0,, [ONepeyHa Iepepi3yBajlibHa CHJIA Bif
KiTBLIEBOTO 3THHY;,

(7)  Hampyxenns:

o, MEpHUIIOHAIbHE HANIPYKECHHS,
o, KUIbLIEBE HANPY/KEHHS;
O,  CKBiBaneHTHE HanpykeHHs pon Mizeca

(Moxe HaOyBaTH BII'€MHUX 3HA4Y€Hb Yy
NPOIIECi HUKITIYHOTO BAHTAKCHHS);

T, T,, JOTHYHE HAIPYKEHHS B IUIOLIUHI;

Tenr Ton MepHIi0OHANIbHE, KUIBLIEBE

MOMEPCUYHE NOTUIHC HAIIPYKCHHSA Bi,[[ 3TUHY,

(8)  Ilepemimenns:

u MEpHIIOHAJIbHE TTIEPEMIITICHHS;
\Y; KUTbIIEBE TICPEMIIICHHS;
w MepeMIilIeHHS, TMEePHeHIUKYIIIPHE 0

MMOBEPXH1 000JIOHKH;

B, MepHUIiOHATBHUI TOBOPOT (auB. 5.3.3);

(9)  Po3mipu 060I0HKH:

d BHYTPIIIHIH JiaMeTp 000JOHKH;
L 3arajibHa JIOBJKMHA OOOJIOHKH,

| JIOBKMHA CETMEHTY 000JIOHKH;

I, pPO3paxyHKOBa JIOBXHHA [UIi BUMIpY

nedeKTiB;

Iy
ne(deKTiB y KOJIOBOMY HampsiMi,

PO3pPaxyHKOBAa HOOBXXHWHA IJIid BI/IMlpy

l,,,  PO3paxyHKoBa JOBXKMHA IS BHMIDY

nedeKTiB y HampsMi MonepeK 3BapHOro IIBa,;

I OOMEXEHHST JOBXMHU OOOJIOHKH IS
OLIIHKM HaIlpyXXeHHS MpU BTpaTi 3arajabHOI
CTIHKOCTI,;

r pamiyc CepeIMHHOT MOBEPXH,

14

unit width;

m,,  twisting shear moment per unit width;

q,, transverse shear force associated with
meridional bending;

0,, transverse shear force associated with
circumferential bending.
(7) Stresses:

o meridional stress;

X

o,  circumferential stress;

o, Von Mises equivalent stress (can be

negative in cyclic loading conditions);

7, T,, IN-plane shear stress;

. meridional, circumferential

transverse shear stresses associated with
bending;

T Ton

(8) Displacements:
u meridional displacement;
v circumferential displacement;

W displacement normal to the shell
surface,

B, meridional rotation (see 5.3.3);

9) Shell dimensions:

d internal diameter of shell;
L total length of shell;

I length of shell segment;

l, gauge length for measurement of

imperfections;

l,, gauge length for measurement of
imperfections in circumferential direction;

I gauge length for measurement of

g.w

imperfections across welds;

I limited length of shell for buckling
strength assessment;

r radius of the middle surface, normal to



MEPICHIUKYISIPHUI 10 0ci 00epTaHHS;
t TOBIIIMHA CTIHKU O0OJIOHKHU;

t MakCcHMaJIbHa CTIHKU

max TOBIIMHA

000JIOHKY Yy 3’ €THaHHI,

t,,  MIHIMaJabHa TOBUIMHA CTIHKH 00OJOHKH
y 3’€THaHH],

t,e  CEpEIHs TOBIIMHA CTIHKM OOOJIOHKH Y

3’€IHaHHI;
B MOJIOBMHA KYyTa MPH BEPIITNHI KOHYCA;
AZ

6 Pe
Wﬁ'n o n
o : 5
{ ! px y

IloBepxHeBHii THCK
Surface pressures

e
E rz n
X
0 = xinbuesi
0 = circumferential

Koopaunatu
Coordinates

v
E :5. '
u
Iepemimenns

Displacements

N = HOpMAaJIbHI
n = normal

X = MepuaioHAIbHI
X = meridional

JACTY-H b EN 1999-1-5:20XX

the axis of revolution;

t

thickness of shell wall;

maximum thickness of shell wall at a

minimum thickness of shell wall at a

average thickness of shell wall at a

apex half angle of cone;

MeMOpaHHi HaNPy KeHHsI
Membrane stresses

Tan

Ilonepeuni JOTUYHI HANPY KeHHS
Transverse shear stresses

Pucynok 1.2 — Ilo3HaueHHs 17151 000I0HOK 00epTaHHS

Figure

1.2 — Symbols in shells of revolutions

15
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ny

Xy
/ N
nxy

3
D —

e

a) Pe3ynbTyroue MeMOpaHHe HANPY:KEHHSI
a) Membrane stress resultants

Xy

m z}-_,

Xy

xy

b) Pe3yabTyroue 3ruHajibHe HANPYKEHHS
b) Bending stress resultants

Pucynoxk 1.3 — Pe3ynbTyroui HanpyKeHHsl B CTIHII 000JIOHKH (Ha LIbOMY
PHCYHKY X — MEPHUIIOHAILHUIA HAMpPsIM, Y — KUTbIIEBUI)
Figure 1.3 — Stress resultants in the shell wall (In this figure x is
meridional and y is circumferential)

(10) [Homycku (muB. 6.2.2):

e CKCUCHTPUCHUTCT MK CCPCANHHUMHA
IMOBCPXHAMHA 3’€,Z[HaHI/IX IJIaCTHH,

U, napamMeTp  JOIYCKy  BHIIQJKOBOI'O
eKCLIEHTPUCHUTETY;

U, napaMerp JAOIMYCKY BIIAXWJIEHHS BiJ
KOJIa;

U, BUXIIHUA mapaMeTp JONYCKy Ha

BM'ITUHU,

Aw,  nomyck, NEePIEHIUKYIAPHAN 0

MOBEPXHi1 00OJIOHKHU
(11) BnactuBOCTI MaTepiamis:

feq E€KBIBAJICHTHA MILHICTE 32 Mi3ecoM;

f XapaKTCpUCTUIHEC 3HAa4YCHHA MEXI1

u
MILIHOCTI
f XapaKTePUCTHYHE 3HAYCHHS YMOBHOI

IpaHMUIli TEKY4OCTi, 1 (0)
sanumkoBii nedopmarii 0,2 %

BIJIIIOBIZIA€

(12) TlapameTpu OIIHIOBAHHS MII[HOCTI:

C Koe(IIieHT OIIHIOBaHHS MIITHOCTI Ha
MMO3I0BKHIN 3TUH;
C KOPCTKICTh JINCTIB HAa PO3TAT Y

¢
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(10) Tolerances (see 6.2.2):

e eccentricity  between  the
surfaces of joined plates;

middle

U non-intended eccentricity tolerance

e

parameter;

U,  out-of-roundness tolerance parameter;
U, initial dent tolerance parameter;

Aw, tolerance normal to the shell surface;

(11) Properties of materials:

f,  von Mises equivalent strength;
f, haracteristic value of ultimate tensile
strength;

f characteristic value of 0,2 % proof
strength;

(12) Parameters in strength assessment:

C coefficient in
assessment;

buckling  strength

C, sheeting stretching stiffness in the axial



OCbOBOMY HalPSMKY;

C, OKOPCTKICTb IIMCTIB Ha pO3TAr Y
KUTBIIEBOMY HAMPSMKY;

C,  YKODPCTKICTb JIMCTIB Ha PO3TAr B3JOBK
MeMOpaHu,;
D,  JKOpPCTKICTb JHMCTIB HA 3THH Y

O0CbOBOMY HaNpSMKY;

D, XKOPCTKICTh ~ JIMCTIB Ha 3THH Yy
KUTBIIEBOMY HaIPSIMKY;;
D,,  KpyTuIbHA KOPCTKICTh JIMCTIB HA 3TMH

IIpU Kpy4YEeHHI,

R oOuuncneHuid omip (BUKOPUCTOBYETHCSI
3 IH/IEKCaMU JIJIsl BKa3iBKU 0a3ucy);
R, omip TUTACTUYH I nedopmartii

(BU3HaYaeThCA K KOe(illieHT 3amacy MilfHOCT1
JI0 PO3paxXyHKOBUX HABAHTAXKEHBD);

R KpUTUYHE

o HpyKHE

HABaHTAXKCHHS
BTpaTd  CTiKocTi  (BU3HAYaeThcs  SIK
Koe(illieHT 3amacy [0  PO3PaxXyHKOBHX
HABaHTAXKCHB);

k KaJiOpyBalbHUM
HEeJHINHUX PO3PaXyHKIiB;

koedimieHT IS

K., CTymiHb B3aemojii BMpa3iB y BHpa3zax
B3a€MO/II1 MIIIHOCTI Ha BTPATy CTIMKOCTI;

u KOe(IieHT 3MIHEHHS CIUIaBIB Yy
3TUHABHUX KPUBHX I 00OJIOHOK;

a., KoedilieHT 3MEHIIEHHA JeeKTIB, NpH
OLHIII MIITHOCTI Ha BTPATy CTIMKOCTI,

A Jiama3oH mapaMerpa 3a HasBHOCTI
3MIHHUX a00 UKIIYHUX I

(13) PospaxyHkoBi Ta pe3yAbTYIOUl
HAIpPyKCHHS;
O,eq PO3DaxyHKOBe 3HAYCHHS

MEpHII0HAILHOTO MEMOpPaHHOTO HAMpyXEHHS

XapaKTEppHOTO Ul BTpPaTH  CTIMKOCTI
(toraTHE TIpY CTHCHEHHI);
O,ey DO3PAXyHKOBE 3HAYEHHS

MEpHII0HAIBHOTO MEMOpPaHHOTO HANpyXEHHS
XapaKTepHOTO JUIsl BTPATH CTIMKOCTI (0AaTHE
NpU CTUCHEHHI);

JCTY-H B EN 1999-1-5:20XX
direction;

C, sheeting stretching stiffness in the
circumferential direction;

C,  sheeting stretching stiffness in
membrane shear;

D, sheeting flexural rigidity in the axial
direction;

D, sheeting flexural rigidity in the
circumferential direction;

D,, sheeting twisting flexural rigidity in
twisting;

R calculated resistance
subscripts to identify the basis);

R,,  plastic reference resistance (defined as
a load factor on design loads);

(used  with

R elastic critical buckling load (defined

cr

as a load factor on design loads);

K calibration  factor for  nonlinear
analyses;
k., Ppower of interaction expressions in

buckling strength interaction expressions;

u alloy hardening parameter in buckling
curves for shells;

a., imperfection reduction factor in
buckling strength assessment;

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

(13) Design stresses and stress resultants

Oy e design values of the buckling-relevant

meridional membrane stress (positive when
compression);

Oy e design values of the buckling-relevant

circumferential membrane (hoop) stress
(positive when compression);

17
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Tey pPO3paxyHKOBE 3HAYEHHS JOTHYHOTO
MEMOpPaHHOTO HANPY>KEHHS XapaKTepHOTO st
BTpaTH CTIHKOCTI,

nX'Ed PO3PAaxXyHKOBC 3HA4YCHHA

PE3YIABTYIOUOTO MEMOpPaHHOTO
MEPUIOHAILHOTO HAMPYXEHHS XapaKTepHOTO
JUIs  BTpaTd  CTiiikocTi  (momaTHe — mpu
CTHCHEHHI);

Nyeq PO3PaXyHKOBE 3HAYECHHS

PE3YNBTYIOYOTO  KUIBIIEBOTO  MEMOpPaHHOTO
HANpPYXXCHHS  XapaKTepHOTO [UIi  BTpaTd
CTiIHKOCTI (JJ0ZaTHE TIPU CTHCHEHHI);

N eg PO3PAXYHKOBE 3HAYCHHS

PE3yJbTYIOYOTO  KUIBIIEBOTO  MEMOpaHHOTrO
HANpPY)XEHHS ~ XapaKTEpPHOTO Ui  BTPaTH
CTiIKOCTI (OAAaTHE TIPU CTHCHEHHI).

(14) KputnyHi HampyXeHHS TpU BTparTi
CTIHKOCTI Ta HANPYXXEHHS OTIOpY:

(e}

vor MEpHIIOHATbHE

KPUTHYHE
HaNpy>XeHHs [IPU BTPATI CTIHKOCTI;

Oy, KiIbLEBE KPUTHYHE HANPYKEHHS IPU
BTpAaTi CTIHKOCTI;

Ty JOTUYHE KPUTHUYHE HANPYXKEHHS MIpU

BTpAaTi CTIHKOCTI;

O,rd MEPHIIOHATLHE PO3paxyHKOBE
HaIpYXEHHs ONOpY BTpaTi CTIHKOCTI;

Oypq KUIBIIEBE PO3PAaXYHKOBE HANPYKEHHS
OTIOpY BTpPATi CTIHKOCTI;

Tpy  HAOTHYHE PO3PAXYHKOBHE HAIPYKEHHS
OTIOPY BTPATi CTIAKOCTI.

(15) BwusnaueHHs pemrtu MO3HaYeHb
HABOJUTHMETHCS B MICII X Mepmioi mosiBM B
JTOKYMEHTI.

15 IIpaBuio 3HaKiB

(1) Hwxkue BuKIaZeHe 3arajbHE MPABHIIO
3HAaKiB, OKPIM 3a3HAa4E€HOT0 B MyHKTI (2)

— HampsM Ha30BHI € IOJaTHIM,
— BHYTPIIIHIHN THCK € JOJaTHIM;
— MepeMIIICHHS Ha30BHI € JJOJaTHIM;

— PO3TATYIOUi HAIIPYXKEHHSI € JT0AATHIMH;
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7y design values of the buckling-relevant
shear membrane stress;

N,z design values of the buckling-relevant

meridional membrane stress resultant (positive
when compression);

N,es design values of the buckling-relevant

circumferential membrane (hoop) stress
resultant (positive when compression);

Neeg design values of the buckling-relevant
shear membrane stress resultant.

(14) Critical buckling stresses and stress
resistances:

o meridional critical buckling stress;

X,cr

o, Circumferential critical buckling stress;

T shear critical buckling stress;

cr

o.r¢ Meridional design buckling stress
resistance;

Oyre Circumferential design buckling stress
resistance;

75  Shear design buckling stress resistance.

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

1.5  Sign conventions

1) In general the sign conventions are the
following, except as noted in (2)

— outward direction positive;

— internal pressure positive;

— outward displacement positive;
— tensile stresses positive;



— JIOTHYHI HaNpy>XeHHs 3rigHo Puc. 1.2

(2) 3 meroro cnpouieHHSs, oIS PO3PAXYHKY
Ha BTpaTy CTIMKOCTI JOAATHIM HPUNHHATO
BBAXKATH HANPYXEHHS CTHCKY. 30BHIIIHIN Ta
BHYTPIIIHIM THCK oOuABa MNPHUIMAIOTHCA
IOJATHIMU.

1.6 CucreMu KOOpAMHAT

() 3aranom, TUTS 000JIOHKOBHUX
KOHCTPYKIIIH BHKOPHUCTOBYETHCS HACTYITHA
WTIHAPHYHA CHCTEMa KoopauHAT  (IuB.
Pucynox 1.4):

KOOpJIMHATa  B3JI0BX  IIEHTPAJIBHOI  OCI
000710HKH 0OepTaHHs z
pajiayibHa KOOpJUHATA r
KUTbIIEBA KOOPMHATA 0
A Z
(P)—1
Y
(C)\/

(p) = mostroc

(p) = pole, (m) = shell meridian

(m) = MepugiaH 060J0HKH

JCTVY-H b EN 1999-1-5:20XX
— shear stresses as shown in Figure 1.2.

(2 For simplicity, for buckling analysis,
compressive stresses are treated as positive.
For these cases both external pressures and
internal pressures are treated as positive.

1.6 Coordinate systems

1) In general, the convention for the
global shell structure axis system is in
cylindrical coordinates (see Figure 1.4) as
follows:

coordinate along the central axis of a shell of
revolution z

radial coordinate r
circumferential coordinate 6

(C) = MUTTEBHII HEHTP MePUAIOHATBLHOI KPUBU3HH
(c) = instantaneous centre of meridional curvature

Pucynok 1.4 — Cucrema KOOpAMHAT KUIbIEBOI 00OJOHKH

Figure

(@) [TookeHHST 100 KOOPIWHAT  JUIS
MEPHUIIOHAIBHUX Ta KUIBIEBUX CIIEMEHTIB,
3’€THAaHUX 3 00OJIOHKOIO, JIEIIO PI3HATHCH.

3 [TonokeHHS 100 KOOPIWHAT JUIS
OPSMONIHIMHUX €NeMEeHTIB, 3’€ JHAHUX 3
00OJIOHKOI0 B MEPHIIOHATBHOMY HAMPSAMKY
nacrynHi (quB. Pucynok 1.5(1)):

MepHuioHAIbHA ~ KOOpAMHATA ISt
CIIEMEHTIB, TOTHYHHX JIO JHAa (BOPOHKH),
IUAJTIHAPUYHOT YaCTUHH 1 1aXy X

BiCh CHJIHOTO 3ruHy (mapaieibHa 10
MOJIMIIb. BiCh MEPHIIOHAIILHOTO 3TUHY) y

BICh cinabkoro 3TUHY
(epHeHIUKYIISIPHA IO TTOJIHID) z

1.4 — Coordinate systems for a circular shell

(2)  The convention for structural elements
attached to the shell wall (see Figure 1.5) is
different for meridional and circumferential
members.

3 The convention for meridional straight
structural elements (see Figure 1.5(1)) attached
to the shell wall is:

meridional coordinate for barrel,
hopper and roof attachment X

strong bending axis (parallel to flanges:
axis for meridional bending) y

weak bending axis (perpendicular to
flanges) z

19
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4) [TookeHHST 100 KOOPIWHAT  JUIS
CJIEMEHTIB, 3’€HAHUX 3 OOOJIOHKOIO B

KUTBLIEBOMY  HampsIMKy  HacTymHi  (IuB.
Pucynok 1.5(11)):
KLIbIEBA KOOpAMHATHA BICh
(KpUBOJTIHIITHA) 0
pamianbHa Bich  (Bich  3THHY B
MEPHIIOHAIBHIN IIONHHI) r
MepuIioHaIbHaA BiCh (BiCh KiIBIIEBOTO
3TUHY) z
%
/
L~
--./ /
X
y
z

a) MepUIiOHAJIBLHUI eJ1eMeHT HKOPCTKOCTI

a) meridional stiffener

4 The convention for circumferential
curved structural elements (see Figure 1.5(11))
attached to a shell wall is:

circumferential coordinate axis

(curved) 0
radial axis (axis for bending in the
meridional plane) r
meridional axis (axis for
circumferential bending) z

b

N\

b) kinbueBmii e1eMeHT KOPCTKOCTI

b) circumferential stiffener

Pucynok 1.5 — MicueBa cucremMa KOOpAUHAT ISl MEPUII0HAIBHUX Ta KUIbI[EBUX €JIE€MEHTIB

YKOPCTKOCT1 000JIOHKH

Figure 1.5 - Local coordinate system for meridional and circumferential stiffeners on a shell

2 OCHOBU ITPOEKTYBAHHJI
2.1 3arajbHi MoJ0KEeHHS

(1)P  IIpoexryBaHHsS 000JI0HOK Mae
BUKOHYBATHCh y BIAMOBIIHOCTI 3 BUMOTaMH,

o Bukiageni y EN 1990 ta EN 1999-1-1.

(2)P  dns rpaHMYHUX CTaHIB 3a HECYYOIO
30ATHOCTEO  Ta 3@  eKCIUTyaTalliifHO
OPUAATHICTIO  MalOTh  OyTH  NPUNHATI
BIJIMTOBI1/IH1 YaCTKOB1 KOeillieHTH.

(3P JIns mepeBipkM  pO3paxyHKIB IO
IPaHUYOMY CTaHy 3a HECYYOH 3IaTHOCTIO,
4acTKOBUH KoedillienT y,  crin mpuiimaru

HaCTyITHUM YHHOM:

-OIIIp TEKY4OCTI Ta HECTIAKOCTI: y,

-OIIp TUIACTUHU Ha PO3TAT MpU pyHHYBaHHI:
Ym2
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2 BASIS OF DESIGN
2.1 General

(1)P The design of shells shall be in
accordance with the rules given in EN 1990
and EN 1999-1-1.

(2)P  Appropriate partial factors shall be
adopted for ultimate limit states and
serviceability limit states.

(3)P  For verification by calculation at
ultimate limit states the partial factor y,, shall

be taken as follows:

- resistance to yielding and instability: y, .

- resistance of plate in tension to fracture: y,



-omip By3niB: quB. EN 1999-1-1

Ipumirka. Yucnosi 3HaueHHs KoedillieHTa ¥y,

MOXYyTh OyTH Bu3HadeHi HarionampHuUM JlogaTKOM.
HactynHi 3HaueHHS € peKOMEHIOBAaHUMH

Yu1 =110
Ym2 =125

4) Jlns mepeBipkHM B TpaHUYHOMY CTaHi 3a
EKCILTyaTaIiitHO IO MIPUIATHICTIO CIIi
3aCTOCOBYBATH YaCTKOBUI KOEMILIEHT ¥, o -

KoedirienTa
HamionansHum

IpumiTka. Yucosi
Y sor MOXKYTb  OyTH

Honarkom. HacTynHe 3HaYeHHS € peKOMEHI0OBaHUM:

3HAYEHHS
BU3HAYEHI

yM,ser = 170 .

2.2 Kuaac 3a BigmoBigaabHicTIO Ta Kjaac
32 BUKOHAHHAM

(1) Bwub6ip 1, 2 yu 3 Knacy 3a
BignoBiganpHicTIO (1uB. EN 1999-1-1) mae
OyTH OTOJKEHUH CIUIBHUM DPIlIEHHSM
MPOEKTYBAJIILHUKA Ta 3aMOBHHKA, IPUUMAaI0YH
JI0 YBar# HalliOHAJIbHI TOJI0KEHHSL.

(2) Kiac 3a BUKOHAHHSIM (muB.
EN 1999-1-1) Mae Oyrd BH3HAUCHHHA Yy
BUKOHaBYIH crierudikariii.

3 MATEPIAJIU TA TEOMETPIA
3.1 BuaacTuBoCTi MaTepianiB

1) EN 1999-1-5 crocyerbesi MmatepialiB
(criTaBiB Ta 3arapTOBaHMX MaTepiaiiB), IO
nepepaxoBani B EN 1999-1-1, Tabnumsx 3.2a
1 0, ta B EN1999-1-4 Tabmuus 2.1 s
X0JI0THO(OPMOBAHHX JIUCTIB.

(20 Hna YMOB eKCIUTyaTarii B
TemneparypHomy nianasoni Bix 80°C  no

100°C BJIACTUBOCTI MartepiaiiB
pernamenToBani B EN 1999-1-1.
€)% 3arajJbHOMY YHUCETLHOMY

pO3paxyHKy 3 ypaxyBaHHSM HEJIIHIHHOCTI
Marepiary BHUKOPHUCTOBYETHCS  BIATIOBIAHA
KpHBa  HANpyXeHb, 1[I0 HaBeJACHA B
EN 1999-1-1, Nonarox E.

3.2 Po3paxyHKoOBi 3HAYE€HHSI reOMeTPHYHUX
AAHUX

(1) ToBumua t 00OJOHKH OOHMpaeThCS 3
naBegeHnx y EN 1999-1-1 ra EN 1999-1-4.

JACTY-H b EN 1999-1-5:20XX

- resistance of joints: see EN 1999-1-1

NOTE: Numerical values for y,,, may be defined in

the National Annex. The following numerical values are
recommended:

Ym1 =110
Ym2 =125

4) For verifications at serviceability limit
states the partial factor y,, ., should be used.

NOTE: Numerical values for y,, . may be defined in

the National Annex. The following numerical value is
recommended:

7M,ser :170 :

2.2  Consequence class and execution
class

1) The choice of Consequence Class 1, 2
or 3, see EN 1999-1-1, should be agreed
between the designer and the owner of the
construction work in cooperation, taking
national provisions into account.

(2)  The Execution Class, see EN 1999-1-1,
should be defined in the execution
specification.

3 MATERIALS AND GEOMETRY
3.1 Material properties

1) EN 1999-1-5 applies to wrought
materials (alloys and tempers) listed in
EN 1999-1-1, Tables 3.2a and b and
EN 1999-1-4 Table 2.1 for cold-formed
sheeting.

@) For service temperatures between 80°C
and 100°C the material properties should be
obtained from EN 1999-1-1.

(3) In a global numerical analysis using
material nonlinearity, the appropriate stress-
strain curve should be selected from
EN 1999-1-1, Annex E.

3.2  Design values of geometrical data

(1)  The thickness t of the shell should be
taken as defined in EN1999-1-1 and
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(2) B skocti 6a30Boi TOBEpxHI IS
HABaHTAXCHb  CIIIJ] OOWpaTH  CEepeIUHHY
MOBEPXHIO 00OJIOHKH.

(3) Pamiyc r 00OJOHKHM BH3HAYa€THCS SIK
HOMIHAJIBHUN pajiilyc CEpEeIWHHOI IMOBEPXHI,
BUMIPSIHUI TI0 HOpMaJTi 10 0Ci 00epTaHHS.

3.3  T'eomerpuuni
reoMeTpHu4Hi 1eeKTH

AOIMYCKHU Ta

(¢D)] Po3pi3HsAOTE HACTYMHI T€OMETPHUYHI
BIIXWJIEHHSA MOBEPXHI 000JIOHKH BII
HOMIHAJIbHOT (hopMHu:

- HEKpYIIIiCTh (eMNTUYHICTD) (BIIXUICHHS Bl
Kpyrioi popmu);

- CKCIICHTPUCUTETH (BIIXUJICHHS CEpPeIUHHHUX

MOBEPXOHb  CETMEHTIB  OOOJIOHKM  OJIHa
BIJTHOCHO 1HIIIOT Ha CTHKAX);

- wMicueBi BM'sTuHH (MICIEBI HOpMAabHI
BIIXWJICHHS BiJl HOMIHAIBHOI CepeauHHOT
MIOBEPXHi).

EN 1090-3  micTuTeh  BHMOTM IO
JIOIYCKIB IS 000I0HKOBUX

Hpumirka.
reOMETPUYHUX
KOHCTPYKITIH.

(2) T'eomerpuyHi JOMYCKH TIOB si3aHi 3
OTIOPOM BTPATi CTIHKOCTI TUB. 6.2.2.

4 JOBI'OBIYHICTb

Q) OCHOBHI BUMOTH BUKIIAJICHO y PO3ALII
4 EN 1999-1-1

(2)  OcolOmuBy yBary cimiJ OpHIUTUTH
BUMAJKaM, KOJH PO3TJISIAEThCI  CYMICHA
poboTa pi3HUX MarepiaiiB, 0COOIUBO SIKIIO 1X
eeKTpOXIMIYHUN CKIIaJ MOXE CIHPOBOKYBATH
MOSIBY KOPO3ii.

Mpumitka. ¥ EN ISO 12944-2 naseneno kareropii
KOpO3iMHOI CTIMKOCTI M Ai€l0 NMPUPOTHUX (aKTOpiB

JUIi  MEXaHIYHUX  KpIIMWIbHAX  EJIEMEHTIB,  JIMB.
EN 1999-1-4.

(3) Takox g0 yBarM CIig OPUAHATH
HPUPOJIHI YMOBH, IO MEPEBAXKAIN 3 MOMEHTY
BUPOOHUIITBA, BKJIOYAIOYHM TPAHCIOPTYBAHHS
Ta 30epiraHHs Ha CKJIaJaIbHOMY MaillaHYHKYy.
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EN 1999-1-4.

2 The middle surface of the shell should
be taken as the reference surface for loads.

(3)  The radius r of the shell should be
taken as the nominal radius of the middle
surface of the shell, measured normal to the
axis of revolution.

3.3 Geometrical tolerances and
geometrical imperfections

(1)  The following geometrical deviations
of the shell surface from the nominal shape
should be considered:

-out-of-roundness (deviation from circularity);

- eccentricities (deviations from a continuous
middle surface in the direction normal to the
shell along junctions of plates);

- local dents (local normal deviations from the
nominal middle surface).

NOTE: EN1090-3 contains requirements to
geometrical tolerances for shell structures.

(2)  For geometrical tolerance related to
buckling resistance, see 6.2.2.

4 DURABILITY

(1) For basic requirements, see Section 4
of EN 1999-1-1

2 Special attention should be given to
cases in which different materials are intended
to act compositely, if these materials are such
that  electrochemical phenomena  might
produce conditions leading to corrosion.

NOTE: For corrosion resistance of fasteners for the
environmental  corrosivity  categories  following
EN ISO 12944-2 see EN 1999-1-4.

(3) The environmental conditions
prevailing from the time of manufacture,
including those during transport and storage
on site, should be taken into account.



5 PO3PAXYHOK KOHCTPYKIIIA
5.1  TI'eomMeTpHM4YHi XapaKTepUCTUKHU

(1)  OOGomonka wmae OyTu TpejaCTaBICHA
CEpPEeANHHOIO OBEPXHEIO.

(2) Y  skocti  pamiycy — KpPHBHU3HH
IPUIMAETHCST HOMIHATBHUI paiyc KPHBU3HH.

(3)  CykymHIiCTh cerMeHTiB OOOJOHKH HE
CIII PO3AUIATA HA OKpPEeMi CEerMEHTH IS
pO3paxyHKy, OKpIM BHUMAAKIB KOJH TPaHUYHI
YMOBH JIJIsl KO)KHOTO CErMEHTa BHUOMPAIOTHCS
TaKUM YHHOM, 1100 00 €KTMBHO MOJIEIIOBATH
B3a€EMO/IIF0 MDK HUMHU.

(4)  PospaxyHkoBa  MOJenb ~ NOBHUHHA
MICTHUTH OTOpPHE KUTbIIE, MO MEpeIae OMOpHi
peakuii Ha 000JIOHKY.

(5) Excuentpucurern i yCTyIH
CepeIMHHOI  TOBEpXHI  OOOJNOHKH  CIIiJ
BKJIIOBAaTH JI0 PO3PaxXyHKOBOI MOJIENi, SKIIO
BOHM € MIPUYMHOIO 3HAYHOTO 3TMHY BHACITIIOK
PE3YNBTYIOUNX MEMOPaHHHX HAIPYXEHb, 10
NPUKITAJICH] eKCIEHTPUYHO.

(6) Bymp SKHH  EKCIIEHTPHUCHTET MDK
CepeAMHHUMHU MTOBEPXHAMU CErMEHTIB
000JIOHOK Ha CTHKax Ma€ OyTH BpaxOBaHUU Y
PO3paxyHKOBIH MOJIEII.

(7)  Kinbue  KOPCTKOCTI  BBaXKAETHCS
OKpEMHUM  €JIEMEHTOM KOHCTPYKLIi  KpiM
BUMAJKY KOJM KpPOK KiJenb MEHIIUH 3a

1,54/t

(8) Oo6omonka 3 JTUCKPETHO
PO3TaIIOBAHUMHU CTPHHTEpPaMHU MOXKe
pO3MIISIIATHCh K OPTOTPOIHA PIBHOMIpHA
00OJIOHKA, 3a YMOBH, IO BiACTaHb MIDX

CTPUHI€paMU HE NEPEBULILYE 5Jrt .

(99 To¢poBana (B  ocpOBOMY  HH
KUTBIIEBOMY HAmpsMKy) OOOJOHKa MOXe
pO3IJISIaTUCh SIK  OPTOTPONHA PIiBHOMIpHA
000JIOHKA, 332 YMOBH, IO IIUPHHA TrOppU HE

MIEPEBUIIYE 0,5rt (muB. A.5.7).

(10) B pospaxyHKoBiii Mozeai OOOJIOHKH
MO)XHa HEXTyBaTH OTBOpaMU HaMOUIbIIUI
PO3MIp SIKMX MEHIIIE 3a 0,54/rt .

(11) 3BarampHa  CTIMKICTD  KOHCTPYKIIi

BIIUIOMY MOKe¢ OyTH BH3HA4€Ha 3TiIHO
mosoxxkeds EN 1993 wactun 3-1, 3-2, 4-1, 4-2

JACTY-H b EN 1999-1-5:20XX
5 STRUCTURAL ANALYSIS

51  Geometry

Q) The shell should be represented by its
middle surface.

(2)  The radius of curvature should be
taken as the nominal radius of curvature.

(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 a way as to
represent interactions between them in a
conservative manner.

(4) A base ring intended to transfer
support forces into the shell should be
included in the analysis model.

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

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

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

than 1,5+/rt

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

5Tt .

9 A shell that is corrugated (axially or
circumferentially) may be treated as an
orthotropic uniform shell provided that the
corrugation wavelength is less than 0,5v/rt
(see A5.7).

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

smaller than 0,5+/rt .

(11) The overall stability of the complete
structure can be verified as detailed in
EN 1993 Parts 3-1, 3-2, 4-1, 4-2 or 4-3 as
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5.2

(1) BinmoBimHi TpaHW4YHI YMOBH  CIif
BUKOPUCTOBYBaTH TpPU pPO3paxyHKax s
OIIHKM TPAaHUYHUX CTaHIB 3TIHO 3 YMOBaMH,
mo Bu3HaueHi B TaoOmumi 5.1. CroemianbHi
YMOBH, HEOOXigHI /I OO4YHCIEeHb BTpATH
CTIMKOCTI, BUKJIQJICHI B TIyHKTI 6.2,

I'panuyni ymoBu

appropriate.
5.2

@ The appropriate boundary conditions
should be used in analyses for the assessment
of limit states according to the conditions
shown in Table 5.1. For the special conditions
needed for buckling calculations, reference
should be made to 6.2.

Boundary conditions

Ta6mmuss 5.1 — ['panuyni ymoBu 17151 000JI0OHOK
Table 5.1 - Partial safety factors for joints
[To3nauenns | CrpormieHa Onuc Hopmanssi [Mepamionassi MepI/Im?Ha
T'paHUYHHX Ha3Ba L. 3MiIIIeHHH 3MiIIIeHH$[ JIbHUH
YMOB Description TOBOPOT
Boundary | Simple |Paniansuo |Mepunionanasto|lToBoporao| Normal Meridional | Meridional
conditi code|  term Radially | Meridionally | Rotation |displacements| displacements | rotation
3aIIiMJICHO |3aI[IMIICHO i 3aIIiMJICHO
BC1r T SAIUMIEHO _ w=0 u=0 B, =0
clamped | restrained restrained restrained
3aM[IMJICHO i BiJIBHO
il . 3aLu1MJ_16H0 W=0 u=0 ﬂ¢ 20
BC1f restrained |  restrained free
i BLILHO i
BC2r SaIHIM{'ICHO SaLLIIMJ-'ICHO w=0 u=0 ﬁ,}; =0
restrained free restrained
mapHi i BLIBLHO BIJIBHO
BC2f 4PHIP - |3aLuMIeHo w=0 uz0 B, #0
pinned | restrained free free
BUIbHMI BLJILHO BITBHO BUIBHO
BC3 Kpaii w0 uz0 B,#0
free edge | free free free

Mpumitka. KinbiieBe 3MillICHHS V TiCHO OB s3aHE 31 3MIIICHHSIM W, 1[0 € HOPMaJbHUM JIO MTOBEPXHI, TOMY JJIS IIHX

JIBOX TTApaMeTpiB OKpeMi IpaHUYHI YMOBH HE BKa3yIOThCS.

NOTE: The circumferential displacement v is very closely linked to the displacement w normal to the surface so

separate boundary conditions are not needed.

53 ii Ta BIUVIMBH HABKOJHIIHLOIO
cepeIoBHIIA
Q) [Tepenbauaerbes, 110 BCi il Ta BILTUBU

NPUKIAJAIOTECS 0 CEPEJUHHOI TOBEpPXHI
o0onoHkH. EKclieHTpHCHTETH HaBaHTa)KECHHS
MOBUHHI OyTH TpEACTaBICHI CTaTHYHUMH
€KBIBAJICHTHUMHU 3yCWJIIMHA 1 MOMEHTaMH Ha
CepeNMHHIN MOBEpXHI 000JIOHKH.

(2)  Micuesi il Ta MicleBi AUISTHKH il HEe
Iz IPEJICTABISATH CKBIBAJICHTHUMHU
PIBHOMIPHO PO3HOIUIEHUMU

HaBaHTaXCHHAMH, AKIIIO HEC BKa3aHO 1HIIIE.
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5.3 Actions and environmental
influences
(1)  Actions should all be assumed to act at

the shell middle surface. Eccentricities of load
should be represented by static equivalent
forces and moments at the shell middle
surface.

(2) Local actions and local patches of
action should not be represented by equivalent
uniform loads unless otherwise stated.




(3) Ilepenmik BmMBIB 1 iX KOMOIHAIIiH
Hasegeno B EN 1991 ta EN 1990. Ilix uac
PO3paxyHKy KOHCTPYKIIii MMOBUHHI
BPaxOBYBATUCS BCi HACTYMHI (aKTOpH, MpH iX
HAsSIBHOCTI:

- MICIIEBE OCINaHHS Hi CTIHKAMU OOOJIOHKH,

- MiCIleBEe OCiTaHHS g JUCKPETHUMH
OTIOpaMH;

- OJTHOPITHICTh OTIOPU KOHCTPYKITIi;

- Tmepemnaj TeMmIepaTryp Bia OJHIE] CTOPOHH
KOHCTPYKIIIi 710 1HIIIOT,

- nepenasn TEeMIepaTyp
KOHCTPYKII1i HA30BHI,

3cepeIuHH

- BITPOBI BIUIMBH Ha OTBOPH 1 IPOPI3H;

- B3a€EMOJIS BITPOBUX BIUIMBIB y TIpymax
KOHCTPYKIIiH;

- 3'eTHAHHS 3 HIIUMH KOHCTPYKIISIMU;
- YMOBH B IPOIIECI MOHTAXKY.

4) BHacimigok TOro 1m0 HABAHTAXKEHHS
CIPUAMAIOThC MEMOpPaHHUMH  3YCHILISIMH,
000JIOHKH MOXYTh OYTH YYTJIMBUMHU 10
MEBHUX T'€OMETPUYHUX 3MiH, HANPHUKIAM, 0
BM’SITUH. Ha 1omatok [0  HEMEHy4Yux
BIIXWJICHb BiJ T€OMETPii NMPU BUTOTOBIICHHI,

BM’SITUHU MOXXYTh Oyt BUKJIMKAHI
Herepen0ayeHUMU  BIUIMBAMH M Yac
eKcruryaTamii. BpasnuBicTe 10  BM SATUH

3pOCTa€ y MICHAX 3 TIOPIBHSIHO TOHKHMU
nepepizaMy  €JIeMEHTIB. Y BUMAAKY, KOJIHU
pO3Mipd BM SATUH TEPEBUINYIOTh 3HAYCHHS,
HaBeneHl y C.4, ¢ BUSHAUUTH SIKI HACTIIKH
e MaTtumMe Ui Hecydoi  3JaTHOCTI.
PekoMeHyeThCsI BHUKOHYBAaTH —MEPIOJUYHY
nepeBipKy reoMeTpil.

(5)  TIpu BuOOpi KOHIIEMIIT MPOCKTYBAHHS
CITT BXKUTH 3aXOJIH Ul 3MEHIICHHS PU3HKY
HOSIBH BUITAJKOBHX BM STHH.

Takumu 3axomamMu, HAPUKIAA, MOXYTh OyTH
OUThIl  TOBCTA, HDK IBOTO  MOTpeOye
pPO3paxyHOK, CTiHKA, a00 MOAATKOBUU 3aXHCT
BPA3JIMBUX MICIIb.

5.4  Pe3syabTyroui
Hanpy:KeHHA

Q) 3a yMOBHM, WI0 CHIBBIIHOIICHHS
pamiyca 10 TOBIIMHU € OUIbIIMM  3a

HaNpy:KeHHs T

JACTY-H b EN 1999-1-5:20XX

3 The actions and combinations of
actions are given in EN 1991 and EN 1990. In
addition, those of the following actions that
are relevant for the structure, should be
considered in the structural analysis:

- local settlement under shell walls;
- local settlement under discrete supports;

- 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.

4) Shells may, due to how the loads are
carried by membrane forces, be sensitive to a
change in geometry e.g. by dents. In addition
to unavoidable deviations in geometry from
execution, dents may come from unforeseen
actions during service. The sensitivity will be
increased where the members consists of
relatively thin sections. In case dents are
introduced that exceeds those values given in
C.4 the consequences for the load bearing
capacity should be investigated. A program for
periodical check of the geometry is
recommended.

(5)  When selecting the design concept,
means to avoid the risk of unacceptable dents
should be considered.

Such means may e.g. be using a larger
thickness than necessary according to the
structural calculations, or to arrange for
protective means for areas where the risk is
judged to be significant.

5.4 Stress resultants and stresses

(1)  Provided that the radius to thickness
ratio is greater than (r/t) . =25, the
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(r/t),i, =25, KpUBH3HOIO OOOJIOHKH MOXHA

3HEXTYBAaTU TPU PO3PAXYHKY PE3YIbTYIOUUM
HANpPY>KEHHSIM B CTiHII1 00OJIOHKH.

5.5  Buau po3paxyHkKy

(¢H)] [TpoexTyBaHHS Mae OyTH 3aCHOBaHE Ha
OTHOMY a00 JEKUIbKOX BHJAX PO3PaxXyHKY,
o HaseneHl B Tabimmi 5.2 B 3a1€XHOCTI BiX
IPAaHUYHOTO CTaHy abo IHIIUX OOCTaBUH.
Bumu pospaxynky omucani B Tabmumi 5.3.
Bitem geransuao qus. EN 1993-1-6.

Tabiuuss 5.2 — Buam po3paxyHky 000JOHOK
Table 5.2 — Types of shell analysis

curvature of the shell may be ignored when
calculating the stress resultants from the
stresses in the shell wall.

55  Types of analysis

(1)  The design should be based on one or
more of the types of analysis given in Table
5.2 depending on the limit state and other
considerations. The types of analysis are
further explained in Table 5.3. For more
details, reference is made to EN 1993-1-6.

Teopis [ToBexinka Ieomerpis
Bun pospaxyHky .
Type of analysis 00O0JIOHKH MaTepiany 00OJIOHKH
Shell theory Material law Shell geometry
. MeMOpaHHa . 1
MeM6paHHa TCOp1A . HC BpaxOBY€ETbCA 1aA€aJdbHa
p1BHOBara
o6omnorok (MTO) membrane
Membrane theory analysis MTA A not applicable perfect”
equilibrium
oy N TMIHIAHAHA 3THH 1 . ) 1)
HIHII/IHO—HPY)KHPII/I JIIHIMHA 14€aJIbHa
po3TAr
po3paxyHok 060oHOK (JIP) . .
. . X linear bending . 1)
Linear elastic shell analysis LA . linear perfect
and stretching
JliniitHO-TIpY>KHUT JHIAHUH 3THH 1 o . 1)
. JIIHIMHA 1AcaJIbHa
pospaxyHok Oidypaxiii (JIPB) pO3TAT
Linear elastic bifurcation analysis linear bending . 1)
. linear perfect
LBA and stretching
I'eomerpuaHO HEMIHIHHMHA . . . 1)
o HCEJIIH1MHA JIIHIMHA 1AcaJIbHa
npyxuuii pozpaxynok (I'HP)
Geometrically non-linear elastic . . 1
. non-linear linear perfect
analysis GNA
DisirHO HeNiHiHENiL JIHIMHA HeNlHiliHa ineanpua®
pospaxynok (MHP) A
Materially non-linear analysis . . 1
linear non-linear rfect”
MNA ea on-linea perfec
I'eomerpuyHo i hizuuHO . C . 1)
e o HCJIIHIMHAa HCII1H1MHAa 1aA€aJIbHa
HemiHiiHuN po3paxyHok (CMHP)
Geometrically and materially . . 1)
; . non-linear non-linear perfect
non-linear analysis GMNA
I'eomerpudHO HEMiHIHHMIA
MIPYKHUHA PO3PAXyHOK 3 HeniHiiHa niHiHA HeineanbHa®
ypaxysauusm nedexris (I'HJIP)
Geometrically non-linear elastic
analysis with imperfections non-linear linear imperfect?
GNIA
I'eoMeTpudHO 1 BizuaHO
HeNHIHHUN PO3PaxyHOK 3 . s . 2)
. HEJIIHIMHA HCJIIH1IMHA HElacaJIbHa
ypaxyBaHHsM Je(eKTiB
(TMH/IP)
metrically and materiall . . .
Geo et_ cally and . ate_ ally non-linear non-linear imperfect?
non-linear analysis with
imperfections GMNIA
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1) TepmiH «ifieanbHa FEOMETPIsA» 03HAYAE, IO B PO3PAXYHKOBIH MOJIENi BAKOPHCTOBYETHCS HOMiHANBHA TCOMETPist
0e3 BpaxyBaHHs T€OMETPUYHUX BiJIXMIIEHb.

1) Perfect geometry means that the nominal geometry is used in the analytical model without taking the geometrical
deviations into account.

2) TepMiH «HeigeansHa TEOMETPIs» 03HAYAE, 10 B PO3PaXyHKOBIM MOJIEI BpaxoBaHi TeOMETPHUHI BiJIXHWICHHS Bil
HOMIHAJIBHOI T€OMETPil.

2) Imperfect geometry means that the geometrical deviations from the nominal geometry (tolerances) are taken into
account in the analytical model.

Ta6mmusn 5.3 - Omnwuc BuAIB po3paxyHKy 000JI0HOK
Table 5.3 - Description of types of shell analysis
Po3paxyHOK, 10 BU3HAYAE MOBE/IIHKY
TOHKOCTIHHOi OOOJIOHKOBOT KOHCTPYKITIi ITiJT JIEF0
MembpanHa Teopist o6oonok (MTO) pO3MOAIEHUX HAaBaHTAXXEHb 3a YMOBH, IO

MeMOpaHHI  3yCWJUIA  3aJ0BOJILHSIOTH  YMOBHU
PIBHOBArY i3 30BHIIIHIMU HaBAaHTAYKCHHSIMH.
Membrane theory analysis

(MTA) An analysis of a shell structure under distributed
loads assuming a set of membrane forces that
satisfy equilibrium with the external loads.

Po3paxyHOK Ha OCHOBI TeOpii JMiHIIHO-TIPYKHOTO

i . THH JIOHKH TIPY MaJIX Marrisx,

JliniiiHO-IpYyXHUH po3paxyHok (JIP) 3THHy 000110 P .I[e(’lt_)op H
MPUITYCKAIOYH, [0 TEOMETPIsI € i7eaabHOIO.

An analysis on the basis of the small deflection

linear elastic shell bending theory assuming perfect

geometry.

Linear elastic analysis (LA)

Po3paxyHOK, stkuit orliHIoe JiHiiHe OidypKamiiiHe
BIIACHE 3HAYEHHS U TOHKOCTiHHOI 00OJIOHKOBOT
KOHCTPYKIIii Ha OCHOBI T€Opii JIHIHHO-TIPYKHOTO
3TUHY O0OJIOHKH TIPH J1edh OpMaITisiX, MaJTuX 110
BiTHOIIIEHHIO 10 1/1eaTbHOI T€OMETPil cepearmHHOL
JliniliHO-npyXHU# po3paxyHoK Oidypakuii (JIPB) | moBepxui o6omonku. Citi 3a3HAYMTH, 0 3ralaHe
JiHelHe OidypKalliiiHe BlacHe 3HAUCHHS HE
BIZTHOCHUTBCS 710 (POPM BIACHUX KOJTHBAHb.
Linear elastic bifurcation (eigenvalue) analysis
(LBA) An analysis that calculates the linear elastic
bifurcation eigenvalue on the basis of small
deflections using the linear elastic shell bending
theory, assuming perfect geometry. Note that
eigenvalue in this context does not refer to
vibration modes.

Po3paxyHOK Ha OCHOBI T€Opii 3rMHY 00OJIOHKH JUIS

ieanpHOl TeOMEeTpii 3 ypaxyBaHHSM JIiHIHHO-

I'eomeTpudHO HENMIHIHHUNA TPYKHUN MPYKHUX XapaKTePUCTHK MaTepiany Ta HeTiHIHHO1
pospaxynok (I'HP) Teopii BEMUKUX AeopMarriii.

An analysis on the basis of the shell bending theory

Geometrically non-linear analysis (GNA) assuming perfect geometry, considering non-linear
large deflection theory and linear elastic material
properties.
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Kinenps Taouauumi 5.3

®izuyHo HemiHiiHUI po3paxyHok (MHP)

Materially non-linear analysis (MNA)

Pospaxynok, moxiouuii no (JIP) , ane i3
ypaxyBaHHSM HETIHIHHUX TPy HO-TIITACTHYHHX
XapaKTePUCTUK MaTepiany. Y 3BapHUX
KOHCTPYKIIISIX CITiJl 3MOJIIOBATH JIUISTHKH METAIY,
110 3a3HaJIM BIJIMBY HATPiBaHHS.

An analysis equal to (LA), however, considering
non-linear material properties. For welded structure
the material in the heat-affected zone should be
modelled.

I'eoMeTpuyHO i Bi3UUHO HENIHIHHUN PO3PAXYHOK
('MHP)

Geometrically and materially non-linear analysis
(GMNA)

Po3paxyHok Ha OCHOBI TeOpii 3TUHY OOOTOHKH IS
171€aTbHOi KOHCTPYKIIii 3 BUKOPUCTAHHSIM
MPUITYIIEHb HEJIIHIHHOT Teopil BETUKUX
nedopmMaliiii mepeMilieHb 13 ypaxyBaHHIM
HENHIMHUX MPYKHO-TUIACTHYHHUX XapaKTEPHCTHK
Matepiany. Y 3BapHUX KOHCTPYKIIISX CIiJ
3MOJIENIIOBATH AUISHKA MeTaly, [0 3a3HajH
BIUIMBY HarpiBaHHS.

An analysis applying the shell bending theory
assuming perfect geometry, considering non-linear
large deflection theory and non-linear material
properties. For welded structure the material in the
heat-affected zone should

be modelled.

Di3UYHO HETIHINHUI PYXHUA PO3PAXYHOK 3
ypaxysannsm nedexris (CHJIP) Y
Geometrically non-linear elastic analysis with
imperfections included (GNIA)Y

Po3paxynok, noaiouuii mo ('HP), ane i3
ypaxyBaHHSM HeiJeallbHOI TeoMeTpii.

An analysis equal to (GNA), however, considering
an imperfect geometry.

I'eomeTpudHO i Bi3NUHO HENHIMHUN PO3PAXYHOK 3
ypaxyBanusm nedekris (TMH/IP)
Geometrically and materially non-linear analysis
with imperfections included (GMNIA)

Pospaxynok, nmoxiouuii 1o (CMHP), ane i3
ypaxyBaHHSM HeiJiealibHOT FeOMeTpii.

An analysis equal to (GMNA), however,
considering an imperfect geometry.

BUJIIB PO3PaxXyHKy OOOJIOHOK.

presentation of types of shell analysis.

1) Ieit MeTo HE PO3IVIAAAETHCS B JAHOMY JOKYMEHTI 1 HABEICHUH JIUIIIE JJIS TPEACTABICHHS MOBHOIO TIEPETIKY

1) This type of analyses is not covered in this standard, however, listed here for the purpose of having a complete

6 IT'PAHUYHUI CTAH
HECYYOIO 3IATHOCTIO

3A

6.1  Omip momepeuHoro nepepisy

6.1.1 Po3paxynkoei 3naueHHs HANPYIHCEHb

(1) YV koxuii TOUIIi
pPO3paxyHKOBY  BEJIMYHHY
Oeqea IPUAMAETbCS  HaliBHINE

KOHCTPYKIIIi 3a
HaTPy>KEHHS

TIEpPBUHHE
HATPY)KCHHsI, BU3HA4YCHE TIPU PO3PAXYHKY
KOHCTPYKIIii, IIT0 BPaXOBY€ 3aKOHU PIBHOBAru
MDK MPUKIIAACHUM PO3paxyHKOBUM
HABaHTAXXCHHSAM 1 BHYTPIIIHIMU 3yCHJUISIMU Ta
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6 ULTIMATE LIMIT STATE

6.1 Resistance of cross section

6.1.1 Design values of stresses

(1)  Ateach point in the structure the
design value of the stress o, ¢, should be

taken as the highest primary stress determined
in a structural analysis that considers the laws
of equilibrium between imposed design load
and internal forces and moments.




MOMCHTaMHM.

(2) 3a mnepBuHHE HamNpyXEHHS MOXKHA
NpUIHATH MaKCUMaJIbHE 3HAaYEeHHS
HanpyXeHb, HEOOXiIHUX HJs pIBHOBaru 3
NPUKIAJICHUMH HABAaHTAKCHHSIMH B TOYIll a00
B3/IOBXK BICECUMETPHYHOI JiHIi B MyCTOTLIOT
KOHCTPYKIIi.
(3)  Ilpu BukopHCTaHHI MEMOpaHHOI TeOPil
pO3paxyHKy, OTpHMaHe B  pe3yJabTaTi
JIBOBUMIpHE TOJI€ PE3yAbTYIOUNX HAIPYKEHb
Nyed » Moed + Nyo Ed MOXKE OyTH
€KBIBAJICHTHIM
HaTNPYXCHHIM Ceqid »

IIPEICTABIICHO
PO3paxyHKOBUM

OTPUMaHUM 3a GOPMYJIOL0:

JACTY-H b EN 1999-1-5:20XX

(2)  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 a line in the shell structure.

3 If a membrane theory analysis (MTA)
is used, the resulting two dimensional field of

stress resultants n, ., , Nygy » Ny g May be

represented by the equivalent design stress
Oeq£0 OPtained from:

15 2 2
O¢q.Ed :I\/nx,Ed +Nged —MNyeaMoea T 3N g (6.1)

(4)  Ipu BukopucranHi po3paxyHky (JIP)

abo ('HP) orpumane B  pe3yabraTi
JBOBUMIpHE TIOJ€ TEPBUHHHUX HANpYKEHb
MOXe OyTH TIpEICTaBICHO EKBIBAJICHTHUM
PO3paxyHKOBUM HanpyxkeHHsIM (oH Mizeca:

4) If a linear elastic analysis (LA) or a
geometrically non-linear elastic analysis
(GNA) is used, the resulting two-dimensional
field of primary stresses may be represented
by the von Mises equivalent design stress:

2 2 2 2 2
Oeqed = \/Gx,Ed +0y 60 —OxeaCoed TN Tao.e0 T Tunea 70,60 ) (6.2)
hi (5 in which:
1 nx Ed 1 nG Ed mH Ed
o,y =—(——= Oy ey =—(———+—"— 6.3
o = )10y = () (63)
1 nx9 Ed mx9 Ed qxn Ed qen Ed
T =— — + — ), T =— 7 = 6.4
x0,Ed 77 ( t t2 /4 ) xn,Ed t on,Ed t ( )
n HOMPAaBOYHHUN KOEPIIEHT HEMPYKHOT n being a correction factor due to

MOBEJIHKM MaTepialy B 3aJIeXHOCTI BiX
YKOPCTKOCTI 200 TJIACTHYHOCTI CIJIaBY.

Hpumitka 1. HaBeneHi BuIie Bupas3u Aal0Th CIPOIICHE
KOHCEpBATMBHE  CKBIBAICHTHE  HANPYXKCHHS  JUIs
MPOEKTYBaHHS.

Mpumirka 2. BenmuuuHu a1 77 HaBemeHi  y
EN 1999-1-1 B Jlomarky H sk ¢yHkuis Bifg
BJIACTHBOCTEH CIUIaBy. 3HAYEHHS 7] 3aJexarh Bij
koedimienta  reomerpuuHoi  dopMm ¢, IO

npuiiMaeThCs piBHEM @ =1,5.

Ipumirtka 3. 3HaueHds 7,, gy 1 Ty gq 3a3BUYAN TyKe

MaJji i He MalwTh BIUIMBY Ha OMip, TOMY, 5K HPaBUIIO,
HUMH MOXKHA 3HEXTYBATH.

inelastic behaviour of material and depending
on both hardening and ductility features of the
alloy.

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

NOTE 2: Values for n are given in EN 1999-1-1
Annex H as a function of alloy features. Values of n
corresponding to «, geometrical shape factor ¢, =1,5
should be taken

NOTE 3: The values of 7,, ., 1 7,,¢ are usually very

small and do not affect the resistance, so they may
generally be ignored.
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6.1.2 Po3paxynkosi 3nauenns onopy

(1)  ExBiBanieHTHa PO3paxyHKOBa MIIHICTh
¢don Mizeca Bu3Ha4a€eThCs 3a (POPMYIIOL0:

f
feq.ra = Min(
Ie.
f, XapaKTepUCTUYHE 3HAYCHHS YMOBHOI
rpaHull TEKY4OCTI, 10 BIJIIIOBI/1a€

3anmuikoBii nedopmartii 0,2 %, sk 3a3HaYeHO
B EN 1999-1-1.

f, XapaKTepUCTUYHE 3HAYCHHS TPaHMII

MIITHOCTI Ha PO3TAT, SK 3a3HAYCHO B
EN 1999-1-1.

P

 haz CHIBBIIHOLIEHHS — MDK

I'PaHUIICIO
MIITHOCT] Ha PO3TAT B 30HI TEPMIUYHOT'O BILIUBY
3TB Ta B 0CHOBHOMY Matepiaji SK 3a3Ha4eHO
B EN 1999-1-1.

Yw1  YacTKOBUHM Koe(ilieHT omopy, Mo
Hasenenuii B 2.1 (3).

Yw, YaCTKOBUH Koe(ilieHT omopy, 0o
Hasenenuii B 2.1 (3).

(2)  Edexrt oTBOpIB min KpinuibHI BUPOOH
Cli BpaxyBaTM y  BIONOBIIHOCTI 31
craamaprom EN 1999-1-1.

6.1.3 Oémerncennsn nanpyscens

(1) Hpu  xoxHiH  mepeBipiui  BOTO
IPaHUYHOTO CTaHy pO3paxyHKOBe
HaINpy>KEHHsI TIOBUHHO 3a/I0BOJIBHSTH YMOBY:

eq,Rd =

6.1.2 Design values of resistance

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

b (6.5)
Vm1
P._f
u,haz "u ’L) (66)
Ym2 Vw1
where:
f, is the characteristic value of the 0,2 %
proof strength as given in EN 1999-1-1.
f is the characteristic value of the

u

ultimate strength as given in EN 1999-1-1.
P 1S the ratio between the ultimate

strength in the heat affected zone HAZ and in
the parent material, as given in EN 1999-1-1.

ym1 1S the partial factor for resistance given
in2.1(3).
Ym2 1S the partial factor for resistance given
in2.1(3).

(2)  The effect of fastener holes should be
taken into account in accordance with
EN 1999-1-1.

6.1.3 Stress limitation

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

O-eq,Ed < feq,de (67)

6.1.4 Ilpoekmysannsa WAAXOM YUCI08020
ananizy

(1)  PospaxyHkoBwHiA ortip MEKi
IJIACTUYHOCT] BU3HAYAETHCS Uepe3 KOoeilieHT
HaBaHTaXeHHS R, KUl BUKOPUCTOBYETHCS
I PO3PaXyHKOBHUX 3HAYCHb KOMOIHAIlIH
BIUIMBIB I  BIANOBIAHMX  KOMOIHAIIii
HABaHTAXCHb.

(2)  PospaxyHkoBi 3HaueHHs BIUIMBIB F,
CJIIJT BU3HAYATH 3rigHo 3 5.3.
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6.1.4 Design by numerical analysis

(1)  The design plastic limit resistance
should be determined as a load ratio R
applied to the design values of the
combination of actions for the relevant load
case.

(2)  The design values of the actions Fg,
should be determined as detailed in 5.3.



(3) Hpu MHP a6o I'MHP po3paxyHky,
3aCHOBAaHOMY Ha  PO3PaxXyHKOBIH  Mexi
tekydocti f,/y,,, Ha o0O0OmOHKY MaroTh

BILJINBATH PO3paxyHKOBI BEJINYNHU
HABAaHTaXXEHb, 13 TMOCTYMOBUM 30UIbIIECHHSIM
Ha  Koe(illiecHT  HaBaHTaXCHb R bi (o)
JOCSATHEHHSI TPAHUYHOTO CTaHY IIACTUYHOCTI.

(4)  Ilpm BukopmcranHi po3paxynky MHP
K KoediumieHT 3amacy R, Moxe OyTH

MPUAHATE HaWOUIbIIE 3HAYEHH, 110
OTpUMaHE npu pPO3paxyHKy. Edexr
nedopmallifHoro  3MIITHEHHS MOXe OyTH
BpaxOBaHUM, 3a YMOBM IO IPUHUHATO
BIJINOBIJIHE TPaHWYHE 3HAYECHHS JOMMYCTHUMOT
nepopmanii  marepiamy.  IHCTpykmii 3
noOymoBu PO3pPaxyHKOBHX MO IeJIei
HanpyxeHo-aepopmoBanux cucrem aius MHP
Haseneni B EN 1999-1-1.

(5) [pu  BuUKOpHUCTaHHI  PO3PAXYHKY
I'MHP, sxmo BiH NPOTHO3YE MaKCHUMalbHE
HaBaHTAXXEHHS, a MOTIM HOTr0 3MEHILEeHHS, JUIs
BU3HAueHHA kKkoedimieHTa 3amacy  Rgywa

BUKOPUCTOBYETHCS MaKCUMalbHE 3HAYEHHS.
Axmo pospaxynok I'MHP He mnepenbauae
MaKCHMaJIbHOTO HAaBaHTAKEHHS, aje MOKa3ye
MOCTYMOBO  3pOCTalOdy 3alIeKHICTh  «Jlis—
smiteHHsn» (06e3 medopMariiiHoro 3MilHEHHS
Mmarepiany ab0 3 HHM), Koe(illieHT 3amacy
Rowna CHII TPUAHATH HE OUIBIIAM HDK

BEJIMYHHA, npu SKIN MaKCHUMalibHa
€KBIBAJICHTHA TIaCTUYHA Aedopmailis Mizeca
B KOHCTPYKIlii HA0yBa€ rPaHUYHOTO 3HAUYCHHS
nedopMmariii ISl CIUIaBy, IO HAaBEIEHE Y
EN 1999-1-1, Pozmin 3. Hus morped
MPOEKTYBAHHS rpaHUYHE 3HAYCHHS
mwiactuyHoi nedopmanii nopisaioe 5(f,/E)
a6o 10(f,/E) i obupaerbcs B 3aJIeKHOCTI Bif
0COOJIMBOCTEH CIUIABY.

Hpumitka.  3HaYeHHSs  TPAaHWUYHOI  IUIACTHYHOL

nedopmarii &, sizmosimme no 5(f,/E) or 10(f, /E)
noxani y EN 1999-1-1, JTonarok H.

(6)  Pesympratm = poO3paxyHKy ~— MaiOTh
3aJI0BOJILHSTH YMOBY:

R =
ae:
F.y  po3paxyHKoOBe 3HAUEHHS

JACTY-H b EN 1999-1-5:20XX

(3) In an materially non-linear analysis
(MNA) and geometrically and materially non-
linear analysis (GMNA) based on the design
limiting strength f_/y,,, the shell should be

subject to the design value of the loads,
progressively increased by the load ratio R
until the plastic limit condition is reached.

4) If an materially non-linear analysis
(MNA) is used, the load ratio R,,, may be

taken as the largest value attained in the
analysis. The effect of strain hardening may be
included provided that a corresponding limit
value of allowable material deformation is
considered. Guidelines on analytical models
for stress-strain relationship to be used in
MNA are given in EN 1999-1-1.

(5) If a geometrically and materially non-
linear analysis (GMNA) 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 Ry, Ifa

GMNA analysis does not predict a maximum
load, but produces a progressively rising
action-displacement relationship  (with or
without strain hardening of the material), the
load ratio R, should be taken as no larger

than the value at which the maximum von
Mises equivalent plastic strain in the structure
attains the alloy ultimate deformation limit
value as given in EN 1999-1-1, Section 3. For
design purposes, an ultimate plastic strain
value equal to 5(f,/E) or 10(f,/E) can be

assumed, depending on the alloy features.

NOTE: Values of ultimate plastic strain values g,
corresponding to 5(f,/E) or 10(f,/E) are given in
EN 1999-1-1, Annex H.

(6)  The result of the analysis should satisfy
the condition:
Feo 10 (6.8)

where:
F.y  Is the design value of the action.
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HaBaHTa)KCHHS.

6.2  Omip Brpari criiikocTi

6.2.1 3azanvui nonoscennsn

(1) Marore OyTu BpaxoBaHi BCi BaKJIMBi
KOMOiHaIil BIJUBIB, M0 MNPHU3BOIATH 10
CTUCKYIOUMX MEMOpaHHUX HaNpyXeHb a0o
JOTUYHUX MEMOpPAHHHMX HAINpYKEeHb y CTIHIII
000JIOHKH.

(2)  TlpuiimaeTbcst  HACTyIHE  MPABHUIIO
3HaKIB JUIsl PO3paxyHKy Ha BTpPaTy CTIMKOCTI:
MEpPHUIIOHAIbHI  Ta  KUIBIIEBI  CTUCKYHOY1
Halpy)XeHHsI 1 pe3yJabTyloul HaIlpyXeHHs
BBAXKAIOTHCA JIOJATHIMU.

(3)  OcobmuBy yBary ciig OPUIUTATH
IPaHUYHUM YMOBaM, IO MalTh BiTHOIIEHHS
0 TPUPOCTYy TIEpeMillleHb 4Yepe3 BTpary
CTiKOCTI (Ha BiMIHY BiJl MEPEMIlICHb IIE JI0
BTpatu cTidkocTi). [lpukinaam BimnmoBimHUX
IpaHUYHUX YMOB MOKa3zaHo Ha PucyHky 6.1.

! (a)

%\

6.2  Buckling resistance

6.2.1

Q) All relevant combinations of actions
causing compressive membrane stresses or
shear membrane stresses in the shell wall
should be taken into account.

General

(2) The sign convention for wuse in
calculation for buckling should be taken as
compression positive for meridional and
circumferential stresses and stress resultants.

(3)  Special attention should be paid to the
boundary conditions which are relevant to the
incremental displacements due to buckling (as
opposed to pre-buckling displacements).
Examples of relevant boundary conditions are
shown in Figure 6.1.

: (@)
. T BC2f ,
. BC2f ! T
! | EE
! ! i
! | BC2f i
(b)\ | BC2f 7 : > | Bcif
L, Z : (©) Z: Z
! (c) | SNa (d)/{

pe3epByap 0e3 aHKepiB
tank without anchors

(e) () \ |

BC3

BC1f

?K/ /A:// 7, o
(d) | (d)

BiIKpUTHIi pe3epByap 3 aHKepaMu
open tank with anchors

OyHkep 0e3 aHKepiB
silos without anchors

pe3epByap 3 aHKepaMu
tank with anchors

o SRR S——— —t
(@) | BC2A
|
i
|
(9) . BC2f
o S - i
|

nepepi3 HMIiHAPA 3 KiTblIeBUMHU pedpaMH sKOPCTKOCTI

section of long ringstiffened cylinder

Mo3navennsi: (a) nax, (b) ano, (C) ankepyBannsi BiacyTHe, (d) 6au3bko po3minieHi aHkepu, (€) BiICyTHe Kiibie

soperrocti, (f) BibHMIT Kpaid, () KibIe JKOPCTKOCTI.

Keys: (a) roof, (b) bottom plate, (¢) no anchoring, (d) closely spaced anchor bolts, (e) no stiffening ring, (f) free

edge, () ring stiffener.

Pucynok 6.1 — CxemaTw4Hi MpUKIaai TPAaHUYHUX YMOB Il TPAHUYHOTO CTaHy 3a

BTPATOIO CTIMKOCTI
Figure
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6.1 — Schematic examples of boundary conditions for buckling limit state



6.2.2 Xapakmepui ona empamu cmiiikocmi
2eomempuyHi 0OnycKu

(1) [pu rpaHMYHOMY CTaHi 3a HECYYOIO
3IaTHICTIO TOBHMHHI OYTH JOTpUMaHI Mexi
F€OMETPUUHUX JIOITYCKIB, nojani y
EN 1090-3.

Hpumitka 1. Po3paxyHKOBI HampyKeHHs NPH BTPATi
CTIMKOCTI, BU3HAYeHI Jalli, BPaXOBYIOTh JC(EKTH, IO
0a3yroThCsi HAa  TEOMETPUYHHMX  JIONYCKax,  sKi
nepe0a4atoThCs B MPOLIECi BUKOHAHHS.

IMpumitka 2. ¥ EN 1090-3 mnpuBeneni reoMmeTpuyHi
JIONYCKH, SIKI CYTTEBO BIUIMBAlOTh Ha Oe3MeKy
KOHCTPYKIII.

(@) HeoOximHo BHOpaTH Kiac IOIYCKY
(Kmac 1, Kmac 2, Kmac 3 abo Kiac 4),
KepYIOUHCh  SK  HasBHOIO  KOMOIHAIli€l0
HABAaHTAXCHb, TaK 1 BHMOTaMH IIOJO
nomyckis, HaBegenumu y EN 1090-3. Cytp
KOXXHOT'O KJIaCy BIAHOCUTBCS JIUIIE IO OI[IHKU
MILHOCTI.

(3) Koxen i3 BuaiB aedekTiB MOBHHEH
knacudikyBatucs ~ okpemo.  HaiiHwkuuit
HasIBHUH KJlac, B pe3ysibTaTi, BH3HAYa€ BECh
AJITOPUTM TIPOCKTYBAHHSI.

(4) Pismi  BuOM  JOMYCKIB  MOJKHA
po3rysiIaTi HE3AJIEIKHO, BpaxyBaHHs
B3a€MHHUX BIUIMBIB 3a3BHYail HE BUMAraerhCsl.

6.2.3 Oéononuxku nio cymicroro 0i€lo CMUCKy
i 3cy8y
6.2.3.1 Po3paxynkosi 3HaueHHs HanpyiceHs

1) 3a pPO3paxyHKOBI BEJINYMHU
HAIIPYXKEHb O, gy, Opgq 1 Tgy CIA DpuilMaTu

OCHOBHI 3HAUYEHHS CTUCKYIOYHMX 1 JOTUYHHUX
MeMOpaHHUX HaNpy>KeHb, OTPUMaHi JiHIHHO-
OpY)XKHHM po3paxyHkoMm oOononku (JIP). B
yMOBax YUCTOIO BiCECUMETPUYHOTO
HAaBAaHTAXXCHHS 1 OOMUpaHHA, a TaKOX TMpHU
IHITMX MPOCTUX KOMOIHAIISIX HaBaHTAXKCHb,
3a3BUYaM, MOXKHA BHUKOPHCTOBYBATH
MeMOpaHHY TEOPifo.

(2) 3a ocHOBHI 3HaYeHHS MEMOpaHHUX
Halpy>KeHb CIIiJI TpUHAMAaTH MaKCHUMaTbHI
3HAYCHHS] KOXKHOTO HAamNpy)KeHHs Ha IaHid
OCbOBI  KOOpIMHATI B KOHCTPYKUIi, 3a

BUHSATKOM  BHUNAJKIB, SKHX CTOCYIOTHCS
0COOJIUBI  MOJIOKEHHS, MpUBEAEHI Yy
Honatky A.

JACTY-H b EN 1999-1-5:20XX

6.2.2 Buckling-relevant
tolerances

geometrical

Q) The geometrical tolerance limits given
in EN 1090-3 should be met if buckling is one
of the ultimate limit states to be considered.

NOTE 1: The design buckling stresses determined
hereafter include imperfections that are based on
geometric tolerances expected to be met during
execution.

NOTE 2: The geometric tolerances given in EN 1090-3
are those that are known to have a large impact on the
safety of the structure.

(2)  The tolerance class (Class 1, Class 2,
Class 3 or Class 4) should be chosen
according to both load case and tolerance
definitions given in EN 1090-3. The
description of each class relates only to the
strength evaluation.

(3) Each of the imperfection types should
be classified separately; the lowest class
should then govern the entire design.

4) The different tolerance types may each
be treated independently, and no interactions
need normally be considered.

6.2.3 Shell in compression and shear

6.2.3.1 Design values of stresses

(1)  The design values of stresses o, ¢,
Opeg and 7.y, should be taken as the key

values of compressive and shear membrane
stresses as obtained by 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 A.
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Mpumirka. B feskux Bunajgkax (Hanpukiamg, s
CTYIIHYACTHX CTIHOK IIiJT Ti€F0 KUTBIICBOTO CTUCKY, JIVIB.
Homatok A.2.3) OCHOBHI 3HAuYeHHS MEMOpPAaHHOTO
HATIPY)KCHHS € TTOMIJIKOBUMH 1 TEPEBHUINYIOTh PeabHi
MaKCHMAaJIbHI 3HAYEHHS.

(3) Jns OCHOBHHUX KOMOiHaIii
HaBaHTAKEHb MEMOpPaHHI HAPYXKEHHSI MOXHA
MPUHAHATH 3TITHO BIATIOBIAHUX CTAHIAPTIB.

6.2.3.2 Miynicms npu empami cmitikomci

(1)  Po3paxyHKOBi HaNpy:KEHHs P BTPATi
CTIMKOCTI BU3HAYAIOTHCA 32 (POPMYIIaMH:

NOTE: In some cases (e.g. stepped walls under
circumferential compression, see A.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 relevant standard
expressions.

6.2.3.2 Buckling strength

(1)  The design buckling resistances should
be obtained from:

f
O-x,Rd = axpx,w%x,perf —2 (69)
M1
fo
Oprd = X9PowXo,pert —
7M1 (6.10)
Trg = 0P, WX k
Rd — YcFMrwAr,perf 7
V371 (6.11)
(Tako’K CIIpaBeIMBI ISl MIACUICHUX 000JIOHOK)
(also valid for stiffened shells)
JUIA HEITICUIEHUX 000JIOHOK, Y1 for unstiffened shells, and
_ nx,Rk
n><,Rd =00 Xx,perf —
7M1 (6.12)
_ pn,Rk
pn,Rd _ap,é)%e,perf -
Vw1 (6.13)

Ui TiacwieHux — Ta/abo  rodpoBaHUX
000JIOHOK
ae.

N, g MeEXa OCbOBOI MIIHOCTI MiJICHUIEHOI

000JIOHKH,

P rc TPAaHUYHUI TUCK 3 YMOB PIBHOMIPHOTO

3MUHAHHS [UIS INJICWIEHOI OOOJIOHKH ado
TOPOKOHIYHOI/TOpocdepruHoi 000JIOHKH,

o koe(imieHT ocnablieHHsT MPYKHOTO

onopy, o HaBoAuThes B Jlonarky A;

Pi, KoedimieHT ociabieHHs B 30HaX

TEPMIYHOTO BIUTUBY, 3TigHO 3 6.2.4.4. [lnsa
000JI0HOK 0€3 3BapHuX IIBIB P, =1;

Xi.pert  TIOHWDKYROUMH KOE(DILIEHT 1Ist BTpATH

34

for stiffened and/or corrugated shells

where:

N IS the axial squash limit of the stiffened
shell;

P, IS the uniform squash limit pressure of
the stiffened shell or the toriconical and
torispherical shell;

o is the imperfection reduction factor to

be taken from Annex A;

piw s the reduction factor due to heat-

affected zones according to 6.2.4.4. For shells
without welds p, , =1;

Xiperr 1S the reduction factor due to buckling



CTIKOCTI i1eaIbHOT 000JIOHKH, TUB. (2).

Yw1  HacTKOBUH Koe(ilieHT onopy, aus. 2.1

(3).

Mpumitka 1. ®opmyna (6.13) Takoxk ikicHa s
TOPOKOHIYHUX 1 TOPOCPEPUIHUX 00OJIOHOK, [THB.
Jlomatox B

HpumiTka 2. o; I TOPOKOHIUHUX 1 TOPOCHEPUIHNX
00ooHoK, muB. Jlongatok B

(2)  TloHmxkyrounii Koe(illiEHT IS BTPATH

CTIAKOCTI 11eanbHOI OOOJIOHKA BHU3HAYAETHCS
3a GopMYyJIOIO:

JCTY-H b EN 1999-1-5:20XX
of a perfect shell given in (2).
ym1 IS the partial factor for resistance given
in2.1(3).

NOTE 1: Expression (6.13) is also valid for toriconical
and torispherical shells, see Annex B

NOTE 2: ¢, for toriconical and torispherical shells, see
Annex B

(2)  The reduction factor due to buckling
for a perfect shell is given by:

1
Zi,perf = — (614)

¢ +\]¢i2 _jﬂz
aie but

Zi,perf Sl’ 00
Ie: with:

- = —2

¢ =050+ 1, (%4 —Aio) +7, (6.15)
Ie: where:
M mapameTp, IO 3aleXHTh  Bif W is a parameter depending on the alloy
XapaKTePUCTHK  CIUTaBYy Ta  KOMOIHaIlii and loading case, to be taken from Annex A,
HaBaHTa)KEHb, HaBelleHUI y JlonaTky A;
Aio  BIIHOCHa  THYYKICTB 33  MEKEKO Aio  is the squash limit relative slenderness ,

3MUHAHHS, 10 MICTUTBCA B JlomaTky A,

i IHAEKC, TII0 Ma€e OyTH 3aMIiHCHHUH Ha X,
0 abo 7.

3) BimHocHa THYYKICTh OOOJOHKH IS

pi3HUX KOMIIOHEHTIB HaIpYyKEHHS
BU3HAYA€THCS 3a (PopMyIaMu:

Ax

Ao =

e

to be taken from Annex A;

i is subscript to be replaced by x, 6 or
7 depending on loading type.

(3)  The shell slenderness parameters for
different stress components should be
determined from:
= fo (6.16)
GX,CI’
fo (6.17)
Ge,cr
fo (6.18)
\/§Tcr .

(TakoX CIIpaBeUIUBE IS MIACHICHUX 000J0HOK)

(also valid for stiffened shells)

JUTS HETIACUIEHUX 000JI0HOK, Ta

for unstiffened shells, and
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~
)
Il

IS MMIICUJIEHUX Ta/abo

000JIOHOK

ropoBaHUX

Mpumitka 1. ®opmynu (6.19) ta (6.20) Takox mificHi
JUIsS. TOPOKOHIYHHUX 1 TOpOC(HEpUIHHUX OOOJIOHOK, JIHB.
Jlomatok B

IMpumirka 2. Pner JUIs TOPOKOHIYHHX i

TopochepuIHUX 000JI0HOK, TuB. JlomaTox B
Ie.

o Opor 1T KPUTHYHI HaIpYy>XCHHS

X,Cr?
BTpaTH CTIMKOCTI, 0 HaBeneHi B Jlomatky A
a00 BH3HAUEHI 32 METOJIOM JIIHIHHO-TIPYKHOTO
po3paxyHky 0idypxarii (JIPB);

Nyerr Pogr pe3yabTyIoul KPUTHYHI

HalpYKEHHS BTpaTu CTIKOCTI  JuIs
MIACUICHUX abo
TOPOKOHIYHUX/TOpOCHepruyHUX 000JOHOK, IO
HaBeneHi B Jlomatky A abo BHM3HayeHI 3a

METOJIOM  JIHIHHO-TIPY’)KHOTO  PO3PaxyHKY
6idypkarnii (JIPB);

6.2.3.3 Ilepesipxa  miynocmi na empamy
cminukocmi

(1)  HesBaxkaroun Ha Te, MO BTpaTa
CTIMKOCTI HE oOymoBIIeHa JIMIIe
HAMPY)XCHHSIMH, TPAHWUYHHK CTaH BTpaTH

CTIAKOCTI B JaHOMY pO3AUII MOBUHEH OyTH
MIPEICTaBICHUMA IUISIXOM 0OMEXEHHS
pPO3PaxXyHKOBHX BEIUYMH MEeMOpaHHHX Ta
PE3YABTYIOUUX HATPYXCHb. BrmuBom
3TUHAJIBHUX HAMNpY>KeHb Ha MINHICTh MPHU
BTpaTi CTIMKOCTI MO’KHa 3HEXTyBaTH 3a
YMOBH, III0 BOHH BHUHHUKAIOTh Y pe3yJbTari
BIJIIIOBITHOCTI BUMOTaM CyMICHOCTI
IPaHUYHUX YMOB. 3TUHAIIbHI HANIPY)KEHHS BiX
MICHEBUX  HaBaHTaXEHb ab0  TEMJIOBHX
IpaJli€HTIB noTpiOHO  po3risgaTd  3a
CHELIAIIEHOK METOINKOIO.

(2)  3anexHO Bij peXUMYy HaBaHTAXKEHHS i
HaIpy>KeHb CJIiJI BAKOHATH OJHY a00 JEKLIbKa
HACTYITHUX TNEPEBIPOK JJIsi OCHOBHUX 3HAYCHb
OKpeMHUX CKJIaJIOBHX MEeMOPaHHOTO
HaTPYKCHHS:
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pn,Rk

pn,cr

(6.19)

(6.20)

for stiffened and/or corrugated shells.

NOTE 1: Expressions (6.19) and (6.20) are also valid
for toriconical and torispherical shells, see Annex B

NOTE 2: p, ., for toriconical and torispherical shells,
see Annex B

where:

Oy or are the critical buckling

stresses as given in Annex A or obtained by
linear elastic bifurcation (eigenvalue) analysis
(LBA);

n

Ge,cr and Tcr

ot Pror are the critical buckling stress

resultants for stiffened shells or toriconical
and torispherical shells as given in Annex A or
obtained by linear elastic bifurcation
(eigenvalue) analysis (LBA).

6.2.3.3 Buckling strength verification

(1)  Although buckling is not a purely
stress-initiated  failure  phenomenon, the
buckling strength verification should be
represented by limiting the design values of
membrane stresses or stress resultants. The
influence of bending stresses on the buckling
strength may be neglected provided they arise
as a result of boundary compatibility effects.
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-x,Ed -

O¢ Ed

(3=

(3)  Skmio mpM AaHUX BIUIMBAX BHHUKAE
OJHA 3 TPHOX CKIaJOBUX MeMOpaHHHUX
HalpyXKeHb, M0 BIJHOCUTBHCA JIO BTpPaATH

<
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(6.21)

Oy ra (6.22)

(6.23)

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

CTIHKOCTI,  CJil ~ BHKOHATH  HACTYIIHY the following interaction check for the
MEpEeBIpKy  B3aeMOJii  JUIA  CKJIaJHOTO combined membrane stress state should be
HAINpPY)XEHOT'O CTaHY: carried out:
Oy edr\%, , /96.Ed K Oy.ed\,O0.Ed TEd \k,
(=) + ()" k(=) (=) + ()" <100 (6.24)
OxRd O rd O rd TRd
ae: where:
Ovedr Opea 1 Tyoed BITHOCATBCS  JI0 Oyeqr Tpeg AN 7,y are the

B3aEMOJIT  TPyNH  3HAYYIIMX  BEJIMYUH
CTHCKYIOUUX 1 JOTHYHHX MeMOpaHHUX
HaANpY>XeHb B 00OJIOHIII, 3HAYEHHS TTapaMeTpiB

B3aemonii K, , k,, k. i K;:

interaction-relevant groups of the significant
values of compressive and shear membrane
stresses in the shell and the values of the
interaction parameters k., k,, k. and k; are:

k, =1+ y.
k, =1+ x7
o =11 Xo
k, =1,5+0,5)(T2 (6,25)
2
ki = (%x%@)
Mpumirka 1. Hast 03/I0BKHBO CTHUCHYTHX NOTE 1: In case of unstiffened cylinder under axial

HEeMiJICWICHUX IMIIHAPIB MiJ Ji€l0 KUIBLEBOTO CTUCKY
Ta 3CyBY JJIs BpaxyBaHHS IapaMmeTpiB KOMOiHAIil
3ycuJIb MOYKHa BUKOpHcTaTH Bupa3 A.1.6.

Mpumitka 2. 1{i npaBmina MOXyTh 1HKOIMHM OyTH myKe
KOHCEPBATUBHUMH, aJIc BOHH BPaXOBYIOTh J[Ba KpalHIX
BUIAJKH, fKI, SK BIZOMO, € HaIIMHUMH JUIS BEIHUKOL
KIJIBKOCT1 BHITAJKIB:

a) y Iy’e TOHKHX OOOJIOHKAX B3aEMOJIISA MiX Oy i Oy €
MPUOITU3HO JiHIHHOIO,

b) v myxe ToBcTHX 0GONOHKaxX B3aeMomis HabyBae
XapakTepy eKBiBaJICHTHUX HamnpyxkeHb Gon Miseca abo
albTepHATHBHOI  B3aemoxii, cQopmMynboBaHOI B
EN 1999-1-1.

(4) Sxmo o,y abo Oy g €
PO3TATYIOYMMH HATPYKCHHSIMH, X 3HAYCHHS
y Bupasi (6.24) cnig OpUAHATH PIBHUMH
HYITIO.

compression and circumferential compression and shear
the formulae in A.1.6 for the interaction parameters
may be used.

NOTE 2: The above rules may sometimes be very
conservative, but they have the two limiting cases
which are well established as safe for a wide range of
cases:

a) in very thin shells the interaction between ox and oy
is linear;

b) in very thick shells the interaction between stresses
may be formulated as that of von Mises equivalent
stress or that of alternative interaction formulae as given
in EN 1999-1-1.

(4) If o, OF o, Iis tensile, its value
should be taken as zero in expression (6.24).
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Mpumitka. /11 NO310BXHBO CTUCHYTHX IMIIHAPIB 13
BHYTPILIHIM THCKOM (II0 BUKIUKAE KiJIBLIEBUIA PO3TSAT)
ocoOnmiBi  TONOXKeHHs TpuBeneHi y [lomatky A.
PesynbTytode  3Ha49€HHA O,y BpaxoBye K

3MIIHIOIOYHH BIUIMB BHYTPIIIHHOTO THCKY Ha OIIp
MPYKHIN BTpaTi CTIMKOCTI, TaK 1 MOCIA0IIOI0YHI BIUTHB
SIBHIIA TPY/KHO-IUIACTHYHOCT] CIIOHOBOI HOrm» (BHpa3

A.22). fxmo y Bupasi (6.24) npuitHaTH G, ¢, piBHEM

HYJIO, TO OTPUMAaEMO TOUYHY KapTHHY MIITHOCTI TIpH
MO3/10BKHBOMY 3THHI.

(5) Micus npukiagaHHs i BEIHYHHN KOXKHOTO
3 MeMOpaHHUX HAMPYXEHb, IO BIAHOCITHCS
JI0 BTPATH CTIHKOCTI, sIKI BUKOPUCTOBYIOTHCS B
koMmOiHarii y Bupasi (6.24), Bu3HaYeHi y
Honatky A.

6.2.4 Bnnue 36aprosanus
6.2.4.1 3aeanvui nonodcenns

@ B MPOCKTYBaHHI AIFOMIHIEBUX
000JIOHKOBHUX KOHCTPYKIIN cig
JOTPUMYBATHUCh 3arajlbHUX KPUTEPIiB 1 BUMOT
J0 3BapHUX KOHCTPYKLI, BUKIAACHUX Y
EN 1999-1-1

(2) TIpu mnpoekTyBaHHI Ta pPO3PaXyHKY
3BapHHUX KOHCTPYKITIH, y SIKHX
BUKOPUCTOBYIOTBCS CILJIaBH 3 Ae(opMaIliitHuM
a00 NHCIEepCIHHUM 3MIIHEHHSIM, HEOOXiTHO
BpPaxOBYBAaTH 3HIDKECHHS MIITHOCTI MaTepiany y
30HaX HaBKOJIO 3BapHMX MBIB. Ili mimsHKH
HA3MBAIOThCS 30HAMHU TEILIOBOTO  BIUIMBY
(3TB). BuiiHaTkn [0 [BOrO TMpaBHIA
npusBeneni y EN 1999-1-1.

(3) Jlns TmpoeKTHUX [UIeH MPUAHSITO
JIOTIYIIIEHHS, 110 MO BCiii HABKOJIOIIOBHIN 30H1
TEPMIYHOTO BIUIMBY MIIIHICHI XapaKTePUCTUKU
3HIDKYIOTBCS Ha TIOCTIHHY BEIMYNHY.

Ipumitka 1. Xoua mnocnabrneHHS B OCHOBHOMY
BIUTMBAa€ HA YMOBHY TPaHHUIIO TEKYYOCTi Ta TPAHHUIIO
MIIHOCTI MaTepialy Ha PO3TST, HOro BIUTUB Ha CTHUCHYTI
30HH OOOJIOHOK, IO CXHWJIBHI IO BTpPAaTH CTiHKOCTi, B
3aJIeKHOCTI Bifl 3arajbHOi THYYKOCTI KOHCTPYKIIi Ta
BJIACTUBOCTEH CIUIaBy, MOXXE BHSBUTHCH JOCHTH
3HAYHUM.

Mpumitka 2. Edexkr nmactudikamii  BHACTIIOK
3BapIOBaHHS € OB 3HAYYIIUM VISl 3TUHY OOOJIOHOK B
30HI TIacTUYHOCTI. KpiM TOro, 1IBK y 30HaX Jie € pU3nK
BTPaTH CTiHKOCTI MOXYTh CYTTEBO 3HM3UTH 3HAUCHHS
omopy BTpati cridikocti BHachizok 3TB. Towmy
PEKOMEH/YEThCSI YHUKATH 3BApPHUX ILIBIB y BEJIHMKUX 32
pO3MIpOM cerMeHTaX 0e3 €JIEMEHTIB YOPCTKOCTI, IO
nepe0yBalOTh IiJT Ai€I0 CTUCKY.

IpumiTka 3. B npoekTHUX WiisIX 3BaproBaHHS MOXKHA
pO3IIIsiIaTH, SIK JIHIMHI CMYI'H Ha TOBEPXHI OOOJIOHKH,
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NOTE: For axially compressed cylinders with internal
pressure (leading to circumferential tension) special
provisions are made in Annex A. The resulting value of
o.re 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 (A.22)). If the tensile

stress o, ¢, is then taken as zero in expression (6.24),
the buckling strength is accurately represented.

(5)  The locations and values of each of the
buckling-relevant membrane stresses to be
used together in combination in expression
(6.24) are defined in Annex A.

6.2.4 Effect of welding
6.2.4.1 General

Q) General criteria and rules for welded
structures given in EN 1999-1-1 should be
followed in the design of aluminium shell
structures.

(2) In the design of welded shell structures
using strain hardened or artificially aged
precipitation hardening alloys the reduction in
strength properties that occurs in the vicinity
of welds should be allowed for. This area is
named heat affected zone (HAZ). Exceptions
to this rule are stated in EN 1999-1-1.

(3) For design purposes it is assumed that
throughout the heat affected zone the strength
properties are reduced on a constant level.

NOTE 1: Even though the reduction mostly affects the
0,2 % proof strength and the ultimate tensile strength of
the material, its effects can be significant on the
compressed parts of a shells structures susceptible to
buckling depending on structural slenderness and alloy
properties.

NOTE 2: The effect of softening due to welding is
more significant for buckling of shells in the plastic
range. Also local welds in areas with risk of buckling
may considerably reduce the buckling resistance due to
the HAZ. It is therefore recommended to avoid welds in
large unstiffened parts subject to compression.

NOTE 3: For design purposes the welding can be
assumed as a linear strip across the shell surface whose



BIUIMB SIKMX TMOIIMPIOETECS OC3MOCEPETHBO HABKOJIO
3BapHOTO IMBa. 3a MEXKaMH Ii€l 30HH MIIHICHI
BIIACTHBOCTI MHTTEBO BiTHOBIIOIOTHCS B ITOBHOMY
00cs3i. HasBHICTP TakuMxX 30H MOXE CHPUYIUHUTH
TepeTJacHA PO3BUTOK IDIACTUYHUX AedopMaliiii mix
IO 3THHY.

Hpumitka 4. [nga nesxux TepMOOOpPOOIICHUX CIUIABIB
MOKHa YCYHYTH e()eKT 3HEMIIHEHHSI Y HAaBKOJIOIIOBHUX
30HAaX, 3aCTOCOBYIOYHM INTYy4HE CTAapiHHA  MICIA
3BaproBanHsl, auB. EN 1999-1-1.

4 Vi IIBH, 1o PSIMO qu
OIOCEPEIKOBAHO 3HAXOATHCSA I BIIMBOM
CTHCKYIOUUX HaIlpyXeHb CIiJ] MepPEeBIpUTH Ha
BIIUB IuTacTU(iKalii BHACIIIOK 3BaprOBaHHS
Ha Omip BTpaTI CTIMKOCTI 0OOJOHKH, 3TiTHO 3
NpaBUJIAMH, IOAaHUMU Y 6.2.4.2.

6.2.4.2 Kinvxicni nokazuuxu niacmughikayii

Q) KinpkicHi moOKa3HUKK riacTudikarrii
BiJl 3BapIOBAHHS ONHUCYIOTHCS MOHIKYIOUHMU
Koe(IIEHTAMU Py, Ta Py 1ay» 3HAYCHHA

SKHX OTPUMYIOTH 31 CIIBBIJTHOIICHb

po,haz =

pu,haz =

MDK XapaKTepHCTHYHUM 3HAYEHHSM YMOBHOI
rpaHull TEKY4OCTI, 10 BIJINIOBi/1a€
3anumkoBiit nedopmanii 0,2 % f_,., (abo ms

rpanuii minHocTi f, .. ) y 30HI TEPMIY4HOTO

u,haz
BIUIUBY Ta TakuMu > 3HaueHHsmu f, (f,) B

OCHOBHOMY Marepiaii.

(2)  XapakTepucTHuYHI 3HAYCHHS YMOBHOI
rpaHuii Tekydocti f 1 TpaHUIll MIIHOCTI

f

HaBefeni y Tabm. 3.2a EN 1999-1-1 nns
KaTaHUX allOMIHI€EBUX CIUIaBiB y BUIIIAMIL
JIUCTIB, CMYT 1 IJIaCTUH Ta y Tabn. 3.20 mis
npoduriB

0,haz

uhaz » @ TAKOXK 3HAYEHHA p . 1 p . W

(3)  TpuBamicTh BiZHOBIECHHS MaTepiany
icIst 3BapIOBaHHS BU3HAYAETHCS
nosioxxeHHssMa HopMm EN 1999-1-1.

6.2.4.3 Busnauenns meoc 3TB

1) HeoOxiqHO IOTpUMYBaTHCh 3arajbHHUX
no3HayeHb Mex 3TB, mo HaBedeHi y

JACTY-H b EN 1999-1-5:20XX

affected region extends immediately around the weld.
Beyond this region the strength properties rapidly
recover to their full unwelded values. A premature onset
of yielding lines can occur along these lines when shell
buckling takes place.

NOTE 4: The effects of HAZ softening can sometimes
be mitigated by means of artificial ageing applied after
welding, see EN 1999-1-1.

(4)  The effect of softening due to welding
on the shell buckling resistance should be
checked for all welds directly or indirectly
subjected to compressive stress according to
the rules given in 6.2.4.2.

6.2.4.2 Severity of softening

(1)  The severity of softening due to
welding is expressed through the reduction

factors p, .., and p, .., given by the ratios:

o,haz 6,26
. (6,26)

0

and

u,haz

f

u

between the characteristic value of the 0,2 %
proof strength f (ultimate strength f,,..)

0,haz

in the heat affected zone and the one f, (f,)
in the parent material.

(2 The characteristic values of strength
fone and f and the values of p  and

Pu e 1€ listed in Table 3.2a of EN 1999-1-1

for wrought alumimum alloys in the form of
sheet, strip and plate and in Table 3.2b for
extrusions.

u,haz

(3) Recovery times after welding should
be evaluated according to provisions stated in
EN 1999-1-1.

6.2.4.3 Extent of HAZ

(1)  General indications on the HAZ extent
given in EN 1999-1-1 should be followed.
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EN 1999-1-1

(2)  IIpum mepeBipii Ha BTpaTy CTIMKOCTI,
nependayvaetbes, mo 3TB po3noBcioKyeThCs
Ha BigcTaHb D, BiJ IIBa B yciX HampsMKax Ta

BUMIPIOETHCS BIX LEHTPaIbHOT JHIT
CTMKOBOTO 1Ba, a00 TOUYKA TMEPETUHY
3BapIOBAaHMX MOBEPXOHb y BUIAAKY KYTOBOTO
IBa, K MOKa3aHo Ha PucyHky 6.2.

77/, A

bhaz

PucyHox
Figure

6.2.4.4 Onip empamu cmitkocmi

HenioCuieHUux 36apHux 000JI0HOK

(1)  Omip BTpari CTIHKOCTI HEMiACHICHHX

3BapHUX 000JI0HOK HEeOoOXI1THO
PO3paxoByBaTH, npH HasIBHOCTI
pPE3YJABTYIOUUX  HANPYKEHb  CTHCKY Y

MTOTIEPEYHO HEPO3KPITUICHIH 00O0IOHIII.

(2)  TlepeBipku BIUIMBY 3BaprOBaHHS Ha
OIip BTPATI CTIMKOCTI MOXKHA YHUKHYTH, SKIIO
BCl IMBM B OOOJOHI MapajenbHl [0
PE3YIBTYIOUNX CTHCKYIOUHX HANpYKEHb MpH
Oy/Ib-sIKHX yMOBaxX HaBaHTAaXEHb, 32 YMOBH,
M0 MOHWXKYIOUHMHA Koe(ilieHT Pones HE

Hokunii 3a 0,60.

(3) BmmB 3BaproBaHHS Ha Omip BTparTi
CTIMKOCTI MOJXHa BHU3HAYaTH 3a JOMOMOTOIO
METO/y T€OMETPHYHO 1 (PI3UYHO HENIHIHHOTO
pO3paxyHKy 3  ypaxyBaHHSAM  Jae]exTiB
(TMHZP), BJIACTUBOCTEU OCHOBHOI'O
Marepiany Ta matepiany y 3TB.

(4)  SIkm0 HEMOXKIMBO BHUKOHATH TOYHHI
I'MH/IP po3paxyHOK, TO omip BTpaTi CTIHKOCTI
MO’KHA BU3HAUUTH 32 CIPOILEHUM METOJOM, a
camMe depe3 TMOHWXKYIOUUH Koe(ilieHT, Mo
BU3HAYAETHCS 31 CIIBB1JHOIIICHHS
Piw = Xiw! X MK KoedillieHTOM BTpaTH

CTIMKOCTI 3BaprOBaHOI KOHCTPYKLIi y,; 1 HE

3BapIOBAHOI KOHCTPYKIII ¥, .
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@) For the purposes of buckling checks,
the HAZ in shell sheeting in areas at risk of
buckling is assumed to extend for a distance
b.,, in any direction from a weld, measured

transversely from the centre line of an inline
butt weld or from the point of intersection of
the welded surfaces at fillet welds, as shown in
Figure 6.2.

b
haz

%Aﬁ
f3"haz

6.2 — [Momupenns 30u Tepmiunoro BiuuBy (3TB) B cTiHIll 000JI0HKK OOIIUBKH
6.2 — Extend of heat-affected zones (HAZ) in shell sheeting

6.2.4.4 Buckling resistance of unstiffened
welded shells

(1)  The buckling resistance of unstiffened
welded shells should be assessed in any case if
compressive stress resultants acting in laterally
unrestrained welded panels are present in the
shell.

(2) The check of the weld effect on
buckling can be avoided if all welds in the
shells are parallel to the compressive stress
resultants acting in the structure under any
load condition, provided that the reduction

factor Lo s due to HAZ is not lower than
0,60.

(3)  The effect of welding on the buckling
resistance can be evaluated by means of a
geometrically and materially non-linear
analysis with imperfections (GMNIA) analysis
and accounting for the actual properties of
both parent material and HAZ zones.

(4) If an accurate GMNIA analysis cannot
be performed, the shell buckling resistance can
be evaluated in a simplified way through the
reduction factor given by the ratio
Piw = Xiw! x; between the buckling factor of

the welded structure y,,; and the one of the
unwelded structure y; .



Mpumitka 1. Pe3ynbTylodi CTHCKYIOUi HanpyKeHHS
MOXYTb BWUHHKAaTH HE TUIBKHM 4Yepe3 CTHUCK, a TaKOX
yepe3 3OBHIMIHIA THCK, 3CyB 1 30CepemKeHi
HaBaHTaXeHHS. Skumum 6 He Oynmm  ymMOBH
HAaBaHTAXXCHHS, TOHIDKYIOUHN KOeQillieHT Xwi CIIIJ
3aCTOCOBYBATH JIsl INBIB, IO € OPTOrOHAIEHHMH JIO
PE3YABTYIOUMX CTUCKYIOUMX HalpyXXEHHb, TaK K BOHH
MOXKYTh CIIPUYHUHUTH TOABY INIACTHYHHX AedopMaiit

Mpumitka 2. Tamgexe "i" y nyskrax (4) i (5) crnin
3amiHioBatt Ha "y ", "O" um "7 " 3amexHO BiX
MPUHAJIEKHOCTI KOSQIIi€HTIB ¥ Ta O BIANOBITHO IO
OChOBOT'O CTUCKY, KIJIBIIEBOI'O CTUCKY YU 3CYBY.

(5)  Houmxyrouwmii KoeiIlieHT, 10
BpaxoBye oM’ sIKIIIeHHs MaTepiany B 3TB s
000JIOHKOBUX KOHCTPYKII1il BU3HAYAIOTh 3.

Piw =0+ (- )

JACTY-H b EN 1999-1-5:20XX

NOTE 1: Compressive stress resultants in shells may
arise not only due to direct compression, but also to
external pressure, shear and localised loads. Whatever
the load condition, reduction factors y,; are to be

applied if welds which are orthogonal to compressive
stress resultants as they can produce a concentrated
source of plastic deformation.

NOTE 2: The subscript "i " in clause (4) and (5) should
be intended as " y ", "0 " or "z " depending on whether

the reduction factors y and p are referred to axial

compression, circumferential compression or shear,
respectively.

(5)  The reduction factor to allow for HAZ
softening in shell structures is given by:

Zi —Ii,o

—_— 6,27
Ai,W—Aio ( )

but

pi,w Sl

and

pi,w ZCOO

bi (S

Wy =

Putay T& Pope; 11€ MOHIKYIOUI KOS]IIEHTH

st 3TB, 3naueHHs skux O6epyTbes 3 Tabmuib
3.2a a60 3.2b EN 1999-1-1;

Ai,0 koedimienT  BimHOCHOI  rHYdKOCTI
CTUCHYTOTO  €JeMEeHTa Ul  BUMAJKY
HAaBaHTaKCHHS, 110 PO3IIIAAETCS,

BHU3HauaeThes 3 Jlomatky A,

Aiw L€ TpaHWYHE 3HAYEeHHA KOeQIilieHTy
BITHOCHOI THYYKOCTI CTHCHYTOTO €JIEMEHTA,
32 MEXKCI0 SIKOTO 3HHKA€ BIUIMB 3BapIOBAHHS
Ha omip BTpaTi CTiMKOCTi. BusHaudaeThcs 3a:

Aiw =1, 39(1- poyhaz)(Zi,w,o —Zi,o), aje
Zi,w < Zi,w,o nuB. Pucynok 6.3;

_ pu,haz fu /}/MZ
fo /Y1

where:

(6,28)

Pune: @Nd oy are the reduction factors

due to HAZ, to be taken from Table 3.2a or
Table 3.2b of EN 1999-1-1;

Ai,0 is the relative squash limit slenderness
parameter for the load cases under
consideration to be taken from Annex A;

Aiw is the limit value of the relative
slenderness parameter beyond which the effect
of weld on buckling vanishes, given by:

Qiw =1, 39(1- Poyhaz)(zi,w,o —Ii,o), but
Aiw < diwo see Figure 6.3;
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Aiwo aOCONIOTHE 3HAYCHHS BEPXHBOI MEXKi
BIUIMBY  3BaplOBaHHSA uId  Koe(ilieHTy
BITHOCHOI THYYKOCTI CTHCHYTOTO €JIEMEHTA,
[0 3QJICKUTh BiJl XapakTepy HaBaHTaKEHHS,
MaTepiady KOHCTPYKII Ta Kiacy JIOIYCKY
0007I0HKH, 1110 HaBeaeHo B Taomumi 6.5.

Aiwo 1S the absolute slenderness upper limit
for the weld effect, depending on load case,
structural material and tolerance class of the
shell, as given in Table 6.5.

1,0
Aiw
F
@ 1 |
|
!
!
I
|
0 |

A i I:'.w. 1]

Pucynok 6.3 — BusHaueHHs MOHMXKYIOYOro KoedilieHTa pjw BIuBy 3TB

Figure

6.3 — Definition of the reduction factor p;, due to HAZ

Tadiumua 6.5 - 3HadueHHT Aiwo I BIATOBITHUX HaBaHTAXKEHb, BU3HAUeHUX JlomaTkoM A

Table 6.5 - Values of Z,w,o for relevant load cases allowed for in Annex A
. Kinbnesuii cTuck )
OcCBhOBHI CTUCK . - Kpyuenns 1 3cyB
Axial compression Circumferential Torsion and shear
Knac -omp compression _
JOMYCKy Axwo - A w0
la,w,o
Tolerance Marepian Marepian Martepian Marepian Martepian Marepian
class Kiacy A kiacy B Kimacy A kiacy B Kiacy A kiacy B
Class A Class B Class A Class B Class A Class B
material material material material material material
K”acic'ass 0.8 0.7 1.2 11 14 13
Kﬂacéc'ass 1.0 0.9 13 1.2 15 14
K“acéc'ass 1.2 11 14 13 16 15
KnacﬁlCIass 13 19 i i ) i

6.2.4.5 Onip empami cmilikocmi niocunieHux
38apHUX 0OOJIOHOK

(1)  Mnsa nmigcuineHux 3BapHUX O00OJOHOK
JO3BOJISIETECS. HE TPOBOJIUTH IEPEBIPKY Ha
BIUIMB  3BAapIOBaHHS,  SAKIO0  EIIEMEHTH
KOPCTKOCTI JIOCTaTHbO 00OMEXYIOTh
moTnepeyHi nepeMileHHs 3BapIOBAHUX

42

6.2.4.5 Buckling resistance of stiffened welded
shells

(1)  Stiffened welded shells do not need to
be checked against the effect of welding if
stiffeners have adequate lateral restraint to
welded panels. If this is not the case the
provisions in 6.2.4.4 apply.




naHened. B mpoTunexHOMY
3aCTOCOBYIOThCS TIOJIOKEHHS 6.2.4.4.

BUNIAJKY

6.2.5 Ilpoekmyeanna wnaxom uuc106020
ananizy

Q) TyT MOXHa 3acTOCyBaTH MpPOLEAYPY,
o HaBeneHa B 5.5 Ta 6.1.4 nis reoMeTpUYHO
1 (QI3MYHO HEJTIHIMHOTO  PO3PaxXyHKy 3
ypaxyBanusMm gedpektis  (TMHJIP). Takox
PO3paxyHOK I'MH/IP MOXeE Oyt
ATBTEPHATHBOIO JI0O METOJNy, BUKJIAIEHOTO Y
6.2.3, 3a yMOBM TPUAHATTI B SIKOCTI
MMOYATKOBUX T€OMETPUYHUX HEIOCKOHATIOCTEH
MaKCHUMaJIbHUX 3HAYEHb JIOMYCKIB 3 6.2.2.

(2)  Ons 3BapHHX KOHCTPYKII HEOOXITHO
MOJICITIOBAaTH MaTepial B 30HAX TEPMIYHOTO
BILTUBY, ¥B. 6.2.4.2, 6.2.4.3 T 6.2.4.4.

7 T'PAHUYHI CTAHU 3A
EKCILTYATAIIMHOIO
NMPUIATHICTIO

7.1 3arajbHi N0JOKeHHS

(1) TlpaBuma s TpaHMYHHMX CTaHIB 3a
EKCIUTyaTalifiHO0 TMPHUIATHICTIO, HaBEICHI Y
EN 1999-1-1 Takoxx 3aCTOCOBYIOTBHCS IO
000JIOHKOBUX KOHCTPYKIIIH.

7.2  Ilporunm

(1)  TporuHu MOXYTh OYTH pPO3paxoBaHi,
BUXOJSYM 3 NPUNYIICHHS TMPO MPYXKHY
MOBEIIHKY KOHCTPYKIIii.

2 3riggo 3 EN 1990 - Jlomatox Al.4,
IpaHUYHI TPOTMHU MAlOTh OYTH BH3HAYeHI
JUIE  KOKHOTO TIPOEKTY 1 TMOTOKEHI 3
3aMOBHHKOM.

JACTY-H b EN 1999-1-5:20XX

6.2.5 Design by numerical analysis

@ The procedure given in 5.5 and 6.1.4
for geometrically and materially non-linear
analysis with imperfections (GMNIA) analysis
may be followed. The GMNIA analysis may
be performed, as an alternative to the method
given in 6.2.3, by assuming as initial
geometrical imperfections the maximum
values of tolerances given in 6.2.2.

(2) For welded structures the material in
the heat-affected zone should be modelled, see
6.2.4.2,6.2.4.3 and 6.2.4.4.

7 SERVICEABILITY LIMIT
STATES

7.1 General

1) The rules for serviceability limit states
given in EN 1999-1-1 should also be applied
to shell structures.

7.2 Deflections

(1)  The deflections may be -calculated
assuming elastic behaviour.

(2) With reference to EN 1990 — Annex
Al.4 limits for deflections should be specified
for each project and agreed with the owner of
the project.
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JTOJATOK A
(OBOB' SI3KOBHUM)
BUPA3U IS PO3PAXYHKY
OBOJIOHOK HA BTPATY CTIMKOCTI

A.1l Henigcuaeni NUJIIHAPHYHI
000JI0HKH 3 MOCTiHHOIO TOBINMHOIO CTIHKHU

A.1.1 Ilo3nauennsa ma cpanuyuni ymosu

(1) Teomerpuuni Beawuunu (Puc. A.1):

ANNEX A
[NORMATIVE]
EXPRESSIONS FOR SHELL BUCKLING

ANALYSIS

A.1l Unstiffened cylindrical shells of

constant wall thickness

A.1.1 Notations and boundary conditions
1) General quantities (Figure A.1):

n w g v
n=a,t
\ n&:rr
nx{?:rt
Tn;f:cr?f

| JOBKUHA HWIHAPA MiXK 3aKpinIeHHIMH;
I cylinder length between boundaries;

r paniyc cepelMHHOI MOBePXHI WMIiHAPA;
r radius of cylinder middle surface;

t TOBIMHA 000JIOHKH,
t thickness of shell:

Pucynok A.l — I'eomerpis umiiHapa, MeMOpaHHI Ta pe3ylbTyI0Ul HalPYKEHHS
Figure A.1 - Cylinder geometry and membrane stresses and stress resultants

(2) BinnosigHi rpaHUYHI
NPUBOAATHCA B MyHKTax 5.2 Ta 6.2.1.

YMOBH

A.1.2 Mepuodionanvnuii (ocboseuii) cmuck

@ Huniaapu JI03BOJISIETHCS HE
MEPEBIPATH Ha MEPHUIIOHATBHUN CTUCK TMpPH
BTpaTi CTIAKOCTi, SKIIO 3aJ0BUILHSETHCS
YMOBa.:

T <003
t

Al21 Kpumuuni MepUOiOHANbHI
HANPYHCEeHHS NPU 8Mpami CmitiKocmi

(1) Hacrymui  ¢dopmynu
TUIBKH  JUI1  OOOJIOHOK 13

CIpaBeINBI1
rpaHM4YHUMHA
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(2 The boundary conditions are set out in
5.2and 6.2.1.

A.1.2 Meridional (axial) compression

@ Cylinders need not be checked against
meridional shell buckling if they satisfy:

= (A1)
fO

Al21 Critical meridional buckling
stresses

(1)  The following expressions may only be
used for shells with boundary conditions BC 1



ymoBamu BC 1 a6o BC 2 na 060x rpansx.

@) JomxuHa CerMeHTa 000JIOHKH
XapaKTePU3YEThCS MapaMeTpoM Oe3pO3MIpHOT
JOBXKUHHU @

(3) Kpuruune MEpHIIOHATBHE
Halpy>)KeHHsT TpU  BTpaTi  CTIHKOCTI 3

BUKOpHCTaHHAM 3HaueHHa C, 13 Tabmumi A.1,

MOTPiOHO BU3HAYATH SIK:

JCTY-H B EN 1999-1-5:20XX
or BC 2 at both edges.

(2) The length of the shell segment is
characterized in terms of the dimensionless
parameter  :

r I

s (A.2)

t Jrt

(3)  The critical meridional buckling stress,
using values of C, from Table A.1, should be

obtained from:

(A3)

o,y =0, 605ECX%

Tabmmuss  A.l-  Koediuienr C, uist KpUTHYHUX MEPHIIOHAIBHUX HANPY)KEHB [IPH BTPATI
CTIMKOCT1
Table  A.l- Factor C, for critical meridional buckling stress
JloBxknHa ruItiHApa o= |_ Koeoiuient C,
Cylindrical shell Jrt Factor C,
Koporkwuii w<l7 C _136_1,83+2,07
Short - x T h PR
C?peHHm L7<w< 0,5£ C. =1
Medium-length t
0,2 t
C,=1-—(20—-1) ane/but C, >0,6
JloBruii 305 r xb r
Long B 3HaueHHs C,, nuB. Tabmuiro A.2
where C,, is given in Table A.2
Tabmuusn A2 - IMapamerp C,, ni1s BpaxyBaHHS BIUIUBY IPAaHHYHHUX YMOB JJISI JOBI'HX
IWTIHIPIB
Table A.2- Parameter C, for the effect of boundary conditions for long cylinder
Bapiant Kpait nuningpa I'pannyni ymoBH C
Case Cylinder end Boundary condition X
1 kpaii 1 (end 1) BC1 6
kpaii 2 (end 2) BC1
’ kpaii 1 (end 1) BC1 3
kpaii 2 (end 2) BC 2
3 kpait 1 (end 1) BC 2 1
Kpaii 2 (end 2) BC 2

Ipumitka. BC 1 sxmtouae B ce6e BC1f Ta BC1r

(4)  Mns moBrux OWIHIAPIB, BU3HAYCHHUX Y
Tabnumi A.1, i SiKi BITIOBIJAIOTh YMOBaM:

NOTE: BC 1 includes both BC1f and BC1r

4) For long cylinders as defined in Table
A.1 that satisfy the additional conditions:
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T <150
t

E

(A4)

and

and

500 < T <1000

0

koedinienr C, Moxe OyTH O0OYMCIECHUI

the factor C,, may alternatively be obtained

TaKOX SK: by:

(o} (o}

CX :CX'N x,N,Ed + x,M ,Ed (AS)

Ux,Ed Gx,Ed
ne: where:
C,n HapameTp Ui JOBIHX UMIIHIAPIB Mif C,n Is the parameter for long cylinder in
JEI0  OChOBOTO  CTHUCKY, BIAMOBIAHO JO axial compression according to Table A.1;
Tabmumi A.1;
O,gq DPO3PaxyHKOBE 3HAYEHHSA o,.eq IS the design value of the meridional
MEpPH1I0HAIBHOTO HaIIpYXEHHS stress (Gx,Ed =0, ned TOxM Ed );
(Oyed =Ouned T Oumed ):
Oy N.£g KOMIIOHEHTa HaTpY>KEHH, sKa O, neq IS the stress component from axial
BHU3HAYAETHCS i3 0CBHOBOTO CTHCKY compression  (circumferentially  uniform
(KOMITOHEHTa PIBHOMIpPHA TI0 KOJTY); component);
Oy M g4 KOMIIOHEHTa HAIpYKCHHS, sKa Oy M gd Is the stress component from

BU3HAYAETHCS 13 3arajibHOro 3ruHy (mikoBe
3HAYCHHSI 3MIHHOT IO KOJIy KOMITOHEHTH).

tubular global bending (peak value of the
circumferentially varying component).

Al22 Mepuoionanvhuii  koeghiyienm Al22 Meridional buckling parameter
empamu CmiuKocmi
1) KoedoirienT MEpHII0HAITBHOTO Q) The meridional imperfection factor
nedexTy MoTpiOHO BH3HAYATH SIK: should be obtained from:
1
a, = (A6)
1 |0,6E —~ = (1w
1+2,60(= (Ax —Ax0))"
QY 1
asne: but:
a, <1,00
e where:
2Ax0 Koe(illieHT MepUIIOHATHFHOT THYYKOCTI Axo is  the meridional squash  limit
CTUCHYTOTO €JICMEHTa,; slenderness parameter;
Q napameTp JOTYCKY o Q is the meridional compression

MEpUIAIOHATEHOMY CTHCKY.
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tolerance parameter.



2)
i3 Tabmumi A.3 mo 0OyMOBIIEHOMY KIIacy
nomycky. st 4 knacy momycky mapamerp Q
3aJIeKUTh TaKOX BiJ] TPAHUYHUX YMOB, IO
BU3HAYarOThHCA 3a Tabmumero 5.1.

(3) Koedimienr cmmaBy 1 KkoedimieHT
MEpPUIIOHAIILHOI ~ THYYKOCTI  CTHCHYTOTO
eneMeHTa oOuparThcs 3a Tabmumero A.4 B
3aJIEKHOCT] BiJl KJIacy THYYKOCTI marepiaiy,
o Bu3HavaeTbed 3a EN 1999-1-1.

[Tapamerp nonycky Q moTpiObHo Oparn

JACTY-H b EN 1999-1-5:20XX

(2)  The tolerance parameter Q should be

taken from Table A.3 for the specified
tolerance class. For tolerance class 4 the
tolerance parameter Q depends also on

boundary conditions as defined in Table 5.1.

(3)  The alloy factor and the meridional
squash limit slenderness parameter should be
taken from Table A.4 according to the
material buckling class as defined in EN 1999-
1-1.

Ta6muus A.3 - Ilapamerp momycky Q
Table A.3 - Tolerance parameter Q
3uauenHss Q s pi3HUX TPAHUYHUX YMOB
K
ac AONyeiy Value of Q for boundary conditions
Tolerance class
BC1r, BC2r | BC1f, BC2f

Kiac 1/Class 1 16

Kirac 2/Class 2 25

Kirac 3/Class 3 40

Knac 4/Class 4 60 50

Taémums A.4— 3HaYeHHS Axo Ta M, JTs BUMAAKY MEPHIIOHATIBHOTO CTHCKY
Table A4 - Values of Ao and M, for meridional compression
Kirac BTpaTH crilikocTi
marepiany Axo K,
Material buckling class
A 0,20 0,35
B 0,10 0,20
(4 Hdns poBrux  IMJIHAPIB, K1 (4)  For long cylinders that satisfy the
BiAMmoBigaroTh ymoBaM A.1.2.1 (4), koedirient special conditions of A.1.2.1(4), the

MEpPUIIOHAIBHOI ~ THYYKOCTI  CTHCHYTOTO

eJIeMeHTa A, MOKHA BU3HAYUTH 34!

Ix,o,l = Zx,o + QlOM

e:

Axo ciaig Opatu 3 Tabmuii A4, a Oxgq Ta
oxM.ed 3@ myHkTom A.1.2.1(4).

A.1.3 Kinbuesuit cmuck (0opyu)

(1)  Huniagpu JI03BOJISIETHCS HE
NEepeBIpATH Ha KUIBLEBUHW CTHCK INPH BTpaTi
CTIMKOCTI, SIKIIIO 33I0BUTHHSIETHCS YMOBA!

meridional squash limit slenderness parameter
may be obtained from:

(A7)
Gx,Ed
where:

2xo should be taken from Table A.4 and Oy Ed
and oxmeq are as given in A.1.2.1(4).

A.1.3 Circumferential (hoop) compression

(1)  Cylinders need not be checked against
circumferential shell buckling if they satisfy:
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Fco21|E (A.8)
t f

Al31 Kpumuuni
HAanpyscenHs: npu empami cmiukocmi

Kinbyesi

(1)  Hacrymui bopmynu MOJKHA
3aCTOCOBYBATH Il 000JIOHOK 3 yCiMa THIIaMu
IPaHUYHHUX YMOB.

(2)  Jomxuny CerMeHTa 000JIOHKH
MOTPIOHO  XapaKTepu3yBaTH 3aJeKHO  Bif
0e3pO3MIPHOTO MapaMeTpa JOBXKUHH

(3) Kpuruune MepHIiOHATbHE
HAaNpyXXeHHS Tpd  BTpaTi  CTiKoCcTi 3
BUKOpUCTaHHsAM 3HaueHHs C, 13 Tabmuui A.5
JUIST  IWTHIAPIB  CEepPelIHbOI JOBXHHHA Ta
Tabmuui A.6 g KOPOTKHMX LHJIHJPIB,
noTpiOHO BU3HAYATH SIK:

Al3.1 Critical
buckling stresses

circumferential

(1) The following expressions may be
applied to shells with all boundary conditions.

(2)  The length of the shell segment is
characterized in terms of the dimensionless
parameter w:

I r |
©)

The critical meridional buckling stress,
using values of C, from Table A5 for

medium length cylinders and Table A.6 for
short cylinders, should be obtained from:

C
o, =0,92E St (A.10)
’ or
Ta6bmmus A.5— KoedimienTn HanpyXeHHs NP BTpaTi cTiiikocti Cy npu 11ii 30BHIIIHHOTO

THCKY JUISL IJTIHAPIB cepenuboi nosxuun (20 < w/C, <1,63r/t)
Table A5 - External pressure buckling factor Cy for medium-length cylinders

(20<w/C, <1,63r/t)

Bapiant Kpait numinapa I'pannyni ymMOBH Koedimient Cy
Case Cylinder end Boundary condition Factor Cy

1 kpaii 1 (end 1) BC1 15
kpaii 2 (end 2) BC1 ’

) kpaii 1 (end 1) BC1 125
kpait 2 (end 2) BC 2

3 kpait 1 (end 1) BC 2 10
Kpaii 2 (end 2) BC 2

4 kpaii 1 (end 1) BC1 06
kpaii 2 (end 2) BC3

5 kpaii 1 (end 1) BC 2 0
kpaii 2 (end 2) BC3

6 kpait 1 (end 1) BC3 0
kpaii 2 (end 2) BC3
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Tabmuus A6 - KoediuienTn HanpyxeHHs npu Brpari criiikocri C, npu aii
30BHIIIHBOTO THCKY U1 KOpOTKHX Itinapis (w/C, < 20)
Table A.6 —  External pressure buckling factor C, for short cylinders (w/C, < 20)
Bapiant Kpait nuninapa I'pannyni ymoBH Koediuient Cy
Case Cylinder end Boundary condition Factor Cg
kpait 1 (end 1) BC1 _ 10 5
1 kpait 2 (end 2) BC 1 Co=15+ 5~
kpait 1 (end 1) BC 1 _ 8 4
2 xpait 2 (end 2) BC 2 Co=L25+-5-—
kpaii 1 (end 1) BC 2 3 3
3 kpait 2 (end 2) BC 2 Co =10+ ol
kpaii 1 (end 1) BC1 _ 1 03
4 kpaii 2 (end 2) BC 3 Co=06+—7-"3

Mpumitka. Y Tabmumax A.5 1 A.6 BC 1 Bximouae B
cebe BC1f Ta BC1r

(4) His JIOBTUX WTIHIPIB
(o/C, 21,63r/t) xinpLeBi HaNMPyXEHHS IPH

NOTE: In Table A.5 and A.6, BC 1 includes both BC1f
and BC1r

(@) For long cylinders (w/C, 21,63r/t)
the circumferential buckling stress should be

BTpaTi  CTIAKOCTI  CHiJ  BHW3HA4YaTh 3a obtained from:
bopmynoro:
t, C,rs
0,4 =E(=)7(0,275+2,03(—)") (A.11)
’ r ot
A.13.2 Kinvyesi xoepiyienmu empamu A.13.2 Circumferential buckling
cmiukocmi parameter

(1)  Koedimient MEpHUIIOHATBHOT
HEJIOCKOHAJIOCTI BU3HAYAETHCS 34

(1)  The meridional imperfection factor
should be obtained from:

1

o, = _ , (A.12)
1+0,2(1- 0y o (Ao — Ao0) ] 5
ane: but:
a, <100
(2 KoeodimieHT  BiTHOCHOI  KUIBIEBOi (2) The circumferential reference

HEJOCKOHAJIOCTI (1, oOupaerbcs 3 Tabmumi

A.7 115 KOHKPETHOT'O KJ1acy JOMYyCKY.

imperfection factor o, should be taken from
Table A.7 for the specified tolerance class.

Tabauust  A.7 - 3nauenHs koedillieHTa @, B 3AIEKHOCTI Bijl KIaCy IOMYCKY

Table  A.7- Factor «,, based on tolerance class

Knac nomycky
Tolerance class

TTapameTp o ¢ ref
Parameter a. g ref

Knac 1/Class 1 0,50
Knac 2/Class 2 0,65
Knacu 3 ta 4/Class 3 and 4 0,75
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3) Koedimiear crmaBy 1  koedimieHT (3) The alloy factor and the meridional
MEpUIOHAILHOI ~ THYYKOCTI ~ CTHUCHYTOTO squash limit slenderness parameter should be
eneMeHTa obuparoThcsi 3a Tabmumero A.8 B taken from Table A.8 according to the
3aJIeKHOCTI BiJl KJIaCy THYYKOCT1 Marepiaiy, material buckling class as defined in EN 1999-
o Bu3HavaeThes 3a EN 1999-1-1. 1-1.

Ta6amus A.8 — 3HaueHHS Axo Ta U, UL BUIAJKY KUIBLIEBOIO CTUCKY

Table A.8- Valuesof 140 and u, for circumferential compression

Kirac BTpaTH cTilikocTi
marepiairy A0 Ly
Material buckling class
A 0,30 0,55
B 0,20 0,70
(4)  HepiBHomipHuii posmoxin THCKY 0, (4)  The non-uniform distribution of
KUl BHHHUKA€E BiJ] 30BHIIIHBOTO BITPOBOTO pressure g, resulting from external wind
HaBaHTAKCHHS Ha HWIHAPU (auB. PHCyHOK loading on cylinders (see Figure A.2) may, for
A.2) MoxHa, I PpO3paxyHKy BTpaTH the purpose of shell buckling design, be
CTIMKOCTI, 3aMIHUTH €KBIBaJICHTHUM substituted by an equivalent uniform external
PIBHOMIPHUM 30BHIIITHIM THCKOM: pressure:
qeq = kwqw,max (A13)
ae: where:
Ow.max — MAKCUMAaJIbHUH BiTpOBHH THCK, a K|, Qw,max 1S the maximum wind pressure and K,
BM3HAYAETHCS HACTYITHMM YUHOM: should be found as follows:
C,r
k,=0,46(1+0,1, [ —— (A.14)
ot
i3 3HaYeHHAM K, SIKE 3HAXOMMTHCS B MEKAX with the value of ki, not outside the range

0,65<k, <10, snauennus C, notpiGHO 0,65<k, <1,0, and with C, taken from
Oparm 3 Tabmumi A.5 BiAMoOBigHO [0

Table A.5 according to the boundary
IpaHUYHUX YMOB.

conditions.
5) [IpoekTHe  KUTbIIEBE  HANPYKEHHS, (5) The circumferential design stress to be
BBeJieHe B 6.2.3.3, BU3HAYAECTLCS 3. introduced into 6.2.3.3 follows from:
r

GB,Ed = (qeq + qs)? (A15)
ae: where:
q, BHITPIIIHIN BiCOC, IO CIPHYUHSAETHCS q, is the internal suction caused by
€0  TIOBITPSl, BHYTPINIHIM  YaCTKOBUM venting, internal partial vacuum or other
PO3PIDKEHHSIM a00 IHITUM SIBUILIEM. phenomena.
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a) Po3nonis BITpOBOro THCKY HABKOJIO 000JI0OHKH
a) Wind pressure distribution around shell
circumference

JACTY-H b EN 1999-1-5:20XX

b) Po3noain ekBiBajJIeHTHOTO BiceCHMETPHYHOTO
THCKY
b) Equivalent axisymmetric pressure distribution

Pucynoxk A.2 — [lepeTBOpEHHs THIIOBOTO PO3MOITY 30BHIIIHEOTO BITPOBOTO TUCKY
Figure A.2 — Transformation of typical wind external pressure load distribution

A.l.4 3cye

(@D) Huniaapu JI03BOJISIETHCS HE
NepeBipsATH Ha 3CyB INpPH BTpaTi CTIHKOCTI,
SIKIIO 33/I0BLUIBHSAETHCS YMOBA!

A.1.4 Shear

Q) Cylinders need not be checked against
shear buckling if they satisfy:

%s 0,16(f£)°'67 (A.16)

Al4l Kpumuuni
HANPYHCEeHHS npU 8Mpami Cmitikocmi

OOMUYHI

(1) Hacrymui BHpa3u OTPiOHO
3aCTOCOBYBAaTH TUIBKM i1 OOOJIOHOK 13
rpannaaumu ymoBamu BC1 a6o BC2 Ha 060x
Kpasix.

@) JomxuHa CerMeHTa 000JIOHKH
XapaKTePU3yEThCS 3aJIEKHO BiJ
0€3p0o3MIPHOTO MapameTpa JOBKUHU @ '

0

Al4.1 Critical shear buckling stresses

(1)  The following expressions may only be
used for shells with boundary conditions BC 1
or BC 2 at both edges.

(2)  The length of the shell segment is
characterized in terms of the dimensionless
parameter  :

I |r I
w:?\f?:ﬁ (A.17)

(3) KpurnuHe NOTHYHE HANPYKEHHS IPH
BTPATi CTIHKOCTI 3 BUKOPUCTAHHSAM 3HAYCHHS
C, 13 Tabnuui A.9 noTpiGHO BU3HAYATH SIK:

3 The critical shear buckling stress, using
values of C_ from Table A.9, should be

obtained from:

r. =0,75EC. L (A.18)

r
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Tabmuua A9 - Koediuienr C_ 1y KPUTHYHUX JOTHYHUX HAMIPYXKEHB TIPU BTPATI
CTIMKOCTI
Table  A.9- Factor C, for critical shear buckling stress

JloB:kuHa HUIIHApA Koeoiuient C,

I
Ow<—F——
Cylindrical shell Jrt Factor C,

Koporkuit

42
<10 C =1+—
Short @ TN WP

CepenH-bo'l' JTOBKITHHU 10<w<87 r C -1
Medium-length t
JoBruii a)28,7£ C. :l [
Long t 3V r
Al4.2 Koedghiyienmu smpamu Al42 Shear buckling parameters
CMIUKOCMI Y 8UNAOKY 3CY8y
@ Koedimient HEI0CKOHAIOCTI y (@8] The shear imperfection factor should
BUIIA/IKY 3CYBY BU3HAYA€ETHCS SIK: be obtained from:
1
a, = - > (A.19)
1+0.2(1-a, (f )(A: = Ac0) [
ane but
a <1,00
(2)  Koebiuient  HemockoHamocti y (2)  The shear imperfection factor o, .
BUNATKY 3CYBY O . OOMpaeTbes 3 Tabmnui should be taken from Table A.10 for the
A.10 B 3a5eKHOCTI BiJ] KJIacy AOMYCKY specified tolerance class.
Tabamusn  A.10 - 3nadenns koedilienTa @, B 3ATEKHOCTI Bill KIIacy JOIyCKy
Table  A10- Factor «, ., based on tolerance
Knac ponycky Koediuient o
Tolerance class
Parameter a,
Kunac 1/Class 1 0,50
Knac 2/Class 2 0,65
Knacu 3 ta 4/Class 3 and 4 0,75
(3) Koedimiear cmmaBy 1 koedimieHT (3)  The alloy factor and the meridional
MEpPHUIIOHAILHOI ~ THYYKOCTI  CTHCHYTOTO squash limit slenderness parameter should be
emeMeHTa obuparoThes 3a Tabmumero A.11 B taken from Table A.11 according to the
3aJIeKHOCTI  Bi Kiacy BTpaTH CTIHKOCTI material buckling class as defined in EN 1999-
MaTepiainy, mo Bu3Hadaetrbes 3a EN 1999-1-1. 1-1.
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Tabmuus A1l - 3pauenns A, ta p ansgscyBy

Table  All- \valuesof 1, and u_ for shear
Knac BrpaTu crilikocTi
Marepiany A, .
Material buckling class
A 0,50 0,30
B 0,40 0,40
A.15 Mepuodionanvnuii (ocvosuii) cmuck i3 A.1.5 Meridional (axial) compression with
GHYMPIULHIM MUCKOM coexistent internal pressure
A.l51 Kpumuune MepuodioHabHe A.l51 Pressurised critical meridional
HANPYICEHHS. NPU 8MPami cmiukocmi nio 0icio buckling stress
MUCKY
(1) KputuuHe HanpyXeHHs @pU BTpari (1)  The critical meridional buckling stress
cTifikocti O, MOXHAa BH3HayaTH Oe3 o, May be assumed to be unaffected by the
ypaxyBaHHsI BHYTPIIIHBOTO THCKY i OTPUMAaTH presence of internal pressure and may be
3A.1.2.1. obtained as specified in A.1.2.1.
A.152 Koeghiyienmu mepuodionanvroi A1l52 Pressurised meridional
empamu cmitikocmi nio Oi€r Mucky buckling parameters
(1) HampyxeHHs MepUAIOHAILHOI BTpATH (1)  The pressurised meridional buckling
CTIHKOCTI  mig  Ji€l0 THUCKY  MOTPiOHO strength should be verified analogously to the
MEPEBIPATH  AHAJIOTIYHO IO Takoro K unpressurised meridional buckling strength as
nmapameTpa, ajge 0e3 1ii THCKy, K BKa3aHO Y specified in 6.2.3.3 and A.1.2.2. However, the
6.233 i Al22 Ilpore koedimieHT unpressurised imperfection factor a, may be
3MCHIIICHHS TPYXHOI nepopmamii «, 0Oe3 replaced by the pressurised imperfection factor
TUCKY  MOTpIOHO  3aMIHUTH  IIUM K€ Ay p-
Koe(ilIeEHTOM, aje 3 YypaxyBaHHSAM THUCKY
a -
(2)  KoedimieHT HETOCKOHATIOCTI MiJ TIEHO (2)  The pressurised imperfection factor
TUCKY @, , TOTPIOHO OpaTh MEHLIMM I3 IBOX a, , should be taken as the smaller of the two
3HAYCHb: following values:
Qype — KOCODIUIEHT, WO BPaxoBye MPYKHY a,, Is a factor covering pressure-induced
cTaburi3alito, CHpUIYNHEHY TUCKOM,; elastic stabilisation;
Ay pp — KOEDIlIeHT, O BPaxOBye IIIACTHYHY a, ,, Is a factor covering pressure-induced
JecTabiTizaluio, CIIPHYUHEHY THCKOM. plastic destabilisation.
(3)  Koediuient a, ,, NOTPiOHO BU3HAYATH (3)  The factor «, , should be obtained
13 from
Ay pe =0 t(1—a,)= P o (A.20)
’ 0,3/,
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p:
ne.
p HaliMEHbIIIE  3HAYE€HHS  MICIEBOrO
BHYTPIIIHBOTO ~ THUCKy B  TOYII, 110
pO3IIISIIA€ThCs,  SKUM  JIi€  CyMICHO 13
MEpHUIIOHATPHUM CTHUCKOM,
o, koedimieHT MEpHUIIOHAIBHOT
HEJIOCKOHAIOCTI 0€3  ypaxyBaHHS  THCKY
BigmosigHo 10 A.1.2.2;
O, TPYKHE KDHTHYHE MEPHUIIOHAIbHE

HaIpyKeHHsI IPU BTPaTi CTIMKOCTI BiAMOBIIHO
1o A.1.2.1 (3).

(4) x,pe

3aCTOCOBYBAaTH  J0  JOBIHX  IWIIHAPIB
BiamoBiaHo 10 A.1.2.1 (3), Tabmuus A.1.

Koedinienr « HE  MOTpiOHO

Kpim Toro, iioro He moTpiOHO 3aCTOCOBYBATH,
SKILO:

- IIJIIHAP Ma€ CEpeHIO TOBXKHUHY, BiIMOBITHO
0 A.1.2.1 (4);

- IWIHAP KOPOTKHWH, BIAMOBIAHO [0
A.1.2.1(3), Tabmuns A.1 i 8 A.1.2.1(3) Oymno
npuitaaro C, =1.

pr

to-x,cr

(A.21)

where:

p is the smallest value of internal
pressure at the location of the point being
assessed, and guaranteed to coexist with the
meridional compression;

a, is the unpressurised meridional
imperfection factor according to A.1.2.2;

o, Is the elastic critical meridional
buckling stress according to A.1.2.1(3).

(4)  The factor «, ,

to cylinders that are
A.1.2.1(3), Table A.1.

Further, it should not be applied unless:

should not be applied
long according to

- the cylinder is medium-length according to
A.1.2.1(3), Table A.1;

- the cylinder is short according to A.1.2.1(3),
Table A.1 and C, =1 has been adopted in

A.1.2 1(3).

(5)  Koediuienr «, ,, noTpibHO BU3HAYATH (5) he factor «,, should be obtained
SIK: from:
p? 1 $? +1,210x
ax,pp _( - j)(l_ 1’5) (A22)
A 1,12+s s(s+1)
p=—P (A.23)
to-x,cr
S (A.24)
400t '
ne: where:
P Hali6LTbUIe  3HAYEHHS  JIOKAIBHOTO p s the largest value of internal pressure

BHYTPIIIHHOTO THUCKY B PO3pPaxyHKOBIM TOYII],
3 MOXJIMBUM OJHOYAaCHUM MepI/II[iOHaJ'IBHI/IM
CTHCKOM,

A 0e3po3MipHHII MapaMerp THYYKOCTI
CTUCHYTOi ~ OOOJIOHKM  BIANOBIAHO IO
6.2.3.2(3);
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at the location of the point being assessed, and
possibly coexistent with the meridional
compression;

A is the non-dimensional shell

slenderness parameter according to 6.2.3.2 (3);



O, TPYKHE KDHTHYHE MEPHUIIOHAIBHE

HaNpPYy>XEHHsI IPU BTPATi CTIKOCTI BiAMOBITHO
1o A.1.2.1(3).

A.1.6 Cymicna 0ia  mepuodionanvHozo
(0cb06020) cmMUCKY, KilbUeozo CHMUCKY i

3cyey
(1) IMapamerpwu B3aEMOIi1 BTpaTu
CTIHKOCTI JuIs BuKOpHcTaHHS B 6.2.3.3(3)
MOHa OTPUMATH 13:

JACTY-H b EN 1999-1-5:20XX

o is the elastic critical meridional

X,cr

buckling stress according to A.1.2.1(3).

A.1.6 Combinations of meridional (axial)
compression, circumferential (hoop)
compression and shear

(1)  The buckling interaction parameters
to be used in 6.2.3.3(3) may be obtained from:

k =1,25+0,75y,

k, =1,25+0,75y, (A.25)

k =1,25+0,75%,

ki = (ZXZG)Z

Ie.

Xsr Xo» JX. — Koe(Ili€eHTH 3MEHILIEHHs

BTpaTH CTiliKOCTi, BU3HaueHi B 6.2.3.2, 3
BUKOPHUCTAHHSAM napameTpiB BTpaTH
cTiiikocTi, HaBeneHnXx y A.1.2 — A.1.4.

(2)  BBaxaerbcs, IO TPH KOMIIOHEHTH
MEMOpPaHHOTO HAamNpy>KEHHS B3aEMOJIIOTH Y
BCIX TOYKaxX OOOJIOHKH 32 BUHSTKOM TOYOK,
SIK1 IPWJISITAIOTh 70 rpaHullk. [lepeBipkoro Ha
CYMICHY Jil0 MOJKHAa 3HEXTYBaTH ISl BCIX
TOYOK, IO 3HAXOAATHCS B MEXaxX JOBXKHHH
rpaHU4HOI 30HH | , sika mpwsirae 1o Oynb-

where:

X X, and y_ are the buckling reduction

factors defined in 6.2.3.2, using the buckling
parameters given in A.1.2to A.1.4.

(2)  The three membrane stress components
should be deemed to interact in combination at
any point in the hell, except those adjacent to
the boundaries. The buckling interaction check
may be omitted for all points hat lie within the
boundary zone length |, adjacent to either end

of the cylindrical segment. The value of I, is

AKOi  TpaHl  IWJIIHAPUYHOTO  CErMEHTA. the smaller of:
3HavenHs |, € MeHIMM 13!
I, =0,1L ra (and) I, =0,16r+/r/t (A.26)

(3)  Sxmo CHUNBHO BUKOHATH IIEPEBIPKY
CYMICHO{ BTpaTu CTIMKOCTI B YCiX TOYKaX, TO
MOXHA KOPHCTYBaTUCS HPOCTIINM
TPamUIIiHUM  METOJOM,  HaBEICHHUM Y
HacTynmHux nonoxeHasx (4) i (5). Skmo
MaKCHMaJIbHE 3HAYCHHS OyIlb-SIKOTO
MEMOPAHHOTO HANpPY)KCHHsSI BUHUKAE Y MeXax
rpaHU4HOI 30HH |, sika mpwsrae 1o Oynb-
SKOT1 TpaHl MWJIIHApa, MepeBipka CyMicHOI mii
BigmoBigHo g0 6.2.3.3(3) Moxke Oyru

BUKOHAHa 3  BUKOPUCTaHHSIM  3HAYCHb,
BU3HAUCHUX Y (4).
(4)  Sxmo BUKOHYIOTBCSI YMOBH

nosioxkeHHss  (3), MakcHMMajbHE 3HAYCHHS

3 If checks of the buckling interaction at
all points are found to be onerous, the
following provisions of (4) nd (5) permit a
simpler conservative assessment. If the
maximum value of any of the buckling-
relevant embrane stresses in a cylindrical shell

occurs in a boundary zone of length I

adjacent to either end of the cylinder, the
interaction check of 6.2.3.3(3) may be
undertaken using the values defined in (4).

(4)  If the conditions of (3) are met, the
maximum value of any of the buckling-

55



JACTY-H b EN 1999-1-5:20XX

KOXHOTO MeMOPaHHOTO HaTPYyXCHHS,
3B’S[3aHOTO 3 BTPATOIO CTIHKOCTI, SIKE BUHUKAE
HE B MeKax BUIbHOI JoBXuHM |, (3a Mexxamun

rpaHMYHUX 30H, AuB. PucyHok A.3a), MoxHa
BUKOPUCTOBYBATHU JUIs NEPEBIPKHU CYMICHOT il
3a 6.2.3.3 (3), ze:

l, =L-2lI,

(5) s mosrux wrinapis, 3a A.1.2.1(3),
TPyIH, [0 MArOTh BIAHOMICHHS O CyMIiCHOT
Jii 1 MUIATSIOTH MEPEeBIpIll HAa CYMICHY IO,
MOXYTb OyTH OOMexeH1 OifbIlle HIK IOTO
Bumaratotb ~ maparpapu (3) 1 (4).
[IpumyckaeTbcsi, 1O  HANPYXKEHHS,  SKI

BXOJSITh JO TPyl CyYMICHOI i, MOXHa

00MeXHUTH OyJb-SIKMM BiIpPi3KOM 3aBJIOBKKH
.., po3mimennm y mexax |, i nepeBipku

cymicHo1 aii(auB. Pucynok A.3b), ne:

int ?

relevant membrane stresses ccurring over the
free length |, that is outside the boundary

zones (see Figure A.3a) may be used in the
nteraction check of 6.2.3.3 (3), where:

(A.27)

(5) For long cylinders as defined
A.1.2.1(3), Table A.1, the interaction-relevant
groups introduced into the interaction check
may be restricted further than the provisions of
paragraphs (3) and (4). The stresses deemed to
be in interaction-relevant groups may then be
restricted to any section of length |, falling

within the free remaining length |, for the
interaction check (see Figure A.3b), where:

|, =1,3r/r /t (A.28)

(6) Sxkmo B maparpadax (3) — (5) He
HaBOJATHCSI OCOONMBI  TOJIOKEHHSI MO0
BU3HAUCHHS BIIHOCHOTO pO3MillleHHa abo
PO3JIUICHHS TPyl KOMITOHEHTIB MEMOpPaHHOTO
HaIpy>KEHHs CYMICHO1 JIii 1 Bce Ie MmoTpiOeH
MIPOCTHIHA i KOHCEpPBAaTHBHUHN MIAX1,
MaKCHMaJIbHE 3HAYCHHS KOKHOTO
MEeMOpaHHOTO HAMPYKCHHs, HE3AJICKHO Bif
po3MillleHHs Ha OO0O0JIoOHILI, MoXe OyTu
BUKOpHCTaHUM Y popmyti (6.24).

3

w

il

a) KOPOTKHUI IMJIiHAP

a) short cylinder

(6) If (3) to (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 equired,
the maximum value of each membrane stress,
irrespective of location in the shell, may be
adopted into expression (6.24).

b) noBruii nuIiHAp

b) long cylinder

Pucynox A.3 - Ilpukmiamy rpym cyMmicHOI Iii 32 KOMITOHEHTaMU MEMOPaHHUX HANIPY)KEHb
Figure A.3 —Examples of interaction-relevant groups of membrane stress components
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A.2  Henigcuiaeni
000JIOHKM 3i CTymiH4YacTOMH
TOBIIMHOIO CTIHKH

UMJIIHAPUYHI
3MiHHOIO

A.2.1 3azanwvni nonoxcennsn
A211

losnauenns i epanuyni ymosu

1) Y nmanomy po3aili BUKOPUCTOBYIOThCS
HACTYIIHI TO3HAYCHHS !

L 3arajibHa JOBXKMHA IFITIHIPA;

r paxaiyc CepeNMHHOT MMOBEPXHI
TATIHAPA;

] LIUIMA TOKa3HUK, SKUH BKa3zye Ha

OKpeMi ceKmii muiiHIpa 3 TOCTIHHOIO
TOBIIMHOK CTiHKH (Bin j=1 no j=n);

t; MOCTiIiHA TOBIIMHA CTIHKH CEKIil |
JAHOTO LIUJIHIIPA,

|j JIOBXKUHA CEKIIil | HHITIHApA.

@) HactynHi Bupasu crnpaBeisiuBi TUTbKU
JUIsl 000JIOHOK 13 TpaHnuHuMH ymoBamu BC 1
abo BC 2 ma o06ox kinmgx (see 5.2), 6e3
ypaxyBaHHsI PI3HUIlI MDK HUMH.

A2.12 T'eomempis i 3miwenus cmuxis

(1)  Sxmo  TOBIIMHA CTIHKH  IHJIHIpA
30UIBIIYETbCA  MOCTYHNOBO 1  CTYHIHYAcTO
3BepXy 10 HHU3Y (IUB. pUCYHOK A.4d), MOXHA
3aCTOCOBYBAaTH METOJAMKY, HaBEJCHY B LIbOMY
po3aini. B SKOCTI ambTEpHATUBHOTO MITXOY,
JUIE  BH3HAYCHHS KPUTUYHOTO KUIBIICBOTO
HAIPY)XEHHS TIPU BTPATi CTIMKOCTI O . o

MOXHAa BUKOPUCTATH JHHIMHUH MPYXHIN
po3paxyHok  Oidpypakuii  (JIPB), JIMB
A.2.3.1(7).

@) Hamiueni  3wmimeHHs [ MDK
IUITACTUHAMU CYMDKHHX CEKIii (IUB. pHCYHOK
D.4) MoxHa po3riIsgaTd SAK I[POrHO30BaHi
HACTYMTHUMHU (QOpMyJaMH 3a YMOBH, IO

HaMiuyeHe 3HaYeHHS eo MCHIIIC AOIYCTUMOI'O

3HAYEHHS €, ., IKE MPUUMAETHCS K MEHIIIE 13

0,p?

€,p =0,5(t

ae.

t TOBIIIMHA TOBCTIIIOT CTIHKY 3’ € IHAHHS,

max

-tnin) Ta (and) e, , = 0,5t

max

JACTY-H b EN 1999-1-5:20XX

A.2 Unstiffened cylindrical shells of
stepwise wall thickness

A.2.1 General

A211
conditions

Notations and boundary

1) In this clause the following notations
are used:

L overall cylinder length  between
boundaries;

r radius of cylinder middle surface;

] an integer index denoting the

individual cylinder sections with constant wall
thickness (from j=1to j=n);

t; the constant wall thickness of section |

of the cylinder;
l; the length of section j of the cylinder.

(2)  The following expressions may only be
used for shells with boundary condition BC 1
and BC 2 at both edges (see 5.2), with no
distinction made between them.

A21.2 Geometry and joint offsets

(1)  Provided that the wall thickness of the
cylinder increases progressively stepwise from
top to bottom (see igure A.4a), the procedures
given in this clause may be used.
Alternatively, linear elastic bifurcation nalysis
LBA may be used to calculate the critical
circumferential buckling stress o, N

A.2.3.1(7).

2 Intended offsets e, between plates of

adjacent sections (see Figure A.4) may be
treated as covered by he following expressions
provided that the intended value e, is less than

the permissible value e, , which should be
taken as the smaller of:

(A.29)

n

where:

t is the thickness of the thicker plate at

max
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t.n  TOBILMHA TOHILOI CTIHKM 3’ €JHAHHS.

(€)) Jnst uuMmiHApiB 13 MPOTHO30BAHHMH
3MIMIEHHSMA MDK CYMDKHUMH  CEKIISIMHU
BiAmoBinHO 10 (2), pamiyc ' MOkHaA OpaTh sIK
CepeJIHE 3HAUCHHS BCiX CEKITIH.

4) Jns  mwmiHapie 31 3’€IHaAHHIMH
BHAITYCK noTpioHO BUKOPHCTOBYBATH
MOJIOXKEHHSI, HaBeIeH1 B maparpadi A.3.

the joint;

t., IS the thickness of the thinner plate at
the joint.

3 For cylinders with  permissible
intended offsets between plates of adjacent
sections according to (2), the adius 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 A.3 should be used.

:

|— "IMaX ——=

Pucynox A.4 —TIpornososane 3MillleHHs: €, B O0OJIOHII], SIKa 3’€IHAHA BHAITYCK
Figure A.4 —Intended offset e, in a butt-jointed shell

A.2.2 Mepuodionanvnuii (ocboeuii) cmuck

(1) Koxuy  cekiiro  IHIIHIpA ]
3aBIOBKKM |, moTpiOHO posrsmath K
€KBIBAJICHTHUN  IWIHAP 13  3arajJbHOI0
NOBXHUHOK | =L 1 3 MOCTIIHOIO TOBIIHMHOKO

CTIHKHU t = tj BIAOOBiIHO 10 A.1.2.

(2 JLyist TOBrUX €KBIBJIGHTHUX IMJIIH/IPIB,
Bu3HaueHux y A.1.2.1(3), Tabmuus A.l,
napamerp C,  nmoTpiOHO mnpuilMaté K

C,, =1, sAKxmo kpaie 3Ha4YeHHs HE BU3HAUYCHE
OUIBII AETATBHUM PO3PAXYHKOM.
A.2.3 Kinvyesuii cmuck (oopyu)

A.2.31 Kpumuuni
HANPYHCEHHS NpU 8Mpami Cmitikocmi

Kinbyesi

1) SIKIIO IWITIHAP CKJIaJAETHCS 13 TPhOX
CeKIIi 3 PI3HUMU TOBIIMHAMHU CTIHOK,
MOTPIOHO 3aCTOCOBYBATH METOJWKY, OMHCAHY
B (4)—(7), nuB. Pucynox A.5(II).

(2)  Slkmio HMIIHAP CKITAJAETHCS TUTBKHU 13
oHi€el cekiii (ToOTO Mae MOCTiHY TOBIIMHY
CTIHKH), TIOTPIOHO 3aCTOCOBYBATH MOJIOKCHHS
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A.2.2 Meridional (axial) compression

Q) Each cylinder section j of length I,

should be treated as an equivalent cylinder of
overall length I=L and uniform wall
thickness t =t; according to A.1.2.

(2) For long equivalent cylinders, as
governed by A.1.2.1(3), Table A.1, the
parameter C,, should be onservatively taken
as C, =1, unless a better value is justified by
more rigorous analysis.

A.2.3 Circumferential (hoop) compression

A.23.1 Critical
buckling stresses

1) If the cylinder consists of three
sections with different wall thickness, the
procedure according to (4) to (7) should be
applied, see Figure A.5(11)

circumferential

(2) If the cylinder consists of only one
section (i.e. constant wall thickness), A.l



Al
3 SKmo MWTHAP CKIaNaeThCcs 13 JTBOX
CeKIii 3 PI3HOI TOBHIMHOK  CTIHOK,

MeToauky, omnucany B (4) — (7), motpibHO
3aCTOCOBYBATH, pO3IJIAAI0OYU JBI i3 TPHOX
GbIKTUBHUX Ccekliid, a Ta b, gk Taki, mpo
MAalOTh OJIHAKOBY TOBILUHY.

4) SIKIMO UWITIHAP CKIAJA€Thes Oiblie
HDK 13 TPhOX CEKIIi 13 PI3HOI TOBIIUHOIO
crinok (muB. pucynox A.5(I)), To cmouarky
HOro TOTPIOHO 3aMIHUTH EKBIBAJICHTHUM
IUAJIHAPOM, 0 SIKOTO BXOJSATH TPU CEKIii a,
b i ¢ (muB. pucynox A.5(IT)). Jlomxuna
BEPXHBOI CeKIil |, MOBMHHA MPOJOBKYBATHCS
JI0 BEPXHBOTO Kparo MEPIIOi CEKIlii, TOBIIMHA
akoi B 1,5 pasa Ourplma HDK HaiiMeHIIa
TOBILMHA CTIHKA t | » ane He OLIbIIIE ITOJIOBUHU

3arajabHOi JAOBXHMHU TWiIiHApa L. JloBxkunHy

JACTY-H b EN 1999-1-5:20XX

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 A.5(1)), it should first be replaced
by an equivalent cylinder comprising three
sections a, b and c (see Figure A.5(I1)). The
length of its upper section, |, should extend
to the upper edge of the first section that has a
wall 2 hickness greater than 1,5 times the
smallest wall thickness t;, but should not

comprise more than half the otal length L of
the cylinder. The length of the two other

aBox immmx cekmiii |, 1 |, morpibHO sections I, and I, should be obtained as
BU3HAYaTH HACTYITHUM YHHOM: follows:
I, =1, Ta(and) I, =L-2I, (A.30)
SIKIIIO if
l,<L/3
Ib = IC :O,S(L-Ia) (A.31)
SIKILIO if
L/3<l,<L/2
I * [
-__1“ f1
= ~f+t, ) ol
__‘s:r — +r3 v ____-E —- "_ta
—] t4
i o —al —™ 4—fb |
~| = [t I
Y ] tn ||

(I) Hmaingp 3i crymingyacro
3MIHHOIO TOBUIMHOK) CTIHKHU

(1) Cylinder of stepwise

(1) ExBiBaneHTHMI HATIHAP,
10 CKJIANAETHCA i3 TPHOX CeKUill i3 0IMHAKOBOK TOBIIMHOIO CTIHOK

(1) Equivalent cylinder

(IIT) ExBiBajleHTHU{I POCTHI WUTIHAP

(111) Equivalent single cylinder
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variable wall thickness

comprising of three sections

with uniform wall thickness

Pucynok A.5 —IlepeTBOpeHHS CTYMIHYACTOTO UMUJIIHAPA B €KBIBAJICHTHUH LIUITIHAD
Figure A.5 - Transformation of stepped cylinder into equivalent cylinder

(5)  PiktuBHI ToBmUMHM CTiHOK t,, t, it

TPOX CEKIiH TMOTPIOHO BH3HAYATH 5K
CPEIHbO3BAKCHE 3HAYCHHS TOBIIMHU CTIHOK
0 KOKHIH 13 TphOX (PIKTUBHHUX CEKITI:

(5)  The fictitious wall thickness t_, t, and
t. of the three sections should be determined

as the weighted average of wall thickness over
each of the three fictitious sections:

1

t, :|—2| Y (A.32)
1

t, =|—2| ¥ (A.33)
b b
1

t, =I—ZI it (A.34)

(6) Tpucekmiitamii HWTIHIP (To6TO
CKBIBAJICHTHUI a00 peaJbHUil  IMJIHID)
NoTpiOHO 3aMIHATH €KBIBAJIEHTHUM HPOCTUM

[UITIHAPOM i3 e(peKTHBHOIO JOBXKHHOIO |4 13

OJHAKOBOIO TOBIIMHOIO CTIHOK t=t_, (muB.

Pucynox A.5(II1)). EdektuBHa gOBKHHA
BU3HAYAETHCSI HACTYITHUM YHHOM:

Ieff

ne:
K 0e3po3MipHHUIl KOe(]illl€EHT, OTPUMaHUI
3 Pucynka A.6.

(7) Jis  cekmiii  IUTIHApPAa  CepeaHbOi
JOBXKMHU 200 KOPOTKHUX KPHUTHYHE KLIbIIEBE
HaNpyXeHHS TNpH BTPaTi CTIHKOCTI KOXHOI
CeKIii IWIIHApPa | BHXIAHOTO MMJIHApA i3
CTYNIHYaCTO 3MIHHOIO TOBIIWHOIO CTIHKH
MOTPIOHO BU3HAUATH 32 HACTYITHUM BHPA30M:

Ge,cr,'

Ie.

KPUTUYHE KUIBLIEBE

GQ,Rcr,eff
HaIMpyXeHHsI [IPU BTPATI CTIMKOCTI, OTpUMaHe
BigmosigHo 3 A.1.3.1(3), A.1.3.1(4), mus
€KBIBaJICHTHOT'O OJIMHUYHOTO HUJTHIpA
3aBIOBXKH |4 Binmosiguo mo maparpada (6).

Koepinienr C, B 1ux BHpa3ax HOTPiOHO
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(6)  The three-section-cylinder (i.e. the
equivalent one or real one respectively) should
be replaced by an quivalent single cylinder of
effective length I, and of uniform wall

thickness t=t, (see Figure A.5(lIl)). The
effective length should be determined from:

(A.35)
in which:
K is a dimensionless factor obtained from
Figure A.6.

(7)  For cylinder sections of moderate or
short length, the critical circumferential
buckling stress of each cylinder section j of
original cylinder of stepwise variable wall
thickness should be determined from:

= _aGB,cr,eff (A36)

where:

Oy Rer off is the critical circumferential

buckling stress derived from A.1.3.1(3) or
A.1.3.1(4) as appropriate, of the equivalent
single cylinder of length |, according to (6).

The factor C, in these expressions should be



npuiimatu C, =1,0.

8) Jomxuna CerMeHTa 000JI0HKH
XapaKTePU3Y€EThCS MapaMeTpoM Oe3pO3MIpHOT
BENIMYUHU O,

(9)  Skmo cekmis UWTHApPAa ] JIOBra,

MOTPIOHO MPOBECTH APYry AOJATKOBY OLIHKY
KPUTHYHOTO  HANPYKEHHS  TO30BKHBOTO
3ruHy. MeHIe 13 1BOX 3Ha4eHb, OTPUMaHUX 13
(7) 1 (10), moTpiOHO BHKOPHUCTOBYBATH IS
NepeBipKH POEKTHOTO KPUTUYIHOTO
HANpYXCHHS TpHU BTpaTi CTIHKOCTI CeKIii
WTHIpA | .

(10) Cexkuito  maiHIpa j
BBa’)XaTu JOBIOIO, AKIIO:

noTpiOHO

JCTVY-H b EN 1999-1-5:20XX
given the value
C,=10.

(8) The length of the shell segment is
characterised in terms of the dimensionless

parameter ;] .

(A.37)

9) If 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 of the cylinder
section j.

(10) The cylinder section j should be
treated as long if:

;21,63
t.

y TakoMy BHMAJKy KpPUTHYHE KIJIblIEBE

HaNpy>KeHHs BTpaTH CTIMKOCTI TOTPiOHO

BU3HAYATH K.

t.
Cyerj = E(?‘)2(0,275+ 2,03(

125 ; ;
[, 010
=015 ——~— 250
e O i — . 595
e = 2,00
1,00 i 175
I - 1,50 —
s S /;/
A1
.- YN T8
9743 =
2
0,50 77 I —]
’ <A77 b _ &
24 E :
'//'//
A
0,25 |2 //
0,20 ’/§
0.15 -
0,10 = Iy =14y
N
04 2 ¢ 3

j (A.38)

in which case the critical circumferential
buckling stress should be obtained from:

CGr

" )4) (A.39)
iti
1,25
£ 0,25
=030 —— -
Ll : 22
200
1,00 Ba ——/ 1,75
) 1,50 —
AT
-""/
0,75 A - =
B /ﬂf...f 1,25
.;‘,‘f— (o—
0.50 -1 1 = ry t, —
" ~ [+ —
// | = 1,0
ikig
0,25 /
L=1,
0 [ | [
1 2 t 3
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Pucynox A.6 — Koedinient k' ns BusHauenus epekruBHOT 1oBKUHHU | 4

Figure A.6 —Factor « for determining of the effective length |

A.2.3.2 Ilepesipxa miynocmi empamu
cmiuKocmi npu Kilbyye8oMy CIMUCK)

(1) s xoxkHOI cekmil mumiHIpa |
MOBUHHI  BUKOHYBaTucs ymMoBH 8.5 1
MPOBOJIUTHCS HACTYITHA TIEpEeBipKa:

O9 Ed,j

ae:

Oy g j BU3HAYAIBHE 3HAYCHHS MEMOpPaHHOIO
KUIBIIEBOTO CTUCKAIOUOTO HAMPYXKEHHS, SK
OIMCAHO B HACTYNHUX Naparpadax;

O rd,j PO3PAXYHKOBE KUIBLIEBE HATPYKEHHS

IIPU BTPATI CTIHKOCTi, OTPUMAHE i3 MPYNKHOTO
KPUTUYHOTO KUIBIIEBOIO HAINpPYKEHHS MpHU
BTpaTi CTIHKOCTI BiAmoBigHO 10 A.1.3.2.

(2 3a yMOBH, 110 PO3PaXyHKOBE 3HAUCHHS
CYMapHOI'O KUIbLIEBOTO HANpPYKEHHA N,y €

IIOCTIAHKM IT10 BCiii moBXHHI L, BU3Ha4aiapHE
3HAYEHHS CTHCKAIO4Y0ro MEMOPaHHOTO
KUTBI[EBOTO HATPY)KEHHSI B CEKI1 | MOTPIOHO
OpaTu sIK MpOCTEe 3HAYCHHS:

Op.Ed,j
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O9Rd,j

A.2.3.2 Buckling strength verification
for circumferential compression
1) For each cylinder section j, the

conditions of 6.2.3 should be met, and the
following check should be carried out:

(A.40)

where:

Oyeq,; IS the key value of the circumferential

compressive membrane stress, as detailed in
the following clauses;

Oy ra,j IS the design circumferential buckling

stress, as derived from the critical
circumferential buckling stress according to
A.1.3.2.

(2) Provided that the design value of the
circumferential stress resultant n,., s
constant throughout the length L the key

value of the circumferential compressive
membrane stress in the section j, should be

taken as the value:

0,Ed

g (A41)




(3)  Skmo PO3paxyHKOBE 3HAYCHHS

CYMapHOIO KUIbLIEBOIO HANpYyKeHHA N, gy

3MIHIOEThCS Ha JOBXHMHI L, To BH3HavambHe
3HAYEHHs CTHCKal04yoro MeMOpaHHOTO
KUIBLIEBOT'O HANpPYXEHHA MOTPIOHO OpaTH sK
(IKTHBHE 3HAYEHHS O gy | mos» BU3HAYCHE I3

MaKCHMaJIbHOTO 3HAYCHHS CyMapHOTO
KUIBLIEBOTO HANPYXKEHHS Ny, Yy OyAb-sSKOMy

Micli JOBXHMHH L, TOAUIEHE HA MICIEBY
ToBIMHY t; (1mB. Pucynok A.7):

O9.Ed,j,mod —

max(ne,Ed )

t.

]
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(3) If the design wvalue of the
circumferential stress resultant n,., varies

within the length L, the key value of the
circumferential compressive membrane stress

should be taken as a fictitious value o, g4 ; mod

determined from the maximum value of the
circumferential stress resultant n, ¢, anywhere

within the length L divided by the local
thickness t; (see Figure A.7), determined as:

(A.42)

F 3

b s s ]

v OgEdj

1
1
—
: O Ed jmod

[]
]
]
]
-

RN

Y

=

Pucynok A.7 — BuszHayasibHi 3Ha4YEHHS CTHCKAI04OT0 MEMOpaHHOTO
KUIBLEBOTO HAPYKEHHSA PH Ny, ¢ , SMIHHOMY 10 JIOBXKMHI L
Figure A.7 — Key values of the circumferential compressive membrane
stress in cases where n, ., varies within the length L

A.2.4 3cys

A.2.41 Kpumuune oomuumne HANPYI’CEHHS
empamu CmiuKocmi

@ Skmo Hemae crenialbHOrO TpaBUia
JUIS  OIIIHKM CKBIBAJCHTHOTO OJUHUYHOTO
WITIHIpa 3 PIBHOMIPHOIO TOBIIMHOKO CTIHKH,
MOXHa BUKOpUCTOBYBatu Bupazu A.2.3.1 (1)-

(6).

(2 HactynHe Bu3HaueHHS KPUTHUYHOTO
JOTUYHOTO HANpPYKEHHS BTpPAaTU CTIHKOCTI
MOXKHa  BUPAaxOBYBaTH, BHKOPHUCTOBYIOUH
Bupasu A.2.3.1 (7) - (10), mpu 1BOMY
3amiHor0un BUpa3 A.1.3.1 mus KiTbIeBOTO
CTUCKY BIJNOBIIHUM BHpPa3oM JUIsl 3CYBY
A.l4.1.

A.2.4 Shear
A.2.4.1 Critical shear buckling stress

@ If no specific rule for evaluating an
equivalent single cylinder of uniform wall
thickness is available, the expressions of
A.2.3.1(1) to (6) may be applied.

2 The further determination of the
critical shear buckling stresses may on
principle be performed as in A.2.3.1(7) to
(10), but replacing the circumferential
compression expressions from A.1.3.1 by the
relevant shear expressions from A.1.4.1.
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A24.2 Ilepesipxa
empamy cmiukocmi npu 3cyei

MiyHOCMI Ha

@ [TpaBuna, HaBeneni B D.2.3.2, moxHa
BUKOPHCTOBYBATH, alié HEOOXiTHO 3aMiHSTH
BUpa3 KUIBLIEBOTO CTUCKY BIAMOBITHUM
BHPA30M 3CYBY.

A.3  Henigcuieni
000JIOHKH, 3’€IHAHI BHAITYCK

HNWJTHAPUYHI

A.3.1 3acanvni nonoscennsn
A3l1l Busnauenns
1. KijibleBe 3’€IHAHHA BHANYCK

3’elHaHHS BHAIYCK y KUIBLIEBOMY HaIpPSIMKY
HaBKOJIO OCi 000JIOHKHU.

2. MepH[[iOHaJII)He 3’€}1Hal—[l—[ﬂ BHAIIYCK

3’enHaHHsS ~ BHANYCK  MapajeilbHO  OcCi
000J10HKH (MEpUAIOHATBHHI HAMTPSIMOK).

A3.12 l'eomempisn ma pe3yrvmyioui
HANPYHCCHHSL
1) Sxmo LWJIHIpUYHA 000JI0OHKA

3al[POEKTOBaHa 3 BHKOPHCTAHHSAM 3’€IHaHb
BHanyck (muB. Pucynok A.8), MoxHa
BUKOPUCTOBYBATH  HACTYIHI  IOJOKEHHS
3aMICTh TIOJIOKEHb, BUBHAYCHUX Y A.2.

(2)  HacrymHi N0J0XKEHHS 3aCTOCOBYIOTHCS
SK 110 3’€IHAaHb BHAITYCK, SKI 30UIBIIYIOTH
pazaiyc cepearuHHOT MOBepXH1 0OO0JIOHKH, TaK 1
IO THX, fAKI HWOro 3MEHIIYITh. SIKIIIO
3’€THAHHS BHAITYCK MPOXOJUTH Y KUIBLIEBOMY
HaNpsIMKy HABKOJIO OCi 00O0JIOHKH (KiIbIeBE
3’€IHaHHS  BHAIyCK), JUIi  BH3HAYCHHS
MEpUIAI0HAIEHOTO CTHCKY noTpioHO
BUKOPUCTOBYBAaTH TMoJyiokeHHS A.3.2. Skuio
Oararo 3’€lHaHb BHAMYCK MPOXOAATH Yy
KUIbIIEBOMY HaIpPSIMKY HaBKOJIO OCi 0OOJIOHKH
(kimbIleBi 3’€MTHAHHSA BHAMYCK) 31 3MIHOIO
TOBIIMHU TUTACTUHU BHU3 MO OOOJIOHIN, AJIS
BH3HAUYEHHS KUIBIIEBOTO CTHCKY MOTPIOHO
BUKOPUCTOBYBaTH moJiokeHHsT A.3.3. Skmio
3’€IHaHHS BHANYCK MPOXOJATH MapalieIbHO
oci 000s10HKH (HECTYMIHYACTE MEPHIIOHATIBHE
3’€IHaHHS ~ BHAMYyCK), Ui  BH3HAYCHHS
KUIBIIEBOTO CTUCKY MOTPIOHO BKOPUCTOBYBATH
nmonoxkeHHs A.3.3. B iHmmxXx Bumagkax
OCOONMBUIA TMiAXiJA 70 BHU3HAYEHHS BIUTUBY
3’€THAHHS BHAITYyCK Ha OMIp BTpaTi CTIHKOCTI
HE MOTPiOHUI.
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A.2.4.2
for shear

@ The rules of A.2.3.2 may be applied,
but replacing the circumferential compression
expressions by the relevant shear expressions.

Buckling strength verification

A.3 Unstiffened lap jointed cylindrical
shells

A.3.1 General
A31.1

1. circumferential lap joint

Definitions

A lap joint that runs in the circumferential
direction around the shell axis.

2. meridional lap joint

A lap joint that runs parallel to the shell axis
(meridional direction).

A3.1.2 Geometry and stress resultants

(1) If a cylindrical shell is constructed
using lap joints (see Figure A.8), the following
provisions may be used in place of those set
outin A2,

(2)  The following provisions apply both to
lap joints that increase, and to lap joints that
decrease the radius of the middle surface of
the shell. If the lap joint runs in a
circumferential direction around the shell axis
(circumferential lap joint), the provisions of
A3.2 should be wused for meridional
compression. If 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 A.3.3 should be used for circumferential
compression. If a single lap joint runs parallel
to the shell axis (meridional lap joint), the
provisions of A.3.3 should be used for
circumferential compression. In other cases,
no special consideration need be given for the
influence of lap joints on the buckling
resistance.
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Pucynok A.8 — O6050HKa, 3’ €1HaHA BHAMTYCK

Figure A.8 — Lap jointed shell

A.3.2 Mepuodionanvnuii (ocvoeuii) cmuck

(1) Sxmo wHa  ownHAp,  3’€AHAHHN
BHAITyCK, Y MEPHUAIOHAIBHOMY HANpsIMKY [1€
MEpUIIOHAIBHUNA CTUCK, TO OMIp BTpaTi
CTIMAKOCTI MOXHA OOYMCIUTH UK  JUIA
piBHOMIpHOTO a0 CTYMiHYacTOTO IMJIIHIPA
BIIMOBIIHO, aJie MPOEKTHUM OIip MOTpiOHO
3MeHIIUTH MHOeHHAM Ha 0,70.

(2) Sxkmo B wMmicmi CTUKY BHamycK
BiMOyBaeThCs 3MiHA TOBIIMHU IUJIACTHHH,
3HAYCHHSI POCKTHOTO OTMOPY BTPaTi CTIHKOCTI

MOXHa Opath SK Ui OUIBII  TOHIIOI
IUTACTHHH, 5K BuzHaueHo B (1).

A.3.3 Kinbuesuit cmuck (0opyu)

(@) Sxmo Ha < TWIHAP, 3 €JHAHHUMA
BHAMYCK, 1€ KIUTBIEBHA CTUCK YIOTEPEK
MEpHUIIOHATBHUX KIJIBIEBUX 3’€IHaHb,

IIPOEKTHUH oOmip BTpaTi CTIMKOCTI MOJXHa
obuncnuTH AK A0 piBHOMIpHOTO — abo
CTYNIHYACTOTO IHJIIHIpa BiINOBIAHO, aie
BUKOPHUCTOBYIOUHU MOHWKYBAIBHUN
koedirient 0,90.

(2 Sximo Ha WITHAD, 3’ €JHAHUI BHAITYCK
y KUIBLIEBOMY HAmpsIMKy 31 3MIHOIO TOBLIMHU
CTIHKM OOOJIOHKH, [l€ KUIBLIEBUHA CTHUCK,
MOTPiIOHO BUKOPUCTOBYBATH METOIUKY A.2,
0e3 reoMeTpuYHMX OOMEKEHb 3a HAasBHOCTI
CKCIEHTPUCUTETY 3’€HAHHSA, a TPOCKTHUHN
Omip BTpaTi CTIUKOCTI MOTPIOHO MHOXHUTH Ha
noHmxyBanbHui KoedirieHt 0,90.

(3)  SIkmi0 BHKOPHCTOBYETHCS 3 €IHAHHS
BHAITyCK B 000X HampsMKax 31 CTyNIHYaCTHUM
PO3MIIIEHHSM  MEPHUIIOHATBHUX 3 €JIHATH
BHAIlyCK y IOYEProBUX cMmyrax abo psjax,
NPOEKTHUHA Omip BTpaTi CTIHKOCTI MOXHA
NPUWHATH MEHIIUM 3 oTpuManux 3a (1) Ta (2),
ane 0e3 3acTOCYBaHHS IOHWXKYBaJbHOTO

A.3.2 Meridional (axial) compression

1) If a lap jointed cylinder is subject to
meridional compression, with meridional lap
joints, the buckling resistance may be
evaluated as for a uniform or stepped-wall
cylinder, as appropriate, but with the design
resistance reduced by the factor 0,70.

2 If a change of plate thickness occurs at
the lap joint, the design buckling resistance
may be taken as the same value as for that of
the thinner plate as determined in (1).

A.3.3 Circumferential (hoop) compression

(1) If a lap jointed cylinder is subject to
circumferential compression across meridional
lap joints, the design buckling resistance may
be evaluated as for a uniform or stepped-wall
cylinder, as appropriate, but with a reduction
factor of 0,90.

2 If a lap jointed cylinder is subject to
circumferential compression, with many
circumferential lap joints and a changing plate
thickness down the shell, the procedure of A.2
should be wused without the geometric
restrictions on joint eccentricity, and with the
design buckling resistance reduced by the
factor 0,90.

(3) If 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 the lower of those found in (1)
or (2). No further resistance reduction is
needed.
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KoedimieHTa.
A.3.4 3cys

Q) SAxmo Ha  UWIHAP, 3 €IHAHHA
BHAIYCK, /i€ MEeMOpaHHUI 3CyB, OIip BTpari
CTIAKOCTI MOXHA OOYHMCIUTH UK  JUIA
piBHOMIpHOTO  ab00  Uid  CTYMIHYacTOro
UJIHAPA BiIMOBIIHO.

A.4  HemniagcuiaeHi koHiYHI 000I0HKH

A.4.1 3azanwvni nonoxcennsn

A41.1 Tosznauenns

(1) VY upomy po3aini BUKOPUCTOBYOTHCS
HACTYMHI MO3HAYEHHS:

h OChOBa JIOBXKMHA (BHCOTA) 3pI3aHOTO
KOHYCa,;

L MepuioHaIbHA JIOBXKMHA 3pi3aHOTO
KOHYca,;

r paniyc cepeAMHHOI TMOBEpPXHI KOHYca,
NEPIeHIUKYIAPHUN 10 oci oOepTaHHs, SKUN
3MIHIOETBCS TIHIHO BHU3 10 JOBXKUHI,

r paaiyc 3pi3aHOTro KiHIIS KOHYCA,
r, pajiiyc OCHOBHU KOHYCa;
B MOJIOBMHA KyTa BEPIIUHU KOHYCA.

fe)

t

A.3.4 Shear

(@D If a lap jointed cylinder is subject to
membrane shear, the buckling resistance may
be evaluated as for a uniform or stepped-wall
cylinder, as appropriate.

A.4  Unstiffened conical shells
A.4.1 General

A41l1

1) In this clause the following notations
are used:

h is the axial length (height) of the
truncated cone;

Notation

L is the meridional length of the
truncated cone;

r is the radius of the cone middle
surface, perpendicular to axis of rotation, that
vanes linearly down the length;

r is the radius at the small end of the
cone;

r, is the radius at the large end of the
cone;

i} is the apex half angle of cone.

Pucynok A.9 — I'eometpist koHyca, MeMOpaHHI Ta pe3yNbTyI0Ui HANPY>KEHHS
Figure A.9 — Cone geometry, membrane stresses and stress resultants

A4.172

(1)  Hacrymui BUPa3H noTpioHO
3aCTOCOBYBAaTH TUIBKM JJIg OOOJIOHOK 13
rpannuaumu ymoBamu BC1 a6o BC2 Ha 060x
KiHISIX (quB. 5.2 16.2), 6e3 pi3HHIL MK HUMH.
[li Bupa3sm He cCIi 3acCTOCOBYBAaTH JUIs
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I'panuuni ymosu

A41.2

(1)  The following expressions should be
used only for shells with boundary conditions
BC 1 or BC 2 at both edges (see 5.2 and 6.2),
with no distinction made between them. They
should not be used for a shell in which any

Boundary conditions



00OJIOHKH, B fAKili € OyIb-sKa rpaHUYHA YMOBA
BigHOCHTHCs 10 Ty BC 3.

(2) [paBuma pozmity A.4.1l mnorpiGHO
3aCTOCOBYBATH TUIBKH JJISi HACTYMHUX JBOX
0oOMexXyBaTbHUX IPaHUYHUX YMOB
pafianbHOrO 3MIIIEeHHS OYAb-SIKOTO KIHIIS
KOHYyca.

«yMoBa muiiHApa» W=0;
«yMoBa KinbLs» usin f+wcos =0
A4.1.3

(1) Hacrymui  mpaBuia  CIpaBeIMBI
TUIBKM Ui 3pI3aHMX KOHYCIB 13 MOCTIHHOIO
TOBIIMHOIO CTIHKM 1 TOJIOBMHOIO KyTa HpHU
BepunHi KoHyca [ <65° (muB. Pucynok A.9)

Teomempisn

A.4.2 Po3zpaxyurogi KpumuyHi
HANPYMCceHHA npu empami cmikocmi

A421

(1) Bei PO3paxyHKOBI1 KPUTHYHI1
HalpyXXeHHs TNpu BTpaTi CTIHKOCTI, SKi
HEOOXIi/IH1 A epeBipKU MIITHOCTI HA BTPATy
CTIAKOCTI BIAMOBIIHO 10 6.2.3 MOKHA 3HAWTH
IIISIXOM PO3paxyHKy KOHIYHOi OOOJIOHKH SIK
eKBIBAJICHTHOTO IWIIHIpA 3aBAOBXKH |, 1 3

Exeieanenmmnuii yuninop

pamiycom I,, ne |, i r, 3amexarp Bix THIy
HarnpyXeHHs, 3rigHo 3 Tabmumero A.12.

JACTY-H b EN 1999-1-5:20XX

boundary condition is BC 3.

2 The rules in this clause A.4.1 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” usin S +wcos =0
A4.13

(1)  Only truncated cones of uniform wall
thickness and with apex half angle g <65°
(see Figure A.9) are covered by the following
rules.

Geometry

A.4.2 Design buckling stresses

Ad421

@ The design buckling stresses that are
needed for the buckling strength verification
according to 6.2.3 may be derived from an

equivalent cylinder of length I, and of radius
r, in which I, and r, depend on the type of
stress according to Table A.12.

Equivalent cylinder

Ta6mmus A.12 —  JIoBXHWHHM i paJiiycH eKBIBAJCHTHOTO IIWITIHIpA
Table A.12 — Equivalent cylinder length and radius

HaBanTtakeHHs
Loading

ExBiBasieHTHA OBXHWHA
Equivalent length

ExBiBanieHTHMIT pajiiyc IUITIHIpA
Equivalent cylinder radius

MepuioHaTBHUI CTUCK

r
r_

e

compression

Meridional compression - cosf

Kinbuesnit cruck (00py4) Far
Circumferential (hoo r=-—1—2
(hoop) * = 2008

PiBHOMIipHWI 30BHIIIHIN THCK ( ,
JUTSI KOHYCIB IKi MafOTh TPaHUYHI
ymoBu BC1, abo BC2 Ha 060x
KIHIISIX

|, menue 3a/is the lesser of I,
l,, =L i/and
~ 1,(0,53+0,125p)

~0,55r, +0,45r,

sxmolif |, =1
cos 8 e el

(xopotki komycu/shorter cones)

e
Uniform external pressure q
cones) Boundary conditions:

Either BC 1 at both ends or BC 2

at both ends

sin r = 0,71r,
(B y panmianax, nus. Puc A.9)
(B inradians, see Figure A.9)

1- 0,18

sxmolif

e e,2

(mosri xouycu/longer cones)
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1 . .
3cyB r,=(0+p - —)r,cosp nelin which
P
l,=h
Shear p= hth
2r,
PiBHOMIpHE KpyUYeHHS r,=r,cos f(1- p>*)™* nelin which
=L _Lsing
Uniform torsion - r,
(2)  Jlns xoHyciB, Ha sKi Ji€ piBHOMIpHHIA (2) For cones under uniform external

30BHIIIHIA THCK (], MepeBipKa MIITHOCTI Ha
BTpaTy CTIMKOCTI MOBMHHA BUKOHYBAaTHUCh Ha
OCHOB1 MEMOpPAHHOT'O HAIPYKCHHS

Opred = Qre

A.4.3 Ilepesipka miynocmi npu empami
cmiiikocmi

A4.31

(1)  TepeBipky MinHOCTI Ha  BTpary
CTIAKOCTI MOTPIOHO MPOBOAUTH B TOHUII
KOHYCa 3 HalHOUIbII KPUTUYHOIO KOMOIHALIE0
PO3paxyHKOBOTO MEPHUIIOHAIBEHOTO
HaNpyXEHHsI 1 pO3paXyHKOBOTO HaNpyKECHHS
BTPATH CTIHKOCTI, BiMOBigHO 10 A.3.2.2.

(2)  Sxmo MEPHUIIOHATIbHH CTHCK
BHHHUKAE€ BIA IIOCTIMHOI OCHOBOI CWJIM Ha
3pi3aHMl KOHyC, TO Manui paalyc I 1

Mepuoionanvruu cmuck

BEIMKMHA pajailyc I, € MicueM pPO3MIIIEHHS

HaUOUIbII KPUTUYHUX TOYOK.

(3)  Skmo MepuIOHATBHUE CTHCK Bif
MOCTIHOTO 3THHAJIBHOTO MOMEHTY Ji€ Ha
yCIYeHUHM KOHYyC, Manuil paniyc I, moTpiOHO
NpURMaTH K HAHOUTBII KPUTUYHUH.

(4)  PospaxyHkoBe  HampyXeHHS  HpHU
BTpaTi CTIMKOCTI MOTPIOHO BHU3HAYATH JUIA
eKBIBAJIEHTHOTO IMJIHApPA BIAMOBIAHO 10
noJioxkeHHs A.1.2.

A.4.3.2

Kinvyesuii cmuck (06pyuy)

(@) SIKIO KUMBLEBUI CTUCK BUHUKAE Big
PIBHOMIPHOTO 30BHIITHBOTO THUCKY, MIEPEBIPKY
CTIMKOCTI noTpiOHO IIPOBOJIUTH
BUKOPHCTOBYIOYHM  KUIBLIEBE  MeMOpaHHE

HANPYKEHHSA  Opcqe,,»  BH3HA4YEHE  3a

dopmynoro A.43 i po3paxyHKOBE KPHUTHYHE
HANPYXXEHHsSI TIPH BTPATi CTIMKOCTI 3TigHO 3
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pressure ¢, the buckling strength verification
should be based on the membrane stress:

It (A.43)

A.4.3 Buckling strength verification

A43.1

Q) The buckling design check should be
carried out at that point of the cone if the
combination of acting design meridional stress
and design buckling stress according to
A.3.2.2 is most critical.

Meridional compression

(2) In the case of meridional compression
caused by a constant axial force on a truncated
cone, both the small radius r, and the large
radius r, should be considered as possibly the
location of the most critical position.

(3) In the case of meridional 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 buckling stress should be

determined for the equivalent cylinder
according to A.1.2.

A.4.3.2 Circumferential (hoop)
compression

(@D)] If the circumferential compression is

caused by uniform external pressure, the
buckling design check should be carried out
using the acting design circumferential stress
Opeaeny determined using expression (A.43)

and the design buckling stress according to
A3.2.1and A.3.2.3.




A3.211A.323.

(2 SIKIIO KUIBLIEBUM CTUCK BUKINKAHUI
HEPIBHOMIpHUM 30BHIIIHIM THCKOM,
pPO3paxyHKOBHH  pO3MOAUT  HANpyKEHH:

O Ed(x) NOTPIOHO  3aMIHUTH  (IKTUBHUM

HANPYKEHHIM O gy, AKE B KOXKHIH TOYLI

nepeBuIlye  OOYMCIICHE  3HAUCHHS,  aje
BHHHMKAE Big (IKTUBHOTO  PIBHOMIPHOTO
30BHIMIHBOTO THCKY. IlepeBipKy CTIHKOCTI
MOTPIOHO TPOBOAWTH 3TiAHO 3 MyHKTOM (1),

aJle BUKOPUCTOBYIOUH O gy oy 3AMICTD Oy gy -

(3)  IIpoekTHe KpUTHYHE HATPYKECHHS MPH
BTpaTi CTIMKOCTI NOTPIOHO BH3HAYaTH MJIs
eKBIBAJICHTHOTO IMITIHApa 3TigHo 3 A.1.3.

A.4.3.3

(1) VY Bumazaky, SKIIO 3CyB BUHHKAE Bil
NOCTIMHOTO 3arajlbHOr0 KPYYeHHSM KOHYcCa,
MEePeBipKy CTIHKOCTI MOTPIOHO TPOBOJUTH
BUKOPHCTOBYIOUM PO3PAaXyHKOBE MeMOpaHHE
JOTHYHE HANpYXKEeHHS Tg; B Toulll 3

3cys i pigHomipHe KpyUeHHs

KOOPIUHATOI [=1,C0S3 1 pO3paxyHKOBE
JIOTUYHE HANpPY)KCHHS TPU BTPATi CTIAKOCTI
Trq BlOMOBINHO 10 A.3.2.11A.3.2.4.

(2)  SIkmio 3cyB BUHHKA€E HE Bifl 3arajgbHOIO
MOCTIHHOTO KpydeHHS (&, HampuKiIam, Bix
3arajibHOTO0 HABaHTAXXEHHS 3CYBY Ha KOHYC)

PO3PaxXyHKOBHI PO3IMOJALT HAIMPYKCHb Ted (o)
nOTpiOHO 3aMIHUTH (IKTUBHUM PO3IMOALUIOM
HANPYKEHHS  Tgy gny(yyr AKE B KOXHINA ToYII
MEPEeBUIIYE PO3PAXyYHKOBE 3HAUCHHS, aJie
BUHUKAE  BiA  (IKTUBHOTO  3arajbHOTO
KkpyueHHs. [lepeBipky CTIHKOCTI mpu BTparti
CTIHKOCTI MOTPiOHO mpoBoauTH 3rimHO 3 (1),
asie BUKOPUCTOBYIOUH Ty ., 3AMICTb T, .

3) Po3paxyHkoBe [IOTHYHE HAMpPyXEHHS
IpU BTPATI CTIKOCTI Ty, MOTPIOHO BU3HAYATH

JUTSI €KBIBAJICHTHOTO IMJIIHAPA BIIMOBITHO JIO
A.1l.4.

A5  IlincwiaeHni muwiaiHApUYHi 000J0HKH 3
NMOCTi{HOI0 TOBIUMHOK CTIHKH

A.5.1 3acanvni nonoxcennsn

(1)  PosrnsimaroThCss HACTYMHI  IMiICHIICHI
[WTIHIPAYHI 000TIOHKH:

JACTY-H b EN 1999-1-5:20XX

2 If the circumferential compression is
caused by actions other than uniform external
pressure, the calculated stress distribution
Cpeaxy Should be replaced by a stress

distribution o, ¢, that everywhere exceeds

the calculated value, but which would arise
from a fictitious uniform external pressure.
The buckling design check should then be
carried out as in (1), but using o, ¢, ., instead

of oy gy -

(3)  The design buckling stress should be
determined for the equivalent cylinder
according to A.1.3.

A4.3.3

Q) In the case of shear caused by a
constant global torque on the cone, the
buckling design check should be carried out
using the acting design shear stress tgq at the
point with r=r,cosp and the design

buckling stress ., according to A.3.2.1 and
A3.24.

Shear and uniform torsion

(2 If the shear is caused by actions other
than a constant global torque (such as a global
shear force on the cone), the calculated stress

distribution zg,,, should be replaced by a
fictitious stress distribution 7y, 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 (1), but using 7g4.,

instead of 7, .

3 The design buckling stress ., should

be determined for the equivalent cylinder
according to A.1.4.

A5 Stiffened cylindrical shells of
constant wall thickness

A.5.1 General

(1)  Stiffened cylindrical shells can be
made of either:
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- 130TpomHI CTIHKH, MiCHIeH] B
MEpPHII0HATEHOMY abo KUTBIIEBOMY
HATPSAMKY;
- rodpoBaHi  CTiHKM, WiACHICHI B
MEpUIIOHAIBHOMY abo KUIbIIEBOMY
HaTPSMKY.

(2) B 0060x Bumaakax mepeBipka CTIHKOCTI
MOXKe OyTH BHMKOHAHAa NUIIXOM PO3TJISIAY
MIICWIEHOI  CTIHKH  f§IK €KBIBAJICHTHOI
OpTOTPOIHOT 000JI0HKH, 3rigHO 3 A.5.6, 3a
YMOBH, 110 BUKOHYIOTHCSI BUMOTH A.5.6.

(3) s mnaneneir 06e3 MepHIIOHATBHHUX
€JIEMEHTIB  JKOPCTKOCTI, TodpoBaHHX B
KUTBIIEBOMY HampsMKy, OTIp IUTACTUYHIN
BTpATi CTIKOCTI BU3HAYAETHCS 32 MPaBHIIAMH,

naseaenumu y A.5.4.2(3), (4) i (5).

(4) Sxmo rodpoBaHHH B  KUIBIEBOMY
HamnpsMKy HAacTWJI HE CIPHUIMae OCbOBUX
HaBaHTaXeHb, OMNIp IUIACTUYHIA  BTpaTi
CTIHKOCTI MO>KHA BU3HavaTH 3a A.5.4.3.

A.5.2 DBomponni CMiHKU 3
MepudioHaAIbHUM RIOCUTIEHHAM

AS5.21

(1) Skmo  i3oTpomHa  CTiHKa ~ Mae
MEpHII0OHAIbHI CTPUHTEPH, TO B OLIHI
MEpPHUIIOHATEHUX CTHUCKYIOUHX HANPYXECHb Y
CTIHIII Ta €JEMEHT1 )KOPCTKOCTI ciiff Opatu 110
yBaru e(peKT BKOPOUYEHHS CTIHKHU IiJ] BIUTABOM
BHYTPIITHBOTO TUCKY.

3acanvui nonooscenns

(2)  Omip po3puBy MepHIIOHAIBFHOTO MIBA
Ma€ BU3HAYaTHCh SK Ui 130TPOIHOL
00OJIOHKH.

3 SIKII0 eneMEeHTH >KOPCTKOCTI Y BYy3/1ax
3’€¢lHaHb CHPUKUMAIOTh KUTBIIEBI PO3TATYIOUi
3YyCWIIIS, BIUIMB LHX 3YCHJIb Mae OyTH
BpaxOBaHWW TPH OIHII CHJ IO JIFOTh Ha
CIIEMEHT  KOPCTKOCTi, a TakKoX  HOro
CXHJIBHOCTI JI0 PO3PHUBY IiJT JIi€I0 KUJIBIIEBOTO
po3TATY.

Ab5.22

CmuckK

Mepuoionanvhui (ocvosuir)

(1) Crigka O0OOJIOHKH TPOCKTYEThCS 32
TUMH X KPUTEPISIMH JUIS CTUCKY IPU BTparTi
CTIMKOCTI IO 1 y BHMAAKY 3 HEMiJCHICHOIO
CTIHKOIO, OKPIM BHIMAJKY, KOJIM MaKCHUMallbHa

BIICTaHb MDK elleMeHTaMH >kopcTkocTi d, ..
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- isotropic walls stiffened with meridional and
circumferential stiffeners;

- corrugated walls stiffened with meridional
and circumferential stiffeners.

(2) In both cases, buckling checks can be
made by assuming the stiffened wall to behave
as an equivalent orthotropic shell according to
the rules given in A.5.6, provided that
conditions issued in A.5.6 are met.

(3) In case of circumferentially corrugated
sheeting without meridional stiffeners the
plastic buckling resistance can be calculated
according to rules given in A.5.4.2(3), (4) and

(5).

4) If the circumferentially corrugated
sheeting is assumed to carry no axial load, the
buckling resistance of an individual stiffener
can be evaluated according to A.5.4.3.

A.5.2 Isotropic walls with meridional
stiffeners
Ab521 General

(1) If an isotropic wall is stiffened by
meridional (stringer) stiffeners, the effect of
compatibility of the shortening of the wall due
to internal pressure should be taken into
account in  assessing the  meridional
compressive stress in both the wall and the
stiffeners.

(2)  The resistance against rupture on a
meridional seam should be determined as for
an isotropic shell.

3) If a structural connection detail
includes the stiffener as part of the means of
transmitting circumferential tensions, the
effect of this tension on the stiffener should be
taken into account in evaluating the force in
the stiffener and its susceptibility to rupture
under circumferential tension.

Ab5.22 Meridional (axial) compression

(1)  The wall should be designed for the
same axial compression buckling criteria as
the unstiffened wall unless the maximum
meridional distance between stiffeners d

S, max

(Figure A.10) is lower than 2+/rt , where t is



(Puc. A.10) menma HbK 2+4/rt, me t me
MICILIEBA TOBIIMHA CTIHKH.

(2 SIkimo KPOK MEpHUAIOHATBHUX
€JIEMEHTIB JKOPCTKOCTI MeHmmi 3a 241t
OIip BTPATH CTIMKOCTI CTIHKM OLIHIOETHCA 3a

poLeayporo, HaBeaeHow y A.5.6.

(3)  Ominky MIIHOCTI Ha OCBOBHH CTHCK
Mpyd  BTpaTi CTIHKOTCI CaMUX €JIEMEHTIB
KOPCTKOCTI cimin BUKOHYBAaTH 3a
nosioxkeHassmu EN 1999-1-1.

(4 Tam gme uwe  TWOTpiIOHO,  CIifm
BPaxOBYBATH EKCLEHTPUCUTET MDK CTIHKOIO
00OJIOHKH Ta €JIEMEHTOM KOPCTKOCTIL.

A5.2.3 Kinvyesuti cmuck (o6pyu)

D Crinka 0OOJOHKH Ma€ TMPOUTH Ti K
NEPEeBIPKM Ha JI0 30BHIIMIHBOTO THCKY HpHU
BTpaTi CTIMKOCTi, IO ¥ HeMiACHieHa CTIHKa,
OKpIM BWMAJKIB, KOJA TMPOBOJUTHCS OLUIBII
rpyOHii po3paxyHOK.

2 Vv BUIAJIKY OLTBII rpyooro
pO3paxyHKy,  MEpHUAIOHAIbHI  EJIEeMEHTH
’KOPCTKOCTI  JIOIIYCKAETBCS  «PO3TIIAJUTH,

mo0 OTpuUMaTH BIANOBITHY OPTOTPOITHY
0000HKy. Toal OLIHKY HaNpyXeHb IpHU
BTpaTi CTIHKOCTI MO’KHa IPOBOJUTHU 3TIIHO
nosioxkeHb A.5.6, BpaxoBYHOUYHM KOPCTKICTh
postsary C, =C, =Et Tta 3cyBHy mMemOpaHHy

KOPCTKICTh C¢9 =0,38Et.

Ab5.24 3cys

(1) Sxumro OuTbIia YacTHHA CTIHKH OOOJIOHKH
MiITAETHCS BIUIHBY 3CyBYy (mpu
CKCIICHTPHUYHOMY HAIIOBHEHHI, npu

3eMJIETPYCI TOIO), OIip MEMOPAaHHOMY 3CYBY
IpU BTPATi CTIMKOCTI CIiJ BU3HAYATH SIK IS
i3oTpornHoi HemiacuiaeHoi cTinku (auB. A.1.4),
X04Ya MOXKHa 3MUIBIIUTH OITip, BpPaxyBaBIIH
CIIEMEHTH  JKOPCTKOCTI. Sk mpuBeneHy
noBxkuHy |, mis 000JOHKH i M€ 3CYBY,
MPUHAMAIOTh MEHIIE 31 3HaY€Hb BIICTaHI MK
KUTBIISIMU KOPCTKOCTI, BiZICTaH1 MDK TpaHSIMHU
a0 TMOJBOEHOTO KPOKY MEpHUAIOHAIBHUX
CJIEMEHTIB JKOPCTKOCTI, 332 YMOBH, III0 KOXKEH
CJICMEHT Ma€ JKOpCTKiCTh Ha 3ruH El y

MEpHI10HAIbBHOMY HalpsSIMKY, BULLY 3a:

JACTY-H b EN 1999-1-5:20XX

the local thickness of the wall.

2 Where meridional stiffeners are placed

at closer spacing than 2/rt , the buckling
resistance of the complete wall should be
assessed by using the procedure given in
A5.6.

(3) The axial compression buckling
strength of the stiffeners themselves should be
evaluated using the  provisions  of
EN 1999-1-1.

(4)  The eccentricity of the stiffener to the
shell wall should be taken into account, where
appropriate.

A5.2.3
compression

1) The wall should be checked for the
same external pressure buckling criteria as the
unstiffened wall unless a more rigorous
calculation is carried out.

Circumferential (hoop)

(2) In a more rigorous calculation the
meridional stiffeners may be smeared to give
an orthotropic wall, and the buckling stress
assessment carried out using the provisions of
A5.6, assuming a stretching stiffness
C, =C, =Et and a shear membrane stiffness

C,y =0,38Et.

Ab5.2.4 Shear

(1) If a major part of the shell wall is subjected
to shear loading (as with eccentric filling,
earthquake loading etc.), the membrane shear
buckling resistance should be found as for an
isotropic unstiffened wall (see A.l.4), but the
resistance may be increased by taking account
of the stiffeners. The equivalent length | of
shell in shear may be taken as the lesser of the
height between stiffening rings or boundaries
and twice the meridional separation of the
meridional stiffeners, provided that each
stiffener has a flexural rigidity EI, for

bending in the meridional direction (about a
circumferential axis) greater than:
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El, v = 0,1ECVrT

ae.

3HaueHHs | Ta t mpuiHATI SK AN HAWOLIBII
HECTIPUATINBOTO BUMAJIKY BTPATU CTIMKOCTI.

(2)  Sxmo JMCKPETHHIA €IIEMEHT
KOPCTKOCTI  PI3KO  OOpHMBAETHCS  TOCEpE/T
000JIOHKH, 3yCHJUISI y €JIeMEHTI KOPCTKOCTI
HEOOXITHO PIBHOMIPHO  PO3MOJAUIMTH IO
000JIOHIII Ha JOBXHHY, IO HE IEPEBHIIYE

4Jrt

(3) 3a ymoB, omucanux y (2) um y
BUMAJIKYy, KOJHM €JIEMEHT >KOPCTKOCTI Mepeaae
MICIIEBI 3yCHWJII Ha OOOJOHKY, NpUHHATE
3HAYeHHS ONOpYy THepedadi 3CyBy MK
€JIEMEHTOM >KOPCTKOCTI Ta 000JOHKOIO HE Mae
MepeBUIIYBaTH BeIU4MH, HaBeaeHuX y A.1.4.

Z4 L4

(A.44)

where:

the values of | and t are taken as the same as
those used in the most critical buckling mode.

(2) If a discrete stiffener is abruptly
terminated part way up the shell, the force in
the stiffener should be taken to be uniformly
redistributed into the shell over a length not

exceeding 4Jrt

(3) If the stiffeners are terminated as
above, or used to introduce local forces into
the shell, the assessed resistance for shear
transmission between the stiffener and the
shell should not exceed the value given in
Al.4.

IMoznavennsi: W = 3papHuii mos, FSW = 3papioBaHHsl TepTSM 3 nepeMillyBaHHIM
Key: w = weld, FSW = friction stir welding

Pucynok A.10 —Tunosi o6omnonku (a) Ta (b) 3 mpodinis, a Takox (C) 3
npodiiB 1 MJIACTHH, MiICUIEH]I B 0CHOBOMY HAIMPSIMKY
Figure A.10 -Typical axially stiffened shells made of (a) and (b)
extrusions and (c) plates and extrusions

A.5.3 DBomponni cminku 3 Kilbyesumu
e1eMeHMAMU HCOPCMKOCHI

(1)  Hns mepeBipkd Ha BTpaTy CTIHKOCTI
KepYIOThCSl TpaBuiaaMu, nomanumu y A.5.6,
YMOBHO PO3IVIAJAI0YM MIICHICHY OOO0JIOHKY
SIK OPTOTPOITHY.
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A.5.3 Isotropic walls with circumferential
stiffeners

1) For the purpose of buckling checks,
rules given in A.5.6 apply assuming the
stiffened wall to behave as an orthotropic
shell.



A5.4 Kinbyeso zo¢pposani cminku 3
MepudionanbHumMu enemenmamu
Hcopcmkocmi

A.5.4.1 3acanvui nonooicenus

(1) B ycix poO3paxyHKax cItig
BUKOPUCTOBYBaTH TOBIIMHY 0€3 MOKPUTTIB 1
reOMETPUYHUX JIOITYCKIB.

(2) MiniManpHa TOBIIMHA TO(GPOBAHOTO
HACTWJIy CTIHKM Ma€ OyTH HE MEHIIOI0 3a
0,68mM.

(3) Skmo  mmmiHgpUYHA ~— CTIHKA 3
KUIBLIEBUM  TOQPYBAaHHSAM Ma€  MIpHIIErl
MEpHUIIOHATIbHI €JIeMEHTaMH >KOPCTKOCTI, CIIiT
BBAXKATH, IO Taka CTIHKAa HE CHpUiiMae
MEpHUIIOHAIBHI 3YCWJUIS, OKpIM BHIIAJIKY,
KOJIM BOHA PO3TISAAETHCA SIK OPTOTPOITHA
o0Oomonka, quB. A.5.6.

(4)  OcobmuBy yBary cuig UpUAUIATH
3a0€3MEeUCHHIO TOTO, W00 eJIEeMEHTH Mallu
MOCTIHHY THYYKICTh B  MEpUIIOHAIbHIN
IJIOIIMHI, HOPMAJIbHIA O CTIHKH, TaK SK IIe
HEOOXITHO 1T PO3BUTKY OIOpPY BTpaTi
CTIMKOCTI.

(5) Sxmo CTiHKA T ICYITIO €THCS
MEPHUIIOHAIBHO, TO 3aKPIIJICHHS HACTUIY 10
€JIEMEHTIB JKOPCTKOCTI Mae 3a0e3meunTu
nepenavy PO3MOIUICHIX JTOTHYIHUX
HABAaHTAXCHb 3 HACTHIYy Ha CIIEMEHTH
xopcTrocTi. HeoOxigHo minibpatu moTpiOHY
TOBIIMHY HACTUIIY, 100 3amo0irTé po3puBy B
MICIIX KpIIJICHb, 3BaXKAIOYW HA 3HUKCHY
Hecydy 3JaTHICTh TO(pOBaHOrO HACTHIYy B
MICLIIX IUX 3’ €qHAHb.

(6)  HeoOximHO BUKOHATH BCi pO3paxyHKH
PE3YIBTYIOUMX HANpPYKEeHb, OTOPIB Ta PEIITY
nepeBipoK, HaBeaeHux y 5, 6.1 ta Al, 3
ypaxyBaHHSM BHKJIAJCHOTO BHIIE B IYHKTaX
Bin (1) y1o (5).

Mpumirtka. [puknan BlamTyBaHHs MiJICHUICHHS CTIHKH
noka3aHo Ha Pucynky A.11.

(7) Bontu 3akpituieHHs TaHENIeH MaroTh

3aJI0BUIbHATU YMOBHU EN 1999-1-1.
MinimanepamiA TiameTp 6onta M8.
(8) Byszon 3’emHaHHS ~ MaHeNeW — Mae

BigmoBigatu BuMoram EN 1999-1-4 g
OO0JITIB TiJ Ai€I0 3CYBY.

(99 Kpok  MDK  3aKkpilUICHHAMH  TIO
NepUMETPY HE MOBHHEH MEPEBUIYBaTH 3° MO

JACTY-H b EN 1999-1-5:20XX

A.5.4 Circumferentially corrugated walls
with meridional stiffeners

A.5.4.1 General

@ All calculations should be carried out
with thickness exclusive of coatings and
geometric tolerances.

(2)  The minimum core thickness for the
corrugated sheeting of the wall should be
0,68mm.

(3) If the cylindrical wall is fabricated
from corrugated sheeting with the corrugations
running circumferentially and meridional
stiffeners are attached to the wall, the
corrugated wall should be assumed to carry no
meridional forces unless the wall is treated as
an orthotropic shell, see A.5.6.

4 Particular attention should be paid to
ensure that the stiffeners are flexurally
continuous with respect to bending in the
meridional plane normal to the wall, because
the flexural continuity of the stiffener is
essential in developing resistance to buckling.

(5) If the wall is stiffened with meridional
stiffeners, the fasteners between the sheeting
and stiffeners should be proportioned to
ensure that the distributed shear loading on
each part of the wall sheeting is transferred
into the stiffeners. The sheeting thickness
should be chosen to ensure that local rupture
at these fasteners is prevented, taking proper
account of the reduced bearing strength of
fasteners in corrugated sheeting.

(6) The design stress resultants, resistances
and checks should be carried out as in 5, 6.1
and A.1l, but including the additional
provisions set out in (1) to (5) above.

NOTE: Example of arrangement for stiffening the wall
are shown in Figure A.11.

(7)  Bolts for fastenings between panels
should satisfy the requirements of EN 1999-1-
1. The bolt size should not be less than M8.

(8)  The joint detail between panels should
comply with the provisions of EN 1999-1-4
for bolts loaded in shear.

9 The spacing between fasteners around
the circumference should not exceed 3° of the
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OKPY>KHOCTI.

(10) Skmo B CTiHII € OTBOPU i JIFOKH,
JBepi, IMIHEKH abo IHIII €IeMEHTH, I 30HHU
CIiT MICIIEBO MIICWINATH, 3aCTOCYBABIIH
ropoBanuil HacTHI OUTBIIOT TOBIIMHHM, II00
rapaHTyBaTH, MI0 KOHIICHTPATOPH HAINpYXEHb
HE TPU3BEIYTh JI0 MICIIEBOT'O PO3PHBY.

Hpumitka. Tumosa cxema OOJNTOBOro 3 €IHAHHS
naHenei nmokazana Ha Pucynky A.12.

i)

.
’L:ct

circumference.

(10)  If penetrations are made in the wall for
hatches, doors, augers or other items, a thicker
corrugated sheet should be used locally to
ensure that the local stress raisers associated
with mismatches of stiffness do not lead to
local rupture.

NOTE: A typical bolt arrangement detail for a panel is
shown in Figure A.12.

Pucynox A.11 - IIpuxmnaz BramryBaHHs MEPUAI0OHATBHOTO MiICHIICHHS
000JIOHOK 3 KUTBLIEBUM TO(PpyBaHHIM
Figure A.11 - Example of arrangement for meridional stiffeners on
circumferentially corrugated shells

+ + +

=+

=+

+ + 4+ 4+ o+ 4+
+ o+ + + o+ o+ o+ o+ 4

<500 mm

+ + +

+ + +

+ + + + + + + +
+ + + + + + + + +

Pucynok A.12 —TunoBa cxema 60JATOBOTO 3’€IHAHHS MaHeNel roGppoBaHOT 000JIOHKH
Figure A.12 —Typical bolt arrangement for panel of a corrugated shell

AS54.72

Ocvosuil cmuck

(1)  PospaxyHkoBuii  Omp  OCbOBOMY
CTUCKY Yy KOXHIM Toullli OOOJOHKH CJIij
BHU3HAYaTH, BUKOPUCTOBYIOUM 3a3HauYEHUN
KJIaC JIOMYCKY 32 BUKOHAHHSIM, IHTEHCHUBHICTb
BHYTPIIIHBOTO THCKy P 1 PIBHOMIPHO
PO3MOAUIEHOTO  KUIBIIEBOTO  CTUCKYIOUOTO
HanpyxeHHs. [lpu mpoekTyBaHHI HEOOX1IHO
BpPaxOBYBAaTH KOXKHY TOUKY CTIHKM OOOJIOHKH,
HE 3BEpTal0uM yBaru Ha MEPUIIOHAIbHI 3MIHU
OCBOBOTO CTHCKY, 332 BHUHSATKOM BHIAJIKIB,
nependoayeHux 1iero YacTuHOO.
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A54.2

1) Under axial compression, the design
resistance should be determined at every point
in the shell using the specified tolerance class
for execution, the intensity of the guaranteed
co-existent internal pressure p and the

circumferential uniformity of the compressive
stress. The design should consider every point
on the shell wall, ignoring the meridional
variation of the axial compression, except
where the provisions of this Part allow for this.

Axial compression



@) Po3paxyHok Ha BTpaTy CTiHKOCTI
CTIHOK 3 MEPHJIIOHATBHUM MIACHICHHSIM CIIiT
MPOBOJWTH 32 OJHUM 3 JBOX METO/IIB!

a) pO3paxyHOK Ha BTpaTy CTIMKOCTI
eKBIBAJIEHTHOI OPTOTPOIHOT 00OJOHKH (IHB.
A.5.6) sKImI0O MepHIiOHANIbHA BiACTaHb MK

€JIeMEHTaMH YKOPCTKOCTI BiJIMOBIAA€ BUMOTAM
A5.6.1(3);

b) pO3paxyHOK Ha BTpaTy CTIHKOCTI
OKPEMHUX EIIEMEHTIB )KOPCTKOCTI (BBAKAETHCS,
mo rodpoBaHa CTIHKa HE CHPUMMAE OCHOBI
HaBaHTAXCHHS, ane 3a0e3nedye JOJaTKOBUN
OITip eIeMEHTaM KOpCTKOoCTI) 3riaro 3 A.5.4.3

SIKIIO MEpHIIOHAIbHA BiJICTaHb MDK
€JIEMEHTAMHU  JKOPCTKOCTI HE  BiANOBigae
Bumoram A.5.6.1(3).

(3) Hdns rodpomanoi oOoioHKM  0e3
MEpHII0HAIBHOTO IMICUIIEHHS,

XapaKTepUCTUYHE 3HAYEHHS MICLIEBOTO ONOpPY
TUTACTUYHIM BTpaTi CTIHKOCTI MPUHMAETHCS K
OuTbLIe 31 3HAUCHD!

nx,Rk
abo

nx,Rk
Ie.
t TOBIIIMHA JIHUCTAa
d BIJICTAaHh MDXK ITIKOM BEPIIUHU 1 HU30M
3aIllaIuHu;
r, MicIleBa KpUBHU3HA To(ppyBaHHs (IUB.
Pucynok A.14);
3HaueHHS MICLIEBOTO OMOpPY IUIACTUYHIM
BTpaTi CTIAKOCTI N, HOpUHMAETbCI HE

3aJIC)KHO Bi,I[ BCINYHNHU BHYTpiH_IHLOl"O TUCKY
Py -

Mpumirka. MicrieBuii omip riacTUYHIi BTpaTi
CTIMKOCTI 1€ OIip 3MHHAHHIO TO(PYBaHHS.

3HAYEHHSI MICIIEBOTO
BTpaTi  CTIMKOCTI

(4)  PospaxyHkoBe
OTIOpy  TUTACTHYHIN
BU3HAYAETHCS 3.

t*f,
2d

_rgtf,
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(2) If the wall is stiffened with meridional
stiffeners, the buckling design of the wall
should be carried out using one of two
alternative methods:

a) buckling of the equivalent orthotropic
shell (following A.5.6) if the meridional
distance  between  stiffeners  satisfies
A5.6.1(3);

b) buckling of the individual stiffeners
(corrugated wall assumed to carry no axial
force, but providing restraint to the stiffeners)
and following A.5.4.3 if the meridional
distance between stiffeners does not satisfy
A.5.6.1(3).

3 If the corrugated shell has no
meridional stiffeners, the characteristic value
of local plastic buckling resistance should be
determined as the greater of:

(A.45)
and
(A.46)
r
where:
t is the sheet thickness;
d is the crest to trough amplitude;
Fo is the local curvature of the corrugation

(see Figure A.14);

The local plastic buckling resistance n, g,

should be taken as independent of the value of
internal pressure p, .

NOTE: The local plastic buckling resistance is the
resistance to corrugation collapse or “roll-down”.

(4)  The design value of the local plastic
buckling resistance should be determined as:
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nx,Rd -
ae:
a, =0,80 Ta y,,, 3rigHo 3 2.7.2.
(5) B koxHiif  TOYImI  KOHCTPYKIii
PO3paxyHKOBI HANpPYKEHHSI MaroTh
3aJI0BUTLHATH HACTYITHY BUMOTY:

n><,Ed

A5.4.3 Iiocuneni cminku, 6 AKUX
OCbOBULL  CIMUCK  CHPULMAEMbCS  UKTIOYUHO
eleMEeHMAaAMU HCOPCMKOCHI

(1)  sxmo BBaxkaerhcs, 1o rodpoBaHa
CTIHKa HE CHpuiiMae OChOBI HABAHTAXKCHHS
(meron (b) y A.5.4.3), MOXHA TPUITYCTHTH,
0 HACTWJI Mae€ 3JaTHICTb CTPUMYBATH
MepeMillleHHs] B TUIOIIMHI CTIHKH €JIEMEHTIB
YKOPCTKOCTI ITPH BTPATi CTIAKOCTI, a OTKE OIIp
BTpaTi CTIMKOCTI CHi poO3paxoByBaTH 3a
OJTHAM 3 JIBOX METO/IB!

@) ITHOPYIOYH BILIUB HACTHJIY, SIK TaKHH,
10 CTPUMYE TIEPEMIIlIeHHs] BTpAaTH CTIHKOCTI B
TJIOIIMHI, HOPMaJbHINA 10 CTIHH,

(b)  BpaxoByrouM BIUIMB HACTHIy, SIK
TaKWif, II0 CTPUMYE IIEPEMIIIECHHS BTPaTH
CTIHKOCTI B IUIONIMHI, HOPMaJIbHII 10 CTIHU.

(2) VY wmeromi (a) nymkry (1) omip
OKpPEMOTO  EJIEMEHTa JKOPCTKOCTI  MOXHa
npuiiMaTH SIK OMip KOHIEHTPUYHOMY CTHCKY
eleMeHTa. Po3paxyHKOBE 3HAYEHS OIOpY
BTpari CTIHKOCTI Nsrd BU3HAYAIOTH 34!

Ns,Rd

ae:

Ay edexTMBHA  MmIOIIa  MOMNEPEYHOrO

nepepizy eJIeMeHTa JKOPCTKOCTI.

(3) ToHmxyrouwit KoedillieHT y  CIi
mpuitMatt  3a EN 1999-1-1 nmns  BTpatn
CTIMKOCTI 3a 3THHAIBHOIO dhopmoro
NEPIEHANKYIAPHO 10 CTIHKH (IO KUThbIIEBii
oci)  BIAMOBIZHO O  THUIY  CIUIABY,
BUKOPDHUCTOBYIOUM  KpUBY  CTiliKocTi 2
HesanexHo Bin criasy (o =0,32 i A, =0).

3a e(hekTUBHY OBKHUHY KOJIOHHU Y BU3HAYECHHI
76

axnx,Rk

Ym1

(A.47)

in which:
a,=0,80 and y,,, asgivenin2.7.2.

(5) At every point in the structure the
design stresses should satisfy the condition:

xRd (A.48)

A543 Stiffened  wall treated as
carrying axial compression only in the
stiffeners

(1) If the corrugated sheeting is assumed
to carry no axial force (method (b) in A.5.4.3),
the sheeting may be assumed to restrain all
buckling displacements of the stiffener in the
plane of the wall, and the resistance to
buckling should be calculated using one of the
two following two alternative methods:

@) ignoring the supporting action of the
sheeting in resisting buckling displacements
normal to the wall;

(b) allowing for the stiffness of the
sheeting in resisting buckling displacements
normal to the wall.

2 Using method (a) in (1), the resistance
of an individual stiffener may be taken as the
resistance to concentric compression on the
stiffener. The design buckling resistance Nsprq
should be obtained from:

f
_x Ay To (A.49)
Ym1
where:
Ay is the effective cross-sectional area of

the stiffener.

(3)  The reduction factor y should be
obtained from EN 1999-1-1 for flexural
bucking normal to the wall (about the
circumferential axis) according to the type of
alloy and using buckling curve 2 irrespective

of the alloy adopted (a = 0,32 and 4, =0).

The effective length of column used in



MOHWXKYIOUOTO Koedimienta y cuig Oparu

BIJICTaHb MDK CyCITHIMHI KUIBIIMA
JKOPCTKOCTI.
(4)  Sxmo BpaxoBYETbCS TPYXKHHUU OIIIp

CTIHKHU BTpaTi CTiMKOCTI €JIEMEHTa
’KOPCTKOCTI, MafOTh 33/I0BOJIBHATUCH HACTYIIHI
YMOBH:

a) Hinsgaka CTiHKM, 10 3a0e3neuye
JIOAATKOBUW MPYKHUM OTMIp BTpATi CTIHKOCTI
eIEMEHTa  KOPCTKOCTi, TOBHHHAa  MaTH

JIOBXKHHY, IO JIOPIBHIOE TOBXKWHI CTIHKH, TaK
CaMo SIK MPHUJICTITI €IEMEHTH JKOPCTKOCTI (JTUB.
Pucynok A.13), a Takox MaTH BUIbHE
oOnupaHHs Ha 000X KIHIISX.

b) He mnortpioHo Opat g0 yBaru
KOPCTKICTh CHUIy4Hx a0o IHIIMX Marepialis,
10 MOXKYTh MICTUTUCH B OOOJIOHII.

(5)  pyxne
BTPAaTU CTIMKOCTI

KPUTHYHC HaBaHTAa>XCHH

N DPO3paxOBYEThCS K

JUIs PIBHOMIPHO PO3MOIUIEHOTO CTHCKY, IO
Jie Ha TomnepeuHWi mnepepis (AKmo He
BUMAraeTbCcsi OUTbII TOYHHI PO3PaxyHOK), 3a
dhopmysioro:

s,cr

ae:
El

S

KOPCTKOCTI HAa BUTHH 3 IUIONIMHU CTIHKH
2\.
(Hmm);

K 3rUHHA KOpCTKicTh HacTuay (H/MM Ha
MM BHCOTH CTIHKM) B TpPOJIbOTI MDK
MEpUIIOHAIBHUMHI €JIEMEHTaMH KOPCTKOCTI,
sIK 11 oKazaHo Ha Pucynky A.13;

(6) 3rvHHA KOPCTKICTh TUIACTUHU CTIHKU
K BHU3HAYA€THCS 3 MPHITYIIEHHSM, IO CTiHKA
B IpPOJBOTI MDK JIBOMa  MPUJIETIMMHU
MEpUIIOHAILHUMH €JIEMEHTaMH JKOPCTKOCTI €
BUIBHO 00mepTor0 1o 000X KiHIgX (auB.
Pucynok A.13). 3naueHHst K BH3HAYaIOTh 3a:

3TMHHA KOPCTKICTb eJIeMeHTa

k =

ne:

D, 3ruHHa SKOPCTKICT HACTHIy IIpH

KUTbLIEBOMY 3THHI;

6D,
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determining the reduction factor y should be

taken as the distance between adjacent ring
stiffeners.

4 If the elastic restraint provided by the
wall against buckling of the stiffener is taken
into account, both of the following conditions
should be met:

a) The section of wall deemed to provide
restraint should be the length of wall as far as
the adjacent stiffeners (see Figure A.13), with
simply supported conditions at the two ends.

b) No account should be taken of the
possible stiffness of stored bulk solid.

5) Unless more precise calculations are
made, the elastic critical buckling load N,

should be calculated assuming uniform
compression on the cross-section at any level,

using:

=2,/El .k (A.50)
where:
El, is the flexural rigidity of the stiffener

for bending out of the plane of the wall
(Nmm?);

K the flexural stiffness of the sheeting
(N/mm per mm of wall height) spanning
between meridional stiffeners, as indicated in
Figure A.13;

(6) The flexural stiffness of the wall plate
k should be determined assuming that the
sheeting spans between adjacent meridional
stiffeners on either side with simply supported
boundary conditions, see Figure A.13. The
value of k may be found using:

" (A51)

where:

D, is the flexural rigidity of the sheeting
for circumferential bending;

7
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d, KPOK  MEpHUIIOHAJIBHUX  CIIEMEHTIB
JKOPCTKOCTI.

(7)  Sxmo roppyBaHHS Mae  apKOBO-
TaHTeHLIiHy abo  cuHycoimHy  (opmy,

3HaueHHs D, moxHa mpuitaatu 3a A.5.7(6).
SIKIIO  BUKOPHCTOBYETBCSA  iHIIA  (opma,
3TMHHY JKOPCTKICTh HEOOXIJJHO BH3HAYaTH
KOHKPETHO Ui JaHOi (OPMH IONEPEUIHOTO
nepepizy.

(8)  IIpoekTHi HAPY)KEHHS B KOXHIM TOYIT
eJIeMEHTa JKOPCTKOCTI MAaloTh 3aJ0BUIBHSTH
YMOBY:

N g <N

S,

(9)  Omip CJIEMCHTIB KOPCTKOCTI
MICIICBOMY Ta 3THHHOMY KPYYEHHIO MpH
BTpaTi cTiiikocTi cnig Bu3Havdatu 3a EN 1999-
1-1.

A.5.4.4 Kinvyesuti 